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Association of Meat Intake with Overweight and 
Obesity among School-aged Children and Adolescents
Sun Mi Shin* 
Department of Nursing, Joongbu University, Geumsan, Korea 

Background: This study aimed to investigate the association of overweight and obesity with red and white 
meat intake among children and adolescents using secondary survey data (n=16,261) from in-school Student 
Health Examination conducted in 2006 and 2007. 
Methods: Descriptive statistics was conducted to investigate the frequency of meat intake per week. The body 
mass index (BMI) grades for obesity in boys and girls were classified using the standards from the 2007 Korean 
National Growth Charts. The association of meat intake with overweight and obesity was analyzed using Chi-
square test and multiple logistic regression. 
Results: The proportion of subjects with no intake/week vs. daily meat intake/week was 5.9% and 5.5%, re-
spectively. No intake of meat was more frequent in those who were female and in middle school, whereas daily 
meat intake was more frequent in those who were male and in high school. The proportions of overweight and 
obesity in the no meat intake/week group and daily meat intake/week group were 12.3% and 11.1% vs. 8.1% 
and 9.9%, respectively. After adjusting for confounding variables, including age; consumption of instant noo-
dles, soft drinks and fast foods, dairy products, and fruits and vegetables; and skipping breakfast, the odds ratios 
of overweight and obesity in the no meat intake/week group were 1.41 times higher (95% confidence interval, 
1.04-1.85) than those in the daily meat intake/week group. 
Conclusion: It is important to consider correcting the perception about meat intake and obesity and avoid re-
stricting meat intake to prevent overweight and obesity among children and adolescents. 
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INTRODUCTION

Obesity in children and adolescents is strongly associated with 
the incidence of cardiovascular diseases, diabetes, and cancer in the 
adulthood and results in a correspondingly high risk of mortality; 
therefore, a high rate of obesity in adolescents is one of the global 
health issues of this era.1 Diet in children and the adolescent popu-
lation has direct effects on both physical growth and mental matu-
ration. Moreover, eating habits established during the adolescent 
stage are usually persistent throughout adult and late stages of life, 
and therefore, it has a decisive long-term effect on the health condi-

tion of an individual.1,2 Selection of appropriate diet for children 
and adolescents to prevent obesity and maintain normal weight is 
one of the key research questions. Furthermore, improper under-
standing of dietary habits according to age and gender makes it dif-
ficult to set goals for a change in diet-related actions or habits.3 

Currently, known obesity risk factors include not only genetic 
factors and reduced physical activity but also excessive intake of 
high-caloric food, including sugars, meat with saturated fat, and 
complex carbohydrate-based food. Furthermore, to prevent and 
manage obesity, recommending the consumption of vegetables and 
fruits that contain abundant dietary fibers over meat has been a so-
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cial convention. Previous studies showed a quantitative propor-
tional relationship between meat intake and increased weights since 
meat has high-fat content and relatively high calories compared to 
vegetables.4-6 However, results from a study showed that high pro-
tein diet has latent benefits of obesity control by providing consis-
tent satiety and assisting in body energy production.7 Moreover, 
previous intervention studies in overweight and obese subjects 
have shown that weight loss was greater when following a high pro-
tein diet than a high carbohydrate diet.8-13 In these previous studies, 
the effects of meat consumption on obesity were not consistent. 
Furthermore, most studies that assessed the association between 
obesity and meat intake were international studies, and despite 
their high importance, domestic studies based on a large popula-
tion are rarely carried out in Korea. Even fewer studies have been 
performed to assess the association between diet and overweight/
obesity in children and adolescents by year in school. Paradoxically, 
the interest in the association between dietary intake of children 
and adolescents and overweight/obesity remains very high.

The purpose of this study was to investigate the association be-
tween red/white meat intake and overweight/obesity in school-
aged children and adolescents to provide foundational evidence for 
both educations on desirable eating habits for school-aged adoles-
cent population and policies on school lunches. The following 
were the specific purposes of the study: first, to identify the fre-
quency of the intake of red and white meat (including beef, pork, 
chicken, etc.) in a school-aged adolescent population; second, to 
assess the distribution of overweight/obese subjects according to 
their meat intake level; and third, to identify the effects of meat in-
take on overweight/obesity.

