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ABSTRACT

This study sought to evaluate the association between the intake of ultra-processed food and high-sensitivity C-reactive
protein (hs-CRP). The data of a total of 3,025 Korean adults (aged>19) from the 2015 and 2016 Korea Health and Nutrition
Examination Survey (KHANES) were analyzed using SPSS Windows. The results were as follows: First, in men if the fre-
quency of ice cream consumption was 1~3 times per month (OR=1.64), the likelihood of belonging to the average risk group
for cardiovascular disease (1 mg/L<hs-CRP<3 mg/L) increased. Second, in women, if the frequency of fruit juice consumption
was 1-3 times per month (OR=1.65), the likelihood of belonging to the average risk group for cardiovascular disease (1 mg/L
<hs-CRP<3 mg/L) increased. Also, if women consumed carbonated drinks (OR=1.99) and soy milk (OR=2.52) 1~6 times a
week or 1~3 times a day, the likelihood of being in the high-risk group for cardiovascular disease (hs-CRP>3 mg/L) increased.
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6,9309] ¢ ] 2021 3% 9,1009 ¥ A1F FEE 5.8%
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2020). A2 BF HJ AHZE A AW 87 fAMe A
S Holx gtk
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b 2717} Aot 48 Bl A mEA &
al Fs T gH Al Rol FAsH dseta, led
Aol Frrekct Eg FF A F7IRE oA FA
Wt dF FY2HE FAE =t Welsh JA 5 2011;
Bucher Della Torre S & 2016; DiNicolantonio JJ & OKeefe
JH 2017). 53] 713 852 A A3 Al AlFol 718t
o, AT H A2 gl EY 3PS sole Ble=m
2 VS % 2013, 2010).
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(Statistics Korea 2022). 1A EA Bad ospH -2y
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for Disease Control and Prevention 2022).
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hs-CRP+= 7| =4 %8}3] (American Heart Association; AHA)
9} nj= AW EA AL E(Centers for Disease Control and
Prevention; CDC)°llA A|AIF HE vlgto g Aeby & -
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Table 1. General characteristics of subjects

2
o
rjg
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Total Male Female
Variable (n=3,025) (n=1,060) (n=1,965) 2
n % n % n %
Age
19~29 500 16.5 219 20.7 281 14.3
30~39 757 25.0 231 21.8 526 26.8
40~49 861 28.5 278 26.2 583 29.7 29.267""
50~59 673 222 238 22.5 435 22.1
>60 234 7.7 94 8.9 140 7.1
Marriage status
Married 2,386 78.9 758 71.5 1,628 82.8 -
53.147
Unmarried 639 21.1 302 28.5 337 17.2
Education
<Elementary school 139 4.6 41 39 98 5.0
Middle school 194 6.4 52 49 142 72
High school 844 27.9 256 242 588 29.9 .
55.404
College 535 17.7 169 159 366 18.6
University 1,056 349 410 38.7 646 329
Graduate school 257 8.5 132 12.5 125 6.4
Household income/month
Low 184 6.1 70 6.6 114 5.8
Middle-low 682 22.5 229 21.6 453 23.1
1.711
Middle-high 1,013 335 351 33.1 662 33.7
High 1,146 37.9 410 38.7 736 375
Smoking
No 2,153 71.2 352 332 1,801 91.7 .
1,146.433
Yes 872 28.8 708 66.8 164 8.3
Alcohol intake
No 258 8.5 49 4.6 209 10.6 -
31.917
Yes 2,767 91.5 1,011 95.4 1,756 89.4
Physical activity
No 1,513 50.0 480 453 1,033 52.6
14.625
Yes 1,512 50.0 580 54.7 932 474
™ p<0.001.
o ok e Wow Uehkn BAMCR fld Aolg w 2) WY A 54
ATHX*=14.625, p<0.001). SEA] A% FHA EAJE Table 29 2o} AA| $EAH
7kl AERASE A9 F (hs-CRP<1 mg/L)e] H|&©]
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Table 2. Health-related characteristics of subjects

