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The purpose of the present study was to analyse vegetable intake by the Korean population based on different meal formats. Twenty-four-hour

dietary recall data from the Korean National Health and Nutrition Examination Survey were used to assess daily vegetable intake and consumption

ratio of vegetables for different meal types/dining locations. Analysis was stratified by sex and age group. Daily vegetable intake increased from

293·5 g in 1998 to 305·7 g in 2001 and to 335·9 g in 2005. Findings were similar in men and women, as well as in each age group. Analyses for

each meal type revealed that vegetable intake during breakfast did not substantially change, but vegetable intake increased during lunch and dinner.

While vegetable consumption ratio during breakfast decreased, it increased during lunch and snack time. Men and women showed similar change

in the analysis for meal types and dining locations. There were some differences between the age groups in daily vegetable intake depending on the

meal type. Another notable observation was the increasing change of vegetable intake during lunch and during meals eaten at cafeterias and

restaurants in all the age groups. Analysis of vegetable consumption ratio showed an increased consumption in cafeterias, restaurants, and other

places and decreased vegetable intake at home for those aged 16–64 years with time. Since this change may be related to improvements in socio-

economic status, it will be necessary to further investigate difference in vegetable intake based on socioeconomic levels within the population.

Vegetable intake: Korean National Health and Nutrition Examination Survey: Korea

A vegetable-rich diet is thought to be beneficial to health and,
if adopted by more of the population, may be important in
reducing levels of weight gain(1), heart disease(2 – 4),
cancer(5,6) and other chronic diseases(7,8). There have been a
variety of studies that have measured the association between
trends in vegetable intake and its effects on disease
prevalence. More recently, a survey investigating trends in
vegetable intake by the US population revealed that the
mean frequency of daily vegetable consumption declined
slightly from 1994 through 2005 (Standardised change:
20·11 servings/d)(9). A study on trends in food consumption
in Spain reported that vegetable intake decreased between
1992 and 2003 (218·7 g/d for men; 216·5 g/d for
women)(10). On the other hand, another study that assessed
trends in food intake in Portugal showed that the percentage
of subjects consuming vegetables increased from 1987
through 1999 (men, 70·7–80·8 %; women, 70·7–82·9 %)(11).

The WHO and the World Cancer Research Fund/American
Institute for Cancer Research recommend a daily intake of at
least 400 g or 14 oz of fruits and non-starch vegetables; this
recommendation has been translated into public health
advice to eat five or more portions of fruits and non-starch
vegetables per day(12,13). Beginning in 1985, the United
States Department of Agriculture, in their report Dietary
Guidelines for Healthy Americans, recommended the
consumption of at least two servings of fruits and three

servings of vegetables daily(14). In 2005, the report Japanese
Food Guide Spinning Top selected by the Ministry of
Health, Labour and Welfare and the Ministry of Agriculture,
Forestry and Fisheries in Japan recommended the
consumption of five to six servings of vegetables daily(15).
In Korea, the Korean Nutrition Society created the Dietary
Reference Intakes for Koreans in 2005, recommending a
daily consumption of five to six servings of vegetables by
adults(16). The objectives of the Public Health Plan 2010
for Korea include increasing the percentage of Koreans, who
eat sufficient vegetables daily(17). Assessing the vegetable
consumption change is important for tracking the effectiveness
of public health initiatives in meeting this goal and for
planning future objectives. However, vegetable intake
analyses do not examine differences in consumption in
terms of meal formats (meal types and dining locations).
The purpose of the present study is to analyse difference in
vegetable intake (1998–2005) by the Korean population for
different meal formats using the Korean National Health and
Examination Survey (KNHANES).

Subjects and methods

The data used in the present study were derived from
KNHANES 1998, 2001 and 2005. KNHANES are non-
institutional, Korean civilian population surveys that were
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conducted in 1998, 2001 and 2005. The surveys were designed
based on stratified multistage samplings from the South
Korean population in different geographic areas and in
different age and sex groups. Trained interviewers conducted
surveys in households and administered a structured question-
naire to obtain information on sociodemography, lifestyle,
health characteristics and nutritional status including dietary
supplement use for each respondent.

