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Abstract

Objectives: We aimed to investigate the relationship between nonalcoholic fatty liver disease (NAFLD),
serum adiponectin concentration and brachial-ankle pulse wave velocity (baPWYV) as a risk marker
for atherosclerosis.

Methods: A total of 213 nonalcoholic subjects (67 males, 146 females) participated in this study.
Division of subjects into the NAFLD group or the normal group was based on the existence of fatty
liver detected by sonography.

Results: Serum adiponectin levels in the NAFLD group were significantly lower than those in the
normal group. After adjusting for age, body-mass index (BMI) and the homeostasis model of assess-
ment (HOMA), there was a significant negative correlation between NAFLD and serum adiponectin
level only in females (r = —0.22, P = 0.008). Multiple logistic regression analysis showed a tendency
of inverse correlation between NAFLD and serum adiponectin level in females (P = 0.055). After
adjustment for age, BMI and HOMA value, serum adiponectin levels were inversely correlated
with serum alanine aminotransferase (ALT) and gamma-glutamyltranspeptidase (GGT) levels
(r=-0.199 (P=0.004) and r= —0.282 (P < 0.001)). On the other hand, baPWV in the
NAFLD group was also significantly higher than that in the normal group in females (P = 0.005).
Individual levels of serum ALT, aspatate aminotransferase (AST), alkaline phosphatase (ALP) and
GGT were positively correlated with baPWV after adjusting for age, sex, BMI, HOMA and systolic
blood pressure (P < 0.05).

Conclusion: Serum adiponectin level and baPWV were significantly associated with NAFLD and

various liver enzymes, especially in females.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a major cause
of liver-related morbidity with possible progression to cir-
rhosis (1). There are two histologic patterns of NAFLD:
fatty liver alone (simple steatosis) and steatohepatitis
(1). Now there is increasing evidence that NAFLD often
represents a component of the metabolic syndrome
characterized by obesity, hyperinsulinemia, peripheral
insulin resistance, diabetes, hypertriglyceridemia and
hypertension (2—6). Recently, it was reported that
there is a near-universal association of nonalcoholic
steatohepatitis (NASH) and insulin resistance, irrespec-
tive of obesity (7). Although their clinical association
seems to be well established, the pathogenesis of
NAFLD has not been fully elucidated, and its clinical
association with cardiovascular disease (CVD), which
is an important outcome of insulin resistance, is not
well known.

Adiponectin is an adipocytokine that is highly specific
to adipose tissue (8). In contrast to other adipocytokines,
adiponetin levels are decreased in the metabolic
syndrome.
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Hypoadiponectinemia was documented in subjects
with obesity, type 2 diabetes (9), dyslipidemia (10),
hypertension (11) and coronary artery disease (12).
Adiponectin may have anti-inflammatory and anti-
atherogenic properties (13—15), and it is considered
an independent risk factor for CVD (16, 17). Adiponec-
tin is also known to act directly on hepatic tissue and to
inhibit glucose production (18).

Pulse wave velocity (PWV) offers a noninvasive
method of measuring arterial stiffness for assessment
of atherosclerosis, and many reports have described
the relationship between PWV and the development
of atherosclerotic disease (19—21). PWV is thought to
be a risk marker (22, 23) for and prognostic predictor
of atherosclerosis (24, 25). Recently, a device to
measure brachial-ankle pulse wave velocity (baPWV)
was developed. baPWYV is also considered a marker of
atherosclerotic vascular damage and cardiovascular
risk (26).

We hypothesized that NAFLD by itself may be associ-
ated with atherosclerosis, which is an important out-
come of insulin resistance, and adiponetin may play a
role in the pathogenesis and outcome of NAFLD.
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Accordingly, the purpose of this study was to investi-
gate the relationship between NAFLD, serum adiponec-
tin concentration and baPWV as a risk marker of
atherosclerosis.

