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ABSTRACT

The present study reviewed the effects of excess iodine intake on thyroid function and the incidence of thyroid dis-
ease and discussed the scientific basis for establishing a tolerable upper intake level (UL) of iodine for Koreans. ULs
are defined as “the highest level of daily nutrient intake that is likely to pose no risk of adverse effects to almost all in-
dividuals in the general population.” Koreans consume excess iodine from seaweed, and iodine intake is strongly influ-
enced by seaweed consumption. However, no dose-response data derived from subjects consuming excess iodine fre-
quently but not continuously during a lifetime are available. Therefore, the Korean DRI committee set the iodine UL to
reduce the risk of adverse health effects by excess iodine intake for Koreans with distinctive seaweed-eating habits.

(Korean J Nutr 2011; 44(1): 82 ~91)
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Qe IRAIS 2 20] thyroxine (T, 3, 5, 3, 5-tet-
raiodothyroine)¥} triiodothyronine (T,)& FAl%l= 4
Q1 mlgaole}, et dokshAl A3 sk QAo F-3l
Fe & 4 glonw 7} ApAnE Aol 4
gefo] 9lck, 411e] ZHAMIoA] sl 2o] oF 80 uge] T &
HlE, o) 805 RA|R 52 ugol ShET, AAH %
AP7 )5S LFERY = AJo] Whdo] ZHM U] Ha o =
ZeFo] 96.5 ug/d, 91.2 pg/d& AAge| wat? o]5
2 u]39] Food and Nutrition Board”olAl= Ad2le] 9. ¢
Lo Bt BadS 95 ng/d= AMFsilen, wl=, WHO/
UNICEF/ICCIDD,” §t=t & o2} Yeh5k o] Aag A=
Ol ol QKRS 7Hitkste] 194 o /dQ1e] B¢ AR

= 150 pg/d= AAst3ich

JoFa AFGHd#=F (Tolerable Upper Level of Intake,
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Q9TE F=4274 (sodium-iodide symporter, NIS)ef 2]
3 AT A o] Q) o] T 2AIA F NIS7} A =
20 S fFAskEE 8 98 st Aoe® oY
7] 9t} Wolff-Chaikoff &3H= ZHAA2] tiellA] o]
U 2 EdiAL Ae2dr|d e 2 TSHof ofgh =4
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Wolff= 18 mg/d o14J2] 9 =& Bz A3et uf 7t
0] 917o] Z7HEIC 1 stk Konno 5] 9
st Z7bolied o sibA| e FRISS M AZ A
(Thyroid autoantibody, TAA) 4 7HFMA5}Z0] vhy
2 97%0190m @9 ATt vjd TAE Jehd vt
M, TAA &4 7ANEZ0] i8-8 g o & A&|2ku) Af
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o 2= 9tk ok--b,'—xj‘l'ixﬂol amiodarone< 22 =5
3lal QIO B & amiodarone 300 mg/dE& &8 ) oF 9
mg/d®] &2 E7F Aol fejEtt Amiodarone®] -8
O =2 QIR A 7lsol e Y HIEE RARIIS o,
Qo= k]_%l x]cﬂoﬂk]‘— @/xw—zg Jo ] TH|E (ok 10%)
2 9sielar @ @ & B3R X[olMe A s 0l
e 2 9y eiylet ” wpgba] amiodarone?] H-40 2 <l
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o}, fejuete}l o= FH 2 e & AlEgdo] s,
A, a7 E agolR|eh vl= Av e AbdskE =
7holAE ok fAIE, A 59 HsAlE AlEY, 8.2
=3} 25 (iodized salt), A% AlFo] 8 Folet™ &
12 Rt F o2 HE2FIT 66%, 2 FAlECl
11%, 2YAlo] 9%z ZAFEAch™

