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Abstract
Background
Reduced meal frequency can increase the risk of metabolic syndrome (MetS). However, limited studies have examined the association between meal frequency and skipping meals with MetS. This study aims to analyze the association between main meal frequency and meal skipping with MetS in Korean adults aged ≥ 19 years.

Methods
In this study, we included data from 22,699 Korean adult participants from the 2016–2020 Korea National Health and Nutrition Examination Survey (KNHANES). The 24-h dietary recall method was used to classify the participants into three groups based on main meal frequency (one, two, or three meals per day) and seven groups based on the type of main meal they skipped. Multivariable logistic regression analysis was conducted to determine the association between main meal frequency and the types of main meals skipped with the odds of MetS and its associated components. Appropriate estimates were accounted for using sampling weights, stratification, and clustering.

Results
The prevalence of MetS in the study population was 33.8%. The average age of the participants was 47.2 years with 42.6% being men, and 57.4% being women. Men who consumed two meals per day had higher odds of MetS than those who consumed three meals per day (odds ratio [OR] 1.16, 95% confidence interval [CI] 1.01–1.33). Women who consumed two meals per day, and skipped breakfast had increased odds of having elevated fasting blood glucose levels (OR 1.18, 95% CI 1.02–1.35), and elevated triglycerides (OR 1.19, 95% CI 1.02–1.39). However, women who skipped dinner had reduced odds of having elevated fasting blood glucose levels (OR 0.74, 95% CI 0.58–0.94).

Conclusions
Our findings suggest that meal frequency and the type of main meal skipped may be associated with MetS and emphasize the importance of consuming breakfast to prevent MetS.
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Background
Metabolic syndrome (MetS) is a complex disorder characterized by a cluster of conditions that increase the risk for cardiovascular disease and type 2 diabetes, partly because of a common underlying pathophysiology [1]. Previous research has shown that various risk factors associated with cardiovascular disease often coexist in individuals with MetS and substantially increase the incidence of cardiovascular disease [1]. In 1988, the World Health Organization (WHO) [2] first defined MetS as a cluster of metabolic abnormalities including insulin resistance, obesity, dyslipidemia, and hypertension [3, 4]. The criteria proposed by the National Cholesterol Education Program Adult Treatment Panel (NCEP-ATP III) in 2001 represent the most widely used definitions of MetS and include hyperglycemia, insulin resistance, visceral obesity, atherogenic dyslipidemia, and hypertension [4]. The International Diabetes Foundation published the new criteria in 2005 [5], which further clarified that the distribution of weight and waist circumference norms varies by population, ethnicity, and nationality in individuals with abdominal obesity [4].
South Korea has experienced rapid socioeconomic growth in recent decades, resulting in lifestyle changes that have considerably increased the prevalence of MetS risk factors, including obesity and type 2 diabetes [6]. The prevalence of MetS is increasing in Korea, particularly among men [7]. According to the Korean Society of Cardiometabolic Syndrome, the prevalence of MetS among Korean adults was approximately 23% in 2018 and varied according to sex (27.9% in men and 17.9% in women). Furthermore, a high prevalence of MetS (45.3%) has been reported among older adults aged above 65 years [8]. According to the WHO, risk factors of MetS are associated with an increased risk of chronic diseases [8, 9]. To effectively address this issue and ultimately prevent a global epidemic, the NCEP-ATP III recommends dietary and lifestyle changes [3].
Diet plays a crucial role in the prevention and management of chronic diseases, such as MetS, obesity, and diabetes [10, 11]. Recent evidence indicates that Korean dietary habits have become characterized by irregular eating patterns such as meal skipping and reduced meal consumption frequency [12]. These dietary habits have been linked to several chronic diseases. A study that assessed the dietary habits of 19-year-old Korean adults revealed that men who consumed two or fewer meals per day had significantly higher odds of MetS than those who consumed three meals per day (odds ratio [OR] = 1.37, 95% confidence interval [CI] = 1.12–1.67) [12]. Similarly, a study conducted among US adults aged 40–50 years found that eating only one meal per day without calorie restriction for two months was associated with elevated fasting glucose levels and impaired glucose tolerance [13]. A European study assessing participants aged 45–75 years found that those who consumed six or more meals per day had lower total and low-density lipoprotein cholesterol levels than those who consumed two meals per day [14]. Based on the findings from the Northern Finland Birth Cohort (NFBC) in 1986, Jääskeläinen et al. [15] found that reduced meal frequency negatively affects appetite control, resulting in increased hunger and food intake, which in turn leads to the development of chronic diseases. Conversely, adherence to regular eating patterns, such as eating three meals per day has beneficial effects on metabolic profiles. In a study assessing individuals aged above 60 years, consumption of three meals per day was associated with a lower prevalence of MetS (OR = 0.63, 95% CI = 0.45–0.88) and insulin resistance (OR = 0.70, 95% CI = 0.50–0.97) than those among individuals consuming one or two meals per day [16]. These findings reveal that increased meal frequency can decrease hunger and maintain optimal insulin concentrations during intermeal periods by preventing large drops in plasma glucose levels between meals [17].
Skipping meals is associated with several adverse health conditions [18–20]. In a cross-sectional study evaluating 3,864 adults aged 20–64 years, skipping breakfast was associated with an increased odds of MetS [21]. In children, skipping meals is associated with an increased risk of obesity [22]. In a study examining the findings of the NFBC of 1986 and Greek adolescents, an inverse relationship was identified between eating breakfast and the odds of overweight (OR = 0.72, 95% CI = 0.54–0.95) and obesity (OR = 0.73, 95% CI = 0.53–0.97) [23]. Skipping breakfast increases the rate of obesity and fasting blood insulin and cholesterol levels among both adults and children, resulting in abnormal blood metabolism [24, 25]. In a study examining the dietary habits of Finnish adolescents, participants with consumption of five meals per day showed a reduced odds of becoming overweight (OR = 0.47, 95% CI = 0.34–0.65) and obese (OR = 0.57, 95% CI = 0.41–0.79) in both men and women compared to those with consumption of four meals per day, skipping breakfast [15]. Although there is limited data suggesting that skipping lunch and dinner can cause metabolic abnormalities in Korean adults, some studies have noted fewer abnormalities in those who skipped dinner compared to those who skipped breakfast [26–29].
Several studies have reported that the frequency of eating and skipping meals is associated with the risk of metabolic abnormalities. However, no previous studies have established whether the frequency of eating main meals and skipping patterns of main meals affect the prevalence of MetS in Korean adults. Therefore, in the present study, we aim to investigate the association between main meal frequency and meal skipping patterns with MetS and its associated components in Korean adults aged ≥ 19 years using data from the Korea National Health and Nutrition Examination Survey (KNHANES).