The study included 8998 subjects ($7 years of age) in
1998, 8689 subjects in 2001 and 7910 subjects in 2005 with
complete demographic and dietary data. As part of the
standard KNHANES data collection protocol, 24-hour dietary
recalls were elicited and were used to estimate daily vegetable
consumption. Foods were coded and analysed using a
five-digit food coding scheme developed by the Ministry
of Health and Welfare in 1998, 2001 and 2005 for the
KNHANES. Food items were categorised by food group and
subgroup. Items falling under the category of ‘vegetable’
were further characterised as leafy dark green vegetables,
green and yellow vegetables, tomatoes, green beans, root
vegetables, white vegetables and kimchies.

Meal types were categorised based on meal time (breakfast,
lunch, dinner or snack) and dining locations were categorised
by places of dining: home (own home or neighbour/relative’s
home); cafeteria (school, work place, nursery/kindergarten,
senior’s house, dining place for college-aged students or
welfare centre); restaurant (street food stand, convenience
store, bakery or fast food); others.

All the analyses were conducted using a survey weighting
to account for the complex survey design, which consisted of
multistage, stratified, clustered samples. Probability sampling
weights were used in conjunction with strata and primary

sampling units to apply weight to the data analysis. Subject
characteristics were compared between survey periods using a
x 2 test. Mean values with their standard errors of vegetable
intake for each meal type and dining location were calculated.
Bonferroni’s multiple t test was used for verification of signi-
ficance for each survey period. All statistical analyses were
performed using SURVEY PROCEDURE of Statistical Ana-
lysis System software (version 9.12; SAS Institute, Cary, NC,
USA) and DESCRIPT PROCEDURE of SUDAN software
(release 9.0, Research Triangle Institute, Research Triangle
Park, NC, USA) applying a significance level of P,0·05.

Results

Subjects

General data about the subjects surveyed are shown in Table 1.
The number of female subjects was greater than the number of
male subjects in all years of the survey, but the number of
female subjects in 2005 was lower than that in 1998
(P,0·001). The largest participant group in all the years was
the 30–49 age group, making up more than 36 % of those
surveyed. The largest group of participants consisted of those
residing in large cities, accounting for more than 47 % of total
participants surveyed in 1998, 2001 and 2005. Levels of
income and education were higher in 2005 compared with
those in 1998; that is, while the proportions of subjects from
low and middle income groups decreased, the proportion of
high income subjects increased. Subjects with middle school
or lower education decreased from 43·9 % in 1998 to 37·2 %
in 2005, whereas those with college or higher education
increased from 20·3 % in 1998 to 29·7 % in 2005 (P,0·001).

Table 1. General subject characteristics

(Number of subjects and percentages)

Year. . . 1998 2001 2005

n % n % n % P

Sex
Male 4252 48·0 4094 46·7 3627 49·7 ,0·001
Female 4746 52·0 4595 53·3 4283 50·3

Age (years)
7–12 887 10·2 1060 11·7 905 10·0 ,0·001
13–15 426 5·1 464 5·3 429 5·1
16–18 504 5·8 360 4·3 299 3·7
19–29 1485 18·3 1316 15·5 1022 18·3
30–49 3174 36·9 3247 36·9 2887 37·2
50–64 1577 15·5 1353 16·3 1396 15·8
$ 65 945 8·2 889 9·9 972 9·9

Residential area
Large city 3596 48·3 4044 50·4 3632 47·2 0·759
Small city 2223 31·4 2807 31·7 2705 35·1
Rural area 3179 20·4 1838 20·4 1573 17·7

Income*
Low 3794 37·9 2222 25·8 1843 21·7 ,0·001
Middle 3680 43·2 3647 41·5 2978 37·9
High 1524 18·9 2820 32·7 3089 40·3

Education
Middle school or lower 4391 43·9 3788 43·1 3363 37·2 ,0·001
High school 3004 35·8 2803 32·8 2506 33·1
College or higher 1603 20·3 2089 24·1 2038 29·7

* Low income: monthly income , minimum cost of living £ 1·2; middle income: minimum cost of living £ 1·2 #

monthly income , minimum cost of living £ 2·5; high income: monthly income ^ minimum cost of living £ 2·5.
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Change in vegetable consumption

The results of the analyses of daily intake and the consump-
tion ratio of vegetables are summarised in Table 2. There
was no significant difference in total food intake among
survey periods: 1267·5, 1282·8 and 1280·0 g in 1998, 2001
and 2005, respectively. In general, daily vegetable consump-
tion in 1998, 2001 and 2005 was 293·5, 305·7 and 335·9 g,
indicating more than 30 g increase in 2005 compared with
that in 1998 and 2001 in the study subjects, when male
and female subjects were combined (P,0·05; Table 2).
Also, daily vegetable consumption by men and women
separately increased in 2005 compared with that in 1998
and 2001 (P,0·05). When taking into account daily vegetable
consumption ratio (vegetable intake divided by total food
intake), daily vegetable consumption by men and women
separately increased gradually with a significant difference:
24·0 % in 1998, 24·8 % in 2001 and 27·2 % in 2005
(P,0·05, data not shown) in the study subjects overall.

