Nutrition Research and Practice (Nutr Res Pract) 2014;8(1):81-93
http://dx.doi.org/10.4162/nrp.2014.8.1.81
pISSN 1976-1457 eISSN 2005-6168

Investigation of variations in energy, macronutrients and sodium intake based on the
places meals are provided - Using the Korea National Health and Nutrition Examination
Survey (KNHANES, 1998-2009) -

Yong-Seok Kwon', Young-Hee Park’, Jeong-Sook Choe' and Yoon-Kyoung Yang2§

'Department of Agrofood Resources, National Academy of Agricultural Science, Rural Development Administration, Suwon 441-853,
Korea

ZDepartment of Nutritional Science and Food Management, Soongeui Women's University, 10 Soparo 2-gil, Jung-gu, Seoul 100-751,
Korea

Abstract

This study was conducted to investigate nutrient consumption by Korean adults in various places. To accomplish this, we used the 1998-2009
Korea National Health and Nutrition Examination Survey (KNHANES). Subjects of this investigation were over 19 years and the study included
37,160 people. The meals were categorized as breakfast, lunch, dinner, and snacks consumed at home, or while eating-out. Investigation of the
rate of consumption at serving places based on daily meals and years showed that eating-out generally increased with time. The consumption of
meals prepared at home was higher than that of meals consumed anyplace else in 1998, 2001, 2005, and 2007-2009. However, the rate of consumption
of home meals decreased from 1998 to 2007-2009, while the rate of eating-out increased during this period. Annual nutrient intake according to
serving places with respect to meals, energy, fat, and sodium were significantly lower in home meals than those consumed elsewhere in 2007-2009
relative to 1998. The sodium intake and energy distribution ratio of fat in meals consumed while eating-out increased significantly from 1998 to
2007-2009. The energy, fat and sodium intake and energy contribution ratio of fat consumed in meals at institutions was significantly higher in
2007-2009 than in 1998. Based on these results, additional research is required to develop guidelines for dietary life improvement at each serving
place and to address education and policies for balanced nutrition intake.
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Introduction consumption [4-9]. Moreover, since the proportion of the

population eating-out more than once a day has increased to over

The food service industry in Korea has created a market of
about 6.9 billion won as of 2009, which is four-times greater
than that in 1990 (about 1.8 billion won) [1]. In addition, the
2011 KNHANES (Korea National Health and Nutrition
Examination Survey) report showed that the proportion of
eating-out more than once a day was over 25% for the total
population [2]. The reasons for the increase in the scale and
consumption of the food service industry in Korea include
economic growth due to industrialization, an increased number
of working couples and women entering the workforce, and
increased numbers of nuclear families. It is expected that the
scale of the food service industry will continue to increase [3].

Investigations of the nutritional quality of meals provided by
eating-out have increased due to the increased rate of their

25% [2], an in-depth study of the quality of food provided by
eating-out and the frequency of eating-out should be conducted.
Chung et al. [7] compared home-prepared, commercial, or
institution lunches and found that more calories were consumed
from commercial lunches than home-prepared lunches. Moreover,
an investigation of food intake and nutrient intake by frequency
of eating-out in college students revealed that food intake and
nutrient intake differed depending on the frequency of eating-out
in both male and female college students. In the case of male
students, the nutrient intake decreased as the number of eating-out
increased to twice a day, and the protein intake was particularly
low [8]. These findings are similar to those of foreign studies
focusing on Americans that have indicated that the increase of
calorie intake in the American population over the past 20 years
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was due to increased eating-out [10,11].

An investigation of the current status of eating-out in the USA
based on the 1987-2000 USA dietary survey data indicated that
energy intake increased as the frequency of eating-out increased,
and that the ratio of protein, fat, and saturated fat intake to energy
became low, while that of carbohydrates increased [12]. O'Dwyer
et al. [13,14] analyzed nutrient intake by serving place using
North/South Ireland Food Consumption Survey data and found
that the intake of energy and macronutrients such as carbohydrates,
proteins, and fat was higher when meals were consumed in
restaurants than in other meal serving places, and that the fat
intake ratio that contributed to energy in eating-out meals was
higher than the recommended value. A study of Belgians over
15 years old using the BFCS (The Belgian Food Consumption
Survey 2004) revealed that eating-out tended to decrease as age
increased and that males had higher energy intake through
eating-out than females [15].

Based on these previous studies, the intake of energy, macron-
utrients, and sodium from eating-out meals are closely related
to the quality of meals. However, investigations of food and
nutrient intake by serving place in Koreans have been limited,
and, with the exception of a few investigations, studies of food
and nutrient intake according to serving place throughout the
population by year have also been insufficient [3,7,16-18]. Thus,
this study was performed to evaluate the quality of meals
consumed while eating-out and at other meal serving places using
KNHANES data from the Ministry of Health and Welfare, and
to provide basic data describing dietary intake by serving place
to enable the development of menus by food service related
companies, consumer marketing strategies, and nutrition related
studies.

Subjects and Methods

Survey data and subjects

This study used KNHANES source data collected from 1998
to 2007-2009. The subjects consisted of 37,160 adults over 19
years old analyzed using the 24-hour recall method.

General characteristics

General characteristics of this study were classified into gender,
age (19-29, 30-49, 50-64, and over 65), marital status (married,
unmarried), residential area (large city, middle & small city, and
rural area), job status (employed, unemployed), income level and
educational level. Additionally, income level was categorized
average monthly household income according to the minimum
cost of living (set by the Ministry of Health and Welfare for
each year of the survey) defined by research of Lee & Kim [18]
and Lee et al. [19]. In case of the low income, it was defined
as average monthly household income that was less than 1.2 times

the minimum cost of living. Also, middle income was 1.2-2.5
times the minimum cost of living. The last, high income level
was more than 2.5 times the minimum cost of living. And
educational level was divided 3 groups (middle school or less,
high school and college or higher) by previous study [3,19,20].

Meal and serving place classification

In this study, meals were divided into breakfast, lunch, dinner,
and snacks using codes included in the 24-hour recall variables
of the KNHANES data. Additionally, the serving places were
divided into home meals, eating-out meals (Korean, Western,
Chinese, Japanese, fast-food, snack bar, bakery, street stalls and
stores, packed meals, ramen, instant foods, others), and institution
meals (school, industry, senior-citizen centers, free, others) based
on the categories defined by Chung et al. [7].

Tendency of increase or decrease in consumption by serving
place

The analysis investigated two aspects of food consumption by
serving place. First, total meals and each of three meals were
analyzed for the increase/decrease in the tendency of serving
place by meals from 1998 to 2007-2009, and second, the
increase/decrease in the tendency of serving place by meals was
analyzed from 1998 to 2007-2009 in cases for which variables
in which general characteristics such as gender, age, area,
education level, income level, job, marital status, and total food
intake were adjusted.

Nutrient intake analysis

To gain a better understanding of the tendency for changes
in nutrient intake by serving place, five nutrient variables (energy,
carbohydrate, protein, fat, and sodium) in the 24-hour recall data
were calculated by meals and serving places, and the energy
contribution of carbohydrate, fat, and protein was calculated and
analyzed to determine the ratio of each macronutrient to energy.