Methods
Data source and study participants
Data from the KNHANES were used to investigate the association between the frequency of consuming main meals and types of main meals skipped with MetS and its associated components among Korean adults aged ≥ 19 years. The KNHANES is a nationwide survey conducted to examine the health status, health-related behaviors, prevalence of chronic diseases, and dietary intake in Koreans. This study used recently released data collected through health interviews, examinations, and nutritional surveys. The KNHANES is an annual cross-sectional study, with 24,269 people participating in the 7th KNHANES (2016–2018) and 15,469 participating in the 8th KNHANES (2019–2020). The samples are representative of the total non-institutionalized population living in Korea, excluding those residing in nursing homes or military bases.
A total of 32,128 participants aged ≥ 19 years were included in the KNHANES between 2016 and 2020. The following exclusion criteria were applied: pregnancy or lactation (n = 143), implausible energy intake (< 500 kcal/day or > 5,000 kcal/day) (n = 4,457), insufficient information regarding covariates (n = 3,593), presence of MetS (n = 1,231), and dietary information (n = 5) (Fig. 1). Finally, this study included 22,699 Korean adults (9,675 men and 13,024 women).
[image: ]
Fig. 1Flow diagram of the study population



Frequency of main meals and patterns of main meals skipped
The nutrition survey of the KNHANES included data on the status of dietary life, dietary supplements, nutritional knowledge, food safety, and food intake one day before the survey (24-h recall method) and was conducted by visiting targeted households. Among the dietary variables collected, the frequency of main meals per day and types of main meals skipped were defined using single 24-h dietary recall data. During the 24-h dietary recall, participants were asked to list all food and beverage items consumed in the previous 24 h and the eating episodes (breakfast, lunch, dinner, and snacks) during which each item was consumed. Eating episodes such as breakfast, lunch, and dinner were considered the main meals. The participants answered whether they consumed breakfast, lunch, or dinner, regardless of the intake time. Some participants ate more than three meals a day, but the additional intake of food over the three main meals was considered snack intake. The frequency of main meals per day was classified into three categories: three main meals per day, two main meals per day, and one main meal per day. To estimate the odds of MetS based on the type of main meal skipped, we further subdivided the frequency of main meals per day into seven categories: three main meals per day (breakfast, lunch, and dinner), two main meals per day (lunch and dinner, breakfast and dinner, or breakfast and lunch), or one main meal per day (breakfast, lunch, or dinner).

Definition of MetS and its associated components
The KNHANES examination data were used to obtain anthropometric values corresponding to MetS associated components. The examination survey is conducted annually through direct measurements and sample analysis. As this was a cross-sectional study, the first anthropometric measurement was used to define MetS. Participants with three or more risk factors were defined as having MetS based on the criteria of the NCEP-ATP III and the Korean Society for the Study of Obesity. Abdominal obesity was defined as a waist circumference ≥ 90 cm for men and ≥ 85 cm for women. Elevated triglyceride levels were defined as triglyceride levels ≥ 150 mg/dL. Low levels of high-density lipoprotein (HDL) cholesterol were defined as HDL cholesterol levels < 40 mg/dL in men and < 50 mg/dL in women. Elevated blood pressure was defined as systolic blood pressure ≥ 130 mmHg, diastolic blood pressure ≥ 85 mmHg, being under treatment for physician-diagnosed hypertension, or having a previous history of physician-diagnosed hypertension. Elevated fasting blood glucose was defined as a fasting blood glucose level ≥ 100 mg/dL, undergoing treatment for physician-diagnosed type 2 diabetes mellitus, or a previous history of physician-diagnosed type 2 diabetes mellitus.

