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Participants in the
2016~2021 KNHANES
(n=46,828)

Excluded those (n=16,556)

*

who did not participate a 24 —hour
dietary recall survey and a health
examination (n=8,250)

who reported an implausible energy

intake (<500 or >5000kcal/day)

Study subject I
(n=30,272)

Study subject 11
(n=17,880)

Excluded those (n=12,392)

*

who fasted less than eight hours before
a blood test (n=1,272)

who were pregnant or lactating
women (n=250)

who had been diagnosed with
hypertension, dyslipidemia, or
diabetes (n=10,554)

who had been missed medical

examination measurements (n=316)

Figure 1. Flow chart for selecting study participants.
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Table 1. Types of seaweed consumed by the subject

Type

Seaweed

Brown seaweeds

Red seaweeds

Green seaweeds

Sea mustard
Kelp
Seaweed fusiforme
Gulfweed
Laver
Agar
Sea string
Green laver
Seaweed fulvescens
Codium fragile

Green moss




o
N
n_mH
o
Hia

—

0
=K

N

0
N_.Uﬂo

ESRE L

3]

3

19 2443 3749 ARE ol &

), ZHUAHZE, o]

ghul, thojopal, ¢4k b

=
=

, 2E, A, WERA, Eopwl, R

A F YA 1,000kcal thu] 413

cel 4AY 2

il

€}

sk,

VS|
~

nE

Far, A4

HAeE M= A, v &}, g

&H
=

o =
Ov/] —/)_]_/_u_‘_'_’.,

A

=
IT

3

aed

, bR E AR

Fotct.

7}s

73}

S (23).

A4 Asg 7}

A

=
K

Fg- A1 Al

2_<1

bgor], A2k v

S

7k 0.1cm, 0.1kg @Y 71x] A4S

)

A F

o w2 A Z A 4 (body

ol
oK
oK

3

%3¢ 9

Eis

s}
ol

g

=
R

|

toict sE=E

S

mass index, BMI, kg/m?) & A&

fife)

ol
70

bl =

S

o7

ol
0

&+

RY2

2 R R =

—_
110

&Ko
A
1

ojy

ol

FH 4 8AIZE o] 9l 2AF A 124

=
R

ECER



3 AES AYysE & PFRASte] FASQT sEIEEH, FAAAY Y
HDL—Z#| A~ H =2 Hitachi Automatic Analyzer 7600—210 (Hitachi/ Japan) &

ojg3l =73ttt

5. tArSFo et

NCEP—ATP III (National Cholesterol Education Program—Adult Treatment
Panel 1II) 91 thgtn|wtetrs| o] 7]Eo wet =57] 99 130mmHg E+= °] ]
g9t 85mmHg ©]%), ¥% ¥% 100mg/dL ©]%, HDL-ZF#HxeE 94
40mg/dL, ©14d 50mg/dL wIwk, SAA% 150mg/dL ©]4, slgzd &4
90cm, %14 85cm °]4e 5718 A& T 37HA o]¥el T A5 dATF

7O 7 ke th(24, 25).

ATARTA Qoo AE, AP, ARAY, ATEE, BEFE

o
4
o
ol

ol
e

ow AHE 19~294], 30~49A4], 50~644], 65~74A, 754 o|Ao 7 HFE

[
|t
o
S
B
o
i
ol
of\
ol
of\
o
o
o
i
1
oy
R
=
El
Ho
-
N
rlo
of\
N
o
ol
&
fup



Pl (A=) 53H(10070m]) o] L,

2w

=y
ol

o
e

n "

Fotct.

S

A =7 To=2 F9

Pt

S

BMI 25kg/m* o] A$=2 A9

7. SAA e

°o]-&

S SAS Software 9.4 (SAS Institute, Cary, NC, USA) =

VS|
~

BE A &

Proc

3

<]

G171

[e;

2 2} (standard

Survey procedureZ o]&

Fotct.

S

3k

error,SE) 2 A A|

ol

).

q
b
e
N
T

i
N

3

(General Linear Model) <

€]

1
-

€]

WA

0]
=

Fhol A5 7 %8 (Chi—square test) £}

=
=

Regression

Logistic

PRt s EAAE A4 (Multiple

2R

s

°o]-&

S
=

Analysis)

m

1w =}8] (Odds Ratio, OR)

Fol 3

S

AHg

=
=

N

o B =g ¥t =3 SASO lgtphcurv9 WA E

Restricted cubic spline (RCS)

Eis

o] waprjel] of

Q4

1

ol
=

ol

= AlA

curves

sheie.

R A

P <0.05

)
e



V. 94 234

R ES L

DN ES NGRS =3
AFdAe Bt 2R AR Figure 20 AASYA ATOEA F

N

30,2727 T 19 2447 IS FRe] A dzwE AAT A
14,0607 2. & °F 46.4%¢°] slFstalct. A7 Ak dAle] Gt slzf HAT
< oF 3.7g/daydlen, dlEF AHAS B sxi HHAZS oF 7.9g/day®

LHERR



Daily Seaweed intake (g/day)

D oW s~ 01O N 00 ©

[

Total subjects Seaweed consumers
(n=30,272) (n=14,060)

Figure 2. Mean daily total seaweed intake of study subjects
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Table 2—1. Seaweed intake according to general characteristics of subjects

Characteristic (n=’l;)%tyagl72) Total S(an/gjj)% intake Pvalue
Total 3.7(0.1)
Sex 0.0515
Male 12,809(49.5) 3.8(0.1)
Female 17,463(50.5) 3.5(0.1)
Age (Years) <.0001
Mean" 48.0(0.2) -
19-29 3,423(17.2) 1.9(0.1)
30—49 9,654(36.8) 3.6(0.2)
50—64 8,521(26.9) 4.8(0.2)
65—74 5,007(11.3) 3.9(0.2)
75+ 3,667(7.7) 3.8(0.3)
Regional type 0.5690
Dong 24,212(85.8) 3.6(0.1)
Eup-myeon 6,060(14.2) 3.8(0.2)
Region <.0001
Seoul 5,739(22.3) 3.2(0.2)
Busan 1,999(6.8) 5.6(0.5)
Daegu 1,365(4.6) 3.8(0.4)
Incheon 1,612(5.9) 2.8(0.3)
Gwangju 957(3.3) 3.5(0.6)
Daejeon 972(3.2) 3.2(0.5)
Ulsan 641(2.1) 5.9(1.1)
Sejong 634(0.5) 4.7(0.5)
Gyeonggi 7,066 (25.3) 3.3(0.2)
Kangwon 1,055(2.8) 3.5(0.4)
Chungbuk 945(2.6) 2.7(0.3)
Chungnam 1,056 (3.5) 2.9(0.4)
Jeonbuk 1,013(3.2) 3.6(0.7)
Jeonnam 1,086(2.8) 5.5(0.8)
Kyungbuk 1,611(4.6) 3.3(0.3)
Kyungnam 1,908(5.5) 5.5(0.4)
Jeju 613(1.0) 5.1(0.9)

All values are presented as N(weighted %)

#value are Presented as Mean (SE)

1) Household income: quartile of monthly household income

2) Obesity: BMI is 25kg/m? or higher

3) Physical activity: performed moderate —intensity activities for at least 150 min or vigorous—intensity activities for at least 75 min or an
equivalent combination of moderate— and vigorous—intensity activity during a typical week

4) Current smoking: smoked more than 5 packs(100 cigarettes) of regular cigarettes in his or her lifetime and a current smoker

5) Alcohol consumption: drank alcoholic beverages more than once a month over the past year



Table 2—2. Seaweed intake according to general characteristics of subjects

Characteristic (n=’l;)%tyagl72) Total S(ega/\évaej)d* intake P value
Household income? 0.7412
Low 6,087(15.3) 3.6(0.2)
Middle—low 7,429(23.4) 3.7(0.2)
Middle—high 8,028(28.8) 3.5(0.1)
High 8,624 (32.5) 3.7(0.2)
Education 0.8174
Less than middle school 8,685(21.4) 3.6(0.2)
High school 9,208(35.5) 3.6(0.1)
College or more 10,720(43.1) 3.7(0.2)
Obesity? 0.6413
Normal 19,502(64.6) 3.6(0.1)
Obesity 10,527(35.4) 3.7(0.1)
Physical activity™ 0.9609
No 16,492(54.0) 3.7(0.1)
Yes 12,089(46.0) 3.7(0.1)
Current smoking®” 0.6041
No 25,181(80.8) 3.7(0.1)
Yes 4,783(19.2) 3.6(0.2)
Alcohol consumption® 0.0184
No 14,700(43.8) 3.9(0.1)
Yes 15,281(56.2) 3.5(0.1)
Lactation® 0.7630
No 17,318 (99.1) 3.5(0.1)
Yes 145(0.9) 4.0(1.5)

