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Liver fat content is negatively associated with atherosclerotic
carotid plaque in type 2 diabetic patients

Romaric Loffroy'?, Béatrice Terriat’, Valérie Jooste®, Isabelle Robin*, Marie-Claude Brindisi*’,
Patrick Hillon*, Bruno Vergés4’5, Jean-Pierre Cercueil', Jean-Michel Petit"’

'Department of Vascular and Interventional Radiology, Francois-Mitterrand Teaching Hospital, University of Burgundy, Dijon, France; "LE2I, UMR
CNRS 6306, University of Burgundy, Dijon, France; ‘Department of Angiology, Francois-Mitterrand Teaching Hospital, University of Burgundy,
Dijon, France; ‘Inserm U866, University of Burgundy, Dijon, France; ‘Department of Endocrinology, Diabetes and Nutrition, *Department of

Hepatology, Francois-Mitterrand Teaching Hospital, University of Burgundy, Dijon, France

Correspondence to: Prof. Romaric Loffroy, MD, PhD. Department of Vascular and Interventional Radiology, Francois-Mitterrand Teaching Hospital,
LE2I, UMR CNRS 6306, University of Burgundy, 14 Rue Gaffarel, BP 77908, 21079 Dijon Cedex, France. Email: romaric.loffroy@chu-dijon.fr.

Background: Nonalcoholic fatty liver disease (NAFLD) is independently associated with atherosclerosis
in nondiabetic individuals. In type 2 diabetic patients, the link between fatty liver and atherosclerosis is
less clear. Here, we assessed whether liver fat content evaluated using 'H-magnetic resonance spectroscopy
('H-MRS) was independently associated with prevalent carotid plaque as a marker of atherosclerosis in type
2 diabetic patients.

Methods: One hundred and forty-four prospectively enrolled patients with type 2 diabetes underwent liver
fat content measurement using 'H-MRS and carotid plaque assessment using ultrasound. Multiple logistic
regressions were used to identify factors associated with carotid plaque.

Results: Mean = SD liver fat content was 9.86x8.12%. Carotid plaque prevalence was 52.1% (75/144).
Patients without plaque were younger (P=0.006) and had a smaller visceral fat area (P=0.015), lower
reported prevalence of previous cardiovascular events or current statin therapy (P=0.002), and higher liver
fat content than those with plaque (P=0.009). By multivariable logistic regression, increased liver fat content
independently predicted the absence of carotid plaque [odds ratios (ORs), 0.94; 95% confidence intervals
(CIs), 0.89-0.99; P=0.017].

Conclusions: Liver fat content measured by 'H-MRS is higher in type 2 diabetic patients without
carotid plaque compared to those with plaque. This study suggests that increased liver fat content could be

associated with a relative protection against carotid atherosclerosis in patients with type 2 diabetes mellitus.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is currently the
most common cause of chronic liver disease among adults
in Western countries (1,2). The spectrum of NAFLD
ranges from simple steatosis to nonalcoholic steatohepatitis

(NASH), which can progress to end-stage liver disease.
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NAFLD is commonly associated with obesity, metabolic
syndrome, and type 2 diabetes (1-3). In the last few years,
several studies assessed the association between hepatic
steatosis and carotid atherosclerosis. Their results suggest
that NAFLD in nondiabetic individuals may be associated
with an increased cardiovascular risk and, in particular,
with an increased prevalence of carotid lesions (4-9).
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In patients with type 2 diabetes, the link between fatty
liver and atherosclerosis is more controversial, as studies
have produced conflicting results (10-14). Reasons for
the discrepancies across studies may include the lack of
standardization of measurement methods and the detection
of hepatic steatosis using ultrasound, which allows only a
qualitative assessment of liver fat content (15).

Here, our objective was to assess whether liver fat content
was associated with prevalent carotid plaque in patients
with type 2 diabetes. We quantitated liver fat content
using 'H-magnetic resonance spectroscopy (‘'H-MRS), a
highly accurate imaging technique. We planned to evaluate
whether any link between liver fat content and carotid
plaque was independent from conventional cardiovascular
risk factors.

Materials and methods
Study population

The GEnetic Polymorphisms, Steatosis and Diabetes
(GEPSAD) study is a prospective single-center study
conducted in 144 consecutive type 2 diabetic patients
(74 men; 70 women; mean age 60.4£10.3 years; range,
36-84 years) recruited prospectively at an endocrinology
department. Inclusion criteria were type 2 diabetes for at
least 2 years; age 18 years or older; body weight no greater
than 150 kg; no concurrent acute or chronic disease,
physical examination, blood cell counts, and electrolyte
concentrations; alcohol consumption less than 20 grams per
day; and no evidence of liver disease such as viral hepatitis.
Patients were not eligible if they had causes of liver steatosis
[alcohol use >20 g/day, hepatitis B or C virus infection, or use
of drugs known to precipitate steatosis (thiazolidinediones,
corticosteroids, and immunosuppressants)] or
contraindications to magnetic resonance imaging (pacemaker,
metallic implants, claustrophobia, or body weight greater
than 150 kg). Patient characteristics are reported in Tuble 1.
The study protocol was approved by our local research ethics
committee and all patients gave written informed consent
before study inclusion.

