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OBJECTIVES: This study was to examine the changes in dietary habits and food and nutrient intakes between before (2019)
and during (2020) the coronavirus disease 2019 (COVID-19) pandemic from the Korea National Health and Nutrition Exam-
ination Survey (KNHANES).

METHODS: A total of 54,995 participants aged >19 years who participated in the 2011-2020 KNHANES were included. The
10-year trend (2011-2020) and differences between 2019 and 2020 for dietary habits and food and nutrient intakes were esti-
mated using SAS.

RESULTS: In the past 10 years (2011-2020), the dietary habits (increase in skipping meals and eating out), food intake (increase
in meats and decrease in fruits and vegetables), and nutrient intake (increase in fat and decrease in sodium) in adults have
changed. When comparing between 2019 and 2020, there were 4.6%p decrease in the eating out more than once a day. On the
other hand, there were no significant differences in the intakes of food, energy and most of nutrients between 2019 and 2020,
except for the proportion of energy intake from fat (1.0%p increase) and carbohydrate (1.0%p decrease).

CONCLUSIONS: Although a change in dietary habits from before to during the COVID-19 pandemic was observed, food and
nutrient intakes have not deteriorated markedly and appear similar to the trends in the past 10 years. Throughout the
COVID-19 pandemig, it is necessary to monitor the effects of changes in dietary habits on health as well as food and nutrient
intakes.
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Health Organization and governments around the world are rec-
ommending healthy eating habits, such as drinking plenty of wa-
ter and increases in intakes of fruits and vegetables, and protein of
healthy sources to prevent COVID-19 transmission, given the
importance of nutrition in preventing and managing chronic and
infectious diseases [7].

Since the COVID-19 outbreak, studies on changes in eating
habits and nutritional status have been extensively conducted us-
ing various methods and on various populations, but contrasting
results have been published. While some studies reported that di-
etary habits have deteriorated since the COVID-19 pandemic be-
gan, as demonstrated by the increased frequencies of meals and
snacks, decreased intakes of fruits and vegetables, and increased
intakes of processed foods and sugars [8-13], other studies [14,15]
have reported improved dietary habits, such as increased fruit and
vegetable intakes and improved diet quality, as an attempt to pre-
vent and recover from COVID-19. Favorable and unfavorable
changes in dietary habits that varied depending on individual char-
acteristics, including age, income level, and health behaviors were
also reported even within a study [8,16,17]. To date, most of stud-
ies have been conducted using a simple online questionnaire with
a biased sample, and cohort studies using a validated nutritional
survey are limited by a small sample size [3].

In Korea, changes in dietary and physical activity behaviors from
the COVID-19 pandemic have been reported in adolescents, such
as an increase in skipping meals, a decrease in eating out, and a
decrease in fruit intake [18]. Even in adults, especially men, physi-
cal activity decreased and the prevalence of chronic diseases, such
as obesity and hypercholesterolemia, increased markedly during
the COVID-19 pandemic [19,20]. In terms of dietary habits, it
has been reported that 38.5% and 21.5% of the subjects increased
food delivery and processed food consumption, respectively, from
before the COVID-19 pandemic [21], but results from studies an-
alyzing the changes in food and nutrient intakes have not yet been
published.

This study used data from the Korea National Health and Nu-
trition Examination Survey (KNHANES) in the last 10 years (2011-
2020) to examine the 10-year trends and changes between before
(2019) and during (2020) the COVID-19 pandemic in dietary
habits and food and nutrient intakes.

MATERIALS AND METHODS

Study population

The KNHANES is a national health survey that has been con-
ducted annually by the Korea Disease Control and Prevention
Agency (KDCA) since 1998 to estimate the health and nutritional
status of Korean population. To represent the Korean population,
a two-step stratified cluster sampling method is selected for about
200 primary sampling units (PSU) and 20-25 households per PSU
each year [22]. Subjects were all over one-year-old and members
of the household that was sampled using the method described
above. For our analysis, we include a total of 54,995 people aged
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>19 years who completed the 2011-2020 KNHANES. From 2011-
2019, the survey was completed for all PSU sampled, but in 2020,
only 166 of 192 PSU (86%) were surveyed due to the COVID-19
pandemic. There were no significant differences in the gender,
age, or income level of the participants between 2019 and 2020.

