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Background/Aims: Metabolic syndrome is a well-known risk factor for atherosclerosis. Non-alcoholic fatty liver disease (NAFLD)
has features of metabolic syndromes. This study aimed to investigate the association between NAFLD and atherosclerosis.
Methods: In a population-based study in southern Iran, asymptomatic adult inhabitants aged more than 20 years were selected
through cluster random sampling, and were screened for the presence of fatty liver and common carotid intima-media thickness
(CIMT), with abdominal and cervical ultrasonography, respectively. Those with fatty liver were compared to the same number
of individuals without fatty liver.

Results: Two hundred and ninety individuals were found to have fatty change on abdominal ultrasonography, and were labeled
NAFLD. Compared to normal individuals, NAFLD patients had significantly higher prevalence of increased CIMT (OR, 1.66;
p<0.001). Those with hypertension (HTN), diabetes mellitus (DM), higher waist circumference (WC) and older ages had significantly
higher prevalence of thick CIMT. Through adjusting the effects of different variables, we indicated that NAFLD could be an
independent risk factor for thick common carotid intima-media (OR, 1.90; 95% CI, 1.17-3.09; p=0.009). It was also shown
that age could be another independent risk factor for thick CIMT.

Conclusions: Individuals with risk factors such as HTN, DM, and high WC are prone to develop atherosclerosis of the carotid
artery. The presence of NAFLD should be considered as another probable independent factor contributing to the development
of carotid atherosclerosis. (Korean J Gastroenterol 2013;62:344-351)
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) encompasses a
spectrum of pathologic conditions, ranging from simple stea-
tosis, to nonalcoholic steatohepatitis (NASH) and cirrhosis.
The disease is now the most common cause of elevated liver
enzymes worldwide, including developing and developed
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countries. Approximately 20-30% of adults in the general
population of western countries have NAFLD,?® and its preva-
lence increases to 70-90% among individuals who are obese
or have diabetes.” Recent study from Iran (as a developing
country) indicated the prevalence of 21.5%.° Regardless of
its hepatic sequel, there is an increasing trend of evidence
suggesting that NAFLD is the missing part of metabolic syn-
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drome (i.e. a sixth criterion). From this point of view, NAFLD
strongly relates with diabetes mellitus, hypertension, and
obesity,6 and consequently, with increased risk for car-
diovascular events. The atherogenic effect of metabolic syn-
drome was previously established, as well as its compo-
nents; but the role of NAFLD in this regard is still being
debated. There are evidences of increased rate of car-
diovascular mortality in patients with NAFLD and/or cir-
rhosis, but the role of NAFLD as the main etiology, or as just
a co-morbid disease has remained unclear.”® Many pub-
lished studies focusing on this issue were done in sympto-
matic patients with NAFLD, or on patients in clinical follow up.
Few studies, if any, evaluated this relation in a pop-
ulation-based setting, with the participation of asympto-
matic individuals.

Intima-media thickness (IMT) of the common carotid ar-
tery is a reliable predictor of atherosclerosis. Increased com-
mon carotid intima-media thickness (CIMT) has been consid-
ered as a marker of atherosclerosis and cardiovascular
disease. This study was conducted to find the relation of
NAFLD and atherosclerosis as the main predictor of future
cardiovascular disease, in a population-based setting,
through comparison of the IMT of carotid artery and other im-
portant cardiovascular risk factors, between patients with
NAFLD and controls.

( 900 summoned citizens }
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SUBJECTS AND METHODS

1. Study population

This study was an extension of our previous study on the
prevalence of fatty liver disease in the general population in
Shiraz, southern Iran, which has recently been published.5
Based on ultrasonograhic finding, as described in the follow-
ing parts, individuals with fatty liver disease were identified.

Flow chart of the study is demonstrated in Fig. 1. Among
819 individuals who agreed to participate in the study, 342
had evidence of fatty liver disease on ultrasonography in any
form, from mild to severe (ultrasonographic criteria are de-
scribed in the “study protocol” part).

