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A B S T R A C T

Non-alcoholic fatty liver disease (NAFLD) is frequently associated with metabolic syndrome (MS) and

may represent a cardiovascular (CV) risk factor. Functional cardiac abnormalities have been reported in

patients with NAFLD. The aim of this paper is to investigate whether these findings are present also in

elderly people. We tested 171 subjects aging more than 65 years, enrolled in a prospective study on CV

risk reduction, for laboratory examination, abdominal ultrasound for evaluation of hepatic steatosis and

standard echocardiography for determining morphological and functional cardiac parameters. Higher

BMI, serum levels of glucose, triglycerides, cholesterol, insulin and visceral adipose tissue and lower

serum levels of HDL-cholesterol were significantly associated with NAFLD. Furthermore, subjects with

NAFLD had higher prevalence of diabetes, pathological waist-circumference, insulin-resistance and

positive ATP-III criteria. While NAFLD had only a borderline significant association with higher end-

diastolic thicknesses of left-ventricle posterior wall (edPW) and right-ventricle wall, higher values of

edPW and end-diastolic thickness of interventricular septum were significantly correlated with glucose

levels above 100 mg/dl, hypertension, MS and insulin-resistance. Moreover, subjects with MS and/or

pathological waist-circumference had a lower early-diastolic mitral annular motion, whereas those with

insulin-resistance had lower E/A ratio and early-diastolic filling peak velocity. Regression analyses

identify hypertension and pathological waist-circumference as factors independently associated to

pathological edPW, and hypertriglyceridemia to pathological left-ventricle mass. In conclusion, an

ultrasonographic diagnosis of NAFLD in old subjects may be an ‘‘alert’’ on the coexistence of multiple CV

risk factors and on the presence of possible alterations of cardiac morphology and diastolic function.

� 2013 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

The prevalence of non-alcoholic fatty liver disease (NAFLD) in
Western Countries rises up to one-third of the general population
and increases steadily to 70–90% in subjects with obesity or type 2
diabetes. In these countries, NAFLD has reached epidemic
proportions and is the most common cause of chronic liver
disease (Adams & Angulo, 2005; McCullough, 2006; Marchesini,
Marzocchi, Agostini, & Bugianesi, 2005; Neuschwander-Tetri,
2005).

The manifestations of NAFLD range from simple steatosis, to
steatohepatitis (NASH), liver fibrosis to cirrhosis and, rarely, to
hepatocellular carcinoma (Adams & Angulo, 2005; McCullough,
2006).
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Many authors pointed to hyperinsulinemia and insulin resis-
tance as pathogenic factors in NAFLD. Given the strong association
of NAFLD with other features of the metabolic syndrome (MS)
(obesity, central fat distribution, diabetes, dyslipidemia, hyperten-
sion and atherosclerotic cardiovascular disease) NAFLD might
represent an additional characteristic, or the hepatic manifesta-
tion, of MS, with decreased insulin sensitivity being the common
factor (Marchesini et al., 2001).

MS, as defined by the National Cholesterol Education Program-
Adult Treatment Panel III criteria (NCEP-ATP III rev. 2004) (Grundy
et al., 2004), is highly prevalent in the general population (about
20% among Western adults), in particular in type 2 diabetes
subjects, and it carries an increased cardiovascular (CV) morbidity
and mortality (Isomaa et al., 2001).

The strong epidemiologic impact of NAFLD and its relationship
to the MS stimulated an interest in the possible role of NAFLD in the
development of CV disease. Moreover, recent cross sectional
studies suggest that the severity of liver histology in patients with
NAFLD is closely associated with markers of early atherosclerosis
such as a higher carotid artery wall thickness and lower
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endothelial flow-mediated vasodilatation, independently of clas-
sical risk factors, HOMA estimated insulin resistance, and features
of the MS (Targher et al., 2006; Villanova et al., 2005).

There is a growing body of evidence suggesting that CV diseases
are the leading cause of death in patients with advanced non
alcoholic fatty liver disease; furthermore, the increased risk of
incident CV disease carried by NAFLD seems to be independent of
the risk added by traditional risk factors and MS components
(Targher & Arcaro, 2007).

