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Trends in energy intake among Korean adults, 1998-2015: Results 
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BACKGROUND/OBJECTIVES: Assessing changes in energy intake and dietary sources is important to understand trends in the 
prevalence of obesity. Thus, we examined trends in energy intake and its nutrient and food sources in Korean adults from 
1998 through 2015. 
SUBJECTS/METHODS: This study included 70,769 subjects aged ≥ 19 years who completed a nutrition survey. Subject data 
were obtained from the 1998, 2001, 2005, 2007-2009, 2010-2012, and 2013-2015 Korea National Health and Nutrition Examination 
Surveys. Dietary intake was assessed by a 1-day 24-hour recall method.
RESULTS: In men, the daily energy intake significantly increased from 2,196 kcal in 1998 to 2,489 kcal in 2013-2015 (P for 
trend < 0.0001). However, the daily energy intake among women did not change significantly over the same period (P for 
trend = 0.5772). The percentages of energy intake from animal foods (e.g., meat and milk) and beverages increased during 
the study period in both men and women. However, the percentage of energy intake from plant foods decreased due to 
a marked decrease in the intake of white rice. Changes in food sources of energy intake led to changes in the nutrient sources 
of energy intake; for example, the increase of energy intake from fat and decrease of energy intake from carbohydrate.
CONCLUSIONS: This study suggests that since 1998, energy intake has increased among Korean adult men, but not among 
women. However, the composition of food and nutrient sources of energy intake has changed in both men and women. 
Energy intake and its nutrient and food sources should continue to be monitored regularly in the Korean adult population.
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INTRODUCTION9)

Assessing changes in food and nutrient consumption is 
important in the prevention of disease and improvement of 
health because dietary consumption has been reported to 
contribute to obesity and chronic diseases such as heart disease, 
diabetes, and cancer [1-3]. Many countries are monitoring 
nutrient intake and the food sources of those nutrients using 
national nutrition survey, and the results of those surveys have 
been used to develop and implement nutritional policies 
tailored to reflect changes in dietary consumption [4-8]. 

According to nationally representative data for Korean, the 
prevalence of obesity in men aged 19 years and older increased 
from 25.1% in 1998 to 39.7% in 2015, and this trend was 
consistent across all age groups [9]. However, the trend for the 
prevalence of obesity in women differed across age groups 
during same period. The prevalence of obesity in women aged 
40-59 years decreased slightly between 1998 and 2015, whereas 
the prevalence of obesity in elderly women (aged 70 years and 
over) increased over that period. In addition to physical inactivity, 

excessive energy intake has been documented as a major risk 
factor for obesity [10]. Therefore, assessing changes in energy 
intake and sources of energy intake is important to understand 
the observed trends in the prevalence of obesity. 

Previous studies into dietary transition within Korean 
population have indicated that even though the percentage 
of energy intake obtained from the animal food or fat increased 
between 1969 to 1995, total energy intake decreased (from 
2,105 kcal for 1969 to 1,839 kcal for 1995) [11,12]. However, 
trends in energy intake and its nutrient and food sources have 
not been examined since 1998.

The objective of this study was to examine the trends in 
energy intake and its nutrient and food sources from 1998 to 
2015 among Korean adults according to sex and age groups 
using data from the Korea National Health and Nutrition 
Examination Survey (KNHANES).

SUBJECTS AND METHODS

Study population
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The KNHANES is a nationwide cross-sectional survey that has 
been used to assess the health and nutritional status of the 
non-institutionalized Korean population [12]. This surveillance 
system was initiated in 1998 as a triennial survey. In 1998 and 
2001, surveys were performed in November and December, 
whereas the 2005 was conducted from April to June. In 2007, 
KNHANES was converted to an annual survey in order to 
provide timely health statistics for the Centers for Disease 
Control and Prevention and surveys are conducted all year round. 
Nationally representative households of the non-institutionalized 
Korean population for KNHANES were selected using a stratified 
multistage probability sampling design. The survey’s target 
population includes all family members aged 1 year and older 
in the selected households.

The current study included data for subjects aged 19 years 
and over who completed the KNHANES nutrition survey. The 
KNHANES occurred in 1998 (KNHANES I), 2001 (KNHANES II), 
2005 (KNHANES III), 2007-2009 (KNHANES IV), 2010-2012 (KNHANES 
V), and 2013-2015 (KNHANES VI). The study sample consisted 
of 70,769 persons (7,501 for 1998, 7,092 for 2001, 6,526 for 2005, 
16,187 for 2007-2009, 17,394 for 2010-2012 and 16,069 for 
2013-2015). 

The KNHANES was approved by the institutional review board 
of the Centers for Disease Control and Prevention(2007-02CON-
04-P, 2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C, 
2011-02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-03-4C, and 
2013-12EXP-03-5C) from 2007 to 2013.

Since 2014, the KNHANES has been exempted from review 
about research ethics based on Bioethics and Safety Act. Written 
informed consent was obtained from all participants since 1998.

Data collection

Health interview and examination
The KNHANES consists of a health interview, health examination, 

and nutrition survey. The health interview and health exami-
nation were conducted by trained medical staff and interviewers 
in a mobile examination center. 

The health interview questionnaire included requests for 
information on socio-demographic features including household 
characteristics (e.g., education, occupational status, and household 
income) and health related behaviors (e.g., smoking, alcohol 
use, and physical activity). Data on physical activity have been 
collected since the 2005 KNHANES. Physical activity was defined 
as walking at least 10 minutes at a time, for 30 minutes or more 
per day, on 5 or more per days during the 7 days preceding 
the survey.

The KNHANES health examination obtained anthropometrical, 
biochemical and clinical information on diseases such as 
obesity, hypertension, and diabetes. Obesity was defined as a 
body mass index of ≥ 25 kg/m2 based on previously reported 
obesity criteria for the Asian population [14].

