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Abstract

Objective: Adequate iodine intake is essential for growing children, and thyroid volume Keywords
(Tvol) is considered as an indicator of iodine status. We investigated Tvol and goiter using » iodine
ultrasonography (US) and their association with iodine status in 228 6-year-old children > thyroid

living in Korea. > goiter

Methods: lodine status was assessed using urine iodine concentration (UIC) and > Republic of Korea

categorized as deficient (<100 ug/L), adequate (100-299 ug/L), mild excess (300-499
ug/L), moderate excess (500-999 ug/L), and severe excess (>1000 ug/L). Tvol was
measured using US, and a goiter on the US (goiter-US) was defined as Tvol greater
than 97th percentile value by age- and body surface area (BSA)-specific international
references.

Results: The median Tvol was 2.4 mL, larger than the international reference value (1.6
mL). The age- and BSA-specific goiter-US rates were 25.9% (n = 59) and 34.6% (n = 79),
respectively. The prevalence of excess iodine was 73.7% (n = 168). As iodine status
increased from adequate to severe excess, the goiter-US rate significantly increased
(P for trend <0.05). The moderate and severe iodine excess groups showed higher risk
of goiter-US (adjusted odds ratio (aOR) = 3.1 (95% Cl: 1.1-9.2) and aOR = 3.1 (95% Cl:
1.2-8.3), respectively; age-specific criteria) than the iodine-adequate group.
Conclusions: Excess iodine was prevalent in Korean children, and their Tvol was higher
than the international reference values. Goiter rate was associated with iodine excess,
which significantly increased in the moderate and severe iodine excess groups. Further
studies are warranted to define optimal iodine intake in children.
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Introduction

Adequate iodine intake is essential in growing children
because both iodine deficiency and excess can adversely
affect thyroid function (1, 2). Thyroid volume (Tvol)
and goiter rate have been regarded as indicators of the
long-term iodine nutritional status in the population.
A total goiter rate of > 5% in school-aged children has
been used as a criterion for iodine deficiency (3).

With successful iodine fortification and monitoring
programs, goiters associated with iodine deficiency have
nearly disappeared in many countries (4). Nevertheless,
there is increasing concern regarding the adverse effects
of excess iodine intake (1). Some studies have revealed
increased risk of goiter, much higher than 5%, in children
with excess iodine intake (5, 6, 7, 8). However, the impact
of excess iodine intake on thyroid function and the
possibility of goiter in children remains unclear.

Iodine excess is defined as a wurine iodine
concentration (UIC) over 300 pg/L based on the World
Health Organization (WHO) criteria (3); however,
optimal iodine intake ranges in children have not been
determined. For example, a study performed in an
international sample of 6-12-year-old children reported
that UIC > 500 pg/day was related to increasing Tvol (5),
whereas another study including 7-14-year-old Chinese
children suggested that Tvol and goiter rate showed a
nonlinear association, with a threshold iodine intake of
150 pg/day (6).

South Korea is an iodine-sufficient area (9), and
a recent nationwide study reported an association
between excess iodine and thyroid dysfunction in
adolescents (10). In our previous study, we reported the
effects of excess iodine on thyroid hormone levels in
6-year-old children (11). However, there is lack of evidence
regarding the relationship between iodine status and
thyroid US findings in healthy Korean children. Herein,
we evaluated the Tvol, goiter rate, the presence of focal
lesions assessed by thyroid ultrasound (US), and the
relationship between iodine status and Tvol and goiter
rate to determine the optimal iodine intake in 6-year-old
Korean children.

Materials and methods

Participants

This study used the data of the Environment and
Development of Children (EDC) cohort study, which
investigated the influence of early-life environmental

exposures on physical and neurobehavioral development
in children (12). Among the 574 6-year-old children
examined during 2015-2017, 230 children underwent
thyroid US in 2016. After excluding two children with
congenital hypothyroidism, 228 children (123 boys)
were included in this study. This study was performed in
accordance with the guidelines of Helsinki Declaration.
The study was approved by the Institutional Review
Board of Seoul National University Hospital (IRB no. 1704-
118-848) and informed consent was waived.