These observations strengthen the hypothesis that NAFLD is not
only a marker of CV disease but also may be involved in its
pathogenesis (Targher, Day, & Bonora, 2010).

Diastolic dysfunction refers to an abnormality of diastolic
distensibility, filling, or relaxation of the left ventricle, regardless of
whether the ejection fraction is normal or abnormal and whether
patient is symptomatic or asymptomatic (Gaasch & Zile, 2004).

The effects of MS and insulin resistance on the heart, both on
left ventricular geometry and function, are well established.

Fallo et al. (2009) demonstrated that hypertensive patients with
NAFLD have a higher prevalence of left ventricular diastolic
dysfunction than those without fatty liver changes at ultrasonog-
raphy.

Furthermore, recent studies found that in young patients with
NAFLD, but without diabetes and hypertension (well known risk
factors for diastolic dysfunction), a reduced insulin sensitivity has a
marked impact on left ventricular pathological remodeling and
impairment of diastolic function (Fotbolcu et al., 2010; Goland
et al., 2006).

These findings support the recent view of a common
pathogenetic mechanism for both increased hepatic fat content
and heart damage (Bellentani, Bedogni, & Tiribelli, 2008).

Moreover, Perseghin et al. (2008) demonstrated an altered left
ventricular energy metabolism in young men with excessive
intrahepatic fat content, suggesting the hypothesis that the heart,
like liver, skeletal muscle and adipose tissue, is another organ
whose metabolism is influenced by insulin resistance.

The aim of the present study was to determine, in subjects aging
over 65, possible associations between NAFLD, as assessed by an
abdominal ultrasound scan, echocardiographic abnormalities
revealing diastolic dysfunction and markers of cardiovascular
disease during a six year follow-up period.

2. Materials and methods

2.1. Study setting

Our investigation is part of a larger cross-sectional and
prospective study about the promotion of physical activity in
the elderly, with the aim to reduce the prevalence and the
complications of cardiovascular diseases. The study, called ‘‘The
Pianoro Study’’, started in November 2003 and recruited 3255
subjects, aged over 65 years, of both sexes, resident in Pianoro (a
mountain municipality near Bologna), who received a postal
questionnaire to evaluate: the presence of risk factors for
atherosclerosis, their habits and quality of life, the possible
presence of previous or actual cardiovascular diseases, their
degree of autonomy, prescribed medications and the amount of
physical activity performed in the last week. There were no
exclusion criteria apart from age.

Two thousand and twenty-three subjects (62% of the popula-
tion) filled in the questionnaire and sent it back by ordinary mail.

All the subjects over 65 resident in Pianoro, whether or not they
had answered the questionnaire, were invited to their general
practitioner’s office, where gave written informed consent to take
part in the study, had a check of the previously filled questionnaire,
received a paper–pencil cognitive test (Mini Mental State
Examination – MMSE) and a weight, height and blood pressure
evaluation. One or two weeks later they were also invited to come
to our hospital division, where we collected anthropometric
parameters, fasting blood samples, an electrocardiogram, an
abdominal ultrasound scan and a sub-maximal step test.

In all, 1144 subjects, 550 men and 594 women aged 65–91 years
(median 71), performed all clinical steps of the study without
missing data.

For this paper we used the data collected in the ‘‘Pianoro Study’’.
The study was approved by the Joint University-Hospital Ethical

Committee.

2.2. Variables examined

2.2.1. Anthropometry

Weight, height and waist circumference were assessed. BMI
was calculated as the ratio between weight (kg) and the square of
height (m). Waist circumference, an index of central fat distribu-
tion, was measured in centimeters with the patient standing at the
umbilicus level.

2.2.2. Laboratory assays

Fasting venous blood samples were collected in vacutainer
tubes with gel clot activator. Blood glucose, creatinine, total
cholesterol, HDL-cholesterol and triglycerides were assayed with
enzymatic methods on the same day of blood sampling. Insulin
was measured a few months later, in aliquots of serum frozen at
�80 8C, by an ElectroChemiLuminescenceImmuno Assay (ECLIA,
Elecsys Insulin, Roche Diagnostics Co., Mannheim, Germany) with
an analytical sensitivity of 0.2 mU/l.

