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ABSTRACT

BACKGROUND/OBJECTIVES: This study examined the changes in food behaviors of dietary 
fatty acids over 2007–2018 among Korean adults.
SUBJECTS/METHODS: This study used data from the 4th (2007–2009), 5th (2010–2012), 6th 
(2013–2015), and 7th (2016–2018) Korea National Health and Nutrition Examination Surveys. 
A total of 46,307 adults aged 19–64 yrs were selected and dietary data were obtained from a 
single 24-h recall. In the 4th and 7th data, the major food sources for each fatty acid based on 
the contributing percentage of the food item were compared. The consumption trends in the 
major food sources were presented as grams per day over 2007–2018 and compared across the 
survey periods using the multiple regression model.
RESULTS: From 2007 to 2018, for total fat, saturated fatty acid (SFA), and monounsaturated 
fatty acid, the contribution of animal food sources, including beef, chicken, and 
eggs increased but plant food sources (e.g., tofu, soybean, and plant oil) decreased. 
As polyunsaturated fatty acid sources, mayonnaise, eggs, and bread showed higher 
contributions, whereas soybean and tofu showed lower contributions in the 7th data 
compared to the 4th data. For n-3 fatty acids, the contribution of fish decreased between 
the 4th and 7th data. Over 12 yrs, the significant increases in the absolute amount of 
consumption from animal sources were observed. In contrast, decreases in the consumption 
from plant sources and fish were seen across the survey periods.
CONCLUSIONS: In Korean adults, increases in the intake of dietary fatty acids along with 
changes in the food behaviors during 2007–2018 have evoked great concern for SFA intake, 
which is a cardiovascular disease risk factor. Healthy food sources of dietary fatty acids 
should be emphasized in this population.
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INTRODUCTION

Each type of dietary fatty acid has a different association with health outcomes. Replacing 
saturated fatty acid (SFA) with polyunsaturated fatty acid (PUFA) is known to decrease 
the risk of coronary heart disease, and PUFA intake is related to a reduced risk of diabetes 
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mellitus [1]. In addition, a previous study showed that food sources of SFA had different 
associations with cardiovascular disease (CVD) risk. Meat SFA was positively associated but 
dairy SFA was inversely associated with CVD [2]. Therefore, a balanced intake of dietary fatty 
acids, including healthy food sources, as well as an adequate intake of different types of fatty 
acids is needed to decrease the risk of chronic diseases.

The food sources of dietary fats differ by country as well as by the type of fatty acids. In 
Western countries, the major food sources of SFA have been reported to be meat, dairy 
products, and sugary desserts (e.g., cookies, cakes, pies, pastries, and puddings) and PUFA 
is mainly obtained from vegetable oils [3-6]. PUFAs are also consumed from other food 
sources, such as meat and processed meat, dairy products, cereals, potato chips, margarine, 
mayonnaise, bread, and cakes [3,5,7,8]. In Chinese adults, the main fat source was vegetable 
oil, which contributed about 40% or more to the total fat intake and showed an upward trend 
in the contribution to total fat over time [9]. In a study of US adults, among the food sources 
of fat, the consumption of eggs, cheese, ice cream, butter, and processed meat increased, 
whereas the intake of milk, poultry, and bread decreased from 1991 to 2008 [10].

The Korean adult population has traditionally consumed a high-carbohydrate diet and a 
lower intake of dietary fats than Western populations. However, significant increasing 
trends in dietary fat intake among Korean adults have been observed over the past decade 
[11]. In a previous study, prominent increases in the intake of SFA and monounsaturated 
fatty acid (MUFA) accompanied by a continuous increase in total fat intake over 2007–2015 
were observed in Korean adults, but only tiny changes in PUFA intake [11]. A recent study 
reported that about 38% of Korean adults consumed more SFA than the dietary guidelines 
recommend [12]. Furthermore, Korean adolescents also showed increasing trends in dietary 
fat consumption, particularly in SFA and MUFA [13]. Based on these findings, the dietary fat 
intake of the entire Korean population can be expected to increase in the future.

The evaluation of food sources by the type of dietary fatty acid may help to identify the eating 
behaviors and food choices associated with higher fat intake as well as the increased risk of 
chronic diseases in Korean adults. In addition, monitoring changes in food consumption 
related to dietary fats can be used to suggest public health policies, such as food-based 
dietary guidelines for the appropriate amount and sources of dietary fats. However, scant 
research has identified current trends in the food sources of dietary fats in Korean adults. 
Therefore, this study examined the changes in the major food sources of dietary fats and 
the consumption of food sources over 12 yrs using data from the 2007–2018 Korea National 
Health and Nutrition Examination Surveys (KNHANES).