Nutrition survey

The KNHANES consists of a health examination, a health in-
terview; and a nutrition survey. The nutrition survey is divided
into a dietary behavior survey, a 24-hour dietary recall, and a food
security survey, and the team of dietitians visits the households of
participants and conducts individual interviews with all the
household members. The dietary behavior survey includes skip-
ping meals, eating out, and eating together. For the 24-hour die-
tary recall, all food consumed the day before the survey is investi-
gated in chronological order along with the location and type of
meal, and name and amount of food consumed. To accurately
determine the amount of consumption, each individuals intake is
investigated using measuring aids, such as a two-dimensional
model book, measuring cup, and measuring spoon. Energy and
nutrient intakes are calculated using the nutrient database (DB)
for each food, which was established based on the National
Standard Food Composition Table [23].

The proportion of skipping breakfast, eating out more than once
a day, and eating with family at dinner were calculated from the
dietary behavior survey and the proportion of households with
food security was evaluated from the food security survey. The
intakes for food, energy, and nutrient were calculated from the
24-hour dietary recall. This study focused on the intakes of grains,
vegetables, fruits, meats, and beverages, as these demonstrated
considerable differences in the amount of consumption across
year. As for the nutrients, the focus was on the energy, fat, protein,
carbohydrates, calcium, sodium, iron, vitamin A, riboflavin, and
vitamin C intakes, which were the components for the objectives
of the fifth National Health Plan (Health Plan 2030). As the unit
of reference intake for vitamin A changed from g RE to ug RAE
in the Dietary Reference Intake for Koreans 2015, vitamin A in-
take was evaluated from 2016 in this study. To examine the chang-
es in energy composition, the proportions of energy intake for the
energy-source nutrients: fat, carbohydrates, and protein from 2011
to 2020 were presented. As meal type have been classified into home-
cooked meal, restaurant meal (eating at the restaurants; takeout
or meal delivery), food services meal at school or workplace, and
convenience food (ready-to-cook food, ready-to-eat food, etc.)
since 2016, the proportions of energy intake from meal type were
calculated from 2016 to 2020.

Statistical analysis

The statistical analysis was performed using SAS, version 9.4
(SAS Institute Inc., Cary, NC, USA). All results were applied the
sampling weights assigned to participants to represent the Korean
population. Sampling weights were generated by considering com-
plex sample design, non-response rate of the target population,
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and post-stratification. To adjust differences in results from changes ~ in women, and the proportion of households with food security
in the age structure of each year, age-standardized results were  tended to increase, reaching 96.3% in 2020. When comparing be-
calculated using the age-specific and sex-specific structures of the  tween 2019 and 2020, the proportion of skipping breakfast in 2020
estimated population based on the 2005 population projections for ~ was 36.7%, which is an increase of 2.6%p from 2019 (34.1%), but
Korea. The age-standardized mean value for dietary habits and  this was not statistically significant. In 2020, the proportion of eat-
food and nutrient intakes were calculated using PROC SUR-  ing out at least once per day was 26.4%, a 4.6%p decrease (5.2%p
VEYREG and PROC SURVEYLOGISTIC. The analysis for 10-  in men, 3.8%p in women) from 2019 (31.0%), which was differ-
year changes and differences in estimates between before (2019)  ent from the 2011-2020 trend, and the proportion of households
and during (2020) the COVID-19 pandemic were performed us-  with food security demonstrated no difference between 2019 and

ing PROC SURVEYREG. 2020.
The intakes of grains, vegetables, and fruits decreased, whereas
Ethics statement the intakes of meat and non-alcoholic beverages increased from

