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Background:We investigated the independent and combined impact of obesity and nonalcoholic fatty liver dis-
ease (NAFLD) on components and prevalence of metabolic syndrome in Korean adults.
Methods: This study included 1695 adults (500 males and 1,195 females), who took part in a regular health
check-up at the community-based health promotion center. Participantswere divided according to degree of ad-
iposity and the presence of NAFLD. The components and prevalence of metabolic syndrome were compared.
Results: Fasting glucose was significantly higher in nonobese participants with NAFLD compared to obese partic-
ipantswithout NAFLD. Logistic regression analysis revealed that the presence of NAFLDwas associatedwith 3.63
times increased prevalence of metabolic syndrome (95% CI: 1.21–10.86)while obesity without NAFLDwas asso-
ciated with 3.84 times increased prevalence of metabolic syndrome (95% CI: 1.57–9.36) in male. In female, the
presence of NAFLD was associated with 5.56 times higher prevalence of metabolic syndrome (95% CI: 2.53–
12.23) while obesity without NAFLD had 3.46 times increased prevalence of metabolic syndrome (95% CI:
1.64–7.33).
Conclusions: NAFLD is associated with the prevalence of metabolic syndrome, independent of adiposity. In fe-
males, NAFLD may be a more important factor than obesity for risk of metabolic syndrome.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is a clinicopathological
syndrome that is characterized by accumulation of fat in the liver with-
out significant alcohol abuse [1]. In recent years, the prevalence of
NAFLD has dramatically increased [2], and is the most common cause
of chronic liver disease in the world [3,4].

It has previously been reported that obesity is a significant predictor
of metabolic syndrome [5,6]. Components of metabolic syndrome are
closely linked to obesity and a great deal of attention has been paid to
the relationship between obesity and metabolic syndrome [7–9]. How-
ever, recent studies suggest that NAFLD is an additional feature of met-
abolic syndrome [10,11]. Uchil et al. [12] reported that the prevalence of

metabolic syndrome was significantly higher in people with NAFLD
than people without NAFLD (47% vs. 23%). Esteghamati et al. [13] also
showed that elevated alanine aminotransferase (ALT), another indirect
indicator of fatty liver, was significantly correlated with fasting insulin
and homeostasis model assessment of insulin resistance (HOMA-IR).
The role of insulin resistance in the pathogenesis of NAFLD is supported
by pathophysiologic considerations, laboratory investigations, and clin-
ical associations [14]. Although it is clear that both obesity and NAFLD
contributed to the development of metabolic syndrome, the indepen-
dent and combined association of obesity and NALFD on the prevalence
of metabolic syndrome has not been fully elucidated.

2. Materials and methods

2.1. Study population

This study recruited 1695 participants (500 males and 1,195 fe-
males), who participated in a regular check-up program between
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2004 and 2007 at a community-based health promotion center in Seoul,
Korea. Participants with a history of liver cirrhosis including malig-
nancy, chronic viral hepatitis, auto-immune hepatitis, hereditary hemo-
chromatosis, Wilson's disease and drug-induced liver disease were
excluded. In addition, participants with ALT activities N 40 IU/l and/or
GGT activities N 100 IU/l were excluded to rule out participants who
may have liver diseases other than NAFLD [15]. All participants signed
a consent form prior to participation in the study.

2.2. Anthropometric measurements

Body weight and height were measured to the nearest 0.1 kg and
0.1 cm using an electronic scale and a stadiometer. BMI was defined as
weight/height2 (kg/m2). Waist circumference (WC) was measured at
a point midway between the tenth rib and the iliac crest and recorded
to the centimeter [16]. Blood pressure was measured twice by a skilled
nurse following at least tenminutes of rest, and themean value was re-
corded for study purposes.

2.3. Biochemical measurements

Blood samples were collected after a minimum of 12 h of overnight
fasting. Serum triglycerides (TG), fasting glucose, high density lipopro-
tein cholesterol (HDL-C), total cholesterol (TC) and high sensitive C-
reactive protein (hs-CRP) concentrations were evaluated by an ADVIA
1650 Chemistry analyzer (Siemens). If serum TG concentrations were
b400mg/dl, low density lipoprotein cholesterol (LDL-C) was calculated
using Friedewald's formula [17]. Fasting insulin concentrations were
measured using an Immulite 2000 in immunoradiometric assay (Sie-
mens). Insulin resistance was calculated by HOMA-IR [18], where
HOMA-IR = [fasting insulin (μIU/ml) ∗ fasting glucose (mmol/l)/22.5].

