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Abstract

Purpose An epidemiologic study that evaluated population’s iodine nutrition status and its relationship with thyroid hor-
mones is lacking in iodine-sufficient area. This nationwide study aimed to evaluate the iodine nutrition status in Korea and
relationship between urine iodine concentration (UIC) and thyroid hormones.

Methods A total of 8318 subjects of the Korea National Health and Nutrition Examination Survey VI (2013-2015) with
UIC and thyroid hormone evaluation were included. Median UIC level and estimated 24-h iodine intake were calculated.
The prevalence of iodine deficiency or excess was obtained using estimated average requirement or above the tolerable upper
intake level cut-point method by estimated iodine intake. We analyzed UIC with regard to age, sex, social economic status,
and geographic characteristics.

Results The median UIC in general population and estimated iodine intake in adult population were 293.9 pg/L (above
requirement according to World Health Organization classification) and 249.3ng/day, respectively. The prevalence of iodine
deficiency and excess was 14.0 and 13.4%. The median UIC was higher among SAC [511 (299.9-948.5)] and lower among
seventies [251.2 (98.9-761.6)] compared to other age groups. The median UIC increased with household income level (p for
trend < 0.001). The subjects living in rural and inland region had lowest UIC among the enrolled subjects. The subgroups
with higher median UIC were associated with higher mean TSH levels.

Conclusions This first nationwide study in Korea demonstrated that the median of UIC and estimated iodine intake lie at
nearly 300 pg/L and 250 pg/day, respectively, which shows an overall excellent iodine nutrition.
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Introduction

ITodine is essential for the synthesis of thyroid hormones and
maintenance of normal thyroid function. Iodine deficiency
may decrease iodine availability, resulting in hypothyroidism
and goiter formation [1]. Excessive iodine intake is related
to a higher prevalence of hypothyroidism [2]. Urinary iodine
concentration (UIC) is a well-accepted, cost-efficient, and
easily obtainable indicator for iodine status of population.
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According to iodine nutrition epidemiologic criteria of
World Health Organization (WHO), a population’s median
UIC of <100, 100-199, 200-299, and > 300 pg/L are each
representative for insufficient, adequate, above requirements,
and excessive iodine intake [3]. The national iodine nutri-
tion status is important for determining health policy so that
WHO provides country-specific iodine status. Up to date,
estimated iodine nutrition were calculated based on median
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UIC data available from nationwide studies of 130 countries
[4,5].

In contrast to many other countries, mandatory fortifica-
tion program of iodized salt was not implemented in Korea
which has been known as a high iodine intake area in previ-
ous small studies. In 1998, Kim et al. [6] reported that the
average iodine intake of volunteer over 20 years without his-
tory of thyroid disease in Korea was 479 pg/day according
to a food questionnaire, and the average UIC was 674 pg/g
creatinine. However, Korea is not registered upon WHO map
for iodine nutrition status [3] because nationwide epidemio-
logical study evaluating UIC has not yet been conducted.

Herein, we evaluated iodine nutrition status of Korea, and
the association between UIC and thyroid hormones using
nationwide data from Korea National Health and Nutrition
Examination Survey (KNHANES) 2013-2015.

Patients and methods
Study subjects

We used dataset from the KNHANES IV (2013-2015), a
nationwide, cross-sectional survey of the Korean popula-
tion for surveillance of health and nutritional status that
used a stratified, multistage clustered probability sampling
to select a representative sample of the civilian, non-insti-
tutionalized Korean population [7]. Research subjects were
selected through two-stage stratified cluster sampling using
population and housing census data. KNHANE VI included
school-aged children (SAC) subgroup, and there were 481
SAC in this study. Additionally, laboratory tests for serum
thyroid stimulating hormone (TSH), free thyroxine (FT4),
and UIC were newly added for one-third of the KNHANES
IV participants who were subsampled based on gender and
age. The study protocol was approved by the Institutional
Review Board of the Korea Centers for Disease Control and
Prevention.