Z1=9] @ 9 & 1Y S A EH, SUJA @~T754)
64~118 pg (Bt 45.3 puglolH Uo7t old45 e e & 443
2ol Woitt? g=9lo] 1U 2 0 & Hak AL IR} 226
ug, %A} 163 pgol™ 97 5EE Q)= T} 434 ug, %A} 359
ugolAek” ml=t Adele] 1Y Bt 8 e = HFRe YA} 240
~300 g, °1AF 190~210 ug, HFAIE AL|7t 9589l
+ °F 1 mgolH EZAE EZ3FshH 115 mg?l Ao = Hil
=9}t (US Food and Nutrition Board),” Q&S Byt
1,565 pg/de] =8 HAFstal Qe 7oz Higglo
% 71 & Konno 5ol &J8] Y& o] Frjo|wA 2]9o] 3
¢roll AFAES T uHE dAE R &5 35 wia
of g et HHFo] Bt 3.3 mg/dE Wf =& TR
A= 2 Zimmermann 570] 6~124] AFo]2] o]
HolE to &2 AAIRE 2AMA = Ui Z7kolE A s
of AF8t= ofdlol9] 2 0 & HHFY] FUw 292 ng/d,
SRR Sof| AFd}= offlo]o] @ 0 & ] SPgk 741
ug/d& WE<] ofgde] By oF 2 58 &34tk Suzuki 57
WHASAEY sil2F HAHE Asids o 44

2 2AEs yERte 24 oAt ok gE o] Qe
31:7} Z:l]- }%4;(13;]_4 o H}o] X}i x]—_Q.b-l-E % 95 Oth:]_

A2} FARH Seluet AFER s, ofuilFel A

7t werug 90 =0) Aol 2 Holth 20084 =
kil J"éc’ok M] —40}?‘;“ IMFE AAGHS] g2l &
= 2 296 + 1049 ug/d= ZAR=e] 7§17t
9] o)z} ulj-¢- Mg‘ﬂ 20 E MHFO FUaE 50 pg/d
B2 g3l sl vl W2 Eolginh et 909
HO4= 765 ng/d, 9581EL)4= 1,600 pg/d, 975894
A

kolor

3010 g/ 24510l 8.0 ARSI 10 LY
5~20Me] 2.9 =g gafeka giglon 50 o)

ol Aol =S AFTol Hashe FAIE HeERH,
ojet o] gh=iqle] 8 0 & HHEETF L2502 Hol A
A Sl ol 8257} ofg] Ao 1T FxEHO 9
Al AL sl ol o) e Al o A 9
of o5 AFAF ool s 2A FFE W] whZolH,
SANAG GG 24413 BHE 0183te] &
L= AFFS skt @A AL Sl AEAE
#0) 90T oFefo] Hwel AR 80T i AE9 ¢
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o HERE HEE R OE v BB Yool o
2 7jel 265 HHY Bt AR, A9 19 05
A3 A A3l oie At ARe Apshi o
A7} glekan ek

Bl A3 205 Aol Akl F 90% ol
o] AWloE MUHEE AW 005 e AT A0E
MRS PR 0R 24 5 ol b e ALgEIR o)
L A|OITk ™ 24A17F A910] RO vjRe 19 Ko
M3 v mAH AT e A zdel ofelgol
S, 4] 29O 80 E R} 24417 419 B OE
o] Alpho] OnE AT ROE HHFS B
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Aol 4 8= RS V1EeR 2 0E 44
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1of] Blwatglet, Kim 52 A7 A™ gt= gAd12l 3
o AW @ 0 & udERe 349 + 232 mg/d (8] 0.17~10,37
mg/d) o2 FAfElo] Wit 2 @ & HFEFo| 3.6 mg/d=
AEIqi}, o] AtellA] o] B AR Fxte] Wik AH 29
C s 5.33 £ 6.28 mg/day= A/l Fo4 o
2 =9kth (p < 0.01), Park 59 979 Kim & Kim9]
Ao AT HAFQle] 4 @ Q& wjdeEFe 247 38 + 27
mg/L, 2.11 + 0,69 mg/LE Kim 59] A9 §AFH 9
Ak Kim 52 AtollAe™ AAele] 4H 9 0 & ujd
2Fo] 0.67 + 0.38 mg/creatinine/d= ©]& $HAFSIH 1.13
+ 0.65 mg/de]3it}. 12k Cho 9] 7o A™ AdQl
o Wt A¥ @& HjAHES 0.64 + 0.06 mg/Lo]3l o
WA AAE9 a8 Qe wjAdske Al ARt
Ao ZAMEQILE Cho 59 AtolA™ ZARSH 28 2.9
= ujdeo] o AAte] AR By 37 Yo o

ol Aku} Zo] M @ 0 & wjMEFS 7|22 2AbY FFol

o] g2t HIFS LS AR BRI Hls) FH =

FEolen, UL IFEA A 244171 P o=
T+ A3 296 + 1049 ug/de} Blmg

Table 1. Urinary iodine excretion of Korean normal adults and patients with thyroid disease

