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ABSTRACT

Objectives: This study examined the intake of energy and macronutrients among
elementary, middle, and high school students according to household income before the
COVID-19 pandemic (2016-2019), during the social distancing period (2020-2021), and after
the social distancing measures were lifted (2022).

Methods: We included 5,217 students aged 5-18 from the Korea National Health and
Nutrition Examination Survey (KNHANES) conducted between 2016 and 2022. Dietary
intake was assessed using one-day 24-hour dietary recalls. We estimated the least squares
means (LS-means) of intake according to household income for each period using a weighted
linear regression model, adjusted for age and sex. Differences in LS-means between the
periods were analyzed using the t-test.
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Results: During the social distancing period, the LS-means of energy intake among students
decreased significantly by 143.2 kcal/day compared to pre-pandemic levels (P < 0.001).
Students from low-income households experienced a more pronounced decrease in energy
intake (-379.1 kcal/day, P < 0.001) and macronutrient intake compared to those from other
income groups. Energy intake at school significantly declined for all income groups during
the social distancing period compared to before the pandemic. No significant changes

in home energy intake were observed among low-income students, whereas there was an
increase for students from higher-income groups. Before the pandemic, 8.5% of students
from low-income households reported insufficient food due to economic difficulties; this
figure rose to 21.3% during the pandemic.

Conclusions: During the pandemic, students from low-income families experienced
significantly lower intake of energy and macronutrients compared to pre-pandemic levels.
The most substantial reductions were noted among low-income students, largely due to the
lack of compensation for decreased school-based intake with increased intake at home.

Keywords: COVID-19; students; economic status; nutrients
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METHODS

Ethics statement

The informed written consent was obtained from each participant. The study protocol was
approved by the Institutional Review Board (IRB) of Korea Disease Control and Prevention
Agency (approval number: 2018-01-03-P-A, 2018-01-03-C-A, 2018-01-03-2C-A, 2018-01-03-
5C-A, 2018-01-03-4C-A) and was exempted from IRB review based on Bioethics and Safety
Act in 2016 and 2017.
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Table 1. Basic characteristics of elementary, middle, and high school students before and during the COVID-19 pandemic

Variables Before COVID-19 (2016-2019) During COVID-19 (period |, 2020-2021) During COVID-19 (period I, 2022)
(n=3,377) (n=1,211) (n=629)

Age (years) 11.4+ 3.4 11.4+3.3 11.4+3.3
Sex

Boys 1,746 (51.7) 646 (53.3) 335 (53.3)

Girls 1,631 (48.3) 565 (46.7) 294 (46.7)
School attended

Elementary school 2,003 (59.3) 720 (59.5) 374 (59.5)

Middle school 754 (22.3) 281 (23.2) 149 (23.7)

High school 620 (18.4) 210 (17.3) 106 (16.9)
Household income?

Low 284 (8.4) 80 (6.6) 43 (6.8)

Mid-low 881 (26.1) 343 (28.3) 183 (29.1)

Mid-high 1,129 (33.4) 430 (35.5) 219 (34.8)

High 1,083 (32.1) 358 (29.6) 184 (29.3)
Residential area

Dong 2,870 (85.0) 1,021 (84.3) 520 (82.7)

Eup/myeon 507 (15.0) 190 (15.7) 109 (17.3)
BMI? (kg/m?) 19.4+ 4.1 20.1+ 4.3 19.8+ 4.4
Height? (cm) 149.1+17.2 149.8 +16.9 150.3£17.1
Weight? (kg) 44.8+17.0 46.9+17.8 46.5+17.9

n (%) or Mean + SD.
COVID-19, coronavirus disease 2019; BMI, body mass index.

YMonthly household income was divided by the square root of the household size and then categorized into 4 groups based on age and sex, with some adjustments

made to quartiles.
AAnthropometric measures of a few participants were not measured: BMI (n = 12); height (n = 9); weight (n = 11).
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A Ae)E7] 71749 1,219, 2022 (A3 & Az 57 sA] 717H2] 6297 0] ¢l Lol L &tE]
Ak tdARe] Hot A2 e 7|7l A 1144 T, Tl g A HAL 2 727%’ (52.3%),
2} 2,490 (47.7%)°] 2L, Z5-8MY 3,097 (59.4%), =S8 1,184 (22.7%), 55 9367
(17.9%)°| T}, A5 =2 ot 1 4079 (7.8%), 55t L& 1407%’(27 0%), Z/39] 1
51,778 (34.1%), 73 I1E 1,625 (31.1%) | A 2. W, 5 AFZ7} 4,411 (84.6%), o/ A
T2} 806 (15.4%) ©] ATk T/ AFe] B+ A A FA| 4~= T2 0]7 19.4 kg/m?, AF2] A 7 2]
+7] 712 20.1 kgim?, AFE) A A 2] & 7] sl A 7171 19.8 kg/m? 2 = LEFSETH ot 7] = o9
0]7 149.1 cm, AFS]| A A=) F7] 717 149.8 cm, AFS A A=) F7] A 7]7F150.3 cm©] LT
ot A 52 W9 o] ol 44.8 kg, AHE] A A2 7] 713} 46.9 kg, AR A A2 F7] SfiA] 7]
7t 46.5 kgo| Ath.