Covariate justification
Covariates were adjusted to examine the independent association between the daily main meal frequency and MetS. Meal frequency varies according to age, and there is a significant difference in food intake among individuals with varying levels of education [30, 31]. Previous studies have reported that lower income levels are associated with lower meal frequency and food intake, that intake patterns differ according to marital status, and that mealtime behavior changes according to household type [32–34]. Furthermore, meal frequency has been associated with alcohol and tobacco consumption, physical activity, and skipping breakfast. The frequency of habitual meals is also associated with energy intake and is inversely associated with body mass index (BMI) [35–38]. Therefore, age, education level, household income level, occupation, marital status, household type, region, alcohol consumption, smoking status, regular physical activity, BMI, and total energy intake were used as adjustment variables in this study.

Statistical analysis
The SAS (Statistical Analysis System) version 9.4 (SAS Institute, Cary, NC, USA) was used for all statistical analyses, and a two-tailed P-value < 0.05 was deemed statistically significant. As recommended by the KNHANES analytical guidelines, PROC SURVEY procedures with sample weights, strata, and primary sampling units were applied to account for the complex survey design [39].
To compare general characteristics according to main meal frequency, categorical variables were analyzed using the chi-square test, and continuous variables were analyzed using analysis of variance (ANOVA). Categorical variables were presented as frequencies with weighted percentages, and continuous variables were reported as means ± standard errors. The frequency of the main meal intake was treated as a categorical variable. Multivariable logistic regression analysis was performed to determine the association between the frequency of main meals, the types of main meals skipped, and the odds of MetS and its associated components. The results were presented as ORs and 95% CIs after adjusting for the following potential covariates: age (years, continuous), educational level (elementary school, middle school, high school, or college or higher), household income level (lower middle, middle, upper middle, or highest), occupation (yes or no), marital status (married or single), household type (single-person or multi-person households), region (urban or rural), alcohol consumption (none, moderate, or high), smoking status (never, past, or current), regular physical activity (yes or no), BMI (kg/m2, continuous), and total energy intake (kcal, continuous). All analyses were performed separately for men and women. When comparing general characteristics by sex, lifestyle variables, such as smoking status and dining out rate, which can affect health, showed significant differences. In addition, since endocrine factors, including hormones, such as estrogen and testosterone, have sex-dependent effects, the analysis was performed separately according to sex.


Results
General characteristics according to the main meal frequency
Table 1 provides a summary of the general characteristics of the study participants according to the frequency of main meal intake. The prevalence of MetS in the study population was 33.8%, with an average participant age of 47.2 years; 42.6% were men, and 57.4% were women. Individuals who consumed three main meals per day tended to be older, have a higher household income, and have a lower BMI than those who consumed one main meal per day. They were also more likely to be employed, married, and live in rural areas but less likely to be highly educated and current smokers.
Table 1General characteristics of study participants according to main meal frequency


	 	Men (n = 9,675)
	Women (n = 13,024)

	Main meal frequency (meals/day)
	p-value
	Main meal frequency (meals/day)
	p-value

	3
(n = 6,502)
	2
(n = 2,907)
	1
(n = 266)
	3
(n = 8,681)
	2
(n = 3,979)
	1
(n = 364)

	Age, years
	51.0 ± 0.31)
	39.6 ± 0.3
	33.7 ± 0.8
	< 0.00013)
	51.9 ± 0.2
	42.2 ± 0.3
	35.8 ± 0.8
	< 0.0001

	Education
	 	 	 	< 0.0001
	 	 	 	< 0.0001

	 ≤Elementary
	923 (9.2)2)
	152 (3.0)
	9 (1.8)
	 	2,156 (18.9)
	522 (9.1)
	36 (5.2)
	 
	 Middle school
	794 (8.8)
	187 (4.7)
	6 (1.4)
	 	1,062 (10.4)
	338 (7.0)
	30 (7.1)
	 
	 High school
	1,794 (27.2)
	794 (25.2)
	75 (28.3)
	 	2,245 (27.5)
	1,131 (28.2)
	92 (23.1)
	 
	 ≥College
	2,991 (54.8)
	1,774 (67.0)
	176 (68.5)
	 	3,218 (43.2)
	1,988 (55.7)
	206 (64.6)
	 
	Household income
	 	 	 	0.0001
	 	 	 	0.0002

	 Lowest
	1,042 (11.9)
	317 (8.9)
	41 (11.5)
	 	1,562 (14.1)
	521 (10.8)
	41 (8.9)
	 
	 Lower middle
	1,244 (16.7)
	465 (14.6)
	50 (17.0)
	 	1,672 (17.6)
	732 (17.1)
	62 (16.2)
	 
