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Background: Concerns have been raised regarding thyroid disorders caused by excessive iodine in Koreans, who have iodine-rich
diets. This study evaluated iodine status using dietary iodine intake and urinary iodine in papillary thyroid cancer (PTC) patients.
Methods: Dietary data of PTC patients were assessed using a 24-hour recall and food frequency questionnaire (FFQ), and urinary
iodine concentrations (UICs) were also obtained. To compare the iodine status of PTC patients, Korean adults with or without thy-
roid disease from the Korea National Health and Nutrition Examination Survey, which had 24-hour recall data and urinary iodine
measurements, were analyzed.

Results: The median daily iodine intake by 24-hour recall was 341.7 pg/day in PTC patients, similar to the levels of other Korean
adults. Based on UICs, the prevalence of excessive iodine was 54.4% in PTC patients, which was similar to the prevalence among
subjects with thyroid disease (55.4%) but slightly higher than that in subjects without thyroid disease (47.7%). Based on dietary io-
dine by 24-hour recall, the prevalence of excessive iodine intake was 7.2%, which was higher than that among subjects with (4.4%)
or without (3.9%) thyroid disease. The dietary iodine intake based on 24-hour recall was closely correlated with the UIC (r=0.4826)
in PTC patients, but dietary iodine by FFQ was not significantly correlated with either 24-hour recall or UIC-based dietary iodine.
Conclusion: Excessive iodine intake was more common in PTC patients than in subjects without thyroid disease. Further longitudi-
nal research is necessary to elucidate the role of dietary iodine in PTC.
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INTRODUCTION

Adequate intake of iodine is essential for thyroid hormone syn-
thesis and function. Increasing evidence from epidemiological
studies has demonstrated a U-shaped relationship between io-
dine intake and thyroid disease, including thyroid cancer [1]. A
study of Danish women showed a high prevalence of goiter in
an area where iodine intake was moderately low [2], and a study
of a Chinese cohort from three rural areas showed a higher

prevalence of goiter in a region with mild iodine deficiency than
in other regions with more than adequate iodine intake [3]. In
contrast, a meta-analysis of 16 case-control studies showed a
positive association between high iodine levels and papillary
thyroid cancer (PTC) [4].

Korea is an iodine-replete area in which foods from the sea,
particularly certain types of seaweed with high iodine content,
are commonly consumed in a typical diet. As most ingested io-
dine is excreted within 48 hours, the urinary iodine concentra-
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tion (UIC) serves as a biomarker for recent dietary iodine intake.
The median UIC in Koreans who participated in the Korea Na-
tional Health and Nutrition Examination Survey (KNHANES)
was 293.9 ug/L, which is above the requirement according to
the World Health Organization (WHO) iodine recommenda-
tions [5]. A study of Korean preschool children showed that the
median UIC was 438.8 pg/L, and 66.4% of subjects exhibited
excessive iodine intake (300 pg/L) [6].

Although the UIC is a well-accepted, cost-effective, and read-
ily available indicator for evaluating the iodine nutritional status
of a population [7], it is necessary to estimate dietary iodine in-
take at the population level, identify major food sources, and es-
tablish dietary guidelines for proper iodine intake in order to
minimize the risk of thyroid cancer or thyroid disorders in Ko-
reans whose habitual diets involve high iodine intake.

Due to the lack of an iodine database, few studies have re-
ported dietary iodine intake across countries. The difficulty in
establishing an iodine database lies in the nature and degree of
variability in foods. Carriquiry et al. [8] reported temporal and
regional variability in eight foods over time using data from the
Total Diet Study in areas of the United States where measured
iodine concentrations of foods were available. They recom-
mended that food composition tables provide useful information
on variability, including median levels for nutrients such as io-
dine with highly variable concentrations in major food sources.
As there is no national iodine database for Japan, Katagiri et al.
[9] developed an iodine database based on imputation and the
food composition tables of other countries. Choi et al. [10] re-
cently revised the iodine database for 855 Korean foods with
updated references, including the iodine content of types of sea-
weed released by the Korea Ministry of Food and Drugs. A
study of Flemish preschool children reported variation in dietary
iodine after applying German or British food composition tables
due to the absence of an iodine database in Belgium [11].

The relationship between dietary iodine intake and thyroid
function is complex. A meta-analysis of eight case-control stud-
ies showed that higher iodine intake and high consumption of
saltwater fish and shellfish were protective factors against thy-
roid cancer [12]. However, another meta-analysis showed that a
high total amount of fish in an iodine-non-deficient area was as-
sociated with a slightly increased risk of thyroid cancer. The au-
thors concluded that dietary factors can differ based on iodine
availability [13]. This suggests that dietary iodine and its rela-
tionship with thyroid disease should be explored according to
iodine availability.

