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bstract

Background  and  aims.  –  The prevalence of non-alcoholic fatty liver disease among cardiometabolic patients is not completely known because
iver biopsy cannot be routinely performed. However, as magnetic resonance imaging (MRI) allows accurate and safe measurement of the hepatic
at fraction (HFF), the aim of this study was to quantify liver fat content in a dysmetabolic adult population.

Methods.  –  A total of 156 adults were included in this cross-sectional study. Liver and visceral fat were assessed by MRI in these subjects, who
resented with zero to five metabolic components of the metabolic syndrome (MetS). Arterial stiffness was recorded by ultrasonography, and the
aximum Youden index was used to set the optimal HFF cutoff value predictive of the presence of the MetS.
Results.  –  Overall, 72% of participants displayed three or more MetS components. HFF ranged from 0.3% to 52% (mean 13.4%). Age- and

ender-adjusted HFF was positively correlated with BMI (r  = 0.44), blood pressure (r  = 0.19), triglyceridaemia (r  = 0.22) and glycaemia (r  = 0.31).
RI-measured visceral adipose tissue did not influence the relationship of steatosis with glycaemia, HOMA–IR and carotid stiffness, but there
as a dose–response relationship between the number of MetS components and mean HFF. The optimal HFF for predicting the MetS was found

o be 5.2% according to the maximum Youden index point.
Conclusion.  – This study highlighted the impact of liver steatosis on cardiometabolic abnormalities with an optimal cutoff value of 5.2% for

efining increased metabolic risk.
rown Copyright © 2013 Published by Elsevier Masson SAS. All rights reserved.

eywords: Liver steatosis; Magnetic resonance imaging; The metabolic syndrome; Vascular stiffness

ésumé

Le degré de stéatose hépatique mesuré par IRM est un facteur prédictif de la présence d’un syndrome métabolique.
Contexte  et  objectifs.  –  La prévalence de stéatose hépatique non alcoolique chez les patients présentant des critères du syndrome métabolique
st mal connue, principalement du fait que la biopsie du foie ne peut pas être faite systématiquement. L’imagerie par résonance magnétique (IRM)
ermet une mesure précise et sûre du fraction lipidique hépatique (HFF). Le but de cette étude était de quantifier le contenu lipidique du foie dans
ne population adulte dysmétabolique.

e transversale. Le degré de stéatose et la graisse viscérale ont été évalués par
Méthodes.  –  Cent cinquante-six adultes ont été inclus dans cette étud

RM. Les sujets ont été classés selon leur nombre de critère du syndrome métabolique (MetS), de zéro à cinq composantes. La rigidité artérielle a
té enregistrée par l’échographie. L’indice maximal de Youden a été utilisé pour établir une valeur optimale de stéatose prédicive de la présence
’un MetS.

Résultats.  –  Soixante-douze pour cent des participants présentaient un MetS (soit plus de deux critères). La HFF variait de 0,3 à 52 % (moyenne
3,4 %). Après ajustement sur l’âge et le sexe, la HFF est positivement corrélée à l’IMC (r  = 0,44), la pression artérielle (r  = 0,19), la triglycéridé

Abbreviations: HFF, hepatic fat fraction; MRI, magnetic resonance imaging; MRS, magnetic resonance spectroscopy; MetS, metabolic syndrome; NAFLD,
non-alcoholic fatty liver disease; PWV, Pulse wave velocity; T2D, type 2 diabetes.
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r  = 0,22), et la glycémie (r  = 0,31). La quantité de tissu adipeux viscéral, mesurée par IRM, n’a pas d’influence sur la relation de la stéatose avec
a glycémie, le HOMA–IR et la rigidité carotidienne. Le degré de stéatose hépatique optimal qui prédit le mieux la présence d’un MetS a été établi

 5,2 %.
Conclusion.  –  Cette étude a mis en évidence l’impact de la stéatose hépatique sur les anomalies cardio-métaboliques caractérisant le SM avec

ne valeur seuil optimale de 5,2 % pour la définition d’un risque métabolique accru.
rown Copyright © 2013 Publié par Elsevier Masson SAS. Tous droits réservés
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.  Introduction

The prevalences of both type 2 diabetes (T2D) and cardio-
ascular disease are increasing worldwide, and more effort is
eeded to understand the pathophysiology of these conditions.
nsulin resistance is the common physiological basis of both liver
teatosis and the metabolic syndrome (MetS), and is present
ong before the diagnosis of diabetes [1,2]. Adipose tissue is
ommonly associated with insulin resistance but, more recently,
tudies have shown that the accumulation of fat in the visceral
avity and particularly in the liver, is more closely related to
nsulin resistance syndrome than overall adiposity [3–5]. It is
ow widely accepted that fatty liver is part of the MetS and
hat non-alcoholic fatty liver disease (NAFLD) shares the same
olecular characteristics as insulin resistance in hepatocytes

6–8]. The prevalence of NAFLD has increased to greater than
0% of subjects who have either the MetS or T2D, but it is
mportant to note that the degree of steatosis can vary over time,
ith around 20 to 30% of patients studied showing a progression

o steatohepatitis or fibrosis [9]. Evidence has also now accumu-
ated that fatty liver measured by ultrasonography or estimated
y blood tests can predict the risk of T2D and the MetS [10–14].