Urinary iodine excretion”

References Sample Subjects (n)
Mean Range
Normal (245) 3.52+ 2.28” mg/d 0.17-10.37 mg/d
Kim et al.® 24 hr urine Grave's disease (27) 533+ 6.28 mg/d* 0.92-29.21 mg/d
Primary hypothyroidism (7) 1.07 + 0.22 mg/d* 0.79— 1.51 mg/d
3
4
Normal (67) 0.64 + 006 mg/Lns 0.23- 1.25mgll
Simple goiter (39) 0.55+ 0.09 mg/L N
Cho et al.*” Spot urine 0.18 (1'89 ma/L
idi +
Hyperthyroidism (37) 0.88 + 0.21 mg/L 0.32- 1.30 mg/L
Hypothyroidism (20) 0.56 £ 0.12mg/L 0.16~ 1.00 mg/L
Normal (184) 3.8 + 2.7mg/L 0.1 =15.0 mg/L
o . Thyroid nodule (53) 28 + 2.7mg/L 0.1 — 9.0 mg/L
Park et al.™ Spot urine o
Hyperthyroidism (62) 4.7 +10.8mg/L 0.1 — 66.0mg/L
Chronic thyroiditis (42) 3.2 £ 2.6mg/L 0.3 — 8.8mg/L
) © ) . 1.13+ 0.65mg/d? 3
Kim et al. 24hr urine or spot urine Normal (40) (0.67 + 0.38 mg/creatinine/d)
Normal (207) 211+ 0.69 mg/L 0.70— 5.04 mg/L
Simple goiter (17) 2.88 £ 1.69 mg/L 1.26— 6.43 mg/L
Kim & Kim®” 24 hr urine Hyperthyroidism (42) 490+ 7.48 mg/L* 1.01-34.9 mg/L
Hypothyroidism (15) 4.57 + 3.97 mg/L* 1.17-12.75 mg/L
Thyroid cancer (11) 6.18 + 4.77 mg/L** 1.10-14.35 mg/L

1) Urinary iodine was measured by electrode method 2) Mean + SD 3) Data were not reported  4) Calculated by applying 24
hr urinary creatinine excretion as 1.68 g/d based on data from Vejbjerg et al. (Thyroid 2009; 19: 1281-1286)

ns: not significantly different
#: p <05, **: p<001 when compared with normal control



o SEolgleh et 4 80T HAFS 7|2

f AL ATFRE oRojgon], AT WA
Zpoll e fsfgal UR A e AlgEelm

2 AAZ 2AP} o] RolHor shyint

IRole] 29T AR

2052 u|Eslo] il

2] A~
Lol HHRES 4

pae7t Qo] 1AL
G AL R, A A
e, A 491 o

BH ogg]:o H]_L]q_'S.GG*GB.TO) O]Ell_]'_

i
1o
rO Mo of

il
2,
2
Ex
o
al
o
N
g
N

T
amiodarone, 48 A, 3E, o 2|28

o<l
ARAEANE Aol 2957} Solglon 1 ol
o] uet G Wct”

HRAAFE A7) A Aol o] B
A0 R e 20 Eof RBEUS 1) A7l njx|
Seigepel e W 27 Bast e el
ARES PO ZAE 805 NS A A3
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Fleo] peuete fARIL 8.0 & HHF SEE frAF
dAor FAHERY Aol 0 & A Y {ol9F A

5 o= ARAHT Al s,

2= ke'd 4.5 g7 AL ES FRIEE H2F7E
ol AFe 7% k7ol 200 mg7HA] AHT = et 92
vekeh dolla= 9, 1, oAvhE G o = HFshar
Q71 el RHgERl 8.0 & SAFZE A o] ]
daQloR AL 5 gls A o Aol A BarEsl
SR el Tl AlE 5o Sj2FE R E3S
8 500 pg/d mRHE 710 2 AFskaL, 7k
HOR AHste sl2RE Wol T AAREE HsiA
19 2.0 ATl oF 1.5 mg/d= skt k™"
200740l W3kl Aopgel 2 0 & e 3l HF W7t Akw
of ofeha” Selutel FRlEe] AAtolA AHFehs 0= 1
o Bt AFFE 0.5 + 0,66 mgolw] thAmiet 5-& 53
AFF 0.1 mgs AFsHL Sl= Ao R FAs .
7 8HE 4~53] =g AFRchal 7Pe ) 2.6 mg/
do] 82 =5 AFHsH =W dAuket SO0 2 0.1 mg& o
AFRaL 7Pgst SRR 298 kg 27
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mg/d 2 Ao Asiec
Konno 5] AR} dJshelto]*? ofah &5 o}
o) 20 ES AL Ul BPST G 7