Total Male Female
Variable (n=3,025) (n=1,060) (n=1,965) 2t
WM %/SD M %/SD M %/SD
hs-CRP(mg/L)
<1 2,388 78.9 807 76.1 1,581 80.5
1~3 475 15.7 201 19.0 274 13.9 13.2917
>3 162 5.4 52 4.9 110 5.6
BMI
<24 2217 733 669 63.1 1,548 78.8
86.318
=25 808 26.7 391 36.9 417 212
Waist circumference (cm) 79.65 9.689 84.99 8.858 76.76 8.861 24.370™"
SBP (mmHg) 112.34 13.979 116.42 12.579 110.14 14.203 12.510™
DBP (mmHg) 74.29 9.354 77.86 9.191 7237 8.865 15.884™"
FBS (mg/dL) 95.06 17.495 97.95 19.180 93.50 16.308 6.409™
HbAlc (%) 548 0.565 5.52 0.636 5.46 0.522 27917
HDL-cholesterol 52.56 12.543 4722 10.526 55.44 12.601 -19.100™
WBC (10*/uL) 6.15 1.473 6.55 1.441 5.94 1.446 111717
AST (IU/L) 20.89 10.343 23.82 12.474 19.31 8.586 10488
ALT (IU/L) 20.73 20.020 28.45 25.786 16.57 14.460 13.874™"
Energy intake (kcal/d) 2,048.00 937.981 249149 1,108.189  1,808.76 727.356 18.068™
Carbohydrate (g/d) 312.81 130.449 364.85 139.053 284.74 116.300 159817
Protein (g/d) 7438 55.650 92.35 80.353 64.69 31918 10.757°
Fat (g/d) 49.58 38.832 60.05 48.721 43.93 30.833 9.769™
Dietary fiber (g/d) 25.83 14.130 28.18 14.757 24.56 13.616 6.616™"
Sodium (mg/d) 3,73894  3,786.165  4,732.88 5675587 320277  1,970.279 8.505"
Calcium (mg/d) 531.55 320.611 598.36  334.865 495.51 306.753 8297
Vitamin C (mg/d) 91.27 105.375 87.24 96.455 93.45 109.849 -1.610

hs-CRP: high-sensitivity C-reactive protein, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, FBS:
fasting blood sugar, HbAlc: hemoglobin Alc, HDL-cholesterol: high density lipoprotein-cholesterol, WBC: white blood cell, AST:

aspartate aminotransferase, ALT, alanine aminotransferse.
" p<0.01, ™" p<0.001.

78.9%= S AHASITE Al e ztolE AWK
W AE AR i 987 (1 mg/L<hs-CRP<3 mg/L)ol| <
= HlEo] $4(19.0%)°] 934(13.9%)l Hls] <zt o =
Ao g YEPFTHX?=13.291, p<0.01). ‘BMI’ =X & A A
G2p 7HEu v|EPBMI=25)0] &3k v o] 26.7%E
dol 109 3 <F 3wo] H|Ekl Aoz vehydth A4
™ 34(36.9%)°] ©14(21.2%)l Bl v]wF(BMI>25)
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o &3l Hlgo] o ETh(x2=86.318, p<0.001). ‘&l2] =
g’ 3 84.99 em, o4 76.76 cmE UERETHx2=24.370),
p< 0.001). ‘+57] FH(SBP), ‘°o|¢7] E¢(DBPY, ‘TE5Z
HEFBS)Y EF FAlo] A RY o =A Jehit). &3kg
AZ(HbAle)y & 94o] BEY 23 ¢ ¥& Folde
H(x2=2.791, p<0.01), ‘ZH 2HE FX %= oJAo] FAARTH
o =7 JERETH2=—19.100, p<0.001). “WMBF F2]°(x2>=
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11.171, p<0.001)Z B] £+ ‘AST(x>=10.488, p<0.001), ‘ALT’
(x>=13.874, p<0.001), c|A=]"(x>=18.068, p<0.001), ‘Er3}
B2(x2=15.981, p<0.001), ‘THZ(x2=10.757, p<0.001), ‘A
W (x2=9.769, p<0.001), “A}o]4df(x>=6.616, p<0.001), ‘1}
EF(x>=8.505, p<0.001), ‘“Z#(x>=8.297, p<0.001) A3 ZF
25 o] oA RT 9 EA JERth HlEW ¢ dH
2 ool G R o =4 Yelgou BAH R fon
12 e dthxe=—1.610, p>0.05).
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Ura} 4% Tl mhE 272 E AA Rzl foldk 2fo]
2 Ho|=x] A HIT,

