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INTRODUCTION

Adolescence is a critical period involving psychosocial and 
physical changes, and proper nutrition for growth is important. 
In adolescence, individuals have more opportunities to choose 
food, and their food choices are greatly influenced by their peers 
and the environment, as well as their personal preferences. Fur-
thermore, dietary behavior established during this period contin-
ues into adulthood, underscoring the importance of establishing 
healthy dietary behavior [1]. However, during the coronavirus 

OBJECTIVES: To assess social inequalities in changes in dietary behaviors among adolescents during the coronavirus disease 
2019 (COVID-19) pandemic, we compared changes in dietary behavior indicators by household income. 

METHODS: Using cross-sectional data from the 2019 and 2020 Korea National Health and Nutrition Examination Survey, the 
prevalence of dietary behaviors in adolescents (12-18 years old) was estimated and changes in dietary behaviors during the 
COVID-19 pandemic were evaluated. We assessed changes in dietary behaviors with a household income (as a measure of so-
cioeconomic status, SES) disparity.

RESULTS: During the COVID-19 pandemic, the average consumption of vegetables decreased and food insecurity worsened. 
Adolescents were more likely to skip breakfast than before COVID-19 (33.1 and 37.4%). Soft drink consumption also increased 
in 2020 from 2019 (7.6 and 14.8%), especially among boys. Average sugar intake and sodium intake showed a tendency to de-
crease only in girls, but there was no significant difference according to SES level. Skipping breakfast was particularly evident in 
the low-SES group, and the difference according to household income level (high vs. low) was greater during COVID-19 than 
before. The prevalence of soft drink consumption increased significantly in the low-SES group, but the rate of increase did not 
differ by SES level. 

CONCLUSIONS: We found that the social disparity in skipping breakfast was further aggravated during the COVID-19 pan-
demic. To reach a better understanding of the dietary behaviors of adolescents, continuous monitoring is necessary.
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disease 2019 (COVID-19) pandemic, changes in lifestyle have been 
detected as the time spent at home increased due to social distanc-
ing, school closures, and isolation due to illness or contact with 
confirmed cases. Increasingly many research papers have reported 
that adolescents’ lifestyle behaviors are also worsening [2]. Accord-
ing to a report from the United Nations International Children’s 
Emergency Fund, the COVID-19 crisis has made it difficult to 
access healthy food, as the consumption of vegetables and fruits is 
declining, while that of sugary drinks and snacks is increasing [3]. 

An individual’s dietary behavior is influenced by various deter-
minants such as nutritional knowledge, dietary environments, and 
food availability. It is a well-known fact that there is a household 
income disparity in healthy food consumption. A report from the 
Prospective Urban Rural Epidemiology study in 18 countries dem-
onstrated that the availability, affordability, and consumption of 
fruits and vegetables depended on household income [4]. Further-
more, previous studies reported that dietary behaviors such as 
skipping breakfast and soft drink consumption were also related 
to household income [5,6]. The COVID-19 pandemic has caused 
socioeconomic changes such as an increase in the number of un-
employed and a contraction in economic activity [7,8]. A study 
conducted in San Francisco found that people facing new financial 
challenges due to the COVID-19 pandemic reported 10 times more 
sugary drink intake than those who did not [9]. Although some 
studies have evaluated changes in dietary behaviors and lifestyle 
during the COVID-19 pandemic, there has been insufficient re-
search evaluating the behavioral changes of adolescents according 
to household income in the context of the COVID-19 pandemic.

Therefore, using data from a national survey of Koreans, we as-
sessed the changes in dietary behaviors of adolescents (12-18 years 
old) during the COVID-19 pandemic and evaluated differences 
according to household income. 

MATERIALS AND METHODS

Data
To assess changes in dietary behaviors during the COVID-19 

pandemic, we analyzed data from the Korea National Health and 
Nutrition Examination Survey (KNHANES). The KNHANES is a 
survey representing the population of Korea that collects various 
data such as health status and nutritional status every year. Further 
information on KNHANES can be found in a previously published 
paper [10]. The latest data currently available are from the 2020 
KNHANES. Therefore, we interpreted the data from 2019 as rep-
resenting the period before COVID-19 and the data from 2020 as 
representing the period during the COVID-19 pandemic. The 
2019 and 2020 surveys collected data from 8,110 and 7,359 peo-
ple aged 1 year and over, and their response rates were 74.7% and 
74.0%, respectively. 

