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Effects of the interaction between
seaweed consumption and the
polygenic risk score on inflammation
in Korean adults

Gayeon Hong (® and Dayeon Shin ®

Department of Food and Nutrition, Inha University, Incheon 22212, Republic of Korea

ABSTRACT

Introduction: Seaweed is a sustainable and underexplored source of bioactive compounds
with potent anti-inflammatory activities. However, studies on the interaction between
seaweed and genes on inflammation are limited.

Purpose: We aimed to evaluate the relationships between seaweed consumption and the
polygenic risk scores (PRS) and their interactions with high-sensitivity C-reactive protein
(hs-CRP) levels.

Methods: Information on seaweed consumption was collected using a food frequency
questionnaire, which included laver, kelp, and sea mustard among the items consumed. A total
of 31 hs-CRP-related single nucleotide polymorphisms (SNPs) were selected using genome-
wide association studies and clumping analysis, and the individual PRS were calculated by
weighting the effect size of each allele in the selected SNPs of 39,369 middle-aged (240 years)
Koreans using the Korean Genome and Epidemiology Study (KoGES)-Health Examinees
(HEXA) cohort data. To investigate the interaction between seaweed intake and the PRS on
hs-CRP levels >1 mg/L, hazard ratios (HRs) and 95% confidence intervals (CIs) were assessed
using multivariable Cox proportional hazards models.

Results: During a mean follow-up period of 4.8 years, we recorded 436 patients with elevated
hs-CRP levels. Women in the highest tertile of the PRS with the lowest quartile of seaweed
intake had an increased incidence of elevated hs-CRP levels compared with women in the
lowest tertile of the PRS with the lowest seaweed intake quartile (HR 2.34, 95% CI 1.23-4.45).
No significant association was observed among the men.
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Conclusion: In conclusion, we identified a new interaction between the PRS, seaweed intake,
and inflammation in Korean women, and this study suggests that the interaction between the
identification of genetic predisposition and dietary seaweed intake may have an impact on
determining the risk of developing hyperinflammation in the future.

Keywords: high sensitivity C-reactive protein; polygenic risk score; seaweed; inflammation
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£ 45 9SS ot [2], o2 222 7|3 &A1 7= & EX1ett 3] 1R E C
Q34 BB (high-sensitivity C-reactive protein, hs-CRP)= 412 & 5F A Lo A Al 273 A,
HEF, dvhAete] 9 S7tet AE| o] 150l YSE AT [4]. hs-CRP= HF HHE 5, 1)
HA AARS EASA7] = a2 5t 2) U] Aled A aa wd gl Hd & 24,

3) M| B2 Bz} Hhe o] A 6]:—3—;5—-1, 4) AU = 2] A A (Jow density lipoprotein cholesterol,
LDL-cholesterol)] Atst& 2] %] Z A5l = Ho] HhS oA 2935 o3te o].l;]_ [4].
= HlS o] XA o;l-o%:ugl q

= LI = [¢)
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4 9ITh[s]. WHebd 9% whe o] oAl Wl AAle) 74 W A% e fAshe tl Fad as
2 283 4 7] ol ol Ao Y2okA] 2ot o2 kg Ao 43S 37

A7 4 Slek. whebA] o 2ol 1 F S olgshs Zo] Feshtt.

Il EA ‘3—l AUl m =9 AASAH B4 £/l I vl 4 ke A2 & deA
A [6]. 27 284 B 84 dada Zs, 25 niads, 9, Z4&, ofd, 78],
i e e Ul UEES 7 2 S 529 Aol 3gd o= deA o [7] &+, T
shdds 8482 7H U E5], 2z 7o 222842 TFYARIAL T} (tumor
necrosis factor-alpha, TNF-a), Q1 E]£71-6 (interlukin-6, IL-6)2} 22 A ZA Ato] E71Q19]
SIS 292 B Gek 5] AAL AF IR Wil 425 228l 63}
IL-69] F71He AAI5t ¥ F 5H-2 (inflammatory response)& 2FSHA|Z] 7171 ¥H2HE| Q)
o=z = =228 N7 AAA Q] A= EAJS V1A £ Ath= AL AJAVSHTE 5‘5?} 3H
Z50] 3 EPA (eicosapentaenoic acid)2F DHA (docosahexaenoic acid) 2t 72 &L S}2] H}
el @ | 7}-3 2| WHFo] TNE-o, E 74 ¢ HH-3-/d Tl A (C-reactive protein, CRP) 2 IL-6 2] &
HE 5 AL 10], ol = FE A ERE A= 7o R A E 4 QlHh

o
-
L%

IL-6= CRP-F-3AHE f=5t0] 50l e EAtollA crp 22 Ed & 27| S7H5 2o
2 58 38 3 ek [11]. 3 HNFIA - AF2HE CRp2F A2+l of 91T HNFIA THE A& CRP 4
ol 28 JFS v ok i E T} [12]. o] 2 &t 32t ¥lo] o] Gk AlAbet 27t 9
& %4 (polygenic risk score, PRS)= Aol tgt §-42} QI S ol S6h= A H 2 [13], <]
T Als Aol 2% Be gzt wolo] A ol H42 FASH [14] o), D Fat
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2 Aol M= SR A SR AFAFY (Korean Genome and Epidemiology Study, KoGES)
o] AR 2 Alm TS E A+ EA] 7|8 H| o] §] (Health Examinee, HEXA)E 2-8-51 31Tt
KoGES At 9] HEXA 7= -2uet Qo] 20 RigdZghe] o5y, AA E4 W A4S
282 st /gt 2402 AYH ot A GALS] 7|8 HFH IS E LR HEXA
AL2] 718 ZAR= 20049 F-E 20138 74A] X1 E] Gl o™ T & o] o] B = 201310 -] 2016
7R ZAFE] QI o] E o] T3t X}AgE A2 o] Aol A A =] ]lT [16]). & Aol
KoGES-HEXA H|o] 6|2 AF&5F 5h= 13 (404] 0]/ 39,3697 0] 3= =] & 178,701
o] 71t FollA 7SS v 710l whet Al Q= k. {42t ol g7} gl= 7t
(n=114,508); hs-CRPol| T &F 7 & 2 s 2.7 (7], ThA| | ) Ad F ofl T &h 4 =7} §l= 7 kAt
(n=15,177); A7, A A FA| 4> (body mass index, BMI), B &5, &5, 5, 1S L A5F
T, AL B AAAE (Folld A, &g, A9, Tl A/ 7714 vl erR] A 3 el
gt 27} = F7HAF (n=2,964), 715410l A] hs-CRP > 1 mg/L]! AbE 2 =4 AL R
o|E)7} Q= A7HA} (n=6,683). | E2] 0 2 E 393699 2] 7IAF (B4 13,6339, ©14d: 25,736
H)7F 2 AT e = A= (Fig. 1). & A= 2022 2 18 Qlstisha 7] Y=
9 ¥3] (Institutional Review Board, IRB)S] FE L 5918 ¥ O ™ (IRB No. 2202151A),
A ey YR AA LY (KBN-2020-016)2] A=A S AHE5o] 434 =] 9]t

