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Abstract

Objective: The aim of this study is to identify the relationship between carotid intima-media thickness (c-imt) and
non-alcoholic fatty liver disease (NAFLD), and to determine whether NAFLD is an independent predictor for the
progression of atherosclerosis.

Method: This is a prospective randomized controlled study. 103 NAFLD patients who have hepatosteatosis with
grade II and above were enrolled in this study. Patients were divided into NAFLD with metabolic syndrome (MS) and
NAFLD without MS groups and compared with 50 healthy people. Basal demographic characteristics and C-imt of all
patients and control group were measured.

Results: C-imt and carotid cross sectional area rates in the NAFLD groups were significantly higher than those in the
control group. The mean and max. c-imt levels were significantly higher in the NAFLD group with metabolic syndrome
(p<0,001). Homeostatic Model of Assessment-Insulin Resistance (HOMA-IR) levels were increased in the group with
metabolic syndrome than those in the group without metabolic syndrome, with statistical significance (p<0.001). There
was no difference in c-imt levels between HOMA-IR positive and negative groups (p=0.254) in patients with NAFLD
and without metabolic syndrome. There was only a mild positive corelation between c-imt levels and high sensitive

C-Reactive protein (hs-CRP) levels in metabolic syndrome positive group (p=0.026 r=0.30).

Conclusion: NAFLD was a significant predictor to determine the increased risk of carotid atherosclerosis.
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Introduction

Non-alcoholic fatty liver disease (NAFLD), is a condition
defined in increasing frequency in patients without excessive
alcohol consumption characterized by significant lipid deposition
in hepatocytes. The prevalence of NAFLD in the general
population varies from 20% to 30% and it is the most common
cause of elevated liver enzymes and chronic liver disease in the
industrialized world.!

Previously, NAFLD was considered to be completely
benign, which had rarely a clinical importance. But findings
from recent studies suggest that non-alcoholic fatty liver disease
is a metabolic disease in which insulin resistance is a common,
primary factor in addition to hypertension, diabetes and

atherosclerosis.** Abdominal obesity, type 2 diabetes, insulin
resistance, hypertension, and dyslipidemia which are typical
components of metabolic syndrome, are pathological conditions
frequently associated with NAFLD and their association
increases the possibility of the more complicated forms of
NAFLD in patients.”¢ This situation strongly supports the
idea that NAFLD may be a hepatic manifestation of metabolic
syndrome (MS). Furthermore, recent publications showed that
cardiovascular complications constitute the most common cause
of death in NAFLD patients.”

Arterial wall thickness and stiffness, endothelial dysfunction,
coronary artery calcification and many non-invasive markers can
be utilized for early detection of subclinical atherosclerosis. A

@Nepalese Heart Journal. Nepalese Heart Journal retains copyright and work is simultaneously licensed under Creative Commons
Attribution License CC - BY 4.0 that allows others to share the work with an acknowledgement of the work’s authorship and initial @ @
BY

publication in this journal.



40 Non alcoholic fatty liver disease is a predictor of subclinical Carotid Atherosclerosis

widely accepted, convenient marker of atherosclerosis is carotid
artery intima-media thickness (c-imt) which is significantly
associated with prevalence and incidence of carotid plaques.®’
Non-invasive evaluation of c-imt by high-resolution B-mode
ultrasonography has broad utility as a valuable end point for
cardiovascular diseases. Carotid ultrasonography also is a method
that is able to evaluate luminal diameter, intima-media thickness
and presence or absence of plaques in carotid arteries in a safe
and reproducible manner. Current recommendations suggest
the use of carotid cross sectional area (CSA) measurements for
the calculation of carotid artery stenosis however it is not yet
validated in a large population.'” CSA was calculated as the total
artery area minus the lumen area assuming a circular lumen and
an outer artery structure that was either circular or elliptical. The
formula is: A= mr2-n(r-IMT)? where A is the arterial wall area,
r is the artery radius and IMT is wall thickness that is used to
estimate wall area assuming circular configurations.!!

In this study, we aimed to identify the relationship between
c-imt and non-alcoholic fatty liver disease, and to determine
whether NAFLD is an independent risk factor for the progression
of atherosclerosis.

Materials and Methods

A total of 103 randomly selected patients who underwent
hepatic ultrasonography by radiology in Akdeniz University,
Antalya, Turkey between May 2010-May2011 and who had
grade 2, 3, or 4 fatty liver disease were included in this study.
Exclusion criteria were alcohol or hepatotoxic drug usage,
viral or autoimmune hepatitis, previous history of coronary or
peripheral artery disease. We diagnosed metabolic syndrome
according to criteria using insulin resistance [according to World
Heart Organization (WHO) 1999 MS diagnostic criterias]'?; and
patients with NAFLD divided into two groups, NAFLD with
metabolic syndrome (n=55) and without metabolic syndrome
(n=48). The control group included 50 healthy volunteers who
were in same age and gender range.