2, X.5.- 1S HS A7|E ofjLix] dFHZ

2419 W9 o, W Foke] AHE A Av=7] 7|3, AFSH A&7 siA| 717t
2 2.2 35 E9] oA HFH L Table 2, Figure 12} 2T 2.5 155 S 0] o
T olld A AL T 219 WH| 2] 0] L 1,987.4 keal/day, AFS] 2 A2 F7] 717H2-1,844.2
keal/day 2 3-2] 5}HA] FRkThH(-143.2 keal/day, P< 0.001). AFS] & 2] =7 3| A)| 7| 7Ho]| = H] 5=k

Table 2. Total energy intake according to household income levels before and during the COVID-19 pandemic

Variables Household  Before COVID-19  During COVID-19  During COVID-19 Difference? Difference?

income? (2016-2019) (period I, 2020-2021) (period Il, 2022) (before COVID-19 to period I) (period I to period I1)
(n=3,377) (n=1,211) (n=629) Difference p-value? Difference P-value®

Total energy intake All 1,987.4+18.1 1,844.2 + 27.2 1,826.2 + 29.8 -143.2 <0.001 -18.0 0.655
(kcal/day) Low 1,891.0 + 50.5 1,511.9+ 72.6 1,678.7+127.6  -379.1 <0.001 166.8 0.259
Mid-low 1,968.4 = 37.3 1,811.9 = 47.7 1,803.0 + 55.8 -156.5 0.010 -8.9 0.903
Mid-high 1,990.0 + 26.2 1,906.3 + 39.4 1,858.8 + 47.2 -83.8 0.077 -47.5 0.438
High 2,031.9 = 29.7 1,870.6 = 36.2 1,845.6  50.5 -161.2 0.001 -925.0 0.688
Total energy intake All 376.6 + 15.5 215.7 + 18.3 370.3 = 26.4 -160.9 <0.001 154.6 <0.001
at school? Low 410.1+41.2 908.3 + 49.5 349.0+ 69.6 -201.8 0.001 140.7 0.085
(kcal/day) Mid-low 390.4 + 97.1 203.1 + 95.0 373.6 + 48.3 -187.4 <0.001 170.5 0.002
Mid-high 364.5 + 20.7 294.9 + 25.0 349.4 + 39.7 -139.6 <0.001 194.5 0.008
High 368.5+ 28.1 217.0 + 33.4 391.3 + 45.0 -151.5 0.001 174.3 0.002
Total energy intake All 1,250.7  19.0 1,430.7 + 32.0 1,267.2 + 32.8 180.1 <0.001 -163.5 <0.001
at home? Low 1,192.7 = 61.3 1,194.0 = 69.2 1,215.1+127.6 1.3 0.989 21.1 0.885
(kcal/day) Mid-low 1,250.7 + 38.9 1,417.0 + 50.9 1,243.5 + 65.6 166.3 0.010 -173.6 0.036
Mid-high 1,230.1 + 28.0 1,494.1+ 47.9 1,289.8 + 60.8 264.0 <0.001 -204.3 0.008
High 1,288.0 = 30.8 1,421.3 £ 49.4 1,279.3 = 45.6 133.3 0.023 -142.0 0.036
Total energy intake All 253.5+12.5 147.5+12.8 137.4 + 18.6 -105.9 <0.001 -10.2 0.652
at restaurants® Low 185.9 + 31.1 85.0 = 34.7 108.1 + 35.0 -100.9 0.033 923.1 0.638
(keal/day) Mid-low 291.8+ 23.8 142.9+ 22.6 118.5+ 29.9 -78.9 0.015 -94.4 0.513
Mid-high 283.2 + 20.3 129.6 + 20.4 177.5 + 34.5 -153.7 <0.001 48.0 0.229
High 271.2 + 22.7 184.0 £ 29.0 116.8 + 37.2 -87.1 0.019 -67.3 0.155
Total energy intake All 106.7 + 7.4 50.2 +10.0 51.3+9.5 -56.5 <0.001 1.0 0.942
at other places™® Low 102.4 + 18.7 24.6 + 10.5 6.6+ 5.2 -77.7 <0.001 -18.1 0.113
(kcal/day) Mid-low 105.4 +12.0 48.9+13.9 67.5+ 97.9 -56.5 0.002 18.6 0.537
Mid-high 112.2+13.8 57.7+19.8 49.1+12.0 -54.5 0.022 -15.7 0.501
High 104.2 +11.8 48.3+9.2 58.2+15.0 -55.9 <0.001 10.0 0.571

Weighted mean = SE, adjusted for age (years, continuous) and sex.

COVID-19, coronavirus disease 2019.

YMonthly household income was divided by the square root of the household size and then categorized into 4 groups based on age and sex, with some adjustments

made to quartiles.

ADifference was calculated by subtracting the weighted mean before COVID-19 from the weighted mean during COVID-19 (period I).