However, the impact of NAFLD on the progression of
etabolic diseases has yet to be fully elucidated mainly because

 standard and safe way to measure the degree of steatosis is
till to be found. Liver biopsy is an invasive procedure that is
ot appropriate for either the evaluation or follow-up of liver
teatosis in dysmetabolic patients. Also, its value is hampered
y sampling bias, and it allows only semi-quantitative scoring
f liver steatosis. For this reason, an accessible as well as non-
nvasive way of quantifying liver fat content would be useful for
arge clinical studies [15]. In this context, the reference radiolog-
cal method for measurement of triglyceride (TG) accumulation
n liver tissue is proton magnetic resonance spectroscopy (1H-

RS) [16]. The technique, however, requires specific software
nd stringent conditions to ensure that sequence acquisitions are
eliable. Over the last couple of years, it has been demonstrated
hat magnetic resonance imaging (MRI) using multi-echo gra-
ient sequences is very similar to 1H-MRS for quantifying liver
at content. Nevertheless, relevant clinical studies using MRI in

 large number of subjects are still scarce [15–21].
In the present cross-sectional study, liver fat content was

uantified using a validated MRI protocol in a cohort of French

dults with various degrees of metabolic abnormalities. The pur-
ose of the study was to clarify the relationship of the hepatic
at fraction (HFF) with each component of the MetS as well as
ith each patient’s arterial stiffness.
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abolique ; Rigidité vasculaire

.  Patients  and  methods

.1.  Study  population

Altogether, 156 adult French subjects aged 30 to 75 years,
nitially referred to the department of nutrition for metabolic
xplorations, were selected for the study. These patients were
lso part of the NUMEVOX cohort and had all undergone MRI.
he objective of the NUMEVOX cohort (Clinical trials number
CT00997165) was to describe the impact of fat distribution on
ascular and metabolic evolution, and patients were recruited
ecause the presence of the MetS was a criterion. Patients were
lassified into groups according to the presence or absence of the
etS (MetS+ or MetS–) or of type 2 diabetes (T2D). Presence

f the MetS was defined according to Caucasian International
iabetes Federation (IDF) 2005 criteria [22]. Informed consent
as obtained from each patient, and the study protocol had the

pproval of the local institution’s human research committee.
xclusion criteria were a body mass index (BMI) greater than
0 kg/m2, HbA1c concentration greater than 9%, insulin-treated
iabetes, severe arterial hypertension (> 180/120 mmHg), severe
ypertriglyceridaemia (TG > 10 g/L), severe renal failure (cre-
tinine clearance < 30 mL/min), viral or alcoholic hepatitis, and
ny contraindications for MRI.

.2.  Clinical  and  biological  measurements

During hospitalization, weight, height and waist circum-
erence were recorded as well as the 15-min brachial blood
ressure, using an automatic blood pressure cuff. The waist-
o-hip ratio (WHR) and BMI were calculated. Blood samples
ere obtained after a 10-h fast and before any medications
ad been taken. All biochemical measurements were central-
zed. Leptin levels were measured using an enzyme-linked
mmunosorbent assay (ELISA, EMD Millipore, Billerica, MA,
SA). Adiponectin was measured using an ELISA kit with

ntra- and inter-assay coefficients of variation of 7.25% and
.32%, respectively (EMD Millipore). Insulin resistance was
etermined by homoeostasis model assessment for insulin resis-
ance (HOMA–IR; fasting serum insulin in �U/mL ×  glucose
evel in mmol/L divided by 22.5).

.3.  MRI  assessment
An abdominal MRI was performed on all 156 patients using
 1.5-T MR system (General Electric Medical Systems, Mil-
aukee, IL, USA) with a phased-array surface coil. Areas of

24)
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isceral adipose tissue (VAT) and subcutaneous adipose tis-
ue (SAT) were calculated on T1-weighted sequences using
alidated software [23]. HFF was quantified with a multi-
cho gradient-echo (MFGRE) sequence using a previously
alidated method [24,25]. HFF calculation was based on the
ignal intensities measured in two regions of interest in the
nterior and posterior right lobe of the liver away from liver
essels.