This study was approved by the Institutional Review Board of = 2011-2020 (Table 3). In particular, the intake of fruits decreased
the KDCA (2011-2014; 2018-2020). For the certain year (2015- by about 50 g, from 178 g in 2011 to 125 g in 2020, and that of
2017) was waived by the Act (Article 2, Paragraph 1) and Enforce-  non-alcoholic beverages doubled, from 130 g in 2011 to 254 g in
ment Regulation (Article 2, Paragraph 2, item 1) of Bio-ethicsand 2020, a trend that was observed in both men and women. For ex-

Safety Act. amining the difference between 2019 and 2020, the intakes of
grains, fruits, and vegetables decreased, and the intakes of bever-
RESULTS ages and meat increased between 2019 and 2020, which are simi-

lar to the trends from 2011-2020, but this difference was not sta-

A total of 54,995 individuals, including 23,137 men and 31,858 tistically significant.
women, completed the nutrition survey of the 2011-2020 KNHANES. The energy intake decreased by about 200 kcal in men and
The gender, age, and income level distributions are presented in 100 kcal in women in the last 10 years (Table 4). The proportion
Table 1. of energy intake from fat continued to increase, reaching 24.1% in
According to the trend in dietary habits over the last 10 years 2020, and that from carbohydrate decreased to 60.1% in 2020.
(2011-2020), the proportion of skipping breakfast continued to  The energy intake in 2020 was 1,953 kcal, approximately a 40 kcal
increase, from 22.5% in 2011 to 36.7% in 2020 (Table 2). The pro-  decrease (57 kcal in men, 20 kcal in women) from 2019, but this
portion of eating out at least once per day tended to increase only  difference was not statistically significant. The proportion of ener-

Table 1. General characteristics of the participants in this study, Korean men and women aged 19 years or older, using data from the 2011-
2020 Korea National Health and Nutrition Examination Survey

Characteristics 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Total 5,894 (100) 5,570(100) 5,450(100) 5,323 (100) 5,308 (100) 5,439 (100) 5,723 (100) 5,708 (100) 5,775 (100) 4,805 (100)
Gender
Men 2,434 (49.4) 2,231 (49.3) 2,269 (49.5) 2,199 (49.6) 2,249 (49.4) 2,245 (49.7) 2,484 (49.7) 2,443 (49.8) 2,498 (49.8) 2,085 (49.6)
Women 3,460 (50.6) 3,339(50.7) 3,181 (50.5) 3,124 (50.4) 3,059 (50.6) 3,194 (50.3) 3,239 (50.3) 3,265 (50.2) 3,277 (50.2) 2,720 (50.4)
Age (yr)
19-29 643(19.0) 582(186) 673(183) 567(183) 661(184) 623(17.7) 653(17.5) 682(17.6) 669(17.3) 624(17.3)
30-39 1,054 (20.7) 937(20.2) 964(19.7) 908(19.2) 718(18.6) 966(183) 845(17.9) 862(17.5) 855(17.1) 633(16.5)
40-49 1,027 (21.8) 901 (21.6) 1,064 (21.3) 899(21.0) 904 (20.6) 1,014 (20.8) 1,028 (20.4) 1,052 (19.9) 1,036 (19.4) 808 (19.0)
50-59 1,145 (18.1) 1,034 (18.7) 1,002(19.3) 995(19.6) 1,081(19.7) 939(19.9) 1,117 (19.9) 1,055(19.8) 1,061(20.0) 861 (19.7)
60-69 995(10.6) 1,013(10.7) 874(10.9) 926(11.3) 960(11.8) 920(12.4) 1,037 (12.9) 998 (13.5) 1,046 (14.1) 892 (14.9)
>70 1,030(9.8) 1,103(10.2) 873(10.5) 1,028 (10.7) 984(10.9) 977(10.9) 1,043 (11.3) 1,059(11.7) 1,108 (12.2) 987 (12.6)
Household income'
Low 1,157 (22.6) 1,087 (22.2) 1,068 (19.9) 1,074 (21.1) 1,052 (20.2) 1,091 (20.8) 1,150 (19.6) 1,146 (20.4) 1,151 (19.3) 963 (19.4)
Low-middle 1,182 (20.6) 1,119(21.3) 1,088(19.9) 1,041 (19.8) 1,071 (20.3) 1,064 (18.9) 1,155 (20.4) 1,141 (20.8) 1,129(19.6) 967 (19.3)
Middle 1,167 (19.9) 1,078 (20.3) 1,108 (20.7) 1,054 (19.3) 1,038 (19.6) 1,077 (20.0) 1,138(19.1) 1,132(20.1) 1,176 (20.4) 964 (19.9)
Middle-high 1,169 (19.3) 1,102 (18.2) 1,085 (20.2) 1,055 (19.6) 1,053 (20.0) 1,084 (19.6) 1,163 (21.0) 1,140(19.8) 1,150(20.3) 927 (20.0)
High 1,153 (17.7) 1,086 (18.0) 1,060 (19.3) 1,076 (20.2) 1,060 (20.0) 1,102 (20.7) 1,103 (19.8) 1,137 (18.9) 1,145(20.3) 967 (21.4)