2.2.3. Lifestyle and diseases
� A
lcohol intake: defined as the daily use of at least one
alcoholic unit (a glass of wine or a pint of beer or a small
glass of spirit).

� P
hysical activity: it was evaluated with the PASE (Physical

Activity Scale for the Elderly) (Washburn, Smith, Jette, & Janney,
1993), in its validated Italian version (Abete et al., 2001)

� D
iabetes: subjects with a history of diabetes according to the

American Diabetes Association Criteria, and/or on anti-diabetes
drugs, were considered diabetic.

� D
yslipidemia: were considered as independent variables both

hypertriglyceridemia (triglycerides > 150 mg/dl) or current
treatment with fibrates, and pathological levels of HDL
cholesterol (<40 mg/dl in men or <50 mg/dl in women) or
current treatment with statins.

� H
ypertension: were considered subjects with hypertension those

with a history of hypertension, those with systolic blood
pressure > 140 mmHg and/or diastolic blood pressure> 90 mmHg
mmHg and those on current therapy with anti-hypertensive drugs.

� M
S: the presence of MS was defined according to the National

Cholesterol Education Program-Adult Treatment Panel III (rev.
2004). MS occurs when at least three of the following five criteria
are fulfilled:

(i) waist circumference >102 cm in men or >88 cm in women;
(ii) blood glucose>100 mg/dl (5.6 mmol/l) or current treatment

with hypoglycaemic drugs;
(iii) triglycerides >150 mg/dl (1.7 mmol/l) or current treatment

with fibrates;
(iv) HDL cholesterol <40 mg/dl (1.0 mmol/l) in men or <50 mg/

dl (1.3 mmol/l) in women;
(v) systolic blood pressure >130 mmHg and/or diastolic blood

pressure >85 mmHg or current treatment with antihyper-
tensive drugs.



Table 1
Social and health characteristics according to the presence/absence of NAFLD in the study. Data are reported as median (range) or number of subjects (percentage).

All subjects (n = 171) Subjects without NAFLD (n = 109) Subjects with NAFLD (n = 62) P-Value

Gender 89 F; 82 M 56 F; 53 M 33F; 29 M 0.816

Age (years) 69.5 (65.5–80.0) 69.3 (65.5–80.0) 69.7 (65.7–76.6) 0.924

Height (m) 1.65 (1.50–1.83) 1.65 (1.50–1.82) 1.65 (1.50–1.83) 0.935

Weight (kg) 71.0 (42.0–101.0) 69.0 (42.0–96.0) 74.5 (49.0–87.0) 0.012
BMI (kg/m2) 25.8 (17.9–31.8) 24.6(17.9–31.8) 27.4 (18.0–31.6) <0.001
Pathological waist circumference 72 (42.1%) 36 (33%) 36 (58.1%) 0.001
Subcutaneous adipose tissue (mm) 18.0 (7.0–35.0) 17.0 (7.0–35.0) 19.0 (7.0–34.0) 0.061

Alcohol intake>20 g/die 19 (11.2%) 11 (10%) 8 (12.8%) 0.132

Diabetes 11 (6.4%) 3 (2.8%) 8 (12.9%) 0.019
Hypertension 70 (40.9%) 44 (40.4%) 26 (41.9%) 0.841

Hypercholesterolemia 53 (31.0%) 36 (33.0%) 17 (27.4%) 0.446

Metabolic syndrome 39 (22.8%) 17 (15.6%) 22 (35.5%) 0.003

Bold values are statistically significant values; italics identify values near statistical significance.
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2.2.4. Insulin resistance

Insulin resistance was estimated, according to the homeostasis
model assessment (HOMA), with the formula: (fasting insulin
[mU/l] fasting glucose [mmol/l])/22.5 (Haffner, Miettinen, & Stern,
1997; Matthews et al., 1985). In a previous study concerning an
Italian population, the cut-off of HOMA values indicative of insulin
resistance (above the 75th percentile) was set at 2.7 (Bugianesi,
Gastaldelli et al., 2005; Bugianesi, Pagotto et al., 2005).