.4.  Vascular  measurements

Each patient also underwent supra-aortic trunk Doppler ultra-
ound with measurement of intima–media thickness (IMT)
ccording to recommendations. Arterial stiffness was quanti-
ed by measuring the speed of the carotid pulse wave using
n echo-tracking system coupled with ultrasound equipment
eTRACKING, Hitachi Aloka Medical Ltd, Tokyo, Japan) that
llowed, after B-mode scanning, the simultaneous measure-
ent of diameter variations and local pulse wave velocity

PWV) in the common carotid artery. A validated algo-
ithm was used to calculate the local carotid PWV, which is
irectly proportional to carotid wall stiffness [26,27]. PWV
as expressed as meters per second (m/s). The aortic PWV
as measured using the same device by sequentially record-

ng electrocardiogram-gated right carotid and femoral artery
aveforms.

.5.  Statistical  analysis

Statistical analysis was performed using standard procedures
ound in SAS software, version 9.2 (SAS Institute Inc., Cary,
C, USA). All variables with a skewed distribution were log-

rithmically transformed, and presented as geometric means
ogether with 95% confidence intervals (CI). Categorical varia-
les were compared using chi-square tests, and analysis of
ariance (ANOVA) was used for quantitative variables; when
he global Fisher’s test was significant, the Bonferroni method
as applied to perform paired comparisons for multiple com-
arisons. HFF in relation to each parameter was expressed as
ender- and age-adjusted Spearman’s correlation coefficients.
n addition, four different multivariate regression models were
onstructed to assess the association of hepatic fat content with
he relevant metabolic and vascular parameters after control-
ing for age, gender and any additional potential confounding
actors, including BMI and/or VAT and fasting insulin levels.
lso evaluated was the performance of hepatic fat content to

dentify patients who had at least three characteristic abnormal-
ties of the MetS. The cutoff point was fixed at the maximum
alue of the Youden index (sensitivity + specificity – 1), and the
iagnostic performance at this fixed cutoff level was measured
n terms of diagnostic accuracy, including proportion of true
ositives and true negatives, sensitivity (Se), specificity (Sp),

ositive predictive value (PPV) and negative predictive value
NPV).

For all analyses, a P  value < 0.05 was considered significant,
nd all tests were two-sided.

r
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m
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.  Results

.1.  Characteristics  of  the  study  population

A total of 156 subjects who had available HFF assessed by
RI scans were included in the present study. All were slightly

ounger than the 179 other participants in the NUMEVOX
ohort (52.9 ±  9.8 years vs  55.7 ±  9.4 years, respectively;

 < 0.0067) and less frequently diabetic (23.1% vs  34.6%,
espectively; P  < 0.020; data not shown). The study participants
ere divided in three groups: 68 had the MetS without diabetes

the “MetS+” group); 36 had T2D (the “T2D” group) treated
nly with metformin (n  = 25) or no treatment (n = 11); and 52 had
either the MetS nor T2D (the “MetS–” group). The characteris-
ics of all subjects according to group are shown in Table 1. The
hree groups were comparable in terms of gender and smoking
tatus. As expected, the MetS+ patients had, on average, higher
epatic fat content as measured by MRI than the MetS– partici-
ants (15.0% vs 9.4%, respectively), and T2D patients displayed
he same mean level of steatosis as the MetS+ subjects. Also, the
ercentage of VAT was significantly larger in T2D patients than
n MetS+ patients, while glycaemia showed significant increases
cross all three groups. Both MetS+ and T2D groups showed
imilar levels of insulin resistance based on HOMA–IR. Leptin
evels were significantly higher only among the MetS+ partici-
ants, thereby supporting the observation that T2D patients have
ess subcutaneous fat than those who are MetS+. Systolic blood
ressure, aortic PWV, and carotid IMT and PWV were lower
mong the MetS– group compared with the T2D and MetS+
atients, with no differences between the latter two groups.

.2.  Correlation  between  hepatic  fat  fraction  and
nthropometric,  metabolic,  vascular  and  liver  parameters

Table 2 shows the associations between HFF and clinical and
aboratory criteria of the MetS after adjusting for age and gen-
er. There was a significant correlation between HFF and each
f the following MetS criteria: waist circumference (r  = 0.37);
HR (r  = 0.27); systolic arterial blood pressure (r  = 0.19); TG

r = 0.22); and glycaemia (r  = 0.31). The strongest HFF relation-
hips were found with BMI (r  = 0.44) and the MRI-based VAT
uantification (r  = 0.39), whereas abdominal SAT was related
o a lesser extent to HFF. Although both leptin and adiponectin
ere correlated with HFF in our subjects, there was better cor-

elation with leptin (r  = 0.28) than with adiponectin (r  = –0.17).
he HOMA–IR index was strongly and positively associated
ith HFF for the whole of the study population (r  = 0.44),
ith no differences across the three groups. Of the liver-related
iological parameters, serum alanine aminotransferase (ALT)
isplayed the strongest relationship with HFF (r  = 0.42), while
amma-glutamyl transferase (GGT) and ferritin levels were also
elated to HFF. In addition, a positive relationship was found
etween HFF and low-grade inflammation as assessed by C-

eactive protein (CRP) levels. HFF was also positively related to
ascular stiffness (with aortic vessels more so than the carotids).