We excluded patients with positive or suspicious results
for HBsAg, anti-HCV and HIV. We also excluded subjects who
had any history of liver disease, had suspicious hepatic-re-
lated signs and symptoms during the physical exam or after
history taking, had a history of pregnancy in the previous year,
had a history of weight loss or weight gain in recent years, or
who had had any kind of major organ failure. Exclusion of in-
dividuals reporting alcohol consumption was ensured, by in-
terviewing the participants at two different times. We ex-
cluded pregnant women, or those who had delivered within
the past six months. Due to different genetic and environ-
mental background, which could have affected our results,
non-lranian residents were also excluded.

Fifty-two of these individuals were excluded, based on the

81 citizens did

( 819 citizens attended the clinic }

[ Liver ultrasonography J

Normal liver
ultrasonography
(n=477)

187 were
excluded

Control group
(n=290)

not participate in
the clinic

NAFLD diagnosis
based on

ultrasonography
(n=342)

52 were
excluded
Case group
(n=290)

Fig. 1. A flow chart of the study.
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above-mentioned exclusion criteria. One age matched con-
trol group were selected from those who attended our clinic
and had normal liver ultrasonography (n=477). Age matching
was based on ten-year periods. The above-mentioned ex-
clusion criteria were also applied for selecting the control
group.

The approvals of the Institutional Review Board, as well as
of the Ethics Committee of Shiraz University of Medical
Sciences, were obtained prior to the start of the study (No.
HP-12-89). All participants gave their written informed con-
sent.

2. Study protocol

All the individuals were invited to come to the Fatty Liver
Special Clinic, Health Policy Research Center, Shiraz Univer-
sity of Medical Sciences (Shiraz, Iran) for a comprehensive
medical evaluation, including physical examination, and
complete multi-disciplinary history taking (by physicians and
nurses), and anthropometric assessments (by trained
nurses). Venous blood samples were also taken, for related
laboratory analysis.

Diabetes mellitus was defined according to the American
Diabetes Association criteria, based on an fasting blood sug-
ar (FBS) > 126 mg/dL.9 Hypertension was defined according
to the Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation and Treatment of High
Blood Pressure (JNC 7).*° Afterwards, liver ultrasonography
and common carotid artery ultrasonography were performed
for all participants.

The National Cholesterol Education Program - Adult
Treatment Panel Il (ATP IIl) published criteria® were applied
for the diagnosis of metabolic syndrome in our population,
which defined metabolic syndrome as positivity for three or
more of the following criteria: 1) FBS > 110 mg/dL, or current
use of hypoglycemic agents; 2) central obesity (waist circum-
ference > 102 cm in men, and > 88 cm in women); 3) arterial
blood pressure >130/85 mmHg, or current use of anti-
hypertensive medications; 4) triglyceride levels > 150 mg/dL,
or current use of fibrates; 5) HDL cholesterol <40 mg/dL in
men, and <50 mg/dL in women.

3. Liver ultrasonography

Participants underwent abdominal ultrasonography ac-
cording to a standardized protocol, taking into consideration
that ultrasonography can detect increased liver echogenicity,
and confirm the diagnosis of NAFLD, particularly when hep-
atic fat infiltration surpasses 33%." Real-time imaging of the
liver was performed for each subject by an experienced radi-
ologist, using a Shimadzu ultrasound machine (Shimadzu
Inc., Tokyo, Japan) with a 5-MHz to 7-MHz transducer probe
(curvilinear). The radiologist performing the ultrasonography
was unaware of the clinical and laboratory results. The ultra-
sonography diagnostic patterns of fatty liver disease were
based on the presence of a ‘bright’ liver, with stronger echoes
in the hepatic parenchyma than in the renal parenchyma, of-
ten associated with unusually fine liver echotexture and ves-
sel blurring, in the absence of findings suggestive of other
chronic liver diseases.