2.2.5. Abdominal ultrasound scan

The evaluation of steatosis, defined at ultrasound scan, as the
presence of ‘‘bright liver’’, was made by two skilled operators using
an Esoate-Ansaldo Technos echograph with a 3.5–5 MHz convex
ultrasound probe. In particular steatosis was classified into three
degrees:
� M
ild: if hyperechogenicity of hepatic parenchyma compared to
renal parenchyma was present, in absence of attenuation of the
ultrasound beam.

� M
oderate: if attenuation of the ultrasound beam was present.

� S
evere: if a marked attenuation of the ultrasound beam, such as

not to make visible the portal bifurcation, was present.

2.3. Sample selection

Within the ‘‘Pianoro Study’’ population of 1144 subjects, were
identified 171 old people aging between 65 and 80, in good
kinaesthetic and osteo-muscolo-articular conditions and without
overt cardiovascular diseases, to be engaged for an extra physical
activity promotion, both as daily physical activity, both with
sessions of aerobic exercise three times a week in a gym. At
enrolment, the subjects that agreed for this extra physical activity
received further investigations:
� D
oppler scan of sovra-aortic trunks.

� C
ardiac US-scan: by means of Philips Envisor C echograph with a

linear 3.5 MHz probe, one trained examiner evaluated in M and B
mode:
� End diastolic thickness of the left ventricle posterior wall

(edPW)
� End diastolic thickness of the right ventricle wall (edRV)
� End diastolic thickness of the interventricular septum (edIVS)
� Left ventricle diameter (LVdiam)
� Estimated weight of the left ventricle (LVmass)
Pulsed Echo-Doppler for the detection of:
� Deceleration time (Dectime)
� Early diastolic filling peak velocity (E wave)
� E/A ratio (A = ventricular filling velocity linked to atrial
contraction)
� Early diastolic mitral annular motion (e0 factor)
Given the aim of the present study, within the population of the
‘‘Pianoro Study’’ we selected for this paper the data of the 171
subjects that received also a cardiac US-scan. Their clinical,
anthropometric and laboratory data are reported in Table 1.

2.4. Study design

In 2010, at the end of a six year-follow-up period, we had sent to
all 171 subjects, a second questionnaire form, absolutely identical to
the entry questionnaire, to investigate changes in lifestyle and to
record medical problems had occurred in the six-year lag, in
particular major and minor heart-, brain- or peripheral-vascular
events (myocardial infarction, angina, stroke, cerebral transitory
ischemic attack, and peripheral arterial obstructive disease) or
arterial re-vascularisation procedures (such as coronary artery
bypass, thromboendarerectomy (TEA), coronary angioplasty or
PTCA, and angioplasty or PTA in other arterial districts). Moreover,
all subjects from this group, survived at the follow-up, and able to
return for a follow-up control, received a further investigation
including anthropometric assessment, fasting blood sampling for
laboratory, and abdominal echographic scan for the study of hepatic
steatosis degree.

2.5. Statistical analysis

Before running the statistical analysis, continuous parametric
variables were tested to check the presence of a normal
distribution.

Echographic scores of steatosis were reported both as
continuous scores from degree 0 (absence of steatosis) to degree
3 (severe steatosis) and as dichotomous variables, such as absence/
presence of steatosis or absent/mild vs. moderate/severe steatosis.

Prevalence in non-parametric variables were compared with
X2-test (with Yates’ correction) or with Fisher’s exact test when
appropriate. Since most continuous variables did not share a
normal distribution, the groups were compared with the Mann–
Whitney’s U-test.

A backward logistic regression analysis was performed to test
which variable/s was/were independently associated with:
- a
bsence/presence of pathological thickness of the left ventricle
posterior wall
- a
bsence/presence of pathological mass of the left ventricle

The initial logistic regression model included all the variables
that were associated, respectively, with the dichotomous



Table 2a
Clinical and laboratory data parameters according to the presence/absence of NAFLD in the study population. Data are reported as median (range).

Subjects without NAFLD (n = 109) Subjects with NAFLD (n = 62) P-Value

Systolic blood pressure (mmHg) 150 (105–200) 145 (110–175) 0.290

Diastolic blood pressure (mmHg) 80 (60–102) 80 (60–102) 0.716

Glucose (mg/dl) 94 (69–194) 99 (81–187) 0.002
Triglycerides (mg/dl) 88 (47–248) 116 (56–442) <0.001
Cholesterol (mg/dl) 220 (149–319) 207 (134–360) 0.028
HDL cholesterol (mg/dl) 62 (33–120) 56 (34–101) <0.001
Plasma insulin (mU/ml) 6.9 (2.3–19.1) 10.2 (2.7–39.2) <0.001

Bold values are statistically significant values.