All values are presented as N(weighted %)

xvalue are Presented as Mean (SE)

1) Household income: quartile of monthly household income

2) Obesity: BMI is 25kg/m? or higher

3) Physical activity: performed moderate —intensity activities for at least 150 min or vigorous—intensity activities for at least 75 min or an

equivalent combination of moderate— and vigorous—intensity activity during a typical week

4) Current smoking: smoked more than 5 packs(100 cigarettes) of regular cigarettes in his or her lifetime and a current smoker

5) Alcohol consumption: drank alcoholic beverages more than once a month over the past year

6) Lactation: women who are lactating at the time of survey



3) AxF AR FEO HE Dy 54
AFOIA SR HH pEol WE QA 5HE& Table 39 AL
SR HA el o PE B2 Aol HANAS W, LSTL o4

F0] 54.3%% AR ¢ =

o
=
s
w0
~d
Flo
i
o
1o
e
i
o
(@)
\]
—
;)
l
2
e
=

ne) 7 debdoh A 289 A9 R¥E SlsRS o, HSEY Bt A

< 50.1A= v el Bl 3tow, LSTe] Bl

ol
flo
N
o))
w
>
l
A\
)
o,
v

lo

Jrdgon vehich E# Aol RE AolF selstde u, HST]

50~64419] HlEo] T ol Hlal £3kom, 19~2941¢] nl&o] th& Lol H]

8 e REZ etk £ LSEAA e Tol wal A5 ¥
g1e wgat FiHoR wekgel ugo] wA tebdth Zeln @A FAE
XS dlstale W, LSwol 16.8%% A4 os o ol vl3] @& &%

i

YEFATH (P <.0001 for all).



Table 3—1. General characteristics of study subjects according to seaweed

intake level

NC

LS

HS

Characteristic (n=16,212) (n=7,034) (n=7,026) Fvalue
Sex <.0001
Male 6,924 (50.2) 2,717(45.7) 3,168(52.1)
Female 9,288(49.8) 4,317(54.3) 3,858(47.9)
Age (Years) <.0001
Mean 47.8(0.2) 46.3(0.3) 50.1(0.3)
19-29 2,095(19.5) 852(18.0) 476(11.0)
30—49 4,810(34.9) 2,636 (40.7) 2,208(37.2)
50—64 4,202(24.7) 1,946 (26.3) 2,373(32.9)
65—74 2,815(11.9) 1,003(9.6) 1,189(11.7)
75+ 2,290(9.0) 597(5.4) 780(7.2)
Type of residential area 0.0012
Dong 12,786(85.0) 5,820(87.6) 5,606 (85.7)
Eup-myeon 3,426 (15.0) 1,214(12.4) 1,420(14.3)
Region <.0001
Seoul 2,985(21.8) 1,480(24.5) 1,274(21.1)
Busan 1047(6.6) 416(6.3) 536(8.1)
Daegu 746(4.8) 308(4.2) 311(4.5)
Incheon 842(5.9) 409(6.4) 361(5.6)
Gwangju 477(3.3) 241(3.3) 239(3.4)
Daejeon 504(3.1) 250(3.4) 218(3.2)
Ulsan 328(2.0) 153(2.2) 160(2.2)
Sejong 310(0.4) 152(0.5) 172(0.6)
Gyeonggi 3,790(25.7) 1,727(25.9) 1,549(23.8)
Kangwon 552(2.7) 248(2.8) 255(2.7)
Chungbuk 507(2.7) 218(2.6) 220(2.5)
Chungnam 581(3.5) 244(3.7) 231(3.4)
Jeonbuk 615(3.4) 203(3.1) 195(3.0)
Jeonnam 595(2.8) 182(2.1) 309(3.6)
Kyungbuk 987(5.2) 297(3.7) 327(4.3)
Kyungnam 999(5.2) 392(4.9) 517(6.8)
Jeju 347(1.0) 114(0.7) 152(1.1)

All values are presented as N(weighted %)

xvalue are Presented as Mean (SE)

NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group



Table 3—2. General characteristics of study subjects according to seaweed

intake level

Characteristic (n=11\23?212) (n=%,so34) (n=1;1,%26) Fvalue
Household income? <.0001
Low 3,738(17.3) 1,037(11.6) 1,312(14.6)
Middle—low 3,987(23.7) 1,640(21.6) 1,802(24.4)
Middle—high 4,151(28.0) 2,015(30.3) 1,862(28.9)
High 4,282(30.9) 2,318(36.5) 2,024 (32.1)
Education <.0001
Less than middle school 5,138(23.6) 1,685(16.6) 1,962(21.2)
High school 4,838(35.8) 2,160(34.5) 2,210(35.7)
College or more 5,305(40.6) 2,934(48.9) 2,481(43.1)
Obesity? 0.0070
Normal 10,328(64.0) 4,663(66.4) 4,511(64.1)
Obesity 5,739(36.0) 2,322(33.6) 2,466 (35.9)
Physical activity™ 0.1597
No 8,913(54.5) 3,753(52.9) 3,831(53.9)
Yes 6,342(45.5) 2,924 (47.1) 2,823(46.1)
Current smoking®” <.0001
No 13,337(79.8) 5,987(83.2) 5,857(80.6)
Yes 2,690(20.2) 980(16.8) 1,113(19.4)
Alcohol consumption” 0.3944
No 7,875(43.6) 3,331(43.5) 3,494 (44.7)
Yes 8,163(56.4) 3,639(56.5) 3,479(55.3)
Lactation® 0.8359
No 16,142(99.6) 6,993(99.5) 6,992(99.6)
Yes 70(0.4) 41(0.5) 34(0.4)

All values are presented as N(weighted %)

xvalue are Presented as Mean (SE)

NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group

1) Household income: quartile of monthly household income

2) Obesity: BMI is 25kg/m? or higher

3) Physical activity: performed moderate—intensity activities for at least 150 min or vigorous—intensity activities for at least 75 min or an

equivalent combination of moderate— and vigorous—intensity activity during a typical week

4) Current smoking: smoked more than 5 packs(100 cigarettes) of regular cigarettes in his or her lifetime and a current smoker

5) Alcohol consumption: drank alcoholic beverages more than once a month over the past year

6) Lactation: women who are lactating at the time of survey
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Table 4—1. Nutrient intake according to seaweed intake level

. NC LS HS
Nutrient (n=16.212) (n=7,034) (n=7,026) Pvalue

Nutrient intake (/day)

Energy (kcal) 1,856.3(7.7)® 1,911.0(11.0)° 1,988.9(11.2)°¢ <.0001
Carbohydrate (g) 274.5(0.7)® 278.7(1.0)° 288.9(1.0)¢ <.0001
Protein(g) 67.5(0.2)° 67.4(0.3)° 68.5(0.3)° 0.0182
Fat(g) 43.5(0.2)® 41.8(0.3)° 41.1(0.3)° <.0001
SFA(g) 14.1(0.1)* 13.1(0.1)" 12.5(0.1)¢ <.0001
MUFA (g) 13.9(0.1)* 13.2(0.1)"° 13.2(0.1)"° <.0001
PUFA(g) 11.0(0.1)* 11.4(0.1)" 11.3(0.1)° 0.0043
Cholesterol (mg) 222.6(1.8)° 239.8(2.5)" 229.4(2.9)* <.0001
Dietary Fiber (g) 25.0(0.1)* 24.8(0.2)* 27.4(0.2)° <.0001
Calcium (mg) 485.9(2.8)* 483.6(3.8)* 527.3(3.9)° <.0001
Sodium (mg) 3,099.3(14.9)* 3,345.1(21.5)° 3,489.3(23.2)¢ <.0001
Potassium (mg) 2,682.6(10.8) 2,649.4(12.8)° 2,940.7(14.0)¢ <.0001
Iron(mg) 10.3(0.1)* 10.4(0.1)* 11.3(0.1)° <.0001
Vit A(pg RAE) 356.4(4.0)* 384.9(7.2)° 397.5(5.9)° <.0001
Thiamine (mg) 1.20(0.01)* 1.17(0.01)° 1.21(0.01)* 0.0004
Riboflavin (mg) 1.49(0.01)* 1.49(0.01)* 1.54(0.01)° 0.0002
Niacin(mg NE) 12.4(0.1)* 12.1(0.1)" 12.6(0.1)¢ 0.0002
Folate (ug DFE) 304.0(1.5)® 311.1(1.9)° 356.2(2.2)°¢ <.0001
Vit C(mg) 60.1(0.9)* 64.6(1.7)° 69.2(1.2)°¢ <.0001
% of energy
Carbohydrate (%) 63.7(0.1)* 64.4(0.2)° 64.9(0.2)¢ <.0001
Protein (%) 15.2(0.0) 15.2(0.1) 15.2(0.1) 0.5438
Fat(%) 21.1(0.1)*® 20.4(0.1)° 19.9(0.1)¢ <.0001