Vegetable consumption during lunch, in particular,

increased significantly between the survey years (P,0·05;

Table 2). Especially, vegetable consumption increased by

22·3 g in overall study subjects between 1998 and 2005. The

intake for male subjects increased by 23·2 g and by 20·7 g in

female subjects between the two study periods. Vegetable

consumption ratio during breakfast decreased from 28·4 % in

1998 to 24·9 % in 2001 and 24·3 % in 2005 (P,0·05). This

decreasing change was observed in both the male and

female subjects. While vegetable consumption ratio during

breakfast decreased, it increased during lunch from 34·3 %

in 1998 to 37·3 % in 2001 and 2005, with similarity for both

the male and female subjects (P,0·05). Vegetable consump-

tion ratio during snack time also increased in terms of both

daily intake and consumption ratio with time (P,0·05).
Vegetable consumption and consumption ratios were

analysed for each place of dining. Most meals were consumed
in the home for all the survey years. Vegetable consumption at
both restaurants and cafeterias increased significantly in 2001
and 2005 compared with that in 1998 in overall study subjects,
and in the male and female subjects separately (Table 2).
Specifically, the vegetable consumption ratio at cafeterias
and restaurants increased from 14·0 % and 11·5 %, respect-
ively in 1998 to 18·1 % and 17·4 %, respectively in 2005,
with similarity of increase in the male and female subjects,
while the consumption of vegetables at home decreased
from 66·5 % in 1998 to 56·2 % in 2005 in the male subjects
and from 77·2 % in 1998 to 66·7 % in 2005 in the female
subjects (P,0·05).

The results of vegetable consumption and consumption ratio
analysed by the age group are summarised in Tables 3 and 4.
There is no significant difference for total food intake in all
the age groups and between survey periods, except those
aged 50–64 years who consumed a significantly higher
intake (1276·7 g) in 2001 in comparison with that (1184·9 g)
in 1998. In all the age groups, vegetable consumption
increased by 33·7–53·2 g between 1998 and 2005. In general,
the vegetable consumption ratio in all the age groups
increased in 2005 compared with that in 1998 (P,0·05,
data not shown).

Analysis of changes in vegetable consumption by meal
type revealed that from the ages of 7 to 12 years, vegetable

consumption increased during both breakfast and lunch
between 1998 and 2005, but for those aged 19–49 years,
vegetable consumption decreased during breakfast (P,0·05,
Tables 3 and 4). Vegetable consumption during lunch
increased for all the age groups and increased during dinner
for all the age groups except those aged 7–15 years and
19–29 years (P,0·05). In the 7–12-year group, the ratio of
vegetable consumption during dinner decreased from 34·0 %
in 1998 to 30·1 % in 2005 (P,0·05). Analysis of vegetable
consumption ratios for different meal types indicated
decreased consumption during breakfast by the subjects
over 13 years of age, though the consumption ratio during
snack time increased for those over 30 years of age
(P,0·05). There was no significant difference between
consumption during both lunch and dinner by the subjects
over 50 years of age.

Analysis of vegetable consumption for different places of
dining showed that vegetable consumption for those aged
7–12 years increased in cafeterias, restaurants and other
places (Table 3). For those aged 7–15 and 19–49 years,
vegetable consumption at home decreased, and for all ages
consumption at both cafeterias and restaurants increased.
Analysis of vegetable consumption ratio showed increased
consumption in cafeterias, restaurants and other places and
decreased consumption at home by the subjects aged 16–64
years with time (P,0·05). For those aged over 65 years,
there was a significant increase at restaurants and other
places between 1998 and 2005 (Table 4).

Discussion

We analysed vegetable consumption in the Korean population
between 1998 and 2005 and found that vegetable consumption
increased. For the most part, the observed difference was
similar in pattern between both the male and female subjects.
Vegetable consumption increased more during lunch and
dinner than during breakfast; the consumption ratio was
found to have increased when the meal was consumed at a
cafeteria or a restaurant. These changes were generally similar
in both sex groups and between age groups, though some
slight differences were observed.