Demographic variables of the subject

Social economic data including education, household income,
alcohol intake, and smoking status were interviewed through
questionnaire. Education level was classified into four catego-
ries: graduated from elementary school, middle school, high
school, or university. Monthly income was reported in Korean
currency and divided into four groups: the lowest, lower-mid-
dle, upper-middle, or the highest. Subjects who consumed
alcoholic beverages at least once in a month were regarded as
current drinkers. Additionally, subjects who smoked at time
of enrollment into this study were considered current smok-
ers. The administrative area where subjects lived at the time of
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survey was also investigated. According to geographic charac-
teristics, the 16 administrative areas of Korea were categorized
into four groups (urban and coastal, urban and inland, rural
and coastal, and rural and inland). Urban area was defined as
metropolitan cities (Gwangyeoksi or Teukbyeolsi), whereas
province (Do) was classified into rural area. The administrative
area that contains sea was defined as coastal area.

Biochemical variables and laboratory methods

UIC was measured in single spot urine specimen with an
inductively coupled plasma mass spectrometry device (ICP-
MS; Perkin Elmer ICPMS, Waltham, MA, USA) (reference
range 42-350 pg/L for spot urine samples) using an Iodine
standard (Inorganic Venture, Christiansburg, VA, USA). The
laboratory that measured the UIC is enrolled in “Ensuring the
Quality of Urinary Iodine Procedures (EQUIP)” program run
by the Centers for Disease Control of the United States of
America for quality assurance. Serum TSH and FT4 levels
were measured with an electrochemiluminescence immu-
noassay (Roche Diagnostics, Mannheim, Germany): TSH
(reference range 0.35-5.50 mU/L) and FT4 (reference range
0.89-1.76 ng/dL) were measured using an E-TSH kit (Roche
Diagnostics) and E-Free T4 kit (Roche Diagnostics), respec-
tively. The reported results of TSH and FT4 met the specifica-
tions regarding accuracy, general chemistry, special immunol-
ogy, and ligand of the quality control and quality assurance
program of the College of American Immunoassay.

Evaluating iodine status

The representative iodine status of Korea was estimated by
median UIC based on WHO recommendation [3]. However,
UIC alone might be inappropriate for evaluating the preva-
lence of iodine deficiency or excess intake [8]. Therefore,
we obtained ‘estimated iodine intake’ through the following
process under the supervision of an experienced nephrologist
(L.J.E): At first, 24-h creatinine excretion rates were calculated
using the Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) estimated creatinine excretion rate (eCER1)
Eq. (1) [9], which was developed by CKD EPI in 2011 using
data from three large studies and validated them in three
separate studies [10]. This equation is unsuitable for children
because they have markedly less muscularity which results
in less creatinine excretion per bodyweight than adults. So,
for subjects under 19 years of age, we used anthropometry-
based reference values of 24-h urinary creatinine excretion
[11] instead of Eq. (1). Second, we estimated iodine intake
using the creatinine excretion rate, urine creatinine (Ucr), bio-
availability of iodine, and UIC (2).
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Creatinine excretion rate (mg/day)
= 879.89 + (12.51 x weight(kg)) — (6.19 X age)
+ (34.51 if black) — (379.42 if female). (H

Estimated iodine intake (ug/day)
_ UIC (ug/L) X creatinine excretion rate (mg/day)
h Ucr (mg/dL) x 0.92 x 10 ’

@)

Then, the prevalence of iodine deficiency or iodine

excess was defined as proportion of subjects below the

estimated average requirement (EAR), and above the toler-

able upper intake level (UL) based on Institute of Medi-
cine (IOM) [8, 12, 13].