SUBJECTS AND METHODS

Data and study subjects
The KNHANES is a cross-sectional survey, which is conducted every year by the Korea 
Disease Control and Prevention Agency to collect information on the nutritional health 
status of Koreans. The survey participants are recruited from a nationally representative 
sample of non-institutionalized Korean individuals aged one year or older, employing 
multistage stratified cluster sampling. This survey consists of a health interview survey, a 
health examination survey, and a nutrition survey. Detailed information on the survey is 
described elsewhere [14].
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Among the 49,513 Korean adults aged 19–64 yrs who participated in the 2007–2018 
KNHANES nutrition survey, those who 1) had a daily energy intake of < 500 kcal or > 5,000 
kcal, 2) had no information on household income, and 3) were pregnant or breastfeeding 
were excluded. Finally, a total of 46,307 adults (19,715 men and 26,592 women) were included 
in the data analysis. This study was performed in accordance with the Declaration of Helsinki 
and approved by the Institutional Review Board of the Korea Disease Control and Prevention 
Agency (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, 2013-12 EXP-03-5C, and 2018-01-
03-P-A). Written informed consent was obtained from all study subjects.

Dietary assessment
The dietary intake data used in this study were obtained by the use of a 24-h dietary recall 
method as part of the nutrition survey. To evaluate dietary fatty acid intake and its food 
sources, a fatty acids database of common Korean foods was used [15]. This database was 
developed in 2014 to assess the intake of dietary fatty acids in Koreans who participated in 
the KNHANES and contains the fatty acid content of 5,144 food items based on the values 
from domestic and foreign sources. The process of developing the database is described in 
detail elsewhere [15].

For the calculation of fatty acid intakes based on dietary data from the 4th and 5th KNHANES 
which were conducted prior to the establishment of fatty acids database, the fatty acid contents 
per 100 g of foods that appeared in the 6th KNHANES dataset were mainly used. Among 3,193 
food items (100%) which appeared in the 4th and 5th KNHANES dataset, 2,196 food items 
(68.8%) were matched to the foods included in the 6th KNAHNES dataset. For 997 food items 
(31.2%) that were not included in the 6th KNHANES dataset, the fatty acid contents were 
replaced with calculated or imputed values of the fatty acid contents from similar Korean foods 
(922 food items, 28.9%) or from the U.S. Department of Agriculture fatty acid database (39 food 
items, 1.2%). About 1.1% of food items (36 food items) which had very low fat contents and no 
available data were considered as the fatty acid contents 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.

To identify changes in the main food sources of dietary fatty acids over time, the 4th 
(2007–2009) and 7th (2016–2018) KNHANES data were used. In the 4th and 7th survey data, 
the top 10 food sources of total fat, SFA, MUFA, PUFA, n-3 fatty acid (n-3 FA), and n-6 fatty 
acid (n-6 FA) were selected by gender. The major food sources were determined by dividing 
the amount of each fatty acid provided by a food item by the total intake for each fatty acid, 
and ranked based on the contributing percentage of the food item from the highest to the 
lowest. Using the 4th, 5th (2010–2012), 6th (2013–2015), and 7th KNHANES data, trends in 
the consumption of the food items that appeared as major food sources of dietary fatty acids 
in the 4th and 7th KNHANES data were evaluated by gender. The intake of a food item was 
calculated as individual consumption (g) per day.

Statistical analyses
All statistical analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC, 
USA). All analyses accounted for the multi-stage complex sampling design effect and used 
appropriate sampling weights using the SURVEY procedures in the SAS software to produce 
estimates of the entire Korean adult population from the representative survey sample. 
Dietary fatty acid intake was evaluated in grams per day and the proportion of energy is 
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presented as means and SE across the survey period by gender. The major food sources of 
dietary fatty acids are expressed as contributing percentages and the cumulative percentage 
of each food item. The consumption of food sources (g/day) is expressed as means and SE 
across the survey period. Linear trends in the intakes of fatty acids and food sources across 
the survey period were compared using the multiple linear regression model after adjusting 
for gender, age, living area, household income, and total energy intake, where applicable. All 
P-values of < 0.05 were considered statistically significant.

RESULTS

Trends in dietary fat intake over 2007–2018
Table 1 shows the intake of energy and dietary fats across the survey periods by gender. The 
intake of total energy and all types of dietary fatty acids significantly increased across the 
survey yrs in both men and women. Over 2007–2018, the total fat intake showed an upward 
trend from 40.7 g (18.6% of energy) to 50.0 g (22.3% of energy) in the total subjects, from 
48.0 g (19.4% of energy) to 57.6 g (22.7% of energy) in men and 32.8 g (17.7% of energy) to 
41.9 g (21.9% of energy) in women. The percentage of energy from SFA also increased in the 
total subjects (5.5–7.0% of energy), in men (5.8–7.1% of energy), and in women (5.3–6.9% 
of energy). The MUFA and PUFA intake evaluated as g/day and the percentage of energy 
increased in both genders over 2007– 2018 (P < 0.001). The n-3 FA intake in the total subjects 
increased from 1.5 g to 1.8 g (P < 0.001) from 2007 through 2018, as did the proportion of 
energy from n-3 FA, which increased from 0.7 to 0.8% of the energy (P < 0.001). The n-6 FA 
intake increased across the survey periods from 8.9 g (4.0% of energy) to 10.4 g (4.7% of 
energy) in the total subjects, from 10.4 g (4.2% of energy) to 11.9 g (4.7% of energy) in men, 
and from 7.2 g (3.9% of energy) to 8.8 g (4.6% of energy) in women.