Nutrition survey and dietary assessment
The nutrition survey of KNHANES consisted of dietary habits, 

1-day 24-hour recall, and food frequency questionnaire. The 
nutrition survey data were collected by trained dietitians in the 
homes of the participants one week after the health interview 

and health examination. The daily intake of energy was 
calculated using the Korean Foods and Nutrients Database of 
the Rural Development Administration [15-18]. The prevalence 
of insufficient or excessive energy intake was estimated by the 
estimated energy requirement (EER) for Koreans [19-22]. The EER 
for Koreans was applied differently by KNHANES year. The 
Recommended Dietary Allowances for Koreans (6th revision) 
[19] was used for 1998 data, the Recommended Dietary 
Allowances for Koreans (7th revision) [20] for 2001 data, the 
Dietary Reference Intakes for Koreans [21] for 2005 and 
2007-2009 data, and the Dietary Reference Intakes for Koreans 
(1st revision) [22] for 2010-2015 data. Insufficient energy intake 
was defined as consumption of ≤ 75% of the Korean EER and 
excessive energy intake was defined as ≥ 125% of the Korean 
EER. 

Food group assignments were based on the food grouping 
system in KNHANES, and some food groups (i.e., the principal 
food sources of energy) were divided into subgroups. Because 
of their importance in the Korean diet, the cereal and grain 
product food group was separated into white rice, whole grains, 
flour and its products, and rice products. In addition, 
non-alcoholic and alcoholic beverages were grouped separately 
from plant foods because they have higher energy densities 
than other foods.

Statistical analysis
We conducted our analyses using survey weighting that 

accounted for the complex survey design, which consisted of 
multistage, stratified, and clustered samples. Data analyses were 
performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). The 
significance of trends was tested using linear regression (SAS, 
Proc surveyreg) for continuous variables and logistic regression 
(SAS, Proc surveylogistic) for categorical variables. Statistical 
significance of P for trend was ≤ 0.05. 

RESULTS

The average ages of both men and women increased from 
1998 to 2013-2015 (Table 1). In addition, the mean of household 
monthly income, percentage of respondents with a college 
diploma and higher, and percentage of non-manual workers 
increased during the same period. The prevalence of obesity 
has increased steadily in men (24.8% for 1998, 36.0% for 
2007-2009, and 38.9% for 2013-2015). In contrast, over the 1998 
to 2013-2015 period, the prevalence of obesity decreased 
slightly in women (26.9% for 1998 and 25.0% for 2013-2015). 
The percentage of subjects who engaged in physical activities, 
such as walking, decreased from 2005 to 2013-2015.

Trends in energy intake
Table 2 summarizes the trends in total energy intake among 

men and women from 1998 to 2013-2015. In men, the age- 
standardized mean intake of total energy significantly increased 
over time (2,196 kcal in 1998, 2,255 kcal in 2007-2009, and 2,489 
kcal in 2013-2015), and this trend was consistent across all age 
groups. The percentages of men with an insufficient energy 
intake decreased from 36.9% to 24.4%, while, over the same 
period, the percentages of men with excessive energy intake 
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KNHANES P for trend4)

I II III IV V VI 1998 to 2007-2009 to

(1998) (2001) (2005) (2007-2009) (2010-2012) (2013-2015) 2013-2015 2013-2015

Men (n) 3,480 3,253 2,918 6,592 7,129 6,712

Age (yrs, mean ± SE) 40.3 ± 0.3 40.9 ± 0.3 42.3 ± 0.4 43.5 ± 0.3 44.5 ± 0.3 45.3 ± 0.3 < 0.0001 0.1490

Education status (%, SE)1) 

  ≤Middle school 30.3 (1.0) 27.1 (0.9) 14.0 (0.6) 13.3 (0.4) 11.0 (0.4)  9.4 (0.4) < 0.0001 < 0.0001

  High School 40.5 (1.1) 37.1 (1.0) 54.3 (1.1) 53.2 (0.9) 51.8 (0.8) 48.9 (0.9) < 0.0001 0.0134

  ≥ College 29.2 (1.4) 35.8 (1.1) 31.8 (1.2) 33.5 (0.9) 37.2 (0.8) 41.7 (0.9) < 0.0001 < 0.0001

Occupational status (%, SE)

  Non-manual 20.3 (1.2) 21.3 (0.9) 23.4 (1.1) 26.4 (0.9) 28.8 (0.8) 31.0 (0.9) < 0.0001 0.0015

  Manual 54.6 (1.3) 52.0 (1.1) 50.7 (1.2) 48.9 (1.0) 48.3 (0.9) 44.8 (1.0) < 0.0001 0.0021

  Unemployed 25.1 (0.9) 26.7 (0.9) 26.0 (0.8) 24.7 (0.7) 22.9 (0.7) 24.2 (0.7) 0.0526 0.7757

Obesity (%, SE)2) 24.8 (1.0) 30.9 (1.1) 34.6 (1.2) 36.0 (0.8) 36.2 (0.8) 38.9 (0.8) < 0.0001 0.0144

Physical activity (%, SE)3) 62.3 (1.6) 48.7 (0.8) 42.4 (0.9) 42.8 (0.9) < 0.0001 < 0.0001

Household monthly income 
(104 KRW, mean ± SE)

139.9 ± 3.5 183.6 ± 4 233.4 ± 4.9 306.0 ± 8 440.4 ± 15.9 416.9 ± 10.7 < 0.0001 < 0.0001

Women (n) 4,021 3,839 3,608 9,595 10,265 9,357

Age (yrs, mean ± SE) 42.3 ± 0.4 42.8 ± 0.4 44.3 ± 0.3 45.6 ± 0.3 46.5 ± 0.3 47.5 ± 0.3 < 0.0001 < 0.0001

Education status (%, SE)

  ≤Middle school 45.9 (1.1) 39.9 (0.9) 24.0 (0.7) 22.3 (0.4) 19.7 (0.4) 16.1 (0.3) < 0.0001 < 0.0001

  High School 34.8 (0.9) 36.9 (0.9) 51.2 (1.2) 50.5 (0.7) 47.3 (0.8) 44.8 (0.8) < 0.0001 0.0015

  ≥ College 19.3 (1.0) 23.2 (0.9) 24.8 (1.1) 27.2 (0.7) 33.0 (0.8) 39.1 (0.8) < 0.0001 < 0.0001