Statistics

SAS version 9.4 (SAS Institute Inc., Cary, NC, USA)
was used for the statistical analysis of correlated data to
account for the complex sample survey design using the
weights assigned to the individuals sampled to represent
the Korea population. All categorical variables were pre-
sented as number with weighted percentage (%) using Proc
Surveyfreq. Among continuous variables, UIC, FT4, and
TSH were presented as weighted median with interquartile
range (IQR), weighted mean + standard error (SE), and
weighted geographic mean + SE, respectively, using Proc
Surveymeans. The difference and trend of median UIC

according to social economic status or geographic pattern
were analyzed by Proc Surveyreg adjusted for age and sex.
p values < 0.05 were considered significant.

Results
lodine nutrition status of the Korean population

UIC was measured in 8318 subjects of the KNHANES VI
(2013-2015) who were non-pregnant population over 6 years
old. Their median UIC (IQR) was 293.9 pg/L (156.5-683.6).
On classification of subjects according to EAR or UL cut-
point method, the prevalence of iodine deficiency and iodine
excess was 14.0 and 13.4% (Table 1). For adult population
(age > 19 years) only, median of UIC and estimated 24-h
iodine intake was 274.2 pg/L (148.4-643.5) and 249.3 pg/
day (131.1-590.5), respectively.

UIC according to age and sex

Among the age groups, population younger than 10 years
showed highest median UIC [511.0 pg/L (299.9-948.5),
Table 1]. From age 20 years onwards, median UIC was lesser
than those of aged under 20 years, but all of the age groups
were population of above requirements for iodine nutrition.
In the elderly over 70 years, median UIC was 251.2 pug/L
(98.9-761.6), which was lower than other age groups of
adults and approximately one-fourths (106/505, 22.8%) of

Table 1 Urine iodine concentration by age (Korea National Health and Nutrition Examination Survey 2013-2015)

Age groups (year) N (%)*

Urine iodine, pg/L, Ucr, mg/dL, median

Estimated Iodine No (%) No (%) above the UL

median (IQR)* (IQR) intake®, pg/day, median below the
(IQR) EAR

<10 156 (1.5) 511.0 (299.9-948.5) 121.0 (121.0-121.0) 566.9 (566.9-566.9) - -
10-19 1141 (13.0) 412.2 (208.9-953.3) 198.8 (135.6-276.3) 240.6 (121.6-582.8) 132 (14.7) 218 (18.3)
20-29 1077 (19.3)  235.6 (142.5-518.3) 219 (154.5-288.4) 175.3 (98.6-393.8) 218 (22.6) 62 (6.6)
30-39 1306 (17.9)  309.5 (161.5-666.1) 175.5 (119-238.2) 259.9 (148.6-592) 118 (9.7) 144 (12.3)
4049 1331 (17.9) 2759 (150.1-649.1) 152.6 (99.5-212.0) 268.0 (141.7-605.8) 139 (10.8) 150 (13.2)
50-59 1484 (17.1) 284.0 (148.1-643.4) 133.1 (88.5-180.3) 276.0 (149.1-636.2) 141 (10.4) 183 (14.1)
60-69 1318 (10.0)  294.1 (145.3-830.8) 112.6 (77.8-161.6) 320.7 (139.8-946.5) 145 (12.6) 240 (20.5)
70— 505 (3.4) 251.2 (98.9-761.6) 100.6 (61.6-150.3) 256.9 (103.4-692) 106 (22.8) 90 (17.4)
Total 8318 (100.0) 293.9 (156.5-683.6) 163.3 (105.7-232.2) 248.4 (129.6-589.8) 999 (14.0) 1087 (13.4)

Estimated iodine intake (if age <20 years) = UIC X Creatinine excretion rate (anthropometry-based reference values of Caucasian children)/(Ucr

X% 0.92x10)
School-aged children and adults except pregnant and lactating women
EAR estimated average requirement, UL tolerable upper intake level

#Characteristics of subjects were expressed as weighted median (IQR) for continuous variables and as weighted percentages (%) for categorical

variables, applied using sample weights

YEstimated iodine intake (if age >20 years)=UIC x {879.89 + (Body weight x 12.51) — [(6.19 x Age) + (34.51 if black) — (379.42 if

female)] }/(Ucr x 0.92x 10)
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this elderly group was iodine deficiency based on EAR cut-
point method. For almost age groups, the median UIC of
female was slightly higher than that of male but each age
stratum in male and female group was similar (Table 1). The
median UIC of school-aged children (SAC 6-12 years) was
528 pg/L (283.8-996.8) and 32.6% of them had estimated
iodine intake above the UL (Table S1).