Table 3 shows the relationships between HFF and the relevant
etabolic and vascular components after taking into account

99124)
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Table 1
Characteristics of the study participants according to their metabolic syndrome (MetS) and diabetes status.

n MetS–
(n = 52)

MetS+
(n = 68)

Type 2 diabetics
(n = 36)

Global P Paired comparisonsd

Men, n (%) 156 37 (71.1) 46 (67.6) 29 (80.6) 0.38 –
Smoker, n (%) 156 11 (21.2) 14 (20.6) 2 (5.6) 0.10 –
Age (years) 156 50.5 ± 9.9 52.2 ± 10.2 57.6 ± 7.5 0.0024 b,c

Weight (kg) 156 81.4 ± 12.9 93.6 ± 15.0 87.9 ± 12.9 < 0.0001 a

Height (m) 156 1.69 ± 0.09 1.69 ± 0.09 1.69 ± 0.10 0.96 –
BMI (kg/m2) 156 28.5 ± 4.8 33.0 ± 5.4 31.0 ± 4.2 < 0.0001 a

Waist circumference (cm) 156 97.4 ± 10.4 108.5 ± 12.2 105.0 ± 10.0 < 0.0001 a,b

Hip circumference (cm) 156 103.6 ± 9.4 111.1 ± 11.0 106.2 ± 9.2 0.0003 a

WHR 156 0.94 ± 0.06 0.98 ± 0.07 0.99 ± 0.06 0.0015 a,b

Hepatic fat fraction (%) 156 9.4 ± 10.3 15.0 ± 13.4 16.8 ± 14.0 0.0129 a,b

VAT (cm2) 156 132.5 ± 72.4 204.8 ± 88.7 217.7 ± 87.5 < 0.0001 a,b

SAT (cm2) 156 203.1 ± 87.4 267.1 ± 126 224.6 ± 143.6 0.0145 a

VAT (%) 156 38.5 ± 16.7 44.2 ± 15.8 49.5 ± 16.6 0.0086 b,c

Systolic BP (mmHg) 156 121.4 ± 12.6 131.2 ± 12.8 130.0 ± 14.8 0.0003 a,b

Diastolic BP (mmHg) 156 75.4 ± 8.6 78.3 ± 9.8 76.9 ± 10.9 0.28 –
Pulse pressure (mmHg) 156 46.0 ± 9.5 52.9 ± 9.4 53.1 ± 11.3 0.0003 a,b

Heart rate (beats/min) 156 67.8 ± 10.6 70.5 ± 10.5 72.9 ± 10.2 0.089 –
HbA1c (%) 155 5.64 ± 0.35 5.86 ± 0.42 6.73 ± 0.59 < 0.0001 a,b,c

Glucose (g/L) 156 0.95 ± 0.09 1.08 ± 0.13 1.32 ± 0.23 < 0.0001 a,b,c

Insulin (mU/L)e 150 10.2
(8.7–11.9)

17.2
(15.0–19.6)

15.3
(12.7–18.5)

< 0.0001 a,b

HOMA–IRe 150 2.33
(1.97–2.70)

4.52
(3.91–5.22)

4.87
(3.98–5.99)

< 0.0001 a,b

Total cholesterol (g/L) 156 2.14 ± 0.46 2.03 ± 0.47 1.92 ± 0.38 0.068 –
HDL cholesterol (g/L) 156 0.61 ± 0.15 0.53 ± 0.17 0.55 ± 0.17 0.05 –
LDL cholesterol (g/L) 156 1.30 ± 0.38 1.14 ± 0.36 1.07 ± 0.29 < 0.0001 a,b,c

Triglycerides (g/L)e 156 1.11
(0.97–1.28)

1.69
(1.50–1.90)

1.35
(1.15–1.60)

< 0.0001 a

Leptin (�g/L)e 146 10.7
(8.4–13.6)

16.9
(13.7–20.8)

12.0
(9.1–15.9)

< 0.0001 a

Adiponectin (mg/L) 145 7.75 ± 3.55 7.30 ± 3.28 7.10 ± 3.73 0.67 –
Carotid IMT (mm) 140 0.60 ± 0.08 0.64 ± 0.08 0.66 ± 0.08 0.0039 b