Although data on dietary iodine intake are limited, the dietary
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iodine levels of Korean and Japanese participants were reported
to be notably higher than those in European countries. The me-
dian iodine intake in Japanese adults based on 28-day dietary
records was 312 pg/day in men and 413 pg/day in women [14],
and that in Korean adults was 400.8 pg/day in men and 311.2
pg/day in women based on a single 24-hour recall [10]. In con-
trast, the median iodine intake in pregnant UK women was re-
portedly 190 pg/day using a food frequency questionnaire
(FFQ) [15], and the average iodine intake in French women
based on a diet-history questionnaire was 155.6 pg/day [16].
However, it is difficult to compare these values directly due to
the different methods used to assess dietary intake.

As certain foods have high iodine content, 24-hour recall or
dietary-record methods for measuring dietary intake need to ex-
amine multiple days of intake, and an FFQ is needed to validate
iodine-specific items and estimate usual iodine intake. Combet
and Lean [17] developed a short FFQ specifically for measuring
iodine intake in UK women, but its 17 items included no sea-
weed food items, which are commonly consumed in Korea and
Japan. Therefore, to elucidate the role of dietary iodine in thy-
roid cancer or other disorders caused by excessive iodine intake,
more studies focusing on Koreans and their iodine-rich diet are
necessary.

Thus, the aim of this study was to evaluate iodine status using
dietary iodine intake measured with 24-hour recall and an FFQ,
as well as UICs of patients with PTC from a tertiary hospital. As
a comparison group for the PTC patients, Korean adults from
the KNHANES who had the same dietary and urinary iodine
measurements were analyzed.

METHODS

Study subjects
Subjects with PTC were recruited from Gachon University Gil
Medical Center. From October 2017 through February 2019, a
total of 328 patients who were scheduled to undergo thyroidec-
tomy agreed to participate in this study. Among them, subjects
who completed a 24-hour food recall (7=223) an FFQ (n=294),
had urinary iodine data (n=274), and had all measurements
(n=204) were included for further analyses (Fig. 1). The study
protocol was approved by the Institutional Review Board of
Gachon University Gil Medical Center (GCIRB2017-303). The
study complied with the Declaration of Helsinki in its latest ver-
sion.

Data for subjects with or without thyroid disease were ob-
tained from the 2013 to 2015 KNHANES to compare dietary

Copyright © 2021 Korean Endocrine Society
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Gacheon University Gil Medical Center

Patients with thyroid cancer who
scheduled to undergo surgery
(2017.10-2019.02)
(n=328)

by permission

\

20132015 KNHANES

Korean adults aged 20 years or more
who had completed the 24 hours recall
(n=15,360)

Excluded subjects with
- No urinary iodine (#=9,619)
- Pregnancy and lactation (n=84)
- Missing BMI or blood data (n=139)
- Implausible energy intake (#=91)
' - Thyroid cancer (n=47)

Subjects with
papillary thyroid cancer

by thyroid disease
Subjects with Subjects without
thyroid disease thyroid disease
(n=184) (n=5,696)

By a 24 hours recall (n=223)
By FFQ (1=294)

By urinary iodine (n=274)

By all measurements (n=204)

Fig. 1. Flowchart of subject selection process to evaluate iodine status using data from the Gachon University Gil Medical Center and the 2013-
2015 Korea National Health and Nutrition Examination Survey (KNHANES). FFQ, food frequency questionnaire; BMI, body mass index.

and urinary iodine levels with those in patients with PTC. The
KNHANES is a nationwide survey that consists of a health in-
terview, health examination, and dietary survey, and the 2013 to
2015 survey, in particular, included urinary iodine in the health
examination. Detailed information regarding the survey proce-
dures has been provided elsewhere [18]. Among 15,860 adults
aged 20 years or older who participated in a 24-hour recall,
those who had no urinary iodine measurements (2=9,619),
were missing body mass index or blood data (n=139), were
pregnant or lactating (n=_84), or reported implausible energy in-
take in a 24-hour period (n=91) were excluded. Of the total of
5,927 subjects, those who had been diagnosed with thyroid dis-
ease, excluding thyroid cancer (n=47), by a doctor were grouped
together as subjects with thyroid disease (n=184); the others
were grouped as subjects without thyroid disease (7=5,696).
The study protocol was approved by the Institutional Review
Board of the Korea Centers for Disease Control and Prevention
(2013-07CON-03-4C, 2013-12EXP-03-5C, 2015-01-02-6C).
All participants provided written informed consent.