UIC according to social economic status

Table 2 showed the median UIC according to income lev-
els, education levels, alcohol intake status, and smoking

status. The higher income a household reported, the higher
median UIC was reported; the median UIC was 250.4 pug/L
(121.3-585.9), 277.1 pg/L (151.3-627.1), 298.7 ug/L
(158.4-689.2), and 313.1 pg/L (173.2-757.1) for the low-
est, lower-middle, upper-middle, and the highest quartile of
income level (p for trend < 0.001). High school education
group had a lower median UIC (IQR) than those with elemen-
tary school education or less [330.6 pg/L (163.6-859.8) vs.
264.2 ng/L (145.8-580.3); p <0.001]. Median UIC in subjects
with alcohol experience was significantly lower than those
in never drinker [279.5 pg/L (151.3-643.1) vs. 348.0 pg/L
(164.6-892.9); p<0.001]. Similarly, current smoker

Table 2 Urine iodine concentration by social economic status (Korea National Health and Nutrition Examination Survey 2013-2015)

Total Male Female
N (%) Urine iodine, p value* N (%) Urine iodine, p value* N (%) Urine iodine, p value*
pg/L, median pg/L, median pg/L, median
(IQR) (IQR) (IQR)
Income
Lowest 1242 (12.3) 250.4 (121.3—  Ref. 532(10.5) 232.5(118.3—  Ref. 710 (14.6) 267.4 (124.9—  Ref.
585.9) 519.1) 668.3)
Lower-middle 2072 (24.5) 277.1 (151.3—  0.232 1025 (24.7) 269.1 (159.6-  0.176 1047 (24.2) 285.7 (144.4-  0.596
627.1) 610.6) 659.5)
Upper-middle 2456 (31.2) 298.7 (158.4—  0.020 1252 (31.9) 292.9(163.3-  0.016 1204 (30.3) 303.4 (154.2-  0.253
689.2) 676.7) 722.1)
Highest 2536 (32.0) 313.1(173.2-  <0.001 1275(32.9) 318.7(182.6- <0.001 1261 (30.9) 302.6 (156.6—  0.145
757.1) 736.2) 789.6)
p for trend <0.001 <0.001 0.094
Highest education level
Elementary 2016 (19.2) 330.6 (163.6—  Ref. 851 (15.7) 333.5(186.8—  Ref. 1165 (23.5) 328.6 (149.6—-  Ref.
school 859.8) 840.2) 876.9)
Middle school 968 (11.4) 305.4 (157.2-  0.813 475 (10.8) 300.1 (157.6-  0.536 493 (12.1) 322.3(153.3-  0.801
787.0) 768.6) 816.2)
High school 2460 (35.5) 264.2 (145.8-  <0.001 1257 (37.7) 258.8 (149.7-  <0.001 1203 (32.7) 273.4(138.3-  <0.001
580.3) 565.9) 593.5)
University 2364 (34.0) 309.0 (162.9-  0.120 1217 (35.8) 311.6(177.5- 0.144 1147 (31.8) 295.1 (150.6-  0.289
672.3) 663.5) 689.8)
p for trend 0.026 0.110 0.074
Alcohol intake®
Never drinker 1229 (13.3) 348.0 (164.6—  Ref. 426 (9.0) 364.5(196.3—  Ref. 803 (18.7) 343.4(156.0-  Ref.
892.9) 926.1) 860.0)
Drinker 6438 (86.7) 279.5(151.3—  <0.001 3298 (91.0) 278.0(157.6—  <0.001 3140 (81.3) 281.6 (141.1-  0.002
643.1) 622.4) 662.9)
Smoking®
Never smoker 3968 (53.5) 279.6 (147.6—  Ref. 773 (26.0) 278.1 (166.4—  Ref. 3195 (87.9) 280.6(138.3—  Ref.
652.5) 600.9) 670.7)
Ex-smoker 1369 (20.3) 299.7 (167.1-  0.494 1180 (31.8) 311.6(174.3-  0.522 189 (6.0) 271.4(150.7-  0.819
685.3) 696.2) 563.0)
Current smoker 1511 (26.2) 248.3 (138.1-  <0.001 1310 (42.2) 249.5(138.6—  0.003 201 (6.1) 225.1(122.6-  0.192
577.6) 572.6) 596.6)
p for trend <0.001 <0.001 0.239