	 Middle
	1,277 (20.3)
	618 (21.5)
	52 (20.0)
	 	1,719 (20.7)
	871 (22.3)
	79 (21.7)
	 
	 Upper middle
	1,362 (23.0)
	760 (27.5)
	67 (27.4)
	 	1,811 (22.7)
	944 (25.3)
	93 (28.2)
	 
	 Highest
	1,577 (28.1)
	747 (27.5)
	56 (24.1)
	 	1,918 (25.0)
	911 (24.5)
	89 (24.9)
	 
	Occupation
	 	 	 	0.0025
	 	 	 	< 0.0001

	 Yes
	1,983 (25.7)
	717 (24.1)
	92 (34.5)
	 	4,324 (48.6)
	1,722 (42.7)
	145 (37.9)
	 
	 No
	4,519 (74.3)
	2,190 (75.9)
	174 (65.5)
	 	4,357 (51.4)
	2,257 (57.3)
	219 (62.1)
	 
	Marital status
	 	 	 	< 0.0001
	 	 	 	< 0.0001

	 Married
	5,671 (81.1)
	1,881 (58.1)
	103 (32.5)
	 	8,003 (88.7)
	3,033 (69.1)
	227 (53.9)
	 
	 Single
	831 (18.9)
	1,026 (41.9)
	163 (67.5)
	 	678 (11.3)
	946 (30.9)
	137 (46.1)
	 
	Household type
	 	 	 	< 0.0001
	 	 	 	0.3923

	 Single-person households
	655 (8.8)
	433 (13.2)
	54 (17.8)
	 	1,197 (10.0)
	495 (9.5)
	50 (11.7)
	 
	 Multi-person households
	5,847 (91.2)
	2,474 (86.8)
	212 (82.2)
	 	7,484 (90.0)
	3,484 (90.5)
	314 (88.3)
	 
	Region
	 	 	 	< 0.0001
	 	 	 	< 0.0001

	 Urban
	5,085 (84.1)
	2,453 (89.1)
	232 (92.4)
	 	6,977 (85.7)
	3,406 (89.9)
	304 (88.2)
	 
	 Rural
	1,417 (15.9)
	454 (10.9)
	34 (7.6)
	 	1,704 (14.3)
	573 (10.1)
	60 (11.8)
	 
	Alcohol consumption
	 	 	 	0.0130
	 	 	 	< 0.0001

	 None
	2,095 (30.6)
	815 (26.6)
	73 (26.2)
	 	5,543 (60.5)
	2,021 (46.9)
	141 (34.7)
	 
	 Moderate
	2,224 (37.0)
	1,044 (38.4)
	100 (40.7)
	 	2,351 (29.7)
	1,340 (37.2)
	150 (43.6)
	 
	 High
	2,183 (32.4)
	1,048 (35.0)
	93 (33.1)
	 	787 (9.7)
	618 (15.9)
	73 (21.7)
	 
	Smoking status
	 	 	 	< 0.0001
	 	 	 	< 0.0001

	 Never
	1,557 (25.8)
	741 (28.8)
	76 (31.1)
	 	8,010 (91.6)
	3,303 (82.0)
	269 (76.7)
	 
	 Past smokers
	3,220 (45.9)
	949 (29.9)
	61 (21.4)
	 	420 (5.0)
	342 (8.9)
	36 (10.5)
	 
	 Current smokers
	1,725 (28.3)
	1,217 (41.3)
	129 (47.6)
	 	251 (3.4)
	334 (9.1)
	39 (12.9)
	 
	Body mass index, kg/m2
	24.5 ± 0.04
	24.9 ± 0.1
	25.0 ± 0.3
	< 0.0001
	23.3 ± 0.1
	23.2 ± 0.1
	22.8 ± 0.2
	0.0232

	Physical activity
	 	 	 	0.2819
	 	 	 	0.6499

	 Yes
	3,539 (50.6)
	1,509 (48.9)
	126 (46.8)
	 	5,150 (56.8)
	2,361 (56.1)
	264 (54.4)
	 
	 No
	2,963 (49.4)
	1,398 (51.1)
	140 (53.2)
	 	3,530 (43.2)
	1,618 (43.9)
	160 (45.6)
	 

1) Continuous variables are presented as means ± standard errors
2) Categorical variables are presented as frequencies (weighted %)
3)P-values based on analysis of variance for continuous variables and chi-square tests for categorical variables




Nutrient intake and eating behaviors of study participants according to main meal frequency
Table 2 presents the nutrient intake and eating behaviors of the study participants according to the frequency of the main meal intake. Considering both men and women, individuals consuming three main meals per day had a higher intake of energy, carbohydrates, protein, and fiber; a higher proportion of energy from breakfast; a lower proportion of energy from dinner and snacks than those consuming one main meal per day (all P < 0.05). In addition, participants who consumed three main meals per day tended to have a longer eating duration, a greater number of meal episodes, lower energy intake from eating out, and higher adherence to healthy diet practices than those who consumed one main meal per day (all P < 0.05). As the main meal frequency decreased from three to two, the percentage of energy from snacks and eating out increased significantly in both men and women. Men and women who consumed three main meals were more likely to adhere to a healthy diet compared to those who had one main meal.
Table 2Dietary intake of study participants according to main meal frequency


