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Abstracts 

Background:  Although previous studies have established a close relationship between caloric intake and metabolic 
syndrome, there is limited research exploring the impact of meal frequency adjusted by caloric intake on metabolic 
syndrome (MetS).

Objective:  To evaluate the association of meal frequency and MetS after adjusting for confounding factors including 
caloric intake in Korean men and women.

Methods:  We analyzed the national representative data of a total 12,389 adults (5171 men, 7218 women) from the 
Korean National Health and Nutrition Examination Survey (KNHANES) 2010–2012. Subjects were categorized as eating 
3 meals/day (MF3) or 2 or fewer meals/day (MF ≤ 2). Daily caloric intake was calculated using CAN-Pro 4.0 (The Korean 
Nutrition Society, Seoul, Korea).

Results:  The prevalence of components of MetS differed significantly according to meal frequency in both men and 
women. In an unadjusted analysis, the prevalence of MetS in women was significantly higher in the MF3 group than 
the MF ≤ 2 group (27.5% vs. 17.8%, P < 0.001), whereas the prevalence of MetS in men did not differ between the 
MF3 and MF ≤ 2 groups (24.6% vs. 22.7%, P = 0.281). However, after adjusting for age, caloric intake, smoking status, 
alcohol consumption, physical activity, income, and education level, men in the MF ≤ 2 group had an increased risk of 
metabolic syndrome compared to men in the MF3 group (OR = 1.37, 95%, CI = 1.12–1.67). On the other hand, meal 
frequency did not affect the risk of metabolic syndrome in women after adjusting for confounding factors including 
caloric intake (OR = 1.09, 95%, CI = 0.90–1.31).

Conclusions:  This study suggests that lower meal frequency adjusted for caloric intake, physical activity, age, smok‑
ing, alcohol, income, and education may be associated with increased risk of MetS in Korean men.
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Background
Metabolic syndrome (MetS) is a cluster of factors associ-
ated with an increased risk of developing cardiovascular 
disease (CVD) and type 2 diabetes [1]. MetS is known to 
be a complex interaction among genetic, metabolic, and 
environmental factors such as physical activity and diet 
[2]. Over the last several decades, the prevalence of MetS 
has increased, and it has become a major public health 
concern worldwide, including in Korea [3]. Identify-
ing ways to reduce the risk of MetS is very important to 
public health. Among modifiable environmental factors, 
dietary habits are of central importance in the prevention 
and treatment of MetS.

Although the modern Westernized lifestyle is charac-
terized by irregular meal pattern such as skipped meals, 
consumption of 3 meals/day is the most common pattern 
of eating. Also, there is a long-held belief that three reg-
ular meals consumption per day are beneficial to meta-
bolic health and therefore is recommended to the general 
population, although there is limited scientific evidence 
to support this recommendation. In addition, research 
about relationship between dietary pattern and MetS is 
limited [4–6].

Several epidemiologic and clinical data suggest that 
regular meal patterns appear beneficial to metabolic 
profiles. Sierra-Johnson et  al. reported that, in a popu-
lation-based study of 3607 individuals, aged 60  years, 
eating regular meals was associated with a lower risk of 
MetS and insulin resistance compared to that in irregular 
eaters who eat 1 or 2 meals/day [7]. A study of Finnish 
adolescents found that 5 meals/day had a reduced risk 
of being overweight/obese in both genders and reduced 
abdominal obesity in boys compared to 4 or fewer meals/
day [8]. Carlson et  al. reported that consuming 1 meal/
day without calorie restriction during a 2-month period 
exhibited elevated fasting plasma glucose and impaired 
glucose tolerance associated with a delayed insulin 
response compared to those consuming 3 meals/day [9].