A study on changes in food consumption in Portugal
between 1987 and 1999 reported increasing trends in
vegetable consumption by both men and women(11). A study
on trends in vegetable intake conducted on Swedish parti-
cipants aged 70 years and above for a period of 30 years
(1971–2000)(18) revealed that daily vegetable intake for men
and women increased over the years (92 g/d for men; 84 g/d
for women). Another Swedish study, monitoring of trends
and determinants in CVD, conducted in northern Sweden(19),
showed that between 1986 and 1999 Swedish adults increased
the number of vegetable servings consumed and women
increased their consumption by six servings per month
in 1999 up from 29·1 servings in 1986. A study on food
consumption in seven Mediterranean countries during the
period of 1961–2001 also reported increased vegetable
consumption between 30 and 174 % in Algeria, Morocco,
Turkey, Italy and Greece. This present study has similar
results as previous studies: total vegetable consumption and
vegetable consumption ratios increased from 24·0 % in 1998
to 27·2 % in 2005. A notable thing in Korea is that Koreans
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Table 2. Comparison of vegetable consumption amount and intake ratio in 1998, 2001 and 2005 according to meal format by sex

(Mean values with their standard errors)

Year. . . Total Male Female

1998 2001 2005 1998 2001 2005 1998 2001 2005

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Total food consump-
tion (g/d)

1267·5 14·3 1282·8 12·9 1280·0 13·3 1389·8 17·1 1380·6 15·4 1422·4 18·0 1154·8 14·0 1197·2 13·7 1139·1 12·1

Total vegetable
consumption (g/d)

293·5a 0·4 305·7a 3·7 335·9b 3·7 326·8a 4·9 335·7a 4·4 368·9b 5·0 262·4a 4·1 279·5b 3·9 303·3c 3·8

Meal types
Amount (g/d)
Breakfast 84·7 1·6 79·6 1·6 83·2 1·6 91·3a 1·9 82·6b 1·9 87·1a,b 2·0 78·6 1·7 77·0 1·8 79·5 1·7
Lunch 97·5a 1·5 110·5b 1·5 119·8c 1·5 109·8a 1·8 124·3b 1·9 133·0c 2·0 86·1a 1·7 98·4b 1·6 106·8c 1·8
Dinner 102·5a 1·8 107·9a 1·7 114·0b 1·8 115·0a 2·3 119·8a 2·0 129·4b 2·4 91·0a 1·8 97·4a 1·9 98·7b 1·8
Snack 8·8 0·6 7·7a 0·5 18·9b 1·2 10·7a 0·8 8·9a 0·7 19·5b 1·8 7·0a 0·7 6·7a 0·6 18·3b 1·2

Ratio (%)*
Breakfast 28·4a 0·4 24·9b 0·3 24·3b 0·3 27·3a 0·4 23·4b 0·4 22·9b 0·4 29·4a 0·4 26·3b 0·4 25·6b 0·4
Lunch 34·6a,b 0·4 35·5a 0·3 34·2b 0·4 34·8 0·4 35·6 0·4 35·3 0·4 34·5a,b 0·5 35·4a 0·4 33·2b 0·5
Dinner 34·3a 0·3 37·3b 0·4 37·3b 0·3 34·9a 0·4 38·7b 0·5 37·9b 0·5 33·7a 0·5 36·0b 0·4 36·7b 0·5
Snack 2·7a 0·2 2·4a 0·2 4·2b 0·2 2·9a 0·2 2·4a 0·2 4·0b 0·3 2·5a 0·2 2·4a 0·2 4·4b 0·3

Dining locations
Amount (g/d)
Home 211·9a 3·4 199·3b 3·9 204·5a,b 3·6 215·9a 4·1 195·0b 4·2 202·1a,b 4·7 208·2 3·9 203·0 4·2 206·9 3·9
Cafeteria 37·0 1·5 46·1b 1·8 59·1c 2·4 48·4a 2·2 62·7b 2·8 76·1c 3·3 26·5a 1·3 31·5b 1·4 42·3c 2·2
Restaurant 37·0a 1·6 55·3b 1·9 62·4b 2·2 52·7a 2·6 72·7b 2·6 79·7b 3·3 22·6a 1·3 40·1b 1·9 45·2b 2·0
Other place 7·5 0·9 5·0b 0·5 9·9a 0·9 9·8a 1·3 5·3b 0·7 11·0a 1·4 5·5a 0·6 4·8a 0·6 8·9b 0·8