Fig. 2. Longitudinal ultrasonographic
image of the common carotid artery.
Longitudinal ultrasonographic image
of the common carotid artery, showing
the carotid intima-media thickness in
the posterior wall (diameter: 11 mm
[Al, 7 mm [B]).
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4. Carotid artery ultrasonography

Carotid artery ultrasonography was performed using the
same model of ultrasonography scanner (Sonoline G50;
Seimens AG, Munich, Germany). The protocol involved scan-
ning of both common carotid, as well as internal and external
carotid arteries. Subjects were examined by an expert radiol-
ogist, following a standardized protocol. Briefly, IMT was as-
sessed in the posterior wall of the artery as the distance be-
tween the leading edge of the first and second echogenic
lines (Fig. 2). All of the scans were recorded. The best-quality
end diastolic image was captured in a longitudinal axis view
that showed the bifurcation, and was analyzed off-line. From
this image, three measurements of the common carotid ar-
tery were performed at a distance of 0.5 cm, 1 cm,and 2 cm
below the bifurcation of the common carotid, and the average
measurement was used for further assessments. The cut-off
value for the CIMT was set at 0.8 mm (CIMT =0.8 mm), in or-
der to avoid missing any patients.13 All measurements were
carried out by a single radiologist on previously recorded
scans. At the time of reading, he was unaware of the patients’
identities, and clinical and laboratory characteristics.

5. Statistical analysis

Statistical analyses were performed using the SPSS soft-
ware, version 17.0 (SPSS Inc., Chicago, IL, USA). Results are
reported as the meanSD for continuous variables, and as
number (%) for categorical variables. For the comparison be-
tween patient and control data, student’s t-test were used for
quantitative variables and the chi-square test was used to de-
termine the statistical significance of differences in qual-
itative variables. Multiple logistic regression analysis (adjust-
ed OR with multiple logistic regression) was performed for the
adjustment of different risk factors and variables associated
with the development of thick CIMT.

RESULTS

1. Comparison of clinical characteristics between NAFLD
and the control group
Table 1 shows the demographical, clinical and laboratory
characteristics of patients and controls. The 290 patients
with NAFLD and the same number of controls were matched
in term of age. In the NAFLD group, 160 (55.2%) participants
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were females, while in the controls, 174 (60%) individuals
were females (p=0.27). The mean age of patients with NAFLD
was 46.4+11.9 years, with a value of 45.4+12.4 years in the
controls (p=0.90). Patients with NAFLD had a higher blood
pressure (both systolic and diastolic) than the controls, with
statistical significance (p<0.001). Mean FBS was sig-
nificantly higher in patients with NAFLD, than in the controls
(101.8+32.9 vs. 86.3+13.5 mg/dL, p <0.001). Levels of liv-
er aminotransferases were higher in patients with NAFLD,
than in the controls (p <0.001). We also noticed that the level

Table 1. Clinical, Anthropometric and Laboratory Findings of Patients
with NAFLD and Control Group (Ultrasonographic Normal Liver Group)

Ultrasonogra- Ultrasonogra-
phic NAFLD phic normal

) p-value

group liver group

(n=290) (n=290)
Hypertension 82 (28.3) 54 (18.6) <0.001
Diabtes mellitus 97 (33.4) 34 (11.7) <0.001
BMI 28.6+4.2 25+3.8 <0.001
Normal (<25) 51 (17.6) 145 (50.0) <0.001

Overweight (=25, <30) 142 (49.0) 110 (37.9)

Obese (=30) 97 (33.4) 35 (12.1)
Waist circumference (cm) 95.2+10.4  86.949.0 <0.001

Waist/hip circumference 0.889+0.061 0.861+0.063 <0.001

(cm)

Systolic blood pressure 119.1+#15.9 113.8+14.2 <0.001
(mmHg)

Diastolic blood pressure 78+9.5 74.7+9.2 <0.001
(mmHg)

Metabolic syndrome 91 (31.4) 39 (13.4) <0.001
Fasting blood sugar 101.8+32.9 86.3+13.5 <0.001
(mg/dL)