Dietary assessment and calculation of iodine intake

Dietary assessments were conducted in the hospital using two
methods: 24-hour recall and an FFQ. The 24-hour recall was
administered by a trained interviewer on the day before surgery.
Subjects were asked for detailed information on all foods and
beverages consumed before coming to the hospital, as they were

Copyright © 2021 Korean Endocrine Society

scheduled to fast for surgery after admission and to collect urine
the next morning. As most ingested iodine is excreted in urine
within 24 hours, subjects completed the 24-hour recall on the
day of admission to the hospital. An FFQ, which was previously
validated for Korean adults and had been used for the Korean
Genome Epidemiology Study [19], was also administered by a
trained interviewer. Each subject was asked to provide their
usual consumption of 106 food items over the past 12 months.

Dietary data for KNHANES were obtained through a single-
day 24-hour recall administered at each participant’s household
during which the participant was asked for detailed information
on all food and beverages consumed in the past 24 hours.

Dietary data from the hospital and KNHANES were linked to
an official food composition table established by the Rural De-
velopment Administration of Korea, and then energy and nutri-
ent intake from foods and beverages were determined for each
subject. However, the recent ninth Korean Food Composition
Table has incomplete information on iodine, so the newly re-
vised iodine database for common Korean foods was used in
this study to calculate iodine intake [10]. Briefly, iodine content
in common Korean foods was matched by the food code in di-
etary data obtained by 24-hour recall or an FFQ, and then each
participant’s daily iodine intake was calculated.

Dietary iodine was evaluated using 2020 dietary reference in-
takes (DRIs) for Koreans [20]. For iodine, the estimated average
requirement (EAR) is 95 pg/day, the recommended nutrient in-
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take (RNI) is 150 pg/day, and the tolerable upper intake level
(UL) is 2,400 pg/day for adults aged 19 years or older. Accord-
ing to the DRIs for iodine, dietary iodine was classified as fol-
lows: dietary iodine below the EAR (<95 ng/day) was consid-
ered deficient, and dietary iodine above the UL (>2,400 pg/day)
was considered excessive.

Urinary iodine and evaluation of urinary iodine

To measure UIC, a single, fasting, spot urine sample was col-
lected in the hospital on the morning of surgery. Urine samples
were frozen at —20°C and sent to a certified laboratory for anal-
ysis. The UIC was then analyzed via inductively coupled plas-
ma mass spectrometry (ICP-MS) using an Agilent 7500 series
instrument (Agilent Technologies Inc., Tokyo, Japan). The UIC
data from the KNHANES were obtained from single spot urine
specimens analyzed using ICP-MS, as previously described [5].

The UIC was evaluated according to the WHO iodine recom-
mendations [21], according to which urinary iodine was deter-
mined as insufficient (UIC <100 pg/L), adequate (UIC 100 to
199 pg/L), more than adequate (UIC 200 to 299 pg/L), or ex-
cessive (UIC =300 pg/L).

To examine the agreement and correlation of UIC with di-
etary iodine, the ratio of urinary iodine to creatinine (I/Cr) was
used to represent urine iodine, as the I/Cr ratio from spot urine
samples could serve as a useful and reliable alternative to 24-
hour urine collection.

Statistical analysis

All statistical analyses were conducted using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA). All continuous variables
were presented as the mean+standard deviation, and all cate-
gorical variables related to basic characteristics and nutrient in-
take were presented as numbers with percentages (%). As di-
etary iodine was highly skewed, the medians and interquartile
ranges (25th and 75th percentiles) were presented along with
the means and 90th percentiles in a box-and-whisker plot. The
contributions of various food groups to total iodine intake ac-
cording to the 24-hour recall were calculated as the percentage
of iodine consumed in each food group relative to the total io-
dine intake of all subjects. The classification of food groups was
based on the ninth Korean Food Composition Table; the major
food groups that contribute to >0.5% of the total iodine intake
are presented. UIC data were presented according to the propor-
tion of subjects in various groups defined by WHO recommen-
dations; further categories (e.g., 300-499, 500-999, 1,000—
1,999, 2,000-2,999, and =3,000 pg/L) were applied to analyze
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the distribution of subjects with excessive iodine.

The level of agreement was calculated between the two mea-
surement methods. Each set of measurements was divided into
quintiles, and agreement was defined as the percentage of both
measurements that matched within &1 quintile or +2 quintiles.
Correlation analysis was also used to determine associations be-
tween the two measurement methods using Pearson and Spear-
man correlation coefficients after adjustment for age, sex, and
energy intake, in which all measurements were log-transformed
due to the highly skewed nature of the data, and the urinary I/Cr
ratio was used to represent urinary iodine. P values <0.05 were
considered to indicate statistical significance.

