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Abstract

SHEN, YUNG-HSUAN, WEI-SHIUNG YANG, TZONG-
HSI LEE, LONG-TENG LEE, CHING-YU CHEN, AND
KUO-CHIN HUANG. Bright liver and alanine
aminotransferase are associated with metabolic syndrome in
adults. Obes Res. 2005;13:1238—-1245.

Objectives: The metabolic syndrome has become a signifi-
cant health problem worldwide. In this study, we investi-
gated the relationship between the metabolic syndrome,
bright liver (BL) by ultrasonography (US), and plasma
alanine aminotransferase (ALT) levels among apparently
healthy adults.

Research Methods and Procedures: A total of 15,430 non-
alcoholic healthy adults without hepatitis B or C were
recruited from four nationwide MJ Health Screening Cen-
ters in Taiwan in 2000. Metabolic syndrome was defined
using the National Cholesterol Education Panel (NCEP)
metabolic syndrome criteria or modified NCEP criteria.
Based on liver US, subjects were classified into either
having BL or not. The relationship between the metabolic
syndrome, BL, and ALT levels was examined using multi-
variate logistic regression analysis.

Results: The crude OR of the metabolic syndrome was
13.92 (12.19 using modified NCEP criteria), and the age-
BMlI-sex—adjusted OR was 3.77 (3.71 using modified
NCEP criteria) in subjects with BL vs. subjects without BL,
respectively. The ORs of the metabolic syndrome were signif-
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icantly higher in subjects with elevated ALT levels than in
those with normal ALT levels. After adjustment for age, sex,
and BMI, BL and elevated ALT level were independently
associated with increased risk of the metabolic syndrome.
Discussion: Presence of BL and elevated plasma ALT level
was independently associated with increased risk of the
metabolic syndrome in adults. These factors contribute to a
list of well-known risk factors, including obesity, aging, and
male sex, and thus can be applied as an additional evalua-
tion for the metabolic syndrome in a clinical setting.

Key words: metabolic syndrome, National Cholesterol
Education Panel criteria, bright liver, elevated alanine
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Introduction

The prevalence of obesity has drastically increased in
many countries in recent decades (1,2). The metabolic syn-
drome, a constellation of central obesity, impaired glucose
metabolism, dyslipidemia, and hypertension, is associated
with subsequent development of type 2 diabetes and car-
diovascular diseases (3). Cardiovascular diseases and all-
cause mortality have also been found to increase in men
with the metabolic syndrome, even in the absence of base-
line diabetes and cardiovascular diseases (4). Epidemiolog-
ical data from Europe and the United States suggests that
the prevalence of the metabolic syndrome is ~20% in adults
(5,6). In Asians, the prevalence of the metabolic syndrome
is 10.2% in China (7), 12.2% to 17.9% in Singapore (8), and
152% to 19.1% in Korea (9). Therefore, the metabolic
syndrome has become a significant health problem world-
wide and requires urgent attention in terms of assessing risk
factors and clinical management.

Nonalcoholic fatty liver disease (NAFLD)' has been
found to have a significant association with insulin resis-

! Nonstandard abbreviations: NAFLD, nonalcoholic fatty liver disease; ALT, alanine ami-
notransferase; BL, bright liver; US, ultrasonography; NCEP, National Cholesterol Education
Panel.
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Table 1. Demographic data, ALT, and prevalence of BL, the metabolic syndrome, and its individual components

categorized by sex (N = 15,430)