Occupational status (%, SE)

  Non-manual 11.5 (0.7) 12.3 (0.7) 16.1 (0.7) 17.3 (0.5) 21.3 (0.6) 24.8 (0.7) < 0.0001 < 0.0001

  Manual 33.6 (1.2) 32.7 (1.1) 32.0 (1.1) 28.7 (0.7) 30.8 (0.7) 27.5 (0.7) < 0.0001 0.4293

  Unemployed 55.0 (1.1) 55.0 (1.1) 51.9 (1.1) 54.0 (0.8) 47.9 (0.7) 47.7 (0.7) < 0.0001 < 0.0001

Obesity (%, SE) 26.9 (0.9) 28.3 (0.9) 27.3 (1.0) 25.6 (0.6) 26.6 (0.6) 25.0 (0.6) 0.0154 0.3546

Physical activity (%, SE) 58.5 (1.6) 44.2 (0.7) 37.2 (0.7) 38.5 (0.8) < 0.0001 < 0.0001

Household monthly income
(104 KRW, mean ± SE)

140.4 ± 3.5 180.0 ± 3.5 235.2 ± 5.4 312.0 ± 11.2 455.7 ± 14.9 401.8 ± 7.4 < 0.0001 < 0.0001

KNHANES, Korea National Health and Nutrition Examination Survey; KRW, South Korean won; SE, standard error.
1) Age-standardized mean ± SE or % (SE) values were calculated using age- and sex-specific structures of the estimated population in the 2005 Korea Census, except for 

average age.
2) Obesity was defined as a body mass index of ≥ 25 kg/m2.
3) Physical activity was defined as percentage of subjects who walked at least 10 minutes at a time, for 30 minutes or more per day, on 5 or more per days during the 

7 days preceding the survey.
4) P for trend values were calculated using multivariate linear regression or logistic regression.

Table 1. General characteristics among Korean adults aged 19 years and over

increased from 14.2% to 25.5%. The increase in the proportion 
of subjects with excessive energy intake among men aged 
30-69 years was larger than that of the other age groups. In 
women, the age-standardized mean intake of total energy 
showed a non-significant change over time, but there was a 
slight increase over the last three surveys (1,604 kcal for 2007- 
2009, 1,721 kcal for 2010-2012, and 1,790 kcal for 2013-2015). 
The prevalence of women with an insufficient energy intake 
was lower in 2013-2015 (33.8%) than in 1998 (37.6%), while the 
prevalence of women with excessive energy intake increased 
to 17.5% in 2013-2015 from 13.5% in 1998. However, decreasing 
trend of percentage of women with insufficient energy intake 
and the increasing trend of percentage of women with 
excessive energy intake were only significant in women aged 
50-69 years.

Trends in the percentage of energy intake from the carbohydrate, 
fat, and protein

The percentage of energy intake from the carbohydrate 
decreased from 1998 to 2013-2015 in both men (66.9% for 1998, 
65.8% for 2007-2009, and 63.5% for 2013-2015) and women 
(69.2% for 1998, 68.7% for 2007-2009, and 65.5% for 2013-2015) 
(Table 3). In contrast, the percentage of energy intake from fat 
increased during the same period (17.3% in 1998, 18.8% in 
2007-2009, and 21.3% in 2013-2015 for men; 16.0% in 1998, 
17.1% in 2007-2009, and 20.4% in 2013-2015 for women). In 
both sexes, these changes in the percentage of energy intake 
from carbohydrate and fat were consistent across all age 
groups, but the changes were greater in younger age groups 
than in older age groups. With the exception of men and 
women aged 19-29 years, the percentage of energy intake from 
protein decreased slightly in the other age groups, but 
significantly.

Trends in the food sources of energy intake
As shown in Table 4, the percentage of energy intake from 
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KNHANES P for trend4)

I II III IV V VI 1998 to 2007-2009 to

(1998) (2001) (2005) (2007-2009) (2010-2012) (2013-2015) 2013-2015 2013-2015

Men (n) 3,480 3,253 2,918 6,592 7,129 6,712

  Energy intake (kcal, mean ± SE)

  Total 2,231.3 ± 25.7 2,197.6 ± 27.1 2,311.1 ± 23.7 2,257.0 ± 15.8 2,446.0 ± 16.7 2,463.1 ± 16.7 < 0.0001 < 0.0001

  Total (age-standardized)1) 2,195.5 ± 23.9 2,173.8 ± 25.6 2,297.3 ± 22.8 2,254.7 ± 15.7 2,457.1 ± 17.2 2,489.2 ± 17.1 < 0.0001 < 0.0001

  19-29 yrs 2,328.8 ± 44.2 2,207.7 ± 53.0 2,428.1 ± 52.8 2,333.7 ± 42.5 2,558.6 ± 51.6 2,618.6 ± 42.1 < 0.0001 < 0.0001

  30-49 yrs 2,315.4 ± 31.5 2,314.3 ± 32.5 2,409.0 ± 37.1 2,333.7 ± 42.6 2,591.6 ± 23.4 2,614.1 ± 25.9 < 0.0001 < 0.0001

  50-69 yrs 2,019.4 ± 33.5 2,043.1 ± 36.4 2,122.6 ± 27.6 2,333.7 ± 42.7 2,307.4 ± 21.7 2,330.4 ± 23.2 < 0.0001 < 0.0001

  ≥ 70 yrs 1,683.5 ± 64.1 1,649.7 ± 68.1 1,785.7 ± 52.7 2,333.7 ± 42.8 1,828.1 ± 24.8 1,847.7 ± 25.1 0.0005 < 0.0001

  Prevalence of insufficient intake (%, SE)2)

  Total 36.5 (1.2) 37.0 (1.2) 29.2 (1.2) 30.2 (0.7) 23.7 (0.7) 24.1 (0.6) < 0.0001 < 0.0001

  Total (age-standardized) 36.9 (1.2) 37.0 (1.2) 29.4 (1.2) 30.7 (0.7) 24.1 (0.7) 24.4 (0.7) < 0.0001 < 0.0001