Carotid PWV (m/s) 142 6.32 ± 0.87 6.79 ± 1.26 7.04 ± 1.49 0.0295 b

Aortic PWV (m/s) 142 7.12 ± 1.99 8.65 ± 2.34 9.45 ± 2.69 0.0034 a,b

BMI: body mass index; WHR: waist-to-hip ratio; VAT: visceral adipose tissue; SAT: subcutaneous adipose tissue; BP: blood pressure; HbA1c: glycosylated
haemoglobin; HOMA–IR: homoeostasis model assessment for insulin resistance; HDL/LDL: high-density/low-density lipoprotein; IMT: intima–media thickness;
PWV: pulse wave velocity.

a P < 0.05 for difference between MetS– and MetS+.
b P < 0.05 for difference between MetS– and diabetics.
c P < 0.05 for difference between MetS+ and diabetics.
d By Bonferroni t test.
e Skewed distribution of values: statistical tests were carried out on logarithmically transformed values; values are expressed as geometric means (95% confidence
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nterval).

ther potential confounders, especially overall adiposity and its
isceral distribution. In addition to age and gender, the multi-
ariate regression analysis also included BMI, VAT and insulin
evels (Table 4). Fasting serum glycaemia remained strongly
nd positively associated with HFF after adjusting for BMI and
AT (P  = 0.003) and after considering insulin levels (P  = 0.008).
oreover, the same results for HFF in relation to HbA1c were

ound even after excluding T2D patients from the analysis (data
ot shown). The HFF–CRP relationship remained significant
fter adjusting for BMI and VAT, but was no longer significant
fter further adjustment for insulin levels and so was consis-

ent with the well-known role of insulin resistance in low-grade
nflammation. The HFF-to-systolic blood pressure relationship
isappeared after adjusting for VAT, but not after adjusting for

a
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MI, while the relationship between aortic stiffness and HFF
as lost after entering either BMI or VAT into the model. In

ontrast, the carotid stiffness and HFF relationship remained sig-
ificant after adjusting for adiposity parameters, but disappeared
nly when insulin levels were included.

.3.  Hepatic  fat  fraction,  number  of  metabolic  syndrome
MetS) components  and  cutoff  value  for  MetS  diagnosis

Fig. 1 shows the degree of steatosis in participants grouped

ccording to the number of MetS components they had (those
ith either zero or one component were pooled). HFF increased
radually with the number of MetS components (P  < 0.0012
or a linear trend). Among patients with fewer than two MetS

24)



318 P.-H. Ducluzeau et al. / Diabetes & M

Table 2
Gender- and age-adjusted Spearman’s correlation coefficients for hepatic fat
fraction (HFF) and related parameters.

r P value

BMI (kg/m2) 0.441 < 0.0001
Waist circumference (cm) 0.374 < 0.0001
WHR 0.275 0.0005
Systolic BP (mmHg) 0.191 0.0023
Diastolic BP (mmHg) 0.05 0.3852
Triglycerides (g/L) 0.219 0.0058
HDL cholesterol (g/L) –0.062 0.4434
LDL cholesterol (g/L) 0.021 0.8035
Glycaemia (g/L) 0.311 < 0.0001
HbA1c (%) 0.263 0.0009
HOMA–IR 0.441 < 0.0001
VAT area (cm2) 0.395 < 0.0001
SAT area (cm2) 0.165 0.0458
Leptin (�g/L) 0.281 0.0006
Adiponectin (mg/L) –0.169 0.0042
Microalbuminuria (mg/L) 0.124 0.1297
C-reactive protein (mg/L) 0.244 0.0029
GGT (IU/L) 0.201 0.0125
ALT (IU/L) 0.419 < 0.0001
Ferritin (�g/L) 0.203 0.0014
Carotid IMT (mm) 0.139 0.0937
Carotid PWV (m/s) 0.289 0.0005
Aortic PWV (m/s) 0.401 0.0003

BMI: body mass index; WHR: waist-to-hip ratio; BP: blood pres-
sure; HDL/LDL: high-density/low-density lipoprotein; HbA1c: glycosylated
haemoglobin; HOMA–IR: homoeostasis model assessment for insulin resis-
tance; VAT: visceral adipose tissue; SAT: subcutaneous adipose tissue;
GGT: gamma-glutamyl transferase; ALT: alanine aminotransferase; IMT:
i
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ntima–media thickness; PWV: pulse wave velocity.

riteria, HFF showed a median of 4.4% and a mean of 6.7%,
hereas the medians with two, three and four criteria were
.12%, 7.7% and 17.9%, respectively. Patients with all five MetS

riteria had a mean HFF of 19.2%. Among non-diabetic subjects,
he relationship between MetS criteria and HFF was the same

ig. 1. Unadjusted mean levels of hepatic fat content according to the number
f fulfilled criteria for the metabolic syndrome.
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s that found for the whole population, indicating that diabetic
tatus had no influence on this association (results not shown).

