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ABSTRACT

This study compares changes in the dietary behavior and diet quality of adults by considering
the household income in 2019 before the COVID-19 pandemic and 2020 after the COVID-19
pandemic, using data from the National Health and Nutrition Examination Survey. The frequency
of eating out decreased in all groups except for the group with high household income. In
the low household income group, the sugar intake was reduced, whereas the average intake
of thiamine below the required level was increased with a decreased NAR of thiamine. In the
mid-low income group, the potassium intake was increased, whereas the intake of riboflavin
below the required average decreased, thereby obtaining increased NAR and INQ of riboflavin.
In the mid-high income group, carbohydrate and sugar intakes decreased, mono-unsaturated
fatty acid intake increased, protein intake was below the average required amount, NAR of vitamin
C decreased, and INQ of riboflavin increased. In the high household income group, the intake
of sugar, thiamine, iron, and folic acid decreased, whereas the intake rate of iron, thiamine,
and vitamin C below the average requirement increased. In addition, the NAR and MAR of thiamine,
niacin, vitamin C, and iron, and the INQ of thiamine were decreased, whereas the INQ of riboflavin
increased. This study presents the changing patterns in eating behaviors based on the household
income before and after COVID-19. Considering the results of this study, it is necessary to impart
education on proper nutrition management for Korean adults by selecting the nutritionally
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vulnerable groups based on their income level. Moreover, customized nutrition policies and
support programs in preparation for the post-corona era need to be developed.
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Table 1. General characteristics before and after
the COVID-19 pandemic

. 2019 2020
Variable (1=5.027) (@=4060) Pl
Sex
Male 2,133(47.4) 1,767(48.4) 0.327
Female 2,894(52.6) 2,302(51.6)
Age
19~29 561(16.5)  560(17.2)
30~49 1,657(37.0) 1,254(37.2) 0.702
50~64 1,447(28.3) 1,199(28.9)
=65 1,362(18.2) 1,056(16.7)
Household income
Low 960(14.9)  698(13.7)
Mid-low 1,295(25.1)  960(21.9) 0.252
Mid-high 1,290(27.2) 1,156(29.5)
High 1,482(32.9) 1,255(35.0)
Residence area
Urban 4,036(84.0) 3,293(86.3) 0.557
Rural 991(16.0)  776(13.7)
Education
<Middle school 1,436(20.8) 1,099(19.4)
High school 1,641(35.0) 1,405(37.8) 0.402
> College 1,950(44.1) 1,565(42.8)

Values are presented as n(%)
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Table 2. General characteristics of subjects by household income level before and after the COVID-19 pandemic

2019 (n=5,027)

2020 (n=4,069)

Household income

Household income

Variable
Low Mid-low Mid-high High p Low Mid-low Mid-high High p
(n=960) (n=1,295) (n=1,290) (n=1,482) (n=698) (n=960) (n=1,156) (n=1,255)
Sex
Male 366(38.7) 556(47.5) 553(49.0) 658(49.9) 0.001 289(46.6) 404(46.3) 504(47.7) 570(51.0) .
Female 594(61.3) 739(52.5) 737(51.0) 824(50.1) 409(53.4) 556(53.7) 652(52.3) 685(49.0)
Age
20~29 62(10.6) 126(15.1) 143(15.6) 230(21.0) 48(12.6) 116(15.5) 188(18.9) 208(18.7)
30~49 84(12.5) 409(36.4) 547(45.4) 617(41.7) ©.001 81(18.2) 273(34.1) 414(41.3) 486(43.2) 0.001
50~64 175(21.5) 357(27.5) 389(27.7) 526(32.3) 136(21.7) 253(27.4) 363(29.2) 447(32.4)
>65 639(55.4) 403(21.0) 211(11.3) 109( 4.9) 433(47.5) 318(22.9) 191(10.6) 114( 5.7)
Residence area
Urban 666(74.3)  1,02081.5  1,077(87.2)  1,273(87.7) ©.001 491(77.1) 747(82.2) 941(87.8)  1,114(91.2) 0.001
Rural 294(25.7) 275(18.5) 213(12.8) 209(12.3) 207(22.9) 213(17.8) 215(12.2) 141( 8.8)
Education
<Middle school 644(57.5) 431(24.9) 231(14.5) 130( 6.3) 443(51.9) 339(27.6) 209(13.1) 108( 6.8)
High school 230(29.7) 457(38.6) 480(38.0) 474(32.2) <0.001 172(32.7) 343(39.5) 442(40.0) 448(36.9) <0.001
>College 86(12.8) 407(36.5) 579(47.4) 878(61.5) 83(15.4) 278(32.9) 505(46.9) 699(56.4)