Clinical assessments

Height (cm) and weight (kg) were measured, and the
body mass index (BMI) was calculated as weight divided
by squared height (kg/m?2). Height, weight, and BMI
Z-scores were calculated according to the 2007 Korean
National Growth Charts (13). Body surface area (BSA)
was calculated as follows: BSA (m2)=weight (kg)0425 x
height (cm)0725 x 71.84 x 10-4 (14). Two pediatric
endocrinologists evaluated for goiter on physical
examination (goiter-PE) by palpation. Data on
socioeconomic status and parental history of thyroid
disease were collected.

lodine status

Urine iodine concentration (UIC, ug/L) and urinary
creatinine (Cr) levels were measured from spot morning
urine samples collected within 3 days prior to thyroid
US examination. Detailed methods of UIC and Cr
measurements have been previously described (11).
Iodine status was categorized as follows: iodine deficient
(UIC: <100 ug/L), adequate (UIC: 100-299 ug/L), and
excess (UIC: > 300 upg/L) (15). The excess group was
divided into mild excess (UIC: 300-499 ug/L), moderate
excess (UIC: 500-999 ug/L), and severe excess (UIC: >1000
ug/L) subgroups for the analysis. Estimated 24 h-urine
iodine excretion (UIE) (ug/day) was calculated as follows:
estimated 24 h-UIE (ug/day)=iodine/Cr (ug/g) x predicted
24 h-Cr excretion (g/day) (16).

Thyroid ultrasound evaluation

Thyroid US was performed on the day of blood testing
by a single experienced operator who was blinded to the
iodine status and thyroid function of the participants
using a US device equipped with a 5-15 MHz linear
transducer (Logiq E9, GE Healthcare). First, each
middle lobe’s maximum width, length, and depth were
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measured to evaluate Tvol. The Tvol of each lobe was
calculated using the formula Tvol (mL)=0.479 x width
(cm) x length (cm) x depth (cm) (17), and the lobe volumes
were summed, excluding the volume of the isthmus.
Goiter on the US (goiter-US) was defined as Tvol greater
than 97th percentile by age- or BSA-specific reference
values of Tvol according to the international reference
(18). Second, the findings of focal lesions such as thyroid
cysts, nodules, or intrathyroidal thymus (ITT) were
investigated. The detected thyroid nodules or ITTs were
followed up. The size and characteristics of the thyroid
nodules were evaluated using the Korean Thyroid
Imaging Reporting and Data System (K-TIRADS) (19).

Measurements of thyroid function

Free thyroxine (FT4) and thyroid stimulating hormone
(TSH) were measured using a chemiluminescent
microparticle immune assay on an ARCHITECT i2000
System (Abbott Korea). The reference range was defined
as 0.70-1.48 ng/dL (9.01-19.05 pmol/L) for FT4 and
0.38-4.94 mlIU/L for TSH, respectively. Subclinical
hypothyroidism was defined as TSH levels at 5-10 mIU/L
with normal FT4 levels (20).

Statistical analysis

Data analysis was performed using the R statistical
software package (version 4.0.3; R Foundation for
Statistical Computing, Vienna, Austria). After testing
for normality, all continuous variables are expressed
as the mean + standard deviation (SD) or as the median
with interquartile range (IQR). The iodine variables and
TSH levels were naturally log-transformed for analysis.
The participants’ characteristics were compared using
Student’s t-test or the Mann-Whitney U test, one-way
analysis of variance or Kruskal-Wallis test for continuous
variables, and the Chi-squared test or Fisher’s exact test
for categorical variables. Linear and logistic regression
analyses were performed to evaluate the relationships
between iodine status, Tvol, and goiter. Multivariate
models were constructed with covariates, including age,
sex, and BMI Z-scores, derived from a directed acyclic
graph. Statistical significance was set at P < 0.05.