Weight, height, waist circumference (WC) and hip
circumference (HC) of patients were measured. Body Mass
Index (BMI) and WC/HC ratios calculated. Levels of serum
fasting glucose, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), gamma-glutamyl transferase(GGT),
insulin, high sensitive C-Reactive protein(hs-CRP), glycated
haemoglobin(HBAlc),  triglyceride(TG),  high  density
lipoprotein(HHDL) and direct low density lipoprotein(dLDL)

in the presence of Metabolic Syndrome

levels tested in morning blood after 12 hours of fasting.
Homeostatic Model of Assessment-Insulin Resistance (HOMA -
IR) measured by using HOMA-IR = {Fasting insulin (mIU/L) X
fasting blood glucose (mg/dl) X 0.9555}/22.5 formula. HOMA-
IR value was accepted as negative below 2.5 and positive over
2.5.8

We measured bilateral carotid intima-media thickness in
all patients and in control group using high-resolution, carotid
B-mode ultrasonography. We calculated carotid cross sectional
area by the formula mentioned above for the study population.
And we also evaluated the presence of plaques at carotid arteries.

Other factors, which could affect carotid atherosclerosis like
dyslipidemia, diabetes, hs-CRP and HOMA-IR, investigated one
by one in NAFLD patients with a dichotomic (>0.9 mm) result of
c-imt. Linear correlation analyses were performed to identify the
relationship between these factors and c-imt values.

The institutional Ethics Committee approved the study,
and written informed consent for participation in the study was
obtained from all individuals.

Statistical analysis

All the data was analysed with SPSS for Windows
13.0. Descriptive statistics of all the variables were given. The
comparison of continuous variables on a group basis, Kruskal-
Wallis and one-way analysis of variance was used for analysis.
Post-hoc test or bilateral comparisons were made to identify
different groups. In the analysis of the categorical data chi-square
test was used. Continuous variables were presented as mean+SD
and numbers (percent) are used to define categorical variables.
Apart from these, in comparison of other variables, Student’s
t-test or Mann-Whitney test was used. Spearman and Pearson
tests were used in the correlation analysis according to the
distribution characteristics of the data. P<0.05 value was accepted
as statistically significant.

Results

The study included a total of 103 NAFLD patients. Fifty-
five patients had metabolic syndrome (MS) while 48 did not
have. The control group included 50 healthy volunteers who
were in same age and gender range. Alcohol use, hepatotoxic
drug use, hepatitis markers, HIV Ab and autoimmune markers
were negative in all groups. Demographic data of all patients and
healthy volunteers are given as a table. (Table 1).
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Table 1. Comparison of demographic characteristics of patients
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Metabolic syndrome (-) Metabolic syndrome (+) | Control group p
Age(years) 47.7 = 10.57 49.98 = 9.77 45.86 = 10.08 0.072
BMI(kg/m2) 29.44 + 3.47 32.2 £ 431 24.5 = 2.88 0.001
WC(cm) 97.05 + 8.07 103.57 = 10.51 782 £ 8.5 0.001
WC/HC 0.9 + 0.07 0.93 + 0.074 0.78 = 0.08 0.001
Gender
Male 22 (%45.8) 17 (%30.9) 15 (%30) 0.182
Female 26 (%54.2) 38 (%69.1) 35 (%70)
HTN
Present 5 (%10.4) 24 (%43.6) 0 0.001
Absent 43 (%89.6) 31 (%56.4) 50
DM
Present 4(8.3) 24 (%43.6) 0 0.001
Absent 44 (91.7) 31 (%56.4) 50
Smoking
Present 7 (%14.6) 5(%9.1) 5 (%10) 0.023
Absent 41 (%85.4) 50 (%90.9) 45 (%90)
Alcohol use
Present 0 0 0 -
Absent 48(%100) 55(%100) 50(%100)
Drug use
Present 0 0 0 -
Absent 48(%100) 55(%100) 50(%100)
Hepatitis marker
(+) 0 0 0 .
©) 48(%100) 55(%100) 50(%100)
Autoimmune marker
(+) 0 0 0 -
¢ 48(%100) 55(%100) 50(%100)

BMI(body mass index), DM (diabetes mellitus), HC(hip circumference), HTN(hypertension) WC(waist circumference), HC(hip

circumference).