All value are presented as adjusted mean(SE)

NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group SFA: saturated fatty acid, MUFA: monounsaturated fatty
acid, PUFA: polyunsaturated fatty acid, Vit: vitamin, RAE: retinol activity equivalent, NE: niacin equivalent, DFE: dietary folate equivalent
1) Adjusted for age, sex, and total energy intake (except for total energy intake).

a, b, c: Indicate significant differences of p<0.05 (Tukey’s multiple comparison test)



Table 4—2. Nutrient density according to seaweed intake level

Nutrient” (n=11\éc,:212) (n=%,5034) (n=1;1,%26) Pvalue
Nutrient density?
Carbohydrate (g) 153.5(0.3)* 154.6(0.5)* 157.4(0.4)° <.0001
Protein(g) 36.3(0.1)* 36.1(0.2)* 36.8(0.2)° 0.0051
Fat(g) 22.4(0.1)* 21.8(0.1)° 21.9(0.1)° 0.0014
SFA(g) 7.3(0.0)* 6.8(0.1)° 6.6(0.1)°¢ <.0001
MUFA (g) 7.0(0.0)* 6.8(0.1)° 7.0(0.1)* 0.0125
PUFA(g) 5.7(0.0)* 6.0(0.0)° 6.0(0.0)° <.0001
Cholesterol (mg) 117.3(1.0)* 126.8(1.3)° 122.3(1.5)¢ <.0001
Dietary Fiber (g) 14.0(0.1)* 13.9(0.1)* 15.1(0.1)" <.0001
Calcium (mg) 273.2(1.5)* 267.9(2.0)° 286.7(2.0)¢ <.0001
Sodium (mg) 1,697.0(8.2)* 1,816.5(11.1)° 1,882.7(12.0)¢ <.0001
Potassium (mg) 1,494.4(6.0)° 1,466.6(6.8)" 1,605.6(7.3)°¢ <.0001
Iron(mg) 5.7(0.0)* 5.7(0.0)* 6.1(0.0)° <.0001
Vit A(pg RAE) 196.5(2.1)* 210.5(3.6)" 217.8(3.0)° <.0001
Thiamine (mg) 0.7(0.0)® 0.6(0.0)° 0.7(0.0)® <.0001
Riboflavin (mg) 0.81(0.00)® 0.81(0.00)® 0.83(0.01)"° 0.0038
Niacin(mg NE) 6.7(0.0)* 6.6(0.0)° 6.8(0.0)* <.0001
Folate (ug DFE) 171.4(0.8)* 174.2(1.0)° 195.2(1.1)°¢ <.0001
Vit C(mg) 34.3(0.5)® 36.0(0.8)* 38.1(0.7)° <.0001

All value are presented as adjusted mean(SE)

NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group SFA: saturated fatty acid, MUFA: monounsaturated fatty
acid, PUFA: polyunsaturated fatty acid, Vit: vitamin, RAE: retinol activity equivalent, NE: niacin equivalent, DFE: dietary folate equivalent
1) Adjusted for age, sex, and total energy intake.

2) Nutrient density: nutrient intake/1000kcal

a, b, c: Indicate significant differences of p<0.05 (Tukey’s multiple comparison test)
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Table 5. Food group intake according to the subject’s seaweed intake level

Food group” (n=11\23?212) (n=%,so34) (n=1;1,%26) Pvalue
Grains 263.0(1.3)® 282.1(1.8)° 277.1(1.8)° <.0001
White rice 149.6(1.1)*° 161.6(1.4)° 185.9(1.5)¢ <.0001
Grain 36.7(0.7)* 40.3(1.2)° 35.3(1.1)*® 0.0051
Noodles 42.2(0.9)® 52.2(1.4)° 29.0(1.D¢ <.0001
Breads 26.6(0.6)* 23.9(0.8)° 22.7(0.8)° 0.0003
Pizza and burger 8.0(0.5)° 4.0(0.6)° 4.1(0.5)° <.0001
Potato and Starch 36.4(0.9)® 31.4(1.D° 33.2(1.3)° <.0001
Sweets 8.5(0.2) 8.9(0.3)* 8.0(0.3)° 0.0483
Legumes 39.5(0.8) 37.3(1.2) 40.8(1.2) 0.0997
Nuts and seeds 6.3(0.2)° 7.1(0.4)* 8.1(0.5)° 0.0023
Vegetables 300.1(2.0)® 299.8(2.6)° 312.8(2.9)° 0.0004
Unsalted vegetables 189.9(1.8) 189.7(2.2) 190.2(2.6) 0.9883
Salted vegetables 110.2(1.1)® 110.1(1.4)® 122.7(1.7)" <.0001
Mushroom 6.1(0.2) 6.3(0.3) 6.2(0.4) 0.9260
Fruits 152.6(2.5)° 157.6(3.3) 174.6(3.6)" <.0001
Seasonings 34.2(0.3)® 34.9(0.5)® 32.4(0.4)° 0.0005
Plant oils 5.5(0.1)* 6.2(0.1)° 5.9(0.1)° <.0001
Meats 117.1(1.4)*° 98.9(1.9)° 86.2(1.8)°¢ <.0001
Egg 26.8(0.5)? 32.4(0.6)° 33.2(0.7)° <.0001
Fish and Shellfish 87.0(1.5)® 121.9(2.4)° 114.4(2.4)°¢ <.0001
Dairy foods 81.7(1.5)° 80.3(2.1)* 75.1(2.1)° 0.0344
Animal oils 0.4(0.0)® 0.2(0.0)" 0.2(0.0)¢ <.0001
Beverages 187.1(3.0)¢ 202.3(4.4)° 165.8(4.4)¢ <.0001
Alcohols 108.4(3.0)* 106.5(4.2)* 71.2(3.9)" <.0001

All value are presented as adjusted mean(SE)
NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group
1) Adjusted for total energy intake, age, sex.

a, b, c: Indicate significant differences of p<0.05 (Tukey’s multiple comparison test)
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Table 6. Major sources of seaweed

Number of Mean . Cumulative
. Contribution rate .
Rank Seaweed consumers intake (%) contribution rate