Results

Clinical characteristics of participants

Table 1 shows clinical characteristics of 228 children
(123 boys and 105 girls). The mean age at evaluation

was 5.9 £ 0.1 years. The mean BMI Z-score was —0.1
and BSA was 0.8 m2 without sex-differences. Palpable
goiter-PE was found in 43 (18.9%) patients with higher
proportion in girls (32.4% vs 7.3%, P < 0.001). The median
TSH level was 2.5 mIU/L (IQR: 1.8-3.3) and 15 (6.6%)
patients had subclinical hypothyroidism. No children
had a TSH level greater than 10 mIU/L. The median UIC
and estimated 24 h-UIE was 623.5 pg/L (IQR: 278.0-
1468.9) and 327.3 pg/day (IQR: 156.1-771.9), respectively.
Iodine was deficient in 12 (5.3%), adequate in 48 (21.2%),
and excessive in 168 (73.7%). As most of the children had
iodine excess, the excess group was divided into mild
excess (UIC: 300 to 499 ug/L, n=35, 15.4%), moderate
excess (UIC: 500-999 ug/L, n=49, 21.5%), and severe
excess group (UIC: > 1000 pg/L, n=84, 36.8%) for
further analysis. There were no significant differences
in clinical characteristics among the five iodine status
groups (Supplementary Table 1, see the section on
supplementary materials given at the end of this article).

Thyroid volume measurements

The mean Tvol was 2.5 mL and the prevalence of age-
and BSA-specific goiter-US was 25.9% (n=59) and
34.6% (n=79), respectively, without sex difference
(Table 1). Detailed distributions of Tvol according to
sex and BSA are described in Supplementary Table 2.
The values of 50th and 97th percentile were 2.33 mL
and 4.03 mL for boys and 2.52 mL and 4.16 mL for girls,
respectively.

Clinical factors associated with thyroid volume and
the presence of goiter

Clinical characteristics were compared according to the
presence of goiter on the US based on age or BSA-specific
criteria. For age-specific criteria, children with goiter-US
had higher BMI Z-scores (0.11 vs —0.21, P=0.030) and
palpable goiter at physical examination (33.9% vs
13.6%, P=0.001) than those without goiter. There were
no significant differences in sex, BSA, family history, or
thyroid function between the groups (Table 2). For
BSA-specific criteria, there were no differences between
goiter-US groups in clinical characteristics and thyroid
function except palpable goiter rate at physical
examination (Supplementary Table 3). There was
significant association between BMI Z-scores (8=0.1S5,
P=0.002) and BSA (=2.23, P=0.001) and Tvol
(Supplementary Table 4).
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Table 1 Clinical characteristics of study participants. Data are expressed as the mean + s.0., median (interquartile range), or n (%).

Variables Total Boys Girls
n 228 123 105
Age, years 59+0.1 59+0.1 59+0.1
Height, cm 115.7+4.4 115.8+4.7 115.5+4.1
Weight, kg 21.1+3.0 21.2+3.1 21.0+2.8
BMI, kg/m2 15.7+1.5 15.7+1.5 15.7+1.6
Height Z-score 0.39 +£0.96 0.30 £ 0.99 0.48 £ 0.92
Weight Z-score 0.11+0.95 —0.01 £ 0.942 0.24 + 0.942
BMI Z-score -0.13+0.96 -0.19+£0.92 —0.06 £ 1.00
Body surface area, m2 0.82+0.07 0.82 +0.07 0.82+0.06
Palpable goiter at PE 43 (18.9) 9(7.3) 34 (32.4)2
Parental history of thyroid disease 0(4.4) 8(6.5) 2(1.9)
Maternal education level > college 196 (86.0) 108 (87.8) 8(83.8)
UIC, pg/L 623.5 (278.0-1468.9) 669.4 (343.2-1497.0) 565 4(230.5-1369.7)
UIC category

lodine deficient (UIC: <100 ug/L) 2(5.3) 3(2.4) 9(8.6)

Adequate (UIC: 100-299 pg/L) 8(21.1) 22 (17.9) 26 (24.8)

