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Very-low-fat diets may be associated with increased risk of metabolic
syndrome in the adult populationQ5
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Background & aims: Although fat intake has often been targeted to decrease the prevalence of metabolic
syndrome; however decreasing dietary fat intake has not had this result. We studied the association
between fat intake and the prevalence of metabolic syndrome in adults using KNHANES 2007e2013
data, a representative sample of the non-institutionalized civilian population.
Methods: This cross-sectional study included 34,003 Korean adults aged �19 years. Adjusted odds ratios
(OR) for the components of metabolic syndrome were measured according to fat intake (�15, 15e25,
�25% of daily energy intake) while controlling for covariates that affect metabolic syndrome using linear
and logistic regression analysis while incorporating the sample weights for the complex sample design of
the survey.
Results: Surprisingly, the prevalence of metabolic syndrome was significantly higher in the �15% fat
intake group (OR ¼ 1.277), accompanied by lower daily energy intake compared to the reference group
(�25% fat intake). Higher daily fat intake was associated with significantly lower ORs for four compo-
nents of metabolic syndrome, except diabetes mellitus, using continuous variable analysis, whereas only
three serum components (serum HDL, serum triglyceride, and blood pressure) exhibited significantly
higher ORs in the lowest tertile of dietary fat intake (�15%) compared with the reference group (�25%
fat-intake tertile). Subjects in a low-fat intake group had about 5.4 g polyunsaturated fatty acid/day that
did not meet the recommended intake. Consumption of grain groups was a significant predictor of low
fat intake, whereas milk food groups were significant predictors of not having low fat intake. Subjects in
the low-fat group (�15%) had much lower daily energy intake, by 500 kcal, compared with subjects who
consumed high-fat diets (�25%). All nutrients except carbohydrates had significantly lower mean values
in the low-fat-intake group as compared to the high-fat-intake group.
Conclusions: Low fat intake, <15%, was associated with a higher incidence of metabolic syndrome in the
adult population, despite the daily energy intakes being lower by 500 kcal; this may be related to lower
intake of various nutrients other than carbohydrates.

© 2015 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

Metabolic syndrome is defined by the presence of related
cardiovascular disease risk factors including: insulin resistance,

abdominal obesity, dyslipidemia, hypertension, and a pro-
inflammatory state [1]. Metabolic syndrome has been linked to
the development of type 2 diabetes mellitus, atherosclerosis, some
cancers, and a profoundly increased risk of morbidity and mortality
[2]. Lifestyle interventions remain the primary mode of therapy for
metabolic syndrome. Some risk factors, including high-fat diet,
inactivity and estrogen deficiency, are well characterized [3]. Di-
etary patterns are important modifiable factors that may be useful
for preventing the development of metabolic syndrome. However,
the relationship between the metabolic syndrome and dietary
patterns has not been fully elucidated, although a high-fat diet,

* Corresponding author. Department of Preventive Medicine, Soonchunhyang
University, 22 Soonchunhyang-Ro Shinchang-Myun, Asan 336-745, South Korea.
Tel.: þ82 10 5437 0531.

E-mail address: bklee@sch.ac.kr (B.-K. Lee).
1 Sunmin Park and Jaeouk Ahn are equally contributed to this work.

Contents lists available at ScienceDirect

Clinical Nutrition

journal homepage: ht tp: / /www.elsevier .com/locate/c lnu

http://dx.doi.org/10.1016/j.clnu.2015.09.010
0261-5614/© 2015 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

Clinical Nutrition xxx (2015) 1e9

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

YCLNU2651_proof ■ 16 October 2015 ■ 1/9

Please cite this article in press as: Park S, et al., Very-low-fat diets may be associated with increased risk of metabolic syndrome in the adult
population, Clinical Nutrition (2015), http://dx.doi.org/10.1016/j.clnu.2015.09.010

mailto:bklee@sch.ac.kr
www.sciencedirect.com/science/journal/02615614
http://www.elsevier.com/locate/clnu
http://dx.doi.org/10.1016/j.clnu.2015.09.010
http://dx.doi.org/10.1016/j.clnu.2015.09.010
http://dx.doi.org/10.1016/j.clnu.2015.09.010


which leads to obesity and dyslipidemia, is a widely accepted risk
factor for metabolic syndrome [4,5].

The traditional Asian diet is characterized as high in carbohy-
drates, with an abundance of vegetables, and has been considered
beneficial for preventing metabolic syndrome in the Asian popu-
lation [5,6]. However, the Westernization of lifestyle and dietary
patterns may result in increased prevalence of metabolic syndrome
in Asian countries. Fat consumption rose remarkably, from 7.2% to
19.0% of total energy consumption, between 1969 and 1998 in
Korea [7,8]. Although during that time period the prevalence of
metabolic syndrome had not been measured in the population, this
increase is believed have contributed to the incidence of metabolic
syndrome components. Fat intake has not markedly increased in
KNHANES data since 1998, remaining at about 17e19% of total
energy intake, although some parts of population have markedly
increased their fat intake [7,8]. Interestingly, the incidence of
metabolic syndrome increased markedly in Korea, by 6.5%, be-
tween 1998 and 2007, whereas from 2008 to 2012 it increased
slowly, by 1.1% [7e9]. These results have suggested that an increase
in fat intake to an average of ~20% may not promote metabolic
syndrome. Previous studies have demonstrated that high carbo-
hydrate intake (>60% of energy) increases the risk of metabolic
syndrome in middle-aged Korean type 2 diabetic women [3], and
high-carbohydrate diets (>57.4% of energy in men and >59.1% of
energy in women) are associated with a low serum HDLecholes-
terol concentration in US men and high serum triglyceride in US
women [10]. However, pregnant Korean women have higher fat
intake (about 28% of energy intake) during pregnancy, and women
with higher fat intake are more likely to develop gestational dia-
betes [11,12]. Thus, the role of dietary fat consumption in the
development of metabolic syndrome in Koreans is not clear.