For this study, we included subjects aged 12-18 years (535 in 2019 
and 454 in 2020). After excluding subjects who reported consum-
ing < 500 kcal/day or > 5,000 kcal/day [11,12], 800 subjects were 
finally included (423 boys and 377 girls).

Variables
As a measure of socioeconomic status (SES), we considered 

household income. Household income was expressed in quartiles 
(low, medium-low, medium-high, and high), which were defined 
based on the value of monthly household income divided by the 
square root of the household size. 

In Korea, various indicators, including those related to nutrition, 
are set and monitored in the National Health Promotion Plan 
2030. Taking into account the dietary behavior of adolescents along 
with these indicators, we considered 12 indicators of dietary be-
haviors; (1) family meal (yes), (2) nutrition education and coun-
seling (yes), (3) use of nutrition labels (yes), (4) adequate fruit and 
vegetable intake (≥ 500 g/day of fruits and vegetables) [13,14], (5) 
adequate calcium intake (above the recommended intake of calci-
um, but below the upper limit), (6) adequate vitamin A intake 
(above the recommended intake of vitamin A, but below the up-
per limit), (7) skipping breakfast (≥ 5 day/wk), (8) excessive sodi-
um intake (> 2,300 mg/day of sodium intake) [11], (9) excessive 
fat intake ( > 30% of total energy intake [E%]), (10) excessive  
sugar intake ( ≥ 10 E%), (11) frequent soft drink consumption  
(≥ 5 times/wk), and (12) frequent eating out (≥ once/day). 

The definitions of indicators followed other studies or national 
monitoring standards. When it was inappropriate to estimate sta-
tistics, they were newly defined in consideration of the distribu-
tion of data. Family meal was defined as having breakfast or din-
ner with family. Nutrition education and counseling experience 
during the last year was defined based on a response of “yes” to 
that question. The use of nutrition labels was defined as those 
who responded that they checked the nutrition label when pur-
chasing processed foods. In Korea, the National Health Promo-
tion Plan recommends consuming more than 500 g of fruit and 
vegetable per day [13,14]. Data for daily fruit and vegetable intake 
were collected via 24-hour dietary recall survey. Daily nutrient in-
take was also estimated based on 24-hour dietary recall survey. 
The age-specific and sex-specific criteria for adequate intake of 
calcium and vitamin A were applied based on the 2020 Dietary 
Reference Intakes for Koreans [14]. According to the 2020 Die-
tary Reference Intakes for Koreans, a daily sodium intake of 
> 2,300 mg was suggested as a required criterion for intervention 
to reduce the risk of chronic disease. Intakes of fat and sugar were 
calculated as a percentage of total energy intake (E%) to define 
indicators. Finally, the definition of eating out included take-out, 
food delivery, and school meals, and the frequency of eating out 
was classified into 2 groups according to whether participants re-
ported eating out once or more per day.

Statistical analysis
Considering the sampling method of the KNHANES, in sum-

mary statistics, we presented results as weighted means with 95% 
confidence intervals (CIs) for continuous data and unweighted 
frequencies with weighted percentages for categorical data. The 
results were produced by applying a sampling weight (i.e., wt_ntr) 
associated with the nutritional survey data.
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We estimated the prevalence of basic characteristics and die-
tary-related indicators in adolescents before and during COV-
ID-19. Differences in the prevalence of basic characteristics and 
dietary-related indicators before and during COVID-19 were 
evaluated using regression analysis. These differences were also 
analyzed by stratification by sex. For the 12 dietary behavior indi-
cators, we also used regression analysis to estimate differences in 
the prevalence of dietary behaviors by high and low SES levels. 
The interaction effect of household income (high and low) and 
year (i.e., before and during COVID-19) on the prevalence of die-
tary behaviors was also assessed.

Statistical significance was assessed at p-value < 0.05 under 
2-tailed tests. All statistical analyses were performed using SAS 
version 9.4 (SAS Institute Inc., Cary, NC, USA).

Ethics statement
There was no personal information in the open KNHANES 

data and ethical approval for the use of open KNHANES data was 
exempted from the Institutional Review Board Committee of the 
Ewha Womans University Hospital (IRB No. EUMC 2022-05-028).