  19-29 yrs 37.3 (2.1) 42.2 (2.5) 35.7 (2.4) 42.0 (1.9) 30.6 (2.1) 30.2 (1.7) 0.0002 < 0.0001

  30-49 yrs 33.5 (1.6) 35.1 (1.5) 27.0 (1.5) 26.4 (1.0) 21.2 (0.9) 22.0 (1.0) < 0.0001 0.0017

  50-69 yrs 41.5 (2.1) 33.3 (2.0) 25.7 (1.7) 25.3 (1.2) 19.9 (1.0) 20.4 (1.0) < 0.0001 0.0018

  ≥ 70 yrs 40.5 (4.1) 43.5 (4.4) 37.5 (4.0) 39.5 (1.9) 34.6 (1.7) 34.3 (1.7) 0.0181 0.0524

  Prevalence of excessive intake (%, SE)3)

  Total 14.6 (0.9) 14.8 (0.8) 19.7 (1.0) 17.6 (0.6) 25.0 (0.7) 25.4 (0.7) < 0.0001 < 0.0001

  Total (age-standardized) 14.2 (0.8) 14.6 (0.8) 19.4 (1.0) 17.4 (0.6) 24.9 (0.7) 25.5 (0.7) < 0.0001 < 0.0001

  19-29 yrs 16.9 (1.6) 14.8 (1.8) 18.2 (2.0) 15.9 (1.5) 21.8 (1.8) 22.7 (1.5) 0.0006 0.0013

  30-49 yrs 15.3 (1.2) 15.3 (1.1) 22.1 (1.5) 19.6 (0.8) 27.7 (1.0) 28.3 (1.1) < 0.0001 < 0.0001

  50-69 yrs 10.2 (1.2) 14.0 (1.5) 18.0 (1.3) 17.6 (1.0) 26.4 (1.1) 25.8 (1.0) < 0.0001 < 0.0001

  ≥ 70 yrs 14.7 (3.6) 12.9 (2.8) 11.6 (2.5)  8.6 (1.1) 13.0 (1.2) 15.7 (1.2) 0.4670 < 0.0001

Women (n) 4,021 3,839 3,608 9,595 10,265 9,357

  Energy intake (kcal, mean ± SE)

  Total 1,752.8 ± 18.6 1,733.9 ± 16.8 1,746.3 ± 14.1 1,590.0 ± 9.0 1,696.9 ± 9.7 1,753.7 ± 10.2 0.0583 < 0.0001

  Total (age-standardized) 1,747.9 ± 18.0 1,735.5 ± 16.2 1,755.7 ± 14.1 1,604.3 ± 9.1 1,721.2 ± 10.0 1,790.4 ± 10.9 0.5772 < 0.0001

  19-29 yrs 1,804.7 ± 34.0 1,744.2 ± 32.0 1,793.0 ± 36.3 1,651.5 ± 22.9 1,806.7 ± 25.6 1,925.2 ± 33.2 0.0298 < 0.0001

  30-49 yrs 1,851.2 ± 23.7 1,855.2 ± 24.7 1,834.0 ± 19.9 1,652.7 ± 11.4 1,766.5 ± 14.3 1,817.8 ± 14.0 0.0001 < 0.0001

  50-69 yrs 1,628.9 ± 24.4 1,621.3 ± 22.4 1,677.5 ± 23.7 1,568.4 ± 15.2 1,667.6 ± 14.7 1,733.3 ± 14.4 < 0.0001 < 0.0001

  ≥ 70 yrs 1,366.6 ± 41.0 1,341.8 ± 34.6 1,397.8 ± 25.9 1,277.7 ± 16.1 1,357.4 ± 15.9 1,383.8 ± 15.6 0.6799 < 0.0001

  Prevalence of insufficient intake (%, SE) 

  Total 37.5 (1.0) 38.9 (1.1) 32.9 (0.9) 42.0 (0.7) 35.0 (0.7) 33.6 (0.6) 0.0007 < 0.0001

  Total (age-standardized) 37.6 (1.0) 38.8 (1.1) 33.0 (0.9) 42.3 (0.7) 35.3 (0.7) 33.8 (0.6) 0.0021 < 0.0001

  19-29 yrs 38.7 (2.0) 43.9 (2.1) 45.4 (2.3) 53.1 (1.6) 44.2 (1.7) 40.8 (1.7) 0.1488 < 0.0001

  30-49 yrs 32.8 (1.4) 34.9 (1.6) 29.3 (1.2) 39.1 (0.9) 33.0 (1.0) 32.3 (1.0) 0.9576 < 0.0001

  50-69 yrs 43.1 (1.9) 38.8 (2.0) 28.8 (1.8) 36.6 (1.2) 29.6 (1.0) 28.2 (0.9) < 0.0001 < 0.0001

  ≥ 70 yrs 44.7 (3.1) 46.1 (2.8) 32.8 (2.6) 47.4 (1.6) 41.0 (1.6) 40.8 (1.3) 0.3308 0.0026

  Prevalence of excessive intake (%, SE)

  Total 13.8 (0.8) 13.2 (0.7) 15.9 (0.7) 10.5 (0.4) 13.9 (0.4) 17.4 (0.4) 0.0023 < 0.0001

  Total (age-standardized) 13.5 (0.8) 13.2 (0.7) 16.0 (0.7) 10.5 (0.4) 13.8 (0.5) 17.5 (0.5) 0.0005 < 0.0001

  19-29 yrs 15.4 (1.5) 12.1 (1.3) 13.5 (1.6) 8.2 (0.9) 10.6 (1.1) 16.3 (1.3) 0.5025 < 0.0001

  30-49 yrs 15.4 (1.0) 15.7 (1.1) 18.1 (1.0) 10.8 (0.5) 14.6 (0.7) 17.8 (0.7) 0.8293 < 0.0001

  50-69 yrs 10.4 (1.1) 10.9 (1.2) 16.4 (1.4) 12.8 (0.8) 16.3 (0.8) 19.5 (0.8) < 0.0001 < 0.0001

  ≥ 70 yrs  9.7 (1.8)  9.4 (1.9)  9.4 (1.5)  7.2 (0.8) 10.5 (0.9) 12.3 (0.9) 0.1091 < 0.0001

KNHANES, Korea National Health and Nutrition Examination Survey; SE, standard error. 
1) Age-standardized means ± SE or % (SE) values were calculated using the age- and sex-specific structures of the estimated population in the 2005 Korea Census.
2) Insufficient energy intake was defined as less than 75% of the estimated energy intake requirement (EER).
3) Excessive energy intake was defined as more than 125% of the EER.
4) P for trend values were calculated using multivariate linear regression or logistic regression.