Subjects and methods

Subjects and measurement

A total of 341 Koreans (146 males, 193 females) who
underwent a routine health checkup at Korea University
Anam Hospital were enrolled. Subjects were excluded
from this study for any of the following criteria: (i) alco-
hol consumption over 140 g/week; (ii) evidence of viral
or toxic hepatitis; (iii) known diabetes or fasting glucose
of at least 126 mg/dl; (iv) other endocrine disease (such
as thyroid dysfunction); (v) known liver or renal dys-
function. Finally, a total of 213 Koreans (67 males,
146 females) were included in this study. Informed con-
sent was obtained from all subjects before they partici-
pated in the study, which was approved by the ethics
committee of the institution. Clinical data such as age,
sex, height, weight, body-mass index (BMI) and blood
pressure were recorded. The systolic and diastolic press-
ures were measured by Baumanometer (W A Baum,
New York, NY, USA) on the arm of the seated subject,
who had rested in a sitting position for 5min before
the measurement. Body fat mass, body fat percentage
and waist/hip ratio were measured by bioelectrical impe-
dence analysis (Inbody 2.0; Biospace, Seoul, South
Korea). Waist to hip ratio (cm/cm) was determined by
measurement of the circumference of the waist and
hips in a standing position. Waist circumference was
measured to the nearest 0.1 cm at the level of the iliac
crest by a tape while the subject was at minimal respir-
ation. Hip circumference was measured at the level of
the anterior superior iliac spine. Blood samples were
drawn after an overnight fast and immediately centri-
fuged. Serum total cholesterol, triglycerides, high-den-
sity lipoprotein (HDL) cholesterol, uric acid and liver
enzyme levels were determined by enzymatic methods
with a chemistry analyzer (Hitachi 747, Tokyo, Japan).
Plasma glucose was measured by the glucose oxidase
method. High-sensitivity C-reactive protein (CRP) was
determined by the photometric latex agglutination
method (LX 2200; Aloka, Tokyo, Japan). Serum insulin
levels were measured by immunoradiometric assay (Bio-
source, Nivelles, Belgium), which had a reactivity of less
than 0.2% to human proinsulin. The insulin resistance
was estimated using a homeostasis model of assessment
(HOMA), calculated from baseline glucose and insulin
levels as fasting glucose (mmol/l) X fasting insulin
(nU/ml)/22.5 (27). Serum adiponectin concentration
was determined by radioimmunoassay with kits and
protocols from Linco Research (St Charles, MO, USA)
(human adiponectin sensitivity of 1ng/ml with a
100 pl sample size; intra-assay coefficient of variation
(CV) of 8.7%).
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The following variables were measured by the Wave-
form Analyzer (model BP203RPE II; Colin, Komaki,
Japan). Extremity blood pressure was measured by the
oscillometric method, and ankle/brachial pressure
index (ABI) was automatically calculated. Right, left
and mean baPWV was measured.

A single experienced radiologist blinded to the lab-
oratory data performed ultrasonographic liver examin-
ations. Fatty liver was defined as a bright liver on
ultrasonography. The diagnosis of bright liver was
based on abnormally intense and high level echoes aris-
ing from the hepatic parenchyma, with amplitude simi-
lar to that of echoes arising from the diaphragm.
Subjects were divided into the NAFLD group or the
normal group by whether fatty liver was seen by sono-
graphy or not.

Statistical analyses

Data are expressed as means=*s.n. Parameters that did
not fulfill normal distribution (that is, ALT, AST, ALP,
GGT, adiponectin, triglyceride and HOMA) were
log-transformed for subsequent analysis. Correlation
analysis was used to establish the relations between
adiponectin, PWV and NAFLD. The correlations
between various hepatic enzymes and adiponectin or
PWV were also examined. Differences between mean
values in the NAFLD or the normal group were analyzed
by unpaired t-test. Multiple logistic regression analysis
using NAFLD as a dependent variable was conducted
to determine the relative contributions made by each
variable to the outcome variable. Age, weight, BMI,
waist/hip ratio, body fat mass, HDL cholesterol, trigly-
ceride, HOMA, uric acid, CRP, systolic blood pressure,
adiponectin and PWV were employed as independent
variables. Significant independent variables were
chosen using the stepwise variable selection method.
A value of P < 0.05 was used to indicate statistical
significance. Data were analyzed by SPSS for Windows
(Version 10.0; SPSS, Inc., Chicago, IL, USA).