METHODS

Materials and subjects
This study was a cross-sectional descriptive study to assess the 

association between the frequency of weekly meat intake and over-
weight/obesity in elementary, middle, and high school students. 
The subjects of the study are 16,819 school-aged students that had 
in-school Student Health Examinations performed by the Seoul 
School Health Promotion Center in 2006 and 2007 (8,188 stu-
dents in 2006 and 8,631 students in 2007). Among them, 16,797 

(99.9%) responded to questions related to dietary intake and were 
included in the finalized study cohort. 

Data collection and ethical considerations
Secondary data from the Student Health Examination and sur-

vey performed by the Seoul School Health Promotion Center in 
2006 and 2007 to assess the health conditions of the school-aged 
population were used in this study. Height and weight were mea-
sured by a standard method, using an identical tool and trained ex-
aminer. The survey was performed to assess dietary pattern, physi-
cal activities, and mental state. Younger elementary school children 
were asked to complete the survey under parental guidance.

For ethical considerations, all subjects were notified of the pur-
pose of the study. The subjects were asked to indicate with a check 
mark on a form of their agreement to participate in the study, and 
written informed consent was obtained. Furthermore, data for per-
sonal identification (i.e., birth date, school name, and name) were 
completely removed from all data analyses, and all statistical analy-
ses involved group level data rather than individual data. The au-
thor requested by the Seoul School Health Promotion Center, the 
data analysis center of this dataset, to analyze the data obtained 
consent of the Center for possible future academic publications on 
the contents required in the development of school health policies. 

Measurement variables
Variables used in this study from the original dataset were catego-

ries and indices that were assessed in the elementary, middle, and 
high school students, including demographic variables (gender, as-
sessment year, and school year) and dietary intake variables (intake 
frequency of meat, instant noodles, soft drinks, fast food, milk and 
dairy products, and fruits and vegetables). In addition, breakfast 
habit, which is associated with overall dietary habits, was used as a 
confounding variable. 

Obesity level were assessed by body mass index (BMI) (kg/m2), 
which was measured using the actual height and weight measure-
ments among testing variables. According to the 2007 Korean Na-
tional Growth charts of BMI based on age and gender of the Kore-
an Society of Pediatrics14, < 5% was considered underweight, ≥ 5% 
but < 85% were normal weight, ≥ 85% but < 95% were overweight, 
and finally > 95%, or BMI > 25, were considered obese.
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Among dietary intake variables, meat intake habits—the key fac-
tor in this study—were assessed by asking the question “In general, 
how many times do you consume meat (beef, pork, chicken, etc.) 
in a week?”; the subjects were asked to give a single multiple choice 
answer with following options: ① None, ② Daily, ③ 1-2 times, 
and ④ 3-5 times. Subjects who answered “① None” were consid-
ered to have no meat intake and “② Daily” were considered to 
have daily meat intake. 

Aside from meat intake, other dietary intake variables were cate-
gorized into five groups: instant noodles; soft drinks (excluding 
fruit juice); fast food (pizza, hamburger, fried food); milk and dairy 
products; or fruits and vegetables. The same question of “In gener-
al, how many times do you consume these foods in a week?” was 
asked of the aforementioned food groups, and the subjects were 
once again asked to give a single multiple-choice answer with fol-
lowing options: ① None, ② Daily, ③ 1-2 times, and ④ 3-5 times. 
Moreover, for a confounding variable associated with a dietary in-
take that needs to be controlled, the survey question asked “In gen-
eral, do you eat breakfast?”; the subjects were asked to give a single 
multiple-choice option from following options: ① Eating daily, ② 
Eating usually, ③ Skipping usually, and ④ Skipping nearly. Other 
obesity-associated confounding factors such as physical activities, 
mental health, and hobbies were excluded from the analysis as the 
survey questions were not identical among elementary, middle and 
high schools or not included in the surveys for certain schools.