(n(%)) (g/day) 7 (%)
1% Laver 10,141(60.2) 2.3 63.4 63.4
ond Sea mustard 4,499(26.7) 3.7 26.3 89.7
3 Kelp 1,273(7.6) 0.8 6.2 95.9
4t Green laver 471(2.8) 0.5 2.1 98.0
5t S.Fulvescens 207(1.2) 0.3 1.0 99.0
gt S.Fusiforme 173(1.0) 0.2 0.7 99.7
7t Agar 39(0.2) 0.2 0.2 99.9
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Table 7—1. General characteristics of subjects according to metabolic

syndrome
Characteristic Total Normal é\gfentgfgﬁz P value
(n=17,880) (n=14,717) (1=3.163)
14,717(82.6) 3,163(17.4)
Sex <.0001
Male 7,5676(50.3) 5,765 (46.7) 1,811(67.3)
Female 10,304 (49.7) 8,952(53.3) 1,352(32.7)
Age (Years) <.0001
Mean” 42.0(0.2) 41.0(0.2) 47.0(0.3)
19-29 3,160(24.2) 2,926(27.1) 234(10.4)
30—49 7,969 (46.0) 6,641(45.4) 1,328(49.0)
50-64 4,445(21.9) 3,449(20.5) 996 (28.9)
65—74 1,480(5.1) 1,080(4.5) 400(7.9)
75+ 826(2.7) 621(2.5) 205(3.9)
Type of residential area <.0001
Dong 14,909(88.0) 12,399(88.7) 2,5610(84.8)
Eupmyeon 2,971(12.0) 2,318(11.3) 653(15.2)
Region 0.0001
Seoul 3,622(23.3) 3,036(23.6) 586(21.5)
Busan 1103(6.4) 960(6.7) 143(5.0)
Daegu 800(4.6) 685(4.8) 115(3.6)
Incheon 997(6.1) 800(5.9) 197(7.0)
Gwangju 627(3.6) 503(3.4) 124(4.2)
Daejeon 575(3.2) 491(3.3) 84(2.6)
Ulsan 389(2.0) 321(2.0) 68(2.0)
Sejong 392(0.5) 328(0.5) 64(0.5)
Gyeonggi 4,435(26.3) 3,642(26.2) 793(26.7)
Kangwon 548(2.4) 436(2.4) 112(2.7)
Chungbuk 493(2.4) 364(2.2) 129(3.5)
Chungnam 565(3.3) 453(3.2) 112(3.8)
Jeonbuk 544(3.2) 447(3.2) 97(3.1)
Jeonnam 581(2.7) 455(2.6) 126(3.2)
Kyungbuk 825(4.1) 655(3.9) 170(4.6)
Kyungnam 1,023(5.1) 845(5.1) 178(5.0)
Jeju 361(0.9) 296(0.9) 65(0.9)

All values are presented as N(weighted %)

#value are Presented as Mean (SE)

1) Household income: quartile of monthly household income

2) Obesity: BMI is 25kg/m? or higher

3) Physical activity: performed moderate —intensity activities for at least 150 min or vigorous—intensity activities for at least 75 min or an
equivalent combination of moderate— and vigorous—intensity activity during a typical week

4) Current smoking: smoked more than 5 packs(100 cigarettes) of regular cigarettes in his or her lifetime and a current smoker

5) Alcohol consumption: drank alcoholic beverages more than once a month over the past year



Table 7—2. General characteristics of subjects according to metabolic

syndrome
Characteristic Total Normal é\gfentgfgﬁz P value
(n=17,880) (n=14,717) (n=3.163)
Household income? <.0001
Low 2,173(10.1) 1,668(9.6) 505(12.7)
Middle—low 4,210(22.4) 3,383(22.0) 827(24.3)
Middle—high 5,380(31.3) 4,448(31.4) 932(30.8)
High 6,074 (36.2) 5,179(37.1) 895(32.2)
Education <.0001
Less than middle school 2,816(11.3) 2,047(9.8) 769(18.3)
High school 6,105(37.9) 5,082(38.3) 1,023(36.0)
College or more 8,217(50.8) 7,010(51.8) 1,207 (45.7)
Obesity? <.0001
Normal 12,598(69.1) 11,645(78.0) 953(26.6)
Obesity 5,240(30.9) 3,044 (22.0) 2,196(73.4)
Physical activity™ <.0001
No 9,136(50.3) 7,337(48.9) 1,799(57.3)
Yes 7,987(49.7) 6,788(51.1) 1,199(42.7)
Current smoking®” <.0001
No 14,703(79.7) 12,345(81.6) 2,358(70.8)
Yes 3,066(20.3) 2,290(18.4) 776(29.2)
Alcohol consumption® 0.092
No 7,594 (38.9) 6,271(39.2) 1,323(37.4)
Yes 10,181(61.1) 8,368(60.8) 1,813(62.6)

All values are presented as N(weighted %)

#value are Presented as Mean (SE)

1) Household income: quartile of monthly household income

2) Obesity: BMI is 25kg/m? or higher

3) Physical activity: performed moderate —intensity activities for at least 150 min or vigorous—intensity activities for at least 75 min or an
equivalent combination of moderate— and vigorous—intensity activity during a typical week

4) Current smoking: smoked more than 5 packs(100 cigarettes) of regular cigarettes in his or her lifetime and a current smoker

5) Alcohol consumption: drank alcoholic beverages more than once a month over the past year
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Table 8. Metabolic syndrome indicators according to seaweed intake level

NC LS HS P value
(n=9,448) (n=4,216) (n=4,216)

Waist circumference (cm)

Model 1 81.5(0.1)* 80.5(0.2)° 81.7 (0.2)* <.0001

Model 2 82.0(0.2) 81.7(0.2) 81.9(0.2) 0.275
Systolic blood pressure (mmHg)

Model 1 114.8(0.2)° 113.7(0.3)° 115.6(0.3)¢ <.0001

Model 2 116.2(0.2) 116.0(0.3) 116.2(0.3) 0.757
Diastolic blood pressure (mmlHg)

Model 1 75.2(0.1)* 75.0(0.2)® 75.9(0.2)° 0.002

Model 2 74.5(0.2) 74.6(0.2) 74.8(0.2) 0.416
Fasting blood glucose (mg/dL)

Model 1 95.4(0.2)® 95.0(0.3)® 96.3(0.3)° 0.001

Model 2 96.4(0.4) 96.5(0.4) 96.4(0.3) 0.989
HDL-cholesterol (mg/dL)

Model 1 52.8(0.2)® 53.6(0.2)° 52.2(0.2)¢ <.0001

Model 2 51.5(0.2) 51.5(0.3) 51.2(0.3) 0.368
Fasting triglyceride (mg/dL)

Model 1 124.3(1.4)*° 119.4(1.6)° 131.4(1.8)°¢ <.0001

Model 2 132.2(2.0)* 131.4(2.1)* 137.0(2.1)° 0.045

All value are presented as Mean (SE)

NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group, HDL: high density lipoprotein

Model 2: Adjusted for total energy intake, age, sex, town, household income, education, BMI (except for waist circumference), physical
activity, current smoking, and alcohol consumption.

a, b, c: Indicate significant differences of p<0.05 (Tukey’s multiple comparison test)
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Table 9. Metabolic syndrome indicators according to seaweed intake level

stratified by sex and age group

NC LS HS P value
Sex
Male n=4,079 n=1,748 n=1749
Waist circumference (cm) 85.6 (0.2) 85.3 (0.3) 85.7 (0.3) 0.479
Systolic blood pressure (mmHg) 119.4 (0.3) 119.3 (0.4) 119.5 (0.4) 0.915
Diastolic blood pressure (mmlg) 77.4 (0.3) 77.4 (0.3) 77.5 (0.3) 0.844
Fasting blood glucose (mg/dL) 98.7 (0.5) 98.6 (0.5) 98.9 (0.6) 0.904
HDL-cholesterol (mg/dL) 47.9 (0.3) 47.9 (0.4) 47.4 (0.3) 0.303
Triglyceride (mg/dL) 150.0 (2.9) 148.1 (3.3) 155.7 (3.5) 0.199
Female n=5,369 n=2,468 n=2,467
Waist circumference (cm) 78.5 (0.3) 78.1 (0.3) 78.2 (0.4) 0.283
Systolic blood pressure (mmHg) 113.5 (0.4) 113.2 (0.5) 113.4 (0.5) 0.761
Diastolic blood pressure (mmlg) 73.0 (0.3) 73.1 (0.3) 73.2 (0.3) 0.831
Fasting blood glucose (mg/dL) 94.4 (0.4) 94.5 (0.5) 94.2 (0.4) 0.764
HDL-cholesterol (mg/dL) 56.4 (0.4) 56.5 (0.4) 56.2 (0.4) 0.645
Triglyceride (mg/dL) 109.7 (2.2) 110.8 (2.4) 112.4 (2.5) 0.345
Age group
19—-64 years n=8,085 n=3,745 n=3,744
Waist circumference (cm) 82.1 (0.2) 81.9 (0.2) 82.3 (0.2) 0.193
Systolic blood pressure (mmHg) 115.4 (0.3)* 115.5 (0.4)® 116.3 (0.4)° 0.009
Diastolic blood pressure (mmlg) 75.7 (0.2)* 75.9 (0.3)® 76.3 (0.2)° 0.037
Fasting blood glucose (mg/dL) 96.7 (0.4) 96.9 (0.4) 97.5 (0.4) 0.069
HDL-cholesterol (mg/dL) 52.1 (0.2) 52.1 (0.3) 51.6 (0.3) 0.153
Triglyceride (mg/dL) 135.1 (2.3)® 134.4 (2.3)* 142.8 (2.4)° 0.001
65+ years n=1,363 n=468 n=475
Waist circumference (cm) 83.1 (0.5) 82.9 (0.6) 83.1 (0.6) 0.940
Systolic blood pressure (mmHg) 124.8 (1.1) 124.9 (1.3) 126.0 (1.3) 0.580
Diastolic blood pressure (mmlg) 73.5 (0.6) 73.3 (0.7) 73.8 (0.7) 0.815
Fasting blood glucose (mg/dL) 100.1 (1.1) 100.3 (1.2) 100.9 (1.2) 0.795
HDL-cholesterol (mg/dL) 50.7 (0.7) 49.9 (0.9) 50.6 (0.9) 0.476
Triglyceride (mg/dL) 124.1 (3.5) 130.2 (4.5) 124.9 (3.9) 0.310