BE X2 "ot
I hs-CRP 452 A5 £247] (Roche/Hitachi Modular P800; Roche Diagnostics, Tokyo,
Japan) & AF8310] S we A0 2 Hasiel gl b cRPE B3 W DY ABY A
Sholl et A A H2 A 0 2 ALBE| AT 3 mglL S FoIA ol 3} At 17)
“12fu} ho-CRD 4 & TS 91 7ol npe} A5t ko] [17,18] AeFelo] Bl -
7919l CrRp 0] 2 A 0 2 LHEAL [19], Y23 22 obAJ ot Q179 € hs-CRP F
& A 15-2] E 3 hs-CRP 4230l H] 5} B Sk B3 Qe [20]. whebA £ gito)
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Participants from
KoGES-HEXA study
(n =178,701)

Participants who had no gene information were excluded
2 (n =114,508)

n = 64,193

Participants who had no hs-CRP levels and seaweed
> intake information were excluded
(n =15,177)

n =49,016

Participants who had no information on BMI, regular exercise,
education level, household income, alcohol consumption,
marital status, smoking status, dietary intake,
history of diabetes total cholesterol, HDL-cholesterol,
LDL-cholesterol and triglyceride were excluded
(n=2,964)

n = 46,052

Participants with hs-CRP levels > 1 mg/L in baseline and
participants who had no information for person year were
excluded (n = 6,683)

Y

Included in the final analysis
(n =39,369)

l—‘—i

Men Women
(n =13,633) (n = 25,736)

Fig. 1. Flow chart of the study participants.
KoGES-HEXA, Korean Genome and Epidemiology Study-Health Examinees; hs-CRP, high-sensitivity C-reactive
protein; BMI, body mass index; HDL, high density lipoprotein; LDL, low density lipoprotein.
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T} PRS= GWAS7} =3 QI H ko]l ofaf] JFS W= 2o 2 A A ATt [23]. whetbA]
KoGES-HEXA TH/g Aol Al 32 hs-CRP 2] /2t 2| u] ek Bedo] 9= sneS A =5}
fl8ll k=Rl A FQl Aol o] -39}’ o] S Al sto], & VA= jh= )l 5ol A sNpE
EA5= ) Aot o A e =+ B A (Korea National Institute of Health) 2]
Korea Biobank Array (Korean Chip, Seoul, Korea) =22 Eof| 2|5} A% Korean Biobank Array
£ AREsto] §4% BAS $35H0] hs-CRP 7 SNP R-AAF2E AJ-S1ITH [24]. hs-CRP
@} genome A A/ 2] F-2]/4d G X|+= p-value < 5 x 1082 2|5} T} [25]. GWASO| TS
F SNP = GAA 158 22712 F 17070 ek A {1 = 34 7ho] =2kl
w2} PLINK 1.9 software (https://www.cog-genomics.org/plink/1.9, accessed on 20 October 2020)
£ AHE-510] Clumping w412 4388t &, Z 317019] SNP7} 2 Atol|l A A A =] ATt sNp7} 9
&3} ABE T M2 =R Eolshs ol AFREE 7|Fol (1) GWAS G0 £F 2Z,

p<5x10%[25], (2) SHA QA AL EF Y =7 NP (P<0.8)0] 3= 31t} 26]. LHZ A F
ofl Q52 ]3] = 7} o] A A kAo wl, o7l snp %, 715 BESHE 3k &
o7} A |9l o , 153091244, rs2211320, rs1811472, rs1254933709, rs116922005, rs145138454,
rs75486778, 1rs75486778, 151659903195, rs763558673, rs6427491, rs2101658881, rs75395243,
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Table 1. A total of 31 single nucleotide polymorphisms associated with high-sensitivity C-reactive protein levels