Table 2b
Clinical and laboratory parameters according to the presence of absent/mild vs. moderate/severe steatosis in the study population. Data are reported as median (range).

Absent/mild steatosis (n = 149) Moderate/severe steatosis (n = 22) P-Value

Systolic blood pressure (mmHg) 150 (105–200) 148 (110–170) 0.804

Diastolic blood pressure (mmHg) 80 (60–102) 80 (70–102) 0.629

Glucose (mg/dl) 94 (69–194) 109 (88–158) <0.001
Triglycerides (mg/dl) 95 (47–248) 134 (56–442) 0.005
Cholesterol (mg/dl) 220 (134–360) 203 (145–287) 0.014
HDL cholesterol (mg/dl) 61 (33–120) 50 (34–81) <0.001
Subcutaneous adipose tissue (mm) 18.0 (7.0–35.0) 19.0 (8.0–26.0) 0.576

Visceral adipose tissue (mm) 60.0 (17.0–116.0) 78.5 (48.0–134.0) 0.001
Plasma insulin (mU/ml) 7.5 (2.3–20.1) 10.7 (3.1–39.2) 0.001
HOMA index 1.7 (0.5–5.4) 2.9 (1.0–11.4) 0.004

Bold values are statistically significant values.
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parameters listed above in univariate analyses (P < 0.1). For each
variable the adjusted relative risk Odds-Ratio (OR) and 95%
Confidence Interval (CI) were also computed.

Two-tailed tests were used throughout, considering significant
P-values lesser than 0.05. The statistical analysis was performed
with SPSS software (version 13.0) (SPSS Inc., Headquarters,
Chicago, IL, USA).

3. Results

3.1. Description of the population

Older subjects with NAFLD have a higher weight, BMI, visceral
adipose tissue (Fig. 1) and prevalence of pathological waist
circumference, diabetes and MS than those without steatosis (Table 1).
[(Fig._1)TD$FIG]
Fig. 1. Box-plot representation of the thickness of the visceral adipose tissue in the

study population according to the presence/absence of hepatic steatosis

(P < 0.001). The bold line within the box represents the median value; the lower

and the upper border of the box correspond to the 25th and 75th percentile; error

bars indicate the 10th and 90th percentile; white circles represent ‘‘outliers’’

subjects.
NAFLD has a prevalence of 72.7% among the subjects with
diabetes (P = 0.019). MS (P = 0.001) and BMI (P < 0.001) are
significantly associated with moderate-severe forms of NAFLD.

The prevalence of subjects that drink more than 20 g/day of
ethanol (upper limit of daily ethanol intake in NAFLD) is small
(11.2%), without a significant difference between subjects with and
without hepatic steatosis.

High serum levels of glucose, triglycerides, cholesterol and
insulin and low serum levels of HDL-cholesterol are significantly
associated with NAFLD (Table 2a), particularly in its more severe
forms, where also a higher thickness of visceral fat has been
echographically measured (Table 2b).

The assessment of insulin-resistance by HOMA Index is
characterized by higher values in the older subjects with hepatic
steatosis (Fig. 2) and even more in the subjects with moderate-
severe steatosis. Moreover, subjects with NAFLD (P = 0.003),
especially in its moderate-severe forms (P = 0.016), have a higher
prevalence of positive ATP-III criteria.
[(Fig._2)TD$FIG]
Fig. 2. Box-plot representation of HOMA values in the study population according to

the presence of absent/mild or moderate/severe hepatic steatosis (P < 0.001).