Values are presented as n(%)
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Table 3. Comparison of eating behavior before and after the COVID-19 pandemic by household income level

. Low Mid-low Mid-high High
Variable
2019 2020 b 2019 2020 b 2019 2020 P 2019 2020 b
?;:fkfaejk)ﬁequency 472 + 008 453 + 0.11 0150 409 + 0.08 412 + 0.10 0.802 376 + 0.08 3.56 + 0.10 0.144391 + 009 3.52 + 0.10  0.005
W
>5/week BOLD 50649 83T 624596 728(52.3) 620488 853543 670493
(5/week 192259 17835.1) 462(42.4)  336(40.4) 562(47.7) 527612 629(45.7)  585(50.7)
(L;Th ef;i?”ency 547 + 007 536 + 008 0265551 + 0.05 555 + 0.06 0602 570 + 0.04 564 + 004 0249577 + 0.03 567 + 0.04 0.062
W
Zlgrniieiﬁq“emy 562 + 006 572 + 005 0196568 + 003 570 + 004 0.698 567 + 003 570 + 004 0563573 + 003 570 + 0.03 0.452
f;;“iao;n frequency ) ) 4 011 175 + 013 0,000 373 + 010 323 + 0.14 0005 454 + 012 390 + 0.12  0.000 504 + 013 482 + 0.12 0217
Y.
>1/day 72( 9.4) 36( 7.7) 2412330 1417.7) 329(29.5) 244(23.5) 503(36.4)  374(32.3)
0.468 0.019 0.011 0.113
/day 888(90.6)  662(92.3) 1,054(76.7)  819(82.3) 961(70.5) 912(76.5) 979(63.6)  881(67.7)
Alcohol intake 283 + 012 242 + 016 0034343 + 0.12 319 + 0.14 0206 387 + 0.12 383 + 010 0773398 + 0.09 423 + 0.09 0.059

frequency (per week)

Values are presented as n(%) or Mean * SE adjusted for age and sex
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Table 4. Comparison of nutrient intake before and after the COVID-19 pandemic by household income level

. Low Mid-low Mid-high High
Variable
2019 2020 p 2019 2020 p 2019 2020 p 2019 2020 p