Chromosome rs number Gene Functional consequence  Variation Position (bp) Minor allele MAF (%) Beta SE p-value
number type
1 rs3091244 CRP Upstream transcript variant SNV 159,684,665 T 0.1406 0.03 0.004 1.05E-20
1 rs2211320 = = SNV 159,693,605 G 0.3654 0.02 0.003 4.37E-20
1 rs1811472 - - SNV 159,642,349 G 0.1961 0.03 0.003 3.59E-19
1 rs1254933709 = = Delins 159,648,708 T 0.1562 0.03 0.003 1.30E-17
1 rs116922005 - - SNV 159,642,365 C 0.1347 0.03 0.004 3.34E-17
1 rs145138454 - - SNV 159,630,742 TG 0.1333 0.03 0.004 9.28E-14
1 rs75486778 - - Delins 159,633,070 A 0.1157 0.03 0.004 5.67E-12
1 rs2246469 - - SNV 159,690,812 A 0.2684 0.02 0.003 1.64E-10
1 r$1659903195 - - SNV 159,625,702 c 0.2377 0.02 0.003 3.60E-10
1 rs763558673 = = Delins 159,663,285 A 0.05945 0.03 0.005 5.31E-10
1 rs6427491 - - SNV 159,712,394 A 0.2327 0.03 0.003 6.16E-10
1 rs2101658881 - - SNV 159,640,618 T 0.4784 -0.01 0.002 6.60E-9
1 rs75395243 - - SNV 159,604,212 A 0.08832 0.02 0.004 2.59E-8
1 rs12026296 - - SNV 159,608,991 © 0.454 -0.01 0.002 2.73E-8
1 rs1571015409 - - SNV 159,633,274 T 0.0644 0.03 0.005 4.34E-8
6 rs117072836 LOC124901432 Intron variant SNV 151,428,534 A 0.012 0.06 0.011 2.63E-8
8 rs188680861 - - SNV 243,748 G 7.79E-6 4.14 0.386 8.88E-27
8 rs142912886 = = SNV 4,920,388 A 1.56E-5 1.68 0.273 7.76E-10
12 rs2859398 - - SNV 121,479,655 T 0.4872 0.02 0.002 2.63E-12
12 rs943426017 = = SNV 121,489,586 AT 0.4255 0.02 0.002 1.10E-10
12 rs10083043 OASL Upstream transcript variant SNV 121,477,359 G 0.4273 0.02 0.002 3.10E-10
12 rs11065384 HNF1A Intron variant SNV 121,423,285 T 0.4703 -0.02 0.002 5.55E-10
12 rs10774580 OASL Intron variant SNV 121,476,423 A 0.3215 0.02 0.003 1.83E-9
12 rs1169288 HNF1A Missense variant SNV 121,416,650 © 0.482 -0.01 0.002 3.74E-9
12 rs1169291 HNF1A Intron variant SNV 121,426,064 C 0.4765 0.01 0.002 1.64E-8
12 rs2701194 = = SNV 121,390,078 G 0.4528 0.01 0.002 3.16E-8
12 rs2244608 HNF1A Intron variant SNV 121,416,988 G 0.4945 -0.01 0.002 4.47E-8
13 rs1457865177 RYR3 Intron variant SNV 33,989,364 G 0.0104 0.07 0.012 3.57E-8
19 rs429358 APOE Coding sequence variant SNV 45,411,941 c 0.09593 -0.03 0.004 4.63E-12
19 rs56131196 APOC1 Downstream transcript variant SNV 45,422,846 A 0.1084 -0.02 0.004 3.48E-10
19 rs769449 APOE Intron variant SNV 45,410,002 A 0.0749 -0.03 0.005 1.19E-8
MAF, minor allele frequency; SE, standard error; SNV, single nucleotide variation; Delins, deletion-insertion.

rs12026296, rs1571015409, rs117072836, rs18868086, rs142912886, rs2859398, rs943426017,

rs10083043, rs11065384, rs10774580, rs1169288, rs1169291, rs2701194, rs2244608, rs1457865177,
15429358, rs56131196, rs7694492] 3% 2} H o] &) o] E/J-2 Table 10| LA = o] Ut}

CtRMAL 21" M4 (PRS) 75

PRSE & ALo)| A hs-CRPO]| ThEH AT
HAS 23}5lo] A E QT pRS= EA
(propensity) = A 42 A4 4 Ql= W

224 707 9 E 24 Fho|atelo] mat 7t f]lo] 7H 2 Q)

A0 ofsf el 31712 sneel Y3 tiE &
F Y (phenotype)oll T3F 721 2]
© 2 [27], & ALl A hs-CRPO]| tH3t PRSE= é‘ﬂé
A= NP Pt 7%

FA A

2} (risk allele)®] 7H4~ (0, 1, 2)°ll ZF - 2F2] 37 2F &3 (risk effect) & 7Ha- (welghted)

2 #5te = $oto] 55k (Fig. 2) [27].
[ Weighted PRS =Y, (Weighted; x Allele)]

1) &: Z1Zt2] SNP

2) Weighted: 32 SNPe| 715 X|2 2|0[8t0{ sl 2k SNP7F

3) Allele: 31l SNPOI|A 2HEE QT HO|
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Step 1. Conducted a GWAS to identify SNPs significantly associated with hs-CRP levels
at a stringent significance threshold p <5x107%

i -8
KOGES-HEXA Korea Blobank'Array p<5x10 hs-CRP
cohort and Korean-Chip, GWAS
KCHIP
(. Y J
170 SNPs
selected

Step 2. Performed LD clumping analyses to refine SNP selection,
focusing on variants with LD r* < 0.8 to ensure independence

Selected final candidate

TSNP i . .
31 SNPs remained SNPs for the interaction study

Step 3. Constructed PRS using genetic variants identified
in the optimal model derived from the GWAS results

Categorize 3 groups

Analyzed to weighted scores by the tertiles of the PRS

Step 4. Investigated gene and nutrition interactions associated with inflammation

Seaweed
PRS | X intake ¢w=) | hs-CRP>1mg/L

Analyzed the association between PRS and the interaction with seaweed consumption
to understand their combined impact on inflammation

Fig. 2. Study design to generate PRS associated with hs-CRP interaction SNP.

GWAS, genome-wide association studies; SNP, single nucleotide polymorphism; hs-CRP, high-sensitivity
C-reactive protein; KOGES-HEXA, Korean Genome and Epidemiology Study-Health Examinees; KCHIP, Kentucky
Children's Health Insurance Program; LD, linkage disequilibrium; PRS, polygenic risk score.

=
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, A Y, & sl 2R (3, ThAlehml ) S A 71Ee = 7S AdF el
vl 215 (Zﬂl/\}—‘:H FAARE R/ ABARE ] /A 4ARE 91 ) 2 2 Z 751l PRSO| 73
AR R Uro] AEE (AR, 8T (HIAE ), Ll (A3
Ao Al IFez BRI 4 15 1He] dRbAQl E4d& w45 fldl
= 7Fol A H A (i test) S AHE-SHAL ALY M= -7 T} general linear model= At
SHTH & | o] Bl = (mean) + EF H A} (standard deviation) == AR I 282
A= Ak, T 4> Cox B 919 S ARE-5o] PRs2F L S-hof v, A Ad S ol wh

g} .Z_:“V_]-Q’] OE]E'_]—/\J’Q—/\]D]—Q,]-D]O:] /\-]_%]oﬂ [L]—.E_Pngl-j_Oﬂ_Z-_‘_]-_‘] 031-!—}/\‘] if‘;}]}_
130l k2 prRs} 1P ST A2 B 7] 98l 9 H] (hazard ratio, HR)2} 95% A1 =]
(confidence interval, CI)= AFE3HAt S22 F Al et 2 1M ZHH hs-CRPE}S] AHHT
ThH 4 MY 3l 24& Fofl 245kt 2 o] & Hlo|Ele] 54 24 oll= sAs
7 9.4 AT E Qo] (SAS Institute, Cary, NC, USA)E AFEEI AT, SAHZA 321442 p <0.05
A5t

iy
I

U & rjo 44 du rfu kH oo (B o3 o fLooN ofm
Fi m* =
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Y

hs-CRP (> 1 mg/L) =0 [}E A7 Foxie| ALutxol E4
Table 2+= high hs-CRP (> 1 mg/L) 50l th& A+ Frojzpe] A¥kaQl £E4-& Yepdnt (3L
AE 35 99, n=193, AYZ 15 94, n=13,440, 1FZ 15 o{/d, n =243, AF=