On the other hand, other studies suggest that sub-
jects who have reported reduced meal frequency appear 
beneficial health outcomes [10]. Intermittent fasting 
has attracted much attention worldwide because it can 
increase longevity in animals and also has beneficial 
effects on risk factors for CVD and several other dis-
eases including cancer, diabetes, and neurologic disor-
ders [11–13]. Several studies related to Ramadan fasting 
as a unique natural model of intermittent fasting, showed 
improvements in risk profiles of CVD [14]. As a result, 
reduced meal frequency by intermittent fasting sup-
ported an association between lower meal frequency and 
reduced risk of MetS. Although the question of whether 
the effects of reduced meal frequency are the result of 
caloric restriction or fasting itself is not resolved, at least 

some of the beneficial effects of intermittent fasting are 
suggested to be independent of calorie intake [15].

Caloric intake has been established as the most fun-
damental factor for longevity and health outcome. Thus, 
research exploring the effects of meal frequency should 
consider caloric intake at the same time because the 
effect of meal frequency on MetS would be difficult to 
isolate from any effect induced by calorie restriction. 
Therefore, we evaluated the association between meal 
frequency adjusted by caloric intake and MetS using a 
large nationally representative dataset. We hypothesized 
that, in the general population, eating 3 meals/day would 
be associated with a different risk of MetS than eating 2 
or fewer less meals/day after adjusting for confounding 
factors including caloric intake.

Methods
Study design and subjects
The datasets used in this study originated from the fifth 
KNHANES (2010–2012), which is a national survey pro-
gram that has been assessing the health and nutritional 
status of Koreans since 1998. The survey combines health 
and dietary interviews with standardized physical exami-
nations and laboratory tests to provide a broad perspec-
tive on health risk behaviors and indicators, and chronic 
diseases. A total of 21,595 individuals took part in the 
KNHANES 2010–2012 (2010, n = 7542; 2011, n = 7252; 
2012, n = 6801).

We excluded subjects younger than 19  years of age 
(n = 5365), and those who fasted less than 8 h and missed 
fasting plasma glucose level (n = 572). Of the remaining 
15,658 subjects, we further excluded 2487 participants 
who reported variable meal frequency. Answers to meal 
frequency questions were missing in a small number of 
subjects (n =  4). Those with incomplete data reporting 
MetS components (n  =  778) were also excluded. Ulti-
mately, 12,389 participants were included in this analy-
sis (Fig. 1). The study was approved by the Institutional 
Review Board of the Korea Centers for Disease Con-
trol and Prevention (KCDC), and written consent was 
obtained from all participants [16].

Meal frequency and dietary assessment
A ‘meal’ was defined as one of the main eating occasions 
of the day, nominally occurring in the morning (‘break-
fast’), at mid-day (‘lunch’), and in the evening (‘dinner’). 
Meal frequency was determined based on the dichoto-
mous response (yes/no) to the question ‘Did you eat 
breakfast/lunch/dinner yesterday and the day before 
yesterday?’. We only selected patients who reported the 
same meal frequency for both 2  days. For example, we 
excluded individuals who ate three meals one day and 
two meals on the other day. Nutritional information 
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was collected using a 24-h dietary recall and food ques-
tionnaire, and was administered by well-trained dietary 
interviewers from the National Health Industry Develop-
ment Institute. Daily energy and nutrient intake, includ-
ing intake of total calories (kcal/day), carbohydrates (g/
day), protein (g/day) and fat (g/day), were assessed. Total 
energy intake was calculated based on the individual 24-h 
dietary recall method considering all foods including 
snacks which consumed during one day in the previous 
day. This method was validated in Korea and published 
by the Rural Department Administration Korean Minis-
try of Food, Agriculture, Forestry, and Fisheries. For anal-
yses, individuals were categorized as eating: 3 meals/day 
(MF3) or 2 or fewer meals/day (MF ≤ 2). The number of 
eating occasions was limited to only two categories due 
to the small number of people who were eating 2 or fewer 
meals/day.