RESULTS

Basic characteristics and nutrient intake of study subjects
according to thyroid disease groups

The basic characteristics and overall nutrient intake of hospital
patients with PTC and KNHANES subjects with or without
thyroid disease are summarized in Table 1, which presents a
comparison of dietary iodine according to thyroid disease status.
The mean age was 48.9 years in patients with thyroid cancer,
51.7 years in subjects with thyroid disease, and 48.0 years in
those without thyroid disease. The proportions of female sub-
jects were 87.9% and 86.4% in subjects with PTC and thyroid
diseases, respectively, compared to 51.8% in subjects with no
thyroid disease.

The daily energy intake was 1,333.6 kcal in patients with PTC,
much lower than that in those with (1,863.7 kcal) or without
(2,070.6 kcal) thyroid disease. Intake of the carbohydrate, pro-
tein, and fat macronutrients was significantly different across
groups after adjusting for age, sex, and energy intake. Carbohy-
drate intake as a percentage of energy was 59.3% in subjects
with PTC, which was lower than values for those with (66.8%)
or without (65.9%) thyroid disease. Protein intake as a percent-
age of energy was 17.7% in patients with PTC, which was higher
than those in subjects with (14.0%) or without (14.4%) thyroid
disease.

Urinary iodine and its evaluation by WHO
recommendations

Fig. 2 presents the distribution of UIC according to thyroid dis-
ease groups. In accordance with WHO recommendations, the
prevalence of insufficient urinary iodine was 7.3% in subjects
with PTC, which was lower than that in participants with
(17.4%) or without (13.2%) thyroid disease. However, the prev-
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ExM B

Table 1. The Basic Characteristics and Nutrient Intake by 24-Hour Recall in Korean Adults According to Thyroid Disease Groups
Hospital 2013-2015 KNHANES
Characteristic Papillary thyroid cancer Thyroid disease No thyroid disease P value®
(n=223) (n=184) (n=5,696)
Age, yr 48.9+12.7 51.7+£12.2 48.0£154 <0.0001
Sex <0.0001
Men 27 (12.1) 25 (13.6) 2,746 (48.2)
Women 196 (87.9) 159 (86.4) 2,950 (51.8)
BMI, kg/m* 244457 23.6+£3.2 239435 0.0013
Energy, kcal 1,333.6£5154 1,863.7£669.8 2,070.6+833.1 <0.0001
Carbohydrate, g 203.8+77.5 301.1£106.2 317.6+£123.2 <0.0001
Protein, g 77.61£267.2 64.6+35.7 71.4+37.2 <0.0001
Fat, g 3794273 40.5+£30.9 447+432.1 <0.0001
Energy from
Carbohydrate, % 59.3 (10.6) 66.8 (11.6) 65.9 (11.6) <0.0001
Protein, % 17.7 (6.1) 14.0 (4.1) 14.4 (4.3) <0.0001
Fat, % 23.0(8.5) 19.2(9.8) 19.6 (94) <0.0001
Calcium, mg 400.31+240.2 479.4+£268.9 496.5+285.9 <0.0001
Phosphate, mg 786.6+322.7 1,037.2£476.2 1,100.3£495.0 0.0795
Iron, mg 12.0+£6.3 17.1£15.3 18.5+£48.9 0.9795
Sodium, mg 3,864.7£2,060.9 3,667.6£2,203.4 3,929.2+2,486.3 <0.0001
Potassium, mg 1,930.5+£804.2 3,069.6+£1,357.4 3,130.1£1,544.8 <0.0001
Vitamin A, pgRE 559.7+558.4 719.2£673.2 764.5+£1,084.4 0.9433
Thiamin, mg 0.8+£0.4 1.9+0.8 2.1£1.0 <0.0001
Riboflavin, mg 0.9+£0.5 1.3£0.7 1.4£0.8 0.2119
Vitamin C, mg 72.0+£91.7 121.1£1255 107.4£124.3 0.0456
Values are expressed as mean= standard deviation or number (%).
KNHANES, Korea National Health and Nutrition Examination Survey; BMI, body mass index.
*The mean values of nutrients in groups were tested by a generalized linear model after adjusting by age, sex, and total energy intake; *n=209.

By among WHO recommendations

Percent of subjects (%)

Insufficient
<100 pg/L

Adequate
100-199 pg/L

54.4 554

More than adequate
200-299 pg/L

477

Excesive
>300 pg/L

Ml Papillary thyroid cancer
(n=223)

M Thyroid disease
(n=184)

No thryroid disease
(n=5,696)

Among subjects with excessive urinary iodine

Illlll..l.