The Youden index was used to identify an HFF cutoff value
or having at least three or more MetS criteria. According to the
ndex, the optimal HFF cutoff value to identify subjects with
he MetS was 5.2%. Using this value, the diagnostic accuracy,
e, Sp, PPV and NPV were 69.2%, 76.8%, 56.1%, 75.2% and
8.2%, respectively. Table 4 shows the characteristics of the
tudy population according to those with HFFs less than 5.2%
nd those with HFFs greater than or equal to 5.2%. Those with a
ow degree of steatosis (< 5.2%) had, on average, lower systolic
lood pressure (123 mmHg vs 130 mmHg; P  = 0.007) and lower
evels of VAT (141 cm2 vs  206 cm2; P  < 0.0001). They also had

 lower mean insulin level in comparison to those with an HFF
reater than 5.2% (10.9 mIU/L vs  16 mIU/L). In addition, the
roup with greater than 5.2% of liver fat had a mean serum ALT
evel at 45 IU/L while the other group had a mean level of 30
U/L.

.  Discussion

The MetS is a frequently encountered condition that asso-
iates insulin resistance, central obesity (male fat distribution),
lucose and lipid profile anomalies, and hypertension, thereby
ncreasing cardiovascular risk. Several studies have found a
ink between hepatic fat content as measured by magnetic
esonance spectroscopy (MRS) and the MetS in various popu-
ations [15,28,29]. In the present study, a validated MFGRE
1-weighted MRI protocol was used to quantify liver fat
ontent and showed that HFF increases in proportion to
he number of metabolic traits. Moreover, a cutoff point of
.2% for HFF was used to identify the presence of the
etS.
1H-MRS has been the reference standard for non-invasive

teatosis quantification for several years. Using MRS, Szczepa-
iak et al. [16] demonstrated a threshold value of 5.5% of liver fat
ontent, representing the 95th percentile of hepatic TG content
n a representative sample of healthy American adults. Accuracy
f the HFF as measured by multi-echo MRI has been compared
ith that of proton MRS in several previous studies [17,19].

n surgical patients, van Werven et al. [18] compared the diag-
ostic performance of ultrasonography, computed tomography,
1-weighted dual-echo MRI and proton MRS for the assess-
ent of steatosis using liver resection as the gold standard. That

tudy showed similar and high diagnostic accuracy in quantify-
ng hepatic steatosis for both MRI and MRS vs  histopathological
esults, while MRI was shown to be not inferior to MRS for
iver fat quantification. Recently, MRI was compared with liver
iopsy by Kuhn et al. [30], which resulted in an excellent cor-
elation independent of the presence of hepatic iron or fibrosis
s assessed by biopsy. Others, including the present authors,
ave already demonstrated the good reliability of MRI over
iver biopsy for quantifying steatosis [25,31,32]. Thus, primar-

ly because MRI is non-invasive and able to assess the whole
iver, it represents a reliable and safe method for measuring the
ercentage of fat in human liver. Also, in comparison to MRS,
RI using multi-echo sequences is easily performed without the
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Table 3
Multivariate regression models evaluating the association between hepatic fat fraction and the relevant metabolic and vascular components.