Ratio (%)*
Home 72·1a 0·6 65·3b 0·8 61·5c 0·8 66·5a 0·8 58·9b 0·9 56·2b 0·9 77·2a 0·7 71·0b 0·8 66·7c 0·8
Cafeteria 14·0a 0·5 16·4b 0·6 18·1b 0·7 16·2a 0·6 20·0b 0·7 20·8b 0·8 12·0a 0·5 13·3a 0·6 15·5b 0·7
Restaurant 11·5a 0·4 16·6b 0·5 17·4b 0·6 14·6a 0·6 19·6b 0·7 20·1b 0·7 8·6a 0·4 13·9b 0·6 14·7b 0·6
Other place 2·4a 0·2 1·7b 0·2 3·0a 0·2 2·7a 0·3 1·5b 0·2 2·9a 0·3 2·2a 0·2 1·8a 0·2 3·0b 0·3

a,b,c Mean values with unlike superscript letters within the same row are significantly different between years at a ¼ 0·05 by Bonferroni’s multiple t test.
* Vegetable intake consumed during each meal or at each place of dining divided by total vegetable intake per d.
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Table 3. Comparison of vegetable consumption amount and intake ratio in 1998, 2001 and 2005 according to meal format by age (7–29 years)

(Mean values with their standard errors)

Age (years). . . 7–12 13–15 16–18 19–29

Year. . . 1998 2001 2005 1998 2001 2005 1998 2001 2005 1998 2001 2005

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Total food
consumption
(g/d)

1167·5 24·1 1143·0 19·5 1148·3 18·2 1263·6 33·7 1218·8 25·2 1243·7 29·0 1210·8 31·0 1226·8 31·7 1298·5 34·4 1326·2 22·5 13320·0 25·1 1399·5 30·1

Total vegetable
consumption
(g/d)

174·6a 6·1 173·4a 4·8 212·0b 6·3 218·5a 8·3 215·7a 7·8 264·3b 9·7 216·5a 6·9 236·2a,b 9·1 262·5b 13·2 285·6a 6·2 289·0a 5·9 328·3b 8·4

Meal types
Amount (g/d)
Breakfast 42·2a,b 2·3 38·4a 1·8 49·0b 2·6 60·9a 3·9 48·0b 3·3 57·1a,b 3·9 60·7 3·6 49·2 4·5 53·8 5·3 68·1a 2·8 54·3b 2·5 57·6b 3·1
Lunch 63·4a 2·4 66·9a 2·4 86·9b 2·9 65·7a 4·0 84·1b 3·8 101·6c 4·6 70·9a 3·3 93·1b 4·6 99·8b 5·4 100·7a 2·8 115·7b 3·0 131·8c 4·4
Dinner 62·1 3·3 62·4 2·5 62·9 3·1 82·7 4·4 76·4 3·9 91·5 5·8 72·8a 3·3 84·6a,b 4·4 89·4b 5·1 106·5 3·2 109·4 3·4 118·3 4·1
Snack 6·8a 1·2 5·6a 0·8 13·2b 1·8 9·1 1·9 7·2 1·4 14·0 3·4 12·2 1·8 9·3 2·4 19·6 5·0 10·3a 1·1 9·6a 1·3 20·5b 3·9

Ratio (%)*
Breakfast 22·8 0·9 20·8 0·7 22·5 0·9 27·1a 1·2 20·5b 1·2 21·7b 1·3 27·5a 1·3 19·5b 1·6 18·7b 1·6 22·8a 0·7 18·1b 0·7 16·6b 0·9
Lunch 39·8 1·2 41·6 1·1 43·1 1·2 32·2a 1·4 41·6b 1·4 41·2b 1·5 32·4a 1·3 40·5b 1·6 40·6b 2·2 36·5a 0·8 40·8b 0·9 41·7b 1·0
Dinner 34·0a 1·0 34·8a 1·0 30·1b 0·9 36·8 1·5 34·6 1·2 33·6 1·3 35·1 1·2 36·7 1·6 35·4 1·6 37·1 0·9 38·0 0·8 37·1 0·9
Snack 3·3a,b 0·4 2·9a 0·4 4·3b 0·5 3·9 0·7 3·3 0·5 3·5 0·7 5·0 0·7 3·3 0·7 5·3 1·0 3·6 0·3 3·1 0·5 4·5 0·5