& 91/, n=25,493). PRS F-21A}F 2 @ A 4=2] H| &2 F/d 2} o4 B0l A {2l 5HA %%hi}
AT} of/d BFRolA 1P F 152 A HS LE0ll H] 3l high-PRS H|-& 0] F-2]5HA] =%
low-PRS H]&-0] 3-2]5}A ¥ttt (p < 0.05). LHE 15 FA H A2 56.8+ 8.1A1], a
HE 15 o8 B AP 254827942 FH B F 1HF A5 FoA7t A d S 15
O] FojztRt Ht Aol &Uth(p<0.05). LEF 15 E/32 W+ BMI=23.9+2.92 A
AE 159 BT Ho BMI %= Rk o of o] 42, 193 15 o<l H+ BMI
£24.0+3.022 A FZF 159 o Hc} Hat BMI X 7F=UTh (p < 0.05). BAJ oA LDL-
Ze|2HE A= AES IFET 1HF 1EolA fosHA B3t (p <0.05). AE4F
I A55EL oo ARt F-oJgk 2ko] & H T o 1FF 1E2] A-F, tighal o4
Hl-gH o} 2-55h o|ste] w430 Hlgo| |Fo|oHA| o =Qkal o/ A PF 152 F%,

=5t

£S5 o|ste] Wg4F Brh rfskim o] o) vgo] Fsh o EHTh (p < 0.05). T
% 18 oY AAF 1F o) BEF e A5LFS vl &ol o £UTHp<0.05). ¢
4| A9, 3N ST Aol U OP TYF 1E PR AEF 15 A
2% A2 §74 Hl ol B ETH (p<0.05). 4AMH ] et T 2hel fel@ Aol gl

=
=3
%It} (supplementary Table 1).

T CHI2 Mt (hs-CRP)2| HEtM
& (A, thAluh/o] o)) 9} hs-CRP7HE] A ¥HAJof] th 5o 2
g & U 255F, A8, F2HA 25
%HM%%@MZI*J%%*% A AR 3] A=A S o]-&5to] AR
BRol A, thAlrhm] o, & Sl 257 (A, HHAIRh/R| )2 hs-CRPF>2] 7HO]

Ao o2 A dF e 02 =2 hs-CRP & (> 1 mg/L) 24 E2| 2|&H| (HR)
9l 959 22| 77 (CI)
2t 5 ol wfe} o} 3 41 317124 & 459k A Crude 2 92} 2 e (% BMI 2 ),
EH‘?)( B/BMI& TS E & &

ol 5/ AR H G 274)E = Aol mhet A 45 7He] Ay Adoll tigh HR
CIE UelH 1= th3-3 Zth (supplementary Table 3). '3 2} o /4] 2
Z Atololl g2 st A2 Q1T (supplementary Table 3).

Moy w2 CrA|ot/0] MF 2ol 2 =2 hs-CRP = (> 1 mg/L) WHES
2I&H| (HR) % 95% 2| 37t (CI)

Zh md 2 Ao apet oA ehe] ook o S 2he] Aak/dol tish B4l skqic e mdo
Al tpAlupm| ] A FH o] 7Hg W2 J A L E ol Bl 2ARE Y] =2 FA LEoA ASol th
SHabY Q]9 o] &Qkth (HR, 1.55, 95% CI, 1.06-2.27; HR, 1.59, 95% CI, 1.08-2.32; HR, 1.59, 95%
CI, 1.09-2.33, respectively). L= L Eloj| A thA|of/o| o] A Z|3F1} 1. Z Ato]of] R-olet AT
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Table 2. Baseline characteristics of study participants according to hs-CRP level