Analysis methods
Descriptive statistics and the Chi-square test were used to assess 

the percentage of subjects with no meat intake and daily meat in-
take, distribution of underweight, overweight, and obesity by the 
frequency of meat intake, and percentage of subjects with no meat 
intake and daily meat intake according to obesity levels. Further-
more, to understand the effects of the frequency of meat intake on 
overweight and obesity and to examine the odds ratios (ORs) of 
overweight and obesity, multiple logistic regression was performed 
with the general characteristics, dietary intake variables, and break-
fast habits as confounding variables.

In all analyses, the missing values for each variable were excluded 
from the results, and the results were considered statistically signifi-
cant at a P< 0.05. All statistical analyses were performed using SAS 

software (version 9.4; SAS Institute Inc., Cary, NC, USA).

RESULTS

Among 16,261 subjects in the study, 8,408 (51.7%) were male 
and 7,853 (48.3%) were female. Of the entire cohort, 5.9% had no 
weekly meat intake and 5.5% had a daily meat intake. When divid-
ed by gender, male and female subjects showed distributions of 
5.5% and 6.3% for no meat intake and 6.3% and 4.7% for daily 
meat intake, respectively, indicating a higher frequency of daily in-
take in males than in females (P< 0.001). Moreover, the meat in-
take frequencies of male and female subjects for each year were 
compared. In 2006, the percentages of male and female subjects 
with no meat intake were 5.6% and 6.1% and with daily meat in-
take were 6.5% and 4.4%, respectively, showing a significant differ-
ence between the gender (P< 0.001). Similarly, in 2007, the per-
centages of male and female subjects with no meat intake were 
5.5% and 6.4% and with daily meat intake were 6.0% and 5.0%, re-
spectively, indicating a higher frequency of no intake in females and 
daily intake in males for both years (P= 0.016) (Table 1). 

The cohort was composed of 8,122 (50.0%) elementary school 
students, 4,009 (24.6%) middle school students, and 4,130 
(25.4%) high school students. The frequency of no meat intake 
among subjects was higher in the middle school (7.1%) than in the 
lower year (5.9%) or upper year (5.5%) elementary school and 
high school (5.0%) cohort. The frequency of daily meat intake 
among subjects was highest in the high school (8.3%) than in the 
lower year (3.2%) or upper year (4.0%) elementary school and 
middle school (6.6%) cohort (P< 0.001). Furthermore, among 
lower year elementary school students (grades 1st, 2nd, and 3rd), 
the percentages of male and female subjects with no meat intake 
were 5.8% and 6.1% and with daily meat intake were 3.7% and 
2.6%, respectively (P= 0.03); whereas, among the upper year ele-
mentary school students (grades 4th, 5th, and 6th), the percentages 
of male and female subjects with no meat intake were 5.3% and 
5.8% and with daily meat intake were 4.6% and 3.3%, respectively 
(P= 0.05), showing differences between gender. For middle school 
students, the percentages of male and female subjects with no meat 
intake were 6.7% and 7.5% and with daily meat intake were 8.0% 
and 5.1%, respectively, demonstrating significant differences be-
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tween gender (P< 0.001). Lastly, for high school students, the per-
centages of male and female subjects with no meat intake were 
4.2% and 5.8% and with daily meat intake were 9.0% and 7.6%, re-
spectively; yet again, the results demonstrated gender-based signifi-
cant differences (P= 0.01) (Table 1).

In subjects with no meat intake vs. with daily meat intake, the fre-
quencies of underweight, overweight, and obesity were 3.7% vs. 
5.0%, 12.3% vs. 8.1%, and 11.1% vs. 9.9%, respectively, indicating a 
higher frequency of underweight and lower frequencies of over-

weight and obesity in the subjects with daily meat intake (P<  
0.001). Furthermore, when the subjects were categorized into two 
groups based on weight (less than overweight or overweight/obesi-
ty), the frequencies were 76.6% and 23.4% in the subjects with no 
meat intake while the frequencies were 82.0% and 18.0% in the 
subjects with daily meat intake, showing a lower frequency of over-
weight subjects in the daily meat intake group (P< 0.001) (Table 2).

