& nutrients MbPy

Article

Trends in Dietary Intake of Total Fat and Fatty Acids
Among Korean Adolescents from 2007 to 2017

SuJin Song ! and Jae Eun Shim 2*

1 Department of Food and Nutrition, Hannam University, Daejeon 34054, Korea; sjsong@hnu.kr
2 Department of Food and Nutrition, Daejeon University, Daejeon 34520, Korea
* Correspondence: jshim@dju.kr; Tel.: +82-42-2802-469; Fax.: +82-42-2802-468

Received: 11 November 2019; Accepted: 12 December 2019; Published: 16 December 2019

Abstract: We analyzed the trends in dietary intake of total fat and fatty acids among Korean
adolescents during 2007-2017. A total of 6406 adolescents from the 20072017 Korea National Health
and Examination Surveys were selected. Total fat and fatty acids intakes were calculated based on
single 24-hour recall data and presented as grams (g) and percentage of energy intake (%kcal) across
the survey period. Linear trends in intake across the survey period were compared using the
multiple regression model. Total fat intake increased during the 11-year period from 54.3 g (21.7%
kcal) to 61.8 g (25.2% kcal). Saturated fatty acids (SFA) and monounsaturated fatty acids (MUFA)
intakes changed from 17.8 g (7.1% kcal) and 17.2 g (6.8% kcal) to 20.6 g (8.4% kcal) and 20.7 g (8.4%
kcal) over time, respectively. For polyunsaturated fatty acids (PUFA), n-3 fatty acid intake did not
change during the survey period. The proportions of individuals who had total fat and SFA above
the recommendations increased across the survey period: 13.7% to 27.5% for total fat and 36.0% to
49.7% for SFA. Among Korean adolescents, dietary fat intake increased over time and the increases
in SFA and MUFA intake were prominent. Monitoring dietary fat intake is helpful to suggest dietary
guidelines and health policies.
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1. Introduction

Cardiovascular diseases are highly prevalent and major causes of mortality worldwide [1].
Accordingly, for reducing cardiovascular disease risks, dietary guidelines by different organizations
suggest limiting total fat intake within 20-35% of energy and replacing saturated fatty acids (SFA)
intake with polyunsaturated fatty acids (PUFA) intake [2-5]. Recently, early development of
cardiovascular diseases risk factors in childhood and adolescence have been reported [6,7], and the
presence of cardiovascular risk factors in adolescence might extend to the risk of chronic diseases in
adulthood [8,9]. Therefore, adequate intake of dietary fat, including various types of fatty acids, is of
great importance for the health status in adolescence as well as in later adult life.

Assessing dietary intake of total fat and fatty acids among adolescents has revealed that
adolescents in Asian countries still showed lower intakes of total fat and SFA than in Western
countries [10-14]. In terms of changes in dietary fat intake over time, Chinese adolescents showed a
rapid increase in dietary fat intake [11] whereas European or U.S. adolescents showed no significant
changes in total fat or SFA intake. [15-18]. In addition, German and Australian studies observed a
decreasing trend in PUFA intake among adolescents [18,19].

In Korea, along with development of the food industry and changes of lifestyle of individuals,
nutrition transition has been observed, which is characterized by a higher consumption of animal
foods, sugars, and processed foods [20]. Based on the data from the Korea health statistics, fat
consumption has increased, whereas carbohydrate intake has decreased, since 1998 in the Korean
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population [21]. This report also showed that chronic health conditions, such as obesity,
hyperlipidemia, and diabetes, are highly prevalent in Korea [21]. A recent study monitoring the trend
in total fat and fatty acids intake in Korean adults showed that dietary fat intake increased over time,
and an increase in SFA and monounsaturated fatty acids (MUFA) intake was prominent [22].
Furthermore, another Korean study found that the proportions of individuals who consumed more
than the recommended level for total fat and SFA were relatively higher in younger adults than in
older adults [23]. A recent systematic review reported that European adolescents did not meet the
dietary guidelines for fat intake [12]: total fat and SFA intake exceeded the recommended level, but
PUFA intake was below the recommendation.

There has been no focus on investigating changes in total fat and fatty acids intake among
Korean adolescents. The prevalence of obesity among Korean adolescents has been increasing from
8.3% in 2006 to 12.9% in 2015 [24]. Consequently, continuous increases in prevalence of chronic
diseases, such as cardiovascular disease, type 2 diabetes, and dyslipidemia in Korea could be
predicted. To identify targets for nutrition intervention to prevent chronic disease, it is necessary to
evaluate dietary fat intake over time in Korean adolescents. Monitoring changes in dietary patterns
of the population can be helpful for designing effective dietary guidelines and health policies.
Therefore, we analyzed the trends in dietary intake of total fat and fatty acids among Korean
adolescents during 2007-2017 using the national survey data.