	 	Men (n = 9,675)
	Women (n = 13,024)

	Main meal frequency (meals/day)
	p-value
	Main meal frequency (meals/day)
	p-value

	3
(n = 6,502)
	2
(n = 2,907)
	1
(n = 266)
	3
(n = 8,681)
	2
(n = 3,979)
	1
(n = 364)

	Energy, kcal/day
	2,221.2 ± 12.41)
	2,021.8 ± 17.5
	1,548.1 ± 51.1
	< 0.00013)
	1,709.3 ± 8.6
	1,511.9 ± 11.1
	1,217.5 ± 32.9
	< 0.0001

	Carbohydrates, g/day
	347.2 ± 1.8
	293.7 ± 2.5
	210.6 ± 6.6
	< 0.0001
	276.0 ± 1.4
	227.9 ± 1.7
	180.6 ± 5.0
	< 0.0001

	Protein, g/day
	87.6 ± 0.6
	82.7 ± 0.9
	65.9 ± 3.0
	< 0.0001
	63.1 ± 0.4
	57.6 ± 0.6
	44.3 ± 1.6
	< 0.0001

	Fat, g/day
	53.6 ± 0.6
	57.4 ± 0.9
	49.1 ± 3.1
	0.0003
	39.2 ± 0.4
	41.1 ± 0.6
	35.3 ± 1.5
	< 0.0001

	Fiber, g/day
	29.5 ± 0.2
	22.7 ± 0.3
	15.9 ± 0.7
	< 0.0001
	25.6 ± 0.2
	19.2 ± 0.2
	13.6 ± 0.5
	< 0.0001

	%Energy from meal
	 	 	 	 	 	 	 	 
	 Breakfast
	21.7 ± 0.2
	7.7 ± 0.3
	1.8 ± 0.7
	< 0.0001
	22.8 ± 0.1
	11.2 ± 0.3
	2.9 ± 0.6
	< 0.0001

	 Lunch
	30.6 ± 0.2
	31.4 ± 0.4
	24.7 ± 2.3
	0.0061
	30.7 ± 0.2
	30.7 ± 0.4
	32.2 ± 2.3
	0.7826

	 Dinner
	33.2 ± 0.2
	40.8 ± 0.4
	39.0 ± 2.6
	< 0.0001
	29.9 ± 0.2
	35.0 ± 0.4
	26.7 ± 2.1
	< 0.0001

	 Snack
	14.5 ± 0.2
	20.1 ± 0.4
	34.5 ± 1.8
	< 0.0001
	16.6 ± 0.2
	23.1 ± 0.3
	38.1 ± 1.5
	< 0.0001

	Eat duration, h
	12.9 ± 0.03
	11.4 ± 0.1
	9.0 ± 0.4
	< 0.0001
	12.1 ± 0.02
	10.4 ± 0.1
	8.8 ± 0.3
	< 0.0001

	Meal episodes, n
	5.8 ± 0.02
	4.7 ± 0.04
	3.5 ± 0.1
	< 0.0001
	5.6 ± 0.02
	4.6 ± 0.02
	3.8 ± 0.1
	< 0.0001

	%Energy from eating out
	40.6 ± 0.6
	46.6 ± 0.8
	46.7 ± 2.8
	< 0.0001
	28.9 ± 0.4
	35.8 ± 0.6
	46.7 ± 2.3
	< 0.0001

	Practicing healthy diet
	 	 	 	< 0.0001
	 	 	 	< 0.0001

	 Yes
	3,540 (51.4)2)
	1,105 (35.9)
	115 (42.3)
	 	5,685 (64.1)
	2,227 (52.7)
	197 (52.0)
	 
	 No
	2,962 (48.6)
	1,802 (64.1)
	151 (57.6)
	 	2,996 (35.9)
	1,752 (47.3)
	167 (48.0)
	 

1) Continuous variables are presented as means ± standard errors
2) Categorical variables are presented as frequencies (weighted %)
3)P-values based on analysis of variance for continuous variables and chi-square tests for categorical variables




Association between the frequency of main meal intake and MetS and its components
Table 3 shows the relationship between main meal frequency and the odds of MetS and its associated components. Among men, participants who consumed two main meals per day had higher odds of MetS (OR:1.16, 95% CI:1.01–1.33), abdominal obesity (OR:1.21, 95% CI:1.01–1.44), and elevated triglyceride levels (OR:1.16, 95% CI:1.04–1.29) than those who consumed three main meals per day. No significant association was detected between the frequency of main meals and MetS or its components in women.
Table 3Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) of MetS and its components according to main meal frequency


	 	Men (n = 9,675)
	Women (n = 13,024)

	Main meal frequency (meals/day)
	Main meal frequency (meals/day)