Total
Male Female (N =
(n = 7352) (n = 8078) 15,430) p¥
Age (years) 37.1 £10.5 36.5 £ 10.6 36.8 £ 10.6 0.001
Height (cm) 170.1 = 6.1 1577 =55 163.6 = 8.5 0.000
Weight (kg) 68.3 £ 10.2 53.7 £ 8.1 60.7 = 11.7 0.000
BMI (kg/m?) 23.1 3.1 21.1 =32 22.1 £33 0.000
WC (cm) 80.9 £ 8.4 69.6 = 7.2 749 £ 9.6 0.000
Systolic blood pressure (mm Hg) 119.7 = 14.1 1114 =153 1154 =153 0.000
Diastolic blood pressure (mm Hg) 73.2 £10.0 67.2 = 10.0 70.1 =104 0.000
Fasting glucose (mM) 5.37 £ 0.67 5.15 = 0.70 5.26 = 0.69 0.000
Triglycerides (mM) 1.53 = 1.12 1.02 = 0.78 1.27 = 0.99 0.000
High-density lipoprotein-cholesterol (mM) 1.20 = 0.30 1.51 = 0.35 1.36 = 0.36 0.000
ALT (U/liter) 29.22 + 22.87 16.74 = 14.03 22.7 £ 19.8 0.000
Elevated ALT (%) 31.5 7.0 18.7 0.000
BL (%) 35.8 14.7 24.8 0.000
Metabolic syndrome (%) 17.6 3.3 10.1 0.000
Metabolic syndrome2 (%) 29.2 4.8 16.4 0.000
Central obesity (%) 15.5 1.6 8.2 0.000
Central obesity2 (%)t 47.9 7.3 26.7 0.000
High blood pressure (%) 27.5 13.2 20.2 0.000
High fasting glucose (%) 6.1 3.5 4.8 0.000
High triglycerides (%) 29.8 9.4 19.1 0.000
Low high-density lipoprotein-cholesterol (%) 67.7 29.9 479 0.000

* Student’s 7 test for unpaired data was used for the comparison of mean values between sexes.
T Metabolic syndrome2 and central obesity2 was defined by WC >90 cm in men and >80 cm in women.

tance and metabolic syndrome disorders (10—12). This dis-
ease is characterized by a wide spectrum of liver damage,
ranging from simple steatosis to steatohepatitis and cirrhosis
(13-15). Depending on different methodologies, the preva-
lence of NAFLD is 2.8% to 30.3% in the general population
(16-18). The prevalence of NAFLD is associated with
increments of BMI (18,19), because steatosis was observed
in 86% of severely obese patients (20). Thus, the presence
of NAFLD is being recognized as a common liver disorder
in patients presenting with the metabolic syndrome.
Alanine aminotransferase (ALT) is a liver-specific en-
zyme, and thus, it is an indicator of liver injury. Elevated
plasma ALT levels are associated with obesity and the
metabolic syndrome (16,21-23). However, in these studies,
elevated ALT levels were only a surrogate of NAFLD, and
neither image study nor biopsy of liver was used. In this
study, we investigated the relationship between the meta-
bolic syndrome, bright liver (BL) by liver ultrasonography
(US), and plasma ALT levels in a large adult population.

Research Methods and Procedures

Subjects and Measurements

The data were collected from four private, nationwide MJ
Health Screening Centers in Taiwan from January 2000 to
December 2000. The centers provide a multidisciplinary
team approach for their members, with the annual health
assessment by registered health practitioners. All subject
data were recorded using standardized data sheets and were
entered into a database. The demographic profiles of the
Taiwanese adults that attend the health centers are similar to
those of the general Taiwanese population (24). A total of
15,430 healthy adults of a total of 79,852 subjects (38,807
men and 41,045 women) were recruited in this study. They
denied any history of major systemic diseases such as
chronic liver disease, diabetes, hypertension or hyperlipid-
emia, or autoimmune diseases, and they were not taking any
medication known to cause or promote fatty liver disease or
plasma ALT level elevation. Subjects positive for hepatitis
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Figure 1: Prevalence of the metabolic syndrome using (A) NCEP
criteria and (B) modified NCEP criteria (central obesity, WC >90
cm in men and >80 cm in women) stratified by age group and sex.