AST (IU/L) 26.9+11.5 23.7+10.1 <0.001
ALT (IU/L) 31.1+21.1 21.0£11.0 <0.001
GGT (lU/L) 37.4+27.4 31.8431.6 <0.021
ALP (IU/L) 208.1+66.4 194.3+71.9 0.018
Total cholesterol (mg/dL) 198.9+42.1 190.1+40.5 0.011
LDL (mg/dL) 112.4435.4 108.5+33.4 0.176
HDL (mg/dL) 49.4+10.3 51.0+11.3 0.075
Triglyceride (mg/dL) 167.8+84.1 127.2+60.7 <0.001
Uric acid (mg/dL) 4.8+1.5 4.3+1.3 <0.001
Serum ferritin (ng/mL) 114.1+106.2 88.2+92.5 0.002
ANA (IU/L) 3.2+12.8 2.8+3.4 0.70
CIMT (mm) 0.009

<0.8 197 (67.9) 226 (77.9)
=>0.8 93 (32.1) 64 (22.1)

Values are presented as the meantSD or n (%).

For the comparison between patient and control data, student’s
t-test were used for quantitative variables and the chi-square test
was used to determine the statistical significance of differences
in qualitative variables. p-value less than 0.05 is considered sta-
tistically significant.

NAFLD, nonalcoholic fatty liver disease; CIMT, common carotid
intima-media thickness.
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Table 2. Comparison between CIMT and Metabolic Syndrome-
related Factors

CIMT CIMT
=0.8 mm <0.8 mm p-value
(n=157) (n=423)
Age (yr) 54.4+11.4 42.8+10.8 <0.001
Hypertension 58 (36.9) 78 (18.4) <0.001
Diabetes mellitus 52 (33.1) 79 (18.7) <0.001
Triglyceride (mg/dL) 153.7£79.7 145.1+74.5 0.251
HDL (mg/dL) 50.7+9.9 50.1+11.2 0.506
Waist circumference 93.319.6 90.3+10.9 0.002
(cm)
NAFLD 93 (59.2) 197 (46.6) 0.007
Serum ferritin 110.3+107.7 98197.5 0.222
(ng/mL)

Values are presented as the meantSD or n (%).

For the comparison between those with thick CIMT and subjects
with normal CIMT, student’s t-test were used for quantitative
variables, and the chi-square test was used to determine the
statistical significance of differences in qualitative variables.
p-value less than 0.05 is considered statistically significant.
CIMT, common carotid intima-media thickness; NAFLD, nonalco-
holicfatty liver disease.

of serum ferritin was significantly higher in patients with
NAFLD, than in the controls (p=0.002). Those with NAFLD
had a significantly higher prevalence of increased CIMT, in
comparison with normal individuals (OR, 1.66; 95% ClI,
1.15-2.41; p<0.001). We also observed that patients with
NAFLD had a higher prevalence of metabolic syndrome (OR,
2.94; 95% Cl, 1.93-4.47; p<0.001), than the controls.
However, in the NAFLD group, no correlation was found be-
tween the presence of metabolic syndrome and the higher
occurrence of increased CIMT (38.5% in the NAFLD patients
with metabolic syndrome, in comparison with 29.1% in the
NAFLD patients without metabolic syndrome, p=0.136).

2. Association between CIMT and metabolic syndrome

A comparison between CIMT and metabolic syndrome-
related risk factors is depicted in Table 2. The mean age of
subjects with CIMT equal to or greater than 0.8 mm was
54.4+11.4 years, with a value of 42.8+£10.8 years in those
with CIMT less than 0.8 mm (p <0.001). Subjects with thick
CIMT had a higher prevalence of HTN, in comparison to those
with normal CIMT (36.9% vs. 18.4%, p <0.001). This is also
true for those with NAFLD, in contrast to subjects without
NAFLD (59.2 vs. 46.6, p=0.007).

Individuals with thick CIMT had a significantly higher waist
circumference, than those with normal CIMT (93.3+9.6 vs.