Major food sources of dietary fats in the 4th and 7th KNHANES data
Table 2 presents the percentage of fat contributed by different food sources for each type 
of fatty acid in the 4th (2007–2009) and 7th (2016–2018) KNHANES dataset. Each type of 
dietary fatty acid showed different food sources and changes in the food fat sources were 
observed between the survey yrs in Korean adults. Pork showed the greatest contribution 
to total fat, SFA, and MUFA in both the 4th and 7th KNHANES data, but the percentage 
contribution was lower in the 7th survey data than in the 4th survey data. From the 4th to the 
7th survey yrs, the contributing percentage of animal food sources, including beef, chicken, 
and eggs increased for total fat, SFA, and MUFA, whereas milk and plant food sources (e.g., 
tofu and plant oils) decreased. In the 4th survey data, 24.5% of the SFA came from meat 
(pork, beef, and chicken) while in the 7th survey data, 30% of the SFA came from meat. 
Bread, snacks, and mayonnaise also accounted for higher contributions to the total fat, SFA, 
and MUFA in the 7th survey data compared to the 4th survey data.

The main food source of PUFA was soybean oil both in the 4th (21.0%) and 7th (16.9%) 
survey data. In the 7th survey data, mayonnaise and pork became the second and third main 
food sources, respectively, for PUFA. As the PUFA sources, mayonnaise, eggs, and bread 
showed higher contributions, whereas soybean and tofu showed lower contributions in the 
7th survey data compared to the 4th survey data. For n-3 FA, the percentage contribution of 
fish, such as mackerel, anchovies, and saury, as well as bean products, decreased between 
the 4th and 7th survey data. Perilla oil and canola oil showed higher contributions in the 7th 
survey data than in the 4th survey data, whereas soybean oil decreased in n-3 FA contribution 
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during the survey yrs. In the 7th survey data, mayonnaise (9.0%), pork (3.4%), and eggs 
(2.7%) were included in the top 10 food sources of n-3 FA.

Differences in food sources of dietary fatty acid by gender
Table 3 presents the food sources showing differences in the contribution to each type of 
fatty acid intake between men and women based on the 2016–2018 KNHANES data. Among 
the top 10 food sources for each type of fatty acid intake by gender, the foods showing 
differences of more than one rank between men and women are presented. The differences 
between men and women were mainly observed in lower-ranked food sources for most 
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Table 1. Trends in intake of energy and dietary fatty acids over 12 yrs based on the 2007–2018 KNHANES data by gender
Variables 2007–2009 2010–2012 2013–2015 2016–2018 P-value for trend1)

Total (n = 46,307) (n = 11,651) (n = 12,207) (n = 10,516) (n = 11,933)
Total energy (kcal) 1,966.2 ± 10.4 2,100.7 ± 11.1 2,154.0 ± 10.5 2,037.1 ± 11.0 < 0.001
Total fat (% of energy) 18.55 ± 0.12 19.72 ± 0.12 21.32 ± 0.12 22.30 ± 0.12 < 0.001
SFA (% of energy) 5.52 ± 0.04 5.92 ± 0.05 6.19 ± 0.04 7.01 ± 0.05 < 0.001
MUFA (% of energy) 5.53 ± 0.05 5.99 ± 0.05 6.74 ± 0.05 7.23 ± 0.05 < 0.001
PUFA (% of energy) 4.72 ± 0.04 4.83 ± 0.04 5.29 ± 0.04 5.50 ± 0.03 < 0.001
n-3 FA (% of energy) 0.71 ± 0.01 0.72 ± 0.01 0.74 ± 0.01 0.83 ± 0.01 < 0.001
n-6 FA (% of energy) 4.04 ± 0.03 4.15 ± 0.03 4.57 ± 0.03 4.65 ± 0.03 < 0.001
Total fat (g) 40.70 ± 0.40 46.33 ± 0.44 50.00 ± 0.41 49.99 ± 0.42 < 0.001
SFA (g) 12.10 ± 0.13 13.85 ± 0.15 14.46 ± 0.13 15.70 ± 0.15 < 0.001
MUFA (g) 12.27 ± 0.14 14.23 ± 0.16 15.94 ± 0.15 16.31 ± 0.15 < 0.001
PUFA (g) 10.32 ± 0.11 11.32 ± 0.11 12.40 ± 0.12 12.25 ± 0.11 < 0.001
n-3 FA (g) 1.52 ± 0.02 1.65 ± 0.02 1.72 ± 0.02 1.82 ± 0.02 <0.001
n-6 FA (g) 8.85 ± 0.10 9.76 ± 0.10 10.76 ± 0.10 10.41 ± 0.09 < 0.001