Among 1,857 subjects with either no meat intake or daily meat 
intake, 386 were overweight or obese (58.0% had no meat intake, 

Table 1. Frequency of meat intake per week by general characteristics 

Classification Subjects No intake 1-2 times 3-5 times Daily times χ2 P

Total 16,261 (100) 958 (5.9) 9,967 (61.3) 4,437 (27.3) 899 (5.5)
Male 8,408 (51.7) 465 (5.5) 5,044 (60.0) 2,371 (28.2 ) 528 (6.3) 31.7 < 0.001
Female 7,853 (48.3) 493 (6.3) 4,923 (62.7) 2,066 (26.3) 371 (4.7) 
Year 2006 7,796 (47.9) 456 (5.9) 4,881 (62.6) 2,029 (26.0) 430 (5.5) 12.9 0.005
Year 2007 8,465 (52.1) 502 (5.9) 5,086 (60.1) 2,408 (28.5) 469 (5.5) 
Elementary school_lower 4,057 (25.0) 241 (5.9) 2,717 (67.0) 969 (23.9) 130 (3.2) 396.3 < 0.001
Elementary school_upper 4,065 (25.0) 225 (5.5) 2,778 (68.3) 900 (22.1) 162 (4.0)
Middle school 4,009 (24.6) 284 (7.1) 2,321 (57.9) 1,138 (28.4) 266 (6.6) 
High school 4,130 (25.4) 208 (5.0) 2,151 (52.1) 1,430 (34.6) 341 (8.3) 
Year 2006 M 4,122 (52.9) 231 (5.6) 2,505 (60.8) 1,117 (27.1) 269 (6.5) 25.7 < 0.001

F 3,674 (47.1) 225 (6.1) 2,376 (64.7) 912 (24.8) 161 (4.4) 
Year 2007 M 4,286 (50.6) 234 (5.5) 2,539 (59.2) 1,254 (29.3) 259 (6.0) 10.2 0.016

F 4,179 (49.4) 268 (6.4) 2,547 (61.0) 1,154 (27.6) 210 (5.0) 
Elementary school_lower M 2,137 (52.7) 124 (5.8) 1,398 (65.4) 535 (25.0) 80 (3.7) 8.4 0.030

F 1,920 (47.3) 117 (6.1) 1,319 (68.7) 434 (22.6) 50 (2.6) 
Elementary school_upper M 2,164 (53.2) 115 (5.3) 1,450 (67.0) 500 (23.1) 99 (4.6) 7.6 0.050

F 1,901 (46.8) 110 (5.8) 1,328 (69.9) 400 (21.0) 63 (3.3)
Middle school M 2,101 (52.4) 141 (6.7) 1,179 (56.1) 612 (29.1) 169 (8.0) 17.3 < 0.001

F 1,908 (47.6) 143 (7.5) 1,142 (59.9) 526 (27.6) 97 (5.1) 
High school M 2,006 (48.6) 85 (4.2) 1,017 (50.7) 724 (36.1) 180 (9.0) 11.2 0.01

F 2,124 (51.4) 123 (5.8) 1,134 (53.4) 706 (33.2) 161 (7.6) 

Data shown are number (percent) by Chi-square. 
Elementary school_lower means lower year elementary school students (grades 1st, 2nd, and 3rd).
Elementary school_upper means upper year elementary school students (grades 4th, 5th, and 6th).
M, male; F, female.

Table 2. Proportion of underweight, normal, overweight, and obesity by frequency of meat intake 

Classification Subjects No intake 1-2 intakes 3-5 intakes Daily intakes χ2 P

Total 16,261 (100) 958 (100) 9,967 (100) 4,437 (100) 899 (100) 
Underweight 664 (4.1) 35 (3.7) 399 (4.0) 185 (4.2) 45 (5.0) 32.4 < 0.001
Normal 12,372 (76.1) 699 (73.0) 7,518 (75.4) 3,463 (78.1) 692 (77.0) 
Overweight 1,543 (9.5) 118 (12.3) 998 (10.0) 354 (8.0) 73 (8.1) 
Obesity 1,682 (10.3) 106 (11.1) 1,052 (10.6) 435 (9.8) 89 (9.9) 
< Overweight 13,036 (80.2) 734 (76.6) 7,917 (79.4) 3,648 (82.2) 737 (82.0) 24.6 < 0.001
≥ Overweight 3,225 (19.8) 224 (23.4) 2,050 (20.6) 789 (17.8) 162 (18.0) 