Table 3
Echocardiographic parameters (reported as dichotomous variables) in the study population according to the presence/absence of metabolic syndrome, NAFLD, insulin

resistance, hypertension, pathological waist circumference and hypertriglyceridemia. Data are reported as number of subjects (percentage).

edPWpata (n = 18) patLVmassb (n = 28) posE/Ac (n = 2) posDectimed (n = 13)

Metabolic syndrome

No 9 (6.8%) 18 (13.6%) 1 (0.8%) 9 (6.8%)

Yes 9 (23.1%) 10 (25.6%) 1 (2.6%) 4 (10.3%)

P-Value 0.004 0.075 0.405 0.496

NAFLD

No 13 (11.9%) 15 (13.8%) 1 (0.9%) 10 (9.2%)

Yes 5 (8.1%) 13 (21%) 1 (1.6%) 3 (4.8%)

P-value 0.605 0.221 1.000 0.380

Insulin resistance

No 11 (9.1%) 19 (15.7%) 1 (0.8%) 9 (7.4%)

Yes 7 (14.6%) 9 (18.8%) 1 (2.1%) 4 (8.3%)

P-value 0.297 0.631 0.489 1.000

Hypertension

No 3 (3.0%) 18 (17.8%) 1 (1.0%) 7 (6.9%)

Yes 15 (21.4%) 10 (14.3%) 1 (1.4%) 6 (8.6%)

P-value <0.001 0.539 1.000 0.691

Pathological waist circumference

No 7 (7.1%) 13 (13.1%) 1 (1.0%) 6 (6.1%)

Yes 11 (15.3%) 15 (20.8%) 1 (1.4%) 7 (9.7%)

P-value 0.084 0.179 1.000 0.372

Hypertriglyceridemia

No 15 (10.5%) 19 (13.3%) 2 (1.4%) 10 (7%)

Yes 3 (10.7%) 9 (32.1%) 0 3 (10.7%)

P-value 1.000 0.014 1.000 0.449

Bold values are statistically significant values; italics identify values near statistical significance.
a edPWpat, end diastolic pathological thickness of the left ventricle posterior wall (>13 mm).
b patLVmass, pathological mass of the left ventricle (>156 g/m2).
c posE/A, pathological E/A ratio (<1).
d posDectime, pathological deceleration time (>220 ms).
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At enrolment only 7 older subjects of 171 (4.1%) have previous
cardiovascular events, without significant difference between the
NAFLD group and the non-NAFLD group (P = 1.000)

3.2. Echocardiographic characteristics

At enrolment none of the subjects has diastolic dysfunction.
Only two dichotomous echocardiographic parameters reach
statistical significance in the relation with determined variables
(Table 3):
- t
T
V

B

he end diastolic pathological thickness of the left ventricle
posterior wall (edPWpat) with MS hypertension and, of
borderline significance, pathological waist circumference.
- t
he pathological mass of the left ventricle (patLVmass) with
hypertriglyceridemia and, of borderline significance, MS.

The backward logistic regression analysis identifies as factors
independently and directly associated to edPWpat hypertension
and pathological waist circumference while patLVmass was
associated only to hypertrglyceridemia (Table 4).

When we use echocardiographic parameters as continuous
variables we can note that:
able 4a
ariables independently associated with the presence of end diastolic pathological thi

X2

Hypertension 11.057

Pathological waist circumference 2.634

Excluded variables

Metabolic syndrome 0.608

old values are statistically significant values.
- h
ck
ypertensive subjects have greater edIVS (P < 0.001) and edPW
(P = 0.03), and a lower E/A ratio (P = 0.009) in comparison to the
normotensive ones;
- a
 pathological waist circumference is associated with lower
values of e0 factor (P = 0.004) and, of borderline significance, E/A
ratio (P = 0.059);
- in
 older subjects with NAFLD there is a statistical trend toward
positive association with a greater edPW (P = 0.051) and a greater
edRV (P = 0.071);
- h
igher LVmass (P = 0.04) and, of borderline significance, edIVS
(P = 0.052) are correlated with high levels of triglycerides, while
an higher LVdiam (P = 0.025) is correlated with low levels of HDL-
cholesterol;
- h
igher values of edIVS (P = 0.005), edPW (P < 0.001) and lower
values of E/A ratio (P = 0.042) and E-wave (P = 0.035) correlate
with insulin resistance (HOMA > 2.7);
- h
igher values of edIVS (P = 0.008), edPW (P < 0.001) and LVmass
(P = 0.011) are significantly correlated with fasting glucose levels
above 100 mg/dl;
- fi
nally, in older subjects with MS we observed greater
values of edPW (Fig. 3), edIVS (Fig. 4) and, of borderline
significance, Dectime (P = 0.064), and lower values of e0-factor
(Fig. 5).
ness of the left ventricle posterior wall (edPWpat).