A= Table 33 2t} 157] 27134& 7}Ttﬂ A A
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35.0%, B8 27.9%= 9JAdo] =& ¢ =Uoh(x*=39.551,
p<0.001) ‘]’/}-_JJ‘BH]' imﬂ— 33% % ‘OJ 1~3§] /}j,ﬂ’ _g_rg}
H]-g-o] YAl 38.3%, A 35.6%= B0l A ET B &
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3P AF xS vgo] oA 36.5%, A 33.3%= oA
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&% %*P(odds)ﬂ 54.2%4 F7Falsich vhdef), <2231 A
A vx A g rIee® 9 133 dHT A
(OR=0.727, CI=.553~.955) Ad#AS i (1
mg/L<hs-CRP<3 mg/L)°ll && G4k 27.3%4 1Hashe &4
o8 yehyith A AFelM e v 2383 2
2% 3= hs-CRPE 2388 Y= 33t e
\Jre}kku}(Eskandan M 5 2020). §ibe50] A3 HlEe A

G A8 S Ve R AT 1~63] & 3HF |
~33)] A g 7 -9(OR=1.726, CI=1.054~2.826) A& &A%}
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Table 3. Difference in intake frequency of ultra-processed food according to sex
Total Male Female
Variable (n=3,025) (n=1,060) (n=1,965) ¥
n % n % n %
Bread
None 1,641 542 656 619 985 50.1
1~3 times/mo 984 325 296 27.9 688 35.0 39.551""
1~6 times/wk+1~3 times/d 400 13.2 108 10.2 292 14.9
Jam
None 2,179 72.0 781 73.7 1,398 71.1
1~3 times/mo 615 203 213 20.1 402 20.5 4.907
1~6 times/wk+1~3 times/d 231 7.6 66 6.2 165 8.4
Red bean bread
None 1,663 55.0 542 51.1 1,121 57.0
1~3 times/mo 1,117 36.9 417 39.3 700 35.6 11.074™
1~6 times/wk+1~3 times/d 245 8.1 101 95 144 73
Cake
None 1,681 55.6 612 57.7 1,069 54.4
1~3 times/mo 1,104 36.5 353 333 1,104 36.5 8.114"
1~6 times/wk+1~3 times/d 240 7.9 95 9.0 240 7.9
Cereal
None 2,355 77.9 845 79.7 1,510 76.8
1~3 times/mo 418 13.8 136 12.8 282 14.4 3.392
1~6 times/wk+1~3 times/d 252 8.3 79 7.5 173 8.8
Sugar
None 1,097 36.3 311 293 786 40.0
1~3 times/mo 268 8.9 82 7.7 186 9.5 43.166™
1~6 times/wk+1~3 times/d 1,660 54.9 667 62.9 993 50.5
Carbonated drinks
None 1,536 50.8 411 38.8 1,125 57.3
1~3 times/mo 743 24.6 258 243 485 24.7 145.236™
1~6 times/wk+1~3 times/d 746 24.7 391 36.9 355 18.1
Juice
None 1,814 60.0 536 50.6 1,278 65.0
1~3 times/mo 723 23.9 283 26.7 440 24 73.501""
1~6 times/wk+1~3 times/d 488 16.1 241 22.7 247 12.6
Snack
None 1,128 373 403 38.0 725 36.9
1~3 times/mo 962 31.8 333 314 629 32.0 372
1~6 times/wk+1~3 times/d 935 30.9 324 30.6 611 31.1
Cookie
None 1,522 50.3 565 533 957 48.7
1~3 times/mo 880 29.1 309 292 571 29.1 10.258"
1~6 times/wk+1~3 times/d 623 20.6 186 17.5 437 2.2
Chocolate
None 1,595 52.7 563 53.1 1,032 52.5
1~3 times/mo 915 30.2 341 322 574 29.2 7.144"
1~6 times/wk+1~3 times/d 515 17.0 156 14.7 359 183
Ice cream
None 917 30.3 262 24.7 655 333
1~3 times/mo 1,439 47.6 540 50.9 899 45.8 24.416™
1~6 times/wk+1~3 times/d 669 22.1 258 243 411 20.9
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Table 3. Continued
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Total Male Female
Variable (n=3,025) (n=1,060) (n=1,965) NG
n % n % n %