Measurements

Clinical characteristics

Sociodemographic characteristics and medical histories
were assessed by computer-aided face-to-face interview.
Diabetes was diagnosed according to American Diabetes
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Association criteria (symptoms of diabetes and casual
plasma glucose level greater than or equal to 11.1 mmol/L
or fasting plasma glucose level greater than or equal to
7.0 mmol/L) (16). Mean daily alcohol consumption was
calculated using beverage-specific percentages of pure
ethanol by volume. Smokers were defined as former or
current smokers. Systolic and diastolic blood pressures were
measured and arterial hypertension defined as mean systolic
blood pressure >140 mmHg, means diastolic blood pressure
>90 mmHg, or self-reported use of antihypertensive
medication. We recorded previous cardiovascular events
(myocardial infarction, angina, coronary revascularization,
ischemic stroke, and symptomatic peripheral arterial
disease).

Laboratory tests

Plasma glucose, fasting serum low-density lipoprotein
(LDL) cholesterol, plasma liver enzymes, and markers
for hepatitis B virus (HBV) and hepatitis C virus (HCV)
infections were determined using standard laboratory
procedures.

'"H-magnetic resonance spectroscopy (‘H-MRS)

Liver fat content was measured using a 3.0-Tesla Magnetom
Trio A TIM whole-body system (Siemens, Erlangen,
Germany) as previously described (17). Briefly, sagittal,
coronal, and axial slices through the right lobe of the
liver were acquired, and a 27-cm’ spectroscopic volume
of interest was positioned on segment VII. To measure
T2 relaxation times of water and methylene, single-
voxel '"H-MRS data were acquired using seven breath-
hold PRESS sequences (repetition time, 5,000 msec;
3 acquisitions; and 2,048 data points over 1,250 Hz spectral
width) with echo times of 30, 40, 50, 60, 80, 100, and
135 msec. For each of the two voxel placements, automated
optimization of gradient shimming followed by manual
adjustment of central frequency was performed, and water
line widths of 40-50 Hz were obtained.

The Java-based MR user interface ((MRUI) spectroscopic
analysis package was used for the time-domain analysis.
Metabolite signals were analyzed using the Advanced
Magnetic Resonance (AMARES) fitting algorithm within
jMRUI, which enables the inclusion of a large amount of
prior knowledge. We measured the water peak at 4.7 ppm
and the methylene peak at 1.3 ppm. Spectra were used
only if homogeneity after shimming was better than
0.45 ppm, measured as the full width at 50% peak height.
Peak integrals were quantified by fitting to a Gaussian line
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Table 1 Main characteristics of the 144 study patients

Variable Value
Age (years) 60.4+10.3
Male sex 74 (561.4)
Visceral fat area (cm?) 268+96.4
Duration of diabetes (years) 13.7+10.4
Smoking 80 (55.6)
Hypertension 32 (22.2)
Previous cardiovascular event or current 84 (58.3)
statin therapy

LDL-cholesterol (mmol/L) 2.83+0.96
Liver fat content (%) 9.86+8.12
Carotid plaque 75 (52.1)

Data are mean + SD or n (%). LDL, low-density lipoprotein.

shape. Finally, liver fat content was calculated as previously
reported (17). Hepatic steatosis was defined as hepatic
triglyceride content greater than 5.5% (2).

Visceral fat measurement

Visceral fat was measured using a single-slice axial T1-
weighted image at the level of the L4-L5 intervertebral
disc. Images were analyzed for cross-sectional area of
visceral fat (18).

Carotid ultrasound

Carotid plaque assessment and intima-media thickness
(IMT) measurement were performed by a single
experienced sonographer who was blind to all clinical
and laboratory data. High-resolution real-time B-mode
ultrasound scanning of the extracranial carotid arteries was
performed using a 7.5-MHz linear transducer (Philips HD
11, Best, The Netherlands), with the patient lying supine.
Longitudinal projections of both carotid arteries were
examined.

Carotid IMT (c-IMT) was measured off-line using
specially designed software (Philips Qlab 6.0) at the level of
the common carotid artery far wall, in the 15-mm segment
proximal to the carotid bulb and in plaque-free segments,
as previously described (19,20), as the distance between the
leading edges of the lumen-intima (first echogenic line) and
media-adventitia (second echogenic line) interfaces. The
mean of three measurements at each artery was used for the
analysis.