Table 3. Multivariate Analysis for the Risk Factors of CIMT >0.8

mm?®

OR
Variable p-value (CIMT =0.8 mm/ 95% CI
<0.8 mm)

NAFLD

No 1 -

Yes 0.009 1.91 1.17-3.10
Hypertension

No 1 -

Yes 0.238 1.34 0.82-2.19
Diabetes mellitus

No 1 -

Yes 0.611 1.14 0.68-1.89
Waist circumference®

Normal 1 -

High 0.054 0.62 0.38-1.01
Age (yr)

18-29 1 -

30-39 0.166 0.27 0.04-1.710

40-49 0.048 3.50 1.01-12.18

50-59 <0.001 10.83 3.07-38.20

=60 <0.001 22.76 6.08-85.21

CIMT, common carotid intima-media thickness; NAFLD, nonalco-
holic fatty liver disease.

®Adjusted OR with multiple logistic regression.

®Waist circumference >102 cm in men and >88 cm in women
was considered high.

90.3+10.9 cm, p=0.002).

3. Multivariate analysis of risk factors for CIMT =0.8
mm

Table 3 indicates the results of the multiple logistic re-
gression analysis (with adjusted OR) of five criteria of meta-
bolic syndrome (diabetes mellitus, hypertension, trigly-
ceride, HDL, and waist circumference), as well as NAFLD for
predicting thick common carotid intima-media. Age and se-
rum ferritin level were also mentioned in our analysis, in order
to adjust their impact on the CIMT. The table shows that
NAFLD could be an independent risk factor for thick common
carotid intima-media (OR, 1.9; 95% Cl, 1.17-3.09; p=0.009).

Statistical analysis showed that patients between 40 to 49
years old were more prone to develop thick CIMT, in-
dependent of the presence of other risk factors for thick CIMT
(OR, 3.5; 95% ClI, 1.01-12.18; p=0.048). This would be more
prominent for patients who were between 50 to 59 years old,
as well as those above age 60, for detecting thick CIMT (OR,
10.83; 95% Cl, 3.07-38.2; p <0.001 and OR, 22.76; 95% ClI,
6.08-85.21; p<0.001, respectively).
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DISCUSSION

The prevalence of NAFLD is growing globally, as a result of
the increase of type Il diabetes mellitus and obesity.14 The
NAFLD is closely related to insulin resistance, and to the pres-
ence of markers of oxidative stress in plasma and endothelial
dysfunction. The NAFLD is actually mentioned as the hepatic
manifestation of the metabolic syndrome.15 The increase in
risk of cardiovascular disease in patients with metabolic syn-
drome is considerable.®

The importance of NAFLD is highlighted by new data sug-
gesting that NAFLD can be an independent risk factor for car-

diovascular disease.”"*®

As a matter of fact, the hypothesis
that NAFLD is not only a marker of cardiovascular disease,
but may also be involved in its pathogenesis,19 has started to
gain more evidence. This situation is in concordance with the
new guidelines for the diagnosis and treatment of patients
with NAFLD, which emphasize an early and more accurate di-
agnosis of this pathologic condition, in order to better define
the disease progression from simple fatty changes without
inflammation, to NASH, cirrhosis, and end-stage liver
disease.”

Our population-based case-control study suggests that
cardiovascular risk factors, such as increased IMT, occur
more frequently among NAFLD patients, when compared to
healthy individuals, confirming previous findings in patients’
NAFLD.2*®%" Although some of these studies included only
NAFLD patients with elevated liver aminotransferases, most
surveys stated that NAFLD is associated with increased
CIMT, regardless of the rise of liver enzymes plasma levels.”*
Recent studies concluded that the same process occurs in
cerebral arteries, which causes increased cerebrovascular
resistance.” This leads to a higher risk of morbidity and mor-
tality related to non-hepatic consequences of NAFLD.*®
Through adjusting the effects of other variables, such as DM
and age, we also indicated that NAFLD could be an in-
dependent risk factor for thick common carotid intima-media
(OR, 1.91; 95% ClI, 1.17-3.01; p=0.009). Randomized pro-
spective clinical trials are needed, to sufficiently evaluate the
direct and indirect impacts of NAFLD on the atherosclerotic
process.