Furthermore, US NHANES data indicate that the prevalence of
metabolic syndrome components including obesity, high blood
pressure, dyslipidemia, and diabetes increased from 1982 to 2006
in adults [13,14]. However, the intake of energy, saturated fat,
polyunsaturated fat, and cholesterol did not change markedly
between 1988 and 2008 in US adults aged 20e74 years; indeed, it
was higher during 1971e1980 than during 1988e2008 [15]. On
the other hand, the prevalences of obesity and insulin resistance
increased substantially over 17 years in association with increases
in the percent of total fat and protein in the diets of adults aged
�25 years in the Framingham Heart Study Offspring Cohort
(1991e2008) [16]. Furthermore, there are ethnic differences in
macronutrient intake, and these may exert different influences on
the development in metabolic syndrome [17]. Thus, the amount of
fat and carbohydrate intake that is beneficial for reducing meta-
bolic syndrome remains unclear.

However, in nutritional education, high fat intake is considered
the major cause of metabolic diseases because it is associated with
a higher incidence of metabolic syndrome in Western countries
[18]. Some people in Korea try to consume food that is lower in fat,
but they may not have consumed as much fat as they need. The
Korean dietary reference intake (KDRI) recommends fat con-
sumption of around 25% of energy intake [19]. Some people
consume too little fat, far below the KDRI recommendation, which
results in diets high in carbohydrates and low in proteins [7,8].
Asians, including Koreans, have historically consumed high-
carbohydrate, low-fat diets. Researchers have considered that this
dietary pattern may not be beneficial in reducing the risk of
metabolic syndrome. Therefore, we hypothesized that different fat
intakes modified the components of metabolic syndrome in Korean
adults. We studied the association between fat intake and the
prevalence of metabolic syndrome in adults �19 years of age using
the KNHANES 2007e2013 data, a representative sample of the non-
institutionalized civilian population.

2. Methods

2.1. Design and data collection

This study utilized data obtained from the Korea National Health
and Nutrition Examination Survey (KNHANES) 2007e2013, which
includes KNHANES IV (2007e2009), KNHANES V (2010e2012) and
KNHANES VI (2013) surveys. KNHANES surveys are conducted
annually using a rolling sampling design that involves a complex,
stratified, multistage probability-cluster survey of a representative
sample of the non-institutionalized civilian population in South
Korea. The KNHANES is a large representative population study
with rigorous quality controls. The survey is performed by the
Korean Centers for Disease Control and Prevention and the Korean
Ministry of Health and Welfare. It has three components: a health
interview, a health examination, and a nutrition survey. The survey
was approved by the Institutional Review Board of the Korean
Centers for Disease Control and Prevention (approval nos. 2008-
04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C and 2013-
07CON-03-4C).

The present cross-sectional analysis was restricted to adults
�19 years of age who completed the health examination survey
and the nutrition survey (n ¼ 34,003). Detailed descriptions of
the design of the survey have been reported previously [20].
Briefly, the participants ages, education, smoking histories and
alcohol intakes were obtained during the health interview.
Height and weight measurements were performed, with the
participants wearing light clothing and no shoes. Body mass in-
dex (BMI) was calculated as weight in kilograms divided by the
square of the height in meters (kg/m2). Obesity was categorized
into three groups according to the Asian obesity definition by
recommended by International Obesity Task Force and the World
Health Organization (WHO) Regional Office for the Western Pa-
cific Region [21,22]: lean (BMI < 18.5), normal (18.5 � BMI < 25),
and obese (BMI � 25). Age reported at the time of the health
interview was categorized into five groups. Area of residence was
categorized into urban (administrative divisions of a city) and
rural areas (not classified as administrative divisions of a city).
Income level was categorized into four quartile groups (1st
Qe4th Q). Education level was categorized into three groups:
below high school, high school, and college or higher. Occupation
was categorized into four groups: clerical, manual, technical, and
unemployed.

Smoking status was divided into three categories: current
smoker, past smoker and never-smoker. Smoking status was
defined based on self-reported cigarette use: never-smokers had
smoked less than 100 cigarettes in their lifetime; participants who
had smoked 100 ormore cigarettes were considered past or current
smokers, based on current tobacco use. Alcohol consumption was
assessed by asking the participants about their drinking behavior
during the month prior to the interview, including their average
frequency (days per month) of alcoholic beverage consumption and
amount (in mL) of alcoholic beverages ingested on a single occa-
sion. The responses were converted into the amount of pure alcohol
(in grams) consumed per day. Alcohol consumption status was
categorized into four groups according to average daily alcohol
consumption: nondrinkers, and light (1e15 g), moderate (16e30 g),
and heavy (>30 g) drinkers.

Regular exercise was defined as regular exercising�30min at a
time at least five times per week, as moderate exercise activities
(swimming slowly, playing doubles tennis or volleyball, and
participating in occupational or recreational activities while car-
rying light objects), or for �20 min at a time at least three times
per week in vigorous exercise activities (running, climbing,
cycling fast, swimming fast, playing football, basketball, squash or
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