Men (n = 19,715) (n = 4,864) (n = 5,030) (n = 4,705) (n = 5,116)
Total energy (kcal) 2,274.0 ± 15.4 2,433.5 ± 16.1 2,443.8 ± 15.1 2,353.6 ± 15.5 0.002
Total fat (% of energy) 19.40 ± 0.16 20.39 ± 0.17 21.48 ± 0.15 22.70 ± 0.16 < 0.001
SFA (% of energy) 5.78 ± 0.06 6.10 ± 0.06 6.26 ± 0.06 7.12 ± 0.06 < 0.001
MUFA (% of energy) 5.84 ± 0.06 6.24 ± 0.07 6.84 ± 0.06 7.43 ± 0.06 < 0.001
PUFA (% of energy) 4.90 ± 0.05 4.99 ± 0.05 5.29 ± 0.05 5.53 ± 0.05 < 0.001
n-3 FA (% of energy) 0.73 ± 0.01 0.73 ± 0.01 0.73 ± 0.01 0.82 ± 0.01 < 0.001
n-6 FA (% of energy) 4.21 ± 0.04 4.30 ± 0.04 4.59 ± 0.04 4.70 ± 0.04 < 0.001
Total fat (g) 48.00 ± 0.62 54.10 ± 0.64 55.81 ± 0.60 57.56 ± 0.61 < 0.001
SFA (g) 14.30 ± 0.20 16.15 ± 0.22 16.20 ± 0.20 18.05 ± 0.21 < 0.001
MUFA (g) 14.62 ± 0.22 16.75 ± 0.24 17.91 ± 0.22 18.97 ± 0.23 < 0.001
PUFA (g) 12.08 ± 0.17 13.19 ± 0.17 13.74 ± 0.17 13.95 ± 0.16 < 0.001
n-3 FA (g) 1.77 ± 0.03 1.89 ± 0.03 1.88 ± 0.03 2.02 ± 0.03 < 0.001
n-6 FA (g) 10.40 ± 0.15 11.42 ± 0.15 11.96 ± 0.15 11.91 ± 0.14 < 0.001

Women (n = 26,592) (n = 6,787) (n = 7,177) (n = 5,811) (n = 6,817)
Total energy (kcal) 1,633.7 ± 9.3 1,744.5 ± 10.2 1,812.6 ± 10.8 1,698.8 ± 10.2 < 0.001
Total fat (% of energy) 17.65 ± 0.14 19.01 ± 0.15 21.14 ± 0.14 21.88 ± 0.14 < 0.001
SFA (% of energy) 5.25 ± 0.05 5.73 ± 0.05 6.11 ± 0.05 6.90 ± 0.06 < 0.001
MUFA (% of energy) 5.20 ± 0.05 5.72 ± 0.06 6.63 ± 0.05 7.01 ± 0.05 < 0.001
PUFA (% of energy) 4.53 ± 0.04 4.66 ± 0.05 5.28 ± 0.05 5.46 ± 0.04 < 0.001
n-3 FA (% of energy) 0.69 ± 0.01 0.71 ± 0.01 0.75 ± 0.01 0.85 ± 0.01 < 0.001
n-6 FA (% of energy) 3.86 ± 0.04 3.98 ± 0.04 4.55 ± 0.04 4.59 ± 0.03 < 0.001
Total fat (g) 32.81 ± 0.36 38.02 ± 0.44 43.15 ± 0.46 41.90 ± 0.41 < 0.001
SFA (g) 9.73 ± 0.12 11.37 ± 0.15 12.42 ± 0.15 13.19 ± 0.16 < 0.001
MUFA (g) 9.74 ± 0.13 11.54 ± 0.16 13.62 ± 0.16 13.46 ± 0.15 < 0.001
PUFA (g) 8.43 ± 0.10 9.32 ± 0.12 10.82 ± 0.14 10.44 ± 0.11 < 0.001
n-3 FA (g) 1.26 ± 0.02 1.40 ± 0.02 1.52 ± 0.02 1.60 ± 0.02 < 0.001
n-6 FA (g) 7.17 ± 0.09 7.99 ± 0.11 9.35 ± 0.12 8.80 ± 0.09 < 0.001

Data are shown as mean ± SE.
All analyses accounted for the multi-stage complex sampling design effect and used appropriate sampling weights using the SURVEY procedures in the SAS software.
KNHANES, Korea National Health and Nutrition Examination Surveys; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty 
acid; FA, fatty acid.
1)Linear trends in the intakes of energy and dietary fatty acids across the survey periods were compared using the multiple linear regression model after adjusting 
for gender, age, living area, household income, and total energy intake, where applicable.
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Table 2. Contribution of major food sources to dietary fatty acid intake in the 4th (2007–2009) and 7th (2016–2018) KNHANES data1)

Rank 4th KNHANES (2007–2009) (n = 11,651) 7th KNHANES (2016–2018) (n = 11,933)
Food % Cumulative % Food % Cumulative %

Total fat
1 Pork 15.6 15.6 Pork 14.0 14.0
2 Soybean oil 9.3 24.9 Beef 9.1 23.0
3 Ramyeon 5.3 30.2 Soybean oil 7.3 30.3
4 Beef 4.8 34.9 Eggs 5.7 36.0
5 Sesame oil 4.5 39.4 Mayonnaise 4.7 40.6
6 Milk 4.3 43.7 Ramyeon 4.2 44.8
7 Eggs 4.3 48.0 Bread 3.6 48.4
8 Tofu 3.5 51.5 Chicken 3.6 52.0
9 Mayonnaise 2.8 54.2 Milk 3.5 55.5
10 Coffee 2.8 57.0 Sesame oil 3.2 58.8