Energy(kcal) 17041 + 29.1 16663 =+ 337 0383 1,8522 + 282 18474 + 279 0902 1,9523 + 263 19382 + 270 0.706 20183 + 27.1 19835 + 240 0.330
Carbohydrates(g) 2675 £ 41 2627 + 57 0472 2765 £ 39 2735 + 39 059 2818 + 41 2714 + 33 0047 2823 + 37 2745 £ 36 0.127
Protein(g) 602 + 15 590 + 1.6 0549 686 = 14 685 + 13 094 720 £ 12 733 + 13 0446 719 £ 14 763 + 11 0378
Fat(g) 349 £ 13 355 + 16 0773 437 £ 13 453 + 12 0328 491 =+ 11 514 £ 14 0193 523 £ 12 534 £ 11 0525
Saturated 114 + 05 109 + 06 0499 141 + 04 145 + 04 0418 159 + 04 165 + 05 0316 166 = 04 172 £ 04 0.283
Single unsaturated 107 £ 04 113 £ 06 0397 142 + 05 148 £ 05 0358 159 = 04 173 £ 05 0035 170 = 04 178 £ 05 0.144
Multi—unsaturated 927 £ 0.39 9.68 £ 044 0468 111 + 03 116 + 03 0294 124 = 03 126 + 03 0703 136 = 03 133 £ 03 0419
n-3 155 £ 0.08 1.58 £ 0.09 0.807 171 £ 0.06 178 £ 007 0434 191 * 0.06 1.94 £ 0.08 0.794 2.03 £ 0.06 191 £ 0.05 0.105
n-6 771 + 034 808 + 0.40 0.456 937 £ 025 976 + 030 0312 105 + 03 106 £ 03 078 116 = 03 1.3 £ 02 0517
Cholesterol(mg) 2039 £106 1993 + 106 0753 2481 + 75 2500 + 75 0860 2729 + 75 2814 + 80 0430 3028 + 77 2852 + 79 0114
Fiber(g) 29 £ 06 235 £ 07 0529 232 £ 05 244 £ 05 0118 239 £ 04 243 + 04 0484 249 £ 05 249 £ 04 0973
Sugar(g) 508 £ 15 453 £ 15 0010 573 + 14 574 + 16 0978 639 £ 15 584 + 16 0014 648 £ 15 605 + 13 0.029
Calcium(mg) 4704 + 134 4414 £ 145 0127 4935 + 106 4929 + 105 0971 5096 + 88 5049 + 108 0.732 5354 + 106 5215 + 131 0407
Phosphorus(mg) 9243 +207 9055 £ 227 0521 1,0046 + 169 10211 + 156 0472 1,0520 + 149 10635 =+ 163 0598 1,1222 + 180 1,1038 =+ 164 0451
Iron(mg) 108 + 03 101 £ 03 0064 112 + 02 1.1 £ 03 0759 120 £+ 03 114 £ 02 0075 124 + 02 1.5 £ 03 0017
Sodium(mg) 3,000.1 + 684 29808 + 780 085133568 =+ 713 32824 =+ 745 0460 34387 + 657 34380 £ 548 0994 36143 =+ 60.1 34923 £ 66.1 0.167
Potassium(mg) 25145 + 587 25044 £ 617 089826339 + 449 27846 + 494 002527954 + 431 28579 + 457 0317 2956.7 + 496 28920 =+ 49.7 0.355
Vitamin A(xgRAE) 3435 + 157 3335 + 246 0704 3805 + 199 3840 + 145 0887 3880 + 136 4042 + 169 0448 4024 + 106 4036 =+ 115 0942
Thiamine(mg) 120 £ 0.03 1.16 £ 0.04 0410 130 £ 0.03 127 £ 0.03 0.504 135 £ 0.03 128 £ 0.03 0.051 138 £ 0.02 1.27 £ 0.02 0.000
Riboflavin(mg) 133 £ 0.03 138 £ 0.04 0.338 157 £ 0.03 1.63 £ 0.03 0.205 170 £ 0.03 179 £ 0.03 0.053 175 £ 003 1.81 £ 0.03 0.122
Niacin(mg) 1.1 £ 03 108 £ 04 0614 123 + 03 126 £ 03 0407 132 £ 02 129 £ 03 0371 139 £ 03 134 £ 02 0.169
Vitamin C(mg) 557 + 25 575 £ 53 0730 639 £ 31 652 + 37 0794 683 £ 23 693 £ 40 0831 755 £ 29 695 £ 45 0259
Folic acid(zgDFE) 3056 + 74 3075 + 95 0867 3095 + 56 3115 £ 66 082 3261 £ 65 3145 £ 60 0181 3371 £ 58 3200 £ 55 0032

Values are presented as Mean + SE adjusted for age and sex
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S AFFS S71FATHp=0.035). 74
So] ARl FeolMe IR AHH(p=.029), E
A= (p=0.017), Elokl A p<0.001), B4t
4¥%(p=0.032) 5% #4559t

6. COVID-19 M2} M - & FUYLH HFHQ
EI: |]|I:I|- PSES |E Hl—l

COVID-19 #HY - & JIad B42e
F uet AHEe] Hgtel] tigt A= Table 590
AR = At

7Ia5o] Sh)l A Eotvle] BJEaT
ek 45E8(p=0.050)°] WY & F7ISHH.
7HaE0] Skl Fdhe SRETHIY BEe
% ulgk H380] COVID-19 WY & 743519
THp=0.031). 7IFa50] F7391 ke T
Byogae ujut A380] COVID-19 #Hey
A45EATH(p=0.017). 7Hr450] 49l = d
(p=0.003), EloHl(p=0.008), HIEH CO| Hd
a7 mTt AHE&(p=0.017)°] S7F5t3ict.