Soy milk

None 2,200 72.7 724 68.3 1,476 75.1

1~3 times/mo 493 16.3 216 204 277 14.1 21.238"
1~6 times/wk+1~3 times/d 332 11.0 120 11.3 212 10.8
Yogurt

None 1,566 51.8 504 475 1,062 54.0

1~3 times/mo 749 24.8 284 26.8 465 23.7 11.6717
1~6 times/wk+1~3 times/d 710 235 272 25.7 438 23
Misutgaru drink * Sikhye

None 2,184 722 738 69.6 1,446 73.6

1~3 times/mo 638 21.1 245 23.1 393 20.0 5.408
1~6 times/wk+1~3 times/d 203 6.7 77 7.3 126 6.4

* p<0.05, 7 p<0.01, ™" p<0.001.

25 AT A ST, B33 8 98] 3U8kE
Ao 2 e THFerreira-Pégo C 5 2016). ‘S T2E’ 43
Hes Ade gls 7l oy <9 1~33) 3T 74-5(OR=
0.639, C1=.439~.932) AdAAZ FHd A1 mg/ll<
hs-CRP<3 mg/L)ol|] &8 54ko] 36.1%4 ashe Aow
Uebdth ehS-8°(0R=1.999, CI=1.082~3.693)¢} ‘T
(OR=2.518, CI=1.191~3.910)2 ‘dFLo|| 1~63] & 3|+
of 1~33] JHE A5 8 gl v A HAg a1 9
A (hs-CRP>3 mg/L)ol| && SAke] F7tslslnt < F7) =
‘A glS 7NFer Y 1~33) HHT 7 -$(OR=0.525,
CI=279~.986) Ald#Ast 1F 7 (hs-CRP>3 mg/L)°ll
23l 22 475%X 7HAEHe oz Jehgth

ol gt A¥= HAAT Ao} FAakgk S Bl k=
o] 194] o]’ 42 FUE tldez g Ao g R’
£ 317 1~33] A3 3= 4% hs-CRP7} 3 mg/L 233
Aol Z718l e A F(Cha JY 5 2021) £ AFoA %
A J oA FJt Hel A &HAHSE071 hs-CRPE 57
FHoBnR 2IFFAE T 59 ‘e R AFAE Eolde
w2o] g3 Ao AlgHr) 3, & AFoHe FH
A3 7} hs-CRPE 57171 A o2 Yelgte] oled 4
= olHe] Aol g2 Aelth. 3 hs-CRP}] #
AE 92l A AA 36719 =52 WEF 4 (meta-analysis)
3k 9] Ao F A|F(soya products) 2 F HF = &
32 hs-CRP 7 4 &35 Hole oz Yyttt
(Khodarahmi M & 2019). 2]} Khodarahmi M 5(2019)2]
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o AuE uE et gk

AH AEE B AERE vwg A3} 4
~33PQl 7% 914(35.0%)°]
<= ARk kg
- ST Aol e LFL] 1~63] Z2 S
AL oF 9%t = o)A

Hoy of 2%7bE B #A vebet 5e) 94 e
ArP HH W=7 dFdel 1~6
B2 ST HEo] 629% B AT 108 F 6
A9 mjd AeE A sl JdE Ao s Yeyit) &
AR AT G Fde] <dFdel 1~63]
2 3o 1~33) AdAste AR SHI o]
36.9%%} 22.7% %= /g Hrh §H Hl&o] o E3dTh g
A, F7] - AYPA Y} 2FB L AT 1~63] S
ot 1~33) AAste 4 SH Hl&e] of 18%
el A 20%HE 28t 2] 10%TH & Hl& K
o o =Sk cofolaAR I Ff, ‘eT=2E T
AF NxE FAo] AR ot o A Jehdth
ofol=a g 2 g 133" A Hle S HEol |
4 50.9%, 914 458%= YElHTh FRE € 13
3 AF Rz S5 HlEo] EA 20.4%, A4 14.1%