SFA
1 Pork 19.7 19.7 Pork 16.2 16.2
2 Milk 9.8 29.6 Beef 10.8 26.9
3 Ramyeon 7.9 37.5 Milk 7.5 34.4
4 Coffee 5.1 42.6 Ramyeon 6.0 40.3
5 Beef 4.8 47.4 Eggs 5.4 45.8
6 Soybean oil 4.4 51.8 Bread 4.3 50.0
7 Eggs 4.0 55.8 Coffee 3.5 53.5
8 White rice 3.6 59.4 Soybean oil 3.4 56.9
9 Coffee creamer 3.6 63.0 Chicken 3.0 59.9
10 Sesame oil 2.2 65.2 Snacks, biscuits, and cookies 2.9 62.7

MUFA
1 Pork 23.1 23.1 Pork 18.1 18.1
2 Soybean oil 7.2 30.3 Beef 12.0 30.1
3 Beef 6.0 36.4 Eggs 7.0 37.1
4 Ramyeon 5.8 42.2 Soybean oil 5.0 42.1
5 Sesame oil 5.6 47.8 Chicken 4.5 46.6
6 Eggs 5.5 53.2 Ramyeon 4.3 50.9
7 Milk 4.1 57.4 Sesame oil 3.8 54.7
8 Tofu 2.4 59.7 Bread 3.3 58.0
9 Bread 2.2 61.9 Mayonnaise 3.0 61.0
10 Mayonnaise 2.0 63.9 Snacks, biscuits, and cookies 2.7 63.7

PUFA
1 Soybean oil 21.0 21.0 Soybean oil 16.9 16.9
2 Pork 7.9 28.8 Mayonnaise 10.9 27.8
3 Sesame oil 7.5 36.3 Pork 7.1 34.9
4 Tofu 6.8 43.1 Sesame oil 5.6 40.5
5 Soybean 6.2 49.3 Eggs 4.8 45.2
6 Mayonnaise 6.1 55.4 Tofu 4.5 49.8
7 Ramyeon 3.0 58.4 Bread 2.8 52.5
8 Eggs 2.8 61.1 Soybean 2.4 55.0
9 White rice 2.3 63.5 Ramyeon 2.2 57.2
10 Bread 1.9 65.4 Perilla oil 2.2 59.3

n-3 FA
1 Soybean oil 18.4 18.4 Soybean oil 13.5 13.5
2 Mackerel 6.8 25.2 Perilla oil 11.6 25.0
3 Perilla oil 6.3 31.5 Mayonnaise 9.0 34.0
4 Soybean 5.2 36.7 Mackerel 5.6 39.7
5 Mayonnaise 4.8 41.5 Perilla seed 5.1 44.7
6 Tofu 4.7 46.2 Tofu 3.8 48.5
7 Anchovies 4.3 50.5 Pork 3.4 51.9
8 Perilla seed 4.2 54.7 Canola oil 3.4 55.3
9 Soybean paste 3.0 57.7 Eggs 2.7 58.0
10 Saury 2.7 60.4 Soybean 2.2 60.2

(continued to the next page)



types of fatty acid intake. For SFA, PUFA, and n-6 FA, 5 food sources showed differences of 
more than one rank between men and women, whereas MUFA had 3 food sources showing 
differences in ranks by gender. For total fat, SFA, and MUFA, ramyeon (instant noodle), 
chicken, and coffee had higher contributions and rank for fatty acid intake in men than in 
women, but women showed higher contributions and rank for milk and cake. In terms of 
PUFA, including n-3 FA and n-6 FA, ramyeon, chicken, pork, and eel ranked more highly in 
men than in women whereas soybean, vegetable oils, walnuts, bread, and snacks ranked 
more highly in women than in men.
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Table 3. Food sources showing differences in the contribution to each type of fatty acid intake between men and women based on the 2016–2018 KNHANES data1)

Type of fatty acid Food (rank in total subjects) Men Women
Rank % Contribution Rank % Contribution

Total fat Ramyeon (6) 5 5.0 8 3.4
Chicken (8) 7 3.9 10 3.3
Milk (9) 10 2.9 6 4.1

SFA Ramyeon (4) 3 7.1 5 4.8
Coffee (7) 6 3.8 10 3.1
Chicken (9) 9 3.2 - -
Snacks, biscuits, and cookies (10) 10 2.5 7 3.2
Cake - - - 8 3.1

MUFA Ramyeon (6) 5 5.1 8 3.5
Snacks, biscuits, and cookies (10) 10 2.4 - -
Milk - - - 10 3.1

PUFA Soybean (8) 10 2.3 8 2.6
Ramyeon (9) 7 2.6 - -
Perilla oil (10) - - 9 2.5
Chicken - 9 2.4 - -
Walnuts - - - 10 2.0

n-3 FA Pork (7) 6 4.2 9 2.6
Canola oil (8) 8 2.9 6 3.8
Walnuts - - - 10 2.5
Eel - 10 2.2 - -

n-6 FA Bread (7) 9 2.6 7 3.3
Ramyeon (8) 7 3.0 - -
Soybean (9) 10 2.3 8 2.7
Chicken (10) 8 2.6 10 2.1
Snacks, biscuits, and cookies - - - 9 2.2

KNHANES, Korea National Health and Nutrition Examination Surveys; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty 
acid; FA, fatty acid.
1)Among the top 10 food sources for each type of fatty acid intake by gender, foods showing a difference of more than one rank between men and women are presented.