Variables Men Women
High hs-CRP group  Low hs-CRP group p-value High hs-CRP group  Low hs-CRP group  p-value
(hs-CRP level > 1 (hs-CRP level < 1 (hs-CRP level > 1 (hs-CRP level < 1
mg/L; n = 193) mg/L; n = 13,440) mg/L; n = 243) mg/L; n = 25,493)
PRS level 0.007 0.001
Low (Men: -0.304 to 0.015, 50 (25.9) 4,492 (33.4) 56 (23.0) 8,520 (33.4)
Women: -0.291 to 0.016)
Middle (Men: 0.016 to 0.147, 59 (30.6) 4,488 (33.4) 86 (35.4) 8,495 (33.3)
Women: 0.017 to 0.148)
High (Men: 0.148 to 0.854, 84 (43.5) 4,460 (33.2) 101 (41.6) 8,478 (33.3)
Women: 0.149 to 1.910)
Age (yrs) 56.8+8.1 55.3+8.3 0.012 54.8+7.9 53.0+ 7.6 <0.001
BMI (kg/m?) 23.9+2.9 24.4+ 2.6 0.008 24.0 = 3.0 23.5+2.9 0.016
Biochemical levels
Total cholesterol (mg/dL) 188.7 + 33.5 192.3 + 34.9 0.161 199.7 + 35.5 199.6 + 34.9 0.969
HDL-cholesterol (mg/dL) 50.2+13.8 48.9 + 11.7 0.138 55.9+12.9 54.6+12.6 0.143
LDL-cholesterol (mg/dL) 106.9 + 28.4 113.7 +32.4 0.003 121.2+ 32.4 120.6 + 31.6 0.752
Triglycerides (mg/dL) 157.8 +121.2 157.8 +121.2 0.186 112.6 + 72.8 121.6 + 74.2 0.056
Regular exercise 0.412 0.395
Yes 82 (42.5) 5,320 (39.6) 123 (50.6) 13,601 (53.4)
No 111 (57.5) 8,120 (60.4) 120 (49.4) 11,892 (46.7)
Diabetes history 0.677 0.689
Yes 21 (10.9) 1,341 (10.0) 14 (5.8) 1,323 (5.9)
No 172 (89.1) 12,099 (90.0) 229 (94.2) 24,170 (94.8)
Married status 0.537 0.534
Married or cohabitating 182 (94.3) 12,802 (95.3) 212 (87.2) 292,566 (88.5)
Single, divorced, widowed, or separated 11 (5.7) 638 (4.8) 31(12.8) 2,927 (11.5)
Education level 0.369 0.001
Less than elementary school 15 (7.8) 1,168 (8.7) 60 (24.7) 4,425 (17.3)
Graduate middle school 30 (15.5) 1,577 (11.7) 46 (19.0) 4,483 (17.6)
Graduate high school 71 (36.8) 5,423 (40.4) 106 (43.6) 11,255 (44.2)
College 77 (39.9) 5,272 (39.2) 31(12.7) 5,330 (20.9)
Income level (won/month) 0.521 <0.001
<2 million 58 (30.0) 3,640 (27.1) 104 (42.8) 8,123 (31.9)
> 2to < 4 million 87 (45.1) 6,032 (44.9) 99 (40.7) 11,123 (43.6)
> 4 million 48 (24.9) 3,768 (28.0) 40 (16.5) 6,247 (24.5)
Smoking status 0.327 0.304
None 47 (24.4) 3,916 (29.1) 239 (95.5) 24,753 (97.1)
Past 93 (48.2) 5,936 (44.2) 5(2.1) 303(1.2)
Current 53(27.5) 3,588 (26.7) 6(2.5) 437 (1.7)
Drinking status 0.037 0.448
None 30(15.5) 2,816 (20.9) 171 (70.4) 17,616 (69.1)
Past 29 (11.4) 1,008 (7.5) 6 (2.5) 405 (1.6)
Current 141 (73.1) 9,616 (71.6) 66 (27.1) 7,472 (29.3)

Categorical variables are represented as numbers (%). Continuous variables are represented as mean + standard deviation.
The p-values were based on the t-test for continuous variables and the y? tests for categorical variables.
hs-CRP, high-sensitivity C-reactive protein; PRS, polygenic risk score; BMI, body mass index; HDL, high density lipoprotein; LDL, low density lipoprotein.
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/d2 QlATt Aol A thAlohye| o A Ft 1 FF Abolof] Ro]dt A& Bl oL, o
oA 7o) S A/d S H o] x| LT} (Supplementary Table 4).

é‘,“’a"O'Il [[I,E _dc_’t_ 3HIE Mx|at(}|| [[}E &I-::S hs-CRP

& (>1mg/L) LMEe

7t g E/ﬂtﬂOﬂU‘-}E}—-—oH}_%—(ﬂ ChAla}, u] )2} o F 7o) A g d ol disf A15H3d
o 2E mdol A FAdd ol BE F s 2R AFH T S Atololl SAIH o= o7t
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Mdof w2 CreM A 218 H4ol ui2t £2 hs-CRP £& (> 1mg/L) LM E9)

28| (HR) % 95% 22| 32k (CI)

/g3t oJ/d o] =2 hs-CRP 453 PRSS] ATH/Jof] thSH HR 2 95% CI+= Table 33+ 2Tt &
=
=

‘g o] 7§ th 4 Cox H 2 913 Beol|A] E2 PRS 1FO| 2 PRSIFET A5 LA
o] tf ¥4t} Crude R} B2 (A, BMI 27), B3 (AT, BMI, =7/ H, S0 JEA

—

W& YW ASLE AEGH, A2AR] 5%, T FHAR, T olUALAT EA
D% AF vy Eo] 747} 1,674, 1.688H, 1.698] = U*T} (HR, 1.67, 95% CI, 1.18-2.37; HR, 1.68,
95% CI, 1.19-2.39; HR, 1.69, 95% CI, 1.19-2.40, respectively). &1/ S04 1HF S T HE2 =
2 PRSY L FOlA B =2 A0 = YEG oM T4 Cox H| 2 913 EEoj|A] =2 PRS
A 150] W2 prsojAd 150 Ha| RE Raloj|A] 1= WA o| ZH2} 1774, 1.76H] T
=94t} (HR, 1.77, 95% CI, 1.28-2.45; HR, 1.76, 95% CI, 1.27-2.44, respectively).

d, ChA|Ot/0|d, & =7 M3 2ol 02 CheHX} 1" Mol 2 nz e c i8Sy
CHHE 2% (hs-CRP > 1 mg/L) 2ME9| 28 HIE (HR) I 95% A E| 27 (CI)

Table 4= TH-A2F 918 Aok 7, thAloym| | & s 257 (7, thAlat, vl S) A FH e =
H 1 g= 7ho] AxkAofl thgt HR E 95% CIS LERATH @-2]= A1 of A mEojA o
3ol sk prs @} B2 FO] AT 2SS FRAFTE HAd 2] -9, A, ThAulm| o ARt 52
St A Boloh 7 AFH o] 3AHE ) LEollA =2 PRSE 71K Aol A i3] &
A 91 o] =3kt (HR, 1.94, 95% CI, 1.03-3.63). ThA|mh/m] S A Z| 7ol 2AHE 9]l &0l A
-2 PRSE 7H A2 thAmbym| o Aol 7 A2 g0l $2 PRSE 7 /g B
TPZo] BA Q¥ o] of &t} (HR, 2.11, 95% CI, 1.15-3.88). 7 Al F&Fo] 714 A 1
FOlA =2 PRSE 7H2] o2 22 PRSE 7HR o B ot 1 Z-o] 'Y 93 o] of =tk
(HR, 2.48, 95% CI, 1.28-4.82). S=5F ThA|up/m| < A3 ZFo] 71 -2 T1FollA =2 PRSE
7H o3/d& W2 PRSE 7H2 of A Ho} 11 Fo) Y 9l o] o] =4 (HR, 2.09, 95% CI,
1.02-4.30). & S 2F (4, oA et r ) Ad FH o] 71 A2 Eoll A =2 PRSE 7141 oA
2 2 pRSE 71 o A H ik JFo] BAYS 9§ o] ] &=tTh (HR, 2.34, 95% CI, 1.23-4.45).