)
4)
)
)

https://kjcn.or.kr
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*Difference was calculated by subtracting the weighted mean during COVID-19 period | from the weighted mean during COVID-19 (period I1).
P-values were computed using the t-test.
®Participants reporting zero energy intake at each location (school, home, restaurants, or other places) were included in the analysis.
®0ther places included senior centers, temples, churches, and others.
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Fig. 1. Total energy intake according to household income levels before and during the COVID-19 pandemic. (A) Total energy intake (kcal/day); (B) Total energy
intake at school (kcal/day); (C) Total energy intake at home (kcal/day); (D) Total energy intake at restaurants (kcal/day); (E) Total energy intake at other places
(senior centers, temples, churches, and others) (kcal/day). Participants reporting zero energy intake at each location (school, home, restaurants, or other
places) were included in the analysis. Monthly household income was divided by the square root of the household size and then categorized into 4 groups based
on age and sex, with some adjustments made to quartiles (low, mid-low, mid-high, high).

X-axis: Timelines: Before COVID-19 (2016-2019); During COVID-19 period | (social distancing, 2020-2021); During COVID-19 period Il (after the social distancing, 2022).
Y-axis: weighted least squares means and 95% confidence intervals of total energy intake adjusted for age (years, continuous) and sex.

Error bars indicate 95% confidence interval.

COVID-19, coronavirus disease 2019.
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Table 3. Total carbohydrate intake according to household income levels before and during the COVID-19 pandemic

Variables Household  Before COVID-19 During COVID-19 During COVID-19 Difference® Difference®
income? (2016-2019)  (period I, 2020-2021) (period Il, 2022) (before COVID-19 to period I) (period | to period I1)
(n=3,377) (n=1,211) (n =629) Difference P-value® Difference p-value®
Total carbohydrate All 297.1+ 2.8 268.3 = 4.1 260.7 + 4.6 —98.9 <0.001 -7.6 0.218
intake Low 299.5 + 8.2 237.5+12.1 249.7 + 23.3 -55.1 <0.001 5.2 0.843
(g/day) Mid-low 995.0+ 6.0 263.9+7.4 953.4+8.9 -31.1 0.001 -10.5 0.340
Mid-high 295.3 + 4.4 275.3+ 6.1 263.4+7.1 -20.0 0.008 -11.9 0.202
High 302.5+ 4.2 270.7 + 5.2 268.4 + 8.0 -31.9 <0.001 -2.3 0.813
Total carbohydrate All 57.9+9.4 34.2+92.9 55.1+3.9 -93.7 <0.001 20.9 <0.001
intake at school® Low 63.7+6.6 33.4+6.9 51.6 + 10.7 -30.3 0.002 18.2 0.155
(g/day) Mid-low 50.7 + 4.9 31.7+4.0 54.8+6.7 ~98.0 <0.001 23.1 0.003
Mid-high 56.3+3.2 36.4 + 4.0 52.6+ 5.9 -19.9 <0.001 16.2 0.023
High 56.3+ 4.2 33.8+5.1 58.2+ 6.6 -99.5 0.001 24.3 0.004
Total carbohydrate All 187.6+92.9 205.1+ 4.6 179.5+ 4.9 17.5 <0.001 -95.6 <0.001
intake at home? Low 186.3+9.9 186.8+192.4 176.7+ 22.6 0.6 0.971 -10.1 0.696
(g/day) Mid-low 188.7 £ 6.5 204.3+8.3 171.0£ 8.7 15.5 0.141 -33.2 0.005
Mid-high 181.7 + 4.2 211.6+6.8 182.5+ 9.5 29.9 <0.001 -29.1 0.012
High 193.1+ 4.5 202.6+ 6.7 185.1+ 6.9 9.4 0.247 -17.5 0.070
Total carbohydrate All 35.0+1.6 21.6+1.8 18.3+ 2.3 -13.4 <0.001 -3.3 0.270
intake at Low 26.7+ 4.5 12.6+ 5.1 13.6+ 4.6 -14.1 0.040 1.0 0.884
restaurants® Mid-low 29.9+3.1 20.8+ 3.2 17.0+ 4.4 -9.1 0.041 -3.8 0.490
(g/day) Mid-high 40.0+ 2.9 18.8+ 3.0 99.3+ 4.0 -91.2 <0.001 3.5 0.476
High 36.6+ 2.8 97.2+ 4.0 16.2+ 4.8 -9.4 0.052 -10.9 0.080
Total carbohydrate All 16.7 1.2 7.4+ 1.1 7.7+1.4 -9.3 <0.001 0.3 0.865
intake at other Low 15.8+ 2.8 4.6+1.9 0.8+0.8 -11.2 0.001 -3.8 0.055
places®® Mid-low 16.6+ 1.9 7.9:1.8 10.6+ 4.1 -9.5 <0.001 3.4 0.439
(g/day) Mid-high 17.3+2.2 8.4+92.2 6.0+1.5 -8.9 0.004 -9.5 0.358
High 16.4+1.8 7.1+1.4 8.9+92.1 -9.4 <0.001 1.8 0.461

Weighted mean = SE, adjusted for age (years, continuous) and sex.

COVID-19, coronavirus disease 2019.

YMonthly household income was divided by the square root of the household size and then categorized into 4 groups based on age and sex, with some adjustments

made to quartiles.