Rank 4th KNHANES (2007–2009) (n = 11,651) 7th KNHANES (2016–2018) (n = 11,933)
Food % Cumulative % Food % Cumulative %

n-6 FA
1 Soybean oil 22.0 22.0 Soybean oil 17.7 17.7
2 Pork 9.4 31.3 Mayonnaise 11.3 29.0
3 Sesame oil 8.5 39.8 Pork 8.0 37.1
4 Tofu 7.3 47.2 Sesame oil 6.4 43.5
5 Soybean 6.3 53.5 Eggs 5.0 48.5
6 Mayonnaise 6.3 59.7 Tofu 4.7 53.2
7 Ramyeon 3.4 63.2 Bread 2.9 56.2
8 Eggs 2.7 65.9 Ramyeon 2.5 58.7
9 White rice 2.7 68.6 Soybean 2.5 61.2
10 Sesame seeds 1.9 70.5 Chicken 2.4 63.5

KNHANES, Korea National Health and Nutrition Examination Surveys; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty 
acid; FA, fatty acid.
1)In the 4th and 7th survey data, the contribution (%) of major food sources to the intake of total fat, SFA, MUFA, PUFA, n-3 FA, and n-6 FA was determined by the 
ratio of each fatty acid provided by a food item to the total intake of each fatty acid from all food items. For each fatty acid, the top 10 food items were ranked 
based on the contribution (%) of the food item from the highest to the lowest.

Table 2. (Continued) Contribution of major food sources to dietary fatty acid intake in the 4th (2007–2009) and 7th (2016–2018) KNHANES data1)



Changes in consumption of foods contributing to dietary fatty acid intake 
over 2007–2018
The trends in the consumption of food sources contributing to fatty acid intake over 2007–2018 
are shown in Table 4. Between 2007 and 2018 in Korean adults, changes observed in the 
consumption of food source of fatty acid were significantly increased consumption in meat, 
eggs, perilla oil, canola oil, mayonnaise, bread, cake, and snacks evaluated by the absolute 
amount of consumption. In contrast, over 12 yrs, decreases in consumption were seen in 
mackerel, saury, anchovies, beans and their products, sesame seeds and oil, coffee creamer, 
and white rice (P < 0.001).

Differences in food consumption changes contributing to dietary fatty acid 
intake by gender
Fig. 1 shows trends in the consumption of foods showing differences in their significance for 
changes of daily consumption over 2007–2018 between men and women. Men and women 
showed similar consumption trends in most food sources (data not shown). However, 4 food 
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Table 4. Trends in the consumption of foods contributing to dietary fatty acid intake over 12 yrs based on the 2007–2018 KNHANES data
Food (g/day) 2007–2009  

(n = 11,651)
2010–2012  
(n = 12,207)

2013–2015  
(n = 10,516)

2016–2018  
(n = 11,933)

P-value  
for trend1)

Meat
Pork 36.85 ± 1.06 41.00 ± 1.28 44.65 ± 1.17 51.30 ± 1.19 < 0.001
Beef 16.15 ± 0.57 20.66 ± 0.70 21.73 ± 0.75 23.46 ± 0.75 < 0.001
Chicken 14.43 ± 0.77 22.29 ± 0.99 27.78 ± 1.20 32.52 ± 1.28 < 0.001

Eggs & Milk
Eggs 24.75 ± 0.55 27.06 ± 0.56 31.10 ± 0.63 30.91 ± 0.62 < 0.001
Milk 56.06 ± 1.79 62.40 ± 1.86 56.36 ± 1.61 59.32 ± 1.49 0.860

Fish
Mackerel 5.65 ± 0.29 5.82 ± 0.35 3.75 ± 0.22 3.72 ± 0.22 < 0.001
Saury 1.59 ± 0.14 1.72 ± 0.14 1.19 ± 0.12 0.96 ± 0.12 < 0.001
Anchovies 7.92 ± 0.22 6.75 ± 0.18 1.92 ± 0.05 3.05 ± 0.11 < 0.001
Eel 1.06 ± 0.14 1.51 ± 0.22 1.96 ± 0.29 1.92 ± 0.26 0.023

Beans & their products
Tofu 25.06 ± 0.70 22.91 ± 0.67 22.21 ± 0.72 20.47 ± 0.57 < 0.001
Soybean 5.25 ± 0.17 4.15 ± 0.15 3.99 ± 0.17 2.72 ± 0.11 < 0.001
Soybean paste 7.11 ± 0.18 6.67 ± 0.17 5.35 ± 0.14 4.20 ± 0.11 < 0.001

Seeds & Nuts
Sesame seeds 0.73 ± 0.03 0.75 ± 0.02 0.70 ± 0.02 0.24 ± 0.02 < 0.001
Perilla seeds 0.27 ± 0.02 0.30 ± 0.02 0.37 ± 0.03 0.37 ± 0.02 0.019
Walnuts 0.20 ± 0.05 0.25 ± 0.03 0.30 ± 0.02 0.35 ± 0.02 0.014