All value are presented as Mean (SE)

NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group, HDL: high density lipoprotein

1) Adjusted for total energy intake, age (except for age group), sex (except for sex), town, household income, education, BMI (except for
waist circumference), physical activity, current smoking, alcohol consumption.

a, b, c: Indicate significant differences of p<0.05 (Tukey’s multiple comparison test)
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Table 10. Odds ratios of metabolic syndrome and its components according

to seaweed intake level

NC LS HS
(n=9,448) (n=4,216) (n=4,216)

Abdominal obesity

Model 1 1.00 0.84 (0.76-0.93) 1.06 (0.97-1.17)

Model 2 1.00 0.89 (0.79-0.99) 1.01 (0.91-1.12)
High blood pressure

Model 1 1.00 0.89 (0.80-0.99) 1.12 (1.02-1.24)

Model 2 1.00 1.02 (0.90-1.15) 1.04 (0.93-1.16)
High blood glucose

Model 1 1.00 0.93 (0.84-1.03) 1.21 (1.10-1.34)

Model 2 1.00 0.98 (0.88—-1.10) 1.07 (0.96-1.18)
Low—HDL cholesterol

Model 1 1.00 0.98 (0.89-1.08) 1.08 (0.99-1.18)

Model 2 1.00 1.03 (0.92-1.14) 1.06 (0.96—1.17)
High triglyceride

Model 1 1.00 0.88 (0.80-0.97) 1.12 (1.09-1.31)

Model 2 1.00 0.93 (0.83-1.04) 1.16 (1.05-1.29)
Metabolic syndrome

Model 1 1.00 0.83 (0.74-0.94) 1.14 (1.03-1.27)

Model 2 1.00 0.90 (0.77-1.04) 1.10 (0.96—1.25)

All values are presented as Odds ratio (95% CI)
NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group, HDL: high density lipoprotein
Model 2: Adjusted for total energy intake, age, sex, town, household income, education, BMI (except for abdominal obesity), physical activity,

current smoking, and alcohol consumption.
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to seaweed intake level stratified by sex and age group

Table 11. Odds ratios of metabolic syndrome and its components according

NC LS HS

Sex

Male n=4,079 n=1,748 n=1749
Abdominal obesity 1.00 0.88 (0.76—1.01) 1.03 (0.89-1.20)
High blood pressure 1.00 1.06 (0.92-1.24) 1.02 (0.88-1.18)
High blood glucose 1.00 1.01 (0.87-1.18) 1.13 (0.97-1.32)
Low—HDL cholesterol 1.00 1.03 (0.87-1.22) 1.06 (0.90-1.26)
High triglyceride 1.00 0.91 (0.78—1.05) 1.22 (1.06—-1.40)
Metabolic syndrome 1.00 0.89 (0.74-1.07) 1.12 (0.94-1.34)

Female n=5,369 n=2,468 n=2,467
Abdominal obesity 1.00 0.89 (0.76-1.05) 0.98 (0.85-1.14)
High blood pressure 1.00 0.97 (0.81-1.17) 1.05 (0.89-1.24)
High blood glucose 1.00 0.97 (0.83-1.13) 0.96 (0.82-1.12)
Low—HDL cholesterol 1.00 1.00 (0.87-1.14) 1.09 (0.96-1.24)
High triglyceride 1.00 0.95 (0.80-1.14) 1.10 (0.93-1.28)
Metabolic syndrome 1.00 0.91 (0.73-1.14) 1.07 (0.88-1.31)

Age group

19—-64 years n=8,085 n=3,745 n=3,744
Abdominal obesity 1.00 0.91 (0.81-1.02) 1.02 (0.91-1.14)
High blood pressure 1.00 1.04 (0.92-1.19) 1.18 (1.05-1.33)
High blood glucose 1.00 1.01 (0.89-1.13) 1.24 (1.11-1.38)
Low—HDL cholesterol 1.00 1.04 (0.93-1.16) 1.09 (0.98-1.21)
High triglyceride 1.00 0.92 (0.82-1.04) 1.23 (1.11-1.37)
Metabolic syndrome 1.00 0.92 (0.78—1.07) 1.21 (1.05-1.39)

65+ years n=1,363 n=468 n=475
Abdominal obesity 1.00 0.83 (0.62-1.12) 1.23 (0.94-1.60)
High blood pressure 1.00 0.98 (0.75-1.28) 1.06 (0.82—-1.37)
High blood glucose 1.00 1.00 (0.76-1.32) 0.90 (0.68—1.18)
Low—HDL cholesterol 1.00 1.07 (0.80-1.42) 1.12 (0.85—1.48)
High triglyceride 1.00 1.13 (0.83-1.54) 1.14 (0.84-1.54)
Metabolic syndrome 1.00 1.02 (0.73-1.43) 1.29 (0.94-1.77)

All values are presented as Odds Ratio(95% Cl)

NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group, HDL: high density lipoprotein

Model 2: Adjusted for total energy intake, age (except for age group), sex (except for sex), town, household income, education, BMI (except for abdominal
obesity), physical activity, current smoking, alcohol consumption.
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Table 12. Odds ratios of metabolic syndrome and its components according

to seaweed intake level (II)

NC
(n=9,448)

LS

(n=4,216)

HS
(n=4,216)

Abdominal obesity
Model 1
Model 2
High blood pressure
Model 1
Model 2
High blood glucose
Model 1
Model 2
Low—HDL cholesterol
Model 1
Model 2
High triglyceride
Model 1
Model 2
Metabolic syndrome
Model 1
Model 2

1.19 (1.08-1.32)
1.11 (0.99-1.24)

1.12 (1.01-1.25)
0.99 (0.87-1.11)

1.07 (0.97-1.19)
1.01 (0.90-1.13)

1.02 (0.93-1.13)
0.97 (0.87-1.08)

1.14 (1.03-1.26)
1.07 (0.96-1.20)

1.20 (1.07-1.35)
1.10 (0.95-1.28)

1.00
1.00

1.00
1.00

1.00
1.00

1.00
1.00

1.00
1.00

1.00
1.00

1.27 (1.12—1.44)
1.14 (1.01-1.30)

1.26 (1.12—1.42)
1.02 (0.89-1.17)

1.30 (1.16—1.46)
1.09 (0.96-1.24)

1.10 (0.99-1.24)
1.03 (0.92-1.17)

1.36 (1.21-1.53)
1.26 (1.10—1.43)

1.37 (1.20—1.57)
1.23 (1.04-1.44)

All values are presented as Odds Ratio (95% CI)

NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group, HDL: high density lipoprotein

Model 2: Adjusted for total energy intake, age, sex, town, household income, education, BMI (except for abdominal obesity), physical activity,

current smoking, alcohol consumption.
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Table 13. Odds ratios of metabolic syndrome and its components according

to seaweed intake level stratified by sex and age group (II)