Results

The characteristics of the study subjects are summar-
ized in Tables 1 and 2 . In males, weight, BMI, waist/hip
ratio, body fat mass, body fat percentage (%), systolic
blood pressure, diastolic blood pressure, ALT, AST,
HOMA, triglyceride, CRP, uric acid, and adiponectin
were significantly higher in the NAFLD group than in
the normal group. HDL cholesterol was significantly
lower in the NAFLD group. However, age and baPWV
were not significantly different between the groups
(Table 1). In females, most variables, including age
and baPWYV, were higher in the NAFLD group than in
the normal group (Table 2). In particular, serum adipo-
nectin levels in the NAFLD group were significantly
lower than those in the normal group in both sexes.
Multiple logistic regression analysis was performed
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Table 1 Basal characteristics in males.

Normal (n= 31) NAFLD (n = 36) P
Age (years) 47.7+13.6 48.1+14.6 0.982
Weight (kg) 66.1+7.8 79.0=11.9 <0.0001
BMI (kg/m?) 22.7+2.4 27.8+3.4 <0.0001
Waist-to-hip ratio (cm/cm) 0.87+0.04 0.94+0.04 <0.0001
Body fat mass (kg) 12.5+3.4 21.3+6.3 <0.0001
Body fat percentage (%) 18.7£3.7 22.6+4.8 <0.0001
Systolic blood pressure (mmHg) 113.6+13.4 127.9+16.2 <0.0001
Diastolic blood pressure (mmHg) 69.6+11.4 78.8+11.8 0.002
Triglyceride (mg/dl) 123.6:63.9 181.8+92.1 0.004
HDL cholesterol (mg/dl) 47.1+91 41.0x7.9 0.005
HOMA 1.49+0.7 3.04+1.6 <0.0001
Uric acid (mg/dl) 5.6+1.2 6.4+1.7 0.039
ALT (1U/) 20.7+9.3 42.9+29.1 <0.0001
AST (1U/) 19.7+4.3 28.4x14.2 0.001
CRP (mg/l) 0.89+0.93 1.48+1.12 0.026
Adiponectin (pug/ml) 6.2+3.4 45+2.8 0.026
Right ankle-brachial index 1.10£0.09 1.08+0.13 0.48
Left ankle-brachial index 1.13+0.09 1.17+0.09 0.08
Right brachial-ankle PWV (cm/s) 1376.5+236.0 1528.2+338.6 0.035
Left brachial-ankle PWV (cm/s) 1393.5+263.0 1491.8+353.0 0.207
Mean brachial-ankle PWV (cm/s) 1385.0+244.3 1491.8+340.3 0.086
Table 2 Basal characteristics in females.

Normal (n= 107) NAFLD (n = 39) P
Age (years) 471+11.5 55.6+8.5 <0.0001
Weight (kg) 55.8+6.4 67.2+8.9 <0.0001
BMI (kg/m?) 22.6+2.5 27.1%2.9 <0.0001
Waist-to-hip ratio (cm/cm) 0.87+0.05 0.94+0.05 <0.0001
Body fat mass (kg) 16.3+4.3 23.7+4.3 <0.0001
Body fat percentage (%) 28.8+5.0 34.9+4.3 <0.0001
Systolic blood pressure (mmHg) 116.8+16.7 124.7+13.6 0.008
Diastolic blood pressure (mmHg) 71.5+11.6 76.7+:10.4 0.015
Triglyceride (mg/dl) 98.7+£53.7 150.0+73.2 <0.0001
HDL cholesterol (mg/dl) 57.2x11.4 47.8+£9.0 <0.0001
HOMA 1.46+0.8 2.56*1.1 <0.0001
Uric acid (mg/dl) 4.04+0.75 4.82+1.36 0.002
ALT (1UMn) 16.6+6.8 28.0+19.7 0.008
AST (1U/) 20.0+5.9 25.0+10.7 0.001
CRP (mg/l) 0.72+0.87 1.22+0.92 0.004
Adiponectin (ng/ml) 10.6+4.8 7.2+3.5 <0.0001
Right ankle-brachial index 1.09=0.10 1.11=0.09 0.264
Left ankle-brachial index 1.11£0.09 1.13+0.07 0.324
Right brachial-ankle PWV (cm/s) 1387.3+332.1 1564.9+325.1 0.005
Left brachial-ankle PWV (cm/s) 1390.6+320.1 1553.9+285.0 0.006
Mean brachial-ankle PWV (cm/s) 1388.9£323.5 1559.4+302.9 0.005
with NAFLD as a dependent variable. Age, BMI and and r=—0.393 (P <0.001) respectively) and