Oils & their products
Soybean oil 3.93 ± 0.08 4.28 ± 0.10 4.53 ± 0.10 3.80 ± 0.08 0.146
Sesame oil 1.77 ± 0.04 1.78 ± 0.05 1.82 ± 0.04 1.60 ± 0.03 < 0.001
Perilla oil 0.15 ± 0.01 0.21 ± 0.02 0.27 ± 0.02 0.31 ± 0.02 < 0.001
Canola oil 0.30 ± 0.04 0.40 ± 0.03 0.52 ± 0.04 0.59 ± 0.03 < 0.001
Mayonnaise 1.63 ± 0.10 2.21 ± 0.10 3.00 ± 0.12 2.98 ± 0.12 < 0.001
Coffee (with or without sugar and cream) 9.44 ± 0.20 11.27 ± 0.20 11.61 ± 0.23 10.70 ± 0.30 0.022
Coffee creamer 2.04 ± 0.06 2.16 ± 0.08 1.92 ± 0.07 0.92 ± 0.05 < 0.001

Grains & their products
White rice 187.2 ± 1.46 177.6 ± 1.51 154.0 ± 1.48 142.4 ± 1.38 < 0.001
Ramyeon 14.07 ± 0.50 14.92 ± 0.54 15.24 ± 0.52 14.53 ± 0.47 0.141
Bread 11.45 ± 0.49 16.85 ± 0.64 19.60 ± 0.73 20.99 ± 0.68 < 0.001
Cake 1.56 ± 0.16 1.91 ± 0.23 4.05 ± 0.39 3.66 ± 0.32 < 0.001
Snacks, biscuits, and cookies 2.11 ± 0.15 2.91 ± 0.17 3.04 ± 0.18 5.51 ± 0.23 < 0.001

Data are shown as mean ± SE.
All analyses accounted for the multi-stage complex sampling design effect and used appropriate sampling weights using the SURVEY procedures in the SAS software. 
KNHANES, Korea National Health and Nutrition Examination Surveys.
1)Linear trends in the intake of food sources across the survey periods were compared using the multiple linear regression model after adjusting for gender, age, 
living area, household income, and total energy intake.



sources, including eel, perilla seeds, walnuts, and coffee showed differences in the significance 
of daily consumption changes by gender. The consumption of eel, perilla seeds, and walnuts 
significantly increased between 2007–2018 in women but was not significantly changed in 
men. Men showed a significant increasing trend in coffee consumption over 12 yrs, whereas 
women did not.

DISCUSSION

In the current study, we examined changes in the food sources of fatty acids and their 
consumption levels since 2007 in a Korean adult population whose dietary fat intake has 
been significantly increasing. We found that the major fat sources in this population were 
pork, soybean oil, beef, eggs, and mayonnaise. From 2007 through 2018, the contribution of 
animal sources to all types of fatty acids increased as did the consumption of animal foods. 
In contrast, the intake of beans and their products, as well as fish between 2007 and 2018, 
showed downward trends, and thus, their contribution to n-3 FA intake decreased over time. 
Eggs, mayonnaise, bread, and snacks became the major food sources of dietary fats with 
higher contributions across the survey periods.

Korean adults showed increasing trends in dietary fat intake, particularly in SFA and MUFA, 
from 2007 to 2018. Currently, the main contributors to SFA and MUFA included animal food 
sources, such as pork, beef, chicken, and eggs, which together contributed up to 35.4% 
of the SFA intake and 41.6% of the MUFA intake in this population. As the consumption 
level of these animal sources increased in this population, their contribution to fat intake 
also increased. For example, beef became the second main food source for SFA and MUFA, 
increasing by 6% and 6%, respectively, over 12 yrs. A study of Chinese adults reported that 
the intake of dietary fats, including SFA, MUFA, and PUFA significantly increased from 
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Fig. 1. Trends in the consumption of foods showing differences in their significance for changes of daily consumption 
over 2007–2018 between men and women. All analyses accounted for the multi-stage complex sampling design 
effect and used appropriate sampling weights using the SURVEY procedures in the SAS software. 
Linear trends in the intake of food sources across the survey periods were compared using the multiple linear 
regression model after adjusting for age, living area, household income, and total energy intake (*P < 0.05, **P < 0.01, 
***P < 0.001; NS, not significant).



1997 to 2011 in absolute amounts as well as the proportion of energy [9]. In terms of food 
sources, however, meat and animal oils contributed less to fatty acid intake but vegetable 
oils contributed more over time [9]. Different from Asian countries, the intake of total fat 
and SFA decreased or did not change over time in Irish [16] and UK adults [17], and were 
mainly obtained from meat and dairy products in Western countries [3,10,16]. The increasing 
trend in the consumption of animal foods, as well as SFA intake by Korean adults, should be 
continually monitored and modified to reduce the risk of chronic diseases.