2. Materials and Methods

2.1. Data and Study Subjects

We used data from the fourth (2007-2009), fifth (2010-2012), sixth (2013-2015), and seventh
(2016-2017) Korea National Health and Examination Surveys (KNHANES) to calculate trends in total
fat and fatty acids intake in Korean adolescents. The KNHANES is a cross-sectional and nationally
representative survey which is intended to assess and monitor health and nutritional status of
Koreans. It is conducted by the Korea Centers for Disease Control and Prevention every year and
consists of a health interview, physical examination, laboratory test, and nutrition survey. Detailed
descriptions of the KNHANES have been published elsewhere [25].

The KNHANES selects survey samples of the civilian noninstitutionalized Korean population
using a stratified, multistage probability sampling design. Among the eligible samples who were
aged 12-18 years and had dietary data from the 4th, 5th, 6th, and 7th KNHANES (1 = 6620), we
excluded individuals who had no information on household income (n = 82) and reported an
implausible energy intake (<1st or >99th percentile of energy intake by gender, n = 132). A total of
6406 adolescents (3361 boys and 3045 girls) were included in the final data analyses. This study was
conducted in accordance with the Declaration of Helsinki and was approved by the Korean Centers
for Disease Control and Prevention Institutional Review Board. Written informed consent was
obtained from each subject.

2.2. Dietary Assessment

Dietary data used in this study were obtained from a single 24-hour dietary recall and were
collected by trained dietitians at each subject’s home, about one week after the completion of the
health interview and examination. Energy and macronutrient intake were calculated based on the
Food Composition Table published by the Korean Rural Development Administration [26-28].
Macronutrient intake was presented as proportions of total energy intake.

A database on fatty acids contents of common Korean foods was used to calculate intake of SFA,
MUFA, PUFA, n-3 fatty acids (n-3 FA), and n-6 fatty acids (n-6 FA) for each subject. The database of
fatty acids was developed in 2013, and the KNHANES has released the data on fatty acids intake of
the survey participants since the 6th KNHANES [29]. For the 4th and 5th KNHANES, which had no
data on fatty acids intake, the fatty acid intake was calculated using the fatty acid contents per 100 g
of foods that appeared in the 6th KNHANES dataset. For 997 food items that did not appear in the
6th KNHANES, the fatty acid contents were replaced with calculated or imputed values using the
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fatty acid contents of similar Korean foods (922 items, 92%) or of foods in the U.S. Department of
Agriculture fatty acid database (39 items, 4%). About 4% (36 items) of food items which had very low
fat contents and no reference data were considered as the content of fat was zero. For foods that was
consisted of several food items (e.g., sandwich, pizza, hamburger, or fried rice with shrimp), the fatty
acid contents of the main food source for total fat were applied. Total fat and fatty acids intake were
presented as grams (g) and percentage of energy intake from each fatty acid (% kcal). To evaluate
total fat and SFA intake, the acceptable macronutrient distribution range (AMDR) from the 2015
Dietary Reference Intake for Koreans was used: the AMDR for total fat was 15-30% and for SFA is
<8% in adolescents [30].

2.3. Sociodemographic Variables

Information on sociodemographic characteristics (e.g., gender, age, region, and household
income) were obtained during the health interview using a questionnaire. Region was divided into
urban or rural areas based on administrative districts. Household income was categorized as lowest,
medium-low, medium-high, or highest.

2.4. Statistical Analyses

We did all statistical analyses using the Statistical Analysis Systems (SAS) software package,
version 9.4 (SAS Institute, Cary, NC, USA). All analyses accounted for the complex sampling-design
effect and used appropriate sampling weights to produce estimates of all Korean adolescents from
the representative survey sample. Intake of total fat and fatty acids was presented as means and
standard errors, and sub-analysis was done by gender, age, region, and household income. Linear
trends in intake of total fat and fatty acids across the survey periods were compared using multiple
regression after adjustment for gender, age, region, and household income, where applicable.
Proportions of subjects who had more than the dietary guidelines for total fat and SFA were
presented as percentages and standard errors across survey periods. All p < 0.05 were considered
statistically significant.

3. Results

3.1. Characteristics of the Study Subjects

Table 1 presents the characteristics of the study subjects by the survey period. A total of 6406
Korean adolescents was included in this study; of them, 54% were boys. About 60% of the subjects
were at high-school level (15-18 years) and 84% lived in urban areas. Distribution of subjects by
gender, region, and household income did not change according to the survey period. The proportion
of high-school adolescents was significantly higher in the 20162017 survey than in the 2007-2009
survey. In this study population, the percentage of energy from carbohydrate intake decreased from
64% kcal in 2007-2009 to 60% kcal in 2016-2017, whereas fat intake increased from 22% kcal in 2007-
2009 to 26% kcal in 20162017 (p < 0.0001).