“Difference was calculated by subtracting the weighted mean before COVID-19 from the weighted mean during COVID-19 (period ).
*Difference was calculated by subtracting the weighted mean during COVID-19 period | from the weighted mean during COVID-19 (period I1).

4)

®PParticipants reporting zero carbohydrate intake at each location (school, home, restaurants, or other places) were included in the analysis.
®0ther places included senior centers, temples, churches, and others.

https://kjcn.or.kr

)
)P-values were computed using the t-test.
)
)

% 7140l M ) eheste 437l 2ol t Yotk 74 S Fokel 18- We o)1}
Arw_-l A2} 7] 717F 7H el Al o] A ol] 5] 3k xpol 7k Lo, ALE] A Al 7] 7|3k
B} A}E| A A 257 s A 7]7ke] A # 2Fo] -2l 5hA] RYrth(-33.2 g/day, P=0.005). 24
g2 Wl o] o] A F 2ol ulsh AL2) 4 A2l 7] 717be] ehakE Al ol ol 71
2 2ol 2 B ATH+29.9 g/d, P<0.001). EF F4¢) L] AHEl A A2l 7] siA| 712k 714

ofl A o] AHZF2 AR A A F7] 71 HFET /-9 5HA R ATH-29.1 g/day, P=0.012).
J_FJ___ol—/\H,] o /\104/\3]- 7]5]-%}/\01]/\14 Efs 9].‘3 /d_r]akg u]-]]:-"l:ﬂ o]x—] /\4_|4€'l q{u]
AFR1 A A F7] 717ke] A H ol RolshAl EAL, ARl A A= 7 7] 717k Abe) A A 2 =
7] s A 713k2) A FH &2 Zhol 71 gl et

O

59 A AHFL WY ME {on|gk 2fo| 7} il e, 7H A S 5t
2 ARt BE DFol = A A F o] e 9] 245 2po] 7 1 3 Th(Table 4). 7H4

e o] 7 A ol Hlsh AFe] A A 2| F7] 717kl -2 shA| AR A H Fol
SHkTh(-12.5 g/day, P=0.001). 745 5H9] 152 ARl A A2 F7] 7I3FE T AR A A2
71 s A 712k 2% A FH 7ol F-2JohA| =0k (+12.6 g/day, P=0.024), WE Y o] A HH T

https://doi.org/10.5720/kjcn.2024.29.3.234 249



Intake of energy and macronutrients among students before and during the COVID-19 pandemic

KJICN&

Table 4. Total fat intake according to household income levels before and during the COVID-19 pandemic

Korean Journal of Community Nutrition

Variables Household  Before COVID-19 During COVID-19 During COVID-19 Difference? Difference®
income? (2016-2019) (period 1, 2020-2021) (period I, 2022) (before COVID-19 to period I) (period | to period I1)
(n=3,377) (n=1,211) (n=629) Difference P-value® Difference  P-value®
Total fat intake All 56.3+0.8 54.7+1.1 56.1+ 1.4 -1.6 0.252 1.4 0.427
(g/day) Low 49.7+9.1 37.2+92.9 49.8+ 4.7 -12.5 0.001 12.6 0.024
Mid-low 55.6+1.6 54.5+92.0 57.4%92.3 -1.1 0.660 2.9 0.335
Mid-high 57.9+1.3 56.6+ 1.9 57.2+ 2.6 -0.6 0.792 0.6 0.864
High 57.9+1.6 56.1+1.8 55.2+9.4 -1.8 0.463 -1.0 0.748
Total fat intake at All 9.6+0.4 5.1+0.5 10.3+0.9 -4.5 <0.001 5.9 <0.001
school® Low 10.0+ 1.0 4.4+1.0 9.9+92.1 -5.6 <0.001 5.5 0.017
(g/day) Mid-low 9.9+ 0.7 4.8+0.6 10.6+ 1.6 -5.1 <0.001 5.8 0.001
Mid-high 9.2+0.6 5.0+ 0.6 9.3+1.2 -4.2 <0.001 4.3 0.001
High 9.6+0.8 5.6+0.9 11.1+ 1.6 -4.0 0.001 5.6 0.003
Total fat intake at All 35.5+0.7 43.8+1.3 39.4+1.9 8.4 <0.001 -4.4 0.012
home®) Low 31.0+ 2.0 30.1+9.4 36.3+4.5 -0.9 0.781 6.2 0.231
(g/day) Mid-low 35.1+1.3 43.7+1.9 40.8+ 9.7 8.6 <0.001 -2.9 0.377
Mid-high 36.0+ 1.9 46.3+92.0 39.8+9.3 10.3 <0.001 -6.5 0.031
High 36.4+1.2 43.9+9.1 38.6+1.9 7.5 0.002 -5.4 0.061
Total fat intake at All 8.1+0.5 41+0.4 4.8+0.8 -4.0 <0.001 0.7 0.466
restaurants® Low 5.8+1.1 2.3+1.0 3.4+1.3 -3.4 0.022 1.1 0.516
(g/day) Mid-low 7.4+ 1.0 4.3+0.8 3.8+0.9 -3.2 0.015 -0.5 0.670
Mid-high 8.7+0.8 3.4+0.6 6.7+1.6 -5.3 <0.001 3.3 0.054
High 8.8+1.9 5.0+1.1 3.8+ 1.7 -3.8 0.019 -1.9 0.551
Total fat intake at All 3.1£0.2 1.7+ 0.5 1.6+ 0.3 -1.4 0.008 -0.1 0.902
other places*® Low 3.0+ 0.6 0.4+0.2 0.2+0.2 -2.5 <0.001 -0.2 0.476
(g/day) Mid-low 3.1+ 0.4 1.7+0.6 2.9:1.0 -1.5 0.042 0.5 0.642
Mid-high 3.3:£0.4 2.0+ 1.0 1.4%0.5 -1.3 0.245 -0.6 0.593
High 3.1+£0.4 1.6+0.3 1.7+0.5 -1.5 0.005 0.1 0.932