Of note, the major food sources of fatty acids in Korean adults, mayonnaise, bread, and snacks/
biscuits/cookies, provided higher fat intake of all types of fatty acids and showed increasing 
trends in consumption. For SFA and MUFA, snacks/biscuits/cookies were newly included on the 
top 10 food source list based on the 2016–2018 KNHANES data. For PUFA, mayonnaise became 
the second major food source by increasing about 5% of its contribution between the 4th 
and 7th KNHANES data. This phenomenon might be explained by the increasing availability 
of processed foods and the adaption of Westernized dietary patterns by Koreans after rapid 
economic development and food environment changes [18]. However, obtaining SFA from 
processed foods, especially low nutritive foods, including pastries, cookies, donuts, cakes, 
and fried foods, was associated with low dietary quality evaluated by the Healthy Eating Index 
in Canadian adults [4] and an increased risk for CVD among Spanish adults [19]. Since these 
processed foods are characterized by high SFA and trans fats, as well as high sodium and sugar 
but low vitamins, minerals, and dietary fiber, healthy food choices for fat sources should be 
emphasized in Korean adults by suggesting food-based dietary guidelines for fat intake.

In the PUFA sources, plant oils and beans and their products showed lower contributions over 
time in Korean adults. Instead, mayonnaise and eggs had higher contributions to PUFA intake, 
ranking second and fifth on the list of major food sources of PUFA, respectively, in the 2016–
2018 KNHANES data. Particularly, n-3 FA intake showed considerable changes in terms of its 
main food sources. The n-3 FA was provided much less from fish, such as mackerel, anchovies, 
and saury in the 7th survey data compared to the 4th survey data, with only mackerel remaining 
on the top 10 food list sources for n-3 FA in the 7th survey data. Similar to our findings, Chinese 
adults showed a decreasing trend in the intake of fish and shellfish over 1997–2011, and thus, 
they had very low consumption levels of eicosapentaenoic acid and docosahexaenoic acid [9]. 
Fish and legumes are essential components of healthy dietary patterns (e.g., the Mediterranean 
diet, DASH diet, and prudent dietary patterns) as these foods contain high amounts of long-
chain n-3 FA, vegetable protein, dietary fiber, and antioxidants [20-22]. Previous epidemiologic 
studies consistently reported benefits from the consumption of fish and legumes on health 
outcomes, such as metabolic syndrome and CVD [23-25]. Accordingly, the international dietary 
recommendations for CVD have emphasized including fish and legumes in a diet for improving 
overall healthy dietary patterns and cardiovascular risk factors [26-30].

We also identified differences in the major food sources of dietary fatty acids between Korean 
men and women. The food sources that showed differences of more than one rank between 
men and women were found in this study. Among these food items, regardless of the type 
of fatty acid, the food sources showing higher ranks and contribution in men were mainly 
animal sources (e.g., chicken and pork), instant noodles (ramyeon), and coffee, whereas 
women showed higher contribution and ranks from plant sources (e.g., soybean, vegetable 
oils, and walnuts), milk, bread, and cake. These differences by gender can be explained by the 
different dietary patterns and food preferences between men and women and thus, need to 
be considered in designing of dietary guidelines and nutrition education programs.
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Adequate amounts of dietary fatty acids have been emphasized for health. In addition, recent 
studies have shown that the food sources of dietary fats have important associations with 
health outcomes. de Oliveira Otto et al. [2] revealed that the association between SFA and CVD 
risk depended upon the food source: meat SFA was associated with greater CVD risk but dairy 
SFA was associated with a lower risk of CVD in the Multi-Ethnic Study of Atherosclerosis [2]. 
Similarly, data from the Malmo Diet and Cancer cohort study showed that among the food 
sources of fat, a high intake of high-fat dairy products was inversely associated with the risk of 
type 2 diabetes but meat consumption was positively associated [31]. Therefore, food-based 
dietary guidelines can be effective in suggesting a balanced fat intake in terms of adequate 
amounts and healthy food sources for the prevention of chronic diseases.

This study had several limitations. Food sources and their intake amount were assessed based 
on one-day 24-h recall data. However, population-level estimates drawn from the nationally 
representative and large samples can help to understand changes in food fat sources over 
the past decade in Korean adults. In addition, because of the lack of a complete database on 
trans-fatty acid in Korean common foods, we did not evaluate the intake and food sources 
of trans-fatty acid, which is also highly associated with health outcomes. Despite these 
limitations, this study provides information on the trends in food sources of dietary fats in 
the Korean adult population based on the most recent national data.

In conclusion, changes in the food sources of dietary fat intake along with increases in the 
consumption of dietary fats were observed in Korean adults. Particularly, increases in the 
contribution of animal sources to dietary fats might be related to the increased risk for 
chronic diseases in this population. Fat consumption from fish and bean products which 
are known as healthy sources of PUFA intake and high-quality diets decreased. Therefore, 
food-based dietary guidelines for improving the quantity and quality fat intake should be 
established for Korean adults. Future studies should examine the association of consuming 
different types of fatty acids with health outcomes, such as chronic diseases. In addition, 
the association of different food sources of dietary fats with health outcomes needs to be 
investigated to identify the underlying mechanisms between dietary fatty acid intake and 
health outcomes.
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