Data shown are number (percent) by Chi-square. 
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and 42.0% had daily meat intake), showing that the percentage of 
overweight or obese is higher among the subjects with no meat in-
take (P= 0.004) (Table 3). 

The effects of meat intake on overweight or obesity were as-
sessed with OR. Variables such as gender, survey year, dietary hab-
its, and breakfast intake were included as confounding variables. 
Furthermore, the author assessed two model groups by dividing 
the subjects differently. Group 1 divided the subjects by meat in-
take per week (i.e., no meat intake, 1-2 times/week, 3-5 times/
week, or daily intake). Group 2 only included those with no meat 
intake or daily meat intake. 

The results showed that after controlling for confounding vari-
ables, the OR of overweight and obesity was higher in subjects 
with no meat intake in Group 1 (1.32; 95% CI, 1.04-1.67) and 
subjects with no meat intake in Group 2 (1.41; 95% CI, 1.08-1.85). 
Other variables with effects on overweight or obesity were as fol-
lows: males over females with OR 1.38 (95% CI, 1.28-1.50), mid-
dle school students over lower year elementary school students 
with OR 0.84 (95% CI, 0.75-0.95) in Group 1; and no milk intake 
over daily milk intake with OR 0.61 (95% CI, 0.39-0.96) in Group 
2 (Table 4). 

DISCUSSION

Known factors associated with weight gain are Western dietary 
habits15-17 and a lifestyle lacking in physical activities.18,19 Further-
more, changes such as the replacement of healthy traditional Korean 
meals with fast food are causing weight gain.20 As they age, children 
tend to have a reduced consumption of fruits, vegetables, and milk 
and an increased consumption of soft drinks.21,22 Most children are 
not following the standard guideline of desirable dietary habit.20,23

Nutritional intake, and more specifically, dietary habits, is a key 
factor of weight control in school-aged children and the adolescent 
population. However, very few studies have assessed the associa-
tion between meat intake and obesity at any age group, and even 
fewer for children and adolescent population. An improper under-
standing of dietary habits according to age and gender is a limiting 
factor of various interventions for health promotion and obesity 
controlling strategies. Therefore, the association between dietary 
habits and obesity is an interesting topic for researchers.3 This study 
utilized the secondary survey data on 16,261 students, who had in-
school Student Health Examinations and surveys performed by the 
Seoul School Health Promotion Center in 2006 and 2007, assessed 
the frequency of weekly meat intake, and assessed the association 
between meat intake and overweight/obesity.

The results showed that 5.9% of the subjects had no meat intake 
per week, and 5.5% had daily meat intake per week. Distribution by 
gender showed no meat intake in 5.5% and 6.3% of male and fe-
male subjects, respectively; whereas, daily meat intake was 6.3% and 
4.7% of male and female subjects, respectively. The frequencies 
were higher for daily intake in males and no intake in females (P<  
0.001). Compared to a previous study in Spain, the frequencies of 
no meat intake per week for students in grades 8th and 10th and 
grade 12th were 4.1% and 2.6% in males and 4.6% and 4.2% in fe-
males, respectively; whereas the frequencies of daily meat intake per 
week for students in grades 8th and 10th and grade 12th were 4.9% 
and 5.7% in males and 3.9% and 5.6% in females, respectively.23 In 
this study, the frequencies of no meat intake were higher in male 
middle school students than high school students (6.7% vs. 4.2%) 
and in female middle school students than high school students 
(7.5% vs. 5.8%). Similarly, the frequencies of daily meat intake were 
also higher in this study than in the Spanish study in male middle 