3.2. Trends in Total Fat Intake

Table 2 shows trends in dietary intake of total fat during 2007-2017. The Korean adolescents
showed a significant increase in total fat intake as well as energy from fat from 2007 through 2017:
54.3 g to 61.8 g in total fat intake and 21.7% kcal to 25.2% kcal in energy from fat. In all sub-groups
by gender, age, and region, the total fat intake (in grams and % kcal) significantly increased across
the survey period. Higher income groups showed a more prominent increase in total fat intake
assessed as amount and proportion of energy than did those in lower income groups.

3.3. Trends in Fatty Acids Intake

Trends in dietary intake of SFA, MUFA, and PUFA are presented in Tables 3, 4, and 5,
respectively. SFA intake increased from 17.8 g to 20.6 g from 2007 through 2017, as did the proportion



Nutrients 2019, 11, 3073 4 of 13

of energy from SFA, from 7.1% kcal to 8.4% kcal (p < 0.0001). By gender, age, and region, all sub-
groups showed significant increases of SFA intake across the survey period. Adolescents with lower
household income did not show a significant increase in SFA intake, whereas those with higher
household income did. MUFA intake was 17.2 g (6.8% kcal) in 2007-2009 and 20.7 g (8.4% kcal) in
2016-2017 (p < 0.0001) among total study subjects. Energy intake from MUFA also significantly
increased in all gender, age, region, and household income groups during 2007-2017. The trend in
PUFA intake was different from the trend for total fat, SFA, and MUFA. The n-3 FA intake did not
show any changes during the survey period, except in the group of 12-14 years. In terms of PUFA
intake, an increase of n-6 FA intake was more prominent than that of n-3 FA intake.
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Table 1. Characteristics of the study subjects by the survey period *
Characteristics Total (n = 6406) 2007-2009 (n =1931) 2010-2012 (n =1883) 2013-2015 (n =1633) 2016-2017 (n =959) p-Value?
% or Mean SE % or Mean SE % or Mean SE % or Mean SE % or Mean SE
Gender
Boys 53.5 0.3 53.8 1.1 54.8 1.2 51.8 1.1 53.4 1.2 0.4104
Girls 46.5 0.3 46.2 1.0 45.2 1.1 48.2 1.1 46.6 1.2
Age
12-14 years 40.1 0.3 43.8 0.9 40.5 0.9 39.1 0.9 35.6 0.9 0.0013
15-18 years 59.9 0.4 56.2 1.2 59.5 1.4 60.9 1.2 64.4 1.5
Region
Urban 83.6 0.5 82.4 1.7 82.0 1.9 84.1 1.8 87.4 1.9 0.3855
Rural 16.4 0.3 17.6 1.2 18.0 14 15.9 1.1 12.6 0.9
Household income
Lowest 13.2 0.2 12.9 0.6 14.6 0.8 12.9 0.6 11.8 0.7 0.1890
Medium-low 26.6 0.3 23.4 0.8 29.1 1.2 27.3 0.9 25.7 0.9
Medium-high 30.5 0.3 323 1.0 27.7 1.0 31.6 1.0 31.1 1.0
Highest 29.7 0.3 314 1.1 28.6 1.0 28.2 1.1 314 1.2
Energy and macronutrient intake
Total energy (kcal) 2129 12.7 1970 20.3 2215 249 2189 24.3 2121 32.3 <0.0001
Carbohydrate (% kcal) 62.0 0.2 64.0 0.3 62.4 0.3 61.2 0.3 59.9 0.4 <0.0001
Fat (% kcal) 23.6 0.1 21.9 0.2 23.3 0.3 24.3 0.2 255 0.3 <0.0001
Protein (% kcal) 14.4 0.1 14.1 0.1 14.4 0.1 14.5 0.1 14.6 0.2 0.0079

SE, standard error.! The statistical analysis accounted for the complex sampling design effect and used appropriate sample weights. 2 p-values were obtained from

the chi-square test to examine differences in distribution of variables across the survey period.