The definition of MetS and other covariates
The presence of MetS was defined using a revised ver-
sion of the ATP III criteria [17]. We defined subjects with 
MetS as those who met three or more of the following 
criteria: (1) high blood pressure (BP), ≥  130/85  mmHg 
or use of anti-hypertensive agents; (2) hypertriglyc-
eridemia, ≥  150  mg/dL (1.693  mmol/L); (3) low HDL-
C, <  40  mg/dL (1.034  mmol/L) in men and  <  50  mg/
dL (1.293  mmol/L) in women; (4) high fasting glucose, 
≥  100  mg/dL (5.6  mmol/L); (5) waist circumference 
(WC)  >  90  cm in men or >  80  cm in women. Trained 
medical staff measured height and weight to the nearest 
0.1  cm and 0.1  kg, respectively, following standardized 
procedures in mobile examination centers. Body mass 
index (BMI) was calculated as weight divided by height 
squared (kg/m2), and WC was measured at the midpoint 

between the inferior margin of the last rib and iliac crest 
in a horizontal plane, according to the World Health 
Organization guidelines.

Lifestyle and social factors were defined according to 
criteria of KNHANES. Smoking status was classified as 
never smoked or current smoker. Current smokers were 
defined as subjects who had smoked ≥ 100 cigarettes and 
were still smoking. Never smoker category contained 
former smokers. Alcohol consumption was regarded 
‘yes’ if over one glass of alcohol per month in recent year. 
Regular physical activity was defined as at least 30 min/
day for 5  days or more a week with moderate intensity. 
Moderate-intensity activities were defined as those caus-
ing a slight increase in heart rate and breathing compared 
with sedentary activities. Household income was classi-
fied into low, middle, and high income groups and was 
calculated by dividing the household monthly income 
by the square root of the household size [18]. Education 
level was grouped into elementary school graduate, mid-
dle school graduate, high school graduate, and college 
graduate or more.

Statistical analysis
All the statistical analyses were performed using the Sta-
tistical Package for Social Sciences, version 17.0 (SPSS 
Inc., Chicago, IL, USA). All analyses were performed 
separately for men and women. Differences in anthro-
pometric characteristics, biochemical metabolic param-
eters and nutrient intakes according to meal frequency 
were compared using Student’s t test or Chi square test 
as appropriate. Differences in MetS prevalence according 
to meal frequency were compared using the Chi square 
test. Multivariate logistic regression analysis stratified 
by gender was used to estimate the association between 
meal frequency and MetS. We constructed four multivar-
iable regression models to explore potential confound-
ers. The first model controlled for age. The second model 
consisted of total calorie intake to evaluate the associa-
tions between meal frequency and MetS when there was 
no difference in calorie intake. The third model consisted 
of smoking status, alcohol consumption and physical 
activity, while the fourth model was further adjusted for 
income and education level.

Results
General characteristics of study populations
Anthropometric, biochemical and metabolic param-
eters according to meal frequency in men and women 
are shown in Table 1. Men in the MF3 group were older 
(P < 0.001) and had a lower BMI (P < 0.001) and higher 
systolic blood pressure (SBP) (P =  0.0018) than men in 
the MF ≤  2 group. In addition, men in the MF3 group 
were less likely to consume alcohol or smoke and had 

21,595

Less than 8 hours fasting or missing data 
for fasting plasma glucose (n=572)

Missing data on metabolic syndrome 
components (n=778)

Changed meal frequency each two days
(n=2,487)

Age <20 (n=5,365)

Missing data on meal frequency (n=4)

12,389

14,876

15,654

15,658

16,230

Exclusions: 

Fig. 1  Selection of study sample from total number of participants
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significantly higher serum fasting glucose (P  <  0.001), 
HbA1c (P  <  0.001), BUN (P  <  0.001), and uric acid 
(P =  0.003) and lower total cholesterol (P =  0.032) and 
ALT (P = 0.025) than those in the MF ≤ 2 group.