HlmA PAHO R fART oM, 2% PAM A ¥

o LRQE Aol sh AES BAY A E
WAYIEe] B2 AR RIS, AR R OE HF
o] HgolE BLs AN ol L 1 BB
WEo| R0 o] FEEQ thE UetSe fARE 4
Foltk ol G219 49 E HHo] BolHo 2 1A
w (A0 R 2HE ML Tee] 0.0 58 21
Hom HFsHe Soldt WHE Yoz wEdAol
Elo] glofd R.o.E0) o) AR Qg falgarol Ut
B g AOR AQHEYT olefat A 8o s
o] & GRS YYHOE HHsHs Folt ofxy
7k Aol 2.9 HAFo] 14~15 mg/dE st
WA Wl $do] B B4 HaE o) o2y
OfLE" R Bk 8.0 5 HEV} HE N Abgtol &
@ =g TelHsH ARl MRS O] LA,
Wi 80T Aol I A|ojo) Aol A5 RoES
Sekspll HAT A5 PANEER] So] AERE A
off oJsl AASIIA A5 el oz Bk 1
P B4 8.0 ES ol A AALE Y thage] &
SE (12~360 mg) Folatyle Wl T T w7t 49
4o 2 Ashelol FAHUASHF] FuEelon TSHE A4
M) tollA] Z7hels Aoz Bausgon® ¥ B 7l
o G2 ulX|A) gk QPHSHA HHE 5 U ARHEAT

of A7go] Bastch

AARRLE ZHAPAIE] AR el ol chepe] 295 4
Aol Eroka PAH B 715 SASIEL, e
AE2A 750l Aok YA BHH Aol B 7]
5ol GAHAL T ASHEE AR Akl 2 W3k
o ke 4 QIek. AVHASA Aol TTefo]x 2y

1
OR ARE WE AR AREBY A9 AFEE|SY

o A A
3to] e 4= glo B & o7} I gajc) ™
of2] Upete] 295 ARk AAEG S Avlnn A7
2l A Aol 292 HAE ] 1,700 pg/d (A1 200
ug + 254 1,500 pg) E= HFEA0] 1,800 pg/d
HuEgom " o] ghof Zk JAFHHHR Aot HFAA
5 2g3to] wl, 9t BCo) AFeHdHel 242 1,100,

o

930 % 600 ug/d= ARt L& Z7to|= AUARF
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249 AL AR AIE Kim & Kim®] A7oA" Wede] et 18419] 7H4F

A AR} 207He] AR

A& dge =

ENCIRRCR= ES]

9S 8.3 mg/dR AL, D& Bl oAl Qe S ST Aol olsi HAkle) W aW 9= v
A, i A [ =& Aol A 37 A2 ARE ARe 211 + 0,69 mg/L (0.70~5.04 mg/L)o|3em, A
o EQE 1L A 165 Agste] 49l et A MM AR Bt @ e sujdEo] 433 + 579 mg/
ARAALE 3.3 me/L5 = 2.2 mg/dR A L. S1P41% 8 1789) B 4% 2 9 widekol

Zhato] 42 o2 wge]l ROE P W 2.88 + 169 me/LE IAMIERIA 3 71 Woron] by
Aol o5 #%%‘—94 3_% T 8= s A 2] B 6.18 + 477 mg/LE 7P w90t o] d
= o2 U] vjel] 953 on 4499 a0t ek L ou|nd @ 1Mol RIS e 7 2t
= ul=e] s ol4folct” 1990%1011 ZARE AFATE AT, HAHATAE SR Biete] 7 Wz a0
& e ww we] ik gARlel peE @4 S A = AR S S o] ATA R0 43
Felck ?I%Zi’é‘l AL GEQIT HSSAY 2 Holjle o 2Ab W AlFAIFNIEHE ARSIl B AR}
o, AP & AMEA S B w|oaS B85t B ﬁéﬂ 3~6 REZ olgalx ¢kokor, 4 8o & wjdHg AR E g}l
meld A Ge o] 8 0ong S AR AT o 80y A5el BeeIh
Table 2. Derivation of Tolerable Upper Intake Levels (UL) of iodine for Koreans

Age Weight (kg) Calculation UL (ug/d) References
Infants (mo)

0-5 6.2 UL = 325 ug/L*0.75L/d = 243.8 = 250 ug/d 250 Nishiyama ef al.”