*p value for difference of geometric mean of log TSH (regression analysis adjusted for age, gender, and missing value)

# We excluded 368 persons under 12 years of age because drinking status was obtained from 12 years old

b We excluded 1181 persons under 19 years of age because smoking status was obtained from 19 years old
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showed lower median UIC than never smoker [279.6 ug/L
(147.6-652.5) vs. 248.3 pg/L (138.1-577.6); p<0.001]. In
subgroup analysis by gender, the relationship between social
economic status and UIC was more obvious in males.

UIC according to geographic location

Figure 1 shows the difference of median UIC among the 16
administrative areas of Korea. Among the four categories

Median UIC (ug/L)
M 400~

I 350~399

I 325~349

[ 300~324

@ 275~299

[ 251~274

[ 225~250

[ 200~224

v

Fig.1 Choropleth map of median UIC of administrative areas in
Korea

according to geographic characteristics of residence (urban
and coastal, urban and inland, rural and coastal, and rural
and inland), UIC was highest in urban and coastal region
[316.8 pg/L (163.7-784.2)] and lowest in rural and inland
region [232.3 ug/L (116.8—495.5)] (Table 3).

UIC and thyroid function

UIC, TSH, and FT4 were simultaneously measured in 6564
subjects of the KNHANES VI (2013-2015). Table 4 shows
changes of serum TSH or FT4 levels according to UIC cat-
egories. Geometric mean (mU/L) (SE) of serum TSH were
1.92 (0.04), 2.01 (0.02), 2.09 (0.03), 2.24 (0.03), 2.19 (0.03),
and 2.39 (0.04) in subgroup with UIC <100, 100-199,
200-299, 300499, 500-999, and > 1000 pg/L, respectively.
The serum TSH level showed significant increasing trend
as UIC was increasing (Table 4; p for trend <0.001). The
serum FT4 levels showed statistically significant but not
clinically significant change according to UIC (Table 4; p
for trend < 0.001).

Discussion

In this study, we firstly reported the nationwide iodine status
of Korea, and found that the median UIC was 293.9 ug/L
(156.5-683.6). The median UIC was varied according to
age, gender, social economic status, and geographic char-
acteristic of residence. The subgroups with higher median
UIC were associated with higher mean TSH levels while the
relationship was not evident between UIC and FT4 levels.
The Korean population has been suggested to be iodine-
sufficient in several non-representative studies [14—16].

Table 3 Urine iodine concentration by geographic characteristics (Korea National Health and Nutrition Examination Survey 2013-2015)

Total Male Female
N (%) Urine iodine, p value* N (%) Urine iodine, p value* N (%) Urine iodine, p value*
pg/L, median pg/L, median pg/L, median
(IQR) (IQR) (IQR)
Geographic characteristics
Rural and 222 (2.7) 232.3(116.8— Ref. 124 (2.9) 219.2(132.2- Ref. 98 (2.4) 231.8 (87.9- Ref.
Inland* 495.5) 399.8) 581.2)
Rural and 4355 (50.6) 287.6 (151.6— 0.0543 2142 (50.6) 287 (160.0— 0.0970 2213 (50.5) 288.4 (138.9— 0.0719
Seaside* 665.5) 629.3) 734.1)
Urban and 2624 (31.4) 304.5 (162.5— 0.0226 1291 (31.8) 302.7 (166.3— 0.0402 1333 (31.0) 309 (155.4- 0.0439
Inland* 701.2) 705.0) 691.5)
Urban and 1144 (15.3) 316.8 (163.7— 0.0102 544 (14.7) 310.4 (174.2— 0.0131 600 (16.1) 316.8 (156.8— 0.0367
Seaside* 784.2) 776.1) 793.2)
p for trend 0.0062 0.0059 0.0839