Weighted mean = SE, adjusted for age (years, continuous) and sex.

COVID-19, coronavirus disease 2019.

YMonthly household income was divided by the square root of the household size and then categorized into 4 groups based on age and sex, with some adjustments

made to quartiles.

“Difference was calculated by subtracting the weighted mean before COVID-19 from the weighted mean during COVID-19 (period ).

*Difference was calculated by subtracting the weighted mean during COVID-19 period | from the weighted mean during COVID-19 (period I1).

4)

®PParticipants reporting zero fat intake at each location (school, home, restaurants, or other places) were included in the analysis.
®0ther places included senior centers, temples, churches, and others.

https://kjcn.or.kr

)
)P-values were computed using the t-test.
)
)
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Table 5. Total protein intake according to household income levels before and during the COVID-19 pandemic

Variables Household Before COVID-19 During COVID-19 During COVID-19 Difference? Difference?

income? (2016-2019)  (period I, 2020-2021) (period Il, 2022) (before COVID-19 to period I) (period | to period II)
(n=3,377) (n=1,211) (n=629) Difference P-value® Difference  P-value®

Total protein intake All 73.1+0.8 69.8 +1.2 69.7 1.4 -3.4 0.022 -0.1 0.975
(g/day) Low 68.4+9.7 56.7 + 3.0 65.0+ 5.6 -11.7 0.004 8.3 0.193
Mid-low 72.0+1.6 66.4+92.1 68.2+3.1 -5.6 0.034 1.8 0.637
Mid-high 73.4+1.2 73.9+1.8 792.6+1.9 0.4 0.842 -1.2 0.640
High 75.2 1.5 70.7 £ 2.1 68.9+1.9 -4.5 0.084 -1.9 0.521
Total protein intake All 14.8 £ 0.6 8.3+0.7 14.3+1.1 -6.5 <0.001 6.0 <0.001
at school? Low 16.4+1.8 8.9+1.9 13.4+ 2.9 -7.5 0.005 4.5 0.192
(g/day) Mid-low 15.6+1.1 8.9+1.1 14.6+ 9.1 -7.4 <0.001 6.5 0.005
Mid-high 14.1+0.8 8.6+1.0 13.8+1.7 -5.5 <0.001 5.2 0.009
High 14.3+1.2 7.9+1.3 14.6+1.8 -6.4 <0.001 6.7 0.003
Total protein intake All 45.3+0.8 54.0+1.3 48.7+1.5 8.7 <0.001 -5.3 0.008
at home? Low 42.9+2.8 43.9+2.5 45.5+5.5 1.7 0.650 1.6 0.796
(g/day) Mid-low 44.9+1.6 51.6+ 2.0 48.1+3.4 6.8 0.008 -3.6 0.360
Mid-high 44.8+1.3 57.8+92.1 50.5+ 2.5 13.0 <0.001 -7.3 0.026
High 46.8+1.3 53.9+2.3 48.0+ 1.9 7.1 0.008 -5.9 0.049
Total protein intake All 10.2+ 0.6 6.1+0.6 5.3+0.7 -4.1 <0.001 -0.8 0.374
at restaurants® Low 6.8+1.2 3.4+1.6 5.8+9.1 -3.4 0.090 2.4 0.353
(g/day) Mid-low 8.9+ 1.0 5.3+0.9 4.9+1.1 -3.5 0.009 -1.2 0.401
Mid-high 11.1+0.9 5.9+1.1 6.9+1.5 -5.2 <0.001 1.0 0.580
High 11.3+1.1 7.5+1.2 4.4+1.3 -3.8 0.022 -3.2 0.078
Total protein intake All 3.0+0.3 1.3+0.3 1.5+0.3 -1.6 <0.001 0.1 0.802
at other places®® Low 3.1+0.7 0.6+0.3 0.3+0.2 -2.5 0.001 -0.3 0.501
(g/day) Mid-low 2.6+0.3 1.3+ 0.4 1.3:0.6 -1.4 0.010 0.1 0.936
Mid-high 3.4%0.5 1.5+ 0.6 1.4+0.5 -1.9 0.019 -0.1 0.912
High 2.7+0.4 1.4+0.3 1.9+0.8 -1.4 0.012 0.5 0.528

Weighted mean = SE, adjusted for age (years, continuous) and sex.