Values are presented as number (weighted %).
'Calculated as the monthly household income divided by square-root of the number of persons in the household, categorized into quintiles ac-
cording to age and gender.
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gy intake from fat increased by 1.0%p, whereas that from carbo-
hydrate decreased by 1.0%p in 2020 from 2019, and these dem-
onstrated the same trends from 2011-2020. The proportions of
energy intake from home-cooked meal (women) and food ser-
vices meal (men) decreased, whereas that from restaurant meal
(women) and convenience food (both men and women) increased
from 2016 to 2020. The proportions of energy intake from home-
cooked meal, restaurant meal, food services meal, and conveni-
ence food in 2020 were 39.9%, 31.9%, 3.8%, and 9.7%, respective-
ly. Unlike the trends from 2016 to 2020, the proportion of energy
intake from home-cooked meal increased (2.5%p) in 2020 from
2019, and that from restaurant meal decreased, but this difference
was not statistically significant. From 2019 to 2020, the proportion
of energy intake from food services meal and convenience food
decreased (2.0%p) and increased (1.2%p), respectively, which dif-
ferences are consistent with the 2016-2020 trends.

From 2011-2020, the intakes of sodium, iron, and vitamin C
have consistently decreased, whereas the intake of riboflavin has
increased (Table 5). The vitamin C (women) and iron intakes (both
men and women) decreased from 2019 to 2020, and the riboflavin
intake (men) increased, maintaining the trend from 2011-2020.
There were no differences in the calcium, sodium, and vitamin A
intakes between 2019 and 2020 for both men and women.

DISCUSSION

Analyzing the food and nutrient intakes in Korean adults from
2011-2020 KNHANES, dietary habits (increase in skipping meals,
eating out), food intake (decreased intake of vegetables and fruits,
increased intake of non-alcoholic beverages, and meat, etc.), and
nutrient intake (increased fat intake, decrease in sodium, vitamin
C, etc.) trends are similar to the past 20 years (1998-2020), as
published in a previous study [23]. It is believed that this is due to
gradual changes in the social environment related to diet, such as
changes in household structure, development of food processing
technology, and diversification of options for eating out. In other
countries, there has also been a nutritional transition due to
changes in income, urbanization, food technological advances,
and nutritional policies due to economic and demographic chang-
es [24]. In Japan, fat intake has continuously increased since the
early 2000s, as did in Korea, reaching 28.6% in 2019, whereas the
sodium intake has decreased [25,26]. Europe has observed a posi-
tive change over the past 30 years, with an increase in the intakes
of fruits, vegetables, and fish and a decrease in the intakes of satu-
rated fatty acids and sugars [27]. Even in the United States, macro-
nutrient composition and dietary quality have generally improved
including intakes of high-quality carbohydrates, plant protein, and
polyunsaturated fatty acids since 2000, although there are still nu-
tritional problems of high intakes of saturated fatty acids and low
quality carbohydrates [28]. In contrast, with the exception of the
improvement observed in the sodium intake since the KN-
HANES was first conducted in 1998, trends in most of dietary
habits and nutrient intakes have worsened, suggesting that active

nutritional interventions should be implemented.