Table 2. Trends in energy intake and prevalence of subjects with insufficient or excessive intake of energy among Korean adults aged 19 years and over

the plant foods, including cereal and grain products, vegetables, 
and fruits, decreased steadily from 1998 to 2013-2015 in both 

men and women (78.3% in 1998, 74.0% in 2007-2009, and 70.1% 
in 2013-2015 for men; 82.5% in 1998, 79.8% in 2007-2009, and 
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KNHANES P for trend2)

I II III IV V VI 1998 to 2007-2009 to

(1998) (2001) (2005) (2007-2009) (2010-2012) (2013-2015) 2013-2015 2013-2015

Men (n) 3,480 3,253 2,918 6,592 7,129 6,712

Carbohydrate (% of energy, mean ± SE) 

  Total 66.4 ± 0.3 65.2 ± 0.3 63.7 ± 0.2 65.9 ± 0.2 64.9 ± 0.2 64.1 ± 0.2 < 0.0001 < 0.0001

  Total (age-standardized)1) 66.9 ± 0.3 65.6 ± 0.3 63.9 ± 0.2 65.8 ± 0.2 64.6 ± 0.2 63.5 ± 0.2 < 0.0001 < 0.0001

  19-29 yrs 64.7 ± 0.5 63.1 ± 0.5 60.8 ± 0.6 61.1 ± 0.4 59.8 ± 0.5 59.0 ± 0.4 < 0.0001 0.0003

  30-49 yrs 65.3 ± 0.3 64.0 ± 0.3 62.3 ± 0.3 64.5 ± 0.2 63.2 ± 0.3 62.1 ± 0.3 < 0.0001 < 0.0001

  50-69 yrs 69.7 ± 0.4 68.8 ± 0.4 67.9 ± 0.4 69.9 ± 0.3 68.5 ± 0.3 67.7 ± 0.3 0.0013 < 0.0001

  ≥ 70 yrs 73.9 ± 0.8 72.7 ± 1.1 69.8 ± 0.7 74.7 ± 0.4 74.4 ± 0.3 73.2 ± 0.3 0.1061  0.0028

Fat (% of energy, mean ± SE)

  Total 17.8 ± 0.2 18.8 ± 0.2 20.1 ± 0.2 18.7 ± 0.2 19.7 ± 0.2 20.8 ± 0.1 < 0.0001 < 0.0001

  Total (age-standardized) 17.3 ± 0.2 18.4 ± 0.2 19.9 ± 0.2 18.8 ± 0.1 20.0 ± 0.1 21.3 ± 0.1 < 0.0001 < 0.0001

  19-29 yrs 20.2 ± 0.4 21.2 ± 0.5 23.1 ± 0.5 23.0 ± 0.3 24.4 ± 0.4 25.6 ± 0.3 < 0.0001 < 0.0001

  30-49 yrs 18.3 ± 0.3 19.7 ± 0.3 21.1 ± 0.3 19.8 ± 0.2 21.0 ± 0.2 22.4 ± 0.2 < 0.0001 < 0.0001

  50-69 yrs 14.5 ± 0.3 15.4 ± 0.3 16.3 ± 0.3 15.2 ± 0.2 16.4 ± 0.2 17.6 ± 0.2 < 0.0001 < 0.0001

  ≥ 70 yrs 12.5 ± 0.6 12.7 ± 0.7 14.6 ± 0.6 11.9 ± 0.3 12.3 ± 0.2 13.3 ± 0.3 0.9859 0.0003

Protein (% of energy, mean ± SE)

  Total 15.8 ± 0.1 16.0 ± 0.1 16.3 ± 0.1 15.4 ± 0.1 15.4 ± 0.1 15.1 ± 0.1 < 0.0001 0.0040

  Total (age-standardized) 15.8 ± 0.1 15.9 ± 0.1 16.2 ± 0.1 15.4 ± 0.1 15.4 ± 0.1 15.2 ± 0.1 < 0.0001 0.0248

  19-29 yrs 15.1 ± 0.2 15.7 ± 0.2 16.1 ± 0.3 15.9 ± 0.2 15.8 ± 0.2 15.5 ± 0.2 0.1820 0.1107

  30-49 yrs 16.5 ± 0.2 16.4 ± 0.1 16.6 ± 0.1 15.7 ± 0.1 15.8 ± 0.1 15.5 ± 0.1 < 0.0001 0.2291

  50-69 yrs 15.8 ± 0.2 15.7 ± 0.2 15.8 ± 0.2 15.0 ± 0.1 15.0 ± 0.1 14.7 ± 0.1 < 0.0001 0.1540

  ≥ 70 yrs 13.6 ± 0.3 14.6 ± 0.5 15.6 ± 0.3 13.4 ± 0.1 13.3 ± 0.1 13.4 ± 0.1 0.0001 0.6730

Women (n) 4,021 3,839 3,608 9,595 10,265 9,357

Carbohydrate (% of energy, mean ± SE)

  Total 69.0 ± 0.3 68.3 ± 0.3 66.3 ± 0.2 69.3 ± 0.2 68.2 ± 0.2 66.8 ± 0.2 < 0.0001 < 0.0001

  Total (age-standardized) 69.2 ± 0.2 68.4 ± 0.2 66.0 ± 0.2 68.7 ± 0.1 67.1 ± 0.2 65.5 ± 0.1 < 0.0001 < 0.0001

  19-29 yrs 65.0 ± 0.5 63.9 ± 0.5 61.1 ± 0.5 63.0 ± 0.3 61.0 ± 0.4 60.3 ± 0.4 < 0.0001 < 0.0001