Excess (UIC: >300 pg/L) 168 (73.7) 98 (79.7)2 70 (66.7)2
Estimated 24 h-UIE, ug/day 327.3(156.1-771.9) 336.3 (184.4-803.9) 297.5(136.0-732.3)
Free thyroxine, ng/dL 1.15+£0.11 1.16+£0.11 1.15+£0.12
TSH, mIU/L 2.5(1.8-3.3) 2.5(1.8-3.4) 2.5(1.9-3.3)
Subclinical hypothyroidism 15 (6.6) 8 (6.5) 7 (6.7)
Thyroid volume, mL 25+0.7 25+0.7 26+0.8
Goiter on US (age-specific) 59 (25.9) 29 (23.6) 30 (28.6)
Goiter on US (BSA-specific) 79 (34.6) 36 (29.3) 43 (41.0)
Focal lesion

None 153 (67.1) 83 (67.5) 70 (66.7)

Cyst 59 (25.9) 31(25.2) 28 (26.7)

Nodule 3(1.3) 2(1.6) 1(1.0)

ITT 13(5.7) 7 (5.7) 6 (5.7)

aP < 0.05 between boys and girls.

BSA, body surface area; ; ITT, intrathyroidal thymus; PE, physical examination; UIC, urine iodine concentration; UIE, urine iodine excretion; US, ultrasound.

Relationship of iodine status with thyroid volume
and goiter

The distributions of Tvol and the prevalence of
goiter-US among the iodine categories are shown
in Fig. 1 and Supplementary Table 1. There were no
significant differences in Tvol or goiter-US rate among
the five iodine groups. The iodine adequate group showed
a lower mean Tvol (2.4 + 0.5 mL) and goiter-US rate
(12.5% for age-specific criteria and 22.9% for BSA-
specific criteria, respectively) compared to the iodine
deficient or excess groups without statistical significance
(Fig. 1A and B). As iodine status increased from adequate
to severe excess, the goiter-US rate significantly increased
(P for trend =0.012 for age-specific criteria, 0.028 for BSA-
specific criteria, Fig. 1B).

We investigated the association between iodine
status and Tvol or goiter rate with the iodine adequate
group as the reference category (Table 3). Iodine status
was not associated with Tvol after adjustment. However,
the moderate and severe iodine excess group showed a

significantly higher risk of goiter-US (adjusted odds ratio
(aOR)=3.1, P=0.038 for the moderate excess group;
aOR=3.1, P=0.024 for the severe excess group; age-
specific criteria) than the adequate group after adjusting
for covariates including age, sex, and BMI Z-scores.

To focus on iodine excess, we performed regression
analysis after excluding 12 iodine-deficient children. Log-
transformed UIC was significantly associated with risk
of goiter-US after adjusting for covariates (aOR=1.40,
P=0.032 for age-specific criteria; Table 4). Log-transformed
estimated 24 h-UIE showed a similar trend, although the
result was not statistically significant after adjustment.

Focal lesions on thyroid ultrasound and follow-up

Focal lesions were found in 75 children (32.9%): 59
with thyroid cysts (25.9%), 3 with nodules (1.3%), and
13 with ITT (5.7%) without sex differences (Table 1).
Children with goiter-US had a higher proportion of focal
lesions (52.5% vs 26.0%, P < 0.001 age-specific criteria,
Table 2). Children with focal lesions showed higher
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Table 2 Comparison of clinical characteristics according to the presence of goiter on the US based on age-specific criteria. Data
are expressed as the mean = s.o., median (interquartile range), or n (%).

Variables Goiter-US (-) Goiter-US (+) P

n 169 59

Boys, n (%) 94 (55.6) 29 (49.2) 0.999
BMI Z-score —-0.21+£0.94 0.11 +0.97 0.030
Body surface area, m2 0.82 + 0.07 0.83+0.06 0.051
Palpable goiter at physical examination 23(13.6) 20(33.9) 0.001
Parental history of thyroid disease 7 (4.1) 3(5.1) 0.999
Maternal education level > college 146 (86.4) 50 (84.8) 0.924
Free thyroxine, ng/dL 1.17+£0.10 1.15+£0.12 0.177
Thyroid-stimulating hormone, mIU/L 2.5(1.8-3.4) 2.5(1.9-3.1) 0.974
Subclinical hypothyroidism 13(7.7) 2(3.4) 0.399
Thyroid volume, mL 22+04 3.5+0.5 <0.001
Goiter-US based on BSA-specific criteria 22(13.0) 57 (96.6) <0.001
Focal lesiona 44 (26.0) 31(52.5) <0.001
aFocal lesion was defined as thyroid cysts, nodules, or intrathyroidal thymus.

