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Abstract

AIM: To demonstrate the prevalence of sonographic fatty
liver, overweight and ischemic heart disease (IHD) among
the male workers in Taiwan, and to investigate the possible
association of these three factors.

METHODS: From July to September 2003, a total of
2 088 male aircraft-maintenance workers aged from 22
to 65 years (mean 40.5) underwent an annual health
examination, including anthropometrical evaluation, blood
pressure measurement, personal medical history assessment,
biochemical blood analysis, abdominal ultrasonographic
examination and digital electrocardiography (ECG). The
Student’s #test, y? test and multivariate logistic regression
analysis were utilized to evaluate the relationship between
IHD and salient risk factors.

RESULTS: The all-over prevalence of overweight was
41.4%, and that of fatty liver was 29.5% (mild, moderate
and severe fatty liver being 14.5%, 11.3%, and 3.7%,
respectively); while the prevalence of ischemic changes
on ECG was 17.1% in this study. The abnormal rates for
conventional IHD risk factors including hypertension,
dyslipidemia, hyperglycemia and overweight increased in
accordance with the severity of fatty liver. Overweight
and severity of fatty liver were independently associated
with increased risks for developing IHD. Overweight
subjects had a 1.32-fold (95%CI: 1.01-1.73) increased
IHD risk. Participants with mild, moderate, and severe
fatty liver had a 1.88-fold (95%CI: 1.37-2.6), 2.37-fold
(95%CI: 1.66-3.37) and 2.76-fold (95%CI: 1.62-4.72)
increased risk for developing IHD. The prevalence of
ischemic ECG for the fatty liver-affected subjects with or
without overweight was 30.1% and 19.1%, while that of
overweight subjects free from fatty liver was 14.4%.
Compared to the subjects without fatty liver nor overweight,
IHD risk for the three subgroups above was as follows:
OR: 2.95 (95%CT: 2.31-4.09), OR: 1.60 (95%CI: 1.07-2.39)
and OR: 1.11 (95%CI: 0.78-1.56), respectively.

CONCLUSION: The presence of fatty liver and its severity
should be carefully considered as independent risk factors
for IHD. Results of the study suggest the synergistic effect
between fatty liver and overweight for developing IHD.
Abdominal sonographic examination may provide valuable
information for IHD risk assessment in addition to limited
report about liver status, especially for overweight males.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Fatty change in the liver is closely associated with overweight
status and metabolic impairments such as hyperglycemia,
and dyslipidemial* which ate also regarded as factors for
atherosclerosis!*” and ischemic heart disease (IHD)®.
However, the association between fatty liver and IHD is
waiting for epidemiological investigation.

Since resting electrocardiogram (ECG) and abdominal
sonographic examination are two routine, non-invasive health
examinations used in medical check-ups in Taiwan!"'%], we
had the opportunity to examine the association between
fatty liver and ischemic ECG changes, the hallmark of IHD
and strong predictor for cardiac events!" '8,

The purpose of this study was to evaluate the relationships
between fatty liver and IHD utilizing epidemic data. Data
analyses were controlled for conventional risk factors,
especially overweight.

MATERIALS AND METHODS
Subjects

Records from a total of 2 088 male aircraft maintenance
workers who underwent a periodic health examination from
July to September 2003.

Methods

The health examinations included anthropometrical
evaluation, measurement of weight and height, systolic and
diastolic blood pressure. Definition of overweight was BMI
=25 kg/m?, based on WHO criteria””. A questionnaire
about personal medical history, including alcohol (usage
more than once a week: yes »s no) and tobacco (current
usage: yes s no) consumption was filled by the examinees.
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Biochemical blood tests were conducted by Hitachi
autoanalyzer model 7150 (Hitachi Corp, Tokyo, Japan),
including fasting plasma glucose, levels of triglyceride, and
total, low, and high-density lipoprotein (LDL, HDL)
cholesterol. The definition of hypertension was systolic blood
pressure =18.7 kPa or diastolic blood pressure =12 kPa.
The cut points of hyperglycemia, hypocholesterolemia,
hypercholesterolemia, and hypertriglyceridemia were fasting
sugar =6.1 mmol/L, HDL <1.0 mmol/L,, total cholesterol
=5.2 mmol/L and triglyceride =17.0 mmol/L.