NC LS HS

Sex

Male n=4,079 n=1,748 n=1749
Abdominal obesity 1.12 (0.97-1.30) 1.00 1.18 (0.99-1.41)
High blood pressure 0.95 (0.81-1.10) 1.00 0.95 (0.80-1.13)
High blood glucose 0.98 (0.84-1.13) 1.00 1.12 (0.94-1.34)
Low—HDL cholesterol 0.97 (0.82—-1.15) 1.00 1.04 (0.85-1.26)
High triglyceride 1.10 (0.95-1.27) 1.00 1.34 (1.13-1.60)
Metabolic syndrome 1.11 (0.92-1.34) 1.00 1.26 (1.02—-1.56)

Female n=5,369 n=2,468 n=2,467
Abdominal obesity 1.11 (0.95-1.30) 1.00 1.11 (0.92-1.32)
High blood pressure 1.03 (0.86—1.24) 1.00 1.07 (0.87-1.33)
High blood glucose 1.02 (0.87-1.19) 1.00 0.99 (0.84-1.18)
Low—HDL cholesterol 1.00 (0.88—1.15) 1.00 1.10 (0.94-1.29)
High triglyceride 1.04 (0.87-1.24) 1.00 1.15 (0.94-1.41)
Metabolic syndrome 1.08 (0.87—-1.35) 1.00 1.18 (0.93-1.49)

Age group

19—-64 years n=8,085 n=3,745 n=3,744
Abdominal obesity 1.08 (0.97-1.22) 1.00 1.13 (0.98-1.29)
High blood pressure 0.96 (0.84-1.10) 1.00 1.13 (0.98-1.31)
High blood glucose 0.98 (0.87-1.10) 1.00 1.24 (1.08-1.42)
Low—HDL cholesterol 0.96 (0.86—1.07) 1.00 1.05 (0.93-1.20)
High triglyceride 1.08 (0.96-1.21) 1.00 1.34 (1.17-1.55)
Metabolic syndrome 1.07 (0.92-1.25) 1.00 1.32 (1.11-1.57)

65+ years n=1,363 n=468 n=475
Abdominal obesity 1.20 (0.90-1.62) 1.00 1.50 (1.07-2.12)
High blood pressure 1.02 (0.78-1.33) 1.00 1.09 (0.77-1.53)
High blood glucose 1.00 (0.76—-1.32) 1.00 0.93 (0.67—1.28)
Low—HDL cholesterol 0.94 (0.70—-1.25) 1.00 1.05 (0.75-1.46)
High triglyceride 0.89 (0.65—-1.21) 1.00 0.99 (0.70-1.41)
Metabolic syndrome 0.98 (0.70—-1.36) 1.00 1.28 (0.86—1.90)

All values are presented as Odds Ratio (95% CI)
NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group, HDL: high density lipoprotein
Model 2: Adjusted for total energy intake, age (except for age group), sex (except for sex), town, household income

for abdominal obesity), physical activity, current smoking, alcohol consumption.

. education, BMI (except
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Figure 5. Restricted cubic spline curves for the association between total
seaweed intake and abdominal obesity

Five knots are located by dots located at the 0.6, 1.4, 2.5, 3.6, 6 g/day; dashed lines are 95% confidence intervals.

Models included total energy intake, sex, town, household income, education, physical activity, current smoking, and alcohol consumption.
OR: Odds ratio

Ref. value: Total seaweed intake Og/day

Curvature test (non—linear relationship) : P for nonlinearity<0.05
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Figure 6. Restricted cubic spline curves for the association between total
seaweed intake and high fasting blood glucose

Five knots are located by dots located at the 0.6, 1.4, 2.5, 3.6, 6 g/day; dashed lines are 95% confidence intervals.

Models included total energy intake, sex, town, household income, education, physical activity, current smoking, and alcohol consumption.
OR: Odds ratio

Ref. value: Total seaweed intake Og/day

Curvature test (non—linear relationship) : P for nonlinearity<0.05
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Figure 7. Restricted cubic spline curves for the association between total
seaweed intake and high fasting blood triglyceride

Five knots are located by dots located at the 0.6, 1.4, 2.5, 3.6, 6 g/day; dashed lines are 95% confidence intervals.

Models included total energy intake, sex, town, household income, education, physical activity, current smoking, and alcohol consumption.
OR: Odds ratio

Ref. value: Total seaweed intake Og/day

Curvature test (non—linear relationship) : P for nonlinearity<0.05
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Figure 8. Restricted cubic spline curves for the association between total
seaweed intake and metabolic syndrome

Five knots are located by dots located at the 0.6, 1.4, 2.5, 3.6, 6 g/day; dashed lines are 95% confidence intervals.

Models included total energy intake, sex, town, household income, education, physical activity, current smoking, and alcohol consumption.
OR: Odds ratio

Ref. value: Total seaweed intake Og/day

Curvature test (non—linear relationship) : P for nonlinearity<0.05
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Figure 9. Restricted cubic spline curves for the association between total
seaweed intake and abdominal obesity (II)

Five knots are located by dots located at the 0.6, 1.4, 2.5, 3.6, 6 g/day; dashed lines are 95% confidence intervals.

Models included total energy intake, sex, town, household income, education, physical activity, current smoking, and alcohol consumption.
OR: Odds ratio

Ref. value: Total seaweed intake 1.4g/day

Curvature test (non—linear relationship) : P for nonlinearity<0.05
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Figure 10. Restricted cubic spline curves for the association between total
seaweed intake and high fasting blood glucose (II)

Five knots are located by dots located at the 0.6, 1.4, 2.5, 3.6, 6 g/day; dashed lines are 95% confidence intervals.

Models included total energy intake, sex, town, household income, education, physical activity, current smoking, and alcohol consumption.
OR: Odds ratio

Ref. value: Total seaweed intake 1.4g/day

Curvature test (non—linear relationship) : P for nonlinearity<0.05
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Figure 11. Restricted cubic spline curves for the association between total
seaweed intake and high fasting blood triglyceride, (II)

Five knots are located by dots located at the 0.6, 1.4, 2.5, 3.6, 6 g/day; dashed lines are 95% confidence intervals.

Models included total energy intake, sex, town, household income, education, physical activity, current smoking, and alcohol consumption.
OR: Odds ratio

Ref. value: Total seaweed intake 1.4g/day

Curvature test (non—linear relationship) : P for nonlinearity<0.05
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Figure 12. Restricted cubic spline curves for the association between total
seaweed intake and metabolic syndrome (II)

Five knots are located by dots located at the 0.6, 1.4, 2.5, 3.6, 6 g/day; dashed lines are 95% confidence intervals.

Models included total energy intake, sex, town, household income, education, physical activity, current smoking, and alcohol consumption.
OR: Odds ratio

Ref. value: Total seaweed intake 1.4g/day

Curvature test (non—linear relationship) : P for nonlinearity<0.05
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Association between seaweed consumption and metabolic

syndrome among Korean adults

Hanbin Ko

Department of Food Science and Nutrition

Jeju National University

Abstract

As of 2021, the mortality rate attributable to chronic diseases in Korea
accounted for 79.6% of all deaths, and the prevalence of metabolic syndrome
had increased to 21.3%. Metabolic syndrome is a cluster of diseases such as
diabetes, high blood pressure, and dyslipidemia, of which diet is a major
determinant. Seaweed is rich in dietary fiber, essential fatty acids, and
polyphenols, and has been reported to have anti—obesity, antidiabetic, and
antihypertensive effects in animal experiments and clinical trials. However,
epidemiological studies conducted to evaluate the effectiveness of seaweed
intake among Koreans in this context have reported limited and conflicting
results. Therefore, this study was aimed at assessing the relationship
between seaweed intake and metabolic syndrome among Korean adults. To