We evaluated the ultrasonographic stages of fatty liver and
presence of hepatomegaly in all groups. And there were 37
patients with grade II, 7 patients with grade II-III, 4 patients
with grade IIT hepatosteatosis in the group without MS while
there were 32 patients with grade II, 13 patients with grade II-IIT
and 10 patients with grade IIT hepatosteatosis in the group with
MS. When we analyzed both of these groups, in terms of their
ultrasonographic stages of hepatosteatosis, we couldn’t find any
statistically significantly difference between them. There were
19 patients with hepatomegaly in the group without MS and 39
patients with hepatomegaly in the group with MS.

When we analyzed laboratory parameters (ALT, AST,
GGT, glucose, IR, HDL, TG, d.LDL, hs-CRP, HbAlc) for
study population, all laboratory parameters except HDL were
statistically significantly higher in NAFLD patients than they
were in control group. Fasting glucose, TG and d.LDL levels
were also higher in NAFLD patients with MS than they were in
NAFLD patients without MS (Table 2).

Maximum and mean c-imt and carotid cross sectional area
values were higher in all patients than they were in healthy
volunteers. But when we compared the NAFLD groups, there
was no statistically significant difference for these parameters
in patients with MS and without MS. We found carotid artery
plaques in 11 patients in the group with M, and 3 patients in the
group without MS, and the difference was statistically significant
(Table 2).
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Table 2. Comparison of laboratory parameters and carotid intima-media thickness and carotid cross sectional area levels in groups

NAFLD with MS NAFLD without Control p NAFLD vs Control
MS P<0.017

Avg. c-IMT max (cm) 0.869+0.07 0.831+0.07 0.724%0.05 <0.001 B, 0
Avg. c-IMT mean (cm) 0.733+0.06 0.713+0.07 0.619+0.04 =<0.001 B, a
Avg. c-CSA (cm?) 21.487+2.16 21.014=2.24 18.450+1.41 <0.001 B,a

Hs CRP (mcg/dL) 0.47+0.5 0.36+0.7 0.11%0.1 =0.003 B
HOMA-IR 4.36+2.2 2.61+1.3 1.30+0.5 <0.001 B, o, #
ALT(U/L) 44.09+23.3 41.85+30.9 15.76+5.0 <0.001 o, B
AST (U/L) 32.60+15.1 29.75+13.1 18.74+4.3 <0.001 a, B
GGT (U/L) 41.87+37.8 34.10+28.7 17.84+8.9 <0.001 o, B
ALP(U/L) 204.56+62.4 186.39+49.4 141.12+40.2 <0.001 a, B
Glucose (mg/dl) (mg/dL) 106.21+24.0 90.70+14.9 81.10+6.8 <0.001 o, B, #
HBAI1C (mmol/mol) 6.17+0.8 5.56+0.5 5.43+0.3 <0.001 B, #
HDL (mg/dL) 43.12+9.5 51.37+12.3 59.42+11.4 <0.001 o, B, #
TG (mg/dL) 176.01=81.7 132.62+56.8 76.18+25.8 <0.001 o, B, #
dLDL (mg/dL) 121.05+37.4 139.87+36.7 92.91+22.3 <0.001 o, B

a: NAFLD without metabolic syndrome versus control
: NAFLD with metabolic syndrome versus control

#: NAFLD with metabolic syndrome versus NAFLD without metabolic syndrome

ALT(alanine aminotransferase), ALP(alkaline phosphatise), AST (aspartate aminotransferase), Avg(average), c-CSA(carotid cross sectional
area), c-imt(carotid intima media thickness), d-LDL(direct low density lipoprotein), GGT(gamma-glutamyl transpeptidase), HDL(high
density lipoprotein), HOMA-IR(homa-insulin resistance) Hs-CRP (high sensitive C reactive protein), TG(triglyceride)

When we analyzed HOMA-IR values for the study
population, we found higher HOMA-IR levels in patients than
they were in control group. We compared HOMA-IR levels in
patients presence of MS and in the group with MS we found
HOMA-IR levels higher than in the group without MS. The
number of HOMA-IR positive patients in the group with MS
were 47 and the number of HOMA-IR negative patients in
the same group were 8. And there were 21 HOMA-IR positive
patients and 27 HOMA-IR negative patients in the group without
MS. When we compared these HOMA-IR positive and negative
patients in the group without MS, according to the c-imt values,
there was no statistically significant difference between them. So
based on these results, in NAFLD patients without metabolic
syndrome, insulin resistance does not play a role in higher c-imt
values compared to the control group (table 2).