Dining locations
Amount (g/d)
Home 119·5a,b 5·5 110·6a 4·2 113·0b 5·8 165·8a 8·1 139·3b 6·7 147·2a,b 8·9 149·5 6·9 139·3 8·9 128·0 10·5 182·1a 6·0 148·4b 6·1 157·5b 7·0
Cafeteria 47·6a 2·6 49·8a 2·7 60·8b 4·1 41·7a 3·8 60·4b 4·4 84·4c 6·9 10·6b 4·7 52·5a 5·5 88·1b 8·2 41·4a 3·2 54·8b 3·8 73·3c 5·9
Restaurant 5·0a 1·1 9·9b 1·4 11·4b 1·9 9·5a 2·2 15·0a 2·1 22·0b 4·6 19·2a 2·4 42·7b 5·1 37·5b 4·5 52·8a 3·5 79·9b 4·7 88·3b 5·7
Other place 2·4a 0·8 3·1a 1·0 6·7b 1·2 1·5a 0·8 1·1a 0·4 10·6b 4·7 3·6a,b 1·1 1·6a 0·8 8·9b 2·8 9·3 1·3 5·9 1·1 9·2 3·1

Ratio (%)*
Home 65·4 1·6 61·1 1·4 60·4 1·7 72·4a 1·7 62·3b 2·0 57·0b 2·5 69·7a 1·7 58·8b 2·7 48·5c 2·7 62·2a 1·2 52·4b 1·4 50·6b 1·6
Cafeteria 30·7 1·6 31·1 1·4 30·4 1·8 22·4a 1·7 30·3b 1·9 31·1b 2·2 19·7a 1·5 23·6a 2·2 33·4b 2·6 15·0a 1·0 19·3b 1·2 21·6b 1·5
Restaurant 2·6a 0·5 6·1b 0·7 5·7b 0·9 4·7 0·9 6·9 1·0 8·2 1·3 8·8a 1·1 17·0b 1·9 15·3b 2·0 19·2a 1·0 26·5b 1·2 25·6b 1·4
Other place 1·3a 0·4 1·7a 0·5 3·5b 0·6 0·4 0·2 0·5 0·2 3·7 1·5 1·7a,b 0·5 0·6a 0·3 2·8b 0·8 3·5a 0·4 1·9b 0·3 2·3a,b 0·4

a,b,c Mean values with unlike superscript letters within the same row are significantly different between years at a ¼ 0·05 by Bonferroni’s multiple t test.
* Vegetable intake consumed during each meal or at each place of dining divided by total vegetable intake per d.
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Table 4. Comparison of vegetable consumption amount and intake ratio in 1998, 2001 and 2005 according to meal format by age (30 years and over)

(Mean values with their standard errors)

Age (years). . . 30–49 50–64 $65

Year. . . 1998 2001 2005 1998 2001 2005 1998 2001 2005

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Total food consump-
tion (g/d)

1377·6 19·0 1394·9 17·7 1365·0 19·2 1184·9a 21·1 1276·7b 21·8 1227·6a,b 19·4 964·5 23·2 1021·0 22·8 968·4 17·8

Total vegetable
consumption (g/d)

347·1a 5·9 356·7a 5·2 380·8b 5·4 320·7a 6·9 353·9b 8·7 373·9b 7·8 267·9a 8·3 296·6a,b 8·6 310·2b 8·4

Meal types
Amount (g/d)
Breakfast 99·2a 2·4 91·0b 2·4 92·3b 2·3 107·4 3·2 112·6 3·9 117·2 3·8 98·5 3·7 101·4 3·7 101·2 3·0
Lunch 116·1a 2·2 129·8b 2·2 134·4b 2·4 100·8a 2·9 115·7b 3·2 118·6b 3·1 81·3a 3·3 94·5b 3·7 94·8b 2·9
Dinner 121·9a 2·8 127·4a,b 2·3 132·4b 2·8 106·1a 3·2 117·9a,b 3·8 119·3b 3·2 83·6a 3·2 96·5b 3·2 100·7b 3·4
Snack 9·9a 1·2 8·5a 0·8 21·6b 1·7 6·4a 1·0 7·6a 1·4 18·9b 2·1 4·5a 0·9 4·2b 1·1 13·5b 2·4