HOMA were selected as significant variables in
women. Although adiponetin was not selected in the
final model, there was a tendency of inverse correlation
between NAFLD and serum adiponectin level in females
(P =0.055). In males, the final model for NAFLD
included systolic blood pressure, body fat mass and
HOMA. After adjusting for age, BMI and HOMA,
there was a significant negative correlation between
NAFLD and serum adiponectin levels only in females
(r=—0.22, P=0.008). In addition, serum adiponec-
tin levels were inversely correlated with serum ALT
and GGT levels before (r=—0.344 (P < 0.001)

after adjustment for age, BMI and HOMA value
(r=-0.199 (P =0.004) and r=-—0.282
(P < 0.001) respectively) (Fig. 1) in all subjects. Corre-
lation was not observed between AST, ALP and serum
adiponectin levels.

On the other hand, baPWV in the NAFLD group was
significantly higher than that in the normal group in
females (P = 0.005). After adjusting for age, NAFLD
showed positive correlation with baPWV (r = 0.14,
P = 0.039), and the positive correlation was stronger
in NAFLD with elevated levels of liver enzymes
(r=0.27, P=0.001). Interestingly, individual levels
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Figure 1 Partial correlation graphs between log-transformed adiponectin and log-transformed ALT, AST, ALP and GGT in controlling
for age, BMI and HOMA in all subjects (LOGADIPO: log adiponectin, *P < 0.05).

of serum ALT, AST, ALP and GGT were positively corre-
lated with baPWV before (r=0.272 (P < 0.001),
r=0.321 (P <0.001), r=0.370 (P<0.001) and
r=0.224 (P = 0.001) respectively) and after adjust-
ment for age, sex, BMI, HOMA and systolic blood press-
ure (r=0.244 (P <0.001), r=0.203 (P =0.003),
r=0.216 (P=0.002) and r=0.166 (P=0.016)
respectively) (Fig. 2) in all subjects. However, there
was no significant correlation between adiponectin
levels and PWV.

When NAFLD subjects were compared with 40
selected controls matched for age, sex, BMI and systo-
lic pressure, which were the factors known to affect
adiponectin levels and baPWYV, there were still signifi-
cant differences in adiponectin levels and baPWV
between the NAFLD group and the control group
(6.1x3.5 vs 8.5x4.2pug/ml (P=0.002) and
1544.9+291.6 vs 1407.6+290.0cm/s (P = 0.023)
respectively).

Discussion

Adiponectin, a novel adipocytokine, is highly specific to
adipose tissue and is secreted predominantly from it.

www.eje-online.org

(8). In contrast to other adipocytokines, circulating
adiponetin levels are decreased in the metabolic syn-
drome. Hypoadiponectinemia was documented in sub-
jects with various components of the metabolic
syndrome (9-11). However, the relationship between
adiponectin and NAFLD, which is a component of the
metabolic syndrome, is not well known. As far as we
know, there have been only three reports on that sub-
ject (28-30). Xu's group reported that delivery of
recombinant adiponectin into nonalcoholic ob/ob
mice with fatty liver ameliorated hepatomegaly, steato-
sis and alanine aminotransferase abnormality (28).
Recently, Hui et al. reported that hypoadiponectinemia
is a feature of NASH independent of insulin resistance
(29). According to this report, reduced adiponectin
levels are associated with more extensive necroinflam-
mation and may contribute to the development of
necroinflammatory forms of NAFLD. In our study, the
serum adiponectin level was significantly associated
with NAFLD and various liver enzymes, especially in
females. After adjustment for age, BMI and HOMA,
there was a significant negative correlation between
NAFLD and serum adiponectin level only in females.
We do not know exactly why this relationship is
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Figure 2 Partial correlation graphs between baPWV and log-transformed ALT, AST, ALP and GTT in controlling for age, BMI, HOMA
and systolic blood pressure in all subjects. MPWV, mean brachial-ankle PWV; *P < 0.05.