Table 2. Trends in total fat intake among Korean adolescents during 2007-2017 *

Total Fat (g) 2 Total Fat (% kcal) 3
Characteristics 2007-2009 2010-2012 2013-2015 2016-2017 2007-2009 2010-2012 2013-2015 2016-2017
Mean SE Mean SE Mean SE Mean SE p-Trend Mean SE Mean SE Mean SE Mean SE p-Trend
Total 54.3 0.7 56.2 0.8 57.3 0.7 61.8 1.0  <0.0001 21.7 0.3 23.1 0.3 24.1 0.3 25.2 04  <0.0001
Gender

Boys 61.4 1.0 63.6 1.1 64.8 1.0 69.9 1.5  <0.0001 21.9 0.3 23.2 0.4 24.4 0.4 25.6 0.5  <0.0001
Girls 46.4 0.8 48.1 1.0 49.1 0.8 52.9 1.1 <0.0001 21.5 0.4 23.0 0.4 23.8 04 24.8 0.5 <0.0001

Age
12-14 years 52.0 0.7 53.7 0.9 56.0 0.9 59.7 1.2 <0.0001 21.0 0.3 22.2 0.4 239 0.4 24.6 0.5 <0.0001
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15-18 years 56.2 1.0 58.4 1.1 58.7 0.9 63.7 1.3 <0.0001 22.3 0.4 23.8 04 244 04 25.8 0.5  <0.0001
Region
Urban 54.7 0.7 56.3 0.8 57.6 0.7 61.7 1.0  <0.0001 21.9 0.3 23.1 0.3 24.2 0.3 25.3 04  <0.0001
Rural 52.2 1.2 55.1 1.5 56.0 1.2 62.4 2.7 0.0002 21.3 0.5 23.2 0.6 24.2 0.6 25.4 1.1 <0.0001
Household income
Lowest 50.6 2.1 53.7 1.7 53.3 1.7 57.6 2.0 0.0386 21.6 0.6 23.5 0.8 23.3 0.8 24.8 0.9 0.0059
Medium-low 54.9 1.2 54.8 14 53.0 1.2 59.6 2.3 0.1784 224 0.5 22.9 0.5 23.2 0.5 249 0.8 0.0066
Medium-high 53.7 1.2 56.7 14 59.1 1.1 63.8 1.5  <0.0001 21.2 04 22.9 0.6 24.5 0.5 25.7 0.6  <0.0001
Highest 56.2 1.1 57.8 1.6 61.3 1.3 63.3 1.8 <0.0001 22.1 0.4 23.5 0.6 25.2 0.5 254 0.7  <0.0001

SE, standard error. The statistical analysis accounted for the complex sampling design effect and used appropriate sample weights. 2 Means (SE) and p trends were
obtained from the multiple regression after adjustment for gender, age, region, household income, and total energy intake, where applicable. 3 Means (SE) and p
trends were obtained from the multiple regression after adjustment for gender, age, region, and household income, where applicable.

Table 3. Trends in saturated fatty acids (SFA) intake among Korean adolescents during 2007-2017 *-

SFA (g) 2 SFA (% kcal) 3
Characteristics 2007-2009  2010-2012  2013-2015  2016-2017 2007-2009  2010-2012  2013-2015  2016-2017
Mean SE Mean SE Mean SE Mean SE P1™™  Mean SE Mean SE  Mean SE  Mean SE PTrend
Total 178 03 184 03 184 03 206 04 <00001 71 01 76 01 78 01 84 02 <0.0001
Gender
Boys 204 05 213 05 208 05 235 06  0.0005 73 01 77 02 79 02 86 02 <0.0001
Girls 148 03 154 04 158 03 175 04 <00001 69 01 74 02 77 02 83 02 <0.0001
Age
12-14 years 171 03 180 04 182 04 198 05 <00001 70 01 75 02 78 02 82 02 <0.0001
15-18 years 182 04 188 05 186 04 211 06 <00001 72 01 76 02 77 01 86 02 <0.0001
Region
Urban 179 03 184 03 184 03 207 04 <00001 72 01 76 01 78 01 85 02 <0.0001
Rural 169 05 181 07 183 05 202 11  0.0051 70 02 76 03 80 02 82 04 00010
Household income
Lowest 163 10 177 07 167 08 176 08 05505 70 03 77 03 74 03 76 03 02303
Medium-low 179 05 176 06 171 05 201 09 00834 74 02 74 02 76 02 85 03 00032
Medium-high 178 05 185 06 192 05 213 06 <00001 71 02 76 02 80 02 86 02 <0.0001
Highest 185 05 195 07 198 06 217 08 <00001 73 02 79 02 82 02 88 03 <0.0001

SE, standard error. ! The statistical analysis accounted for the complex sampling design effect and used appropriate sample weights. 2 Means (SE) and P trends were
obtained from the multiple regression after adjustment for gender, age, region, household income, and total energy intake, where applicable. > Means (SE) and P
trends were obtained from the multiple regression after adjustment for gender, age, region, and household income, where applicable.
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Table 4. Trends in monounsaturated fatty acids (MUFA) intake among Korean adolescents during 2007-2017 *