d

ot
Jlole
rlo
ol
=
u
=
l
W



33(5): 443 ~455 (2023) = A9lel 271E2E A hs-CRP(LAE C-HEgd)e] A1y 451
Table 4. Odds ratio of hs-CRP according to intake frequency of ultra-processed food
. Model 1: Total Model 2: Male Model 3: Female
Variable
1~3 >3 1~3 >3 1~3 >3
Bread
None Reference Reference Reference Reference Reference Reference
1~3 times/mo 1.092" i 1.193 904 888 1.235 1.162
(787~1.517)?  (711~2.001)  (496~1.646) (273~2.893) (817~1.867)  (.622~2.170)
1~6 times/wkt1~3 times/d .625 1.088 511 .890 .675 946
(:349~1.120)  (.504~2.349)  (.163~1.597)  (.153~5.193) (.334~1.364) (.385~2.324)
Jam
None Reference Reference Reference Reference Reference Reference
1~3 times/mo 1.071 .892 1.094 1.835 1.142 776
(0.741~1.549)  (498~1.598)  (.554~2.159) (513~6.562) (.722~1.806)  (.380~1.588)
1~6 times/wkil~3 times/d 1.265 .884 1.405 2912 1.185 567
(0.628~2.551)  (.338~2.311)  (.373~5.288) (.408~20.789) (.502~2.796)  (.168~1.914)
Red bean bread
None Reference Reference Reference Reference Reference Reference
1~3 times/mo 1.048 1.021 1.034 1.178 1.088 1.000
(.822~1.336)  (.699~1.492) (.696~1.537) (.569~2.437) (.788~1.502) (.619~1.617)
. . .903 447 .828 718 .990 367
176 tmes/wicH =3 times/d o001 410 (190~1053)  (420~1633)  (190~2713)  (529~1851)  (.105~1.290)
Cake
None Reference Reference Reference Reference Reference Reference
1~3 times/mo 1.028 1.166 1.158 1.140 .909 1.128
(.795~1.329)  (778~1.748)  ([760~1.764)  (.517~2.510) (.645~1.280) (.676~1.883)
1~6 times/wkt1~3 times/d 1.124 1.540 1.610 1.903 795 1.556
(718~1.760)  (.782~3.033) (.841~3.080) (.574~6.310) (404~1.564) (.634~3.820)
Cereal
None Reference Reference Reference Reference Reference Reference
1~3 times/mo .900 736 1.027 .595 .849 709
(.643~1.261)  (419~1.295)  (592~1.781)  (209~1.693) (.543~1.328) (.347~1.449)
1~6 times/wkit]~3 times/d 1.130 1.369 1.025 1.115 1.109 1.630
(.752~1.698)  (757~2.476)  (.505~2.082) (.310~4.012) (.655~1.878)  (.798~3.330)
Sugar
None Reference Reference Reference Reference Reference Reference
1~3 times/mo 851 1.079 .895 1.339 780 1.007
(.553~1.309) (.562~2.071) (416~.1.923) (406~.4419) (451~1.349) (442~2.291)
1~6 times/wktl~3 times/d 1.063 1.069 1.289 .651 .996 1.200
(.835~1.353)  (.728~1.569)  (.852~1.951) (.299~1.420) (.730~1.359)  (.749~1.922)
Carbonated drinks
None Reference Reference Reference Reference Reference Reference
1~3 times/mo 1.055 1.397 .698 1.016 1.301 1.521
(.787~1.414)  (871~2.239) (415~1.172) (398~2.593) (.897~1.887) (.854~2.710)
1~6 times/wktl~3 times/d 997 1.726 .943 1.616 1.009 1.999
(.722~1.376)  (1.054~2.826) (.574~1.548)  (.642~4.065) (.641~1.588) (1.082~3.693)
Juice
None Reference Reference Reference Reference Reference Reference
1~3 times/mo 1.094 988 943 1.867 1.262 729
(.822~1.457)  (.627~1.558)  (.590~1.507) (.832~.4.187) (.864~1.844) (.395~1.345)
1~6 times/wki]~3 times/d 1.542 1.016 1.473 1.056 1.647 1.056