	3
	2
	1
	3
	2
	1

	Cases (n)/Total (n)
	2,363/6,502
	965/2,907
	72/266
	2,941/8,681
	1,023/3,979
	63/364

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

	MetS
	1.00
	1.16 (1.01–1.33)1)
	1.07 (0.71–1.63)
	1.00
	1.00 (0.88–1.15)
	0.77 (0.52–1.15)

	Abdominal obesity
	1.00
	1.21 (1.01–1.44)
	1.37 (0.82–2.27)
	1.00
	0.92 (0.78–1.08)
	0.69 (0.45–1.06)

	Elevated fasting blood glucose
	1.00
	1.00 (0.89–1.13)
	1.14 (0.81–1.63)
	1.00
	1.01 (0.90–1.14)
	0.97 (0.70–1.34)

	Elevated blood pressure
	1.00
	1.07 (0.94–1.22)
	0.99 (0.71–1.38)
	1.00
	1.05 (0.93–1.19)
	0.84 (0.58–1.21)

	Elevated triglycerides
	1.00
	1.16 (1.04–1.29)
	1.08 (0.77–1.51)
	1.00
	1.13 (0.99–1.28)
	1.09 (0.76–1.55)

	Reduced HDL-cholesterol
	1.00
	0.98 (0.86–1.12)
	0.98 (0.68–1.41)
	1.00
	1.02 (0.92–1.13)
	0.91 (0.67–1.24)


OR, odds ratio; CI, confidence interval; MetS, metabolic syndrome; HDL, high-density lipoprotein
1) Models were adjusted for age (years, continuous), educational level (elementary school, middle school, high school, or college), household income level (lower middle, middle, upper middle, or highest), occupation (yes or no), marriage (married or single), household type (single-person or multi-person), region (urban or rural) alcohol consumption (none, moderate, or high), smoking status (never, past, or current), regular physical activity (yes or no), total energy intake (kcal/day, continuous), and body mass index (kg/m2, continuous)




Association between skipping patterns of main meals and MetS and its components
Table 4 shows the relationship between the types of main meals skipped and MetS and its associated components. Men who skipped breakfast had increased odds of MetS (OR:1.22, 95% CI:1.04–1.43), abdominal obesity (OR:1.28, 95% CI:1.05–1.56), and elevated triglycerides (OR:1.20, 95% CI:1.05–1.36) compared to those who consumed three main meals per day. Men who only consumed breakfast and dinner during the day had higher odds of elevated fasting blood glucose levels (OR:4.74, 95% CI:1.39–16.13; OR:1.54, 95% CI:1.00–2.37) than those who consumed three meals per day. Among women, compared with those who consumed three main meals per day, those who skipped breakfast had increased odds of having elevated fasting blood glucose levels (OR:1.18, 95% CI:1.02–1.35), elevated triglycerides (OR:1.19, 95% CI:1.02–1.39), and a reduced HDL-cholesterol level (OR:1.14, 95% CI:1.00–1.29) compared to those who consumed three main meals per day. However, women who skipped dinner had lower odds of elevated fasting blood glucose levels (OR:0.74, 95% CI:0.58–0.94) than those who consumed three main meals per day.
Table 4Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) of MetS and its associated components according to types of main meal skipped


	 	Main meal frequency (meals/day)

	3
	2
	1

	Breakfast, lunch, and dinner
	Lunch and dinner
	Breakfast and dinner
	Breakfast and lunch
	Breakfast
	Lunch
	Dinner

	Men
	 	 	 	 	 	 	 
	 Cases(n)/Total(n)
	2,363/6,502
	660/2,128
	220/568
	85/211
	4/11
	41/114
	27/141

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

	 MetS
	1.00
	1.22 (1.04–1.43)1)
	0.98 (0.77–1.25)
	1.09 (0.73–1.63)
	4.61 (0.96–22.06)
	1.33 (0.72–2.46)
	0.82 (0.47–1.44)

	 Abdominal obesity
	1.00
	1.28 (1.05–1.56)
	1.11 (0.81–1.53)
	0.85 (0.49–1.47)
	0.72 (0.13–3.90)
	1.48 (0.78–2.79)
	1.32 (0.60–2.89)

	 Elevated fasting blood glucose
	1.00
	1.04 (0.91–1.19)
	0.91 (0.73–1.13)
	0.92 (0.65–1.29)
	4.74 (1.39–16.13)
	0.69 (0.40–1.20)
	1.54 (1.00–2.37)

	 Elevated blood pressure
	1.00
	1.05 (0.91–1.22)
	1.16 (0.92–1.45)
	1.04 (0.74–1.48)
	1.39 (0.36–5.29)
	0.84 (0.53–1.34)
	1.10 (0.70–1.73)

	 Elevated triglyceride
	1.00
	1.20 (1.05–1.36)
	0.99 (0.81–1.22)
	1.25 (0.89–1.76)
	2.37 (0.73–7.68)
	1.29 (0.81–2.04)
	0.90 (0.57–1.43)