Table 3. The proportion of meat intake by obesity index

Obesity index Subjects No intake Daily intakes χ2 P

Total 1,857 (100) 958 (51.6) 899 (48.4) 
Underweight 80 (100) 35 (43.8) 45 (56.3) 11.5 0.009
Normal 1,391 (100) 699 (50.3) 692 (49.8) 
Overweight 191 (100) 118 (61.8) 73 (38.2) 
Obesity 195 (100) 106 (54.4) 89 (45.6) 
< Overweight 1,471 (100) 734 (49.9) 737 (50.1) 8.1 0.004
≥ Overweight 386 (100) 224 (58.0) 162 (42.0) 

Data shown are number (percent) by Chi-square. 
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Table 4. Odds ratios of meat intake for overweight and above by multiple logistic regression

Classification

≥ Overweight 

Group 1 (n= 3,225) Group 2 (n= 386)

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

Gender Female 1.00 1.00
Male 1.38 (1.28-1.50) 1.18 (0.94-1.50)

Survey year 2006 1.00 1.00 
2007 1.12 (1.04-1.21) 1.18 (0.94-1.49) 

School grade Elementary school_lower 1.00 1.00 
Elementary school_upper 1.10 (0.99-1.23) 1.14 (0.80-1.62) 
Middle school 0.84 (0.75-0.95) 1.15 (0.81-1.63)
High school 0.95 (0.84-1.08) 1.17 (0.82-1.69)

Intakes per week Instant noodles No 0.67 (0.43-1.06) 0.58 (0.25-1.36)
1-2 times 0.69 (0.44-1.08) 0.59 (0.25-1.37)
3-5 times 0.44 (0.27-0.72) 0.55 (0.21-1.44)
Everyday 1.00

Soft drink (except juice) No 1.29 (1.03-1.60) 1.61 (0.95-2.72)
1-2 times 1.13 (0.92-1.40) 1.39 (0.84-2.30)
3-5 times 1.09 (0.87-1.37) 0.84 (0.47-1.50)
Everyday 1.00 1.00

Fast foods (pizza, hamburger, fry fritters) No 1.41 (0.73-2.70) 1.21 (0.42-3.51)
1-2 times 1.31 (0.68-2.52) 1.44 (0.51-4.05)
3-5 times 1.37 (0.69-2.74) 1.60 (0.54-4.86)
Everyday 1.00 1.00

Milk, milk products No 0.83 (0.69-0.99) 0.61 (0.39-0.96)
1-2 times 0.93 (0.83-1.05) 0.72 (0.50-1.04)
3-5 times 0.86 (0.77-0.96) 0.89 (0.62-1.26)
Everyday 1.00 1.00

Fruit, vegetable (except kimchi) No 1.09 (0.86-1.39) 1.05 (0.63-1.76)
1-2 times 1.05 (0.94-1.18) 1.28 (0.91-1.81)
3-5 times 1.05 (0.96-1.15) 1.10 (0.80-1.51)
Everyday 1.00 1.00

Meat (beef, pork, fowl et al.) No 1.32 (1.04-1.67) 1.41 (1.08-1.85)
1-2 times 1.13 (0.94-1.34) -

3-5 times 0.98 (0.81-1.19) -
Everyday 1.00 1.00

Breakfast Eating daily 1.00 1.00
Eating usually 1.07 (0.97-1.18) 0.97 (0.71-1.29)
Skipping usually 1.09 (0.94-1.27) 1.12  (0.70-1.75)
Skipping nearly 1.19 (1.03-1.41) 1.07 (0.71-1.61)

Data shown are odds ratio (95% CI) adjusted for gender, survey year, school grade, food intakes/week and breakfast by multiple logistic regression.
Group 1 included all subjects.
Group 2 included only no meat intake and daily meat intake per week.
Elementary school_lower means lower year elementary school students (grades 1st, 2nd, and 3rd).
Elementary school_upper means upper year elementary school students (grades 4th, 5th, and 6th).
OR, odds ratio; CI, confidence interval.

and high school students (8.0% and 9.0%, respectively) and female 
middle and high school students (5.1% and 7.6%, respectively). 