B surface antigen (16.0% in all, 18.9% in men and 13.2% in
women) or antibody to hepatitis C virus (2.9% in all, 2.7%
in men and 3.2% in women) were excluded. Subjects having
a history of current or past excessive alcohol drinking as
defined by an average daily consumption of alcohol >20
grams (from a questionnaire; 2.1% in all, 3.6% in men and
0.7% in women) were also excluded. The anthropometric
characteristics were measured and described in Huang et al.
(25). BMI was calculated as weight (kilograms) divided by
height (meters squared). Blood pressure was measured in
the right arm using an appropriately sized cuff and a stan-
dard mercury sphygmomanometer while subjects were in a
sitting position. A venous blood sample was taken after an
8-hour fast. Plasma ALT, glucose, and lipids were measured
using a Hitachi 7150 (Tokyo, Japan). The metabolic syn-
drome was defined clinically, based on the presence of three
or more of the following National Cholesterol Education
Panel (NCEP) criteria (26): 1) central obesity [waist cir-
cumference (WC) >102 cm in men and >88 cm in women],
2) a high triglyceride level (=1.69 mM), 3) a low high-
density lipoprotein cholesterol level (<1.03 mM for men
and <1.29 mM for women), 4) high blood pressure
(=130/85 mm Hg), 5) a high fasting plasma glucose con-
centration (=6.1 mM). Furthermore, the modified NCEP
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Crude and adjusted ORs* (ORcru and ORadj) of the metabolic syndrome and its individual components among subjects with BL vs.

Table 2.

subjects without BL

Total (n = 3819)
ORcru/ORadj (95% CI)

1184)

Women (n
ORcru/ORadj (95% CI)

= 2635)

Men (n
ORcru/ORadj (95% CI)

15.54 (13.48 to 17.92)/2.42 (2.01 to 2.90)
12.17 (11.17 to 13.25)/2.61 (2.31 to 2.95)

2.77 (2.54 t0 3.01)/1.21 (1.10 to 1.35)

28.45 (18.03 to 44.91)/1.28 (0.72 to 2.27)
21.66 (17.85 t0 26.27)/2.02 (1.56 to 2.61)

0.81 (8.42 to 11.44)/2.58 (2.12 to 3.13)
9.07 (8.10 to 10.16)/2.81 (2.44 to 3.22)
1.84 (1.65 to 2.04)/1.23 (1.09 to 1.39)
3.80 (3.10 to 4.65)/2.51 (1.98 to 3.17)

Central obesity

Central obesity2t

3.65 (3.15 to0 4.23)/1.15 (0.94 to 1.39)

High blood pressure

5.77 (4.94 t0 6.74)/2.78 (2.31 to 3.35)

9.33 (7.30 to 11.93)/3.23 (2.38 to 4.40)
10.11 (8.61 to 11.88)/4.23 (3.45 to 5.18)

High fasting glucose
High triglycerides

8.45 (7.73 10 9.23)/3.72 (3.35 to 4.13)

5.76 (5.17 to 6.42)/3.49 (3.09 to 3.95)

Low high-density lipoprotein-

4.37 (4.03 to 4.74)/2.08 (1.88 to 2.30)

3.62 (3.19t04.11)/2.41 (2.07 to 2.82)
20.46 (15.39 to 27.20)/4.34 (3.10 to 6.08)
23.81 (18.64 to 30.40)/4.68 (3.51 to 6.25)

3.14 (2.80 to 3.52)/1.87 (1.64 to 2.13)

cholesterol
Metabolic syndrome

13.92 (12.28 to 15.77)/3.77 (3.26 to 4.35)
12.19 (11.06 to 13.44)/3.71 (3.30 to 4.16)

8.91 (7.73 t0 10.27)/3.56 (3.04 to 4.17)
7.64 (6.82 to 8.55)/3.46 (3.04 to 3.93)

Metabolic syndrome2

* Adjusted ORs: ORs with adjustment for age and BMI in each sex and age, BMI, and sex in total.