Statistical analysis

Because the KNHANES is a large-scale national database
obtained using a multistage stratified cluster sampling method,
statistical analysis was performed with stratified sampling weights
to consider the above characteristics using the SAS software
(version 9.2; SAS Institute, Cary, NC, USA) and SUDAAN
software (version 10.01; Research Triangle Institute, Research
Triangle Park, NC). For general characteristics of the subjects
and the consumption frequency by serving place in all years and
meals, the frequency and the percentage were obtained using
frequency analysis, after which a Chi-square test (X -test) was
performed to identify significant differences among groups.
During analysis of nutrient intake based on serving places with
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respect to daily meals in all years, the LSmean, SE and P for
trends were obtained after adjustment for categorical variables
such as gender, age, residential area, educational level, income
level, job status, and marital status by the proc regress command
in the SUDAAN software. Additionally, analysis of the tendency
for increased or decreased consumption by serving place among
all years and meals was conducted using logistic regression
analysis and the odds ratio (ORs) and 95% confidence interval
(CI) were obtained.

Table 1. General characteristics of study subjects (n=237,160)

Results

General characteristics

This study was based on data collected from 37,160 adults
over 19 years old who participated in the 24-hour recall method
as reported in the KNHANES from 1998 to 2007-2009. The
general characteristics of the subjects are shown in Table 1. The
population consisted of almost equal numbers of males and
females, although the ratio of females was slightly higher than

N (weighted %)

Total 1998 2001 2005 2007-2009 P-value"
Gender
Male 16,179 3,480 (49.3) 3,189 (49.4) 2,918 (49.4) 6,592 (49.4) 0.9957
Female 20,981 4,021 (50.7) 3,757 (50.6) 3,608 (50.6) 9,595 (50.6)
Age (yrs)
19-29 5,983 1,550 (26.7) 1,348 (25.6) 1,045 (22.2) 2,040 (20.3)
30-49 16,064 3,327 (45.6) 3,326 (45.9) 3,025 (46.2) 6,386 (44.5) <0.0001
50-64 8,444 1,650 (18.0) 1,372 (18.2) 1,452 (19.5) 3,970 (21.7)
=65 6,669 974 (9.6) 900 (10.4) 1,004 (12.1) 3,791 (13.5)
Marital status
Unmarried 5,402 1,202 (17.8) 1,189 (17.1) 1,069 (22.4) 1,965 (19.6) 0.0171
Married 31,361 6,299 (82.2) 5,902 (82.9) 5,450 (77.6) 13,833 (80.4)
Residential area
Large city 16,106 2,963 (48.4) 3,326 (51.0) 3,021 (47.8) 6,942 (47.1)
Middle and small city 11,341 1,787 (30.6) 2,203 (30.3) 2,124 (33.7) 5,227 (35.6) 0.1572
Rural 9,713 2,751 (21.1) 1,563 (18.7) 1,381 (18.5) 4,018 (17.3)
Educational level
Middle school or less 13,982 3,232 (36.7) 2,400 (33.6) 2,223 (28.8) 6,127 (29.7)
High school 11,721 2,606 (37.8) 2,524 (36.0) 2,244 (35.6) 4,347 (31.5) <0.0001
College or higher 10,496 1,663 (25.5) 2,160 (30.4) 2,056 (35.7) 4,617 (38.8)
Income level?
Low 10,395 2,773 (34.4) 1,328 (18.6) 1,432 (20.0) 4,893 (25.3)
Middle 13,442 2,995 (44.7) 2,888 (41.5) 2,420 (38.3) 5,183 (35.3) <0.0001
High 11,765 1,317 (20.9) 2,750 (39.9) 2,555 (41.7) 5,610 (39.4)
Job
Employed 21,091 4,611 (59.8) 4,059 (59.3) 3,938 (61.6) 8,483 (60.0) 0.2155
Unemployed 14,902 2,890 (40.2) 2,885 (40.7) 2,583 (38.4) 6,544 (40.0)
Daily Meal
Breakfast
Eaten 31,059 6,729 (88.1) 5,646 (79.0) 5,336 (78.9) 13,348 (77.7) <0.0001
Skipped 6,101 772 (11.9) 1,300 (21.0) 1,190 (21.1) 2,839 (22.3)
Lunch
Eaten 34,445 6,876 (91.7) 6,407 (91.9) 6,094 (93.1) 15,068 (92.7) 0.0661
Skipped 2,715 625 (8.3) 539 (8.1) 432 (6.9) 1,119 (7.3)
Dinner
Eaten 35,121 7,094 (94.5) 6,560 (94.1) 6,196 (95.0) 15,271 (93.9) 0.0758
Skipped 2,039 407 (5.5) 386 (5.9) 330 (5.0) 916 (6.1)
Snack
Eaten 29,579 5,304 (72.2) 5,547 (80.0) 5,411 (83.6) 13,317 (84.4) <0.0001
Skipped 7,581 2,197 (27.8) 1,399 (20.0) 1,115 (16.4) 2,870 (15.6)

Y Pvalue by Chi-square (x?)-test

2 Low income: monthly income <minimum cost of living x 1.2
Middle income: minimum cost of living x 1.2 < monthly income < minimum cost of living x 2.5
High income: monthly income > minimum cost of living x 2.5
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males in all years. Subjects were divided into four age groups
(19-29, 30-49, 50-64, and over 65), with the 30-49 group
accounting for the majority (more than 40%) of the total in all
years (P <0.0001). The ratio of married individuals in 1998,
2001, 2005, and 2007-2009 was 82.2%, 82.9%, 77.6%, and 80.4%,
respectively, while the proportion of unmarried individuals
increased from 17.8% in 1998 to 19.6% in 2007-2009 (P =
0.0171). More individuals lived in large city than middle and
small cities or rural areas. The ratio of high school graduates
was the highest in all years until 2005. Specifically, high school
graduates accounted for 37.8%, 36.0% and 36.5% of the
respondents in 1998, 2001, and 2005, but the college or higher
group showed the highest abundance (38.8%) in 2007-2009 (P
<0.001). Based on the minimum cost of living set by the Ministry
of Health and Welfare for each year of the survey, a low income
level was defined as less than 1.2 times the minimum cost of
living, the middle income level was 1.2-2.5 times the minimum
cost of living, and the high income level was more than 2.5
times the minimum cost of living. These results showed that over
40% of respondents were categorized as having the middle
income level in 1998 and 2001, but the amount of individuals
with a high income level has increased since 2005 (P <0.001).
Evaluation of job status revealed that the ratio of employed
respondents was higher than that of unemployed individuals,
being 59.8%, 59.3%, and 60.0% in 1998, 2001, and 2005, while
it was 60.0% in 2007-2009. The number of individuals consuming
breakfast was high in all years, but tended to decrease with time,
with more than twice the number of respondents (22.3%)

Table 2. Consumption by serving place according to the years by daily meal”

skipping breakfast in 2007-2009 than 1998 (P <0.0001). Over
90% of the respondents reported eating lunch and dinner, and
the proportion reporting eating snacks increased significantly
from 72.2% in 1998 to 84.4% in 2007-2009 (P <0.0001).