i)

Table 3. Adjusted HRs and 95% Cls of high hs-CRP level (> 1 mg/L) incidence depending on polygenic risk score by sex

Polygenic risk score Cases/Total High hs-CRP level
Model 1 Model 2 Model 3
HR (95% CI) p for trend HR (95% CI) p for trend HR (95% CI) p for trend

Men 0.002 0.002 0.002

Low score (-0.304 to 0.015) 50/4,542 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Middle score (0.016 to 0.147) 59/4,547 1.18 (0.81-1.72) 1.20 (0.82-1.74) 1.20 (0.81-1.74)

High score (0.148 to 0.854) 84/4,544 1.67 (1.18-2.37) 1.68 (1.19-2.39) 1.69 (1.19-2.40)
Women 0.001 0.001 0.001

Low score (-0.291 to 0.016) 56/8,576 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Middle score (0.017 to 0.148) 86/8,581 1.53 (1.09-2.14) 1.52 (1.09-2.13) 1.52 (1.08-2.12)

High score (0.149 to 1.910) 101/8,478  1.77 (1.28-2.45) 1.76 (1.27-2.44) 1.76 (1.27-2.44)

Model 1: crude model. Model 2: additionally adjusted for age and BMI. Model 3: additionally adjusted for alcohol consumption, smoking, education level,
income level, marital status, regular exercise status, status of diabetes mellitus and total energy intake.
HR, hazard ratio; CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; BMI, body mass index.
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Table 4. Adjusted HRs and 95% Cls of hs-CRP level > 1 mg/L incidence depending on polygenetic risk score by
laver, kelp/sea mustard, total seaweed intake

Intakes PRS score
Low Middle High
Laver (g/day)
Men

Quartile 1: 0.00-0.16
Quartile 2: 0.21-0.42
Quartile 3: 0.50-1.00
Quartile 4: 1.50-9.00
p for trend

p interaction

Women

Quartile 1: 0.00-0.16
Quartile 2: 0.21-0.42
Quartile 3: 0.50-1.00
Quartile 4: 1.50-9.00
p for trend

p interaction

Kelp/Sea mustard (g/day)
Men

Quartile 1: 0.00-0.16
Quartile 2: 0.20-0.41
Quartile 3: 0.53-1.07
Quartile 4: 1.25-15.00
p for trend

p interaction

Women

Quartile 1: 0.00-0.25
Quartile 2: 0.41-0.62
Quartile 3: 1.07-1.96
Quartile 4: 2.50-22.50
p for trend

p interaction

Total seaweed (g/day)
Men

Quartile 1: 0.00-0.58
Quartile 2: 0.59-1.35
Quartile 3: 1.41-2.07
Quartile 4: 2.08-24.00
p for trend

p interaction

Women

Quartile 1: 0.00-0.72
Quartile 2: 0.75-1.50
Quartile 3: 1.51-2.92
Quartile 4: 2.96-31.50
p for trend

p interaction

1.00 (Ref)
0.68 (0.32-1.47)
0.89 (0.42-1.90)
0.95 (0.44-2.08)

0.743

1.00 (Ref)
1.55 (0.77-3.13)
0.97 (0.44-2.192)
0.78 (0.33-1.87)

0.293

1.00 (Ref)
0.94 (0.45-1.98)
0.95 (0.47-1.94)
0.74 (0.30-1.81)

0.591

1.00 (Ref)
0.92 (0.68-7.54)
1.52 (0.19-3.05)
0.81(0.35-1.88)

0.703

1.00 (Ref)
0.57 (0.25-1.31)
0.94 (0.46-1.93)
0.66 (0.31-1.93)

0.485

1.00 (Ref)
1.34(0.67-2.70)
1.13 (0.51-2.48)
0.76 (0.34-1.71)

0.381

0.94 (0.47-1.91)
1.17 (0.60-2.31)
0.86 (0.42-1.80)
1.31(0.62-2.76)
0.682
0.411

1.38 (0.66-2.89)
1.51 (0.75-3.06)
2.10 (1.07-4.12)
1.62 (0.77-3.43)
0.703
0.431

0.96 (0.48-1.90)
1.62 (0.85-3.09)
0.86 (0.43-1.83)
1.09 (0.49-2.41)
0.662
0.112

2.95 (1.10-4.61)
1.01 (0.92-9.08)
1.99 (0.93-8.68)
1.35 (0.63-2.88)
0.312
0.742

0.95 (0.49-1.84)
0.98 (0.48-2.01)
0.94 (0.47-1.91)
0.96 (0.48-2.45)
0.857
0.134

1.46 (0.72-2.96)
1.91 (0.99-3.67)
1.73 (0.84-3.54)
1.35 (0.66-2.74)
0.344
0.843

1.33 (0.69-2.56)
1.12(0.57-2.17)
1.94 (1.03-3.63)
1.68 (0.85-3.30)
0.183

2.48 (1.28-4.82)
2.15 (1.11-4.18)
1.47 (0.72-3.00)
1.57 (0.74-3.35)
0.114

0.94 (0.47-1.88)
2.11 (1.15-3.88)
1.72 (0.93-3.19)
1.65 (0.83-3.31)
0.082

2.09 (1.02-4.30)

2.32 (1.07-10.30)

1.41 (1.18-10.48)

1.99 (0.98-4.03)
0.672

0.99 (0.51-1.92)
1.44 (0.76-2.72)
1.51(0.81-2.84)
1.50 (0.80-2.78)
0.276

2.34 (1.23-4.45)
1.95 (1.01-3.74)
1.16 (0.53-2.54)
1.85 (0.94-3.62)
0.563

Values are presented as HR (95% Cl). Adjusted for age, BMI, alcohol consumption, smoking, education level,
income level, marital status, regular exercise status, status of diabetes mellitus, and total energy intake.