COVID-19, coronavirus disease 2019.

YMonthly household income was divided by the square root of the household size and then categorized into 4 groups based on age and sex, with some adjustments

made to quartiles.

ADifference was calculated by subtracting the weighted mean before COVID-19 from the weighted mean during COVID-19 (period I).

*Difference was calculated by subtracting the weighted mean during COVID-19 period | from the weighted mean during COVID-19 (period I1).
P-values were computed using the t-test.
®Participants reporting zero protein intake at each location (school, home, restaurants, or other places) were included in the analysis.
®0ther places included senior centers, temples, churches, and others.

)
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)
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Table 6. Total energy intake from selected grain-based foods according to household income levels before and during the COVID-19 pandemic

AF ol
AFSIA A e
e A ] 2 M=) 2] A F
519 252 AF e WY oo

Variables Household  Before COVID-19 During COVID-19 During COVID-19 Difference? Difference®
income? (2016-2019)  (period I, 2020-2021) (period Il, 2022) (before COVID-19 to period I) (period | to period I1)
(n=3,377) (n=1,211) (n=629) Difference P-value® Difference P-value?
Steamed rice Total 475.4+8.1 417.4+11.1 379.1=13.4 -58.0 <0.001 -38.3 0.028
(kcal/day) Low 535.9 + 29.5 524.0 + 47.8 417.9+ 56.5 -11.9 0.833 -106.1 0.153
Mid-low 483.0+ 14.8 496.1 + 20.4 361.8+ 26.0 -56.9 0.024 -64.3 0.051
Mid-high 471.0+13.1 410.7 = 19.0 380.5+19.8 -60.3 0.009 -30.3 0.268
High 456.6+ 13.9 397.5+19.1 385.4 = 20.4 -59.0 0.013 -12.1 0.666
Fried rice Total 51.7 + 3.8 52.9+5.9 50.3+7.4 1.2 0.866 -9.5 0.788
(kcal/day) Low 53.4+13.2 95.1+12.1 16.9+ 10.4 -928.4 0.113 -8.1 0.607
Mid-low 52.4+7.1 39.9+11.2 56.7 + 14.3 -192.5 0.343 16.8 0.355
Mid-high 53.5+6.6 66.9 = 10.5 36.5+9.1 13.4 0.282 -30.4 0.028
High 49.1+5.7 53.9+10.1 67.9 +16.0 4.8 0.681 14.0 0.460
Ramen Total 61.9+ 3.7 69.6 + 6.6 46.0+ 7.2 7.7 0.311 -23.7 0.015
(kcal/day) Low 74.1+12.6 53.7 +15.9 43+4.8 -20.4 0.326 -49.4 0.002
Mid-low 64.4+7.5 70.2 = 11.5 48.8+14.1 5.7 0.678 -91.4 0.238
Mid-high 53.6+ 6.3 62.8+9.6 41.7+8.7 9.0 0.427 -91.1 0.102
High 65.4+6.1 79.6 + 15.3 57.7 +14.4 14.6 0.381 -929.4 0.292
Hamburger/pizza/ Total 57.0+ 4.2 45.2 +5.3 48.9+9.1 -11.8 0.081 8.7 0.727
sandwich Low 58.9 + 14.9 13.5+10.1 77.8 + 46.0 -45.4 0.012 64.3 0.173
(keal/day) Mid-low 62.7 9.7 50.8+11.6 31.2+14.0 ~12.0 0.423 -19.6 0.280
Mid-high 54.7+7.5 51.2+9.9 65.8+15.2 -3.5 0.778 14.5 0.418
High 53.2 + 6.2 39.9+9.0 40.2+12.0 -13.3 0.225 0.3 0.987
Bread Total 95.4+ 4.6 68.6=6.1 94.6+ 8.7 -926.7 <0.001 26.0 0.015
(kcal/day) Low 84.6 + 14.0 33.7+8.1 86.2 + 47.8 -50.9 0.002 52.6 0.279
Mid-low 90.9+9.5 79.7 £12.7 90.0+17.5 -18.2 0.243 17.3 0.420
Mid-high 104.4+8.1 64.6+9.2 89.1+14.7 -39.8 0.001 24.6 0.157
High 99.1+8.1 76.7 = 10.2 108.1+16.9 -15.3 0.241 31.4 0.112
Snacks Total 75.3+ 3.1 63.6+ 4.6 82.0+ 8.7 -11.7 0.035 18.4 0.061
(kcal/day) Low 50.5+ 5.8 38.4+10.0 43.8+14.9 -12.1 0.295 5.4 0.764
Mid-low 76.6+ 6.7 59.6+ 7.9 117.8 + 93.4 -17.0 0.100 58.2 0.018
Mid-high 81.6+ 5.3 60.7 + 6.3 65.1+7.9 -20.9 0.011 4.3 0.668
High 74.4+5.3 75.1+10.2 76.3+14.8 0.8 0.947 1.2 0.949

Weighted mean = SE, adjusted for age (years, continuous) and sex.
Participants reporting zero intake of each selected grain-based food were included in the analysis.
COVID-19, coronavirus disease 2019.