	 Reduced HDL-cholesterol
	1.00
	1.01 (0.87–1.18)
	0.92 (0.74–1.15)
	0.81 (0.55–1.21)
	0.63 (0.13–3.00)
	1.02 (0.61–1.72)
	0.98 (0.57–1.67)

	Women
	 	 	 	 	 	 	 
	 Cases(n)/Total(n)
	2,941/8,681
	520/2,441
	313/930
	190/608
	12/34
	29/188
	22/142

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

	 MetS
	1.00
	1.13 (0.95–1.35)
	0.87 (0.69–1.09)
	0.89 (0.68–1.16)
	0.44 (0.18–1.07)
	0.69 (0.40–1.20)
	1.08 (0.59–1.99)

	 Abdominal obesity
	1.00
	0.99 (0.81–1.21)
	0.77 (0.58–1.01)
	0.91 (0.66–1.25)
	0.34 (0.06–2.05)
	0.63 (0.34–1.15)
	0.87 (0.45–1.67)

	 Elevated fasting blood glucose
	1.00
	1.18 (1.02–1.35)
	0.91 (0.74–1.12)
	0.74 (0.58–0.94)
	1.10 (0.37–3.22)
	1.02 (0.66–1.57)
	0.92 (0.55–1.52)

	 Elevated blood pressure
	1.00
	1.08 (0.92–1.26)
	1.14 (0.92–1.43)
	0.87 (0.67–1.12)
	1.37 (0.51–3.72)
	0.89 (0.53–1.49)
	0.65 (0.35–1.23)

	 Elevated triglyceride
	1.00
	1.19 (1.02–1.39)
	1.08 (0.86–1.34)
	1.01 (0.79–1.30)
	0.50 (0.20–1.26)
	0.95 (0.59–1.52)
	1.49 (0.90–2.47)

	 Reduced HDL-cholesterol
	1.00
	1.14 (1.00–1.29)
	0.85 (0.71–1.02)
	0.90 (0.72–1.12)
	0.45 (0.18–1.13)
	0.87 (0.59–1.29)
	1.11 (0.70–1.76)


OR, odds ratio; CI, confidence interval; MetS, metabolic syndrome; HDL, high-density lipoprotein
1) Models were adjusted for age (years, continuous), educational level (elementary school, middle school, high school, or college), household income level (lower middle, middle, upper middle, or highest), occupation (yes or no), marriage (married or single), household type (single-person or multi-person), region (urban or rural) alcohol consumption (none, moderate, or high), smoking status (never, past, or current), regular physical activity (yes or no), total energy intake (kcal/day, continuous), and body mass index (kg/m2, continuous)





