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Abstract

Background The association between iodine levels and the risk of papillary thyroid cancer (PTC) has been sug-

gested, but not definitively established. This study is to compare the iodine status of a group of patients with PTC

(with and without BRAFV600E) with that of a healthy population cohort.

Methods A cohort of patients scheduled for thyroidectomy was enrolled, along with a community-based health-

screening cohort with no known history of thyroid disease. Median urinary iodine (UI) levels, creatinine-adjusted

median UI levels, and food frequency questionnaire (FFQ) scores (mean ± SD) were compared. In a subgroup

analysis, these values were compared between BRAFV600E-positive and BRAFV600E-negative patients in the PTC

group.

Results The PTC group consisted of 210 patients, and the control group consisted of 90 healthy individuals. Among

the 191 PTC patients whose BRAFV600E mutational status was reported, 169 (88.5%) were revealed positive for the

mutation. The median UI levels were significantly higher in the PTC group (786.0 lg/l) than the control group

(112.0 lg/l; p\ 0.001), as was the case with creatinine-adjusted median UI levels (884.6 lg/g creatinine versus

182.0 lg/g creatinine; p\ 0.001) and FFQ scores (66.2 ± 17.5, range 13–114 versus 54.6 ± 21.5, range 16–134;

p\ 0.001). No significant differences were seen in the subgroup analysis between BRAFV600E-positive and

BRAFV600E-negative patients.

Conclusions Our results indicate that iodine status differs significantly between patients with PTC and healthy

controls, suggesting that iodine may be involved in the occurrence of PTC, although the association between iodine

levels and BRAF mutational status did not reach statistical significance.
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Introduction

The incidence of papillary thyroid carcinoma (PTC) shows

one of the highest increase rates of all cancers [1]. Many

researchers attribute this rapid increase to the advancement

of diagnostic technology, asserting that increasing inci-

dence without increasing mortality is indicative of over-

diagnosis [2]. However, as new evidence reveals that PTC

increase could be associated with higher mortality, the

contribution of external factors to the incidence of PTC

should be addressed [1, 3]. Many putative carcinogenic

factors may contribute to the PTC occurrence, including

irradiation at a young age [4–8], exposure to iodine and

nitrate, environmental pollutants, and obesity [1, 9–13].

The effects of the level of iodine intake on the preva-

lence of thyroid disease have been reported. Iodine defi-

ciency is associated with the prevalence of endemic goiter

[14]. By contrast, excessive intake of several high-iodine

food contents demonstrates the association with increased

incidence of PTC [10, 12, 15, 16]. The results of a study

carried out in an iodine-rich region of China demonstrated

a higher prevalence of the BRAFV600E mutation in areas

with high iodine concentrations in the drinking water than

in areas with normal iodine concentration in water [15].

The South Korean diet is rich in iodine, [17] as seaweed

and other seafood are frequently consumed. The incidence

of thyroid cancer is very high in South Korea. Moreover,

the prevalence of the oncogenic BRAFV600E mutation is

79% in South Korea, as opposed to the 49% worldwide

[18]. However, the correlation between PTC/BRAFV600E

mutation and iodine status in South Korea has not yet been

determined. Therefore, we compared the iodine status in

patients with PTC and in healthy controls, and also

between patients with PTC with and without the

BRAFV600E mutation in this study.

Materials and methods

Study population

Approval of the institutional review board (B-1602-336-

307) was obtained, and patients with PTC who were

scheduled for thyroidectomy between March and Decem-

ber 2015 were consecutively recruited to participate in a

prospectively collected biobank at our institution situated

in Seongnam-si, Gyeonggi-do, South Korea. Patients

underwent surgery, and diagnosis was confirmed by

histopathological examination of excised tissue specimens.

Patients with a written informed consent on biobank col-

lection and whose pathologic report indicated PTC after

thyroidectomy were included in the study. Exclusion

criteria were previous head and neck irradiation history,

administration of iodine-containing medications such as

amiodarone, and contrast-enhanced CT work-up 3 weeks

within operation day (to eliminate the effect of iodine

present in contrast agents).

For the control group, individuals were recruited from a

health-screening program of a community-based cohort

situated on Ganghwa region; the program involves bian-

nual blood tests and food frequency questionnaires (FFQs).

Among the 161 regional inhabitants, individuals with a

history of amiodarone administration, head and neck irra-

diation, or thyroid disease, including malignancy, were

excluded from the study.