300-499
ng/L

500-999

1,000-1,999
ng/L g/l

2,000-2,999 >3,000
ng/L ng/L

Fig. 2. Distribution of urinary iodine concentrations according to thyroid disease groups in Korean adults. (A) The percentage of subjects by
World Health Recommendations and (B) by further categories among subjects with excessive urinary iodine (>300 pg/L). WHO, World
Health Organization.
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alence of excessive iodine was 54.4% in patients with PTC,
similar to subjects with thyroid disease (55.4%) and slightly
higher than that in subjects without thyroid disease (47.7%).

Regarding UIC, as almost half of the study subjects excreted
more than 300 pg/L of iodine, the distribution of subjects with
excessive iodine was examined across groups. When partici-
pants with a UIC above 300 pg/L were further sub-grouped, the
proportion with UIC >3,000 pg/L was 10.2% in subjects with
PTC, which was higher than those with (7.6%) or without
(4.8%) thyroid disease.

Dietary iodine and the major food groups based on 24-
hour recall

Fig. 3 presents the distribution of dietary iodine intake based on
24-hour recall according to thyroid disease groups. The median
was 341.7 pg/day in patients with PTC, similar to those in sub-
jects with (350.1 pg/day) and without (352.7 pg/day) thyroid
disease. However, the distribution differed across groups. The
interquartile range (25th to 75th percentile) was 191.2 to 743.0
pg/day in patients with PTC, a wider range than was found in
subjects with (218.9 to 583.9 pg/day) or (209.2 to 620.5 pg/day)
without thyroid disease.

In the evaluation of dietary iodine using DRIs for Koreans,
the prevalence of iodine deficiency was 4.5% among patients
with PTC, which was lower than that among subjects with
(7.1%) or without (6.3%) thyroid disease. However, the preva-
lence of iodine excess was 7.2%, which was higher than that

Distribution of dietary iodine
based on 24-hour recall

(ng/day)
P90 e 1639.1
Mean 1,299.0
1,089.8
1,005.2
Q3 743.0
5839 680.5
558.9 620.5
Median i 3471 7 350.1 3527
Q1 1912 2189 209.2
L 1 1 J
Papillary thyroid Thyroid disease No thryroid disease e
cancer (n1=223) (n=184) (n=5,696)

among subjects with (4.4%) or without (3.9%) thyroid disease.

Fig. 4 presents the major food groups that contributed to total
iodine intake according to thyroid disease groups. The food
group contributing most to total iodine intake in all groups was
seaweed, but the proportion of seaweed relative to total iodine
intake differed across groups. The proportion of iodine coming
from seaweed was 79.5% in patients with PTC; this was much
higher than the proportions among subjects with (39.6%) or
without (55.8%) thyroid disease based on the KNHANES re-
sults, although data were obtained via the same 24-hour dietary
recall method. The seaweed food group was followed by salted
vegetables (including kimchi), fish and seashells, and milk and
milk products in all groups.

Comparison of dietary iodine based on 24-hour recall and
FFQ in subjects with PTC

Data on dietary iodine were obtained by two different methods
from subjects with PTC. Fig. 5 presents the distribution of di-
etary iodine and the top 10 food items contributing to total io-
dine intake according to the method used.

The median dietary iodine was 341.7 ng/day according to the
24-hour recall and 405.9 pg/day according to the FFQ. The in-
terquartile range for the 24-hour recall (191.2 to 743.0 pg/day)
was broader than that for data obtained using the FFQ (271.4 to
621.9 pg/day).

The top food item was brown kelp (dried), which accounted
for 57.5% of the total iodine intake according to 24-hour recall,

Evaluation of dietary iodine based on 24-hour recall by
dietary reference intake for Koreans

Wl Papillary thyroid cancer [l Thyroid disease No thryroid disease

71% 7.2%

Deficient (<EAR) Excessive (<UL) e

Fig. 3. Distribution of dietary iodine and evaluation of excessive iodine intake by dietary reference intakes for Koreans according to thyroid
disease groups in Korean adults. (A) The distribution of dietary iodine intake and (B) the percentage of subjects who consumed less than the
estimated average requirement (EAR) or more than the tolerable upper intake level (UL) of iodine. Q1: 25th percentile, Q3: 75th percentile,

P90: 90th percentile, box: Q3-Q1 (interquartile range), <: mean.
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19 Ml Papillary thyroid cancer

Grains (n=223)
M Thyroid disease
(n=184)
Salted vegetables 11.9
No thryroid disease
(n=5,696)
Meat & its products
Eggs
Fish & seashells
79.5
Seaweeds
Milk & dairy products
1 1 1 J
0 20.0 40.0 60.0 80.0 100.0 (%)

Fig. 4. The contribution of major food groups to total iodine intake based on 24-hour recall among subjects according to thyroid disease
groups.

By 24-hour recall By food frequency questionnaire
(n=223) (n=294)

Dietary iodine (ug/day)?

