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Abstract

AIM: Although an association between hepatic steatosis and
vascular risk factors has been described, direct relationships
between fatty liver and atherosclerosis have not yet been
investigated. The aim of the present study has been to
investigate those relationships.

METHODS: The Study of Health in Pomerania examined
a random population sample aged between 20 and 79 years.
A study population of 4 222 subjects without hepatitis B
and C infections and without liver cirrhosis was available
for the present analysis. Hepatic steatosis was defined
sonographically and intima-media thickness (IMT) as well
as plaque prevalence were estimated by carotid ultrasound.

RESULTS: The prevalence rate of hepatic steatosis was
29.9%. Among subjects aged =45 years, an association
between hepatic steatosis and IMT of the carotid arteries
was found in bivariate analysis, but not after adjustment
for atherosclerotic risk factors. Individuals with fatty liver
had more often carotid plaques than persons without fatty
liver (plaque prevalence rate 76.8% v566.6%); P<0.001).
This association persisted after adjustment for confounding
factors and was predominantly present in subjects with
no to mild alcohol consumption.

CONCLUSION: There is an independent association
between hepatic steatosis and carotid atherosclerotic
plaques. Metabolic changes due to nonalcoholic fatty liver

disease may explain this relationship.
© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Fatty liver is a common clinical and histological finding. If
there is no co-existing liver disorder such as alcoholic hepatitis
or steatohepatitis, further local organ damage does not
occur!", Hepatic steatosis is usually diagnosed by ultrasound
with high diagnostic quality. In comparison to histology,
liver sonography has been shown to have an 89% diagnostic
sensitivity and 93% diagnostic specificity®.

Fatty liver is associated with several atherosclerotic risk
factors such as hypertension, diabetes and dyslipidemia™?.
It has also been related to insulin resistancel®¥. This asso-
ciation was found in NIDDM patients!® as well as in non-
diabetic subjects™. Although an association between hepatic
steatosis and atherosclerotic risk factors has been described,
possible direct relationships between hepatic steatosis and
atherosclerosis remain to be investigated. The intima-media
thickness (IMT) of the carotid artery can be measured non-
invasively by ultrasound techniques. An increased IMT has
been shown to be a risk factor for myocardial infarction
and stroke? ¥, Furthermore, carotid ultrasound is an accurate
diagnostic tool for detecting atherosclerotic plaques and
for assessing the degree of luminal narrowing caused by
atherosclerotic changes of the vessel wall™.

The aim of the present study was to investigate associations
between hepatic steatosis and the risk of atherosclerosis by
analyzing a sample of randomly selected individuals.

MATERIALS AND METHODS

Study population

The Study of Health in Pomerania (SHIP) is a cross-sectional
survey in West Pomerania, the north-eastern area of
Germany™. A random sample from the population aged
between 20 and 79 years was drawn. The sample was
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selected using population registries. Only individuals with
German citizenship and main residency in the study area
were included. Finally, 7 008 subjects were sampled. The
net sample (without migrated or deceased persons) comprised
6 267 eligible subjects. The SHIP population comprised
4 310 participants (68.8% of eligible subjects). Data were
collected between October 1997 and May 2001. All participants
gave informed written consent. The study protocol
conformed to the ethical guidelines of the 1975 Declaration
of Helsinki as reflected in an a priori approval by the local
ethics committee.

Of 4 310 SHIP participants, 3 refused liver ultrasound
examination, 46 had an uncertain diagnosis of hepatic
steatosis, 15 tested positive for HBsAg, 21 tested positive
for anti-HCV and 8 had a known history of liver cirrhosis.
In all, 88 participants were excluded from further analysis.
This resulted in a study population of 4 222 individuals
(2 070 men and 2 152 women) who were available for the
present analysis.