  30-49 yrs 68.0 ± 0.3 66.9 ± 0.3 65.0 ± 0.3 67.7 ± 0.2 65.8 ± 0.2 63.9 ± 0.2 < 0.0001 < 0.0001

  50-69 yrs 73.2 ± 0.4 72.8 ± 0.4 69.9 ± 0.3 73.4 ± 0.2 72.3 ± 0.2 70.0 ± 0.2 < 0.0001 < 0.0001

  ≥ 70 yrs 76.0 ± 0.6 76.1 ± 0.6 74.5 ± 0.5 77.0 ± 0.3 77.4 ± 0.3 76.2 ± 0.3 0.0345 0.0312

Fat (% of energy, mean ± SE)

  Total 16.2 ± 0.2 17.1 ± 0.2 18.3 ± 0.2 16.6 ± 0.1 17.6 ± 0.1 19.2 ± 0.1 < 0.0001 < 0.0001

  Total (age-standardized) 16.0 ± 0.2 17.0 ± 0.2 18.5 ± 0.2 17.1 ± 0.1 18.5 ± 0.1 20.4 ± 0.1 < 0.0001 < 0.0001

  19-29 yrs 20.5 ± 0.4 21.2 ± 0.4 23.0 ± 0.5 22.1 ± 0.3 24.0 ± 0.3 25.1 ± 0.3 < 0.0001 < 0.0001

  30-49 yrs 16.6 ± 0.2 18.1 ± 0.3 19.3 ± 0.3 17.7 ± 0.2 19.4 ± 0.2 21.6 ± 0.2 < 0.0001 < 0.0001

  50-69 yrs 12.3 ± 0.3 12.9 ± 0.3 15.0 ± 0.3 13.1 ± 0.2 14.1 ± 0.2 16.3 ± 0.2 < 0.0001 < 0.0001

  ≥ 70 yrs 10.5 ± 0.4 10.5 ± 0.4 11.5 ± 0.4 10.4 ± 0.2 10.5 ± 0.2 11.5 ± 0.2 0.1538 0.0003

Protein (% of energy, mean ± SE)

  Total 14.8 ± 0.1 14.7 ± 0.1 15.4 ± 0.1 14.1 ± 0.1 14.2 ± 0.1 14.0 ± 0.1 < 0.0001 0.0831

  Total (age-standardized) 14.8 ± 0.1 14.7 ± 0.1 15.4 ± 0.1 14.2 ± 0.1 14.4 ± 0.1 14.2 ± 0.1 < 0.0001 0.5043

  19-29 yrs 14.5 ± 0.2 14.8 ± 0.2 15.9 ± 0.2 14.9 ± 0.1 15.0 ± 0.1 14.7 ± 0.2 0.6418 0.2843

  30-49 yrs 15.4 ± 0.2 15.0 ± 0.1 15.6 ± 0.1 14.6 ± 0.1 14.9 ± 0.1 14.5 ± 0.1 < 0.0001 0.6006

  50-69 yrs 14.4 ± 0.2 14.3 ± 0.2 15.1 ± 0.2 13.5 ± 0.1 13.6 ± 0.1 13.7 ± 0.1 < 0.0001 0.2156

  ≥ 70 yrs 13.5 ± 0.3 13.4 ± 0.3 14.0 ± 0.2 12.6 ± 0.1 12.1 ± 0.1 12.3 ± 0.1 < 0.0001 0.2018

KNHANES, Korea National Health and Nutrition Examination Survey; SE, standard error. 
1) Age-standardized means ± SE were calculated using the age- and sex-specific structures of the estimated population in the 2005 Korea Census.
2) P for trend values were calculated using multivariate linear regression.

Table 3. Trends in percentage of total energy intake provided by carbohydrate, fat, and protein among Korean adults aged 19 years and over

75.1% in 2013-2015 for women). Within the plant foods, the 
most important source of total energy intake was white rice 
in both men and women. However, the percentage of energy 
intake from white rice decreased by 16.5% in men and by 17.7% 

in women from 1998 to 2013-2015. In contrast to white rice, 
the percentages of energy intake from mixed grains (e.g., barley 
and unpolished rice), noodles and dumplings, and wheat and 
its products (e.g., bread and snacks) continuously increased 
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KNHANES P for trend2)

I II III IV V VI 1998 to 2007-2009 to

(1998) (2001) (2005) (2007-2009) (2010-2012) (2013-2015) 2013-2015 2013-2015

Men (n) 3,480 3,253 2,918 6,592 7,129 6,712

Total plant food (% of energy, mean ± SE) 78.30 ± 0.351) 77.47 ± 0.30 75.45 ± 0.38 74.03 ± 0.28 71.74 ± 0.28 70.14 ± 0.26 < 0.0001 < 0.0001

  White rice 46.55 ± 0.51 43.47 ± 0.46 41.33 ± 0.42 39.21 ± 0.30 35.13 ± 0.30 30.04 ± 0.27 < 0.0001 < 0.0001

  Mixed grains  1.94 ± 0.12  1.32 ± 0.09  2.69 ± 0.14  2.40 ± 0.07  3.40 ± 0.11  3.51 ± 0.10 < 0.0001 0.0797

  Noodle & dumpling  6.33 ± 0.25  6.54 ± 0.29  7.56 ± 0.33  6.80 ± 0.20  6.62 ± 0.19  7.28 ± 0.19 0.0297 < 0.0001

  Wheat & bread & snacks  3.22 ± 0.17  3.12 ± 0.15  3.68 ± 0.18  3.65 ± 0.12  5.06 ± 0.16  6.00 ± 0.17 < 0.0001 < 0.0001

  Vegetables  2.58 ± 0.05  2.83 ± 0.05  3.29 ± 0.05  2.80 ± 0.03  2.70 ± 0.03  3.13 ± 0.04 < 0.0001 < 0.0001

  Cabbage Kimchi  0.78 ± 0.04  0.69 ± 0.03  0.46 ± 0.02  0.58 ± 0.02  0.58 ± 0.02  0.52 ± 0.02 < 0.0001 0.0042