evaluate the seaweed intake status among Korean adults, 30,272 individuals



aged 19 years or older who participated in a 24—h recall method were
included by using data from the 2016-2021 National Health and Nutrition
Survey. Of these, individuals who did not participate in the examination
survey, those diagnosed with metabolic disease, and pregnant women were
excluded. Eventually, 17,880 participants were selected to analyze the
relationship between seaweed intake and metabolic syndrome. The average
intake of seaweed and feedstocks was analyzed using data obtained from the
24—h recall method, and the relationship between seaweed intake levels and
metabolic syndrome and related factors were analyzed using multiple logistic
regression analysis. The average total seaweed intake of the participants was
3.7 g/day, and the contribution by type was in the following order: red
seaweed, 66%; brown seaweed, 33%; and green seaweed, 1%; the
contribution rate of laver was 62% as a single food. The participants were
classified into seaweed non—consumers (NC group) and consumers. The
consumers were further classified into low and high seaweed intake groups
(LS and HS groups, respectively) based on the median total seaweed intake
(3.4 g/day; LS intake: < 3.4 g/day, and HS intake: = 3.4 g/day). The average
total seaweed intake levels were 1.4 = 1.0 g/day (median: 1.3 g/day) and
15.3 £ 23.4 g/day (median: 7.8 g/day) in the LS and HS groups,
respectively. Results of the analysis of nutrients and food group intake by
seaweed intake level revealed that the HS group had the highest intake levels
of sodium, white rice, and pickled vegetables (P < .0001 for all). Analysis of

the risk of metabolic syndrome and its related factors according to the



participants’ seaweed intake levels confirmed that the cross—ratios of
abdominal obesity, hypertriglyceridemia, and metabolic syndrome in the HS
group significantly increased and were 14% (odds ratio [OR]: 1.14, 95%
confidence interval [CI]: 1.01-1.30), 26% (OR: 1.26, 95% CI: 1.10-1.43),
and 23% (OR: 1.23, 95% CI: 1.04-1.44), respectively. Compared with the LS
group, the NC group did not show any significant association with metabolic
syndrome or related factors. Furthermore, the risk of metabolic syndrome
was confirmed to be higher when very high levels of seaweed were consumed
(average: 15.3 g/day) than that associated with the consumption of 1.4 g/day.
Furthermore, a nonlinear relationship was confirmed between seaweed intake
and abdominal obesity, hypertriglyceridemia, and metabolic syndrome. The
results of this study suggest the necessity of determining an appropriate level
of seaweed intake for the prevention and management of metabolic syndrome
and the importance of a balanced intake of other nutrients and food groups

through prospective studies in the future.
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Supplementary Table 1.

Odds ratios of metabolic syndrome and

components according to seasoned laver intake level

NC LS HS
(n=14,333) (n=1,682) (n=1,865)

Abdominal obesity

Model 1 1.00 0.90 (0.78—-1.03) 1.11 (0.97-1.26)

Model 2 1.00 0.98 (0.84-1.13) 1.07 (0.94-1.22)
High blood pressure

Model 1 1.00 0.79 (0.69-0.92) 1.28 (1.13-1.46)

Model 2 1.00 0.90 (0.77-1.06) 1.22 (1.07—-1.40)
High blood glucose

Model 1 1.00 0.89 (0.77-1.02) 1.19 (1.05-1.35)

Model 2 1.00 0.95 (0.81-1.11) 1.10 (0.95-1.26)
Low—HDL cholesterol

Model 1 1.00 0.97 (0.84—-1.10) 1.11 (0.99-1.26)

Model 2 1.00 1.00 (0.86—1.15) 1.10 (0.97-1.25)
High triglyceride

Model 1 1.00 0.93 (0.82—-1.06) 1.34 (1.19-1.52)

Model 2 1.00 0.99 (0.85-1.16) 1.32 (1.15-1.52)
Metabolic syndrome

Model 1 1.00 0.85 (0.73-1.00) 1.30 (1.12-1.49)

Model 2 1.00 0.92 (0.74-1.13) 1.29 (1.10-1.52)

All values are presented as Odds Ratio (95% CI)
NC: non—consumer, LS: low seasoned laver intake group (<2.2g/day), HS: high seasoned laver intake group(>2.2g/day)

Model 2: Adjusted for total energy intake, age, sex, town, household income, education, BMI (except for abdominal obesity), physical activity,

current smoking, alcohol consumption.



Supplementary Table 2. Odds ratios of metabolic syndrome and

components according to seasoned laver intake level(II)

NC
(n=14,333)

LS

(n=1,682)

HS
(n=1,865)

Abdominal obesity
Model 1
Model 2
High blood pressure
Model 1
Model 2
High blood glucose
Model 1
Model 2
Low—HDL cholesterol
Model 1
Model 2
High triglyceride
Model 1
Model 2
Metabolic syndrome
Model 1
Model 2

1.12 (0.97-1.29)
1.02 (0.88—-1.19)

1.26 (1.09-1.46)
1.11 (0.94-1.30)

1.13 (0.98-1.30)
1.05 (0.90-1.23)

1.04 (0.91-1.19)
1.01 (0.87-1.17)

1.07 (0.94-1.22)
1.01 (0.86—-1.18)

1.17 (1.00—-1.38)
1.09 (0.89-1.35)

1.00
1.00

1.00
1.00

1.00
1.00

1.00
1.00

1.00
1.00

1.00
1.00

1.24 (1.03-1.48)
1.10 (0.91-1.32)

1.62 (1.34-1.95)
1.35 (1.10—-1.66)

1.34 (1.12—-1.60)
1.15 (0.95-1.41)

1.15 (0.97-1.37)
1.11 (0.92-1.33)

1.44 (1.22-1.71)
1.33 (1.10—1.62)

1.52 (1.25—-1.86)
1.41 (1.10-1.82)

All values are presented as Odds Ratio (95% CI)

NC: non—consumer, LS: low seasoned laver intake group (<2.2g/day), HS: high seasoned laver intake group(>2.2g/day)

Model 2: Adjusted for total energy intake, age, sex, town, household income, education, BMI (except for abdominal obesity), physical activity,

current smoking, alcohol consumption.



Supplementary Table 3-—1.

General

according to seaweed intake level (subject II)

characteristics of study subjects

NC

LS

HS

Characteristic (n=9,448) (n=4,216) (n=4,216) Fvalue
Sex <.0001
Male 4079 (51.2) 1621 (45.9) 1876 (52.5)
Female 5369 (48.8) 2595 (54.1) 2340 (47.5)
Age (Years) <.0001
Mean 41.4 (0.2) 41.0 (0.2) 44.6 (0.3)
19-29 1934 (27.5) 763 (24.7) 463 (16.0)
30—49 3986 (43.9) 2076 (49.0) 1907 (47.9)
50—64 2165 (20.0) 972 (20.6) 1308 (27.9)
65—74 850 (5.4) 278 (4.0) 352 (5.5)
75+ 513 (3.2) 127 (1.7) 186 (2.7)
Type of residential area 0.010
Dong 7834 (87.6) 3601 (89.6) 3474 (87.3)
Eup - myeon 1614 (12.4) 615 (10.4) 742 (12.7)
Region <.0001
Seoul 1899 (23.1) 937 (25.6) 786 (21.3)
Busan 555 (6.1) 247 (6.1 301 (7.4)
Daegu 443 (4.9) 169 (3.8) 188 (4.5)
Incheon 521 (6.1) 253 (6.4) 223 (5.8)
Gwangju 321 (3.7) 155 (3.4) 151 (3.3)
Daejeon 280 (3.0) 166 (3.8) 129 (3.1)
Ulsan 202 (2.0) 91 (2.0) 96 (2.2)
Sejong 187 (0.5) 87 (0.5) 118 (0.7)
Gyeonggi 2401 (26.9) 1035 (25.7) 999 (25.4)
Kangwon 281 (2.4) 140 (2.6) 127 (2.4)
Chungbuk 252 (2.4) 114 (2.5) 127 (2.5)
Chungnam 297 (3.2) 149 (3.7) 119 (3.1)
Jeonbuk 307 (3.3) 118 (3.0) 119 (3.2)
Jeonnam 309 (2.6) 102 (2.0) 170 (3.8)
Kyungbuk 485 (4.4) 164 (3.5) 176 (3.9
Kyungnam 505 (4.6) 220 (4.8) 298 (6.6)
Jeju 203 (1.0) 69 (0.7) 89 (1.0)

All values are presented as N (weighted %)

#value are Presented as Mean (SE)

NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group



Supplementary Table 3—2. General characteristics of study subjects

according to seaweed intake level (subject II)