l

o

7. COVID-19 HE9l ™ - & NAR, MAR, INQ
H|W

COVID-19 #e9] A - & NAR, MAR, INQ
9] H3LE 7rASHEE 1Y) Qo] A%y} AJEo]
IS Aot ARy B4 HAR
I}= Table 63 At} 7FE4AE0]
oprle] NARO| COVID-19 #dY] & 74513
(p=0.046). 7}t4AEo°] FoFQl -2 COVID-
19 W9 & 2EZ219] NAR(p=0.011)7} INQ
(p=0.022)= S7ISH3AEE. 7HEAS0] 44U A
< COVID-19 #d9] & H]efql C9] NAR®] #
231(p=0.013), FEZH1] INQ(p=0.004)7F
S7FolGitt. 7HEAEo] AR1 el ¢ COVID-
19 #d9] & EJolal(p<0.001), YoFl(p=0.015),
HEH C(p=0.001), Z2] NAR(p= 0.001)°] %+

21" 0

g

2319tk NARQ| BtQl MARY| 3¢ 7HEAS
o] Al HetollA 7HAstArip=0.014). COVID-
19 WelEl & INQE Elorle HAsHAi(p=
0.003), FEZRL F715FArHp=0.002).

v. 1%

B 3= COVID-19 #y9 A

4 QIES] ARTST, AE 2 03%%4;!?494 il
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Bl Zastenh, 4PATY A9 Yie| B3
7k} olAeshS thgo.s o Aol ofdl 4]
A ZA1Eo] COVID-19 WH|9] 3 750,
z—lzﬂ /UA}- B]Eg} ;qLﬂ /l]/\]— 315_4 BS{Q]J— x}o]
7} glitk(Yokoro et al. 2021). S04 184
-60A] °J3t 103385 td 2z o AFoA=
COVID-19 #eq o]% o3 A4 Rz} F715)
ot YJERHHu et al. 2020) & AT ZAjel &
© P HYTh B A7olA AT e
FS Bl ok A} A4 B AREES 25
SFUR AT HSLS ) 7lEaSo) skl 49 F
53] mjgto g oby] AAF 443 H]&e] COVID-19
W) Ao] 5] Z7psHe AR ekt o
o) HYATA A5o] WG5S obY HAlE 2
AlE 9180l =93 (Yun et al. 2010; Song
2020), @2t COVID-19 WYY o] A715k
gol ufet 7paSo] we W] ok A4 2
4% PAS A 454 gl dote] Bastoiy
AR oA} AAEL AF PAHCHs o
sl AlF 5712t Aol A (Park et al.
2018), Jeong et al.(2018)9] AF-ofAl= o} 4]
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Table 5. Comparison of proportions of subjects with energy and nutrient intake below the EER and EAR before and after the COVID-19 pandemic
by household income level