  Fresh fruit  3.57 ± 0.14  3.34 ± 0.12  1.10 ± 0.07  2.86 ± 0.10  2.54 ± 0.08  2.96 ± 0.07 0.0001 0.2450

Total animal foods (% of energy, mean ± SE) 16.48 ± 0.27 17.26 ± 0.27 17.16 ± 0.24 16.44 ± 0.19 17.76 ± 0.20 18.44 ± 0.17 < 0.0001 < 0.0001

  Meats  7.78 ± 0.23  9.05 ± 0.24  8.33 ± 0.21  8.36 ± 0.15  9.49 ± 0.17 10.26 ± 0.16 < 0.0001 < 0.0001

  Fishes & shellfishes  4.80 ± 0.14  5.25 ± 0.16  5.09 ± 0.14  4.08 ± 0.08  3.88 ± 0.08  3.33 ± 0.07 < 0.0001 < 0.0001

  Milk & milk products  1.50 ± 0.11  1.24 ± 0.07  1.87 ± 0.09  2.30 ± 0.09  2.65 ± 0.10  2.82 ± 0.09 < 0.0001 < 0.0001

Non-alcoholic beverage
(% of energy, mean ± SE)

 1.67 ± 0.10  1.42 ± 0.07  2.55 ± 0.10  3.42 ± 0.09  4.21 ± 0.09  4.66 ± 0.09 < 0.0001 < 0.0001

Alcoholic beverage (% of energy, mean ± SE)  3.56 ± 0.20  3.85 ± 0.23  4.84 ± 0.27  6.10 ± 0.19  6.30 ± 0.19  6.75 ± 0.19 < 0.0001 < 0.0001

Women (n) 4,021 3,839 3,608 9,595 10,265 9,357

Total plant food (% of energy, mean ± SE) 82.54 ± 0.20 81.69 ± 0.28 79.12 ± 0.33 79.75 ± 0.19 77.31 ± 0.20 75.08 ± 0.21 < 0.0001 < 0.0001

  White rice 46.02 ± 0.54 42.28 ± 0.43 41.89 ± 0.42 39.31 ± 0.29 34.41 ± 0.28 28.31 ± 0.26 < 0.0001 < 0.0001

  Mixed grains  2.15 ± 0.10  1.65 ± 0.10  3.61 ± 0.14  3.06 ± 0.08  4.14 ± 0.10  4.37 ± 0.10 < 0.0001 0.0585

  Noodle & dumpling  5.01 ± 0.21  5.60 ± 0.20  6.39 ± 0.26  5.85 ± 0.18  6.18 ± 0.16  6.30 ± 0.17 < 0.0001 < 0.0001

  Wheat & bread & snacks  5.32 ± 0.19  5.18 ± 0.22  4.69 ± 0.19  5.16 ± 0.13  6.75 ± 0.15  7.48 ± 0.17 < 0.0001 < 0.0001

  Vegetables  2.53 ± 0.04  2.70 ± 0.04  3.45 ± 0.05  2.91 ± 0.03  3.00 ± 0.05  3.41 ± 0.04 < 0.0001 < 0.0001

  Cabbage Kimchi  0.77 ± 0.03  0.71 ± 0.03  0.47 ± 0.02  0.65 ± 0.02  0.60 ± 0.02  0.54 ± 0.01 < 0.0001 0.0001

  Fresh fruit  5.93 ± 0.18  5.97 ± 0.18  2.02 ± 0.10  5.17 ± 0.14  4.79 ± 0.12  5.22 ± 0.11 0.0607 0.2872

Total animal foods (% of energy, mean ± SE) 14.95 ± 0.20 15.36 ± 0.24 16.55 ± 0.28 15.11 ± 0.15 16.85 ± 0.17 18.31 ± 0.17 < 0.0001 < 0.0001

  Meats  6.20 ± 0.21  7.15 ± 0.22  6.93 ± 0.23  6.43 ± 0.13  7.66 ± 0.15  8.77 ± 0.14 < 0.0001 < 0.0001

  Fishes & shellfishes  4.52 ± 0.15  4.60 ± 0.12  4.81 ± 0.11  3.60 ± 0.07  3.42 ± 0.07  3.05 ± 0.06 < 0.0001 < 0.0001

  Milk & milk products  2.10 ± 0.10  2.07 ± 0.10  3.00 ± 0.14  3.44 ± 0.10  4.01 ± 0.10  4.20 ± 0.11 < 0.0001 < 0.0001

Non-alcoholic beverage 
(% of energy, mean ± SE)

 1.78 ± 0.10  1.79 ± 0.07  2.98 ± 0.09  3.24 ± 0.07  4.12 ± 0.09  4.45 ± 0.09 < 0.0001 < 0.0001

Alcoholic beverage (% of energy, mean ± SE)  0.73 ± 0.07  1.16 ± 0.11  1.36 ± 0.13  1.89 ± 0.10  1.73 ± 0.08  2.17 ± 0.10 < 0.0001 < 0.0001

KNHANES, Korea National Health and Nutrition Examination Survey; SE, standard error. 
1) Age-standardized means ± SE were calculated using the age- and sex-specific structures of the estimated population in the 2005 Korea Census.
2) P for trend values were calculated using multivariate linear regression after adjusting for age (continuous).

Table 4. Trends in percentage of total energy intake provided by major food groups among Korean adults aged 19 years and over

between 1998 and 2013-2015. The percentage of energy intake 
from cabbage Kimchi, a Korean traditional fermented vegetable, 
decreased in both men and women, while that of vegetables 
other than Kimchi increased. The percentage of energy intake 
from fresh fruit (except fruit juices) showed a slight, but 
significant, decrease in men only.