6—11 8.9 UL = 325 ug/L*0.75L/d = 243.8 = 250 ug/d 250
Children (yr)

UL = [12.2 kg/( 24.6 + 34.8) kg/2*500 ug/dl/2 + [12.2 kg/

1-2 12.2 (6.2 + 8.9kg/2"250 pg/d]/2 = (205 + 404)/2 300

= 305 = 300 pg/d

3-5 17.2 UL = 17.2 kg/( 24.6 + 34.8) kg/2*500 ug/d = 289.6 = 300 ug/d 300
Males (yr)

68 2 UL = 500 pg/d 200 Zimmermann et al.*”

9-11 35.7 UL = 500 pg/d 500

12-14 50.5 UL = 2,400 ug/d*47.5kg/65.8 kg = 1,732 = 1,700 pg/d 1,700

15-18 62.1 UL = 2,400 pg/d*53.6 kg/65.8 kg = 1,955 = 1,900 ug/d 1,900

19-29 65.8 2,400

30—49 63.6 2,400

50—64 60.6 UL = LOAEL 3,600 pg/d + UF 1.5 = 2,400 pg/d 2,400 Kim & Kim*”

65-74 59.2 2,400

75+ 59.2 2,400
Females

6—8 24.6 UL = 500 pg/d 500 . 52

Zimmermann et al.

9-11 34.8 UL = 500 pg/d 500

12-14 47.5 UL = 2,400 ug/d*47.5kg/65.8 kg = 1,732 = 1,700 pg/d 1,700

15-18 53.4 UL = 2,400 ug/d*53.6 kg/65.8 kg = 1,955 = 1,900 pg/d 1,900

19-29 56.3 2,400

30—49 54.2 2,400

50—64 52.2 UUL = LOAEL 3,600 pg/d + UF 1.5 = 2,400 pg/d 2,400 Kim & Kim®”

65—74 50.2 2,400

75+ 50.2 2,400
Pregnant - - -

Lactating
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15F 2.88 mg/LE T2l 8.2 E AR
B iAol 19 4RufA
F oF 1.0~15 L8 #g3to] gh=tel 19 2 g o =y
o 2.88~4.32 mg (Ht 3.6 mg) o2 43It Nath
5 o)alw A3t 3354 90% ol/do] Mo = ujd
HEZ 20T HIFS ot g fAskthaL 71
s3It olofl whe} 8.6 mg/dE HA54F (LOAEL) 22 A
Jstslon, gwﬂ#% U2 0 ARl A8t A

3 BATP B2 @abo] dolubx] ghi= Alghe TEfE 15
2 AR5 wheha] 24019 AFBH TS 36/ 1.5 =
2.4 mg/d2 ARSI o] ALzs}MH % }717v0l] AR A
407 9058 HrhgFshe H9ol AEEER, A4

Ao g el vleF A5k 7}—7—1 320 5 mg FE9]
2258 AHete AE Aetste 2 ok’

0~1170Y Fote] Z$- Nishiyama 59| A"l <A 3}
o] 0~571Y fote] R e =0] YR EAFS HE F 22
E 5% 325 pg/Lek 0~5714 otele] 255 0.75 L/d=
Het 244 ng/ds &9 3 7t 250 pg/d2 At (Ta-
ble 2), 1~2A] okl 9= AR} 6~11412] A Fehn] et
3 gt 0~1170 AlFoiv] afet gk dlel 22 vhe gk
S e R aiglet 3~5M19] A AR} 6~114] A
o] adel ghS AR 2 st 6~111E Al
Al Z429] 6~12A] Lol AFelA k= F L2 E F=7}
500 pg/L (°F 500 ug/do] &2 & ¥kl A& 9
H 2] Rzt fofsiA| Sdisl 2= kel o
gt Falggre] A7tk Zimmermann 5] el &
7sto] Zob (6~1141)9) AeHAFES dl =% 500 g/
d& AAskglet. 12~19419] AHFRe oAbl Al
off tulate] ejitstglon, AlRet £f-5E AT
AATA7L mleFsto] whe gekA] gRglet.
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