BSA, body surface area; US, ultrasound.

Tvol (2.9 vs 2.4 mL, P < 0.001) and proportion of Dijscussion

goiter-US (41.3% vs 18.3%, P < 0.001, age-specific criteria)
compared to those without focal lesions. No significant
associations were observed between UIC and the
presence of thyroid cysts or nodules (data not shown).

In three cases of ITT, there were small (median
size=0.7 cm; range: 0.3-1.0 cm) well-defined hypoechoic
nodules internal non-shadowing
hyperechoic foci, typical of normal thymic echotexture.
All thyroid nodules were less than 1 cm (range: 0.5-0.9
cm) with K-TIRADS scores of 3 (n=2) and 4 (n=1) at
the time of detection. When follow-up US evaluation
was performed in those with nodules, one nodule
decreased in size, while others remained unchanged
during the median follow-up of 3.9 years. No patient
underwent fine-needle aspiration biopsy (FNAB).
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Among 6-year-old children living in an iodine-sufficient
area, the median Tvol was 2.4 mL, and the prevalence
of goiter-US was 25.9-34.6% according to age- and BSA-
specific criteria. The goiter rate significantly increased
as iodine status increased from adequate to severe
excess. The moderate and severe iodine excess groups had
a higher risk of goiter compared with iodine-adequate
group. Thyroid cysts or nodules were found in 25.9%
and 1.3% of the children, respectively. No significant
relationship was found between the iodine
and the presence of focal lesions. To the best of our
knowledge, this is the first study to investigate the
association between iodine status and Tvol or goiter rate
in Korean children.

status

Figure 1

(A) Thyroid volume (mL) and (B) goiter on the US
rate (%) among the iodine status groups. lodine
status was categorized as iodine deficient (UIC <
100 pg/L), adequate (UIC 100-299 ug/L), mild excess
(UIC 300-499 pg/L), moderate excess (UIC 500-999
ug/L), or severe excess (UIC > 1000 pg/L). (A) The
blue rhombus indicates the mean values of thyroid
volume in each group. (B) Goiter-US was defined as

- BSA-specific
-+ Age-specific

o o 2 e 065‘; o@"’é thyroid volume greater than 97th percentile using
ot o7 pae et 2° er 0@ ef the World Health Organization age- and body
W S surface area-specific criteria. *P for trend <0.05. UIC,

lodine status

lodine status

urine iodine concentration; US, ultrasound.
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Adjusted?

1 (reference)
2.12(0.55, 8.13)
1.46 (0.53, 4.01)
2.35(0.95, 5.81)

BSA-specific criteria

Unadjusted
reference)

0.64, 9.09)
0.5, 3.65)

1
2.41
1.35
2.14
2.29

Goiter-US (OR, 95% Cl)

reference)

Adjusteda

1
3.40
1.94
3.14

3.1

Age-specific criteria

reference)

Unadjusted

1
3.50
2.08
2.80
3.32

Adjusted?
reference)

0
0.07
-0.01

Thyroid volume (8, 95% Cl)

Unadjusted
0 (reference)
0.09 (—0.38, 0.54)
0.02 (—0.31, 0.33)
0.12(-=0.17,0.41)
0.23 (—0.04, 0.49)

n
48

UIC, pg/L
100-299

Table 3 Association between iodine status and thyroid volume and goiter-US.

Category
Adequate

0.76, 15.18)
0.59, 6.35)

0.81, 15.29)
0.65, 6.65)
0.98, 8.06)

—-0.39,0.52)
—-0.33,0.3)

12

<100
300-499
500-999
> 1000

Deficient

35

Mild excessive

0.88,5.17)

- o = —

1.07,9.21)p
1.16, 8.34)°

= T — —

—_= O —

—-0.12, 0.45)
—-0.07, 0.44)

= — — — —

0.16
0.18

49

Moderate excessive
Severe excessive

2.49(1.09, 5.66)°

1.03, 5.10)°

1.26, 8.76)°

84

aAdjusted for age, sex, and body mass index Z-scores; bP < 0.05.
OR, odds ratio; UIC, urine iodine concentration; US, ultrasound..