. Low Mid-low Mid-high High
Variable
2019 2020 p 2019 2020 p 2019 2020 p 2019 2020 p
Energy >EAR 270(30.4)  177(26.7) 455(33.1)  322(33.7) 452(36.3)  415(36.1) 568(37.9)  484(38.6)
0.172 0.804 0.905 0.748
{EAR 690(69.6)  521(73.3) 840(66.9)  638(66.3) 838(63.7)  741(63.9) 914(62.1)  771(61.4)
Carbohydrates >EAR 940097.7)  683(97.4) 1,274(98.0)  947(98.7) 1,266(98.3)  1,143(98.9) 1,451098.1)  1,225(97.7)
0.725 0.298 0.221 0.430
{EAR 20( 2.3) 15( 2.6) 210 2.0) 13( 1.3) 24C 1.7 13( 1.1 31(1.9) 30( 2.3)
Protein >EAR 543(60.3)  396(59.8) 938(73.6)  709(75.8) 972(75.9)  926(80.4) 1,222(83.2)  1,010(80.9)
0.870 0.325 0.017 0.195
{EAR 417(39.7)  302(40.2) 357(26.4)  251(24.2) 318(24.1)  230(19.6) 260(16.8)  245(19.1)
Calcium >EAR 195(22.2)  136(20.5) 353(27.9)  241(25.2) 390(30.3)  339(30.5) 480(32.2)  409(32.1)
0.531 0.253 0.936 0.976
{EAR 765(77.8)  562(79.5) 942(72.1)  719(74.8) 900(69.7)  817(69.5) 1,002(67.8)  846(67.9)
Phosphorus >EAR 700(75.3)  513(73.5) 1,083(83.2)  804(85.3) 1,101(86.3)  1,001(86.1) 1,341(91.0)  1,115(88.6)
0.527 0.239 0921 0.098
<{EAR 260(24.7)  185(26.5) 212(16.8)  156(14.7) 189(13.7)  155(13.9) 141(9.00  140(11.4)
Iron >EAR 686(71.4)  478(68.0) 0247 883(64.5)  632(64.7) 0951 864(65.6)  734(62.4) 0183 1,048(70.8)  814(64.9) 0.003
{EAR 274(28.6)  220(32.0) 412(35.5) 328(35.3) 426(34.4)  422(37.6) 434(29.2)  441(35.1)
Vitamin A >EAR 186(20.3)  114(18.3) 282(20.6)  232(23.9) 324(24.7)  291(24.9) 418(27.3)  327(24.4)
0.455 0.166 0.942 0.205
{EAR 774(79.7)  584(81.7) 1,013(79.4)  728(76.1) 966(75.3)  865(75.1) 1,064(72.7)  928(75.6)
Thiamine >EAR 628(66.6)  409(60.8) 0.050 890(67.7)  618(65.4) 0333 876(68.0)  739(64.8) 0.150 1,053(71.2)  809(65.5) 0.008
<{EAR 332(33.4)  289(39.2) 405(32.3)  342(34.6) 414(32.0)  417(35.2) 429(28.8)  446(34.5)
Riboflavin >EAR 502(55.8)  387(60.1) 0.193 844(64.2)  667(69.9) 0031 910(70.8)  835(72.7) 0.435 1,113(74.8)  972(76.8) 0329
{EAR 458(44.2)  311(39.9) 451(35.8)  293(30.1) 380(29.2)  321(27.3) 369(25.2)  283(23.2)
Niacin >EAR 353(39.6)  240(39.0) 593(46.1)  444(47.8) 643(50.6)  556(49.6) 807(55.5)  644(52.2)
0.845 0.534 0.692 0.169
{EAR 607(60.4)  458(61.0) 702(53.9)  516(52.2) 647(49.4)  600(50.4) 675(44.5)  611(47.8)
Vitamin C >EAR 215(22.5)  139(21.2) 352(24.8)  262(25.1) 399(30.8)  314(26.7) 486(32.8)  362(27.5)
0.657 0.907 0.092 0.017
{EAR 745(71.5)  559(78.8) 943(75.2)  698(74.9) 891(69.2)  842(73.3) 996(67.2)  893(72.5)
Folic acid >EAR 339(36.1)  246(36.9) 538(39.2)  417(42.6) 550(41.9)  474(40.1) 716(47.4)  557(42.9)
0.801 0.209 0.484 0.058
{EAR 621(63.9)  452(63.1) 757(60.8)  543(57.4) 740(58.1)  682(59.9) 766(52.6)  698(57.1)

Values are presented as n(%)
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Table 6. Comparison of NAR, MAR, and INQ before and after COVID-19 pandemic by household income level