T Central obesity2 and metabolic syndrome2 were defined by WC >90 c¢cm in men and >80 cm in women.
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Crude and adjusted ORs* (ORcru and ORadj) of the metabolic syndrome and its individual components among subjects with elevated

Table 3.

ALT levels (>41 Ulliter in men and >31 U/liter in women) vs. subjects with normal ALT levels

Total (n = 2884)
ORcru/ORadj (95% CI)

Women (n = 569)

ORcru/ORadj (95% CI)

Men (n = 2315)
ORcrw/ORadj (95% CI)

7.11 (6.30 to 8.01)/1.59 (1.34 to 1.89)
6.77 (6.20 to 7.38)/1.60 (1.41 to 1.82)

8.78 (6.06 to 12.71)/2.12 (1.28 to 3.50)
5.51 (4.46 t0 6.80)/1.60 (1.17 to 2.20)
2.43 (1.98 t0 2.97)/1.29 (1.03 to 1.63)

3.86 (3.39 to 4.40)/1.51 (1.26 to 1.82)

Central obesity

3.75 (3.38 t0 4.17)/1.60 (1.39 to 1.84)

Central obesity2t

2.28 (2.09 to 2.50)/1.27 (1.14 to 1.41)

1.57 (1.41 to 1.75)/1.22 (1.08 to 1.37)
2.10 (1.73 to 2.55)/1.87 (1.50 to 2.32)
3.74 (3.36 to 4.15)/2.58 (2.29 t0 2.89)

High blood pressure

2.83 (2.43 t0 3.31)/1.88 (1.57 to 2.25)
5.33 (4.87 t0 5.83)/2.47 (2.23 t0 2.74)

4.11 (3.06 t0 5.51)/1.91 (1.38 to 2.65)

3.95 (3.22 to 4.84)/1.97 (1.57 to 2.48)

High fasting glucose
High triglycerides

Low high-density lipoprotein-

2.25(2.01 to 2.53)/1.39 (1.22 to 1.57) 2.26 (1.90 to 2.68)/1.58 (1.32 to 1.90) 3.66 (3.34 t0 4.00)/1.46 (1.32 to 1.62)

cholesterol
Metabolic syndrome

6.74 (6.04 to 7.53)/2.47 (2.16 to 2.82)
6.41 (5.84 to 7.04)/2.20 (1.96 to 2.47)

6.00 (4.53 to 7.94)/2.23 (1.61 to 3.09)

4.19 (3.70 to 4.75)/2.39 (2.06 to 2.77)
3.71 (3.33 t0 4.13)/2.15 (1.90 to 2.44)

5.86 (4.59 to 7.48)/2.13 (1.58 to 2.87)

Metabolic syndrome2

* Adjusted ORs: ORs with adjustment for age and BMI in each sex and age, BMI, and sex in total.

T Central obesity 2 and metabolic syndrome2 were defined by WC >90 cm in men and >80 cm in women.

criteria using a lower WC cut-off (WC >90 cm in men and
>80 cm in women) was also applied for comparison be-
cause of a different definition of central obesity in this
population (8,27). Liver US scanning was performed by
qualified physicians to assess hepatic steatosis (28,29); the
subjects were divided into two groups, i.e., with and without
BL. Ethics approval for patient recruitment and analyzing
the data was obtained from the MJ Research Foundation
Review Committee in Taiwan.

Statistical Analysis

Data were expressed as the mean = SD for continuous
variables. Student’s 7 test for unpaired data were used for the
comparison of mean values between sexes. Proportions and
categorical variables were tested by the x> test and by the
two-tailed Fisher’s exact method when appropriate. ORs of
having the metabolic syndrome and its individual compo-
nents among subjects with BL or elevated ALT levels vs.
subjects without BL or elevated ALT levels were calculated
with and without adjustment for age and BMI in each sex.
A multivariate logistic regression analysis categorized by
sex was performed with the metabolic syndrome as the
outcome variable, and age, BMI, BL, and ALT level as
independent variables. ALT level was defined as normal
(<41 Ulliter in men and <31 Ulliter in women), mild
(1-fold) elevation (41 to 80 Ulliter in men and 31 to 60
Ulliter in women), moderate (2-fold) elevation (81 to 120
Ulliter in men and 61 to 90 U/liter in women), and severe
(>3-fold) elevation (>121 U/liter in men and >91 U/liter
in women). These statistical analyses were performed using
the PC version of SPSS statistical software (11th version;
SPSS, Chicago, IL).