We found a high prevalence of goiter-US (up to
34.6%) in young Korean children, and their median Tvol
was larger than that of the international reference value
(Supplementary Table 7) (18). In this study, the median
UIC was 624 ug/L, and 73.7% of the children had excess
iodine, comparable to a recent nationwide study (10).
Tvol and goiter rates are classic indicators of long-
term iodine status.(3) Thus, the higher goiter rate with
increased iodine status in our young children was
in line with previous results that showed increased
Tvol or prevalence of goiter in children with excess
iodine (5, 6, 7, 8).

Variations in Tvol and goiter rates in children have
been reported even in long-standing iodine-sufficient
countries (Table 5) (18, 21, 22, 23, 24, 25, 26, 27). Genetic
and environmental factors, including obesity, dietary
habits, and exposure to iodine and other goitrogens,
can affect the differences in Tvol among countries (18,
28, 29). Although the WHO has adopted international
reference values for Tvol (3), significant differences
among countries suggest the need for population-specific
criteria, especially in countries with long-standing iodine
sufficiency (7, 18, 30). Currently, there has been only
one study investigating Tvol in Korean children using
computed tomography (27), and our study is the first to
evaluate Tvol in healthy children using thyroid US.

In this study, as iodine status increased from
adequate to severe excess, the prevalence of goiter on
the US increased to 40.5%. The risk of a goiter on the US
was positively related to UICs and significantly higher
in the moderate to severe iodine excess group (UIC
>500 pg/L) than in the adequate group, in line with a
previous international study reporting an increased Tvol
at a UIC of >500 ug/L in school-aged children (5). Several
pediatric studies have shown a positive association
between iodine intake and Tvol or goiter rate (5, 6, 31,
32), although other studies have shown no significant
associations (7, 21, 22, 24, 33). Inconsistent results may
be due to the various levels of iodine exposure, genetic
predispositions (21), or other environmental factors (34).
Excess iodine intake is prevalent among Korean children
and adolescents (10); thus, close monitoring for possible
health concerns is warranted.

The possible mechanisms of excess iodine-induced
thyroid enlargement include autoimmune-mediated
lymphocytic infiltration of the thyroid gland or a
compensatory increase in TSH levels due to decreased
thyroid hormone synthesis, leading to stimulation
and proliferation of the thyroid gland (35, 36, 37).
However, in this study, thyroid parenchymal changes
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Table 4 Association between continuous iodine variables and thyroid volume and goiter-US. Twelve children with iodine

deficiency were excluded from the analysis.

Goiter-US (OR, 95% Cl)

Thyroid volume (8, 95% Cl)

Age-specific criteria

BSA-specific criteria

Variables Unadijusted Adjusteda

Unadjusted

Adjusteda Unadjusted Adjusted?

LT UIC, ng/L 0.07 (-0.01, 0.18)
LT estimated 24 0.08 (-0.01, 0.18)
h-UIE, ug/day

0.08 (-0.02,0.17)
0.07 (-0.03, 0.16)

1.41 (1.04, 1.90)> 1.40(1.03, 1.90) 1.36(1.03, 1.80)°
1.36 (1.01, 1.84)>  1.21(0.91, 1.61)

1.41 (1.06, 1.87)b

1.19(0.90,1.57) 1.21(0.91, 1.61)

aAdjusted for age, sex, and body mass index Z-scores; bP < 0.05.

LT, log-transformed; OR, odds ratio; UIC, urine iodine concentration; UIE, urine iodine excretion; US, ultrasound.

suggestive of lymphocytic infiltrations were not
observed, and TSH levels were not associated with Tvol,
which may be explained by the young age and the
small sample size of our participants. In this study, we
could not evaluate thyroid autoantibody status, which
can support the effects of autoimmunity on Tvol.
Further research is needed to elucidate the mechanisms
for the association between iodine excess and thyroid
enlargement in prepubertal children.