Consumption by serving place according to years by meals

The results of consumption by serving place according to years
by meals are shown in Table 2. Among total meals, home-
prepared meals were highest (> 55%) in all years, but eating-out
gradually increased from 1998 to 2007-2009 (27.9%). Consump-
tion of institution meals also increased from 4.4% in 1998 to
6.5% in 2005, but decreased again to 4.6% in 2007-2009 (P <
0.0001). For breakfast, home-prepared meal consumption was the
highest (about 90%), but this value tended to gradually decrease
with time, while eating-out breakfast increased from 6.8% in
1998 to 10.1% in 2007-2009 (P <0.001). Evaluation of lunch
consumption by serving place revealed that home-prepared lunch
was highest (52.7%) in 1998, but decreased to 40% after 2001,
while eating-out lunch increased from 34.8% in 1998 to 37.8%
in 2007-2009. Additionally, institution-prepared lunch increased
from 12.5% in 1998 to 16.3% in 2005, but decreased to 12.3%
in 2007-2009 (P <0.001). Home-prepared dinner tended decreased
from 78.9% in 1998 to 67.6% in 2007-2009, while eating-out
dinner increased from 19.0% to 29.1% in 2007-2009 (P <0.001).
Snack eating was mostly provided by eating-out and increased
from 52.1% in 1998 to 73.6% in 2007-2009 (P <0.0001).

Daily meal Serving place 1998 2005 2007-2009 P-value?
Total (n=12,525) (n=12,744) (n=11,619) (n=30,490) <0.0001
Home meal 67.8 (0.7)° 56.2 (0.7) 58.5 (0.6) 55.7 (0.4)

Eating-out 27.9 (0.7) 38.5 (0.7) 35.1 (0.7) 39.7 (0.3)
Institution 44 (0.3) 5.3 (0.3) 6.5 (0.4) 46 (0.2)
Breakfast (n=86,729) (n=5,646) (n=5,336) (n=13,348) <0.0001
Home meal 91.7 (0.6) 89.1 (0.6) 89.4 (0.6) 87.3 (0.5)
Eating-out 6.8 (0.6) 8.9 (0.6) 8.6 (0.6) 10.1 (0.4)
Institution 14 (0.2) 1.9 (0.2) 2.0 (0.2) 27 (0.2)
Lunch (n=6,876) (n=6,407) (n=6,094) (n=15,068) <0.0001
Home meal 52.7 (1.0) 44.7 (1.0) 44.1 (1.1) 49.9 (0.6)
Eating-out 34.8 (0.8) 40.9 (0.9) 39.6 (1.0) 37.8 (0.6)
Institution 12.5 (0.7) 14.4 (0.7) 16.3 (0.9) 12.3 (0.4)
Dinner (n=7,094) (n=6,560) (n=6,196) (n=15,271) <0.0001
Home meal 78.9 (0.7) 69.5 (1.0) 67.1 (0.9) 67.6 (0.6)
Eating-out 19.0 (0.7) 275 (1.0) 29.3 (0.9) 29.1 (0.6)
Institution 2.0 (0.2) 2.9 (0.3) 3.6 (0.3) 3.3 (0.2)
Snack (n=5,304) (n=5,547) (n=5,411) (n=13,317) <0.0001
Home meal 46.6 (1.5) 255 (1.3) 40.1 (1.1) 25.9 (0.6)
Eating-out 52.1 (1.6) 72.9 (1.3) 56.1 (1.2) 73.6 (0.6)
Institution 1.3 (0.2) 1.6 (0.3) 3.8 (0.5) 0.5 (0.1)

Y Multiple responses by daily meal
2 Pvalue by chi-square (x°)-test
9 Weighted % (Standard error)
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Tendency of increase or decrease in consumption by serving
place

The increases or decreases in consumption by serving place
for all meals are shown in Table 3. Home-prepared meals
decreased significantly in 2007-2009 compared to 1998 for total
meals, breakfast, lunch, dinner and snacks (P for trend < 0.001).
Conversely, eating-out increased significantly in 2007-2009
compared to 1998 for total meals and each of the three meals
(P for trend < 0.0001). Among these, eating-out snacks increased
more than six times when compared to 1998. For institution
meals, there were no significant differences in total meals and
each of the three meals, except crude snacks, but snacks and
adjusted snacks increased by 1.24 times and 1.22 times,
respectively, in 2001 compared to 1998. Total meals and each
of three meals increased by 1.3-1.63 times in 2005 compared
to 1998, but did not differ when compared to 2007-2009.

Table 3. Tendency of increase or decrease in consumption by serving place

Nutrient intake from daily meal by serving place in all years

The results of nutrient intake (total meals) by serving place
in all years are shown in Fig. 1. Among nutrient intakes of total
meals, energy decreased significantly during the past 11 years
from 1,988.5 kcal in 1998 to 1,919.5 kcal in 2007-2009 (P for
trend = 0.0297). The consumption of carbohydrate and protein
also tended to decrease in 2007-2009 relative to 1998 (P for
trend < 0.0001), while the consumption of fat and sodium was
decreased in 2007-2009 compared to 1998, but this decrease was
not significant. The energy contribution ratio of carbohydrate,
protein and fat decreased significantly by about 1.1% in 2007-
2009 (14.3%) compared to 1998 (15.4%, P for trend <0.0001),
while that of fat increased significantly by about 0.4% in
2007-2009 (17.1%) compared to 1998 (16.7%, P for trend =
0.0076). The energy obtained from home-prepared meals
decreased from 1,364 kcal to 1,079 kcal (P for trend <0.0001),