The study complied with the Declaration of Helsinki in

its latest version.

Data acquisition

Information on to the PTC group, including age, sex,

operational records, and postoperative pathological reports,

was obtained from the hospital’s electronic medical

records. The pathological reports included information on

histological diagnosis, tumor size, number of tumors, the

presence of extrathyroidal extension (ETE), lymph node

metastasis, lymphatic invasion, vascular invasion, and

thyroiditis. BRAFV600E mutational status was determined

by direct sequencing analysis by PyroMarkQ24 MDx

polymerase chain reaction amplification sequencing (Qia-

gen, Hilden, Germany) [19].

The acute (\ 48 h) iodine status of a population is best

represented by the median urinary iodine (UI) level—around

95% of iodine is known to be excreted within 48 h—

[20, 21]. Preoperative midnight fasting urine was obtained

on the morning of operation for the PTC group. Urine

samples were frozen at -20 �C and sent to a certified lab-

oratory for analysis. The median UI levels were acquired

using methods based on the Sandell–Kolthoff reaction, with

the AU5800 device (Beckman Coulter, Brea, California,

USA), and Autolab iodine (IVD-LAB, Seoul, Korea) as

indicator. Urinary creatinine levels were determined by the

Jaffe method with the AU5800 device and OSR6178 reagent

(Beckman Coulter). The levels of median UI and median UI

adjusted by urinary creatinine (to calibrate variation in the

daily urine volume) were determined. Midnight fasting urine

samples were collected from the control group individuals

on the morning of a health examination and assayed in the

laboratory in the same manner as the PTC group samples.

To facilitate comparisons with other references, an equation

to convert creatinine-adjusted median UI into 24 h urinary

iodine excretion (lg per day), 24 h urinary iodine (lg per

day) = e {e0.35935 9 ln (iodine: creatinine ratio [lg/

g])0.379026} [22] was applied.
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As 95% of iodine is excreted from the body through

urine, the median UI level was not considered adequate in

reflecting the long-term iodine status of the participants.

Therefore, FFQ scores were also acquired from both the

PTC and control groups to semi-quantitatively assess

chronic iodine status of the preceding year. Also, by

obtaining dietary data of the past year, it was possible to

circumvent issues of reverse causation as past diet is

unlikely to be influenced by diagnosis of cancer. In order to

overcome the limitations of previous epidemiologic studies

which investigated the correlation between consumption of

one or two high-iodinated food products and thyroid can-

cer, we created a list, based on a pre-existing questionnaire

[23], of 14 frequently consumed food items were chosen on

the basis of high iodine content [24]: egg, preserved squid

with salt, clam, oyster, seaweed, sea tangle, milk, yogurt,

ice cream, cheese, and four types of kimchi. A designated

interviewer thoroughly explained to all patients how to fill

in the questionnaire with any remaining ambiguities

answered on the first postoperative day for the cases and on

the day of health exam for the controls. The recall time was

within 1 year. The FFQ score was calculated by multi-

plying the frequency (on a scale from 1 to 9) and amount

(on a scale from 1 to 3) of intake during the past year for

each food item and adding the value of all 14 scores to give

a possible FFQ score range of 1–378. All dietary data

acquisition from participant education to score calculation

was done by a single research assistant in both groups.

Statistical analyses

All data were analyzed with the SPSS 20.0 statistical

software package (SPSS Inc., Chicago, IL, USA). Shapiro–

Wilk test was conducted to demonstrate the normality of

distribution for all variables, after which Mann–Whitney

U test, Mood’s median tests [25], or Student’s t tests was

applied accordingly to each variables. A Pearson’s corre-

lational study was performed to assess if there were any

significant correlation between acute (urinary) and chronic

(dietary) iodine analyses between the PTC and control

groups. A p-value \ 0.05 was considered statistically

significant.

Results

Clinicopathological demographics

The PTC group contained 210 patients who were scheduled

for thyroidectomy, and the control group contained 90

healthy individuals from the Ganghwa community cohort.

Normality of distribution was demonstrated only in FFQ

scores (p = 0.391). Therefore, median values (median UI,

creatinine-adjusted median UI) were dealt the median test,

other non-parametric variables with Mann–Whitney

U tests, nominal variables with v2 tests, and FFQ scores

with Student’s t tests. Significant differences were seen in

both mean age (p\ 0.001) and male: female ratio

(p = 0.001) in the PTC group versus the control group

(Table 1). The pathological features of the tumors in the

PTC group are also summarized in Table 1.