OR [95% CI] P-Value

8.929 [2.457–32.452] 0.001
2.382 [0.835–6.794] 0.105

1.724 [0.439–6.777] 0.435



[(Fig._3)TD$FIG]

Fig. 3. Box-plot representation of the end diastolic thickness of the left ventricle
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posterior wall (edPW) according to the presence/absence metabolic syndrome

(P = 0.01).
[(Fig._4)TD$FIG]
Fig. 4. Box-plot representation of end diastolic thickness of the interventricular

septum (edIVS) according to the presence/absence of metabolic syndrome

(P = 0.001).
3.3. Cardiovascular risk

To avoid the possible selection bias of the subjects with an
increased cardiovascular risk, we excluded from the analysis 7
subjects who at enrolment had previous cardiovascular events.
Among the remaining 164, 17 suffered of cardiovascular diseases
Table 4b
Variables independently associated with the presence of pathological mass of the left

X2

Triglycerides>150 mg/dl 5.675

Excluded variables

Metabolic syndrome 0.150

Pathological waist circumference 1.068

The initial model included all the variables of Table 3 that were associated, respectivel

analysis. None of the reported variables reached statistical significance at univariate an

Bold values are statistically significant values.
during the follow-up, 128 had no cardiovascular event in six years,
whereas we do not have further information about 19 subjects.

Table 5 displays the features at enrolment of the subjects with
and without cardiovascular events. Even if the difference does not
reach a full statistical significance, subjects with cardiovascular
events during the follow-up have higher edRW in comparison to
those without events.

4. Discussion

Although this study does not confirm the recent hypothesis
(Targher & Arcaro, 2007) that NAFLD might confer an excess of CV
risk over and above what would be expected due to the increased
prevalence of the underlying MS risk factors, it shows how hepatic
steatosis is linked to coexisting pathological conditions and
cardiovascular risk factors such as: overweight, pathological
BMI, increased visceral fat, abdominal obesity or pathological
waist circumference, diabetes, MS and altered ATP-III parameters
(for example, HDL, triglycerides and glucose).

Older subjects with NAFLD have also a higher number of
positive ATP-III criteria, and the increased CV morbidity and
mortality that carries each single criterion that defines MS is well
known (Isomaa et al., 2001). HOMA values are significantly higher
in older subjects with NAFLD compared to those without steatosis;
moreover the severity of hepatic histology is linked to decreased
insulin sensitivity. Considering that insulin resistance is an
independent predictor of cardiovascular disease (Bonora et al.,
2007; Resnick et al., 2003; Saely et al., 2005; Yokoyama et al.,
2003), an ultrasonographic diagnosis of NAFLD should induce the
clinician to investigate for a condition of reduced insulin sensitivity
to be treated early.

Furthermore, older subjects with moderate/severe forms of
steatosis have higher serum levels of glucose, triglycerides and
cholesterol, lower values of HDL, a greater thickness of visceral fat
and a significantly higher BMI, in comparison with older subjects
with absent/mild steatosis. These findings strengthen the sugges-
tion that obesity, type 2 diabetes (Marchesini, Forlani, & Bugianesi,
2005) and MS (Adams and Angulo, 2005; Bugianesi, Gastaldelli
et al., 2005; Bugianesi, Pagotto et al., 2005; Chitturi et al., 2002;
Hamaguchi et al., 2005; Lavine & Schwimmer, 2004; Marchesini
et al., 2001, 2003; Marchesini, Marzocchi et al., 2005; McCullough,
2006; Neuschwander-Tetri, 2005) might have a pivotal role in the
evolution of NAFLD toward more advanced forms. This is
interesting, considering the possibility that the severity of liver
histology might influence the incidence of CV events in subjects
with NAFLD (Adams et al., 2005; Ekstedt et al., 2006; Matteoni
et al., 1999; Rafiq et al., 2009; Söderberg et al., 2010).