Variables 1998 2001 2005 2007-2009 P for trend®
Home meal
Total 1 (Reference) 0.33 (0.26-0.41)" 0.43 (0.34-0.53) 0.43 (0.36-0.53) <0.0001
Adjusted® total 1 0.34 (0.27-0.42) 0.45 (0.36-0.57) 0.43 (0.35-0.52) <0.0001
Breakfast 1 0.45 (0.33-0.61) 0.54 (0.40-0.73) 0.51 (0.39-0.66) <0.0001
Adjusted breakfast 1 0.46 (0.34-0.61) 0.59 (0.43-0.80) 0.51 (0.38-0.67) 0.0002
Lunch 1 0.33 (0.27-0.41) 0.45 (0.36-0.56) 0.46 (0.38-0.56) <0.0001
Adjusted lunch 1 0.34 (0.27-0.43) 0.48 (0.38-0.60) 0.45 (0.36-0.55) <0.0001
Dinner 1 0.32 (0.26-0.40) 0.43 (0.35-0.54) 0.45 (0.37-0.55) <0.0001
Adjusted dinner 1 0.33 (0.26-0.42) 0.46 (0.36-0.58) 0.44 (0.36-0.55) <0.0001
Snack 1 0.33 (0.26-0.42) 0.42 (0.33-0.54) 0.43 (0.34-0.53) <0.0001
Adjusted snack 1 0.33 (0.25-0.42) 0.44 (0.34-0.57) 0.41 (0.32-0.51) <0.0001
Eating-out
Total 1 2.36 (1.97-2.82) 1.52 (1.30-1.77) 3.87 (3.36-4.46) <0.0001
Adjusted total 1 247 (2.03-3.01) 1.47 (1.24-1.74) 4.44 (3.80-5.19) <0.0001
Breakfast 1 2.22 (1.85-2.66) 1.42 (1.21-1.67) 3.69 (3.19-4.27) <0.0001
Adjusted breakfast 1 2.45 (2.00-2.99) 1.41 (1.18-1.68) 4.50 (3.83-5.28) <0.0001
Lunch 1 2.31 (1.93-2.76) 1.48 (1.27-1.73) 3.73 (3.24-4.31) <0.0001
Adjusted lunch 1 2.39 (1.97-2.91) 1.44 (1.22-1.71) 4.28 (3.66-5.00) <0.0001
Dinner 1 2.38 (1.99-2.85) 1.52 (1.30-1.77) 3.84 (3.334.44) <0.0001
Adjusted dinner 1 2.48 (2.03-3.03) 1.46 (1.23-1.74) 4.40 (3.76-5.16) <0.0001
Snack 1 2.92 (2.27-3.75) 1.39 (1.14-1.69) 6.61 (5.45-8.02) <0.0001
Adjusted snack 1 2.96 (2.26-3.88) 1.30 (1.05-1.60) 7.31 (5.92-9.01) <0.0001
Institution
Total 1 1.17 (0.99-1.38) 1.45 (1.22-1.73) 1.04 (0.90-1.21) 0.2085
Adjusted total 1 1.13 (0.95-1.36) 1.36 (1.13-1.64) 0.96 (0.82-1.12) 0.9142
Breakfast 1 1.11 (0.92-1.33) 1.45 (1.21-1.75) 1.04 (0.89-1.22) 0.1210
Adjusted breakfast 1 1.12 (0.92-1.35) 1.42 (1.17-1.72) 1.01 (0.86-1.20) 0.2637
Lunch 1 1.17 (0.98-1.38) 1.42 (1.19-1.69) 1.01 (0.87-1.17) 0.4549
Adjusted lunch 1 1.13 (0.94-1.35) 1.35 (1.12-1.63) 0.94 (0.80-1.10) 0.9304
Dinner 1 1.19 (1.00-1.41) 1.47 (1.23-1.76) 1.04 (0.90-1.21) 0.2136
Adjusted dinner 1 1.15 (0.96-1.37) 1.38 (1.14-1.66) 0.96 (0.82-1.12) 0.8953
Snack 1 1.24 (1.03-1.48) 1.63 (1.36-1.95) 1.14 (0.97-1.34) 0.0272
Adjusted snack 1 1.22 (1.01-1.48) 1.53 (1.27-1.86) 1.05 (0.89-1.25) 0.2765

Y Odds ratio (95% C!: confidence interval)
2 P for trend obtained by proc surveylogistic procedure in the SAS software,

3 Adjusted for gender, age, residential area, educational level, income, job, marital status and total food intake
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Fig. 1. Comparison of the energy, macronutrient, sodium intakes and energy contribution by serving place from total meal. ” Mean and S E were adjusted by gender,
age, residential area, educational level, income level, job and marital status, 2P for trend obtained by command of proc regress from SUDAAN,

while the sodium intake decreased from 3,747.7 mg to 3,106.2
mg in 1998 and 2007-2009 (P for trend < 0.0001), respectively.
The carbohydrate ratio increased gradually from 1998 to
2007-2009, but the protein ratio decreased (P for trend < 0.0001).
The fat ratio also decreased in 2007-2009 compared to 1998,
but this change was not significant. In eating-out meals, the
energy ranged from 893-944 kcal and was higher in 2007-2009
than 1998, but this difference was not significant. Among these
meals, the sodium intake was 1,752.9 mg in 1998 and 2,010.7
mg in 2007-2009 (P for trend <0.0001). The carbohydrate levels
were decreased in 2007-2009 compared to 1998, while the protein
and fat levels were significantly higher in 2007-2009 than in
1998 (P for trend <0.01). Analysis of the energy intake in
institution meals revealed that it ranged from 849-948 kcal,
showing a gradual increase from 1998 to 2007-2009 (P for trend
=0.0006), while the sodium intake increased significantly from
2,253.1 mg in 1998 to 3,035.3 mg in 2007-2009 (P for trend
<0.0001). Evaluation of the energy contribution ratio of

carbohydrate, protein and fat revealed that carbohydrate decreased
and fat increased significantly from 1998 to 2007-2009 (P for
trend < 0.0001), while protein did not change significantly.
The intakes of energy, macronutrients and sodium from
breakfast by serving place for all years are shown in Table 4.
The energy intake decreased from 513.9 kcal in 1998 to 479.4
keal in 2007-2009 (P for trend < 0.0001). Moreover, the intakes
of protein, fat, and sodium decreased from 1998 to 2007-2009
(P for trend <0.0001). The energy contribution ratio of carbohy-
drate tended to increase from 1998 to 2007-2009 (P for trend
<0.0001), while that of protein and fat tended to decrease (P
for trend <0.0001). Analysis of the nutrient intake from home-
prepared meals revealed that energy decreased significantly from
511.3 kecal in 1998 to 473.2 kcal in 2007-2009 (P for trend <
0.0001), while sodium decreased significantly from 1,592.7 mg
in 1998 to 1,410.2 mg in 2007-2009 (P for trend <0.0001). The
energy contribution ratios of carbohydrate, protein and fat
differed significantly (P for trend <0.0001). The contribution
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Table 4. Comparison of the energy, macronutrient, sodium intakes and energy contribution by serving place at Breakfast

1998 2001 2005 2007-2009 2
Mean" SE" Mean SE Mean SE Mean S.E P for trend
Nutrient intake from total breakfast
Energy (kcal) 513.9 6.1 517.3 53 5441 55 479.4 27 <0.0001 (-)
Carbohydrate (g) 88.6 1.0 87.4 0.9 92.2 0.9 86.3 0.5 0.4942 (+)
Protein (g) 22.0 0.7 20.5 0.3 213 0.3 17.5 0.1 <0.0001 (-)
Fat (g) 8.8 0.2 8.8 0.2 9.3 0.2 75 0.1 <0.0001 (-)
Sodium (mg) 1,575.8 29.5 1,769.8 35.6 1,726.6 27.8 1,416.1 15.2 <0.0001 (-)
Energy contribution
% Carbohydrate 68.6 0.4 70.8 0.3 70.0 0.3 725 0.2 <0.0001 (+)
% Protein 16.6 0.3 15.4 0.1 15.2 0.1 14.4 0.1 <0.0001 (-)
% Fat 14.8 0.2 13.8 0.2 14.7 0.2 131 0.1 <0.0001 (-)
Nutrient intake from home meal
Energy (kcal) 511.3 6.0 516.6 55 546.6 52 473.2 27 <0.0001 (-)
Carbohydrate (g) 88.7 1.0 88.1 0.9 93.5 0.9 86.5 0.5 0.7266 (-)
Protein (g) 221 0.7 20.6 0.3 215 0.3 17.3 0.2 <0.0001 (-)
Fat (g) 8.5 0.2 8.3 0.3 8.9 0.2 6.8 0.1 <0.0001 (-)
Sodium (mg) 1,592.7 30.6 1,801.6 37.2 1,727.9 275 1,410.2 16.2 <0.0001 (-)
Energy contribution
% Carbohydrate 69.2 0.4 71.6 0.3 70.6 0.3 73.5 0.2 <0.0001 (+)
% Protein 16.7 0.3 15.5 0.1 15.3 0.1 14.4 0.1 <0.0001 (-)
% Fat 14.2 0.2 13.0 0.2 14.1 0.2 121 0.1 <0.0001 (-)
Nutrient intake from eating-out
Energy (kcal) 377.5 245 449.5 19.0 476.7 20.7 456.4 12.9 0.0070 (+)
Carbohydrate (g) 56.6 3.8 69.6 3.0 727 3.0 72.5 21 0.0005 (+)
Protein (g) 15.3 1.2 16.2 0.9 17.8 0.9 16.5 0.6 0.2474 (+)
Fat (g) 10.1 0.9 114 0.8 123 0.9 1.4 0.5 0.1857 (+)
Sodium (mg) 881.7 86.2 1,187.7 93.5 1,520.8 96.4 1,152.4 53.6 0.0080 (+)
Energy contribution
% Carbohydrate 56.3 1.6 62.9 1.0 62.9 11 63.1 0.6 0.0005 (+)
% Protein 17.8 1.4 15.3 0.5 15.1 0.4 14.9 0.3 0.0379 (-)
% Fat 259 1.0 21.8 0.8 22.1 0.9 22.0 0.5 0.0047 (-)
Nutrient intake from institution
Energy (kcal) 600.4 20.1 651.6 33.6 587.5 34.4 614.6 229 0.7632 (-)
Carbohydrate (g) 107.7 4.0 100.1 4.0 93.3 4.2 102.6 3.1 0.4170 (-)
Protein (g) 20.6 1.2 27.3 21 254 22 23.9 1.2 0.5710 (+)
Fat (g) 9.4 0.9 14.8 1.9 11.7 1.3 12.6 1.1 0.4375 (+)
Sodium (mg) 1,557.3 1111 2,274.8 167.1 2,128.7 133.3 2,156.0 84.2 0.0113 (+)
Energy contribution
% Carbohydrate 72.3 1.3 66.7 15 68.0 14 68.0 0.9 0.0854 (-)
% Protein 135 0.6 16.0 0.5 16.3 0.6 15.4 0.3 0.0451 (+)
% Fat 14.1 1.3 17.3 1.3 15.7 11 16.6 0.8 0.3315 (+)