7 of 13

MUFA (g) 2 MUFA (% kcal) 3
Characteristics 2007-2009 2010-2012 2013-2015 2016-2017 2007-2009 2010-2012 2013-2015 2016-2017
Mean SE Mean SE Mean SE Mean SE p-Trend Mean SE Mean SE Mean SE Mean SE p-Trend
Total 172 03 180 03 187 03 207 04 <0.0001 6.8 0.1 7.3 0.1 7.9 0.1 8.4 0.2 <0.0001
Gender
Boys 196 04 205 05 213 04 236 0.7 <0.0001 6.9 0.1 74 0.2 8.0 0.2 8.6 0.2 <0.0001
Girls 144 03 153 04 159 03 174 04 <0.0001 6.7 0.1 7.3 0.2 7.7 0.2 8.2 0.2 <0.0001
Age
12-14 years 164 03 171 04 182 04 198 0.5 <0.0001 6.6 0.1 7.0 0.1 7.8 0.2 8.1 0.2 <0.0001
15-18 years 177 04 188 05 193 04 214 0.6 <0.0001 6.9 0.1 7.6 0.2 8.0 0.1 8.6 0.2 <0.0001
Region
Urban 173 03 180 03 188 03 207 0.5 <0.0001 6.9 0.1 74 0.1 7.9 0.1 8.4 0.2 <0.0001
Rural 16.3 0.4 17.8 0.7 18.5 0.5 20.7 1.3  <0.0001 6.6 0.2 7.4 0.3 8.0 0.2 8.4 0.4 <0.0001
Household income
Lowest 165 09 174 08 173 07 190 0.8 0.0697 6.9 0.3 7.6 0.3 7.6 0.3 8.2 0.3  0.0059
Medium-low 172 04 174 06 171 05 202 1.0 0.0124 7.0 0.2 7.2 0.2 7.5 0.2 8.4 0.4  0.0001
Medium-high 170 04 183 06 194 05 215 0.7 <0.0001 6.6 0.2 7.2 0.2 8.0 0.2 8.6 0.3 <0.0001
Highest 17.7 0.5 18.7 0.7 203 0.6 21.1 0.8 <0.0001 6.9 0.2 7.5 0.3 8.3 0.2 8.4 0.3 <0.0001

SE, standard error. ! The statistical analysis accounted for the complex sampling design effect and used appropriate sample weights. 2 Means (SE) and p trends were

obtained from the multiple regression after adjustment for gender, age, region, household income, and total energy intake, where applicable. * Means (SE) and p

trends were obtained from the multiple regression after adjustment for gender, age, region, and household income, where applicable.

Table 5. Trends in polyunsaturated fatty acids (PUFA) intake among Korean adolescents during 2007-2017 *

2007-2009

2010-2012

2013-2015

2016-2017

2007-2009

2010-2012

2013-2015

2016-2017

Characteristics Mean SE Mean SE Mean SE Mean SE p-Trend Mean SE Mean SE Mean SE Mean SE p-Trend
PUFA (g) 2 PUFA (% kcal) 3
Total 12.4 0.2 12.1 0.2 12.5 0.2 13.2 0.3 0.0050 5.0 0.1 5.0 0.1 53 0.1 5.4 0.1 0.0003
Gender
Boys 13.7 0.3 13.3 0.3 13.9 0.3 14.6 04 0.0250 5.0 0.1 49 0.1 53 0.1 5.4 0.1 0.0019
Girls 11.0 0.3 10.7 0.3 10.9 0.3 11.7 0.4 0.0812 5.1 0.1 5.0 0.1 53 0.1 5.4 0.2 0.0371
Age
12-14 years 11.5 0.2 11.4 0.3 12.1 0.3 13.0 0.4 <0.0001 4.7 0.1 4.7 0.1 5.1 0.1 5.4 0.1 <0.0001
15-18 years 13.2 0.3 12.7 0.3 13.0 0.3 13.6 0.4 0.2610 5.4 0.1 52 0.1 5.4 0.1 55 0.1 0.1584
Region
Urban 12.4 0.2 12.0 0.2 12.5 0.2 13.1 0.3 0.0222 5.1 0.1 49 0.1 53 0.1 5.4 0.1 0.0024
Rural 12.2 0.4 12.0 0.4 12.1 0.5 13.9 0.7 0.0711 5.0 0.2 5.1 0.2 52 0.2 5.7 0.3 0.0420