Measurements
Sociodemographic characteristics and medical histories were
assessed by computer-aided face-to-face interviews. Alcohol
drinking habits were evaluated as beverage-specific alcohol
consumption (beer, wine, distilled spirits) on the last weekend
and last weekday preceding the examination, and the mean
daily alcohol consumption was calculated using beverage-
specific pure ethanol volume proportions!. Participants were
divided into four categories with respect to the mean daily
alcohol consumption: (1) none, (2) mild (<20 g alcohol/d),
(3) moderate (20-30 g alcohol/d in women, 20-60 g alcohol/d
in men), (4) heavy (>30 g alcohol/d in women, >60 g
alcohol/d in men). Height and weight were measured for
the calculation of the body mass index (BMI = weight [kg]/
height? [m?]). Overweight was defined as a BMI =25 kg/m?.
Systolic and diastolic blood pressure was measured and
hypertension was defined as an average systolic blood
pressure =140 mmHg, an average diastolic blood pressure
=290 mmHg, or self-reported use of antihypertensive
medication. Diabetes was defined as self-reported physician
diagnosis of diabetes, or serum hemoglobin (Hb) Alc >7%.
Non-fasting blood samples were drawn from the cubital
vein in the supine position. All analytical laboratories involved
in this study participated semi-annually in the official national
German tests for quality assurance. In addition, duplicate
blood samples were analyzed for internal quality assurance
every week. Serum LDL and HDL cholesterol, serum
glutamate oxaloacetate transaminase (GOT), glutamic pyruvic
transaminase (GPT), and y-glutamyl transpeptidase (GGT)
were measured photometrically (Hitachi 704, Roche,
Mannheim, Germany). Lipoprotein (a) concentrations were
determined with the use of an immunoluminometric assay
(Magic Lite Analyzer 1I, Ciba Corning, MA, USA). Serum
levels of carbohydrate deficient transferrin (CDT) were
measured by an immunoassay (Cobas Mira, Roche, Basel,
Switzerland). Plasma fibrinogen concentrations were assayed
according to Clauss'¥ (Electra 1600 analyzet, Instrumentation
Laboratory, Barcelona, Spain). The mean corpuscular
volume (MCV) of the erythrocytes was determined by
measurements of electrical resistance (Coulter Electronics,

Hialeah, USA). Markers of hepatitis B virus (HBsAg) and
hepatitis C virus infection (anti-HCV) were determined by
enzyme-linked immunosorbent assays (AxSym HBSAG and
AxSym HCV, Abbot, Abbot Park, USA).

Trained physicians examined the liver using a 5 MHz
transducer and a high-resolution instrument (Vingmed VST
Gateway, Santa Clara, USA). The sonographers were unaware
of the participant’s clinical and laboratory characteristics.
Hepatic steatosis was defined as the presence of an
ultrasonographic pattern of a bright liver, with evident
contrast between hepatic and renal parenchymal'.

In participants who were =45 years, the extracranial
carotid arteries were bilaterally examined with high-resolution
B-mode ultrasound using a 5 MHz linear array transducer
(Diasonics VST Gateway, Santa Clara, USA). Plaques were
present if a focal widening of the vessel wall relative to
adjacent segments was found (as evident from the protrusion
into the lumen and/or localized roughness with increased
echogenicity and/or an area of focal increased thickness
of the intima-media layer 1.3 mm)"*"!. Plaque prevalence
was defined as the presence of one or more plaques in the
common carotid artery, the bifurcation, and the internal
and external carotid arteries. Scans from the distal straight
portion of both common carotid arteries were recorded.
Certified readers calculated the mean far-wall IMT by
averaging the 10 consecutive measurement points (in 1-mm
steps) from the bulb of both sides. The intra-/inter-reader
and intra-/inter-observer reliabilities have been published
and show Spearman correlation coefticients of >0.9, mean
differences <1% and SD of differences <10%P".

Statistical analysis

Data on quantitative characteristics are expressed as mean®SD.
Data on qualitative characteristics are expressed as percentage
values or absolute numbers as indicated. Participants were
divided into two groups according to the presence or absence
of hepatic steatosis. Comparisons between groups were made
using ANOVA (continuous data) and y>-test (nominal data).
Multivariate comparisons with respect to the occurrence
of plaques were performed by logistic regression and with
respect to IMT by analysis of co-variance (ANCOVA). Known
risk factors for atherosclerosis and potential confounders such
as demographic variables (age, gender), data on risk behavior
(smoking and alcohol drinking status) and clinical characteristics
(hypettension, diabetes, BMI, total cholesterol/HDL ratio,
and plasma fibrinogen concentrations) were included. The
odds ratios (OR) were calculated for dichotomized endpoints,
values were given with the model-based lower and upper
95% confidence interval (CI). The fit of regression models
was evaluated by the adjusted R% A value of P<0.05 was
considered statistically significant. All statistical analyses were
performed with SPSS software, version 11.0.1 (SPSS GmbH
Software, Munich, Germany).