' Mean and SE were adjusted by gender, age, residential area, educational level, income level, job and marital status,

2 P for trend obtained by command of proc regress from SUDAAN,

from carbohydrate was 69.2% in 1998, 71.6% in 2001, 70.6%
in 2005, and 73.5% in 2007-2009. Conversely, the contribution
ratio of protein and fat were lower in 2007-2009 than 1998.
Among eating-out meals, the energy intake was between
377.5-476.7 kcal, with a gradual increase occurring from 1998
to 2007-2009 (P for trend =0.0070). The sodium intake from
eating-out meals increased significantly from 881.7 mg in 1998
to 1,152.4 mg in 2007-2009 (P for trend = 0.0080). Evaluation
of the energy contribution of carbohydrate, protein and fat

revealed that the carbohydrate ratio increased from 56.3% in 1998
to 63.1% in 2007-2009 (P for trend = 0.0005), while the protein
ratio and the fat ratio decreased significantly from 1998 to
2007-2009 (P for trend < 0.05). Analysis of the nutrient intake
from institution meals revealed that the energy ranged from
587.5-651.6 kcal and the sodium increased significantly from
1,557.3 mg in 1998 to 2,156.0 mg in 2007-2009 (P for trend
=0.0113). Evaluation of the energy contribution ratio of
carbohydrate, protein and fat revealed that the protein ratio
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Table 5. Comparison of the energy, macronutrient, sodium intakes and energy contribution by serving place at Lunch

1998 2001 2005 2007-2009 2
Mean" SE" Mean SE Mean SE Mean SE P for trend
Nutrient intake from total lunch
Energy (kcal) 640.9 71 638.7 6.2 664.0 6.1 626.4 4.2 0.3667 (-)
Carbohydrate (g) 107.1 1.3 101.5 1.0 104.7 0.9 103.4 0.6 0.1061 (-)
Protein (g) 247 0.4 25.2 0.3 26.5 0.3 241 0.2 0.4168 (-)
Fat (g) 121 0.2 13.1 0.3 14.6 0.3 12.6 0.2 0.0161 (+)
Sodium (mg) 1,800.4 28.7 2,051.1 26.0 2,132.3 28.5 1,960.9 17.8 <0.0001 (+)
Energy contribution
% Carbohydrate 68.8 0.3 67.8 0.3 66.5 0.3 68.7 0.2 0.1866 (-)
% Protein 15.3 0.1 15.5 0.1 15.8 0.1 15.0 0.1 0.0993 (-)
% Fat 15.9 0.2 16.6 0.2 17.8 0.2 16.3 0.1 0.0062 (+)
Nutrient intake from home meal
Energy (kcal) 568.5 8.5 569.0 8.9 597.7 8.0 526.5 4.3 0.0004 (-)
Carbohydrate (g) 98.7 1.5 97.4 1.5 1024 1.3 93.9 0.7 0.0381 (-)
Protein (g) 214 0.5 20.7 0.5 221 0.4 18.6 0.2 <0.0001 (-)
Fat (g) 9.8 0.3 9.7 0.4 10.3 0.3 8.4 0.2 0.0015 (-)
Sodium (mg) 1,713.6 35.4 1,942.8 44.6 1,912.2 424 1,617.5 22.3 0.0059 (-)
Energy contribution
% Carbohydrate 71.0 0.4 721 0.4 71.3 0.4 73.0 0.2 0.0002 (+)
% Protein 14.9 0.2 14.3 0.2 14.5 0.1 13.8 0.1 <0.0001 (-)
% Fat 14.2 0.3 13.5 0.3 14.2 0.3 13.2 0.2 0.0322 (-)
Nutrient intake from eating-out
Energy (kcal) 686.6 10.2 688.7 8.8 696.4 9.7 704.3 7.3 0.1110 (+)
Carbohydrate (g) 108.6 1.8 102.2 1.2 102.7 1.4 107.6 1.0 0.9222 (+)
Protein (g) 271 0.5 28.3 0.6 285 0.5 28.7 0.4 0.0233 (+)
Fat (g) 14.9 0.4 16.3 0.4 18.1 0.5 16.7 0.3 <0.0001 (+)
Sodium (mg) 1,795.0 43.0 2,069.5 34.0 2,204.1 422 22374 28.8 <0.0001 (+)
Energy contribution
% Carbohydrate 64.9 0.5 63.8 0.4 62.2 0.4 63.7 0.2 0.0064 (-)
% Protein 16.3 0.4 16.4 0.2 16.6 0.2 16.3 0.1 0.8858 (+)
% Fat 18.8 0.3 19.9 0.3 21.2 0.4 20.0 0.2 0.0002 (+)
Nutrient intake from institution
Energy (kcal) 717.5 127 678.9 11.6 743.2 15.6 754.9 11.9 0.0005 (+)
Carbohydrate (g) 121.6 22 106.4 1.8 1125 21 122.6 1.8 0.1291 (+)
Protein (g) 28.2 0.7 29.4 0.7 32.6 0.8 30.7 0.6 0.0003 (*)
Fat (g) 12.6 0.5 14.1 0.4 171 0.7 16.1 0.4 <0.0001 (+)
Sodium (mg) 1,896.2 69.9 2,224.6 66.8 2,484.1 71.8 2,387.6 40.7 <0.0001 (+)
Energy contribution
% Carbohydrate 69.2 0.5 65.6 0.5 64.0 0.5 66.0 0.4 <0.0001 (-)
% Protein 15.6 0.2 17.0 0.2 171 0.2 16.2 0.2 0.1171 (+)
% Fat 15.2 0.4 17.3 0.3 18.9 0.4 17.9 0.3 <0.0001 (+)

' Mean and SE were adjusted by gender, age, residential area, educational level, income level, job and marital status,

2 P for trend obtained by command of proc regress from SUDAAN,

increased gradually from 1998 to 2007-2009 (P for trend <
0.0001), while those of the carbohydrate and fat did not differ
significantly.