2.4. Sonographic evaluation

Experienced technicians used abdominal ultrasonography with a
5 MHz transducer and a high-resolution B-mode scanner (ALOKA
SSD-650CL) to diagnose fatty liver disease according to the following
four criteria including vascular blurring, deep-echo attenuation,
hepatorenal echo contrast and the brightness of liver [19]. The overall
gain, initial gain, and time gain compensation settings were kept within
a narrow range and all ultrasonography images were stored as photo-
copies. Gastroenterologists reviewed the photocopies and made the di-
agnosis of fatty liver. Fatty infiltration was classified qualitatively based
on the severity of fatty liver disease according to subjective assessment
of the contrast between the hepatic parenchyma and the renal cortex, in
terms of echo intensity [20].

2.5. Definitions

This study used class III obesity classification based on the World
Health Organization (WHO) criteria for Asians [21], where a BMI ≥ 25
is considered obese, and a BMI b 25 is nonobese. Metabolic syndrome
was defined according to the modified National Cholesterol Education
Program Adult Treatment Panel III (NCEP-ATP III) [22] and the Korean
Society for the Study of Obesity criteria [23]. Participants who met
three or more of the following criteria were diagnosed with metabolic
syndrome: blood pressure ≥ 130/85 mm Hg or use of anti-
hypertensive medication by a patient with a history of hypertension;
fasting glucose ≥ 100 mg/dl or use of medication to treat elevated glu-
cose, triglycerides ≥ 150mg/dl or use ofmedication to treat high triglyc-
erides; HDL-cholesterol ≤ 40 mg/dl in males and ≤50 mg/dl in females,
or use of medication to treat low HDL-cholesterol concentrations;
WC ≥ 90 cm in males and ≥85 cm in females.

2.6. Statistical analysis

Data were analyzed using SPSS 21.0 software. Values were
expressed as the mean ± SD for normally distributed variables or as
numbers (percentage). An independent t-test was used to compare
baseline characteristics between participants with and without
NAFLD. Comparisons between participants with and without NAFLD
and according to BMI levels were performed using analysis of variance
(ANOVA), followed by a post hoc Scheffe for males and analysis of co-
variance (ANCOVA) with post hoc Bonferroni for females. To determine
the combined impact of adiposity and NAFLD, we classified participants
into 4 groups according to their BMI (≥25 vs. b 25) and NAFLD diagnosis
(Yes/No) as follows; nonobese without NAFLD; nonobese with NAFLD;
obese without NAFLD; and obese with NAFLD. P-values less than 0.05
were considered significant. Odds ratios (ORs) and 95% confidence in-
tervals (CIs) for risk factors of metabolic syndrome were calculated
using a standard logistic regression model adjusted for age in males,
and age and menopausal status in females.

3. Results

3.1. General characteristics of participants

A total of 1695 participants (500males and 1,195 females), including
347 participants (20.5%) with NAFLD (143 males, 28.6%; 204 females,
17.8%), were included in the final analysis. Anthropometric and bio-
chemical characteristics of participants at baseline are described in
Table 1.Weight, BMI,WC, fasting glucose, TC, TG, ALT, GGT, fasting insu-
lin andHOMA-IRwere significantly higher andHDL-cholesterol concen-
trations were lower in males with NAFLD compared to those without
NAFLD at baseline (P b 0.05). Age, weight, BMI, WC, SBP, DBP, fasting
glucose, TC, TG, LDL-C, ALT, GGT, fasting insulin, and HOMA-IRwere sig-
nificantly higher, while HDL-C was lower, in females with NAFLD com-
pared to those without NAFLD.

3.2. Relationship between NAFLD, components of metabolic syndrome and
insulin resistance in males

Nonobese participants with NAFLD had significantly higher BMI,
fasting glucose, TG, ALT and lower HDL-C compared to those without
NAFLD (Table 2). In addition, fasting glucose was statistically higher
in the nonobese group with NAFLD compared to the nonobese and
obese participants without NAFLD. The obese participants with
NAFLD had statistically higher TG, fasting insulin and HOMA-IR com-
pared to the obese group without NAFLD, despite a similar BMI be-
tween the two groups. Since there was a statistical difference in BMI
among groups, additional analyses were performed after controlling
for BMI. However, only minor differences were observed, even after
controlling for BMI.

3.3. Relationship between NAFLD, components of metabolic syndrome and
insulin resistance in females

Since participants with NAFLD had higher BMI and age, all analyses
were performed after controlling for these two parameters (Table 3).
The nonobese participants with NAFLD had statistically higher fasting
glucose, TG, ALT, GGT, fasting insulin and HOMA-IR, as well as lower
HDL-C compared with both the nonobese and obese groups without
NAFLD. Among obese participants, those with NAFLD had significantly
higher fasting glucose, ALT, GGT and hs-CRP compared to thosewithout
NAFLD. Interestingly, obese participants without NAFLD had signifi-
cantly lower fasting glucose, TG, ALT, and GGT and higher HDL-C com-
pared to nonobese participants with NAFLD.
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