observed only in females. A possible explanation is the
smaller number of male subjects. The power of the
study may not be enough to detect differences in
men. While Hui et al.’s report mainly focused on steato-
hepatitis, the subjects in our study had normal to mild
hepatic dysfunction. Therefore, possibly more simple
steatosis than steatohepatitis was included in our
study. We found that serum adiponectin levels were
inversely correlated with serum ALT and GGT levels
after adjusting for age, BMI and HOMA value. This
result is compatible with the findings in an apparently
healthy Spanish population (31). Recently, several pro-
spective studies have shown that elevated ALT and GGT
are predictors of the development of type 2 diabetes (32,
33), and it was reported that low serum adiponectin
levels predict the development of type 2 diabetes and
metabolic syndrome (34, 35). In combination, these
reports and our data suggest that adiponectin plays a
role in the pathogenesis of NAFLD or hepatic dysfunc-
tion. Adiponectin is known to stimulate PPAR-q,
which is thought to accelerate fatty acid oxidation
and upregulate the expression of insulin-receptor sub-
strate, increasing insulin utility in various organs
expressing adiponectin receptors, including the liver
(36). Thus, hypoadiponectinemia may result in fat

accumulation in the liver; that is, the development of
fatty liver causing increased transaminase activity
(37). In addition, it was reported that adiponectin pre-
vents LPS-induced hepatic injury by inhibiting the syn-
thesis and/or release of tumor necrosis factor-alpha by
KK-Ay obese mice (38).

PWV is considered a risk marker (22, 23) and prognos-
tic predictor of atherosclerosis (24, 25). baPWV is a
newly developed device using a volume-rendering
method. This instrument determines baPWV with simul-
taneous oscillometric measurement of pulse waves in all
four extremities (39). Because of its technical simplicity
and short sampling time, baPWYV is more appropriate
for screening a large population than previous methods.

Ohnishi et al. reported that there are significant
differences between baPWYV values in normal and
impaired fasting glucose (IFG) groups (40). Yamashina
et al. reported that baPWV in patients with coronary
artery disease (CAD) is significantly higher than in
non-CAD patients (41). Our study found for the first
time that baPWYV is positively associated with NAFLD
and various liver enzymes. NAFLD showed stronger
correlation with baPWV when it was combined with
hepatic dysfunction. These data suggest that NAFL or
hepatic dysfunction by itself may be associated with
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atherosclerosis, which is an important outcome of insu-
lin resistance. However, our study is a cross-sectional
study. Therefore, further studies need to be performed
to determine whether NAFLD by itself results in CVD.

On the other hand, there was no significant corre-
lation between adiponectin levels and PWV. It is poss-
ible that a confounding factor such as age causes the
lack of association between adiponectin and baPWYV.
Contrary to our expectation, old age has a higher
adiponectin level than young age. Actually, after con-
trolling for age, there was a significant negative corre-
lation (r = —0.1829, P = 0.017) between baPWV and
serum adiponectin level in 171 healthy subjects with-
out confounding diseases.

We defined NAFLD as fatty liver on ultrasonography.
Because the reference standard for diagnosing fatty liver
is histopathologic findings, there is concern about the
diagnostic accuracy of using ultrasonography. Yet,
according to a recent review, ultrasound scanning,
when positive, can give a high degree of diagnostic cer-
tainty, depending on the prevalence of fatty liver in the
population being studied (42). Ultrasound is also the
cheapest, safest and most patient-friendly imaging tech-
nique, and it is a reasonable alternative to liver biopsy in
certain circumstances, especially studies conducted on
relatively healthy subjects such as ours.

In conclusion, serum adiponectin level and baPWV
are significantly associated with NAFLD and various
liver enzymes, especially in females. These findings
suggest that adiponectin may play a role in the patho-
genesis of NAFLD, and NAFLD by itself may be associ-
ated with atherosclerosis, which is an important
outcome of insulin resistance.
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