Abdominal ultrasonographic examinations were performed
using convex-type real-time electronic scanners (Toshiba
SSA-340 with 3.75 MHz convex-type transducer) by three
gastrointestinal specialists who were blind to the medical
history and blood test results of the examinees. The definition
of ultrasonic fatty liver was based on a comparative assessment
of image brightness relative to the kidneys, in line with
previoudly reported diagnodtic criteria** >, Severity of fatty
liver was classified according to the following modified
scoring systemU!*1315223]: brightness compared to kidneys
(0-3), blurring of gall bladder wall (0-3), blurring of hepatic
veins (0-3), blurring of portal vein (0-3), far gain attenuation
(0-3). Severity was defined as mild (total scores of 2-06),
moderate (7-10), and severe (11-15) fatty liver.

A digital electrocardiograph recorder (Kenz Cardico
1207; Suzuken Co., Ltd 8, Higashi Kataha-machi, Higashi-
ku Nagoya 461-8701, Japan.) was used for IHD assessment.
IHD was defined based on evidence of resting ECG ischemic
abnormalities, as expressed in computerized Minnesota code
(1.1.X-1.3.X, 4.1.X-4.4.X, 5.1.X-5.3, X)1216-:18,

The Student’s #and * tests were used for analyzing
continuous variables and categorical variables, respectively.
Multivariate logistic regression was utilized to evaluate the
relationship between IHD and salient risk factors. SAS
software was used for statistical analysis (Version 8.0; SAS
Institute, Cary, NC, USA).

RESULTS

After 63 cases whose data were incomplete (e.g., biochemical
blood test, questionnaire) were excluded, a total of 2 025

subjects wete enrolled in the final analysis. The excluded subjects
had a similar distribution of anthropometric measurement
and biochemical data as subjects in final analysis.

As shown in Table 1, the age for this sample population
ranged from 22 to 63 years (mean, 40.5), the mean value
of BMI was 24.6 kg/m?* The over-all prevalence of
overweight was 41.4%, while that of fatty liver was 29.5%.
The prevalence of ischemic changes in the resting ECG was
17.1%. The means and standard deviations for serum blood
sugar and atherogenic lipid profile were 5.7+1.1 mmol/L
of fasting sugar, 5.120.9 mmol/L of total cholesterol,
1.3+0.3 mmol/L of HDL cholesterol, 3.3+0.8 mmol/L
of LDL cholesterol, and 17.1£13.9 mmol/L of triglyceride.

Table 1 Baseline characteristics of middle-aged male workers in
Taiwan from a periodic health examination (meantSD, n = 2 025)

Risk factor Value Range
Age (yr) 40.5£9.9 22.0-63.0
Height (cm) 169.646.3 150.1-191.1
Body weight (kg) 70.9+10.6 42.8-121.9
BMI (body mass index) (kg/m?) 24.6+£3.3 15.6-40.6
Systolic blood pressure (kPa) 17.1£2.2 11.7-27.5
Diastolic blood pressure (kPa) 10.6+1.6 6.7-17.3
Fasting sugar (mmol/L) 5.7+1.1 3.0-24.5
Cholesterol total (mmol /L) 5.1+0.9 2.6-9.3
Cholesterol HDL (mmol/L) 1.3+0.3 0.2-4.0
Cholesterol LDL (mmol/L) 3.3+0.8 1.2-71
Triglyceride (mmol/L) 17.1£13.9 3.1-171.1
ECG with ischemic changes (1, %) 347 (17.1)
Fatty liver (n, %) 597 (29.5)
Overweight (1, %) 839 (41.4)
Smoking (1, %) 702 (34.7)
Alcohol use (1, %) 444 (21.9)

Risk-factor distribution among subgroups stratified
according to the severity of fatty liver, is presented in Table 2.
The prevalence of mild, moderate and severe fatty liver was
14.5%, 11.3%, and 3.7%, respectively. The abnormal rates
for conventional IHD risk factor including hypertension,
dyslipidemia, hyperglycemia and overweight increased in
accordance with the severity of fatty liver (Figure 1).