Ratio (%)*
Breakfast 28·8a 0·5 24·7b 0·5 24·0b 0·5 33·6a 0·7 31·8a,b 0·7 31·2b 0·7 37·5a 0·7 34·2b 0·7 33·2b 0·6
Lunch 34·4a 0·5 36·9b 0·5 36·3b 0·5 31·5 0·6 33·0 0·6 32·7 0·6 30·2 0·7 31·2 0·9 31·0 0·7
Dinner 34·6a 0·5 36·1b 0·4 35·1a,b 0·5 33·3 0·6 33·4 0·7 32·3 0·7 30·9 0·7 33·4 0·8 32·9 0·6
Snack 2·3a 0·2 2·2a 0·2 4·6a,b 0·3 1·6a 0·2 1·9a 0·3 3·7b 0·4 1·4a 0·3 1·2a 0·2 2·8b 0·4

Dining locations
Amount (g/d)
Home 241·2a 5·1 217·0b 5·0 217·1b 5·4 256·6 6·4 266·4 8·9 268·3 7·9 250·2 8·1 264·7 8·5 272·3 8·1
Cafeteria 41·0a 2·2 54·3b 2·9 65·3c 3·1 26·7a 2·7 32·4a,b 3·0 40·6b 3·5 7·1a 1·7 9·3a,b 1·8 13·8b 2·2
Restaurant 54·0a 2·8 79·8b 2·9 86·4b 3·4 30·4a 2·9 47·6b 3·7 53·7b 3·6 7·8a 1·5 18·8b 2·6 19·5b 2·5
Other place 10·9a 1·7 5·6b 0·8 12·0a 1·4 6·9 1·5 7·4 1·3 11·3 1·6 2·9 0·7 3·7 1·1 4·6 1·0

Ratio (%)*
Home 70·4a 0·8 61·9b 0·9 57·8b 0·9 81·7a 1·0 76·4b 1·1 71·4c 1·1 93·1a 0·9 89·6b 1·0 88·0b 1·0
Cafeteria 12·0a 0·6 14·8b 0·7 16·9b 0·8 7·6a 0·7 8·7a,b 0·6 10·4b 0·8 2·7 0·5 2·9 0·6 4·0 0·6
Restaurant 14·6a 0·6 21·6b 0·7 22·1b 0·8 8·7a 0·7 12·4b 0·9 14·8b 0·9 2·8a 0·5 6·2b 0·8 6·2b 0·7
Other place 3·0a 0·4 1·7b 0·2 3·2a 0·4 2·0a 0·3 2·5b 0·4 3·4c 0·5 1·4a 0·3 1·3b 0·3 1·8b 0·4

a,b,c Mean values with unlike superscript letters within the same row are significantly different between years at a ¼ 0·05 by Bonferroni’s multiple t test.
* Vegetable intake consumed during each meal or at each place of dining divided by total vegetable intake per d.
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consume a relatively high intake of fermented vegetables.
For example, daily intakes of Kimchi in Korea were 131·8 g
in 1998, 136·3 g in 2001 and 129·1 g in 2005, which are
40–45 % of daily total vegetable intake consumed by Koreans
(data not shown). However, the consumption ratio of Kimchi
decreased in 2005 compared with that in 1998 and in 2001,
while the consumption ratio of fresh vegetables had an
increasing change with time.

There are some studies conducted in the USA, Spain and
Australia(9,10,20,21) that have revealed decreasing trends in
vegetable consumption. Some researchers argue that increases
in vegetable consumption are closely related to socioeconomic
factors. Researchers analysing data from NHANES found that
the vegetable consumption ratio differed between whites and
blacks in the USA and found that the ratio increased as
economic and educational levels became higher in both
whites and blacks(22). Researchers in Portugal have also
found a link between increased vegetable consumption and
levels of education when taking location and age into
account(11). Similarly, in the present study we found that
while vegetable consumption increased, so did the levels of
education and economic status of subjects between 1998 and
2005, suggesting that socioeconomic status may be correlated
with vegetable consumption behaviours. In fact, the inter-
national monetary fund crisis in December 1997 was a painful
blow to Koreans that resulted in a major economic recession
that affected the food intake situation. Therefore, the food
consumption was low in 1998, and there has been economic
improvement resulting in vegetable intake increase since then.