In women, MF3 group were older (P  <  0.001) and 
had significantly higher WC (P  <  0.001), higher BMI 
(P  =  0.011), SBP (P  <  0.001), and DBP (P  <  0.001). 
Women in MF ≤  2 group were more likely to consume 
alcohol and smoke more. For men and women, education 

level and regular physical activity were not significantly 
different between the two groups.

Daily nutrient and energy intake in the MF3 group and 
MF ≤ 2 group are shown in Table 1. In men, total energy 
and carbohydrate intakes were significantly higher in the 
MF3 group than in the MF ≤ 2 group (P < 0.001, respec-
tively). On the other hand, in women, total energy, car-
bohydrate, and protein intake were significantly higher in 
the MF3 group than in the MF ≤ 2 group (P < 0.001). In 

Table 1  Baseline characteristics of the study population according to the meal frequency

Values are N, mean (SE) or N, percentage (SE) unless otherwise indicated

MF meal frequency, WC waist circumference, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, FPG fasting plasma glucose, T-cholesterol 
total cholesterol, HDL-C high density lipoprotein-cholesterol, LDL-C low density lipoprotein-cholesterol, BUN blood urea nitrogen, AST aspartate aminotransferase, ALT 
alanine aminotransferase, HOMA-IR homeostasis model assessment-insulin resistance

Male Female

MF ≤ 2
(n = 784)

MF3
(n = 4387)

P MF ≤ 2
(n = 1169)

MF3
(n = 6049)

P

Anthropometric parameters

 Age (years) 36.70 (0.45) 48.35 (0.32) < 0.0001 39.45 (0.48) 49.76 (0.31) < 0.0001

 WC (cm) 84.88 (0.47) 84.08 (0.19) 0.1119 76.39 (0.41) 78.73 (0.21) < 0.0001

 BMI (kg/m2) 24.60 (0.17) 23.94 (0.06) 0.0003 22.97 (0.17) 23.43 (0.07) 0.0111

 SBP (mmHg) 118.31 (0.65) 120.49 (0.31) 0.0018 111.39 (0.52) 117.02 (0.35) < 0.0001

 DBP (mmHg) 78.93 (0.52) 78.36 (0.25) 0.3175 72.22 (0.34) 73.51 (0.17) 0.0004

 Economic status (income) < 0.0001

 Low (%) 3.5 (0.59) 15.0 (0.68) 12.3 (1.19) 29.9 (0.94)

 Middle-low (%) 6.5 (0.97) 11.6 (0.61) 9.9 (1.19) 10.6 (0.52)

 Middle-high (%) 44.9 (2.15) 38.8 (0.98) 41.2 (1.99) 31.9 (0.87)

 High (%) 45.1 (2.16) 34.5 (1.04) 36.6 (1.89) 27.6 (0.99)

 Highest education level 0.0700 0.0074

 ≤ Elementary school (%) 29.6 (2.25) 24.7 (0.91) 27.9 (1.77) 26.1 (0.85)

 Middle school (%) 26.4 (1.90) 26.0 (0.93) 26.9 (1.65) 24.3 (0.72)

 High school (%) 20.8 (1.81) 25.6 (0.87) 26.6 (1.84) 25.2 (0.74)

 ≥ College (%) 23.2 (1.91) 23.6 (0.90) 18.7 (1.49) 24.4 (0.84)

 Alcohol intake, n (%) 79.3 (1.74) 72.7 (0.86) 0.0006 50.5 (1.74) 35.6 (0.87) < 0.0001

 Current smoking, n (%) 60.5 (2.03) 37.6 (0.94) < 0.0001 13.2 (1.44) 3.2 (0.32) < 0.0001

 Physical activity, n (%) 9.1 (1.23) 10.1 (0.61) 0.4602 7.4 (0.91) 8.7 (0.47) 0.1608