Discussion
In the present study, we found that the frequency of main meals and patterns of skipping meals were notable factors affecting the prevalence of MetS. Korean men who consumed two main meals per day had higher odds of MetS and its associated components than those who consumed three main meals per day. This association was particularly significant in those who skipped breakfast. Korean women who consumed two main meals per day and skipped breakfast had increased odds of elevated fasting blood glucose and triglyceride levels and reduced HDL cholesterol levels. However, skipping dinner was associated with reduced odds of having elevated fasting blood glucose levels among women.
Although high meal frequency is typically considered beneficial for maintaining metabolic health, previous studies assessing the association between meal frequency and metabolic health have reported inconsistent results. In a study evaluating Korean adults, men who consumed fewer than two meals per day had higher odds of MetS than those who consumed three meals per day [12]. In an Australian study by Smith et al. [40], a higher meal frequency was associated with a lower risk of MetS components such as excessive waist circumference, elevated fasting blood glucose levels, and elevated triglyceride levels among men. Additionally, eating fewer than two meals per day has been associated with higher calorie consumption per meal, resulting in a rapid increase in postprandial glucose levels, which induces an enhanced insulin response and eventually leads to insulin resistance [41]. Postprandial hyperglycemia and hyperlipidemia contribute to oxidative stress and chronic inflammation, resulting in MetS [42, 43]. However, some studies have reported that reducing the frequency of meal consumption can reduce the risk of chronic diseases. A reduction in meal frequency due to intermittent fasting was shown to be significantly associated with a decreased risk of cardiovascular disease and diabetes [44–46]. Furthermore, eating one meal per day for eight weeks was shown to reduce weight with no significant changes in serum lipid, glucose, or insulin levels compared to participants who consumed three meals per day. However, it remains unclear whether the effect of reduced meal frequency can be attributed to calorie restriction or fasting itself [47]. Despite adjusting for total energy intake, the present study did not find any notable association between meal frequency and metabolic health, possibly due to the small number of participants consuming one meal per day compared to those consuming two or three meals per day.
As the frequency of daily main meal intake decreased in men, the ratio of snack intake to healthy eating habits also decreased, increasing the odds of MetS. The results of the previous studies support this hypothesis. Previous studies have shown that the consumption of candy and chocolate increases the risk of MetS by more than 30% [48]. In addition, university students who consumed snacks had a high energy intake and a 15.36 times higher risk of having two or more MetS risk factors [49]. Studies have revealed that practicing a healthy diet lowers the risk of MetS. A previous study has shown that Koreans who adhere to healthy diets, including adequate fat intake, reduced sodium intake, and sufficient fruit and vegetable intake, have a lower risk of abdominal obesity and MetS [50].
We found no association between the frequency of consuming main meals and the odds of MetS among women. Similarly, previous studies reported no relationship between meal frequency and MetS, obesity, or body composition among women [12, 51, 52] Furthermore, studies assessing premenopausal women found no association between body fat distribution and the frequency of meal intake [53, 54]. In the present study, men with a high meal frequency had a low BMI despite high total energy intake. However, women with a high meal frequency had higher BMI and total energy intake than women with a low meal frequency. This difference between men and women might be explained by lifestyle differences, such as a higher proportion of heavy drinkers and current smokers among men than among women, along with sex-specific endocrine factors [55].
The findings of the present study demonstrate that skipping breakfast could increase the odds of MetS and its associated components in both men and women. Our findings are similar to those of a study assessing Korean adults aged 20–64 years, which reported that individuals who skipped breakfast, and had a high fat intake were more likely to have obesity and MetS [56]. Similarly, a study evaluating US adults aged 18–30 years found that participants who consumed breakfast had lower odds of weight gain, low HDL cholesterol levels, elevated blood pressure, and MetS than those who skipped breakfast [57, 58]. In a study conducted in Japan, skipping breakfast was linked to an increased risk of MetS and hypertension in men [59]. Breakfast consumption may help manage and prevent MetS, likely due to the differences in the types of nutrients and food groups consumed between breakfast eaters and those who skip breakfast. Participants who ate breakfast consumed a variety of nutrients compared to those who skipped breakfast. Those who skipped breakfast were more likely to consume less than the estimated average requirement for various nutrients such as calcium, vitamin C, and folate. Individuals who skip breakfast have a significantly higher percentage of energy from fat and a lower percentage of energy from carbohydrates [60]. Men who skip breakfast have insufficient nutrients and an imbalanced macronutrient intake [61]. Differences in the types of food consumed at dinner were observed depending on whether breakfast was consumed or skipped. A previous study has shown that individuals who skipped breakfast frequently consumed cookies, cakes, and meat at dinner [60]. An imbalanced diet, caused by skipping breakfast during the day, may increase the prevalence of MetS and its associated components.
The present study revealed that skipping dinner was associated with reduced odds of hyperglycemia among Korean women. Skipping dinner has been significantly associated with hyperglycemic blood glucose and insulin levels [29, 62]. In patients with diabetes aged 30–70 years, consuming two meals per day, that is, breakfast and lunch, was found to be a more effective strategy for managing fasting plasma glucose, C-peptide, glucagon, and insulin sensitivity levels than consuming six meals per day [62]. Furthermore, skipping dinner resulted in fewer metabolic disorders than skipping breakfast [26–29]. Even with the same quantity and quality of meals, skipping dinner results in a higher total energy expenditure per day than skipping breakfast, resulting in higher energy expenditure due to increased involuntary physical activity, even without physical activity, with a small increase in blood glucose levels and insulin response through biorhythms [29]. Differences in nutrient intake patterns based on meal-skipping patterns have also been documented. Kahleova et al. [62] showed that saturated fatty acid intake significantly decreased on days when individuals consumed only breakfast and lunch and skipped dinner. A reduced intake of saturated fatty acids improves insulin action and is associated with a low risk of insulin resistance and type 2 diabetes [62].
This study has several strengths. Firstly, to the best of our knowledge, this is the first study to investigate the association between the frequency of daily main meal intake and meal-skipping patterns with the odds of MetS and its associated components among Korean adults. Secondly, statistical analytical models were adjusted for potential confounding variables such as socioeconomic and health-related behavioral variables, and total energy intake, allowing for the identification of an independent association between main meal skipping patterns and MetS. However, this study also has limitations. Firstly, given the nature of the cross-sectional study design, the main meal frequency, skipping patterns, and MetS risk variables were evaluated simultaneously, and the mechanisms underlying their association could not be explained since there was no evidence of a temporal relationship between the independent and dependent variables. Second, there may be a potential recall bias because dietary information was collected using self-report questionnaires. Finally, despite adjusting for socio-demographic variables, the influence of unmeasured or unreviewed variables cannot be excluded. For example, we did not adjust for sex-specific biological factors or the composition of dietary intake, which may have influenced our results.

Conclusions
In conclusion, among Korean men, the consumption of two main meals per day increased the odds of MetS and its associated components compared to the consumption of three main meals per day, whereas skipping breakfast enhanced the odds of MetS in both men and women. These findings suggest that the number of main meals consumed can affect MetS, but skipping main meals has a greater impact on the prevalence of MetS. Given that skipping breakfast can be positively associated with MetS and its associated components, nutritional education should be provided to emphasize the importance of breakfast consumption in optimizing metabolic health. Prospective cohort and intervention studies are required to explore the causal relationships between the frequency and skipping patterns of main meal consumption.
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