(1.122~2.119)  (.608~1.699)  (.904~2.398)  (.403~2.766) (1.057~2.565) (.549~2.030)
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Table 4. Continued
. Model 1: Total Model 2: Male Model 3: Female
Variable
1~3 >3 1~3 >3 1~3 >3
Snack
None Reference Reference Reference Reference Reference Reference
1~3 times/mo 936 758 7144 1.013 1.066 .681
(693~1.264) (467~1.232) (455~1215) (406~2.524) (711~1.598) (.363~1.276)
1~6 times/wkil~3 times/d 755 814 .602 974 .868 714
(.540~1.056) (486~1.364) (.350~1.036) (.359~2.648) (.554~1.359) (.369~1.380)
Cookie
None Reference Reference Reference Reference Reference Reference
1~3 times/mo 972 714 1.265 1.383 774 525
(.725~1.303)  (444~1.150) (.794~2.017)  (.591~3.235)  (.520~1.150) (.279~.986)
1~6 times/wki]~3 times/d 955 .809 1.331 1.010 783 736
(.693~1.428)  (460~1.424) ([734~2.415) (.324~3.148)  (489~1.255) (.365~1.484)
Chocolate
None Reference Reference Reference Reference Reference Reference
1~3 times/mo 727 1.143 .649 1.304 .836 1.180
(.553~.955) (.748~1.744)  (420~1.001) (.595~.2.857) (.580~1.205)  (.687~2.024)
. . .803 965 753 .996 .864 1.114
176 times/wict] ~3 times/d (568~1.134)  (558~1.669) (423~1343) (332~2.991) (.551~1354) (.570~2.179)
Ice cream
None Reference Reference Reference Reference Reference Reference
1~3 times/mo 1.209 1.022 1.642 1.048 .963 .954
(921~1.588)  (.668~1.563) (1.028~2.623) (.441~2.491) (.677~1.372) (.566~1.609)
1~6 times/wktl~3 times/d 1.211 784 1.088 .889 1.280 751
(.862~1.701)  (453~1.357) (0.603~1.961) (.308~2.570) (.827~1.980) (.379~1.486)
Soy milk
None Reference Reference Reference Reference Reference Reference
1~3 times/mo 1.004 1.086 1.087 730 .956 1.307
(.747~1.350) (.676~1.746)  (.703~1.682)  (.321~1.664) (.621~1.471) (.798~2.447)
1~6 times/wkil~3 times/d 1.054 1.677 936 .899 1.119 2.518
(.741~1.500) (1.023~2.751) (.521~1.683)  (.308~2.627) (.757~1.900) (1.191~3.910)
Yogurt
None Reference Reference Reference Reference Reference Reference
1~3 times/mo .823 .670 1.146 .820 .639 .576
(.625~1.082)  (420~1.067) (.745~1.764) (348~1.934) (.439~.932) (.315~1.053)
1~6 times/wktl~3 times/d 918 1.255 1.047 1.835 784 1.180
(.697~1.210) (.833~1.892) (.672~1.629) (.850~3.960) (.541~1.136) (.701~1.987)
Misutgaru drink * Sikhye
None Reference Reference Reference Reference Reference Reference
1~3 times/mo 1.155 1.098 1.043 1.438 1.191 1.084
(.885~1.509) (.717~1.680) (.675~.1.611) (.669~3.089) (.837~1.694)  (.626~1.880)
1~6 times/wktl~3 times/d 1.029 .830 1.206 1.396 .840 521
(.670~1.579)  (413~1.670) (.608~2.392) (410~4.761)  (469~1.502) (.198~1.371)

Control variable: Age, marriage status, education, household income, smoking, alchol intake, physical activity, BMI, waist cincumference,
SBP, DBP, FBS, HbAlc, HDL-cholesterol, WBC, AST, ALT, energy intake, cabohydrate, protein, fat, dietary fiber, sodium, calcuim,

vitamin C.
Y Odds ratio.
Y Confidence interval.
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