This study also assessed the meat intake according to school age 

(i.e., elementary, middle, and high school students). The frequency 
of no meat intake was highest in middle school students (7.1%) 
and daily meat intake was highest in high school students (8.3%) 
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(P< 0.001). In a study involving Chinese adolescents, the research-
ers showed that the highest frequencies of meat intake occurred at 
the age of first sperm production for males and menarche (first 
menstrual period) for females.1 In other words, Chinese adoles-
cents had the highest frequency of meat intake corresponding to 
the age of middle school students in Korea. On the contrary, the 
frequency of meat intake was the highest in high school and lowest 
in middle school age in this study. These results are reflecting the 
current situation in Korea where middle school students who have 
a relatively lower academic burden and increased interest in their 
appearance tend to limit their meat intake to lose weight to become 
more physically attractive, while high school students who have a 
heavier academic burden cannot limit their meat intake in order to 
maintain their health and energy to study. 

In this study, the percentages of overweight (12.3%) and obese 
(11.1%) subjects were higher in those with no meat intake than with 
daily meat intake (8.1% overweight and 9.9% obese) (P< 0.001). 
Moreover, when considering the 386 subjects of overweight or 
obese among the 1,857 subjects with either no meat intake or daily 
meat intake as 100%, 58.0% had no meat intake while 42.0% had 
daily meat intake. Again, these results indicate higher percentages of 
obesity in the subjects with no meat intake (P< 0.01).

Previous studies are also in agreement with author’s findings that 
the frequencies of overweight and obesity are higher in subjects 
with no meat intake7,24, and they provided a logical explanation of 
this observation, suggesting that the high protein content in meat 
provides prolonged satiety and relatively increased calories con-
sumption compared to a vegetarian diet, eventually leading to la-
tent benefits of suppressing obesity.25 Moreover, several interven-
tion studies on obesity management have shown better weight loss 
when following a high protein diet.8-13

Meanwhile, some of the previous studies have shown that total 
meat consumption was associated with weight gain even after con-
trolling for factors such as smoking, and gender.4,5,26 Moreover, 
there are suggestions that when assessing the association between 
weight and meat intake, meat by itself should not be considered a 
factor because the effects of protein on weight are coming not only 
from meat consumption but also from other diet sources including 
dairy products and vegetables.27-29 In Group 1, the OR of over-
weight/obesity was 1.32 (95% CI, 1.04-1.67) for subjects with no 

meat intake over daily meat intake. In Group 2, the OR of over-
weight/obesity was 1.41 (95% CI, 1.08-1.85) for subjects with no 
meat intake over daily meat intake. Therefore, even after controlling 
for potential confounding variables, the results showed that meat 
consumption resulted in lower obesity percentages, directly rebut-
ting previous results saying that meat consumption results in weight 
gain and supporting other previous results showing higher frequen-
cy of overweight/obesity in the subjects with no meat intake.

Vegetables and fruits have similar nutritional characteristics, and 
people who consume lots of fruits tend to consume lots of vegeta-
bles as well.26 Individuals who consume a large amount of fruits 
and vegetables tend to have a lower consumption of meat (more 
specifically, processed meat associated with weight gain), saturated 
fat, and processed carbohydrates.26,29 A few studies have shown that 
although fruit and vegetable consumption did not result in a weight 
gain, the effects of fruit and vegetable consumption on weight loss 
were not uniform among different studies. It has been claimed that 
since vegetables can be cooked and replace meat as a meal, they 
should be considered different from fruits, which are normally un-
cooked and typically consumed as a part of dessert.26 In this study, 
there was no significant association between the consumption of 
vegetables or fruits and overweight/obesity. 

A previous study that evaluated the association between milk and 
dairy products and obesity showed either no effect or inverse pro-
portional relationship30 due to low body fat content.31,32 However, 
along with concerns of lactose intolerance, allergic response, and 
bovine growth hormones and antibiotic use, the debate about the 
effect of dairy product on weight gain according to the amount and 
types of dairy product consumed continues. In particular, a previ-
ous study has shown that the energy provided by milk and dairy 
products resulted in increased fat content and abdominal fat in male 
adolescents.3 Similarly, in this study, the OR of overweight/obesity 
was 0.83 (95% CI, 0.69-0.99) in Group 1 and 0.61 (95% CI, 0.39-
0.96) in Group 2 for the subjects with no dairy product intake 
while using the subjects with a daily intake of dairy products as the 
reference group. Therefore, in future studies, the association of dif-
ferent types of dairy products with obesity should be investigated.