Comparing the diets in adults before (2019) and during (2020)
the COVID-19 pandemic, we observed changes in dietary habits,
such as an increase in home-cooked meal and convenience food
and a decrease in eating out (restaurant or food services). This
seems to be due to social distancing, such as changes in work pat-
terns and restrictions on social gatherings and multi-use facilities,
and this is similar to the results of other domestic and overseas
studies. According to the 2020 Consumer Behavior Survey for
Food [29], the proportion of adults eating out decreased from
2019 by 7.5%p, and this trend continued in 2021 [30]. In overseas
studies [10,31], the proportion of eating out decreased and the
consumptions of home-cooked and processed foods increased
due to COVID-19 pandemic ensued. Additionally, meal delivery
increased during social distancing [10], and in the 2020 Korea
Health Community Survey [21], the proportion reporting an in-
crease in food delivery (38.5%) was higher than that reporting a
decrease in food delivery (11.2%) in 2020 compared to 2019. In
the light of this finding, the proportion of energy intake from res-
taurant meal by location where meal was consumed (restaurant
or home) was compared in this study. The proportion of restau-
rant decreased by 3.3%p from 2019 to 2020 (23.6% in 2019; 20.3%
in 2020), but the proportion of home through takeout or meal
delivery increased by 2.1%p (6.5% in 2019; 8.6% in 2020; data not
shown), which are results that are similar to those of previous
studies [10,21].

Furthermore, various findings have been published on changes
in dietary habits due to the COVID-19 pandemic. Many studies
have shown undesirable changes, such as an increased frequency
of meals and snacks [9,12] and late-night snacks [9], an increased
intake of energy-dense foods [11], and a deterioration in overall
eating habits and diet quality [13,32], resulting in weight gain [10,
12]. In other studies [14,15], positive changes were reported, which
included reducing sugar and fast-food consumption, in consider-
ation of antioxidant consumption for infection prevention, anti-
inflammatory, and immune function improvement. These incon-
sistent findings are attributable to differences in social distancing
stage depending on the severity of the COVID-19 pandemic [13,33],
area of residence [16], household characteristics, income, and in-
dividual health behaviors such as physical activity [17]. Additional
in-depth research on the changes in dietary habits and food and
nutrient intakes according to the characteristics of the COVID-19
pandemic in Korea, socioeconomic status, and health behaviors
need to be conducted.