Focal lesions were identified in 32.9% of 6-year-
old healthy children, with thyroid cysts in 25.9%,
nodules in 1.3%, and ITTs in 5.7%, without significant
association with iodine status. A few pediatric studies
have investigated focal lesions on thyroid US and
reported a wide range of prevalence of cysts as 0.2-56.9%,
nodules as 0.0-1.7%, and ITTs as 0.3-2.0%, respectively
(38, 39, 40, 41, 42). The prevalence of thyroid cysts
or nodules in our cohort was comparable to that in
previous studies, and most of the patients with thyroid
nodules showed a decrease in size, and none needed

FNAB during the follow-up. Although a relationship
between iodine intake and the risk of thyroid nodules or
cancer has been suggested in adults (43, 44), the cross-
sectional association between iodine status and focal
lesions in our children was not significant, which was
limited by the small sample size.

This study has some limitations. First, the cross-
sectional design and small sample size limit confirm
the causal relationship between iodine status and Tvol.
Second, a single spot urine sample was used to assess
iodine status in this study, which can be limited by
intra- and interindividual variations in urine iodine
excretion. However, we collected the morning urine
samples after overnight fasting and also included the
data of urinary Cr-adjusted values (estimated 24 h-UIE)
to complement UIC. Third, we used the international
reference for Tvol due to the lack of Korean pediatric
reference values, which may have influenced the high
prevalence of goiter in this study. As Tvol and goiter rate
can be affected by genetic or environmental factors,

Table 5 Comparison of iodine status and thyroid volume in 6-year-old children living in iodine-sufficient areas.

Median lodine Total Boys Girls
uics, excess?, Tvol, mL Goiter rate, % Tvol, mL Tvol, mL

Country ug/L % n P50 P97 AS BSA-S n P50 P97 _n Ps0 P97 Reference

South Korea  623.5 73.7 228 2.4 4.1 25.9 34.6 123 2.3 40 105 25 4.2 This study

Six 203 26.4 468 - - - - - 1.6 2.9 - 1.6 2.8 Zimmermann

countriesp etal (18)

Japan 281 45,9 37 1.9 3.9 5.8 6.5¢ 19 1.8 3.8 18 1.9 3.8 Fuseetal (21)

Sweden 125 3.0 95 - - 15.7 22.3c 47 269 ns 48 2.6d ns Nystrom et al.
(22)

Algeriae 565 84.0 55 3.0 ns 582 ns - - - - - - Henjumetal.
(23)

Chinaf 170 18.8 416 - - - - 209 2.7 ns 207 28 ns Zouetal (24)

Japan - - 1594 - - - - 822 ns 52 772 ns 5.1 Suzuki et al.
(25)

Spain 120 ns - - - 32 5¢ - ns 3.9 - ns 4.1 Garcia-Ascaso
etal. (26)

Koreafeg - - 61 - - - - 37 3.6d ns 24 3.2d ns Seaetal (27)

aMedian UIC values and prevalence of iodine excess (UIC > 300 pg/L) were derived from study participants of all ages; PCountries include Switzerland,
Bahrain, South Africa, Peru, USA, and Japan; <Data from all age groups; dMean value; eSaharawi refugee camp; fData from participants 3-6 years of age;

gTvol was assessed using computed tomography.

AS, age-specific; BSA-S, body surface area specific; ns, not stated; P50, 50th percentile; P97, 97th percentile; Tvol, thyroid volume; UIC, urine iodine

concentration.
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further studies are needed to determine population-
specific Tvol criteria in Korean children. Moreover, we
could not evaluate the sources of iodine exposures,
which limits our ability to suggest the specific dietary
recommendation on the basis of our study. Further
studies investigating the environmental sources of
iodine excess, and its long-term consequences in
childhood health are needed.

Conclusions

In conclusion, we found a high prevalence of iodine
excess and goiter in 6-year-old Korean children.
Furthermore, as the iodine status increased from
adequate to severe excess, the risk of goiter significantly
increased, especially when UIC > 500 pg/L. The optimal
intake of iodine and cut-offs for excessive iodine intake
in children need further evaluation.
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