RESULTS

Hepatic steatosis was diagnosed in 1 261 of the 4 222 participants
(prevalence rate 29.9%). Persons with and without hepatic
steatosis were compated with respect to age, gender, alco-
hol consumption and serological liver characteristics (Table 1).
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Individuals with fatty liver were older, more often of male
gender and reported higher alcohol consumption than indi-
viduals without hepatic steatosis. Furthermore, they had
higher MCV values and higher serum concentrations of
GGT, GOT and GPT. Persons with and without hepatic
steatosis did not differ with respect to serum CDT levels.

Among the atherosclerotic risk factors, persons with
hepatic steatosis more often had diabetes, hypertension and
overweight than those without hepatic steatosis (Table 2).
Furthermore, individuals with hepatic steatosis had higher
values for systolic as well as diastolic blood pressure, higher
BMI, higher serum HbAc, cholesterol and LDL cholesterol
levels and lower HDL cholesterol levels. Differences
between both groups with respect to smoking habits and
plasma fibrinogen levels failed to attain statistical significance
after adjustment for age and gender. Individuals with and
without hepatic steatosis did not differ with respect to serum
lipoprotein (a) levels.

Table 1 Baseline characteristics of persons with and without he-
patic steatosis

Unit No teatosis Steatosis P
n=2961 n=1261

Age yr 47.1+16.7 57.24#13.3 <0.001
Gender (male) 1283 (43.3%) 787 (62.4%) <0.001
Mean daily alcohol mg/d 10.6+16.2 16.0£23.1 <0.001
consumption
Alcohol consumption

none 1060 (35.8%) 415 (32.9%) <0.001

mild 1331 (45.0%) 477 (37.8%)

moderate 258 (8.7%) 129 (10.2%)

heavy 294 (9.9%) 234 (18.6%)
MCV pm? 89.9+4.4 90.6+4.8 <0.001
CDT % 4.8+1.6 4.9+1.8 023
GGT umol/Lxs 0.4+0.4 1.0£22 <0.001
GOT umol/Lxs 0.3+£0.1 0.5+0.3 <0.001
GPT umol/Lxs 0.4+0.2 0.7+0.4 <0.001

Analyses of the association between hepatic steatosis
and IMT and the occurrence of plaques were performed
in the data set of 2 432 participants aged 45 years or older
(992 with steatosis and 1 440 without). Persons with hepatic
steatosis had higher IMT values than persons without
steatosis (Table 3). The strength of this association was
attenuated after adjustment for age and gender and did not
attain statistical significance after adjustment for the full
model (Table 3). The full regression model explained 25.6%
of the variability of carotid IMT.

The overall prevalence rate of atherosclerotic carotid
plaque was 70.8%. Seven hundred and sixty-two individuals
with hepatic steatosis (76.8%) had at least one carotid
plaque compared to 959 subjects without steatosis (66.6%;
P<0.001). Age-stratified analyses revealed higher plaque
prevalence in persons with fatty liver in all age decades
except the oldest (Figure 1). The association between hepatic
steatosis and carotid plaques remained statistically significant
after adjustment for age and gender as well as for known
atherosclerotic risk factors and possible confounders (Table 3)
and also if the ultrasound operator was included as a co-
factor. The regression model explained 31.9% of the
variability of plaque.

Table 3 Carotid IMT and plaques in persons with and without
hepatic steatosis

Unit No steatosis Steatosis P
IMT mm 0.784+0.172 0.811+0.170 <0.001
IMT, adjusted for gender
and age mm 0.789+0.004 0.803+0.005 <0.05
IMT, adjusted for the full
model' mm 0.813+0.004 0.806+0.005 034
Plaque OR(CI) 1.0 (Ref) 1.66 (1.38-2.00) <0.001
Plaque, adjusted for
gender and age OR(CI) 1.0 (Ref.) 1.60 (1.30-1.97) <0.001
Plaque, adjusted for full
model' OR(CI) 1.0 (Ref) 1.35 (1.03-1.61) <0.05

2 test (nominal data) or ANOVA (interval data). MCV, mean corpuscular
volume; CDT, carbohydrate-deficient transferrin; GGT, y-glutamyl
transpeptidase; GOT, glutamate oxaloacetate transaminase; GPT, glutamic
pyruvic transaminase.