Plaque was defined as focal widening of the vessel
wall relative to adjacent segments (with protrusion into
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the lumen and/or localized roughness with increased
echogenicity and/or focal IMT >1.2 mm) (5). Plaque was
considered present when one or more plaques were seen in
any of 12 carotid segments (near and far walls of the right
and left common carotid arteries, bifurcation, and internal
and external carotid arteries) (6,21).

Statistical analysis

The patients were divided into two groups based on
presence or absence of carotid plaque. We investigated
whether presence of carotid plaque was associated with any
of the following variables: age, sex, visceral fat area, diabetes
duration, smoking, hypertension, previous cardiovascular
events or current statin therapy, LDL-cholesterol, and
liver fat content. Continuous variables were expressed as
mean + SD and compared using the Student test, whereas
categorical variables were expressed as number (percentage)
and compared between groups using the chi-square test. All
variables were included in a multivariate logistic regression
model to identify factors independently associated with
carotid plaque. The odds ratios (ORs) were calculated,
with the model-based lower and upper 95% confidence
intervals (CIs). P values smaller than 0.05 were considered
statistically significant. All statistical analyses were
performed using Stata 11 software (StataCorp 2009, Stata
Statistical Software, Release 11, College Station, TX, USA).

Results

Table 1 reports the main features in the 144 patients at
study inclusion. No patients had positive HIV serology,
inflammatory bowel disease, or current parenteral nutrition.
Previous cardiovascular events or current statin therapy was
noted in 84 (58.3%) patients. Mean = SD liver fat content
was 9.86+8.12%, ranging from 0.03% to 30.45%. Carotid
plaque was found in 75 (52.1%) patients.

The main characteristics of patients with and without
carotid plaque are reported in Table 2. Patients with carotid
plaque were older and had a higher visceral fat area values and
a higher reported prevalence of previous cardiovascular events
or current statin therapy. Liver fat content was significantly
higher in patients without plaque than in those with plaque in
the univariate analysis (P=0.009). No differences between the
two groups were found for sex distribution, diabetes duration,
prevalence of smoking, prevalence of hypertension, or LDL-
cholesterol levels (Tible 2).

In the multivariable analysis, age, visceral fat area, and
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Table 2 Main characteristics of the patients with and without carotid plaque

Variable No plaque (n=69) Plaque (n=75) P value
Age (years) 57.8+9.98 62.7+10.07 0.006
Male sex 31 (44.9) 43 (57.3) 0.137
Visceral fat area (cm?) 247.1+88.7 287.3+99.7 0.015
Duration of diabetes (years) 13.7+10.5 13.6+10.3 0.974
Smoking 35 (50.7) 45 (60.0) 0.263
Arterial hypertension 15 (21.7) 17 (22.7) 0.894
Previous cardiovascular event or current statin therapy 31 (44.9) 53 (70.7) 0.002
LDL-cholesterol (mmol/L) 2.85+0.80 2.81+£1.09 0.759
Liver fat content (%) 11.75+8.78 8.12+7.09 0.009
Data are mean + SD or n (%). P<0.05 was considered statistically significant. LDL, low-density lipoprotein.

Table 3 Multivariable logistic regression analysis to identify factors associated with carotid plaque

Variable OR 95% Cl P value
Age (years)* 1.05 1.01-1.09 0.026
Male sex 0.75 0.32-1.74 0.502
Visceral fat area (cm?)* 1.01 1.00-1.01 0.017
Duration of diabetes (years)* 0.97 0.93-1.01 0.180
Smoking 1.18 0.50-2.79 0.702
Hypertension 0.82 0.32-2.09 0.673
Previous cardiovascular event or current statin therapy 2.47 1.06-5.73 0.036
LDL-cholesterol (mmol/L)* 1.26 0.82-1.94 0.289
Liver fat content (%)* 0.94 0.89-0.99 0.017

*, OR for continuous variables were computed for an increase by one unit. P<0.05 was considered statistically significant. Cl,

confidence interval; LDL, low-density lipoprotein; OR, odds ratio.

prevalence of previous cardiovascular events or current
statin therapy were positively associated with the presence
of plaque. In contrast, liver fat content was negatively
associated with presence of plaque (OR, 0.94; 95% CI,
0.89-0.99; P=0.017). Presence of plaque was not predicted
by sex, diabetes duration, smoking, hypertension, or LDL-
cholesterol levels (Tiable 3).