RESULTS

Table 1 shows changes in dietary behaviors during COVID-19. 
Regarding healthy dietary behavior, such as family meals and ad-
equate fruit and vegetable intake, there were no significant chang-
es, but the average daily vegetable intake showed a tendency to 
decrease (170.7 g/day in 2019 and 149.8 g/day in 2020; p= 0.07). 
The prevalence of skipping breakfast in 2020 was 37.4%, an in-
crease of about 4.3%p compared to 2019, but the change was not 
significant. Meanwhile, the prevalence of frequent soft drink con-
sumption ( ≥ 5 times/wk) increased significantly from 7.6% to 
14.8% (p< 0.01). This change was evident in boys, not in girls. The 
prevalence of frequent eating out (≥ once/day) decreased from 
46.0% to 36.8% (p< 0.05). In terms of improved health behavior, 
only in girls, the average sugar intake showed a tendency to de-
crease, and excessive sodium intake (> 2,300 mg/day of sodium 
intake) was reduced by 12.7%p. Additionally, the number of peo-
ple belonging to the low or medium-low level of food security in-
creased compared to pre-COVID-19.

When assessed according to household income, the prevalence 
of using nutrition labels and excessive sodium intake differed 
during the COVID-19 pandemic. The prevalence of using nutri-
tion labels was higher in participants with a low SES level and 
lower in those with a medium-high SES level. Excessive sodium 
intake was higher in participants with a medium-high SES level 
and lower in those with a medium-low SES level. Compared to 
the high SES level, although statistical significance was not met, 
the prevalence of family meals (Δ high-low= 11.5%), adequate 
calcium intake (Δ high-low= 4.9%), and eating out (Δ high-low=  
21.1%) in participants with low SES levels during COVID-19 was 
lower. Furthermore, the social disparity in breakfast skipping was 
further aggravated, which was found to be significant (Table 2). 
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the high-SES group (low SES: 22.9%p vs. high SES: 4.6%p), but it 
did not reach a statistically significant level. Meanwhile, the preva-
lence of adequate fruit and vegetable intake tended to decrease at 
both high and low SES levels. The prevalence of adequate vitamin 
A intake also declined in both SES groups compared to before 
COVID-19. Even when estimating the prevalence of dietary be-
haviors from 2016, the social disparity in skipping breakfast, fam-
ily meals, and adequate calcium intake during the COVID-19 pe-
riod was found to have deepened (Supplementary Material 1).

Table 2. Changes in dietary behaviors by household income levels in adolescents (12-18 years old) before and during COVID-19 (2019 vs. 
2020)

Variables 
Household income High-Low 

(Δ), %
p for 

High-Low (Δ)
p for the 

DIDLow Medium-low Medium-high High

Family meal 0.733
2019 33 (67.1) 101 (77.4) 100 (64.0) 123 (83.1) 16.0 0.098 
2020 16 (73.0) 67 (74.5) 110 (80.6) 84 (84.5) 11.5 0.219 

Nutrition education and counseling 0.517
2019 18 (40.7) 43 (29.0) 43 (25.7) 46 (33.6) -7.1 0.528
2020 8 (28.4) 28 (27.1) 39 (23.6) 34 (32.0) 3.6 0.762

Use of nutrition labels 0.014
2019 9 (20.6) 28 (19.6) 38 (33.3) 41 (29.5) 8.8 0.315 
2020 10 (48.9) 31 (33.8) 28 (18.6) 17 (22.4) -26.6 0.017 

Adequate fruit and vegetable intake (≥500 g/day of fruits and vegetables) 0.678
2019 8 (13.2) 17 (12.2) 17 (12.1) 27 (17.7) 4.5 0.517 
2020 3 (8.2) 8 (9.8) 20 (17.7) 6 (8.9) 0.7 0.907 

Adequate calcium intake (above the recommended intake of calcium, but below the upper limit)  0.800
2019 2 (6.3) 8 (4.5) 10 (7.2) 22 (13.3) 7.0 0.163 
2020 1 (6.0) 5 (6.7) 13 (10.1) 12 (10.8) 4.9 0.483 

Adequate vitamin A intake (above the recommended intake of vitamin A, but below the upper limit) 0.707
2019 5 (9.0) 10 (7.5) 11 (9.6) 18 (11.1) 2.2 0.676 
2020 1 (6.0) 6 (8.2) 13 (8.6) 5 (5.1) -0.9 0.888 