'Full model included gender, age, alcohol consumption, current smoking,
diabetes, hypertension, BMI, total cholesterol/HDL ratio, plasma fibrinogen
levels. IMT, carotid intima-media thickness; OR, odds ratio; CI, 95%
confidence interval.

Table 2 Atherosclerotic risk factors in persons with and without hepatic steatosis

Unit No steatosis n =2 961 Steatosis =1 261 P! (unadjusted) P? (adjusted)

Smoking (current) 984 (33.2%) 335 (26.7%) <0.001 0.75

Hemoglobin Alc % 5.3+0.8 59412 <0.001 <0.001
Diabetes mellitus 134 (4.5%) 240 (19.0%) <0.001 <0.001
Systolic blood pressure mmHg 13321 14620 <0.001 <0.001
Diastolic blood pressure mmHg 82+11 87+11 <0.001 <0.001
Hypertension 1274 (43.0%) 945 (74.9%) <0.001 <0.001
BMI kg/m? 26.1+4.3 30.1+4.6 <0.001 <0.001
Overweight 1657 (56.0%) 1116 (88.5%) <0.001 <0.001
Cholesterol mmol/L 5.7+¢1.2 6.1+1.3 <0.001 <0.001
LDL cholesterol mmol/L 3.5+1.2 3.8+1.2 <0.001 0.01

HDL cholesterol mmol/L 1.5+0.4 1.3+0.5 <0.001 <0.001
Lipoprotein (a) mg/L 2174283 204280 0.15 0.06

Fibrinogen g/L 2.9+0.7 3.1+0.7 <0.001 0.26

!x2-test (nominal data) or ANOVA (interval data). ?Logistic regression (nominal data) or analysis of covariance (interval data), adjusted for gender and age.
BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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Figure 1 The prevalence of carotid plaques with respect to the
absence and presence of hepatic steatosis. P<0.05 vs Steatosis.

Multivariable analyses were repeated after the study
population was dichotomized by the mean daily alcohol
consumption. Among the individuals with no to mild alcohol
use (<20 g per d), subjects with hepatic steatosis had an
increased risk of carotid atherosclerotic plaques (adjusted
OR for steatosis 1.31; 95%CI 1.01-1.71; P<0.05), whereas
this association was not present in the subpopulation of
subjects with a mean daily alcohol consumption of 20 g or
morte (adjusted OR for steatosis 1.07; 95%CI 0.62-1.83;
P =0.81). An independent relationship between hepatic
steatosis and carotid IMT was not found in any of the sub-
populations.

DISCUSSION

Possible associations between hepatic steatosis and atherosclerosis
were systematically studied using different endpoints. Our
study showed an association between hepatic steatosis and
prevalent atherosclerotic plaques of the carotid artery. This
relationship remained statistically significant after adjustment
for age and gender as well as for possible confounders and
atherogenic risk factors. An independent association between
fatty liver and IMT was not observed. To the best of our
knowledge, this is the first study which could demonstrate
an independent relationship between hepatic steatosis and
the risk of carotid atherosclerosis.

Apart from moderate alcohol intake which may protect
against atherosclerosisP", most of the established atherosclerotic
risk factors such as diabetes, hypertension, obesity and
serum lipid disturbances were more prevalent in subjects
with hepatic steatosis. This is in concordance with previous
studies!>"!". Thus, it might be assumed that the association
between hepatic steatosis and atherosclerotic plaques was
due to a paralleled distribution of those risk factors. However,
it is not clear whether hepatic steatosis plays an active role
in the development and progression of especially metabolic
risk factors. For example, an association between diabetes
and fatty liver has been desctribed™, but it remains to be
seen whether hepatic steatosis is indeed a causal factor for
diabetes or is simply a consequence of the disease. Recently,
healthy individuals with fatty liver were shown to have
increased fasting plasma insulin concentrations and a
decreased insulin clearance!”. This suggests that hepatic
steatosis may cause or promote insulin resistance early in a
pre-diabetic state. These findings are consistent with data

collected from individuals with nonalcoholic fatty liver
disease showing an association between hepatic steatosis and
insulin resistance even in lean subjects with normal glucose
tolerance*). Findings from other studies®*! suggest that
nonalcoholic fatty liver disease is another feature of the
metabolic syndrome.