Within the PTC group, BRAFV600E mutational status

was evaluated in 191 patients (91.0%), of whom 169

(88.5%) were BRAFV600E-positive and 22 (11.5%) were

BRAFV600E-negative. The mean age and male: female ratio

did not differ between the groups (Table 2). No differences

were observed in mean tumor size, multiplicity, ETE,

lymph node metastasis, lymphatic invasion, or vascular

invasion between BRAFV600E-positive and BRAFV600E-

negative groups. However, the proportion of patients with

thyroiditis was lower in the BRAFV600E-positive group

(24.9%) than in the BRAFV600E-negative group (59.1%;

p = 0.002; Table 2).

Median UI levels (PTC group versus control group)

The median UI level in the PTC group was 786 lg/l

(lowest value: 10 lg/l, 1st interquartile value (IQ):

385.8 lg/l, 3rd IQ: 1967.8 lg/l, and highest value:

22,564 lg/l). The median UI level in the control group was

111.5 lg/l (lowest value: 19 lg/l, 1st IQ: 54.3 lg/l, 3rd IQ:

251.8 lg/l, and highest value: 7569 lg/l). The median test

demonstrated that a statistically significant difference was

present between the median UI levels in the two groups

(p\ 0.001; Fig. 1).

In the PTC group, the median UI adjusted by urinary

creatinine was 885 lg/g creatinine (lowest value: 8 lg/g

creatinine, 1st IQ: 427.6 lg/g creatinine, 3rd IQ:

2018.9 lg/g creatinine, and highest value: 36,909 lg/g

creatinine). The creatinine-adjusted median UI in the

control group was 181.7 lg/g creatinine (lowest value:

29.9 lg/g creatinine, 1st IQ: 103.5 lg/g creatinine, 3rd IQ:

391.1 lg/g creatinine, and highest value: 8656.2 lg/g

creatinine). A significant difference was present between

the creatinine-adjusted median UI levels in the two groups

(p\ 0.001; Fig. 1). Based on the creatinine-adjusted

median UI to 24 h urinary iodine excretion conversion

equation, the PTC and control group excreted 2167 and

362 lg of iodine per day, respectively.

FFQ scores (PTC group versus control group)

In the PTC group, the mean FFQ scores of 66.2 ± 17.5

(range 13–114) in the PTC group and 54.6 ± 21.5 (range

16–134) in the control group were significantly different

(p\ 0.001; Fig. 1). The correlation between median UI/
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creatinine-adjusted median UI and FFQ scores for both

PTC (p = 0.201/p = 0.374) and control (p = 0.114/

p = 0.218) group did not retain statistical significance.

BRAFV600E-positive versus BRAFV600E-negative

patients

In the subgroup analysis of patients with PTC, the median

UI levels were higher in the BRAFV600E-positive group

(884 lg/l and 954 lg/g creatinine) than in the BRAFV600E-

negative group (792.9 lg/l and 948 lg/g creatinine),

although the differences were not statistically significant

(p = 0.841 for both comparisons, Table 2). Similarly,

there was no difference (p = 0.746, Table 2) between

mean FFQ scores in the BRAFV600E-positive group

[65.7 ± 17.2 (range 13–114)] and BRAFV600E-negative

group [66.8 ± 19.3 (range 24–92)]. After adjusting for

clinicopathological characteristics such as patient age, sex,

tumor size, ETE, metastatic lymph nodes, lymphatic

invasion, and the presence of thyroiditis, the difference still

did not achieve statistical significance (data not shown).

Discussion

Considering the large amount of iodine intake, the

increasing incidence of PTC and the high prevalence of the

BRAFV600E mutation in South Korea when compared with

that of other countries [18] investigating the iodine status

of Korean patients with PTC—including those with

BRAFV600E mutation—is important. The present study

demonstrated significantly higher levels of median UI and

creatinine-adjusted median UI in patients with PTC, com-

pared with healthy controls, indicating a difference in acute

iodine status. Moreover, higher FFQ scores also indicated

higher chronic iodine status in the PTC group compared

with the controls.