Among other potential confounding factors, the OR of over-
weight/obesity was 1.38 (95% CI, 1.28-1.50) for males over fe-
males. This result agrees with a previous study showing a higher 
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frequency of obesity in males.33 The OR was 0.84 (95% CI, 0.75-
0.95) for middle school students over lower year elementary school 
students (grades 1st, 2nd, and 3rd). Moreover, the OR was 0.44 
(95% CI, 0.27-0.72) for subjects with instant noodle intake of 3–5 
times a week over daily instant noodle intake, and the OR was 1.19 
(95% CI, 1.03-1.41) for the subjects with a nearly skipping break-
fast over daily breakfast consumption. Meanwhile, factors such as 
soft drink or fast food had no association with overweight/obesity.

The frequency of meat consumption in school-aged population 
was investigated and showed that even after controlling for poten-
tial confounding factors, the OR of overweight/obesity was lower 
for the subjects with meat intake compared to those with no meat 
intake. Therefore, previous studies suggesting limited meat con-
sumption for weight control are not entirely true. The author sug-
gests the following steps based on this study results. 

First, the wrong health belief held by the public about meat and 
obesity—in other words, vegetables and fruits have low calories and 
high fibers and therefore will prevent weight gain, while meat has 
high saturated fat and high calories and therefore will result in weight 
gain25—should be reconsidered. Moreover, through school health 
promotion/education, it needs to advertise to the students and their 
parents that balanced consumption of meat will not cause obesity.

Second, the school lunch system of the survey years of this study 
was already established, and even though the lunches were de-
signed to contain meat for a balanced diet, some subjects had no 
meat intake. Therefore, at each school, they should monitor wheth-
er or not meat is provided for student lunches and also whether or 
not the student actually consumes the meat.

More specifically, there are ongoing active discussions on provid-
ing breakfast at school and an increased incidence of school-based 
food programs for students due to an increased number of both par-
ents working and consequent after-school programs. Therefore, a 
researcher has to investigate and ensure if adolescents in their growth 
stage are consuming enough meat as a part of a balanced diet.

The key strengths of the study are a relatively larger-sized sample 
cohort and lower recall bias, using actual measurements of weight 
and height. Despite these strengths, a few limitations of this study 
should be considered.

First, the subjects of this study were not sampled by a random 
sampling, and it is difficult to generalize the findings of this study to 

entire school-aged population. Therefore, future studies should uti-
lize data from a sample survey that can represent a parameter and re-
validate the association between meat intake and overweight/obesity.

Second, the survey question included the examples of meat as 
“beef, pork, chicken, and etc.” and of fast food as “hamburgers, piz-
za, fried food, and etc.” It can be inferred that processed meat was 
included as a part of fast food at responses. However, fish was not 
mentioned specifically, and it is hard to infer the category for the 
placement of fish from the responses of different individuals. 
Therefore, future studies should provide a clearer definition of 
meat to obtain greater reliability for the measurement of meat in-
take frequency. 

Third, the interpretation of results from the dietary habit survey 
that puts different types of food that cannot be supplements of each 
other into a single group is most likely to be ambiguous. In other 
words, milk and dairy products, depending on their type, have dif-
ferent sugar and fat content, and fruits and vegetables are food 
groups that cannot be supplements of each other regarding food 
function and calories. Therefore, these different types of food should 
be divided into different groups before performing the analysis.

Despite the limitations stated above, the author believe the data 
from this study assessing the association between meat intake and 
overweight/obesity in school-aged children will serve as funda-
mental data for establishing school lunch policies or school health 
promotion/education. Furthermore, this author has also provided 
partial evidence to support the need for a change in the social belief 
of the relationship between meat consumption and obesity. 
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