Hs-CRP values were significantly higher in patients
compared to the control group. But in the subgroup analyses
there was no difference between NAFLD without MS patients
and control group.

Finally, correlation-regression analysis was performed for
every laboratory parameter which could affect carotid intima
media thickness. Only hs-CRP values showed a low correlation
with carotid intima media thickness in the group with MS but
in the group without MS, there was no positive or negative
correlation between hs-CRP and c-imt values. There was no
correlation between ALT, GGT, HDL, TG, d.LDL values, and
c-imt values in both the MS-positive and negative groups.

Discussion

The incidences of nonalcoholic fatty liver disease in adults
and children are rapidly increasing due to ongoing epidemics
of obesity and type 2 diabetes in Western and recently in
Asian populations.'* There are few increasing reports
that suggest a relationship between NAFLD and the risk of
increased cardiovascular morbidity.!® The relationship between
cardiovascular risk factors and NAFLD can explain the high
risk of cardiovascular disease in patients with fatty liver.!'%!
Recent case-control and regional studies showed increased
carotid intima- media thickness in patients with NAFLD.!82!
Moreover, ample evidence associates NAFLD with endothelial
dysfunction, increased pulse wave velocity and increased coronary
arterial calcifications all of which are established markers for
cardiovascular disease.??

In this study, we demonstrated that patients with NAFLD
had evidence of increased carotid intima media thickness
compared to healthy controls.

Endothelial dysfunction, oxidative stress, inflammation,
inflammatory cytokines, and abnormal lipid and glucose
metabolism are suggested as possible biological mechanisms
of atherosclerosis in NAFLD.!* On the other hand, these
mechanisms are also related to other metabolic risk factors.
Consequently, it is not clear whether NAFLD has a direct effect
on the development of atherosclerosis. In some prospective
cohort studies, it is showed that coronary heart disease is
associated with NAFLD and this relationship is independent of
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classic risk factors for coronary heart disease.** This suggest
epidemiological evidence for NAFLD promoting cardiovascular
heart disease. In our study, one of the main aims was to find out if
NAFLD is an independent risk factor for atherosclerosis.

In a meta-analysis of Sookoian and Pirola containing 3497
people from 7 separate studies, a relationship was found between
NAFLD and carotid intima- media thickness. The degree of
carotid intima-media thickness in patients with fatty liver was
13% higher than people without fatty liver. Also, there was a
strong correlation between fatty liver and at least one plaque
formation. At the same time, the prevalence of elevated liver
function tests, carotid intima-media thickness and the presence
of plaque was significantly related. According to researchers of
the study, the power of this study was extensive in this patient
population and itis the first study that offers evidence-based data.*
In a recent meta-analysis of seven studies on the relationship
between NAFLD and carotid intima-media thickness , it is
showed that NAFLD can promote the increase of intima-media
thickness and the increased carotid intima-media thickness has
a strong relationship with the severity of NAFLD.In addition;
Cai et al. reported that the risk of carotid plaque in NAFLD
patients was 3.73 times of that in non NAFLD patients.** In
a study by Kim et al., there was a strong relationship between
NAFLD and coronary artery calcification, the latter being
established surrogate marker of coronary atherosclerosis and
authors reported that this association was independent of the
traditional risk factors.”

In our study, carotid intimal and medial thickness was higher
in all NAFLD patients compared to the control group regardless
of the presence of metabolic syndrome. Carotid intimal and
medial thickness was significantly higher in the NAFLD patients
with MS compared to the patients without MS. These values were
also higher in the group that NAFLD without MS compared to
the control group.

In the study by Targher and Arcaro, there is evidence
suggesting that NAFLD has a relationship with increased
cardiovascular mortality and major cardiac adverse events
independently.’® Their data supports the idea that NAFLD
and atherosclerosis may have a common molecular mediator
with atherosclerosis, and that NAFLD may not be just a risk
factor for cardiovascular disease but also an early mediator for
atherosclerosis. A recent observational study conducted at the
same center in patents with biopsy-supported NAFLD showed
that these patients had higher carotid intima media thickness
compared to the control group.?® At the same time, carotid intima
media thickness was higher in patients with NAFLD compared
to patients with simple steatosis. As the severity of NAFLD
increases histologically, c-imt increase independent of classic risk
factors, HOMA-IR, and metabolic syndrome components.

The relationship between NAFLD and metabolic disease, and
c-imt has been previously studied. The concurrent presence of
these two diseases in a patient increases the risk of non-alcoholic
steatohepatitis. The presence of metabolic syndrome in patients
with NAFLD was related to non-alcoholic steatohepatitis, and
more severe necro-inflammatory activity and fibrosis.”