Biochemical metabolic parameters

 FPG (mg/dL) 94.73 (0.63) 99.93 (0.42) < 0.0001 93.80 (0.76) 95.71 (0.35) 0.0220

 T-cholesterol (mg/dL) 190.77 (1.62) 186.98 (0.73) 0.0318 186.39 (1.29) 190.42 (0.59) 0.0049

 Triglyceride (mg/dL) 150.55 (5.67) 154.03 (2.30) 0.5660 107.63 (2.94) 114.61 (1.30) 0.0255

 HDL-C (mg/dL) 49.45 (0.46) 49.47 (0.25) 0.9670 56.94 (0.43) 54.75 (0.22) < 0.0001

 LDL-C (mg/dL) 115.74 (2.30) 113.96 (1.13) 0.4896 109.79 (2.21) 114.09 (1.12) 0.0926

 HbA1C (%) 5.62 (0.03) 5.85 (0.02) < 0.0001 5.60 (0.03) 5.78 (0.02) < 0.0001

 Insulin 10.85 (0.38) 10.23 (0.17) 0.1340 10.51 (0.28) 10.38 (0.14) 0.6805

 HOMA-IR 2.59 (0.12) 2.56 (0.05) 0.8071 2.47 (0.08) 2.50 (0.05) 0.7380

Nutrient intakes

 Total energy (kcal) 2306.73 (45.82) 2519.23 (19.08) < 0.0001 1569.86 (24.17) 1782.80 (12.14) < 0.0001

 Carbohydrate (g/day) 321.21 (5.13) 388.40 (2.58) < 0.0001 246.92 (3.77) 308.24 (1.99) < 0.0001

 Protein (g/day) 88.09 (2.53) 91.76 (0.96) 0.1662 57.52 (1.11) 63.54 (0.62) < 0.0001

 Fat (g/day) 57.09 (1.81) 52.22 (0.86) 0.0154 37.66 (1.02) 33.90 (0.48) 0.0004
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both men and women, fat intake was significantly higher 
in the MF ≤  2 group than the MF3 group (P =  0.015, 
P = 0.0004). Although women consumed fewer calories, 
they consumed higher proportions of carbohydrates than 
men in both groups (MF3 group; 69% vs. 62%, MF ≤  2 
group; 63% vs. 56%, respectively).

In addition, we compared the data of a total 12,389 
adults older than 19  years of age (5171 men, 7218 
women) who were included and 3841 (1358 men, 2483 
women) who were excluded. Those in the included group 
were older (46.7 years vs. 43.6 years) than those who were 
excluded. Furthermore, included subjects showed higher 
BP, fasting glucose (97 vs. 96  mg/dL) and HbA1c (5.7% 
vs. 5.6%), and lower HDL-C (49.5 vs. 50.5 mg/dL). Total 
energy, carbohydrate, and protein intake were signifi-
cantly higher in included subjects than excluded subjects. 
The prevalence of MetS was higher in included subjects 
than excluded subjects (27% vs. 22%, P < 0.001). On the 
other hand, BMI, total cholesterol, LDL-C, and triglycer-
ide were not significantly different between two groups. 
In the aspect of lifestyle factors, there was no signifi-
cant difference in alcohol intake, but excluded subjects 
were more likely to smoke and have less regular physical 
activity.

Prevalence of MetS according to meal frequency
Prevalence of overall MetS and each component of MetS 
are presented in Table  2. The prevalence of MetS was 
higher in women in the MF3 group than women in the 
MF ≤  2 group (27.5% vs. 17.8%, P  <  0.001). However, 
the prevalence of MetS in men did not differ between 
the MF3 group and the MF ≤ 2 group (24.6% vs. 22.7%, 
P  =  0.281). In men, central obesity was more com-
mon in the MF ≤  2 group than the MF3 group (29.3% 
vs. 24%), whereas high BP and high fasting plasma glu-
cose were significantly more common in the MF3 group 
than the MF ≤ 2 group (44.1% vs. 32.8%, 34.1% vs. 24%, 
respectively). In women, all components of MetS were 
significantly more common in the MF3 group than the 
MF ≤  2 group, although borderline significant for the 