Discussion

The main finding from this study is that a higher fat
liver fat content, as assessed using 'H-MRS, was strongly
associated with absence of carotid plaque, independently
from conventional cardiovascular risk factors, in patients
with type 2 diabetes mellitus. To our knowledge, this is the
first cross-sectional study demonstrating an independent
relationship between the amount of liver fat and a decreased

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

risk of carotid atherosclerosis in a population of type 2
diabetic patients.

Whether liver fat content is an independent risk factor
for cardiovascular morbidity and mortality is an important
issue. Liver steatosis is now considered the hepatic
manifestation of metabolic syndrome (22). Recent data
indicate that the severity of NAFLD is associated with higher
c-IMT values (7), higher carotid plaque prevalence (6,21),
and lower endothelial flow-mediated vasodilation (23),
independently from the underlying metabolic
abnormalities. Furthermore, in nondiabetic individuals,
NAFLD is associated with higher all-cause mortality
(24,25) and higher prevalence (4,6) and incidence (25)
of cardiovascular disease. Several studies consistently
demonstrated a link between hepatic steatosis and a pro-
atherogenic pro-inflammatory biomarker profile (low
HDL, high triglycerides, high C-reactive protein, and
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low adiponectin) (12). However, nearly all the studies
showing independent associations between fatty liver and
atherosclerosis were done in nondiabetic individuals and
involved no adequate evaluation of visceral fat or insulin
sensitivity (13). Furthermore, liver fat was generally assessed
using ultrasonography, which has two technical limitations.
First, ultrasonography detects steatosis only when the amount
of fat by liver biopsy is greater than 33% (15,26). Second,
ultrasonography allows qualitative scoring of steatosis severity
but does not provide quantitative measurements (27,28).

In patients with type 2 diabetes, the relationship
between carotid atherosclerosis and fatty liver is unclear.
Conflicting results were obtained from the only two studies
investigating whether hepatic steatosis in type 2 diabetic
patients was independently associated with cardiovascular
disease, defined as cerebrovascular event prevalence (11)
or increased c-IMT (12). Targher et /. (11) found
that patients with NAFLD had a considerably higher
prevalence of cerebrovascular disease compared to patients
without NAFLD (20.0% vs. 13.3%, P<0.001). The main
limitation of this study is that NAFLD was diagnosed
using ultrasonography. In contrast, McKimmie ez a/. (12)
found no significant association between hepatic steatosis
evaluated by computed tomography and c-IMT or carotid
calcium deposition and concluded that hepatic steatosis was
probably not a direct mediator of cardiovascular disease.
In our study, we evaluated liver fat content using 'H-MR
spectroscopy, which is considered the most accurate
noninvasive method (17,26). Contrary to previous studies,
we found that liver fat content was negatively associated
with the presence of carotid plaque. The "H-MRS method
measures the percentage of fat in the liver and, unlike other
noninvasive methods such as ultrasonography or computed
tomography, provides highly accurate quantitative
measurements of the amount of liver fat, allowing grading
of disease severity (17,29,30).

Our study has several limitations. First, the data from
our study do not provide an explanation for the negative
correlation between liver fat and carotid plaque. Furthermore,
the cross-sectional design does not allow us to determine
whether liver fat and absence of carotid plaque were causally
related. Second, c-IMT is only a marker for atherosclerosis
and not atherosclerosis itself. The mechanisms and disorders
that cause carotid wall hypertrophy may increase c-IMT
without increasing the risk of clinical atherosclerotic events.
However, a strong positive association has been reported
between carotid plaque prevalence and stroke (31). Third,
the reference standard for evaluating hepatic steatosis is liver
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biopsy. However, liver biopsy was not ethically acceptable
in our population and '"H-MRS is highly accurate (17).
Fourth, we included only patients with type 2 diabetes.
The distribution of many pro-atherogenic variables differs
between type 2 diabetic patients and the general population.
We do not know whether our findings apply to other
populations. However, type 2 diabetic patients are of special
concern, as they are at high risk for metabolic syndrome
and subclinical cardiovascular disease. Despite this high risk,
we found that higher liver fat content was associated with
absence of carotid plaque.

Conclusions

In conclusion, in our study the severity of hepatic steatosis
was strongly associated with the absence of carotid plaque
in type 2 diabetic patients, independently from conventional
cardiovascular risk factors and metabolic syndrome
components. These findings suggest that increased liver fat
content may be associated with relative protection against
carotid atherosclerosis and with a decreased risk of future
cardiovascular events in patients with type 2 diabetes,
though there is probably an upper limit hepatic steatosis
to find above which liver fat content is more detrimental.
Longitudinal studies are needed to assess this hypothesis
and to elucidate the molecular mechanisms linking liver
steatosis and cardiovascular disease.
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