Model 1 Model 2 Model 3 Model 4

� ± SE
P value

� ± SE
P value

� ± SE
P value

� ± SE
P value

Systolic BP (mmHg) 0.13 ± 0.07
P = 0.05

0.11 ± 0.07
P = 0.12

0.10 ± 0.07
P = 0.14

0.07 ± 0.07
P = 0.33

Log-triglycerides (g/L) 1.00 ± 1.93
P = 0.60

0.75 ± 1.96
P = 0.70

–0.03 ± 1.96
P = 0.99

–1.62 ± 2.00
P = 0.42

HbA1c (%) 3.95 ± 1.64
P = 0.0175

4.45 ± 1.66
P = 0.0083

4.00 ± 1.65
P = 0.0170

3.49 ± 1.63
P = 0.034

Glucose (g/L) 15.87 ± 4.99
P = 0.0018

16.54 ± 4.98
P = 0.0011

14.99 ± 4.99
P = 0.0032

13.64 ± 5.12
P = 0.008

Log-insulin (mU/L) 6.72 ± 1.83
P = 0.0004

6.36 ± 1.76
P = 0.0004

5.88 ± 1.88
P = 0.0022

–

Log-HOMA–IR 6.91 ± 1.62
P < 0.0001

6.49 ± 1.54
P < 0.0001

6.22 ± 1.66
P = 0.0003

–

Adiponectin (mg/L) –0.68 ± 0.32
P = 0.0368

–0.59 ± 0.33
P = 0.074

–0.60 ± 0.32
P = 0.069

–0.27 ± 0.34
P = 0.42

C-reactive protein (mg/L) 1.02 ± 0.43
P = 0.0197

1.08 ± 0.43
P = 0.0130

0.94 ± 0.42
P = 0.0288

0.70 ± 0.43
P = 0.11

Carotid PWV (m/s) 2.31 ± 1.01
P = 0.0235

2.03 ± 1.04
P = 0.043

1.83 ± 1.03
P = 0.081

1.42 ± 1.04
P = 0.18

Aortic PWV (m/s) 0.41 ± 0.61
P = 0.51

0.84 ± 0.67
P = 0.21

0.45 ± 0.64
P = 0.48

1.05 ± 0.62
P = 0.10

Model 1: adjusted for age, gender and body mass index (BMI); Model 2: adjusted for age, gender and visceral adipose tissue (VAT); Model 3: adjusted for age,
gender, BMI and VAT; Model 4: adjusted for age, gender, BMI, VAT and fasting insulin levels; � ± SE: parameter estimate ± standard error; BP: blood pressure;
H  wave

n
c
c

w
a
g
i
[
w
i
V
f
i
c
r
m
m
e
t
a
p

a
N
c

H
i
t
f
s
t
a
a

f
y
r
i
r
a
a
b
r
s

t
s
r

© 2014 Elsevier Masson SAS.
OMA–IR: homoeostasis model assessment for insulin resistance; PWV: pulse

eed for specialized equipment, making it widely available for
linical research on liver steatosis and its associated pathological
onditions.

In our present study using MRI for liver fat quantification, it
as shown that T2D patients display the same degree of steatosis

s MetS+ subjects (HFFs 16.8% and 15%, respectively). Hepatic
lucose production is an energy-consumption process that is
ncreased in steatosis and closely related to insulin resistance
7,8,33–35]. Thus, our study demonstrates that HFF correlates
ith fasting glycaemia, glycosylated haemoglobin (HbA1c) and

nsulin resistance (HOMA–IR) independent of the amount of
AT and level of insulin. This argues for a direct role of liver

at content in the widespread impaired glucose tolerance seen
n adults independently of VAT [5,34]. Despite glycaemia, HFF
orrelates with TG and systolic blood pressure, although these
elationships disappear after adjusting for BMI and visceral fat
ass, indicating that these two components of the MetS are
ore closely related to adipose fat mass than steatosis per  se. As

xpected, ALT, ferritin and CRP were related to HFF, although
he relationship with ferritin was weaker than with ALT. Some
uthors have recently reported that serum ferritin may be more
redictive of fibrosis than simple steatosis [36].

Regarding vascular functions, some authors have described

n association between carotid IMT and liver histology in
AFLD patients [37]. Other authors, including the present ones,
ould find no relationship between carotid wall thickness and

O
p
o
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 velocity.

FF as quantified by MRS [38,39]. Another vascular test that
s closely related to the MetS is the echocardiographic PWV
est, which reflects arterial stiffness [40]. Our study described
or the first time a linear relationship between HFF and arterial
tiffness at the level of the aorta and carotid arteries. Moreover,
he HFF–carotid stiffness association was independent of BMI
nd visceral fat, whereas the HFF–aortic stiffness association
ppears to be more dependent on central obesity.

The recognition that NAFLD is an independent risk factor
or CVD is a major public-health concern, but one that has
et to be fully demonstrated mainly because of the absence of
eliable liver quantification in previous cohorts. While await-
ng a longitudinal prospective study, Hoenig et al. [28] recently
eported on a cross-sectional study of a small group of adults who
ll presented with high cardiovascular risk levels and steatosis
s measured by spectrometry. They also showed a relationship
etween HFF and MetS components, but did not adjust their
esults for other confounding factors because of their small
ample size.

In the present study, our aim was to describe for the first
ime in a larger cohort the relationship between HFF as mea-
ured by MRI and the metabolic components of MetS in a wide
ange of adults who exhibited zero to five MetS components.

ur findings have revealed that the degree of steatosis increases
rogressively with the number of MetS components present. The
ptimal MRI-based HFF that best predicted the presence of at

24)



320 P.-H. Ducluzeau et al. / Diabetes & Metabolism 39 (2013) 314–321

Table 4
Comparison of characteristics according to hepatic fat fraction (HFF) status.