Results

The prevalence of the metabolic syndrome was 10.1%
(16.4% using modified NCEP criteria). It was ~17.6%
(29.2% using modified NCEP criteria) in men and 3.3%
(4.8% using modified NCEP criteria) in women, respec-
tively (Table 1). Men had a higher prevalence of the met-
abolic syndrome and its individual components than
women. The prevalence of the metabolic syndrome in-
creased with age in each sex (Figure 1; test for trend, p <
0.001). The prevalence of individual components of the
metabolic syndrome is also listed in Table 1. Among these,
low high-density lipoprotein-cholesterol was the highest
(47.9%), and high fasting glucose was the lowest (4.8%).
The prevalence of BL and elevated ALT levels was 24.8%
and 18.7%, respectively. The means of the demographic
data were statistically different between men and women.
Plasma ALT levels were higher in men (29.22 *= 22.87
Ulliter) than in women (16.74 £ 14.03 Ulliter).

The crude and adjusted ORs of having the metabolic
syndrome and its individual components were significantly

OBESITY RESEARCH Vol. 13 No. 7 July 2005 1241
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Table 4. ORs (95% CI) of having the metabolic syndrome derived from a multivariate logistic regression
analysis categorized by sex using age, BMI, BL, and ALT groups as independent variables

Model 1* Model 2*
Men ORs Women ORs Men ORs Women ORs
Variables 95% CI) (95% CI) 95% CI) 95% CI)
Age (years) 1.05 (1.04 to 1.05) 1.07 (1.06 to 1.08) 1.04 (1.03 to 1.04) 1.07 (1.06 to 1.08)

BMI (kg/m?)
BL

1.39 (1.35 to 1.44)

1.27 (1.22 to 1.33)

1.33 (1.30 to 1.37)

1.34 (1.28 to 1.39)

No 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Yes 3.05 (2.59 to 3.60) 4.06 (2.88t0 5.72) 3.06 (2.68 to 3.48) 4.40 (3.28 t0 5.91)
ALT groupst

Normal 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Mild 1.77 (1.50 to 2.08) 1.58 (1.10 to 2.27) 1.61 (1.40 to 1.84) 1.48 (1.06 to 2.06)

Moderate 2.26 (1.70 t0 2.99) 2.47 (1.15t0 5.28) 2.01 (1.53 t0 2.62) 2.67 (1.31 to 5.44)

Severe 2.36 (1.58 to 3.51) 2.58 (1.0 to 6.70) 1.82 (1.22 t0 2.70) 1.70 (0.67 to 4.34)

* Metabolic syndrome was defined by the NCEP criteria in Model 1 and by the modified NCEP criteria using WC >90 cm in men and >80
cm in women in Model 2.

T ALT was defined as normal (<41 U/liter in men and <31 U/liter in women), mild elevation (41 to 80 U/liter in men and 31 to 60 U/liter
in women), moderate elevation (81 to 120 U/liter in men and 61 to 90 U/liter in women), and severe elevation (=121 U/liter in men and

=91 Ulliter in women).

higher in subjects with BL than in those without BL (OR >
1, p < 0.05 in each analysis; Table 2). The crude OR of the
metabolic syndrome was 13.92 (12.19 using modified
NCEP criteria), and the adjusted OR was 3.77 (3.71 using
modified NCEP criteria) in subjects with BL vs. subjects
without BL. Similarly, the crude and adjusted ORs of hav-
ing the metabolic syndrome and its individual components
were significantly higher in subjects with elevated ALT
levels than in those with normal ALT levels (OR > 1, p <
0.05 in each analysis; Table 3). The crude OR of the
metabolic syndrome was 6.74 (6.41 using modified NCEP
criteria), and the adjusted OR was 2.47 (2.20 using modified
NCEP criteria) in subjects with elevated ALT levels vs.
subjects with normal ALT levels.