*Rural and Inland: Chungcheongbuk-do; Rural and Seaside: Gyeonggi-do, Gangwon-do, Chungcheongnam-do, Jeollabuk-do, Jeollanam-do,
Gyeongsangbuk-do, Gyeongsangnam-do, Jeju-do; Urban and Inland : Seoul-teukbyeolsi, Gwangju-gwangyeoksi, Daejeon-gwangyeoksi, Daegu-
gwangyeoksi; Urban and Seaside : Busan-gwangyeoksi, Incheon-gwangyeoksi, Ulsan-gwangyeoksi
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Table 4 Analysis of serum TSH and free T4 levels according to urine
iodine concentration

Urine iodine N (%) TSH (mIU/L) Free T4 (ng/dL)
level (pg/L)
Mean® SEP Mean SE

<100 781 (11.7) 1.92 0.04 1.24 0.01
100-199 1470 (23.4) 2.01 0.02 1.27 0.01
200-299 1029 (16.1) 2.09 0.03 1.27 0.01
300-500 1036 (16.0) 2.24 0.03 1.23 0.01
500-999 1087 (16.0) 2.19 0.03 1.24 0.01
>1000 1161 (16.8) 2.39 0.04 1.22 0.01
p for trend® <0.001 <0.001

*Mean (TSH) is geometric mean

bStandard error (SE) of mean(TSH) is derived using the delta method
from SE(mean[log(TSH)])

¢p for trend: adjusted for age and sex

A recent study of 540 healthy, urban-dwelling adults in
Korea reported a median UIC of 268 pg/L [15]. Another
study by Lee et al. [16] reported excessive iodine status in
Korean preschool children (2-7 years of age), reporting a
median UIC of 438.8 ug/L. Despite these some studies,
there were no national data so that Korea was not reg-
istered in iodine nutrition map of WHO. In the first pre-
sented nationwide report of this study, Korean population
is above requirements for iodine nutrition. Unique diet pat-
tern such as seaweed soup or basic ingredient made from
sea tangle or kelp is considered as main cause of above
requirements for iodine nutrition [17]. The major sources
of dietary iodine in the Korean population are seaweed
(66%), milk and dairy products (11%), and fish (9%) [18].
However, variations in UIC existed among the differ-
ent age groups. In this study, median UIC of SAC was
above 500 pg/L [528 ng/L (283.8-996.8)] and 32.6% of
them was iodine excess which is associated with increas-
ing thyroid volume reflecting the adverse effects of chronic
iodine excess [19]. They are considered as the target and
representative group for iodine nutrition status surveil-
lance because of their combined high vulnerability, easy
access, and applicability to a variety of surveillance activi-
ties [3]. However, in this study, SAC did not represent the
general population of Korea. It is also observed in the
US NHANES data that SAC had a higher median UIC
than adult. In addition, excessive iodine intake of SAC
has been reported in the Food and Drug Administration’s
Total Diet Study on iodine intake [20]. Given that the UIC
was not high in the age group of parents, school meal or
snack outside seems to be the main cause of exceed iodine
intake in SAC. Further assessment of iodine nutrition and
relevant health policy is needed to help prevent iodine
excess-induced thyroid dysfunction in later life [2].