HFF < 5.2% HFF ≥ 5.2% P value

n Mean ± SD n Mean ± SD

Men, n (%) 36 65.5% 76 75.2% 0.19
Age (years) 55 51.4 ± 10.9 101 53.7 ± 9.2 0.17
Body mass index (kg/m2) 55 28.2 ± 4.7 101 32.6 ± 5.0 < 0.0001
Waist circumference (cm) 55 97.4 ± 10.6 101 107.6 ± 11.4 < 0.0001
Hip circumference (cm) 55 103.6 ± 9.6 101 109.6 ± 10.6 0.0007
WHR 55 0.940 ± 0.069 101 0.980 ± 0.067 0.0003
SAT (cm2) 54 209.2 ± 90.6 99 250.6 ± 134.2 0.0249
VAT (cm2) 54 141.8 ± 74.6 99 206.4 ± 90.6 < 0.0001
VAT (%) 54 39.3 ± 16.1 99 45.8 ± 16.7 0.0211
Systolic BP (mmHg) 55 123.7 ± 13.4 101 129.8 ± 13.8 0.0077
Diastolic BP (mmHg) 55 76.1 ± 10.3 101 77.5 ± 9.3 0.38
HbA1c (%) 54 5.82 ± 0.59 101 6.07 ± 0.60 0.0137
Glucose (g/L) 55 1.01 ± 0.16 101 1.14 ± 0.21 < 0.0001
Insulin (mU/L)a 50 10.9 (9.3–12.8) 100 16.0 (14.3–18.0) 0.0002
HOMA–IRa 50 2.63 (2.2–3.1) 100 4.39 (3.8–4.9) < 0.0001
Leptin (�g/L)a 50 11.0 (8.7–13.9) 96 14.9 (12–17.7) 0.0438
Adiponectin (mg/L) 49 7.87 ± 3.57 96 7.17 ± 3.41 0.25
HDL cholesterol (g/L) 55 0.57 ± 0.20 101 0.55 ± 0.15 0.53
LDL cholesterol (g/L) 55 1.18 ± 0.41 101 1.18 ± 0.33 0.95
Triglycerides (g/L)a 55 1.25 (1.09–1.44) 101 1.48 (1.34–1.64) 0.061
C-reactive protein (mg/L)a 52 3.08 ± 1.51 96 4.32 ± 2.64 0.0004
GGT (IU/L)a 55 36.4 (29.4–44.9) 100 55.5 (47.4–64.9) 0.0020
ALT (IU/L) 55 30.1 ± 21.4 100 45.0 ± 26.0 0.0004
Ferritin (�g/L)a 53 169 (135–211) 96 229 (195–270) 0.0303
Carotid intima–media thickness (mm) 51 6.36 ± 1.28 91 6.89 ± 1.18 0.0146
Aortic pulse wave velocity (m/s) 34 7.27 ± 2.13 45 9.17 ± 2.42 0.0005
Plaque score 55 2.22 ± 2.03 101 2.55 ± 1.89 0.30

WHR: waist-to-hip ratio; SAT/VAT: subcutaneous/visceral adipose tissue; BP: blood pressure; HOMA–IR: homoeostasis model assessment of insulin resistance;
HDL/LDL: high-density/low-density lipoprotein; GGT: gamma-glutamyl transferase; ALT: alanine aminotransferase.
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a Skewed distribution of values: statistical tests were carried out on logarith
ntervals); for categorical variables, data are frequencies (%) and characterist
ariables, data are means ± SD unless otherwise specified; comparisons betwee

east three MetS components was 5.2%, using the Youden index
which represents the best ratio of Se to Sp). Indeed, values of
FF between 5% and 10% displayed a Youden index closer to

he highest one. It can therefore be speculated that having an
FF of 5 to 10% confers the same risk of having the MetS and

hat, with an HFF greater than 10%, the probability of having
he MetS is very high. Nevertheless, a large-scale longitudinal
tudy is still needed to confirm that HFF indeed increases the
isk of cardiovascular morbidity.

Our present results are limited by the relatively small size of
he patient subgroups as well as by the cross-sectional design.
he impact of liver fat deposition on cardiometabolic outcomes
eeds to be confirmed by longitudinal studies including records
f cardiovascular events over longer durations of follow-up [37].
nother limitation of our study is the restricted availability of
RI for basic medicine. However, it may be speculated that

his imaging technology will become more and more accessi-
le, and more affordable, in the near future and therefore better
erve in a strategy of preventative medicine for dysmetabolic
ubjects.

In conclusion, our findings in French adults have shown

hat HFF is associated with several metabolic components
f the MetS and also has relationships with glycaemia,
nsulin resistance and carotid stiffness independent of visceral
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ly transformed values; reported values are geometric means (95% confidence
ere compared between the two groups using chi-square tests; for continuous
two patient groups were by unpaired Student’s t test.

diposity. Using MRI quantification, it was calculated that a
utoff value of 5.2% of HFF can identify the risk of having the
etS.
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