Using a multivariate logistic regression analysis with the
metabolic syndrome as the outcome variable, we found that
age, BMI, BL, and ALT level were independent variables
associated with the metabolic syndrome in these subjects
(Table 4). With increasing age and BMI, the ORs of having
the metabolic syndrome increased significantly in each sex.
There was no statistically significant difference in the ORs
of having the metabolic syndrome between men and women
with BL, which were 3.05 (95% CI of OR = 2.59 to 3.60)
and 4.06 (95% CI of OR = 2.88 to 5.72) in Model 1 and
3.06 (95% CI of OR = 2.68 to 3.48) and 4.40 (95% CI of
OR = 3.28 t0 5.91) in Model 2. Furthermore, we found that,
compared with the subjects with normal ALT levels, the
subjects with elevation of ALT levels had higher ORs of

1242 OBESITY RESEARCH Vol. 13 No. 7 July 2005

having the metabolic syndrome in men and women in
Model 1 and Model 2. However, there was no statistically
significant difference among the three groups of ALT ele-
vation. Moreover, compared with subjects with normal ALT
level and without BL, ORs of having the metabolic syn-
drome in subjects with BL and elevated ALT levels were
5.84 (95% CI = 4.75 t0 7.16; 5.11, 95% CI = 4.34 to 6.03
using modified NCEP criteria) in men and 6.99 (95% CI =
4.50 to 10.86; 7.04, 95% CI = 4.76 to 10.41 using modified
NCEP criteria) in women, with adjustment for age and BMI
(Table 5).

Discussion

In this study, we found that the metabolic syndrome was
more common among previously healthy adults with BL,
based on liver US, compared with subjects without BL. We
also found that the ORs of having the metabolic syndrome
were higher in subjects with elevated ALT levels than those
with normal ALT levels. Furthermore, we showed, for the
first time, that BL and elevated ALT level were indepen-
dently related to the risk of having the metabolic syndrome
after adjustment for age, sex, and BMI.

It has been recognized that NAFLD is closely associated
with insulin resistance, which commonly occurs in obese
subjects and in people with the metabolic syndrome (10—
12,30). However, Marchesini et al. (31) found that NAFLD
was also associated with insulin resistance in lean subjects
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lar risk factors was found in Taiwanese adults (25,35).
Thereby, with a lower WC cut-off (WC >90 cm in men and
>80 cm in women), the prevalence of the metabolic syn-
drome increased from 10.1% to 16.4% in this study. Simi-
larly, the prevalence of the metabolic syndrome in Singa-
pore increased from 12.2% to 17.9% (8). Interestingly, the
relationship between BL, ALT, and the metabolic syndrome
didn’t change when using the modified NCEP criteria in this
study. Taken together, it seemed appropriate to use a lower
WC cut-off in defining the metabolic syndrome in Taiwan.

In summary, we found that subjects with BL by US were
associated with higher risk of having the metabolic syn-
drome compared with subjects without BL. We also showed
that elevated plasma ALT level was independently related
to the risk of having the metabolic syndrome after adjust-
ment for BL, age, sex, and BMI. Therefore, BL by US and
plasma ALT levels can be applied as an additional evalua-
tion for the metabolic syndrome in a clinical setting. Al-
though our study was limited by the cross-sectional design,
and there was potential bias for the participation by the
subjects, our results suggested that NAFLD should be re-
garded as the hepatic manifestation of the metabolic syn-
drome. The interplay between liver and the metabolic syn-
drome merits further study.
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