In our study, NAFLD was diagnosed via B-mode
ultrasonography and by eliminating other causes of fatty liver,
however, there was no histopathological evaluation. When we
compared ultrasonographic grades of the MS-negative and
positive groups, there was no statistically significant difference.

However, as the ultrasonographic grade of hepatosteatosis
increases, c-imt also increased.

Ahmed et al. reported that NAFLD stimulates insulin
resistance and leads accelerated atherosclerosis.?® A previous
study demonstrated that there was a strong relationship between
hepatic fat content and hepatic insulin sensivity.” Kwak et al.
suggested that insulin resistance could be amplified in NAFLD
patients with hyperglycemia , which may be related to the
presence of coronary atherosclerosis. Also authors reported
that there was a link between oxidative stress, inflammation and
NAFLD, hyperglycemia, insulin resistance and cardiovascular
disease.’® Hepatocyte injury induced by hepatic steatosis causes
cytokines releasing and this provides pro-inflammatory status
which progresses the liver damage and adds further atherogenic
stimuli.

In our study, 47 (85.5%) of NAFLD patients with MS were
positive for HOMA-IR. In this group, carotid intima-media
thickness were higher compared to the NAFLD without MS
group and the control group. When we compared the patients
in NAFLD without MS group between the HOMA-IR positive
(n=21, %43.8) and negative groups (n=27, %56.3), there was no
significant difference in carotid intima-media thickness. This
situation suggests that insulin resistance has no role in increased
carotid intima media thickness in the group that NAFLD
without MS.

In a study by Sookoian and Pirola, a relationship between
liver enzymes and carotid atherosclerosis was found, and this
was most notable between carotid intima-media thickness,
and ALT and y-GGT values. These findings are consistent
with epidemiological studies, reporting a relationship between
increased serum liver enzyme levels, atherothrombotic risk
profile, and increased cardiovascular disease risk.> However, in
our study, ALT and GGT levels were higher in NAFLD patients
compared to the control group, while there was no correlation
between ALT and GGT values and carotid intima-media
thickness . There was no difference between with or without MS
groups in terms of ALT, AST, and GGT values .

In a study conducted in young, non-obese Asian patients,
NAFLD was related to hypertension, diabetes, high CRP levels,
metabolic syndrome, and an increased Framingham risk score.
This study was a wide-ranging study thatanalyzed the relationship
between hepatic steatosis and several cardiovascular risk factors
in a healthy group of people. In this study, an increase in hs-CRP
levels was shown in the NAFLD and nonalcoholic steatohepatitis
(NASH) groups.’ In many prospective studies, hs-CRP has been
shown to be a precursor of myocardial infarcdon. High CRP
levels are related to other characteristics of metabolic syndrome
even in healthy individuals. Increased insulin resistance and
atherogenic dyslipidemia along with proatherogenic factors like
C-reactive protein released from the liver may lead to progression
of cardiovascular disease.”

In our study, hs-CRP levels were higher in the group with
MS (min:0.04 max.:3.2 median:0.29) and the group without
MS (min:0.02 max.:4.8 median:0.17) compared to the control
group (min:0.01 max.:0.66 median:0.08). Hs-CRP levels were
higher in the group with MS compared to the group without
MS. However there was a slightly positive correlation between
hs-CRP levels and c-imt values only in the group with MS. There
was no positive or negative correlation between hs-CRP and
c-imt values in the group without MS.
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As a result, carotid intima-media thickness was higher in all
NAFLD patients which are with or without metabolic syndrome
compared to the control group. In patients with NAFLD without
metabolic syndrome, we could not find a significant difference
between patients with positive and negative insulin resistance,
thus increased thickness of carotid intima-media could not be
explained by the presence of metabolic syndrome. From this
point of view, one can say that our study supports the relationship
between NAFLD and cardiovascular disease. The risk of NAFLD
has an independent relationship to insulin resistance and other
metabolic risk factors. This risk is increased as other metabolic
risk factors are concomitant to NAFLD.

Study Limitations

The relatively low number of patients, age and gender match-
up of the control group, and not having a histopathological
diagnosis of NAFLD and oxidative stress indicators that can
be related to an increased risk of cardiovascular disease are
the limitations of this study. More studies are required to
show the relationship between NAFLD and atherosclerosis,
and to determine whether it is an independent risk factor for
cardiovascular disease.

Conclusion

In conclusion, NAFLD was independently associated with
subclinical carotid atherosclerosis. In NAFLD patients, routine
carotid ultrasonography examination could help to predict
carotid atherosclerosis occurrence and assess their risk of
cardiovascular disease.
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