YMonthly household income was divided by the square root of the household size and then categorized into 4 groups based on age and sex, with some adjustments

made to quartiles.

2Difference was calculated by subtracting the weighted mean before COVID-19 from the weighted mean during COVID-19 (period I).

Difference was calculated by subtracting the weighted mean during COVID-19 period | from the weighted mean during COVID-19 (period I1).

“P-values were computed using the t-test.
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Table 7. Total energy intake from selected protein and dairy foods according to household income levels before and during the COVID-19 pandemic

Variables Household  Before COVID-19 During COVID-19 During COVID-19 Difference? Difference?

income? (2016-2019)  (period I, 2020-2021) (period Il, 2022) (before COVID-19 to period I) (period I to period II)
(n=3,377) (n=1,211) (n=629) Difference P-value? Difference P-value?

Fried chicken Total 79.6+ 5.6 70.3+7.6 65.2+9.3 -9.3 0.324 -5.1 0.670
(kcal/day) Low 99.9+29.7 49.5+19.7 88.0+51.8 -50.3 0.105 38.5 0.489
Mid-low 82.2+12.2 52.9+11.5 72.0+18.4 -29.3 0.076 19.1 0.378
Mid-high 82.0+9.4 63.7+12.2 61.8+13.9 -18.3 0.232 -1.9 0.918
High 67.4+£9.2 98.0+17.7 57.7 +16.0 30.6 0.126 -40.3 0.094
Milk Total 69.0+ 2.4 53.8+ 3.9 65.0+ 6.5 —15.3 0.001 11.1 0.143
(kcal/day) Low 60.1+ 7.4 33.2+9.2 46.0+9.8 -26.9 0.022 12.8 0.336
Mid-low 69.2 £ 4.2 60.8+ 8.1 69.7 £ 9.8 -8.4 0.356 8.9 0.488
Mid-high 68.3 £ 4.0 49.0+ 5.8 57.5+8.5 -19.3 0.006 8.5 0.409
High 72.0 = 4.7 57.0+6.8 73.5+11.6 =151 0.067 16.5 0.219
Ice cream Total 52.1+2.7 52.4+5.0 37.5+4.6 0.3 0.957 -14.9 0.027
(kcal/day) Low 39.4+8.1 29.9+7.4 16.2+7.1 -17.4 0.116 -6.0 0.553
Mid-low 53.9+5.1 67.9+9.5 29.0+ 6.4 14.0 0.190 -38.8 0.001
Mid-high 51.5+4.5 41.2+ 5.4 50.6 £ 9.5 -10.3 0.144 9.4 0.392
High 54.8+4.3 56.8+9.7 34.5+6.5 2.1 0.846 -292.3 0.054

Weighted mean = SE, adjusted for age (years, continuous) and sex.
Participants reporting zero intake of each selected protein and dairy food were included in the analysis.
COVID-19, coronavirus disease 2019.
YMonthly household income was divided by the square root of the household size and then categorized into 4 groups based on age and sex, with some adjustments

made to quartiles.

ADifference was calculated by subtracting the weighted mean before COVID-19 from the weighted mean during COVID-19 (period I).
Difference was calculated by subtracting the weighted mean during COVID-19 period | from the weighted mean during COVID-19 (period I1).
“P-values were computed using the t-test.

https://kjcn.or.kr

https://doi.org/10.5720/kjcn.2024.29.3.234

246



Intake of energy and macronutrients among students before and during the COVID-19 pandemic

KJICN&

Table 8. Total energy intake from selected food groups according to household income levels before and during the COVID-19 pandemic