Low income

Mid-low income

Mid-high income

High income

Variable
2019 2020 p 2019 2020 P 2019 2020 p 2019 2020 p

NAR

Protein 0.83 £ 0.01 0.81 £ 0.01 0.065 0.88 = 0.01 0.89 £ 0.01 0.343 0.89 £ 0.01 090 + 0.01 0.207 092 + 0.01 0.91 = 0.01 0.367
Vitamin A 0.44 £ 0.01 042 = 0.01 0.321 0.46 = 0.01 0.49 + 0.01 0.083 0.49 = 0.01 0.50 = 0.01 0.413 0.53 +£ 0.01 0.51 + 0.01 0.265
Thiamine 0.86 £ 0.01 0.83 £ 0.01 0.046 0.86 = 0.01 0.85 £ 0.01 0.529 0.86 £ 0.01 0.84 =+ 0.01 0.197 0.88 £ 0.01 0.84 =+ 0.01 0.000
Riboflavin ~ 0.79 £ 0.01 0.80 £ 0.01 0.548 0.84 + 0.01 0.87 £ 0.01 0.011 087 = 0.01 0.89 + 0.01 0.056 0.90 £ 0.01 091 = 0.01 0.286
Niacin 0.68 £ 0.01 0.66 £ 0.01 0.191 0.72 £ 0.01 0.73 £ 0.01 0.303 0.75 £ 0.01 0.74 £ 0.01 0.935 0.78 £ 0.01 0.75 £ 0.01 0.015
Vitamin C  0.46 £ 0.01 0.44 = 0.02 0.232 0.50 £ 0.01 0.49 = 0.02 0.628 0.53 £ 0.01 049 = 0.01 0.013 0.57 £ 0.01 0.51 = 0.01 0.001
Calcium 0.56 £ 0.01 0.54 £ 0.01 0.169 0.60 £ 0.01 0.61 £ 0.01 0.590 0.62 + 0.01 0.62 £ 0.01 0.809 0.65 £ 0.01 0.63 £ 0.01 0.365
Phosphorus  0.90 £ 0.01 0.89 + 0.01 0.115 0.93 + 0.01 0.94 £ 0.00 0.091 0.94 £ 0.00 094 £ 0.00 0.668 096 £ 0.00 0.95 + 0.00 0.113
Iron 0.85 £ 0.01 0.83 £ 0.01 0.218 0.82 £ 0.01 0.82 = 0.01 0.583 0.83 £ 0.01 0.82 = 0.01 0.344 0.85 £ 0.01 0.82 = 0.01 0.001
MAR 0.71 £ 0.01 0.69 £ 0.01 0.120 0.73 £ 0.01 0.74 £ 0.01 0.336 0.75 £ 0.01 0.75 £ 0.01 0.737 0.78 £ 0.01 0.76 = 0.01 0.014
INQ

Protein 1.21 £ 002 1.19 £ 0.02 0.543 134 £ 0.02 1.35 £ 0.02 0.654 136 = 0.01 1.39 £ 0.02 0.135 143 £ 002 1.43 £ 0.01 0.784
Vitamin A 0.57 = 0.02 0.56 £ 0.03 0.842 0.60 = 0.02 0.64 £ 0.03 0.175 0.60 £ 0.02 0.65 £ 0.04 0.237 0.62 £ 0.02 0.63 + 0.02 0.621
Thiamine 1.30 £ 0.02 1.28 £ 0.04 0.782 1.30 £ 0.02 1.28 + 0.02 0414 129 + 0.02 123 + 0.02 0.054 130 = 0.02 1.21 £ 0.02 0.003
Riboflavin ~ 1.18 £ 0.02 1.25 £ 0.03 0.052 1.32 £ 0.02 139 £ 0.03 0.022 139 £ 002 1.48 £ 0.02 0.004 139 + 0.02 1.48 £ 0.02 0.002
Niacin 0.89 £ 0.02 0.89 £ 0.03 0.919 094 £ 002 098 £ 0.03 0.166 0.97 £ 0.01 095 £ 0.01 0.329 099 £ 0.01 0.96 £ 0.02 0.206
Vitamin C  0.63 = 0.02 0.67 £ 0.05 0.480 0.71 £ 0.03 0.73 £ 0.04 0.740 0.75 £ 0.02 0.80 £ 0.05 0.384 0.83 £ 0.03 0.80 + 0.06 0.641
Calcium 0.72 £ 0.02 0.69 £ 0.02 0.217 0.74 £ 0.01 0.75 £ 0.02 0.513 0.75 £ 0.01 0.75 £ 0.01 0.934 0.77 £ 0.01 0.77 £ 0.02 0.807
Phosphorus  1.51 + 0.02 1.50 = 0.02 0.829 1.60 = 0.02 1.65 + 0.02 0.059 1.64 = 0.02 1.66 = 0.02 0.407 1.72 = 0.02 1.71 = 0.02 0.811
Iron 1.36 £ 0.03 1.30 £ 0.03 0.118 1.26 £ 0.02 1.25 + 0.02 0.704 1.29 + 0.03 1.23 £ 0.03 0.139 1.27 £ 0.02 1.21 + 0.03 0.110

Values are presented as Mean + SE adjusted for

age and sex
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