Household income
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Lowest 119 0.5 11.5 0.5 12.0 0.6 13.7 0.9 0.0865 5.3 0.3 49 0.2 54 0.3 5.9 04 0.1251
Medium-low 12.5 0.4 12.0 0.4 11.8 0.4 125 0.5 0.7853 5.2 0.2 5.1 0.2 5.1 0.2 5.2 0.2 0.8937
Medium-high 12.1 0.3 12.3 0.4 12.6 0.4 13.6 0.5 0.0042 4.8 0.1 4.9 0.2 5.2 0.1 5.5 0.2 0.0002
Highest 12.7 0.3 12.0 0.4 13.0 0.4 13.1 0.4 0.2268 5.0 0.1 4.9 0.1 5.4 0.1 5.2 0.2 0.0888
n-3 FA (g) 2 n-3 FA (% kcal) 3
Total 1.52 0.03 1.44 0.04 1.46 0.03 1.60 0.05 0.2437 0.63 0.01 0.60 0.02 0.62 0.01 0.66 0.02 0.1266
Gender
Boys 1.65 0.05 1.54 0.05 1.60 0.05 1.75 0.07 0.2237 0.61 0.02 0.58 0.02 0.61 0.02 0.64 0.02 0.2232
Girls 1.38 0.05 1.32 0.06 1.31 0.05 1.44 0.06 0.6297 0.64 0.02 0.62 0.02 0.63 0.02 0.68 0.03 0.2973
Age
12-14 years 1.46 0.04 1.37 0.05 1.44 0.04 1.67 0.08 0.0222 0.60 0.02 0.57 0.02 0.61 0.02 0.70 0.04 0.0062
15-18 years 157 0.05 1.49 0.06 1.48 0.05 1.57 0.06 0.8264 0.65 0.02 0.62 0.02 0.63 0.02 0.64 0.02 0.9127
Region
Urban 1.52 0.03 1.43 0.04 1.48 0.03 1.60 0.05 0.2207 0.63 0.02 0.60 0.02 0.63 0.01 0.66 0.02 0.1097
Rural 1.52 0.07 1.42 0.09 1.36 0.06 1.61 0.11 0.9486 0.64 0.03 0.61 0.04 0.58 0.03 0.69 0.05 0.9700
Household income
Lowest 1.39 0.08 1.32 0.09 1.37 0.09 1.66 0.17 0.1697 0.62 0.04 0.57 0.04 0.63 0.05 0.70 0.06 0.2115
Medium-low 1.59 0.06 1.44 0.08 1.38 0.06 1.55 0.08 0.3745 0.65 0.03 0.62 0.03 0.60 0.02 0.65 0.03 0.5617
Medium-high 1.50 0.06 1.53 0.08 1.44 0.05 1.67 0.08 0.2028 0.62 0.02 0.62 0.03 0.61 0.02 0.69 0.03 0.1044
Highest 1.54 0.06 1.38 0.07 1.56 0.07 1.53 0.08 0.5712 0.62 0.03 0.58 0.03 0.65 0.03 0.63 0.04 0.4566
n-6 FA (g) 2 n-6 FA (% kcal) 3
Total 11.0 0.2 10.8 0.2 11.1 0.2 11.6 0.2 0.0092 4.4 0.1 4.4 0.1 4.7 0.1 4.7 0.1 0.0006
Gender
Boys 12.2 0.3 11.9 0.3 124 0.3 129 0.4 0.0442 4.4 0.1 44 0.1 4.7 0.1 4.7 0.1 0.0030
Girls 9.7 0.2 9.5 0.2 9.7 0.3 10.2 0.3 0.0873 4.5 0.1 4.4 0.1 4.7 0.1 4.7 0.1 0.0491
Age
12-14 years 10.2 0.2 10.2 0.2 10.7 0.2 11.3 0.3 0.0001 4.1 0.1 4.2 0.1 4.5 0.1 4.6 0.1 <0.0001
15-18 years 11.7 0.3 11.3 0.3 11.6 0.3 12.1 0.3 0.2635 4.7 0.1 4.6 0.1 4.8 0.1 4.9 0.1 0.1616
Region
Urban 11.0 0.2 10.7 0.2 11.1 0.2 11.5 0.2 0.0460 4.5 0.1 4.4 0.1 4.7 0.1 4.7 0.1 0.0054
Rural 10.8 0.3 10.7 0.4 109 0.4 12.3 0.6 0.0433 4.4 0.1 4.5 0.2 4.7 0.2 5.0 0.3 0.0347
Household income
Lowest 10.6 0.5 10.3 0.5 10.7 0.5 12.0 0.8 0.1054 4.7 0.2 4.4 0.2 4.8 0.2 5.2 0.3 0.1182
Medium-low 11.1 0.3 10.6 0.4 10.5 0.3 11.0 0.4 0.7154 4.6 0.1 4.5 0.1 4.6 0.1 4.6 0.2 0.9915
Medium-high 10.7 0.3 10.9 0.4 11.3 0.3 119 0.4 0.0045 4.2 0.1 4.4 0.1 4.7 0.1 4.8 0.2 0.0002
Highest 11.3 0.3 10.8 0.3 11.5 0.3 11.5 0.4 0.3343 4.4 0.1 4.4 0.1 4.8 0.1 4.6 0.1 0.1534

n-3 FA, n-3 fatty acids; n-6 FA, n-6 fatty acids; SE, standard error. ! The statistical analysis accounted for the complex sampling design effect and used appropriate sample weights. 2