The intakes of energy, macronutrients, and sodium from lunch
by serving place in all years are shown in Table 5. With the
exception of fat and sodium, none of the average energy,
macronutrients, or sodium intakes from lunch differed signifi-
cantly. The fat intake increased from 12.1 g in 1998 to 12.6 g
in 2007-2009 (P for trend =0.0161), while the sodium intake

increased from 1,800.4 mg in 1998 to 1,960.9 mg in 2007-2009
(P for trend < 0.0001). Investigation of the energy contribution
ratio of carbohydrate, protein and fat revealed that only the fat
ratio increased significantly from 1998 (15.9%) to 2007-2009
(16.3%, P for trend =0.0062). Analysis of the nutrient intake
in home-prepared meals revealed that the energy ranged from
526.5-597.7 kcal and decreased gradually from 1998 to 2007-
2009 (P for trend =0.0004). The sodium intake decreased from
1,713.6 mg in 1998 to 1,617.5 mg in 2007-2009 (P for trend
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Table 6. Comparison of the energy, macronutrient, sodium intakes and energy contribution by serving place at Dinner

1998 2001 2005 2007-2009 2
Mean" SE" Mean SE Mean SE Mean S.E P for trend
Nutrient intake from total dinner
Energy (kcal) 670.4 7.5 687.5 8.3 693.7 74 653.2 5.0 0.0613 (-)
Carbohydrate (g) 101.9 1.0 98.2 1.0 100.2 0.9 94.6 0.6 <0.0001 (-)
Protein (g) 28.5 0.5 28.9 0.5 29.9 0.4 25.6 0.3 <0.0001 (-)
Fat (g) 14.6 0.4 15.8 0.4 16.4 0.4 13.9 0.2 0.1634 (-)
Sodium (mg) 1,768.7 324 2,008.8 271 2,1255 3238 1,836.8 18.3 0.0448 (+)
Energy contribution
% Carbohydrate 66.9 0.4 66.7 0.3 64.5 0.3 67.6 0.2 0.7434 (+)
% Protein 16.7 0.2 16.2 0.1 16.9 0.1 15.6 0.1 0.0002 (-)
% Fat 16.4 0.3 171 0.3 18.6 0.3 16.8 0.2 0.0223 (+)
Nutrient intake from home meal
Energy (kcal) 617.6 7.6 623.0 8.8 644.4 7.0 563.2 46 <0.0001 (-)
Carbohydrate (g) 100.6 1.1 99.0 14 103.4 1.0 94.6 0.6 0.0012 (-)
Protein (g) 26.4 0.6 25.6 0.5 26.3 0.4 211 0.2 <0.0001 (-)
Fat (g) 121 0.4 12.0 0.4 12,6 0.4 9.9 0.2 <0.0001 (-)
Sodium (mg) 1,712.9 34.6 1,966.3 33.7 1,993.3 384 1,620.9 18.9 0.0353 (-)
Energy contribution
% Carbohydrate 68.4 0.4 69.8 0.4 68.7 0.3 711 0.2 <0.0001 (+)
% Protein 16.6 0.3 15.7 0.1 15.8 0.1 14.8 0.1 <0.0001 (-)
% Fat 15.0 0.3 14.5 0.3 15.5 0.3 14.1 0.2 0.0722 (-)
Nutrient intake from eating-out
Energy (kcal) 782.4 242 820.5 16.3 784.4 17.2 831.0 1.3 0.1807 (+)
Carbohydrate (g) 89.6 26 90.8 15 88.7 1.8 89.0 1.2 0.5550 (-)
Protein (g) 33.2 1.2 35.9 0.9 37.0 1.0 34.8 0.6 0.3969 (+)
Fat (g) 23.0 1.2 252 0.9 24.9 0.8 225 0.5 0.2865 (-)
Sodium (mg) 1,726.5 68.8 1,994.0 51.1 2,342.9 63.3 2,216.1 39.0 <0.0001 (+)
Energy contribution
% Carbohydrate 60.4 0.8 58.7 0.5 54.4 0.6 59.4 0.3 0.0487 (-)
% Protein 17.3 0.5 17.6 0.3 19.7 0.4 17.4 0.2 0.2750 (+)
% Fat 22.3 0.6 23.6 0.5 259 0.5 23.2 0.3 0.0842 (+)
Nutrient intake from institution
Energy (kcal) 702.4 27.9 650.2 255 729.8 374 754.2 23.2 0.0155 (+)
Carbohydrate (g) 121.3 5.0 102.5 3.7 112.2 4.9 119.2 3.2 0.3171 (+)
Protein (g) 27.0 1.5 26.9 17 31.6 22 30.2 1.2 0.0207 (+)
Fat (g) 121 0.9 13.0 0.9 15.7 1.2 16.4 0.9 0.0002 (+)
Sodium (mg) 1,771.5 133.6 2,2271 105.8 23722 1241 2,420.9 93.6 0.0002 (+)
Energy contribution
% Carbohydrate 69.4 1.3 66.7 0.9 66.0 1.0 65.9 0.7 0.0243 (-)
% Protein 15.5 0.9 16.5 0.5 16.3 0.5 16.1 0.3 0.8071 (+)
% Fat 15.1 0.8 16.8 0.8 17.7 0.8 18.1 0.5 0.0028 (+)

' Mean and SE were adjusted by gender, age, residential area, educational level, income level, job and marital status,

2 P for trend obtained by command of proc regress from SUDAAN,

= 0.0059). The energy contribution ratio of carbohydrate, protein
and fat differed significantly with time. Specifically, the contri-
bution from carbohydrate increased gradually from 1998 to
2007-2009, while those from protein and fat decreased signifi-
cantly during the same period (P for trend <0.05). Analysis of
the nutrient intake from eating-out meals revealed that energy
intake was between 686-704 kcal and the sodium intake was
1,795.0 mg in 1998 and 2,237.6 mg in 2007-2009 (P for trend
<0.0001). Among the energy contributions of carbohydrate,

protein and fat, only the carbohydrate ratio and the fat ratio
differed significantly. Specifically, the carbohydrate decreased
from 64.9% in 1998 to 63.7% in 2007-2009 (P for trend =
0.0064), while the contribution from fat increased from 18.8%
in 1998 to 20.0% in 2007-2009 (P for trend = 0.0002). Analysis
of the nutrient intake in institution meals revealed that the energy
intake ranged from 678.9-754.9 kcal, with a significant increase
occurring from 1998 to 2007-2009 (P for trend = 0.0005).
Additionally, the sodium intake increased from 1,896.2 mg in
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Table 7. Comparison of the energy, macronutrient, sodium intakes and energy contribution by serving place from Snack