HR, hazard ratio; CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; PRS, polygenic risk score;
BMI, body mass index.
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23S PRSP 7 AL} A Q1 Aol lglor,
A3 LA A2 F BRollA FAH R FolstA St
22 lsth (B4 HR, 1.69, 95% CI, 1.19-2.40; ©1/d: HR, 1.73, 95% CI, 1.27-2.44). A A
° TollA FEH FHAEe] =2 PRS LF2] o2 F2 PRS LE2] o HTH
=9k} (0dds ratio [OR], 1.81, 95% CI, 1.176-2.787) [28]. & 1 5L0f| A] hs-CRP 4~

W7 2 Aad o] = RAALR CRP, HNFIA, APOE7} 3= Tt /5 A| &I CRP=
A} CRP, HNFIA, APOES} 130] AU TH. CRP-§-7 Ak= 119 A A|of] @) X]5kaL Q1o crr
AZke] A g2 B4 crRPeF A== A 0 = YT [29]. 50l = SRl A
CRP A2 A Z715 702 B E T Qlom [11], & 0| A CRP SNP rs3091244
2 hs-CRP =53 5-2] 5 Axd o] U3t AAZ 6005 2] 521 721 2] o2 crp SNP
S 25 7 225 SNPO| rs30912448F 3 Bl
o] = FHAR ANFIAZH A= et 1281 A

AN oN U3
o

=2
)
=clJl=|
gl
it
o
)
S,
ro
-4
=2
>
2
av]
k2
re ok

= 3let [30]. 8] AFolM = A5
Aloll I=15F HNFIAE ZH A7, 272l thFst tiAL 7] 5ol S35k AL QIAt & A-gota
2 Zroll A LA E] 7] wf2oll 7hojl A A= cRPY] 525 ZHRIAE o AR [31). o]
HNFIAS] T}t G ol 7k A A1t = gjAtE 2 4o & 9 5 ¥H32& 245k
A& Abolof| 5T TG-S Do 4 Qlrh= A o n|ghtt [32]. A= 2 Aol A
7% HNFIA-G-74 2} 1s11692889] R10]A| & 7H 5, B2 T Q1 of| A o] OiAS T+ F-H &2
Z717F 2= 1T} (OR, 2.08, 95% CI, 1.38-3.14, p = 0.0005) [33]. & Lo A LA H 5%

L0
o

-

73R (45-6941)& o2 X3 7219 Aol A E%F hs-CRPO] T3k APOE 7712+ 2
o] Hir e uf It} [34]. whebA, 2 150l A 2FR1E CRP, HNFIA, APOE= 87 CRPOl| B3
0% A5 /ol wofshr o] 5] FRiol = R EE-S A A 4 ATt

1 APoF= E7% CRPOl 528 Y2 nAl= Az ERlE FHA F SR (12, A2 F
=

to o ri

[¢)

[¢)
Prorok et

Aol M= i 2F AdFH et dF 2ol SAA
Aol 2, JFA dEolAe] 27 BHE2
2t 20-65419] =l ol A G 2 91E
95% CI, 0.43-0.99; ©1/3: OR, 0.80, 95% CI, 0.51-1.24) [35], ol
HZ tdo = 23Yst o] 34, fefix Aol A |2 F 25 (Astaxanthin)S 8F &
QF 512 2 mg¥ E &3 A3}, CRP 5 50% ©]4F Yol A= Btk (p < 0.05) [36]. &=
SF A RFA ALeL S7A| 2| siQtol| A ZHF $F U] (Ulva species) FE&2 Wl 6578 +H
C57BL/6N ol A @l&d A& dat AFA Atol 711 o] egho] ZhAar H U ETh 45
Al &= 2o 61.8%ATH [37). o SZFoll FREH FHo| ko] YF Ato] E7IQle] Hu
© AAAN7I L FDF AP EZIRI AFF6ko] Ao M 7] 52 A7 7 Wi Z o= & 4
[38]. L&} o] ef i AL AR = EA S s Folls REUH|A 5o S5
HrElo] Qlo] 7ol AP &S nl A += Atk [39]. A YA pet=tizdor £
F7 7T F oS F ol A 1B, IL-6 X TNF-a.2] A4 o] ofzt 4she 71 o 2 vpebyt
VAR Z = G S o2 S Ao 2/ AHM RS E ST &
© 2 et (0R, 1.25,95% CI, 1.05-1.50) [41]. ©] ] & 3| 5ol tigt 7]
2 HA] &= A 3Fe el

ol 2

B

N
f

R ol?:
) rlo
32, P

Rl

o

2%,

@)

Y

o

8

x o rir
o,
=N
re
o,
.
=
n
=
1o
N
NS
ol
ol
2
ox
=

o

!
N

Y
Ir

L Y

N o& o 4N Ip 32 r
o 2o b0
o

1o

o

g r

S

I

)

N

ot

40 o T Mo oo
S o

N

129 Aol HE 2R $28L FFAOE AHGHAAT
7 59 At P2 SN2FE Aulotgle w3 52T <)

12
m

https://doi.org/10.4163/jnh.2024.57.2.211 999



IJNHS

=5 M3l kML 218 H4: 2| Asxtgo| PS50 0|Xls & Journal of Nutrition and Health
o] YU LI YA o] FEL YT £ Yo B & 7|29 FE AY A7 2 A3 sz
Fot Ao HAE A o dstA] 18 4+ Jon T apol= 27 HH, 58T,
A 7|7kol whet gebd 4= QU [42]. whEbA] BESE AW S QA= o B2 Aot
L% Z o= AtE HTt
£ ATFollA= 185 B0l gt prs] EtE 27 A H ol wheh DEfAl = Ao R U
AR o 7, thAlohu S, & s 2F A H ol 7P R oA thR At 91 7t 2 of
39 4%, B B 9ol 2 2.484H, 2.09HH, 2.348 S7FsHATt. 7] & Ad Y Aol =,
o=