P90 = ]639.1

1,089.8
= 928.1
Q3 743.0 6219
: i 4059
Median m—— 3417 714
Q 1912
| Iodine Iodine
Food items Contr‘i)}zution, Ioiige, Food items ContrLZution, Ioc;ige,
Brown kelp, dried 57.5 2,155 Sea mustard, brown kelp 233 68.3
Sea mustard, dried 9.5 616 Kimchi, baechukimchi 18.0 79.7
Sea mustard, stem 4.5 1,586 Parched powder 8.3 91.4
Kimchi, baechukimchi 3.8 23 Cow’s milk 8.1 26.5
Laver 3.4 49 Laver 7.9 212
Gulf weed, raw 2.2 696 Kimchi, kkakduki (seasoned 7.0 15.9
cubed radish roots)
Cow’s milk 2.1 106 Mandarin orange 5.0 16.9
Egg 14 8 Egg, quail egg 31 7.7
Kimchi, kkakduki 13 63 Yoghurt 26 12.4
Alaska pollock, dried 1.2 95 Ramyeon, instant 2.0 7.9
Sum 86.9 Sum 85.2

Fig. 5. Dietary iodine intake and the major food items contributing to total iodine intake by different dietary assessment methods in patients
with papillary thyroid cancer. ‘Box and whisker plot; Q1: 25th percentile, Q3: 75th percentile, P90: 90th percentile, box: Q3-Q1 (interquar-
tile range), <: mean.
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Table 2. Agreement and Correlations between Dietary lodine and Urinary lodine According to Thyroid Disease Groups in Korean Adults
Variable Agreement Correlation®
+1 quintile +2 quintile Pearson Spearman

Subjects with papillary thyroid cancer from hospital

Dietary by 24-hour recall vs. urinary iodine” (n=206) 66.5 85.4 0.4826 (<0.0001) 0.3783 (<0.0001)

Dietary by FFQ vs. urinary iodine® (n=248) 53.6 78.2 —0.1243 (0.0521) 0.1006 (0.1163)

Dietary by FFQ vs. by 24-hour recall (n=204) 54.4 79.4 0.1076 (0.1201) 0.0725 (0.2959)
Subjects with thyroid disease from KNHANES

Dietary by 24-hour recall vs. urinary iodine® (n=184) 53.2 74.0 0.0369 (0.5799) 0.0155 (0.8159)
Subjects with no thyroid disease from KNHANES

Dietary by 24-hour recall vs. urinary iodine® (n=5,696) 54.5 78.2 0.0983 (<0.0001) 0.0966 (<0.0001)
FFQ, food frequency questionnaire; KNHANES, Korea National Health and Nutrition Examination Survey.
*All measurements were log-transformed, and all analyses were adjusted for age, sex, energy intake; *The ratio of urinary iodine to creatinine was used.

and it was followed by sea mustard (dried-+stem) (14.0%), kim-
chi (baechukimchi+kkakdugi) (5.1%), laver (3.4%), milk
(2.1%), and eggs (1.4%). The top food items differed from those
identified in the 24-hour recall because food items in the FFQ
were preselected. For example, sea mustard and brown kelp
were given as a single food item in the FFQ, and this contribut-
ed 23.3% of the total iodine intake according to the FFQ results.
Certain foods are high in iodine content, so the top 10 food
items accounted for 85% to 87% of the total iodine intake ac-
cording to the 24-hour recall and FFQ.

Agreement and correlations of dietary and urinary iodine
Table 2 compares the iodine measurements according to thyroid
disease groups. Altogether, 53.2% to 66.5% of the measurement
pairs fell within £1 quintile and 74.0% to 85.4% within £2
quintiles. The highest percentage of agreement was 85.4%
within =2 quintiles between dietary iodine based on 24-hour
recall and urinary iodine among subjects with PTC.

The correlation coefficients differed by measurement type.
The highest correlation coefficient (0.4826 based on the Pearson
method and 0.3783 based on the Spearman method), was be-
tween dietary iodine based on 24-hour recall and urinary iodine
(I/Cr ratio) in patients with PTC after adjustment for age, sex,
and energy intake. By contrast, the coefficient between dietary
iodine based on 24-hour recall and urinary iodine among sub-
jects with thyroid disease from the KNHANES was not signifi-
cant, and that for participants without thyroid disease was low.

The correlations of dietary iodine calculated from the FFQ
with urinary iodine or dietary iodine based on 24-hour recall
were not significant.
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DISCUSSION

In this study, we evaluated iodine status using dietary and uri-
nary iodine among Korean adults with PTC. The prevalence of
excessive iodine as measured by dietary and urinary iodine was
higher in patients with PTC than Korean adults without thyroid
disease from the KNHANES. The food group contributing the
most to total iodine intake was seaweed. Urinary iodine was
highly correlated with iodine intake as measured by 24-hour re-
call, but not with measurements made using the FFQ in subjects
with PTC.