In this study, there were no significant differences in food, en-
ergy, and nutrient intakes before (2019) and during (2020) the
COVID-19 pandemic. When the proportions of energy intakes
by meal type were compared between 2019 and 2020, restaurant
meal (-1.5%p) and food services meal (-2.0%p) decreased, where-
as home-cooked meal (2.5%p) increased. The extent of these was
small and may not have had a significant impact on the food and
nutrient intakes in 2020 compared to 2019. In terms of the pro-
portion by energy-source nutrient, the proportion of energy in-
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take from fat increased from 2019 to 2020, whereas that from car-
bohydrate decreased. The fat intake in 2020 was 52.6 g, which is a
1.5 g increase from 2019 (51.1 g). However, this increase was not
significant (p=0.23), so it is probable that this difference in the
proportion of energy from fat was due to a decrease in the energy
intake (by approximately 40 kcal). In addition, the decrease in vi-
tamin C intake (particularly in women) and the increase in ribo-
flavin (particularly in men) in 2020 from 2019 seems to partially
reflect the trend observed in the fruit intake (women: 18.3 g de-
crease, p=0.09) and meat intake (men: 6.0 g increase, p=0.42).
Additionally, there were no significant differences in the propor-
tion of population with adequate intakes of sodium, calcium, and
vitamin A, and the proportion of population with excessive intake
in energy and fat or deficient intake in energy, calcium, iron, vita-
min A, and riboflavin between 2019 and 2020 (data not shown).
The results of studies conducted overseas that used 24-hour die-
tary recall, dietary record, and food-frequency questionnaire were
similar to those of this study. In the National Diet and Nutrition
Survey [34] conducted in United Kingdom, energy intake slightly
decreased, but there was no difference in food and nutrient in-
takes from 2019 to 2020. A study conducted in Spain on healthy
postmenopausal women also demonstrated no difference in ei-
ther energy or nutrient intake [35], and a study conducted in the
United States with adults also reported an increase in energy den-
sity but no difference in energy intake [11]. In German children
and adolescents, energy intake decreased by a negligible percent-
age (0.85%) from before the COVID-19 pandemic with a non-
significant decrease in sugar sweetened beverages and ultra-pro-
cessed foods intake [36]. Based on these results, it can be seen that
efforts were made to maintain healthy eating habits to improve
immune function to prevent COVID-19.

It is indeed encouraging to see that the trend in the food and
nutrient intakes in Korea has generally remained unchanged de-
spite the COVID-19 pandemic. Nevertheless, the results of this
study is from the first year since the COVID-19 pandemic and, in
the light of the ongoing pandemic, it is possible that the changes
in dietary habits may independently, or in conjunction with other
health behaviors, such as alcohol drinking or smoking, lead to
significant changes in food and nutrient intakes to contribute to
the increase in the prevalence of chronic diseases. It is suggestive
that, whereas the physical activity level decreased in 2020, the first
year of the COVID-19 pandemic, and slightly increased again in
2021, according to the Korea Youth Risk Behavior Survey, dietary
habits such as skipping meals and the intakes of fruits and vegeta-
bles have continuously deteriorated in 2021 [18]. It is necessary to
monitor whether dietary changes in the second year (2021) and
third year (2022) of the COVID-19 pandemic will continue and
whether these changes will affect food and nutrient intakes, and
to produce the evidence for nutritional intervention to prevent
the deterioration in trends.

The KNHANES has been conducted by dietitians who have
completed training in the same methods (24-hour dietary recall)
since the survey began in 1998. Since the main purpose of the
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KNHANES is to estimate the nutritional status of the current
year, it uses the latest recipe DB and nutrient DB for each food to
calculate the results. In other words, when calculating food and
nutrient intakes for 2011-2012, 2013-2015, and 2016-2020, the
7th, 8th, and 9th editions of the latest National Standard Food
Composition Table, respectively, were used. Although it is benefi-
cial because the results reflect the latest nutritional information
when the nutritional status is evaluated, there is the effect of the
new DB needs to be considered when evaluating the food and
nutrient intake trends.

CONCLUSION

As a result of analyzing the food and nutrient intake trends in
adults using the data from the KNHANES, there were changes in
the food and nutrient intake patterns, such as increases in the in-
takes of meat and non-alcoholic beverages, and the proportion of
energy intake from fat, and decreases in the intakes of grains, veg-
etables, fruits, vitamin C, and sodium for the past 10 years (2011-
2020). There were changes in dietary habits between before and
during the COVID-19 pandemic, such as a decrease in eating out
and an increase in the consumption for home-cooked meals, but
food and nutrient intakes has largely remained unchanged with-
out deterioration. Although it is encouraging that food and nutri-
ent intakes has not deteriorated due to the COVID-19 pandemic,
it is necessary to monitor the effects of changes in dietary habits
on the food and nutrient intakes, during the COVID-19 pan-
demic.

SUPPLEMENTARY MATERIALS
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