Means (SE) and p trends were obtained from the multiple regression after adjustment for gender, age, region, household income, and total energy intake, where applicable. * Means (SE)

and p trends were obtained from the multiple regression after adjustment for gender, age, region, and household income, where applicable.
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3.4. Trends in Prevalence of Excessive Intake of Total Fat and SFA

Figure 1 shows the time trend in proportions of individuals who had more than the dietary
guidelines for total fat and SFA during 2007-2017. The Korean adolescents who consumed more than
30% of energy from total fat significantly increased, from 13.7% to 27.5% during 2007-2017. All
gender and age groups showed significant increases (p < 0.0001). Boys and younger adolescents
showed steeper increases compared to girls and older adolescents, respectively. The proportion of
individuals who had more than 8% of energy from SFA was 36.0% in 2007-2009 and 49.7% in 2016—
2017. In 2016-2017, about half the study population consumed SFA above the recommended level in
all gender and age groups.

(a) Total fat (>30 %kcal)

20.0 18.3

156
150 1 137 13.9 135

0.0 T T T
Total*** Boys*** Girls*** 12-14y*** 15-18y***

(b) SFA (= 8 %kcal)

60.0

49.7 49.6 49.8

50.0 4

40.941.4

38.8 —
37.0

40.0
36.0 36.3

30.0

20.0 4

10.0 A

0.0

Total*** Boys** Girls* 12-14y*** 15-18y*

02007-2009 ©2010-2012 @2013-2015 m2016-2017

Figure 1. Trends in proportions of subjects who had more than the dietary guidelines for total fat and
saturated fatty acids (SFA) among Korean adolescents during 2007-2017: (a) total fat; (b) SFA.* The
statistical analysis accounted for the complex sampling-design effect and used appropriate sample
weights. 2 p trends were obtained from the chi-square test to examine differences in proportions across
the survey period. * <0.01, ** < 0.001, *** < 0.0001.
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4. Discussion

In this study, we found substantial increases in dietary intake of total fat, SFA, and MUFA during
2007-2017 among Korean adolescents, although the trend in PUFA intake was different. Increasing
trends in total fat, SFA, and MUFA intake were seen in all sub-groups classified by gender, age, and
region, whereas changes of PUFA intake in some sub-groups were not significant. Particularly, n-3
FA intake did not show any changes during the survey years except for the 12-14 years age group.
In terms of evaluation of total fat and SFA intake based on the AMDR level, proportions of
individuals who had total fat and SFA above the recommended level gradually increased across the
survey period: from 13.7% to 27.5% for total fat and from 36.0% to 49.7% for SFA.

This study showed prominent increases in intake of total fat and SFA in terms of absolute
amount as well as energy contribution in Korean adolescents. About 7.5 g (3.5% kcal) of increase in
total fat was observed during an 11-year period; this increase was mainly attributed to increases of
SFA (2.8 g; 1.3% kcal) and MUFA (3.5 g; 1.6% kcal) intake. Recent survey data showed that the
proportion of high school students with relatively high levels of fat intake was high, and the trend of
increasing fat intake was reflected by this characteristic. However, the main findings of the increase
in the level of fat intake of adolescents remain unchanged since both middle and high school students
showed a clear increase in intake. Chinese children and adolescents aged 7-17 years also showed
significant increases in total fat intake, from 54.8 g in 1991 to 66.0 g in 2009, and this trend led to an
increase in the proportion of individuals having >30% kcal from fat: 20.1% in 1991 to 49.4% in 2009
[11]. In addition, increasing trends in total fat, SFA, and MUFA intake were consistently found in
adults from Asian countries [22,31,32], which might be explained by the nutrition transition that
occurred in Asian countries. However, in a sample of German adolescents aged 13-18 years, absolute
intake of total fat, SFA, and MUFA did not significantly change between 2000 and 2010, whereas
PUFA intake slightly decreased by about 0.2% kcal per year [18]. The US children and adolescents
showed no changes in % kcal from total fat and SFA between 1999 to 2000 and 2009 to 2010 [16], and
the UK adolescents aged 11-18 years showed that total fat and SFA intake (g and % kcal) slightly
decreased [15].