In our study, a higher proportion of PTC patients had exces-
sive iodine status than those without thyroid disease. According
to UIC, more than half of those with PTC exhibited excessive
iodine concentrations (i.e., >300 pg/L). This finding is in agree-
ment with previous studies, which showed an excessive UIC in
67.0% of patients with PTC compared to 19.9% in the control
group [22] or in 44.3% of patients with PTC compared to 22.2%
of patients without PTC [23]. A case-control study in China re-
ported the median UIC was 517.2 pug/L in PTC patients com-
pared to 194.3 pg/L in a control group [24], and another study
in Korea reported a level of 786.0 pg/L in PTC patients com-
pared to 112.0 pg/L in a control group [25].

Excessive urinary iodine was also found in other groups of
Koreans, including 56% of patients with thyroid nodules [26]
and 64% of preschool children [6]; these frequencies are mark-
edly higher than the 9.0% of young adults in the US mountain-
ous west [27] or 11.6% of adults on the Tibetan plateau [28].
This result suggests that half of the Korean population is at risk
of excessive iodine status as determined by the UIC regardless
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of thyroid disease. In fact, the WHO criterion for “excessive”
refers to any amount exceeding the level required to prevent and
control iodine deficiency. Further research is needed to redefine
the WHO criterion for UIC values above 300 pg/L to prevent
and manage iodine excess.

The tolerable UL for iodine intake is set at 2,400 pg/day for
Korean adults, which is far higher than the WHO “excessive”
criterion. The UL refers to the highest level of usual iodine in-
take that is considered to pose no risk of adverse health effects
in a healthy population. However, the UL for those with thyroid
cancer or thyroid disorders has not yet been considered due to
limited data on the relationship between dietary iodine and thy-
roid function. Furthermore, the current UL for iodine may not
be appropriate for evaluating iodine status in terms of minimiz-
ing the risk of thyroid cancer or disorders. Nevertheless, we
found in this study that the prevalence of excess iodine intake
above the UL was 7.2% in subjects with PTC, almost double
that in the KNHANES subjects with or without thyroid disease.
The distribution of dietary iodine (interquartile range) was also
broader in subjects with PTC than in Korean adults with or
without thyroid disease from KNHANES.

In this study, the median dietary iodine was 341.7 to 352.7
ng/day, which is comparable to the 312 to 413 pg/day value
found in Japanese adults [14] but almost double that in British
and French women (150 to 190 pg/day) [15,16]. Considering
that the RNI of iodine is 150 pg/day for Korean adults, most
Korean adults have a higher dietary iodine intake than is recom-
mended.

This variation in dietary iodine levels across countries is due
to differences in dietary cultures. In particular, seaweed, which
contains extremely high iodine content, is commonly consumed
in countries such as Korea and Japan. Variations in the food
source of dietary iodine among countries are clear in numerous
reports: kelp and fish were the main contributors to Japanese io-
dine status [29], dairy and eggs were primary predictors of io-
dine status in United States adults [27], and dairy products
(34.8%) and seafood (14.5%) were the main food groups pro-
viding iodine in French women [16].

In this study, the major contributor to total iodine intake was
also seaweed. Furthermore, seaweed accounted for 79.5% of the
total iodine intake in subjects with PTC, a much higher propor-
tion than among Korean adults participating in the KNHANES.
A cohort study of Japanese women reported that seaweed con-
sumption was positively associated with an increased risk of
thyroid cancer over a mean of 14.5 years [30]. However, anoth-
er cohort study reported no association [31]. Thus, more studies
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are needed to confirm the effect of excessive iodine intake from
seaweed on thyroid cancer.

The UIC in spot urine samples is regarded as a sensitive bio-
marker of excessive iodine intake [1], but the UIC alone does
not adequately clarify the role of iodine intake in thyroid cancer
or disorders in Koreans with iodine-rich diets. The UIC reflects
recent iodine intake. Indeed, we found that dietary iodine intake
as measured by 24-hour recall was highly correlated with uri-
nary iodine in subjects with thyroid cancer, as 24-hour recall re-
sponses and urine samples were obtained on the same day in the
hospital. The correlation in this study (»=0.43673) is compara-
ble to that in a previous study on Japanese adults that showed a
correlation of 0.37 between iodine intake calculated based on
dietary records and urinary iodine when the dietary record and
urine sample were obtained on the same day [29]. However, the
correlation between dietary intake based on the 24-hour recall
and urinary iodine was not significant in the KNHANES partic-
ipants, likely because the 24-hour recall and urine collection
were separately administered at different times.