A3t HAH pRS7}F =2 S ARl A A 71 FRIZo] 45k YA &

==, o= 55| sl 27 A 7FA S wf 5 7H= U TH(OR, 3.43,95% CI, 1.43-3.36,

28]. 5tA| 9k o] o} Rith =] = AL A 2 2 F A5 = PRS<F & 4-8-5Fof A

FFS v H e 2T AFHFo] B2 (> 2.65 g/Y) IL-PRS 1&-2 #]-PRS 10|
L

N
N oo
=}
Rl

o
I
e
o
A
= —

o 913l

H| 5l 7134 o e Q1 g o] 4.028 =2 A3HE E QI TH(OR, 4.02, 95% CI, 2.88-5.59, p = 0.04).
o 25 A3 TR0l B2 F7EAb= pree}F TAIGlo] sl 25 A3 FFol A2 kAt 2t
G g0 o %o s 27 AFH 7ol oA A-PRSLER] 7%, A-PRSLEO]
H|5}o] 23419k @he E0] 4,028 Z7H3C [43]. o] A& 7|2 ATLE9] WIS LdX|5HA]
%= AFS Bl a8y s 2 Foll= VIPR2 (vasoactive intrinsic peptide receptor) ¥15-9]
a5 st AL S 2 A5k THER7F £ E o] T VIPR2rs69508572] GG
AZG & 7H21 FA-2 2 F AFH ol 7HE W2 sELe v udS o, 7MY =2 52
o] 2 FE AT T ARG T B E o] A5 (HR, 0.78, 95% CI, 0.62-0.98) [44].

2 Aol A o] Aits -2 PRSE 7H ZlRIo] s 2 7 A FH 7 A 2 ), 1S
ol o &t} s2F+= vt 1u|E (Magnesium, Mg)2] 329 % SH+= DNA 2 RN
TR ot el dF 2 AR A 752 7HAIAL 7] wiEel]l LE A 2 oA
o] 45 = TG s S0l 3 AR EaHE UERT [7,45]. AR = 36711 &Rt mt
& AHFS 2732 25% L 50%2 QS W, 7 2] H = A TNF-02] Z7H7F B2 E o
™ [46]. Mazidi 5 [47]2] HEFHE Ao A= Mg EE O 2 15 &3 hs-CRP £59] 723 Ha
£ B35} t} (Mean Difference -1.33 mg/L, 95% CI, -2.63, —0.02, p < 0.001, P = 29.1%). 125
St THA Ha S5 St A m1ulE 9 otd & B Aol B55lS W, @3 hs-CRP
$ZF3} (p=0.001), TNF-0.2] -2} 2H&d o] A ZHAE| Tt (p = 0.03) [48]. O] = HS oA F
AE-E ot o] 2l Zrgol g A& o =2 QIsto] 5 2 lo] ZAE Tt & 4
™ [49], Mg A F7F 87 crp 4F 3 RH] 2|5tk A& ofm] &t

il

S o
N

N

o[N
)
r

o ofr

ol ox ox

2
=i
X
=

ot

30 fo

o] A B 71x) AA L AT AR, A, By, S5 0 Fl o, AE AE, A B,
5 AAH A Zo] Aol G2 U1 A 5 Yt WALQS Hrhe Bk A, o
R 9 W49 B F 29 AT o1 ol BFE 2ol 5 AR AR, 2 AT
L AYH TEE A2 AT Ao H5iet, o] &g P Aol E BT B AR
% 7bA AL ZAIRICE 3, 7| 22 AT YRR ALY dhEel 2 A7)
ZF 59 Aol Wk 9l THs Aol Aok B4, B i dhRe] AE S o R
s1917] wh2ol ohE A Folut QFols A e 4 glek. AR, BA| A2 e B 4
of = ol A 2)wl917] w2l 3%E A AZol that Arte] Auial Hs Aol BA7H Y
S 4 Sk ol A AA L AR BRY A7) E RS QY| RO o 2 R &

https://e-jnh.org https://doi.org/10.4163/jnh.2024.57.2.211 223



=R d¥etohe

LEEEE

+ 2t

IJNHS

ASE20| HE0 0|k = F¢ Journal of Nutrition and Health

https://e-jnh.org

_°|L

e do > 1Ir

TE SYAY ot AgolA o A7 1
AFH7HAH oA &2 PRSE 7H Bt Fd of
o 2 vttt 2ok, whe s 27 A ek ok

oo} 4 9lek. o) B o] ReIlo] B 4

RN
o

ol

o
)
of r
e

-

Ky
X

rlr

olt

=
=
=
T

B
1

’

30 r_>i ox W
fr 22wl

olN mat

E o)
i > ol

=2

L

o

o2t

o

re

-

2

1

o

o

i

pacs

L4

_[}i

>

o

rit,

Oy
rﬂ-l
rin
aorr

-
2

02 x

ol
==

o k9] Wo] Bl ThA A 91 4 7ol

W%%%%iﬂﬂﬂqﬁﬁqﬂﬂE:mm7 2zl dE Y

SN259 427 B3 AHAQ Bao] Yt Ao

chRZ 1% A4 Wol Atolol 4l EAH 2 fol
HAL 52 g2 919 W42 74 ol 4ol 1

wehA) 2 AR AT RN A Bl 45 L AE ATl

T A A 7Y % A% Ao e FAYS A

2 W
=l
12
i)
o
o2
o|N
ic)
r =]
r‘Ll

iy
10 oFS e
o
D)
[ 0 0{\)]1 oN rlr
T~ - 2
2 % 2
3R
e

3R g
o
A|m
ofr
AT
rlo
:(I)l:'
N
Bl
1o
12
N¢
rlr
l:lkr

o o gy

2 o

Mo P~ oot
e

> 8o o U ooz fol rfm
4

4 do nE @k ot

30 oz M X rlo

ok rok o]N gy

o Bo32
oo
_?l[

X

ojo

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Dietary intake according to hs-CRP level of study participants

Supplementary Table 2

Association between laver, kelp/sea mustard, total seaweed intake with hs-CRP

Supplementary Table 3
Adjusted HRs and 95% CIs of high hs-CRP level (> 1 mg/L) incidence depending on laver intake
by sex

Supplementary Table 4
Adjusted HRs and 95% CIs of high hs-CRP level (> 1 mg/L) incidence depending on kelp/sea

mustard intake by sex
Supplementary Table 5

Adjusted HRs and 95% CIs of high hs-CRP level (> 1 mg/L) incidence depending on total seaweed

intake by sex
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