While in our study vegetable consumption in all the age
groups is increasing, other studies have shown the opposite.
For instance, a study in the USA on dietary habits of preschoo-
lers using the National Food Consumption Survey for 1977–9
and the Continuing Survey of Food Intakes by Individuals
data for 1989–91, 1994–6 and 1998(23) reported increased
vegetable servings in 1994–96 and 1998 compared with
those in 1977–79. A similar study of children aged 9–10
years in Liverpool, UK(24) also reported increased vegetable
consumption ratios during the period from 2001 to 2005
(boys, 23·5 %; girls, 44·8 %). However, another study in the
USA on trends in dietary patterns of fifth graders (approxi-
mately 10 years of age) in Bogalusa, USA from 1973 until
1994(25,26), showed that vegetable consumption ratios
decreased and average vegetable consumption decreased
from 146·5 g in 1973–4 to 134·1 g in 1993–4, though there
was not a statistically significant difference. Another study
conducted in the same area on trends in dietary patterns in
the subjects transitioning from childhood to adulthood also
reported no significant changes in vegetable consumption
patterns. A study on the vegetable and fruit consumption pat-
terns of juveniles in Minnesota, USA between 1994 and 2004
found that the number of servings of vegetables (green/orange
vegetables) consumed by early to middle adolescents
decreased in both the male and female subjects, and the
decrease in the number of servings of green/orange vegetables
consumed was observed only in the male subjects in middle to
late adolescence. A trend of decreasing numbers of vegetable
servings in both men and women was reported in a study using
data from the Behavioural Risk Factor Surveillance System in
the USA(9). But the same study also reported inconsistent
trends of daily vegetable and fruit consumption ratios between

different age groups. Consumption ratios increased in the male
subjects between the ages of 18 and 24 years and decreased in
the male subjects between the ages of 55 and 64 years. At
the same time, the consumption ratios increased in the
female subjects aged 18–34 years and decreased in those
aged 65 years or older. One study(18,27) reported an increasing
trend of vegetable intake in subjects aged 60 years or older.
The first studies to examine trends of vegetable intake have
varied from region to region, for example, a trend of decreased
vegetable intake in the USA v. a trend of increased vegetable
intake in European countries. Discrepancies in trends also
exist between the age groups. While a trend showed increased
vegetable intake in adults aged 18–24 years in the USA,
the trend was decreasing in other age groups.

In our study, we looked into the pattern of changes in
vegetable consumption in the context of different meal types
and places of dining. In general, vegetable consumption did
not change for breakfast. But consumption did increase for
lunch and dinner, which was similar in both men and women.
In children aged 7–12 years, vegetable consumption increased
for breakfast and lunch, while no change in vegetable intake
for each mealtime was observed in the study of children in
Bogalusa, USA(25). Also, in adults aged 19–49 years, vegetable
consumption during breakfast decreased while consumption
increased during lunch. These finding indicate that vegetable
consumption varies by meal type and age.

Changes in vegetable consumption patterns are thought to
be influenced by an increasing trend of skipping breakfast
and/or replacing it with fast alternatives while rushing in the
morning. In fact, 38 % of those between the ages of 20 and
29 years and 17·2 % of those between the ages of 30 and
49 years skip breakfast in the morning, according to the
2005 KNHANES report(28). Fewer children (aged 7–12
years) and older adults (.50 years of age) were found to
skip breakfast. Analysis of vegetable consumption in different
places of dining showed increasing trends of vegetable
consumption and consumption ratio at cafeterias and restau-
rants. Generally, meals eaten at home had the highest
vegetable consumption ratio compared with other places of
dining, though this trend changed in 2005, and vegetable
consumption during meals at home decreased, while vegetable
consumption at cafeterias and restaurants increased. The study
of children of about 10 years of age in Bogalusa, USA(25)

reported that it did show that vegetable consumption during
meals eaten at school or at restaurants increased. Also in the
Bogalusa study, there were no substantial changes observed
in vegetable consumption during meals eaten at home, there
was an increasing trend of vegetable consumption during
meals eaten outside of the home.

The overall results of our analysis indicate that vegetable
consumption by Koreans has steadily increased. These
differences are considered to have been influenced by chan-
ging factors such as improved socioeconomic status,
advancement of the food industry and other factors related
to dietary habit. However, there have been few studies on
comparison in vegetable consumption behaviours related to
these factors, particularly with factors like socioeconomic
status and changes in standards of living. Therefore, further
studies on changes in vegetable consumption for people of
different socioeconomic backgrounds will be necessary in
the future.
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