Nevertheless, the close correlations among NAFLD and these
cardio-metabolic risk factors make it extremely difficult to
distinguish the precise causal relationships underlying the
increased risk of CV disease among patients with non alcoholic
fatty liver disease (Targher et al., 2010). Moreover, we have to face
the two main limits of this work: on one hand, the small number of
cardiovascular events among our study population (consisting of
ventricle (patLVmass).

OR [95% CI] P-Value

3.091 [1.222–7.824] 0.017

1.247 [0.408–3.811] 0.698

1.553 [0.674–3.576] 0.301

y, with the presence of edPWpat and patLVmass with a P-value<0.1 in univariate

alysis (P<0.1) when compared to posE/A and posDectime.



Table 5
Characteristics at the first medical examination of the subjects with and without cardiovascular events during the follow-up.

Subjects without events during follow-up (n = 128) Subjects with events during follow-up (n = 17) P-Value

edRVa (mm) 20.0 (14.0–26.0) 21.0 (15.0–25.0) 0.054
Dectimeb (ms) 200.0 (140.0–380.0) 180.0 (160.0–250.0) 0.079

Bold values are statistically significant values; italics identify values near statistical significance.
a edRV, end diastolic thickness of right ventricle wall.
b Dectime, E wave deceleration time.
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older subjects engaged for a period of extra physical activity, in
good clinical conditions and without overt CV disease) and, on the
other hand, the high number of older subjects that did not return to
follow up and of which we do not have further information.

As previously reported, none of our older subjects had diastolic
dysfunction (as defined by E/A ratio < 1 and E-wave deceleration
time > 220 ms) at enrolment. The current study, however, shows
that the end diastolic pathological thickness of the left ventricle’s
posterior wall (edPWpat) is linked to MS and hypertension, while a
patLVmass is linked to hypertriglyceridemia (triglyceri-
des > 150 mg/dl). Moreover, even if of borderline significance,
there is a relation between pathological waist circumference and
edPWpat, and between MS and patLVmass. The logistic regression
analysis identifies hypertension and pathological waist circumfer-
ence as factors independently associated with edPWpat, while
patLVmass correlates independently with high levels of triglyc-
erides. These findings confirm the well established effects of MS
and insulin resistance on the geometry and diastolic function of the
heart (Goland et al., 2006).

The small study sample, and the absence of diastolic dysfunc-
tion among the subjects of our population, do not allow us to
exclude a positive association between hepatic steatosis and
diastolic dysfunction in older subjects.

However, the presence of a statistical trend for positive
association between NAFLD and higher values of end diastolic
thickness of the left ventricle’s posterior wall and end diastolic
thickness of right ventricle’s wall, partly satisfies the aim of our
study. Indeed, although these altered echocardiographic param-
eters do not define a diastolic dysfunction, they indicate a possible
presence of an impaired diastolic function in older subjects with
hepatic steatosis.
[(Fig._5)TD$FIG]

Fig. 5. Box-plot representation of e0 factor according to the presence/absence of

metabolic syndrome (P = 0.039).
Moreover, hypertension, pathological waist circumference,
hypertriglyceridemia, insulin resistance, fasting glucose
levels > 100 mg/dl and MS are variably associated with abnormal
values of other echocardiographic parameters, such as thickness of
the interventricular septum, E/A ratio, e0 factor, LVmass and E-
wave, revealing an abnormal cardiac function.

4.1. Conclusions

NAFLD is highly prevalent in Western Countries. Given its
strong association with MS, NAFLD may represent a cardiovascular
risk factor. Although we cannot demonstrate that NAFLD itself
might confer an excess of CV risk apart from the underlying MS risk
factors, according to the results of this study, an ultrasonographic
diagnosis of NAFLD should alert the clinician on the coexistence of
multiple CV risk factors requiring the same evaluation and
aggressive treatment as the risk of developing liver disease.

This study demonstrates that older subjects with MS and/or
insulin resistance, both constantly associated with NAFLD, have
altered echocardiographic parameters. These findings should
induce the clinician to search for possible alterations of cardiac
morphology and left ventricle function in older subjects with an
ultrasonographic diagnosis of hepatic steatosis.
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