The percentage of energy intake from the animal foods was 
higher in 2013-2015 than in 1998 (16.5% in 1998 and 18.4% 
in 2013-2015 for men; 15.0% in 1998 and 18.3% for 2013-2015) 
(Table 4). During that same period, the percentage of energy 
intake from the milk and milk products among the animal foods 
showed the largest increases (a 1.9-fold increase in men and 
a 2.0-fold increase in women). The percentage of energy intake 
from non-alcoholic beverages, including fruit juice, sugar- 
sweetened beverages, and coffee, showed large increases 
between 1998 and 2013-2015 with a ≥ 2.0-fold increase in both 

men (1.7% for 1998, 3.4% for 2007-2009, and 4.7% for 2013- 
2015) and women (1.8% for 1998, 3.2% for 2007-2009, and 4.5% 
for 2013-2015). Furthermore, the percentage of energy intake 
from alcoholic beverages showed large increases from 1998 to 
2013-2015 in both men (3.6% for 1998, 6.1% for 2007-2009, and 
6.8% for 2013-2015) and women (0.7% for 1998, 1.9% for 2007- 
2009, and 2.2% for 2013-2015).

DISCUSSION

The present study describes the trends in energy intake and 
its nutrient and food sources among Korean adults based on 
the KNHANES data from 1998 to 2013-2015. In men, the daily 
energy intake increased from 1998 to 2013-2015, but there was 
no increase in women. However, the proportions of both men 
and women with insufficient energy intake decreased and the 
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proportions of both men and women with excessive energy 
intake increased during the study period. Among the food 
sources of energy intake, the percentages of energy intake from 
animal foods, non-alcoholic beverages, and alcoholic beverages 
increased while the energy intake percentages from plant foods 
decreased during the study period in both men and women. 
At the same time, the percentage of energy intake from fat 
increased and the energy percentage from carbohydrate 
decreased.

In men, the increasing trends in total energy intake and 
proportions of subjects with excessive energy intake were 
consistent with the increasing trend in prevalence of obesity. 
In addition, the proportion of men who engaged in physical 
activity, such as walking, decreased from 2005 to 2013-2015. 
Despite the variety of factors that can affect obesity, the 
increase in the prevalence of obesity among men may be due, 
in part, to the increase of energy intake and the decrease of 
physical activity. In contrast, the results of the present study 
showing an increase in excessive energy intake among women 
were inconsistent with the absence of an increase in the 
prevalence of obesity in women. Previous reports on major 
cardiovascular disease risk factors, such as obesity, among 
Koreans have suggested that a decreasing tendency in 
prevalence of obesity among women may be related to the 
increases in participation in economic activities and a social 
preference for thinness, in addition to the change in energy 
intake [23,24]. Further study on the effect of changes in energy 
intake and its food sources on the prevalence of obesity should 
be undertaken in Korean adults.

In this study, we observed that the trends in energy intake 
differed by sex and age group; however, the changes in food 
and the nutrient sources of energy intake were consistent 
among those groups. The percentage of energy intake derived 
from animal foods, such as meat and milk, and beverages 
including alcoholic drinks increased over the study period. In 
contrast, the percentage of energy intake derived from plant 
foods decreased, largely due to the marked decrease in the 
intake of white rice. Furthermore, changes in the food sources 
of energy intake are related to changes of the nutrient sources 
of energy intake, as demonstrated by the increases of energy 
intake from fat and animal foods and the decreases of energy 
intake from carbohydrate and plant foods. These trends are 
similar to those reported in other studies conducted in Korean 
adults [25,26] and other Asian [6,7]. In Korea, socio-economic 
growth [27,28] and socio-demographic changes, such as the 
increase in prevalence of single household [29] and decrease 
in the proportion of unemployed women (Table 1), have been 
observed. In conjunction with these changes, the general 
Korean population has increased a preference for convenience 
meals such as those from restaurants or delivery and take-out 
foods [30,31]. Such changes in dietary habits may have led to 
the observed changes in food and nutrient sources associated 
with energy intake. In this study, the younger age groups 
showed lager changes in nutrient sources composition of their 
energy intake than those in the older age groups (Table 3), 
which may reflect a higher frequency of eating away from home 
among the younger age groups than that among the older age 
groups. Such changes in dietary habits may be related to the 

increase in energy intake among men over the study period.
Several studies have indicated that a high consumption of 

non-alcoholic and alcoholic beverages can contribute to an 
increase in energy intake because such beverages have a higher 
energy density than that in the other food groups [32,33]. The 
current study showed that the increase in energy intake from 
beverages was greater than that from the other food groups, 
and the increase in beverage consumption contributed notably 
to the increased energy intake. When beverages were excluded 
from total energy intake, the proportion of men with excessive 
energy intake increased by 4.8% between 1998 and 2013-2015; 
however, when beverages were included, the proportion of 
men with excessive energy intake increased by 11.3%. In women, 
when beverages excluded, the proportion of women with 
excessive energy intake increased by 1.6% between 1998 and 
2013-2015; however, when beverages were included, the 
proportion of women with excessive energy intake increased 
by 4.0% (data not shown).

The present study has several limitations. First, we used data 
from a 1-day 24-hour recall, which might not represent the usual 
intake. Thus, the proportions of insufficient and excessive energy 
intake may have been under- or over-estimated. However, the 
24-hour recall method has been used as a usual method for 
assessing the mean intake of a population. Secondly, we used 
data from the KNHANES collected in different seasons. The 1998 
and 2001 surveys were performed in autumn, the 2005 survey 
was performed in spring, and the survey for the 2007-2015 
surveys were performed during all four seasons. In 2005, the 
low proportion of energy intake from fruits may have been due 
to the survey season (i.e., spring). Nevertheless, this study, based 
on nationally representative data, provides important insight 
into changes in energy intake and its nutrients and food sources 
trends among Korean adults over a 17 years period. 

The results of this study suggest that since 1998, total energy 
intake has increased among Korean adult men, but not among 
women. Although the trends in total energy intake differed by 
sex, the composition of food sources of energy intake, such 
as the increases in the percentages of energy intake from animal 
foods and beverages, changed in both men and women. 
Furthermore, the changes in food sources of energy intake was 
related to the observed changes in nutrient sources of energy 
intake. Because the energy intake may be related to obesity 
and chronic disease, a continuous monitoring for energy intake 
and its nutrient and food sources is needed in Korean 
population.
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