Skipping breakfast (≥5 day/wk) 0.043
2019 14 (22.1) 52 (39.8) 36 (33.1) 44 (29.6) 7.4 0.358 
2020 13 (56.5) 35 (36.8) 51 (40.4) 31 (29.9) -26.6 0.073 

Excessive sodium intake (>2,300 mg/day of sodium intake) 0.130
2019 39 (74.4) 95 (69.6) 88 (61.3) 88 (61.3) -13.1 0.285 
2020 14 (52.5) 49 (51.2) 90 (71.3) 64 (68.3) 15.8 0.271 

Excessive fat intake (>30 E%) 0.420
2019 11 (23.2) 35 (26.3) 30 (25.3) 37 (22.8) -0.4 0.958 
2020 5 (29.1) 29 (29.9) 42 (32.3) 20 (18.2) -10.9 0.336 

Excessive sugar intake (≥10 E%) 0.620
2019 29 (58.7) 78 (57.9) 92 (68.3) 100 (65.0) 6.3 0.490 
2020 12 (53.5) 52 (63.5) 77 (59.6) 69 (67.4) 13.9 0.254 

Soft drink consumption (≥5 times/wk) 0.250
2019 5 (8.4) 14 (11.9) 7 (5.2) 10 (6.0) -2.4 0.580 
2020 5 (31.3) 12 (13.9) 23 (15.9) 12 (10.6) -20.8 0.179 

Eating out (≥1/day) 0.352
2019 16 (41.1) 53 (41.7) 55 (48.5) 70 (47.9) 6.8 0.535 
2020 8 (21.6) 31 (34.6) 46 (36.3) 39 (42.7) 21.1 0.056 

Values are presented as unweighted frequency (weighted %) taking into account the sampling method.
COVID-19, coronavirus disease 2019; DID, difference in difference.

The changes in dietary behaviors during COVID-19 among 
adolescents with low and high SES are presented in Figure 1. The 
prevalence of skipping breakfast among those with a low SES level 
increased significantly compared to before COVID-19 (22.1% in 
2019→56.5% in 2020). This increase was much greater than was 
observed among adolescents with a high SES level (29.6% in 2019 
→29.9% in 2020; p< 0.05). Soft drink consumption increased in 
both high-SES and low-SES groups compared to before COVID- 
19, and the increase in the low-SES group was larger than that in 
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DISCUSSION

In our study, from national data, we evaluated changes in die-
tary behaviors of adolescents during COVID-19. Overall, soft 
drink consumption increased by about 7.2%p, and this change 
was evident in boys, not in girls (9.5%p in boys and 4.4%p in 
girls). Although no significant change was observed in the entire 
study group, the average vegetable intake and calcium intake sig-
nificantly decreased in girls. During the COVID-19 pandemic, 
the increase in breakfast skipping was more pronounced in ado-
lescents with low SES, and the change was significantly greater 
than in those in adolescents with high SES (low SES: 34.4%p vs. 
high SES: 0.3%p). Soft drink consumption also increased signifi-

cantly in participants with a low SES level (8.4% in 2019→31.3% 
in 2020), but the difference was not significant when compared to 
changes in participants with a high SES level (4.6%p).

In March 2020, the Ministry of Education of the Korea post-
poned the start of school, middle and high school students started 
online school in early April, and face-to-face classes sequentially 
started in May when COVID-19 was stagnant. However, in Au-
gust, as social distancing was upgraded to level 2 for early mitiga-
tion of the second wave of COVID-19, online classes were ex-
panded [15]. The decline in the prevalence of eating out during 
COVID-19 may have been attributed to social distancing and 
school closures. The unprecedented COVID-19 pandemic has af-
fected many aspects of daily life, and behavioral changes during 