high fasting plasma glucose. Prevalence of the number of 
MS components in MF3 group and MF ≤  2 group are 
shown in Fig. 2. In both men and women of MF3 group, 
decreasing prevalence of the number of MS components 
was observed (men 26.0, 25.7, 23.6, 14.8, 7.9 and 2.0%; 
women 30.6, 23.2, 18.7, 14.6, 9.0 and 3.9%, respectively). 
MF ≤ 2 group also shown decreasing prevalence of the 
number of MS components (men; 34.5, 24.9, 17.9, 13.9, 
7.5 and 1.3%; women 41.1, 27.0, 14.1, 9.8, 5.8 and 2.3%, 
respectively).

Table 2  Prevalence of components of metabolic syndrome according to the meal frequency

MF meal frequency, MetS metabolic syndrome, TG triglycerides, HDL high-density lipoprotein BP blood pressure, FPG fasting plasma glucose

Male Female

MF ≤ 2 MF3 P MF ≤ 2 MF3 P

MetS prevalence (%) 207 (22.7%) 1231 (24.6%) 0.2814 238 (17.8%) 1837 (27.5%) < 0.001

Central obesity (%) 236 (29.3%) 1137 (24.0%) 0.0146 410 (31.7%) 2769 (43.1%) < 0.001

High TG (%) 286 (35.3%) 1671 (36.7%) 0.4629 228 (18.4%) 1444 (22.5%) 0.0058

Low HDL-C (%) 145 (17.3%) 942 (19.8%) 0.1492 349 (29.6%) 2300 (36.5%) 0.0002

High BP (%) 301 (32.8%) 2239 (44.1%) < .0001 288 (19.4%) 2436 (34.6%) < 0.001

High FPG (%) 220 (24.0%) 1748 (34.1%) < .0001 252 (19.8%) 1548 (23.0%) 0.0503

(1) Male

(2) Female

Fig. 2  Prevalence of the number of metabolic syndrome compo‑
nents in subjects who eat three meals per a day (MF3) and those who 
eat 2 or fewer meals/day (MF ≤ 2)
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Associations between meal frequency and MetS 
after adjusting for total caloric intake and other covariates
Multiple logistic regression analysis with presence or 
absence of MetS as the dependent variable is shown 
in Table  3. Compared to men in the MF3 group (refer-
ence), men in the MF ≤ 2 group had an increased risk of 
MetS after adjusting for age and total calorie consump-
tion (OR = 1.37, 95% CI = 1.13–1.66). Furthermore, after 
further adjustment for smoking status, alcohol consump-
tion, physical activity, income, and education level, the 
MF ≤  2 group had a higher risk of MetS than the MF3 
group (OR =  1.37, 95% CI =  1.12–1.67). On the other 
hand, meal frequency was not associated with a risk of 
MS in women after adjusting for confounding factors 
including caloric intake.

Discussion
In this study, we found that lower meal frequency was 
associated with increased MetS in Korean men, after 
adjusting for confounding factors including total calorie 
intake per day and physical activity. Most of the partici-
pants in KNHANES (84.2%) had 3 meals/day, indicating 
that, though diet patterns in Korea are rapidly changing, 
eating 3 ‘meals’/day still is the typical major eating habits 
in Koreans.

Previous studies established that calorie restriction 
extends the lifespan of laboratory animals and might 
have beneficial effects on chronic diseases such as car-
diovascular disease, cancer, and neurodegenerative dis-
orders in humans [12]. Recently, intermittent fasting 
has received much public attention. Experimental inter-
mittent fasting resulted in overall reductions in calorie 
intake of up to 30%. However, in some studies, although 
the small amount of calorie restriction (5–10%) was per-
formed, beneficial physiologic events were observed. 
This suggests that an extended fasting period itself may 

contribute to these benefits [15]. Stote et  al. conducted 
to establish the effects of a reduced-meal frequency diet 
on health indicators in 15 healthy, normal-weight adults 
aged 40–50 years [19]. During the two 8-week treatment 
periods, subjects consumed all the calories needed for 
weight maintenance in either 3 meals/day or once meal 
day. Their study suggests that without a reduction in cal-
orie intake, reduced frequency of meals does not afford 
major health benefits in humans.