However, in PTC patients, dietary iodine as assessed by the
FFQ was not significantly correlated either with dietary iodine
based on the 24-hour recall or the UIC, although the agreement
between the two measurement methods was fairly good. Two
primary methods are used to assess individual diets. A 24-hour
recall or dietary record reflects recent intake and can identify all
food items consumed; the FFQ, in contrast, reflects the respon-
dent’s usual diet over the previous year and represents the di-
etary frequency of pre-selected food items.

To elucidate the role of dietary iodine in the development of
thyroid cancer or disorders, an estimation of usual iodine intake
is necessary. Usual intake or long-term iodine intake can be esti-
mated by accumulating multiple days of 24-hour recall or dietary
records or by administering validated FFQs. The FFQ employed
in this study was developed to evaluate the overall nutrient in-
take of Korean adults for the Korean Genome Epidemiologic
Study [19]; thus, it was not specific to iodine and did not include
certain iodine-rich food items, such as seaweed, in detail.

Another concern about estimating usual iodine intake is sea-
weed consumption. As seaweed is not always consumed on a
daily basis, the consumption of seaweed influences daily iodine
intake, leading to exceptionally large intra-individual variance.
Katagiri et al. [9] estimated the usual iodine intake in Japanese
adults using 16 days of dietary records over four seasons. They
reported that the median iodine intake of each subject was 1,031
pg/day, whereas the median iodine intake over all survey days
for all subjects (1,920 days=120 subjectsX 16 days) was only
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273 pg/day in men. This was because the subjects consumed io-
dine-rich foods (kelp or soup stock) on at least one or more days
of the 16 days. A similar finding was also reported in Korea.
When Korean adults from the KNHANES were divided into
seaweed consumers and non-consumers, the median iodine in-
take among seaweed consumers was 495.7 pug/day, compared to
241.2 pg/day in non-consumers [10].

Our study has several limitations. First, the patients with PTC
were recruited from a hospital, whereas data for the comparison
groups comprising subjects with or without thyroid disease
were obtained from the KNHANES. It is possible that these
comparisons could have been biased due to differences among
the subject groups. However, both studies employed the same
methods to assess dietary iodine and analyze urinary iodine, and
KNHANES participants are representative of the Korean popu-
lation. Given the limited data available on dietary iodine intake
in Koreans differentiated by thyroid disease, this study contrib-
utes to the development of basic evidence for this population.

Second, iodine intake was calculated using the iodine data-
base newly established by Choi et al. [10]. Due to the lack of a
national-level iodine database, it is possible that the iodine in-
take values could have misrepresented the true values. A nation-
al-level iodine database is needed to estimate dietary iodine ac-
curately. Third, although the same dietary assessment of a single
24-hour recall was used to estimate dietary intake in PTC pa-
tients and Korean adults from KNHANES, the 24-hour recall in
PTC patients was administered about foods before dinner due to
fasting for surgery. This led to significant differences in the in-
take of all nutrients between the PTC patients and the control
groups from the KNHANES. A single day of 24-hour recall
cannot reflect usual nutrient intake; as such, this study did not
account for between-group differences in nutritional status.
However, PTC patients showed higher dietary iodine intake
than those in the control groups even after adjusting for energy
intake. To compare dietary iodine accurately, it is necessary to
assess recall responses from multiple days or to develop an io-
dine-specific FFQ in future studies.

Finally, this study employed a cross-sectional design, so we
could not evaluate the causal relationships between dietary io-
dine and thyroid disease. Further longitudinal studies are needed
to confirm this relationship.

Our study also has several strengths. This study provided data
on both dietary iodine and urinary iodine to evaluate the iodine
status of patients with PTC. In addition, dietary iodine intake
was assessed using 24-hour recall and an FFQ, and major food
sources of iodine were identified. To the best of our knowledge,
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this is the first study to evaluate the iodine status in patients with
PTC using both urinary iodine and dietary iodine intake as as-
sessed by two different methods. Our study provides baseline
data that can aid in understanding the impacts of iodine-rich di-
ets in Korean adults according to thyroid disease status, and the
findings will be useful for developing dietary guidelines for io-
dine intake in subjects with thyroid disease.

In conclusion, the prevalence of iodine excess as assessed by
both dietary and urinary iodine was higher in subjects with PTC
than in Korean adults with or without thyroid disease from the
KNHANES. The contribution of seaweed to total iodine was
also higher in subjects with PTC. To elucidate the role of iodine
intake in thyroid disorders in Koreans, further studies that esti-
mate usual iodine intake using various measures and evaluate
its association with thyroid disorders in a longitudinal study are
needed.
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