Korean Journal of Community Nutrition

Variables Household  Before COVID-19  During COVID-19  During COVID-19 Difference?® Difference®
income? (2016-2019)  (period I, 2020-2021) (period I, 2022) (before COVID-19 to period I) (period | to period I1)
(n=3,377) (n=1,211) (n=629) Difference P-value® Difference  P-value®
Fruits (kcal/day) Total 68.5+ 2.5 58.7+4.1 62.6 + 4.8 -9.8 0.041 3.9 0.537
Low 51.6+5.8 31.2+8.8 38.5+£8.2 -20.5 0.053 7.3 0.545
Mid-low 67.7+6.3 55.9+6.3 66.0+ 9.6 -11.8 0.183 10.1 0.379
Mid-high 60.9 = 3.6 57.4+7.3 63.9+8.6 -3.5 0.668 6.5 0.570
High 82.8+ 4.0 68.9+7.5 64.9+7.5 -14.0 0.101 -3.9 0.712
Vegetables (kcal/day) Total 53.5+1.1 56.1+1.6 52.1+1.8 2.6 0.184 -4.1 0.097
Low 53.1+ 3.3 50.8+ 5.5 54.9+6.1 -2.4 0.717 4.2 0.614
Mid-low B3l 2= 21l 52.0 = 3.0 48.8 + 3.0 -1.0 0.777 =3.3 0.434
Mid-high 53.9+1.6 61.1+2.9 50.3 2.8 7.2 0.030 -10.9 0.006
High 53.8+1.5 55.4+ 2.5 56.9+4.1 1.6 0.587 1.5 0.751
Meat® (kcal/day) Total 273.4+8.1 282.9+ 9.9 289.1+13.5 9.5 0.455 -0.8 0.961
Low 226.9 = 20.1 230.2 = 33.4 216.8 = 37.7 3.3 0.935 -13.4 0.791
Mid-low 260.7 = 14.5 265.5 +19.5 316.7 + 29.4 4.8 0.843 51.2 0.146
Mid-high 285.7 +13.5 300.1+16.6 297.3 £19.4 14.4 0.494 -2.8 0.912
High 287.6 £ 15.7 289.7 £ 17.1 248.3 £ 24.0 2.1 0.929 -41.4 0.163
Dairy (kcal/day) Total 164.8 + 3.9 148.0+ 6.7 152.2+9.6 -16.9 0.029 4.2 0.718
Low 143.3+11.9 115.6 = 24.3 110.7 £ 21.9 -27.8 0.309 -4.9 0.881
Mid-low 160.6 = 8.1 162.9+£12.8 149.8 £ 14.8 2.4 0.875 =113, 0.501
Mid-high 166.1+ 6.8 135.6 + 9.4 165.3+£19.1 -30.5 0.008 29.7 0.164
High 172.7 + 6.6 155.1+11.6 149.2 + 14.3 =117/.7 0.187 -5.8 0.752
Eggs (kcal/day) Total 48.8+1.7 53.6+ 2.6 58.5+3.2 4.8 0.121 4.9 0.237
Low 48.0+ 5.6 37.2+8.9 69.2+13.7 -10.7 0.312 32.0 0.053
Mid-low 52.5+4.7 60.2 5.5 49.4+6.1 7.7 0.282 -10.8 0.189
Mid-high 47.9+2.8 55.0+ 4.4 58.7+4.9 7.1 0.170 3.8 0.569
High 47.3+2.1 49.6 + 4.4 64.7+ 6.4 2.3 0.637 15.1 0.053
Beverages (kcal/day) Total 71.6 + 2.7 65.1+4.1 64.2 + 4.6 -6.5 0.183 -0.9 0.885
Low 70.2+7.8 65.5+15.6 45.5+11.2 -4.8 0.787 -20.0 0.298
Mid-low 71.5+4.8 60.6 £ 6.1 69.5 +10.0 -10.9 0.154 8.9 0.444
Mid-high 73.5+ 4.7 68.9£6.9 61.7 + 8.5 -4.6 0.578 =7/ 0.509
High 70.0 + 4.6 64.3 + 6.4 66.2 + 8.0 -5.7 0.475 1.9 0.855

Weighted mean = SE, adjusted for age (years, continuous) and sex.
Participants reporting zero intake of each selected food group were included in the analysis.
COVID-19, coronavirus disease 2019.

YMonthly household income was divided by the square root of the household size and then categorized into 4 groups based on age and sex, with some adjustments

made to quartiles.

ADifference was calculated by subtracting the weighted mean before COVID-19 from the weighted mean during COVID-19 (period I).

Difference was calculated by subtracting the weighted mean during COVID-19 period | from the weighted mean during COVID-19 (period I1).

“P-values were computed using the t-test.
®Meat includes red meat, white meat, and organ meat.
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Table 9. Household food sufficiency according to household income levels before and during the COVID-19 pandemic

Household Variables Before COVID-19 During COVID-19 During COVID-19 P-value?
income? (2016-2019) (period I, 2020-2021) (period 11, 2022)
(n=3,377) (n=1,211) (n=629)
Low Eating enough and diverse food 108 (38.0) 20 (25.0) 15(34.9) <0.001
Eating enough but not diverse food 152 (53.5) 43 (53.8) 24 (55.8)
Not enough to eat due to economic difficulties® 24 (8.5) 17 (21.3) 4(9.3)
Mid-low Eating enough and diverse food 452 (51.3) 197 (57.4) 118 (64.5) <0.001
Eating enough but not diverse food 410 (46.5) 138 (40.2) 64 (35.0)
Not enough to eat due to economic difficulties 19 (2.2) 8(2.3) 1(0.5)
Mid-high Eating enough and diverse food 690 (61.1) 329 (76.5) 166 (75.8) <0.001
Eating enough but not diverse food 430 (38.1) 97 (22.6) 53(24.2)
Not enough to eat due to economic difficulties® 9(0.8) 4(0.9) 0(0.0)
High Eating enough and diverse food 782 (72.4) 294 (82.1) 164 (89.1) <0.001
Eating enough but not diverse food 297 (27.5) 64 (17.9) 20 (10.9)
Not enough to eat due to economic difficulties® 1(0.1) 0(0.0) 0 (0.0)
n (%).

The household food sufficiency measures of a few participants were missing (n = 3).

COVID-19, coronavirus disease 2019.

YMonthly household income was divided by the square root of the household size and then categorized into 4 groups based on age and sex, with some adjustments

made to quartiles.

2p-values were calculated using analysis of the Fisher’s exact test.
Two questions were included; ‘Sometimes not enough to eat due to economic difficulties,” ‘Often not enough to eat due to economic difficulties.’
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