1998 2001 2005 2007-2009 2
Mean" SE" Mean SE Mean SE Mean S.E P for trend
Nutrient intake from total snack
Energy (kcal) 436.8 10.2 400.7 9.2 380.8 9.4 418.0 5.9 0.1276 (-)
Carbohydrate (g) 72.4 1.5 67.3 14 52.3 1.2 65.4 0.9 <0.0001 (-)
Protein (g) 11.0 0.4 9.1 0.3 9.3 0.3 10.7 0.2 0.8382 (+)
Fat (g) 94 0.3 8.4 0.3 8.8 0.3 94 0.2 0.5589 (+)
Sodium (mg) 290.0 13.9 275.6 12.9 3224 14.7 335.3 8.6 0.0003 (+)
Energy contribution
% Carbohydrate 66.2 0.8 54.8 14.9 68.5 0.5 68.0 0.4 0.2587 (+)
% Protein 16.7 0.2 16.2 0.1 16.9 0.1 15.6 0.1 0.0002 (-)
% Fat 16.7 0.8 28.8 14.9 14.4 0.5 16.3 0.4 0.3389 (-)
Nutrient intake from home meal
Energy (kcal) 326.7 9.7 268.2 10.6 2445 76 192.6 5.6 <0.0001 (-)
Carbohydrate (g) 58.5 1.7 494 20 38.0 1.2 30.4 0.8 <0.0001 (-)
Protein (g) 8.1 0.4 57 0.3 6.1 0.2 5.0 0.2 <0.0001 (-)
Fat (g) 6.1 0.3 49 0.3 58 0.3 4.9 0.3 0.0586 (-)
Sodium (mg) 296.5 171 246.6 20.3 266.2 20.5 253.5 135 0.1077 (-)
Energy contribution
% Carbohydrate 75.8 0.6 78.2 0.6 71.6 0.5 70.5 0.3 <0.0001 (-)
% Protein 9.9 0.3 7.7 0.2 10.1 0.2 9.0 0.2 0.8470 (-)
% Fat 14.3 0.4 14.1 0.5 18.3 0.4 20.4 0.3 <0.0001 (+)
Nutrient intake from eating-out
Energy (kcal) 398.0 11.9 377.7 9.0 348.5 10.0 393.0 5.8 0.8301 (-)
Carbohydrate (g) 62.0 1.8 62.0 1.3 44.6 1.2 61.4 0.8 0.0476 (-)
Protein (g) 10.2 0.4 8.7 0.3 8.4 0.4 10.0 0.2 0.3916 (+)
Fat (g) 9.5 0.4 8.2 0.3 7.9 0.3 8.6 0.2 0.1831 (-)
Sodium (mg) 359.0 217 310.0 14.4 334.4 17.9 344.0 9.3 0.7693 (+)
Energy contribution
% Carbohydrate 72.6 0.6 75.5 0.3 70.6 1.2 71.4 0.3 <0.0001 (-)
% Protein 9.1 0.2 7.8 0.1 9.7 1.2 10.0 0.1 <0.0001 (+)
% Fat 18.2 0.4 16.7 0.3 19.7 0.3 18.6 0.2 0.0002 (+)
Nutrient intake from institution
Energy (kcal) 357.8 37.7 280.9 28.3 195.7 31.0 437.7 48.2 0.1167 (-)
Carbohydrate (g) 60.7 6.5 457 45 28.7 3.0 75.2 8.5 0.0362 ((-)
Protein (g) 10.8 1.6 8.3 1.3 4.8 11 15.1 1.9 0.2138 (-)
Fat (g) 8.1 1.3 7.4 1.0 4.0 0.5 8.5 1.1 0.0150 (-)
Sodium (mg) 443.9 154.6 469.0 107.1 362.6 86.6 673.1 159.0 0.9240 (-)
Energy contribution
% Carbohydrate 68.0 3.4 69.6 1.8 72.8 0.9 67.8 29 0.2811 (+)
% Protein 124 2.3 9.2 0.8 8.0 0.6 131 0.8 0.2803 (-)
% Fat 19.5 1.7 21.3 14 19.2 0.8 19.1 24 0.5071 (-)

' Mean and SE were adjusted by gender, age, residential area, educational level, income level, job and marital status,

2 P for trend obtained by command of proc regress from SUDAAN,

1998 to 2,387.6 mg in 2007-2009 (P for trend <0.0001). The
carbohydrate ratio gradually decreased from 1998 to 2007-2009
(P for trend <0.0001), while the fat ratio increased significantly
from 1998 to 2007-2009 (P for trend <0.0001).

The intakes of energy, macronutrients and sodium from dinner
by serving place in all years are shown in Table 6. The average
energy from dinner ranged from 653.2-693.7 kcal and did not
differ significantly throughout the study period. Carbohydrate and
protein intakes decreased significantly from 1998 to 2007-2009

(P for trend < 0.0001), while sodium increased from 1,768.7 mg
in 1998 to 1,836.8 mg in 2007-2009 (P for trend = 0.0448).
Evaluation of the energy contribution ratio of carbohydrate,
protein and fat revealed that only the protein ratio and the fat
ratio differed significantly. Specifically, the protein decreased
from 16.7% in 1998 to 15.6% in 2007-2009 (P for trend =
0.0002), while the fat increased from 16.4% in 1998 to 16.8%
in 2007-2009 (P for trend =0.0223). Analysis of the nutrient
intake from home-prepared meals revealed a decrease from 617.6
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kcal in 1998 to 563.2 kcal in 2007-2009 (P for trend < 0.0001),
while the sodium decreased from 1,712.9 mg in 1998 to 1,620.9
mg in 2007-2009 (P for trend =0.0353). Among the energy
contribution ratios of carbohydrate, protein and fat, carbohydrate
increased and protein decreased significantly (P for trend <
0.0001). Analysis of the nutrient intake in eating-out meals
revealed that energy increased from 782.4 kcal in 1998 to 831.0
keal in 2007-2009. Additionally, the sodium intake from eating-
out meals increased from 1,726.5 mg in 1998 to 2,216.1 mg
in 2007-2009 (P for trend <0.0001). Among the energy contribu-
tion ratios of carbohydrate, protein and fat, only the carbohydrate
ratio decreased significantly (P for trend = 0.0487). Analysis of
the nutrient intake from institution meals revealed that the energy
was between 650.2-754.2 kcal, with a significant increase occurring
from 1998 to 2007-2009 (P for trend =0.0155), while the sodium
increased from 1,771.5 mg in 1998 to 2,420.9 mg in 2007-2009
(P for trend=0.0002). Among the energy contribution ratios of
carbohydrate, protein and fat, the carbohydrate ratio decreased
in 2007-2009 compared to 1998, while the fat ratio increased
significantly from 1998 to 2007-2009 (P for trend < 0.05).
The intakes of energy, macronutrients and sodium from snacks
by serving place for all years are shown in Table 7. None of
the average nutrient intakes from snacks and the energy
contribution ratio of macronutrients except carbohydrate, sodium,
and protein differed significantly. Among increased or decreased
nutrients, carbohydrate decreased by about 7 g in 2007-2009
(65.4 g) compared to 1998 (72.4 g, P for trend <0.0001), while
sodium increased by about 45 mg in 2007-2009 (335.5 mg)
relative to 1998 (290.0 mg, P for trend =0.0003). Among the
energy contribution ratios of carbohydrate, protein and fat, the
protein ratio decreased from 16.7% in 1998 to 15.6% in
2007-2009 (P for trend = 0.0002). Analysis of the nutrient intake
in home-prepared meals revealed that the energy gradually
decreased from 326.7 kcal in 1998 to 268.2 kcal in 2001, 244.5
kcal in 2005, and 192.6 kcal in 2007-2009 (P for trend < 0.0001).
Additionally, the sodium decreased by about 43 mg from 1998
(296.5 mg) to 2007-2009 (253.5 mg). Among the energy contri-
bution ratios of carbohydrate, protein and fat, the carbohydrate
ratio decreased gradually from 1998 to 2007-2009 (P for trend
<0.0001), while the fat ratio increased gradually from 1998 to
2007-2009 (P for trend < 0.0001). Analysis of the nutrient intake
from meals consumed while eating-out revealed that the energy
intake was 398.0 kcal in 1998, 377.7 kcal in 2001, 348.5 kcal
in 2005, and 393.0 kcal in 2007-2009, which did not differ
significantly. Additionally, the sodium intake ranged from
310-359 mg, but did not differ significantly among years. Among
the energy contribution ratios of carbohydrate, protein and fat,
the carbohydrate ratio was lower in 2007-2009 than 1998 (P for
trend < 0.0001), while the protein ratio and the fat ratio were
significantly higher in 2007-2009 than 1998 (P for trend <0.01).
Analysis of the nutrient intake in institution meals revealed that
the energy was between 195-438 kcal with no significant
differences among years. Additionally, no significant difference