Table 2 Assessment of risk factors stratified according to severity of fatty liver (FL)

n=2205

Risk factors NonFL Mild FL Moderate FL Severe FL

1428 (70.5%) 294 (14.5%) 228 (11.3%) 75 (3.7%)
Age (yr) 39.849.9 41.849.9* 42.749.4¢ 42.629.5¢
BMI (body mass index) (kg/m?) 23.943.1 25.0+2.6° 26.942.7¢ 29.0£3.1¢
Systolic blood pressure (kPa) 16.9+2.2 17.242.1° 17.542.2¢ 18.342.6°
Diastolic blood pressure (kPa) 10.5+1.6 10.6%1.4° 10.9+1.5¢ 11.441.7¢
Fasting sugar (mmol/L) 5.6+1.0 5.8+1.2° 6.0£1.5¢ 6.1+1.6°
Cholesterol total (mmol/L) 5.0£0.9 5.240.9 5.3+0.9¢ 5.3+0.9¢
Cholesterol HDL (mmol/L) 1.3+0.3 1.240.2° 1.1+0.2° 1.1+0.2¢
Cholesterol LDL (mmol/L) 3.3+0.8 3.5£0.8° 34408 3.440.9¢
Triglyceride (mmol/L) 15.0+11.1 18.2413.1° 26.3420.9¢ 27.3422.3¢
ECG with ischemic changes (1, %) 191 (13.4) 67 (22.8)° 64 (28.1)¢ 25(33.3)°
Overweight (1, %) 457 (32.0) 143 (48.6)° 170 (74.6)¢ 69 (92.0)¢
Smoking (1, %) 491 (34.4) 106 (36.1) 84 (36.8) 21 (28.0)
Alcohol use® (1, %) 304 (21.3) 73 (24.8) 54 (23.7) 13 (17.3)

2P<0.05 vsnon FL group; °P<0.05 vs non FL group; °P<0.05 vs non FL group.
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IHD risk factors stratified by the severity of fatty liver

Figure 1 Abnormal rates of IHD risk factors for middle-aged male workers in
Taiwan.

Multivariable analysis and odds ratios for IHD are
summarized in Table 3. Results showed that overweight,
increased systolic blood pressure and fatty liver severity
were independently associated with IHD risk. Overweight
subjects had a 1.32-fold (95%CI: 1.01-1.73) increased IHD
risk. Participants with mild, moderate, and severe fatty liver
experienced a 1.88-fold (95%CI: 1.37-2.60), 2.37-fold
(95%ClI: 1.66-3.37), and 2.76-fold (95%CI: 1.62-4.72)
increased risk for developing IHD.

The prevalence of ischemic ECG and odds ratios (OR)
for IHD of the middle-aged male workers in Taiwan, stratified
according to overweight and fatty liver status, are presented
in Table 4. The prevalence of ischemic ECG and the risk
for IHD of the fatty liver-affected subjects with or without
overweight and the overweight subjects free from fatty liver
was 30.1%, OR: 2.95 (95% CI: 2.31-4.09), 19.1%, OR:1.60
(95% CI: 1.07-2.39) and 14.4%, OR: 1.11 (95% CI: 0.78-1.56),
respectively, compared to the subjects without fatty liver
nor overweight. Result of test for interaction between fatty
liver and overweight was significant (P<0.05).