Previous epidemiological studies have reported an 
inverse relationship between meal frequency and body 
weight and adiposity. Some studies showed higher 
meal frequency is related to lower body weight or obe-
sity, while other studies didn’t show any association 
between meal frequency and markers of adiposity [20]. 
These inconsistent findings could be the result of the 
influence of additional confounding factors, such as 
total energy intake and physical activity [21]. MetS and 
dietary intake are closely related, and excessive energy 
intake causes obesity and results in increasing inci-
dence of MetS. Therefore, a study evaluating the rela-
tionship between MetS and diet must account for total 
calorie intake. In this study, we checked whether there 
is an interaction between total calorie intake and meal 
frequency to examine whether we should adjust calorie 
intake as a confounding factor or analyze by range of 
calorie intake. We found that there was no significant 
interaction between calorie intake and meal frequency. 
Therefore, we adjusted for calorie intake as a confound-
ing factor instead of analyzing data by range of calorie 
intake.

In the present study, the MF ≤ 2 group had higher fat 
intake and a greater prevalence of obesity than the MF3 
group in both genders. There is evidence that fat intake is 
negatively correlated with insulin sensitivity [22]. More-
over, men in the MF ≤ 2 group exhibited a significantly 

Table 3  Multiple logistic regression analysis with presence or absence of metabolic syndrome as the dependent variable

ORs and 95% CIs in subjects who eat 2 or fewer meals/day (MF ≤ 2) compared to those who eat three meals per a day (MF3) were calculated using multiple logistic 
regression analysis

Model 1 adjusted for age and total calorie intake

Model 2 adjusted for model 2 plus smoking, alcohol and physical activity

Model 3 adjusted for model 3 plus income and education

OR odds ratio, CI confidence interval

Male Female

MF ≤ 2 MF ≤ 2

OR (95% CI) P OR (95% CI) P

Unadjusted 0.92 0.77–1.09 0.3418 0.59 0.50–0.68 < 0.001

Model 1 1.37 1.13–1.66 0.0013 1.06 0.89–1.26 0.5162

Model 2 1.38 1.14–1.68 0.0012 1.07 0.89–1.29 0.4548

Model 3 1.37 1.12–1.67 0.0018 1.09 0.90–1.31 0.3705
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higher risk of MetS compared to men in the MF3 group 
even after adjusting for various kinds of confounding fac-
tors. There are several possible explanations for the asso-
ciation between lower meal frequency and higher risk of 
MetS. When people eat only 1 or 2 meals/day, they are 
more likely to eat more calories at each meal. An abrupt 
increase in postprandial glucose level induces higher 
insulin response and eventually results in insulin resist-
ance [23]. Furthermore, postprandial hyperglycemia and 
hyperlipidemia contribute to oxidative stress and chronic 
inflammation, providing a mechanistic link between 
these conditions and components of MetS [24, 25].