in sodium intake was observed among years for institutional
meals. The energy contribution ratio of carbohydrate, protein and
fat did not differ significantly.

Discussion

This study used the KNHANES data from 1998 to 2009, which
were based on 37,160 respondents 19 years old and over that
participated in 24-hour dietary recall. The places in which meals
were provided varied by year, with the consumption of meals
prepared at home remaining highest, but decreasing, while that
of eating-out meals increased. These findings were similar to the
results of a study conducted by Kwon [3], who surveyed the
habits of Korean adults when eating-out by using the frequency
of eating-out as listed in the dietary survey of KNHANES from
1998 to 2005, which showed that the ratio of eating-out more
than once per day increased from 22.1% at 1998 to 43.5% at
2005. Moreover, an investigation of consumption showed that
eating-out on a weekly basis increased from less than once a
week to more than six times a week based on a National Health
and Nutrition Examination Survey (NHANES) and the National
Health Interview Survey (NHIS) conducted in the USA between
1987 and 2000. Eating-out at least six times a week occurred
at a frequency of 11.8% in the total population in 1987, but
increased to 14.5% between 1999 and 2000. However, the
frequency of eating-out less than once a week was lower than
in 1987 (1987: 50%, 1999-2000: 44%) [12]. An increase of
eating-out more than once a day from 32% in 1998 to 44% in
2007-2009 including institutions were a different result. Based
on these results, further research comparing the frequency of
meals provided during eating-out and studies comparing national
dietary survey data to overseas research are recommended.
Breakfast consumption of meals prepared at home had the highest
rate of approximately 90%. Breakfast eating out increased
continuously since 1998, but a lower rate of about 10% from
an each year was investigated but it shows gradually increase.
The ratio of eating-out for breakfast from 1998 to 2007-2009
increased at a lower rate of around 10% when compared with
the results of a study investigating the patterns of Korean eating
by Moon et al. [21] using the Korean National Nutrition Survey
of 1989 ratio of eating-out at breakfast of 2.3%. Evaluation of
the consumption of lunch by places at which meals were provided
revealed that those prepared at home gradually decreased, while
meals prepared at a place other than home increased by more
than 50% after 2001. In addition, the results of logistic regression
analysis show that eating-out for lunch increased from 1.4 times
to 4.28 times. Additionally, the results of this study indicate that
the frequency of eating-out has increased for lunch.

The nutrition intake based on places meals were consumed
by year was analyzed by dividing data into total meals, breakfast,
lunch, dinner and snacks. The energy, fat, and sodium intakes
tended to be slightly lower in home meals in 2007-2009 than
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in 1998, while the sodium intake and the energy contribution
ratio of fat in eating-out meals increased significantly from 1998
to 2007-2009. The energy, fat, sodium intake, and energy
contribution ratio of fat in institutions increased significantly
from 1998 to 2007-2009. These findings were similar to those
of a study conducted by Kant and Graubard [12] in which the
energy contribution ratio of fat of the group with a higher ratio
of eating-out was found to be higher than that of another group
that ate out less. Additionally, analysis of nutrient intake data
in the USA collected over 20 years using the CSFII (Continuing
Survey of Food Intakes by Individual) revealed an 18% increase
between 1977 and 1978 to 32% between 1994 and 1996 and
a decrease in the energy contribution ratio of fat when eating-out
from 42% to 37.7% in adults; however, the energy contribution
ratio of fat or saturated fat was high, indicating that the energy
contribution ratio of fat through eating-out increased [22]. Chung
et al. [7] reported that it is very important to form a healthy
eating-out culture to improve high macronutrient intake when
dining out.

Evaluation of breakfast revealed lower energy intake from
meals cooked at home and eaten at institutions than those
consumed while eating-out. However, the energy contribution
ratio of carbohydrate intake was lower during eating-out than
eating at home and institution, while the energy contribution ratio
of fat was more than 10% higher in meals consumed while
eating-out than in those provided at home. It has been reported
that increasing energy contribution ratios of fat are associated
with heart disease and various cancers [7,23,24]. Thus, restaurants
should consider high macronutrient intake when they are
developing breakfast menus.

For lunch and dinner, the energy intake associated with meals
consumed while eating-out and at institutions was higher than
that for meals at home, but the energy contribution ratio of fat
was higher in meals consumed while eating-out than at home.
The energy contribution ratio of carbohydrates was lower in
meals consumed while eating-out than in those prepared at home
or in institutions. The energy contribution ratio of fat was in
the recommended range outlined by the Dietary Reference
Intakes for Koreans [25]. In the case of eating-out, the energy
contribution ratio of fat increased as in previous studies [7,13,
14,26], suggesting that programs should be designed to encourage
healthier choices when eating out. All home-cooked, eating-out
and institution meals had high sodium levels of 1,700 mg to
2,500 mg per meal, indicating that total daily sodium intake is
over the recommended daily intake of 2,000 mg/day set by the
WHO (World Health Organization) [27] and Dietary Reference
Intakes for Koreans [25]. Therefore, individuals should pay
attention to sodium consumption because its excessive consump-
tion is associated with adverse health effects such as hypertension
and chronic diseases [28].

Overall, the consumption of meals while eating-out and at
institutions has increased since 1998, but eating-out and
institution cannot be replaced by home meal completely as shown

in the previous study [29]. However, the increase in the amount
of food consumed while eating-out may lead to an increase in
fat [3], which could increase the risk of various adult diseases,
including obesity. Overall, the results of this study indicate that
policies and education regarding guidelines and balanced intake
of nutrients to improve specific dietary habits are needed.

It should be noted that this study has several limitations.
Specifically, the data analyzed did not include the most
up-to-date research materials such as the latest 5" KNHANES
(2010-2012) data; accordingly, a future study including data from
this survey is warranted. Moreover, this study did not address
food intake and menu patterns.
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