Further insight into the pathobiological role of hepatic
steatosis in this context is provided by studies that used
setum GGT, a good marker for hepatic steatosis™*?, as the
exposure variable and that investigated certain metabolic
endpoints. Data from a large prospective study® demonstrated
that elevated serum GGT levels at baseline predicted incident
NIDDM. This relationship was independent of other
NIDDM risk factors such as obesity and physical activity
and remained stable after adjustment for alcohol consumption.
Other studies®”* have found a telationship between serum
GGT levels and cardiovascular risk factors such as
hypertension, BMI or dyslipidemia. Together with the
findings of our study, those data suggest that hepatic steatosis
may not only be a morphological characteristic, but also
has functional importance in the development of metabolic
atherosclerotic risk factors and atherosclerosis itself.

Some associations between hepatic steatosis and disorders
such as diabetes and the metabolic syndrome were found to
be present in subjects with nonalcoholic fatty liver disease? >,
In the present study, the relationship between hepatic
steatosis and carotid atherosclerotic plaque was found in
the whole population and was free from alcohol consumption.
However, further analyses revealed that this association was
only present in subjects with mean daily alcohol consumption
of <20 g. This finding therefore supports the concept of
nonalcoholic fatty liver disease.

After adjustment for the full risk factor model in the
whole study population, persons with hepatic steatosis had
similar IMT values compared to those without. This finding
may appear contradictory, because on the one hand we
found an association between hepatic steatosis and prevalent
atherosclerotic plaques, but on the other hand IMT is known
to be a marker for generalized atherosclerosisP'. However,
it should be considered that IMT is only a marker for
atherosclerosis and not atherosclerosis itself. Mechanisms
and disorders that cause hypertrophic changes of artery
vessel walls may increase IMT without elevating the risk of
atherosclerosis. For example, it has been shown that treatment
with triodothyronine causes hypertrophy of coronary
arteries™. This indicates thicker artery walls in hyperthyroidism,
wheteas hypothyroidism is known to cause atherosclerosis™.
Another example is that plaque characteristics but not IMT
wete independently associated with incident coronary events
among patients with coronaty artery disease”!. Thus, the
association between fatty liver and IMT which we found
by bivariate testing was substantially confounded by other
factors.

In agreement with other studies™*” we have found an
association between hepatic steatosis and male gender. Also
in line with other studies!"”, our data further obtained a
relationship between alcohol consumption and hepatic
steatosis. However, one Japanese study™ did not find
such association. This may be due to ethnic differences.
Unfortunately, questions on drinking habits in the Japanese
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study™ did not refer to the time of ultrasound investigation,
but to some years before, thereby limiting the comparability
of their results. In our study the relationship between alcohol
consumption and hepatic steatosis was not reflected by an
association between fatty liver and serum CDT levels. This
may be explained by the limited diagnostic value of CDT
for the evaluation of problematic alcohol consumption which
is currently undergoing debate.

Some limitations of this study merit consideration. Firstly,
data were derived from a cross-sectional study, so that we
can only hypothesize a causal effect of hepatic steatosis on
carotid atherosclerosis. Secondly, intra- and inter-observer
agreements with respect to the diagnosis of hepatic steatosis
were not measured. Therefore, we repeated all multivariable
analyses with the observer as a co-factor in order to control,
for a possible operator-bias. These additional analyses
revealed similar results concerning the association between
fatty liver and the investigated endpoints. Additionally, the
expected pattern of risk factors for hepatic steatosis argues
against a low accuracy and validity in the diagnosis of this
disorder. Thirdly, ultrasound may not be the method of
choice to distinguish fat from fibrosis or early cirrhosis. A
biopsy as golden standard for diagnosing hepatic steatosis
was not practicable for this population-based study and was
reserved for patients with clinically relevant liver disease.
However, if in our study some of the participants with
early cirrhosis were misclassified as having steatosis, we
would have consequently underestimated the risk of
atherosclerosis in individuals with fatty liver because of the
protective effects of liver cirrhosis against atherosclerotic
processes™. Finally, we could only analyze non-fasting blood
samples for practical reasons. The participants were non-
fasting due to the duration of the cumulative examinations,
4-6 h in total. Therefore, serum triglycerides and glucose
were not included in the present analysis.

We conclude that there is an association between hepatic
steatosis and carotid atherosclerosis which is free from other
atherogenic risk factors and predominantly present in
subjects with abstinence to mild alcohol consumption.
Metabolic changes due to nonalcoholic fatty liver disease
may contribute to this relationship.
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