Figure 1. Changes in dietary behaviors by high and low household income in adolescents (12-18 years old) before and during COVID-19 
(2019 vs. 2020); (A) family meal, (B) nutrition education and counseling, (C) use of nutrition labels, (D) adequate fruit and vegetable intake, 
(E) adequate calcium intake, (F) adequate vitamin A intake, (G) skipping breakfast, (H) excessive sodium intake, (I) excessive fat intake, (J) 
excessive sugar intake, (K) soft drink consumption, and (L) eating out. Results are expressed as a weighted percentage (%) taking into ac-
count the sampling method. COVID-19, coronavirus disease 2019. *p<0.05, it represents a statistically significant change before and during 
COVID-19 within that socioeconomic status group. 
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the COVID-19 pandemic have been detected in many studies 
[3,9,16,17]. Due to fear of COVID-19 infection, changes have also 
been made in the way food is purchased. Food and groceries have 
been purchased through delivery systems, and purchases of fro-
zen or canned food, which have a longer shelf life than fresh food, 
have increased [18]. This likely contributed to the decrease in fruit 
and vegetable intake. A study conducted in 3 European countries 
observed a decrease in average consumption of fruits and vegeta-
bles and an increase in ready-made meals during the lockdown of 
the COVID-19 pandemic [19]. Interestingly, some studies have 
shown a trend toward an increase in healthy dietary behaviors. 
Studies conducted in Italy [20], Spain [21], and Czech Republic 
[22] during the COVID-19 pandemic reported increased con-
sumption of fruits and vegetables. As an explanation for this, ado-
lescents’ food choices may have been affected because they were 
confined to the home and controlled under parental sanctions. 
Consistent with previous research [16], an increase in soft drink 
consumption among adolescents was clearly observed during 
COVID-19 in our study. However, this has also shown mixed re-
sults between studies [20,23].

In our study, there was a significant increase in breakfast skip-
ping and soft drink consumption among adolescents with low 
SES. Although changes in household income have not been cap-
tured, the proportion of adolescents with low or medium-low 
levels of food security tended to increase during COVID-19 (Ta-
ble 1). Exposure to food insecurity in adolescence can cause ex-
treme psychological stress and affect the mental health and well-
being of adolescents [24]. It has also been reported that food inse-
curity is associated with poor dietary behavior and that access to 
healthy food may be restricted [25]. As one of the major determi-
nants of food insecurity, low household income levels can be con-
sidered [26]. SES is known to be a determinant of individuals’ di-
etary behavior [27]. A study conducted mainly in Denmark, Ger-
many, and Slovenia reported that the loss of household income 
due to the pandemic was related to changes in food consumption 
patterns [19]. Those with low SES are more likely to be exposed to 
vulnerable environments, which is also associated with access to 
and consumption of unhealthy foods [28]. A study in Korean ad-
olescents reported that adolescents with lower scores on the fami-
ly affluence scale were more likely to skip breakfast and frequently 
consume soda, fast food, and instant noodles [29]. A study in 
high-school subjects in Spain observed that the risk of the diet 
worsening was 21% higher in adolescents with more disadvan-
taged SES [30]. Barriers to high-priced healthy food increase the 
choice of affordable and accessible energy-dense or nutrient-poor 
foods [31,32]. The government-funded meal support program for 
low-income children and adolescents did not guarantee continu-
ous support as schools were closed due to social distancing dur-
ing the COVID-19 period. As a result of this, it is likely that the 
nutritional status of children and adolescents with low SES was 
affected. In this context, among adolescents with low SES, there 
was a significant increase in breakfast skipping, along with a de-
crease in adequate fruit and vegetable intake. In order to close the 

gap according to the SES level, it seems that continuing national-
level support is needed.

There are some points to keep in mind when interpreting the 
results. This study did not assess changes in dietary behavior with-
in individuals. Thus, while our study may show changes in overall 
status, we have not been able to directly assess the causes of chang-
es in dietary behaviors. Nevertheless, our findings provide useful 
information to understand the dietary behaviors of adolescents in 
the environment of the COVID-19 pandemic. In addition, from 
the perspective of the life-course, focusing on adolescence, which 
is closely related to the health and behavior of adults, we evaluated 
differences according to SES levels, as well as differences between 
before and during COVID-19. Although the analysis was per-
formed considering the multi-stage sampling method, there may 
have been problems with the validity of estimates due to the small 
sample size in subcategories. Therefore, we did not assess social 
disparities for changes in dietary behavior by sex. 

In Korea, social distancing was lifted on April 18, 2022. The 
question raised after the easing of social distancing concerns wheth-
er these trends will continue. Therefore, it will be necessary to con-
tinue monitoring these changes and to check whether dietary pat-
terns are maintained in the generation that experienced COVID-19 
in adolescence. Obesity among children and adolescents in Korea 
increased significantly during COVID-19 [33], and we observed 
some deterioration in health behaviors among adolescents in our 
study. Therefore, it is necessary to reduce obesity and to intervene 
before poor health behavior becomes a habit.
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