Characteristic (n=§,€l48) (n=i,5216) (n=IZ,5216) Pvalue
Household income? <.0001
Low 1314 (11.2) 376 (7.9) 483 (9.9)
Middle—low 2258 (23.0) 917 (20.2) 1035 (23.3)
Middle—high 2825 (30.9) 1314 (32.1) 1241 (31.3)
High 3026 (34.9) 1601 (39.7) 1447 (35.6)
Education <.0001
Less than middle school 1665 (12.5) 483 (7.9) 668 (11.9)
High school 3292 (39.3) 1378 (35.7) 1435 (37.0)
College or more 4088 (48.2) 2194 (56.4) 1935 (51.1)
Obesity? 0.0059
Normal 6590 (68.5) 3053 (71.5) 2955 (68.2)
Obesity 2830 (31.5) 1153 (28.5) 1257 (31.8)
Physical activity™ 0.4683
No 4825 (50.4) 2129 (49.5) 2182 (51.1)
Yes 4204 (49.6) 1925 (50.5) 1858 (48.9)
Current smoking® 0.0003
No 7683 (78.8) 3549 (82.3) 3471 (79.3)
Yes 1699 (21.2) 643 (17.7) 724 (20.7)
Alcohol consumption® 0.0899
No 3991 (38.5) 1724 (38.3) 1879 (40.6)
Yes 5394 (61.5) 2469 (61.7) 2318 (59.4)

All values are presented as N(weighted %)

xvalue are Presented as Mean (SE)

NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group

1) Household income: quartile of monthly household income

2) Obesity: BMI is 25kg/m? or higher

3) Physical activity: performed moderate —intensity activities for at least 150 min or vigorous—intensity activities for at least 75 min or an
equivalent combination of moderate— and vigorous—intensity activity during a typical week

4) Current smoking: smoked more than 5 packs(100 cigarettes) of regular cigarettes in his or her lifetime and a current smoker

5) Alcohol consumption: drank alcoholic beverages more than once a month over the past year



Supplementary Table 4. Nutrient intake according to seaweed intake level

(subject II)

Nutrient” (n=§,i48) (n=]i,5216) <n=lf,5216> Pvalue

Nutrient intake (/day)
Energy (kcal) 1943.8(9.2)° 1992.6(15.6)" 2049.4(15.7)°¢ <.0001
Carbohydrate (g) 278.8(0.8)® 282.3(1.4)° 290.8(1.5)¢ <.0001
Protein(g) 71.6(0.3) 71.9(0.5) 72.7(0.5) 0.097
Fat(g) 48.0(0.3)® 46.6(0.4)° 45.6(0.4)° <.0001
SFA(g) 15.7(0.1)* 14.8(0.2)° 14.2(0.2)°¢ <.0001
MUFA (g) 15.6(0.1)* 14.9(0.2)° 14.8(0.2)° <.0001
PUFA(g) 12.0(0.1) 12.4(0.1) 12.1(0.1) 0.055
Cholesterol (mg) 252.5(2.1)* 270.4(3.4)° 260.9(4.1) <.0001
Dietary Fiber (g) 24.0(0.1)® 23.7(0.2)® 26.2(0.2)° <.0001
Calcium (mg) 504.3(3.2)® 492.9(4.8)° 538.1(5.1)¢ <.0001
Sodium (mg) 3275.6(18.0)® 3475.0(28.4)"° 3592.8(30.7)°¢ <.0001
Potassium (mg) 2745.7(11.6)° 2708.7(16.8)"° 2985.7(18.6)°¢ <.0001
Iron(mg) 11.3(0.1)* 11.2(0.1)* 12.2(0.1)" <.0001
Vit A (ug RAE) 373.1(4.6)® 406.9(10.6)° 417.9(8.7)° <.0001
Thiamine (mg) 1.30(0.01)* 1.25(0.01)" 1.31(0.01)* 0.000
Riboflavin(mg) 1.62(0.01)* 1.62(0.01)* 1.66(0.01)" 0.032
Niacin(mg NE) 13.3(0.1) 13.1(0.1) 13.5(0.1) 0.081
Folate (ug DFE) 308.1(1.7)*® 311.0(2.5)® 351.2(2.8)° <.0001
Vit C(mg) 63.2(1.2)® 66.7(2.2)® 70.9(1.7)° 0.001

% of energy
Carbohydrate (%) 61.8(0.1)* 62.4(0.2)° 62.9(0.2)° <.0001
Protein (%) 15.6(0.1) 15.6(0.1) 15.6(0.1) 0.951
Fat(%) 22.6(0.1)* 22.0(0.2)° 21.4(0.2)¢ <.0001

All value are presented as adjusted mean(SE)

NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group SFA: saturated fatty acid, MUFA: monounsaturated fatty
acid, PUFA: polyunsaturated fatty acid, Vit: vitamin, RAE: retinol activity equivalent, NE: niacin equivalent, DFE: dietary folate equivalent
1) Adjusted for age, sex, and total energy intake (except for total energy intake).

a, b, c: Indicate significant differences of p<0.05 (Tukey’s multiple comparison test)



Supplementary Table 5. Odds ratios of metabolic syndrome and

components according to brown seaweed and red seaweed intake level

its

NC LS HS
Brown seaweed n=14,645 n=1,617 n=1,618
Median (Range) * 0.0 2.1 20.0
Abdominal obesity 1.00 0.99 (0.85-1.16) 0.95 (0.81-1.11)
High blood pressure 1.00 0.93 (0.79-1.09) 0.90 (0.76—1.06)
High blood glucose 1.00 1.08 (0.93-1.26) 1.06 (0.92-1.22)
Low—HDL cholesterol 1.00 1.11 (0.96-1.29) 0.96 (0.82—-1.11)
High triglyceride 1.00 1.05 (0.90—-1.23) 0.97 (0.83-1.13)
Metabolic syndrome 1.00 1.02 (0.83—-1.25) 0.96 (0.80-1.15)
Red seaweed n=11,486 n=3,152 n=3,242
Median (Range) 0.0 0.9 6.6
Abdominal obesity 1.00 0.93 (0.82—-1.05) 0.93 (0.83-1.04)
High blood pressure 1.00 1.01 (0.89-1.15) 1.11 (0.99-1.24)
High blood glucose 1.00 0.99 (0.87-1.12) 1.05 (0.94-1.17)
Low—HDL cholesterol 1.00 1.01 (0.90-1.12) 1.10 (0.99-1.22)
High triglyceride 1.00 0.98 (0.87-1.11) 1.20 (1.07-1.34)

All values are presented as Odds Ratio(95% Cl)

NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group, HDL: high density lipoprotein

Model 2: Adjusted for total energy intake, age (except for age group), sex (except for sex), town, household income, education, BMI (except for abdominal
obesity), physical activity, current smoking, alcohol consumption.



Supplementary Table 6. Odds ratios of metabolic syndrome and its

components according to brown seaweed and red seaweed intake level (II)

NC LS HS
Brown seaweed n=14,645 n=1,617 n=1,618
Median (Range) 0.0 2.1 20.0
Abdominal obesity 1.01 (0.87-1.18) 1.00 0.96 (0.78—1.18)
High blood pressure 1.08 (0.92-1.27) 1.00 0.97 (0.78—1.21)
High blood glucose 0.93 (0.80-1.08) 1.00 0.98 (0.81-1.19)
Low—HDL cholesterol 0.90 (0.78—1.04) 1.00 0.86 (0.71-1.05)
High triglyceride 0.95 (0.81-1.11) 1.00 0.92 (0.74-1.14)
Metabolic syndrome 0.98 (0.80—1.20) 1.00 0.94 (0.73-1.21)
Red seaweed n=11,486 n=3,152 n=3,242
Median (Range) 0.0 0.9 6.6
Abdominal obesity 1.08 (0.96-1.22) 1.00 1.00 (0.86—1.16)
High blood pressure 0.99 (0.87-1.13) 1.00 1.10 (0.94-1.28)
High blood glucose 1.02 (0.90-1.15) 1.00 1.07 (0.92-1.24)
Low—HDL cholesterol 1.00 (0.89-1.11) 1.00 1.09 (0.96-1.25)
High triglyceride 1.02 (0.90-1.15) 1.00 1.22 (1.05-1.42)

All values are presented as Odds Ratio(95% Cl)

NC: non—consumer, LS: low seaweed intake group, HS: high seaweed intake group, HDL: high density lipoprotein

Model 2: Adjusted for total energy intake, age (except for age group), sex (except for sex), town, household income, education, BMI (except for abdominal
obesity), physical activity, current smoking, alcohol consumption.
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