DISCUSSION

Stress test or even coronary catheterization examination
naturally has better specificitiy in IHD diagnosis, and biopsy
of liver is the gold standard for hepatosteatosis. However,
in the viewpoints of safety, ethic and screening purpose,
resting ECG and abdominal sonographic examination have
acceptable reliability and are practical tools of epidem-
iological surveyl!®1¢-1821,

Our study indicates that adult male workers with fatty
liver are more likely to develop IHD compared to subjects

Table 3 Multivariate logistic regression analysis for the risk factors
for IHD

Risk factors Odds ratio 95% CI
Age (yr) 0.99 0.97-1.00
Systolic blood pressure 1.01° 1.003-1.03
Diastolic blood pressure 0.99 0.97-1.01
Fasting sugar 1.00 1.00-1.006
Cholesterol total 0.99 0.98-1.007
Cholesterol HDL 1.01 1.00-1.03
Cholesterol LDL 1.01 0.99-1.02
Triglyceride 1.00 1.00-1.003
Overweight 1.32° 1.01-1.73
Fatty liver®

Mild fatty liver 1.88° 1.37-2.60

Moderate fatty liver 2.37° 1.66-3.37

Severe fatty liver 2.76¢ 1.62-4.72
Smoking 0.85 0.65-1.10
Alcohol consumption 1.054 0.79-1.41

2P<0.05 vs Non FL group;"P<0.001 vs Non FL group; “P <0.0001 vs Non FL group.

without fatty liver. This finding is compatible to previous
studies demonstrating that fatty liver, as a developer of oxidative
stress plays a cardinal role in cardiac dysfunction®?. Of
particular significance is the fact that non-overweight subjects
with fatty liver experience a significantly increased IHD
risk (OR: 1.6). As Park ez a/.P%), concluded, for non-obese
men with fatty liver, systemic inflammatory response increases,
and systemic inflammatory response is the integral part of
the atherosclerotic process?’?*. THD prevention for non-
overweight subjects having fatty liver should be emphasized
in clinical practice.

Findings of this study show a synergistic interaction
between fatty liver and overweight, this combination makes
middle-aged males have significantly highest IHD risk (OR:
2.95) in the four entities (Table 4). Similar findings have
been shown in studies about insulin resistance!'*?¢**31 these
studies manifested that both overweightand fatty liver are
closely correlated with insulin resistance, which aggravates
the atherogenic metabolic processP® ¥, accelerating the
development of atherosclerosisP and IHDP. For overweight
middle-aged male workers with fatty liver, a comprehensive
management for IHD risk reduction is needed.

Serum sugar and lipids had insignificant effects on
developing IHD in this study, these findings are similar to
our previous study based on Eastern population™. Genetic
differencesP” and differences in diet componentsP® may
have affected these findings.

Smoking and drinking did not show significant effects
on developing IHD in this study, the partial explanation

Table 4 Odds ratio for IHD stratified according to fatty liver (FL) and overweight status

Non-overweight (n =1 186)

Overweight (n = 839)

Non-FL FL Non-FL FL

(n=970) (n=216) (n=458) (n=381)
Ischemic ECG (%) 125 (12.9) 41 (19.1) 66 (14.4) 115 (30.1)
'OR (95%CI) 1.0°(-) 1.60° (1.07-2.39) 1.11 (0.78-1.56) 2.95"(2.31-4.09)

2P<0.05 vs overweightand fatty, adjusted for age, blood pressure, blood sugar and lipid profile; P<0.001 vs non-overweight and non-FL group; <P<0.05 vs non-overweight

and non-FL group; 'OR: adjusted odds ratio; CI: confidence interval.
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might be that binary questionnaire could provide only limited
information about the dose-effect, which is important in

the development of IHD, and then leads to the unsteady

results?e*,

The findings of this study demonstrate that fatty liver is
an independent risk factor for IHD. Abdominal sonographic
examination may not only provide limited report about the
liver status, but also can provide valuable information for
IHD risk assessment, especially for those who are over-
weight.
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