In our study, we observed that the age of 50 years is a suit-
able cut-off value for predicting CIMT = 0.8 mm. This finding
is applicable in practice, because fatty changes in the liver
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are usually incidental findings in abdominal ultrasono-
graphy, and there is a permanent controversy regarding
which patients should undergo further laboratory and para-
clinical work-up. Recent surveys support the argument that
patients with non-alcoholic fatty changes of liver have a high-
er death probability due to cardiovascular complications, in
comparison to the complications of liver dysfu nction.?*
Therefore, it is crucial to perform cardiovascular evaluations
in patients with NAFLD, even if no other cardiovascular risk
factor is observed.?® Overwhelming evidence suggests that
cardiovascular disease determines the outcomes in patients
with NAFLD more frequently, and to a greater extent, than the
progression of liver disease.***%%’

Serum ferritin was increased in NAFLD patients, in com-
parison with the controls. The role of ferritin in the human
body is to store and deliver iron to the cells, and the levels of
ferritin in plasma reflect the total body iron supply. Ferritin is
also an acute-phase reactant that may have elevated plasma
levels, in the case of infection, inflammation, and other
stimuli.”® Because there are no proofs at present to advocate
for a role of excess iron in the pathogenesis of NAFLD, it can
be hypothesized that a higher ferritin level in these patients
could be linked to the presence of an inflammatory back-
ground associated with steatosis in hepatocytes, and even
necrosis. This concept is supported by our findings, which in-
dicate that the serum ferritin level was strongly correlated
with markers of hepatocyte injury (alanine amino-
transferase, aspartate aminotransferase and gamma-glu-
tamyl transpeptidase correlated with ferritin levels, p
< 0.001). Although growing evidence suggests a link be-
tween serum ferritin, insulin resistance, and NAFLD,30 the in-
creased serum ferritin levels may just be in response to, and
along with the atherogenic course undergoing in vessel walls.
This can be explained on the basis of a mechanism that
states that ferritin genes are up-regulated by inflammatory
cytokines, and are prone to induction in the process of plaque
formation.>*

The gold standard for the diagnosis of NAFLD is liver biop-
sy, but because of ethical reasons, the procedure was not ap-
plied in our study. As ultrasonography is the most common
and readily available method for the diagnosis of fatty
changes in liver, we used it, in addition to excluding known eti-
ologies of liver disease. Studies have proven that the optimal
hepatic steatosis threshold for radiologic detection is 33% of
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liver texture, and this is the range of moderate to severe
NAFLD. Therefore, regardless of changes in liver enzymes,
abdominal ultrasonography is sensitive enough for the de-
tection of fatty changes in the liver."?

Several studies have evaluated the relationship between
NAFLD and CIMT, and support the idea of independent asso-
ciations between NAFLD and atherosclerosis.®**%*3°

One of the important defects of many of these studies is
that their cases groups are selected from those who were re-
ferred to clinics or private physicians. Consequently, these
NAFLD subjects do not actually represent the general
population. The causes for referral of these NAFLD patients
were the development of signs and symptoms that made ei-
ther them, or their family physicians, initiate diagnostic
workups. On the other hand, in our study, the cases group was
randomly selected from the general population. The cases
did not complain of any symptoms, and their physical exam
and history taking by trained physicians revealed no sign and
symptoms, NAFLD being detected by ultrasonography.

In summary, we suggest that NAFLD could be a risk factor
for carotid atherosclerosis, independently of its association
with the metabolic syndrome. The clinical corollary of our
findings suggests that the detection of fatty changes in liver
on abdominal ultrasonography should provide an alert on the
probability of the presence of multiple underlying car-
diovascular risk factors, warranting evaluation and treat-
ment, as cardiovascular atherosclerosis-related morbidity
and mortality are elevated by the pathological course of fatty
liver disease.
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