Surprisingly, our analysis found that n-3 FA intake did not change during the survey period
among Korean adolescents, even though total fat intake markedly increased. In our data, PUFA
intake slightly increased by 0.8 g (0.4% kcal) between 2007 and 2017 in a total study sample, but
significant upward trends in PUFA were only observed in the boys, 12-14 years, urban area, and
medium-high income groups. Among German adolescents, absolute intake of PUFA did not change
and the percentage of energy from PUFA slightly decreased between 2000 and 2010 [18]. Australian
adolescents aged 12-18 years also showed a decline of PUFA and n-3 FA intake from 1995 to 2012
[19]. In line with these results, recent reports described that adolescents from developed countries
did not meet the recommendations for PUFA or n-3 FA intake [12,33,34]. A previous study of Korean
adults showed that PUFA intake increased steadily but was more prominent in n-6 FA intake than in
n-3 FA intake [22]. Taken together, both the present findings and the findings from the Korean adults
demonstrate that total fat intake substantially increased in Korea, which was mainly observed in
increases of SFA and MUFA intake, not PUFA intake, including n-3 FA.

The Dietary Reference Intake for Koreans suggests the AMDR as 15-30% kcal of total fat and <8%
kcal of SFA for adolescents [30]. Using this recommendation, we evaluated total fat and SFA intake
among Korean adolescents and found that proportions of individuals who were above the
recommendation increased across survey years. Our data in 2016-2017 described that about 28% and
50% of adolescents did not meet the recommendation for total fat and SFA, respectively. In the
Korean adult population, young adults aged 19-29 years also showed a relatively higher proportion
who exceeded the recommendation level for total fat and SFA than did middle-aged or older adults
[23]. The Korean AMDR has a lower recommended level for total fat and SFA since a Korean diet
shows a high carbohydrate but a low fat consumption. Compared to this, current guidelines in
Western countries typically suggest 20-35% kcal for total fat and <10% kcal for SFA [35]. Adolescents
from developed countries showed much higher proportions exceeding the recommendation of total
fat and SFA even though they had a higher recommended level for total fat and SFA [12,18,33].
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Considering our findings, future dietary guidelines should focus on the improvement of fat intake
by replacing SFA intake with PUFA, especially n-3 FA intake within the recommended range for total
fat intake. In addition, nutrition education that emphasizes food practices for reducing SFA and
increasing PUFA intake are needed in this population.

Although estimations on dietary fat intake from each study were obtained from different dietary
assessment methods and food composition tables, as well as different time frame, Asian adolescents
still showed an intake of total fat and SFA lower than that of adolescents in Western countries
[11,12,15,16,18]. However, Asian adolescents showed rapid increases in dietary fat intake,
particularly SFA and MUFA intake. In terms of food sources of fat intake, intake of total fat, SFA, and
MUFA in Korean adolescents was mainly from pork, soybean oil, instant noodles, beef, and eggs [10].
Similarly, the food sources of PUFA and n-3 intake were reported as soybean oil, pork, mayonnaise,
tofu, and eggs [10]. Future studies focusing on changes of food sources of dietary fat in the Korean
population will be needed. Furthermore, associations of the type and sources of dietary fat intake
with the development of non-communicable diseases based on a cohort design study should be
investigated to set up specific dietary recommendations for fat intake.

This study has several limitations. Dietary intake of total fat and fatty acids were assessed based
on single 24-hour recall data. However, this study focused on the population-level consumption of
dietary fats. Because the fatty acid composition table has been available since the 2013 KNHANES,
dietary fatty acids intake of participants in the 2007-2012 KNHANES were calculated using the
contents of fatty acids of foods listed in the 2013 KNHANES, which might be different from the actual
contents of fatty acids in foods that appeared in the 2007-2012 KNHANES. The assessment of fat
intake levels with AMDR has limitations. If the total energy intake level is very low, even if the fat
intake ratio is high, the absolute fat intake level may be low, and the intake of essential fatty acids
may be insufficient. However, in assessing the average intake of a population, it might not distort the
overall intake patterns. Despite these limitations, to our knowledge, this was the first study to
evaluate trends in dietary intake of total fat and fatty acids during an 11-year profile among Korean
adolescents using a nationally representative sample. Since the prevalence of overweight and obesity
among Korean adolescents has been increasing, dietary assessment and monitoring of total fat and
fatty acids intake is significant for providing effective dietary guidelines and health policies.

In conclusion, our investigation provided information on temporal trends of dietary fat intake
based on quantitative estimates of the national-level consumption by gender, age, region, and
household income among Korean adolescents. Our results demonstrated that dietary intake of total
fat, including SFA, and MUFA, markedly increased, whereas PUFA intake, especially n-3 FA, did not
show any changes during the 11-year period. Because adolescence is the critical period for nutritional
health status through a person’s lifetime, dietary evaluations are important to identify nutritional
health problems and then provide appropriate nutrition interventions. Future research focusing on
food-intake patterns in terms of types or sources of dietary fats are needed to suggest food-based
dietary guidelines for this population. Furthermore, associations of fatty acids intake with health
outcomes, such as chronic diseases, should be examined.
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