The present study found that a higher meal frequency 
was associated with lower prevalence of MetS in men 
but not in women. Men who ate more frequently were 
leaner than others, even if they had a higher total energy 
intake. In contrast, women who ate more frequently had 
a higher BMI and waist circumference as well as higher 
total energy intake than those who ate less frequently. In 
addition, the present results in men are consistent with 
previous studies that have reported that a higher eat-
ing frequency is associated with a better lipid profile. In 
a national population-based sample of young Australian 
adults, a higher number of eating occasions was signifi-
cantly associated with reduced cardiometabolic risk fac-
tors (waist circumference, fasting glucose, fasting insulin, 
triglycerides, total cholesterol and LDL-cholesterol) in 
men only. They found no significant associations between 
eating frequency and adiposity in women [26]. Consist-
ent with this result, several cross-sectional studies also 
reported that a higher eating frequency is associated with 
leanness in men but not in women [27–29]. Drummond 
et  al. and Yannakoulia et  al. also reported no associa-
tion between eating frequency and body composition in 
women [28, 29]. In addition, Duval et  al. reported that 
in a prospective observational study of 85 premenopau-
sal women, the association between adiposity and eat-
ing frequency was no longer significant after adjusting 
for confounding factors, such as physical activity [21, 
30]. However, the precise mechanisms responsible for 
gender-specific associations between meal frequency 
and MetS risk are not clear. In the present study, there 
was no difference in physical activity between men in the 
MF3 group and men in the MF ≤ 2 group. Furthermore, 
after adjusting for physical activity, lower meal frequency 
was associated with higher risk of MS in men. Whereas, 
in women, the increased risk of MetS in the MF3 group 
was attenuated after adjusting for confounding factors, 
including caloric intake and physical activity. Difference 
in dietary quality may contribute for these findings [31]. 
It is possible that women who ate more often were eating 
unhealthy snacks and under-reported these items. Sev-
eral large surveys have shown that the proportion of total 

energy intake provided by ‘snacks’ in adults is around 15% 
[32, 33]. In a Korean study by Kim et al., the prevalence 
of subjects who ate one or fewer snacks per day was 83% 
(42% ate no snacks, and 41% ate one snack daily) [34]. 
However, total calorie intake in the KNHANES was cal-
culated by a food intake survey using the individual 24-h 
diet recall method. Therefore, our study also took into 
account calories consumed from ‘snack’ foods. Another 
suggested explanation is the different fat distribution of 
men and women. Men are more likely to store excess fat 
centrally, whereas women store it peripherally. Because 
central obesity has been known as more metabolically 
harmful than peripheral fat, if subjects with a lower meal 
frequency are more likely to be obese and store fat, then 
this may explain why a lower meal frequency was asso-
ciated with metabolic risk factors in men. Regarding the 
gender-specific associations between meal frequency 
and MetS in adults, the available scientific data are still 
limited. Therefore, further studies are needed to clarify 
this issue and, to find underlying mechanism that may be 
responsible for a gender-specific association.

The strengths of the present study are that it involved 
a large, nation-wide, population-based sample and also 
involved the collection of extensive data on potential 
confounders. Nevertheless, this study has several limita-
tions. First, this was a cross-sectional study, and so could 
not determine causal relationships between meal fre-
quency and MetS. Second, there was a potential recall 
bias because information was collected via self-reported 
questionnaires. In addition, although the present study 
attempted to overcome potential source of bias by 
excluding subjects reporting variable meal frequency 
for both 2 days, we cannot entirely eliminate the possi-
bility that these inclusion/exclusion criteria may affect 
our study results. In fact, we found that there were sig-
nificant differences of variables between subjects who 
were enrolled and excluded. We speculate that age of two 
groups may explain a considerable part of differences of 
metabolic and lifestyle profiles. Because younger people 
tend to have irregular meal pattern, they were more likely 
to be excluded in this study.

Conclusion
In Korean men, lower meal frequency (2 or fewer meals/
day) was associated with higher risk of MetS com-
pared to higher meal frequency (3 meals/day). This 
inverse relationship between meal frequency and MetS 
remained even after adjusting for potential confounding 
factors including total calorie intake and physical activ-
ity. However, in Korean women, higher meal frequency 
was associated with increased risk of MetS compared 
to lower meal frequency. After adjusting for confound-
ing factors, the difference in MetS risk in Korean women 
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between the higher and lower meal frequency groups 
disappeared. Our study suggests that both caloric 
intake and meal frequency may be important factors in 
metabolic disorders, and their relative influence varies 
according to gender.
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