@ Springer

In contrast, 22.8% of elderly over 70 years have estimated
iodine intake below the EAR. Although we did not demon-
strate the exact reason, it might be associated with malnu-
trition. Iodine deficiency could lead to the development of
hypothyroidism with corresponding fatigue, goiter, mental
slowing, depression, and weight gain [1]. Therefore, further
consideration of the iodine nutrition status is needed in the
elderly population, even in iodine-sufficient countries. The
median iodine concentration of the pregnant and lactating
population in Korea was 210.2 pg/L (137.4-449.9). How-
ever, the data of pregnancy and lactation population might
be unreliable due to small number of people surveyed (only
46 subjects). Rather, a recent study of 344 healthy preg-
nant women in Korea reported that the median UIC was
427.3 pg/L [21].

Analysis of the association between social economic sta-
tus and UIC revealed that current smoker or alcohol drinker
showed lower UIC than never smoker or never drinker.
Association between smoking or alcohol habits and iodine
intake has been discussed in some previous studies [22],
and smokers or alcohol drinkers may have a higher require-
ment for iodine [23, 24]. However, clinical impact of these
findings may be small in Korea because UIC of smoker or
alcohol drinkers are even not low. Our results also confirmed
that incomes and education level were possible contributors
to iodine nutrition. The previous study of 4865 women in
China showed that having income >2000 yuan (compared
with those having income < 1000 yuan) and less than high
school education (compared with those having more than a
high school education) had a higher UIC [25], which sup-
ports our data. The difference of UIC according to income
and education levels could be explained by fact that income
and education might simply represent more diverse food
choices or a greater awareness of health.

In this study, the subjects living in seaside areas showed
higher UIC than those living in inland areas. Better access to
seaweed which is the main source of iodine intake in Korea
might contribute the result. This trend is consistent with the
previous studies [26, 27]. The subjects living in urban areas
had higher UIC than those who were not. It is similar to
the result of study in southern Italy [28] but contrast to that
of study in Zhejiang province of China [26]. This differ-
ence could be explained by the fact that rural subjects in the
study of china consumed much pickled food with iodized
salt which is not implemented in Korea. More consumption
of processed food or high income level of the subjects in
urban areas is possible reason of higher UIC.

In current study, subgroups with higher median UIC
were associated with higher mean TSH levels. However, it
does not imply that sufficient iodine supply increased risk
for hypothyroidism. First of all, this study is not longitudi-
nal study. Moreover, considering physiologic adaptation of
thyroid glands after iodine supplement, increased TSH level
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should not be interpreted as evidence for real hypothyroid-
ism [29].

The strength of this study is that it is the first report of
nationwide UIC and its relationship with thyroid hormones
of Korea. However, we did not present the median UIC of
the SAC as a representative value recommended by WHO
guideline due to relatively small subjects in SAC. In addi-
tion, intra-individual variation (day to day variation) of
UIC was not adjusted because repeated data of UIC are
absent in KNHANES. For exact evaluation, further study
with repeated data of UIC or large cohort of SAC in Korea
will be required. Another limitation is that estimated iodine
intake for children was calculated using reference value of
Caucasian children because there are no data of Korean chil-
dren. Additionally, because this was a cross-sectional study,
we cannot guarantee the causal relationship between urine
iodine and thyroid hormones.

In conclusion, this first nationwide study in Korea dem-
onstrated that the median of UIC and estimated iodine intake
in the adult population lies at nearly 300 pg/L and 250 pg/
day, respectively, showing an overall excellent iodine nutri-
tion in Koreans. And our study confirms that higher UIC
is associated with higher TSH levels. However, consider-
able proportion of subjects (13.4% for excess iodine intake
and 14.0% for iodine deficiency) was inadequate for iodine
intake which could be related to an increase in the risk of
thyroid disease. Therefore, more attention in health policy
for iodine nutrition is needed, especially for vulnerable
groups such as elderly, pre-existing thyroid disease, or young
people [30]: further nutritional studies to identify accurate
dietary sources of iodine in Korean education program about
adverse effects of inadequate iodine intake or diet sources
of iodine, and long-term monitoring about iodine status for
adjusting iodine intake.
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