Iodine is indispensable, not only as an essential trace

element, but also as a substrate for thyroid hormone syn-

thesis. Iodine is also deeply involved in normal human

development early in life and also in homeostasis of cel-

lular metabolism. Iodine status is intricately related to

thyroid function, and both deficient and excessive iodine

intake are detrimental. A ‘‘U-shaped curve’’-like relation-

ship exists between iodine status and thyroid disease

[26–28]. Deficient iodine intake leads to endemic goiter,

Table 1 Clinicopathologic features of PTC group and healthy control group

PTC group (n = 210) Healthy control group (n = 90) p value

Age (years) 44.7 ± 12.3 59.5 ± 13.2 <0.001

Sex 0.001

Male 58 (27.6%) 43 (47.8%)

Female 152 (72.4%) 47 (52.2%)

Tumor size (mm) 10.1 ± 6.4 (-)

Multiplicity

1 144 (68.6%) (-)

[1 66 (31.4%) (-)

Extrathyroidal extension

No 98 (46.7%) (-)

Yes 112 (53.3%) (-)

Lymph node metastasis

No 109 (51.9%) (-)

Yes 101 (48.1%) (-)

Lymphatic invasion

No 94 (44.8%) (-)

Yes 116 (55.2%) (-)

Vascular invasion

No 206 (98.0%) (-)

Yes 4 (2.0%) (-)

Thyroiditis

No 151 (71.9%) (-)

Yes 59 (28.1%) (-)

Bold values indicate statistical significance (p value\ 0.05)
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whereas excessive intake results in iodine-induced hyper-

thyroidism and autoimmune thyroid diseases. Although

epidemiological evidence suggests that excessive iodine

intake is related to the occurrence of PTC [12, 16, 29, 30],

the role of iodine in this process has not been firmly

established.

South Korea is well known for its high level of iodine

intake. A study of 11 female Korean patients with thyroid

cancer revealed that mean urinary iodine levels were

6180 ± 4770 lg/l [31] and the mean value in our PTC

patient group was 2323 ± 4015 lg/l. According to the

equation converting creatinine-adjusted median UI into

24 h urinary iodine excretion, the PTC and control group

excreted 2167 and 362 lg of iodine per day in our study. In

previous reports of iodine excretion in the Korean popu-

lation, average values ranged from 479 lg per day to

3520 lg per day [32, 33]. Elsewhere, the reported average

iodine intake is 138–353 lg per day in the USA [34],

45 lg per day in Germany [35], and 226 lg per day and

163 lg per day for women and men, respectively, in the

UK [36].

The results of epidemiological studies suggest a positive

correlation between iodine status and thyroid cancer

occurrence [10, 12, 15, 16, 26, 30, 37]. Notably, in a

prospective cohort study from Japan that followed 52,679

individuals for a mean follow-up period of 14.5 years,

higher consumption of seaweed (which accounts for 80%

of Japanese iodine intake) was associated with increased

incidence of thyroid cancer (hazard ratio: 1.71; 95% con-

fidence interval: 1.01–2.90; p = 0.04) [29]. Moreover,

experimental evidence demonstrates that tumor cell growth

and migration peaked around iodine concentrations of

Table 2 Clinicopathologic features of the BRAFV600E (?) and (-) group

BRAFV600E (?) (n = 169) BRAFV600E (-) (n = 22) p value

Age 45.1 ± 12.0 43.4 ± 10.0 0.520

Sex 0.069

Male 48 (28.4%) 2 (9.1%)

Female 121 (71.6%) 20 (90.9%)

Median UI (lg/l) 884

(196.1–16,000)

792.9

(10–22,564.4)

0.841

Creatinine-adjusted median UI (lg/g creatinine) 954

(118.9–22,416.3)

948

(7.7–36,908.9)

0.841

FFQ score 65.7 ± 17.2 66.8 ± 19.3 0.746

Tumor size (mm) 9.7 ± 6.2 11.5 ± 7.1 0.220

Multiplicity 0.455

1 122 (72.2%) 14 (63.6%)

[1 47 (27.8%) 8 (36.4%)

Extrathyroidal extension 0.365

No 79 (46.7%) 13 (59.9%)

Yes 90 (53.3%) 9 (40.1%)

Lymph node metastasis 0.175

No 87 (51.5%) 15 (68.2%)

Yes 82 (48.5%) 7 (31.8%)

Lymphatic invasion 0.654

No 75 (44.4%) 11 (50.0%)

Yes 94 (55.6%) 11 (50.0%)

Vascular invasion 1.000

No 166 (98.2%) 22 (100%)

Yes 3 (1.8%) 0 (0.0%)

Thyroiditis 0.002

No 127 (75.1%) 9 (40.9%)

Yes 42 (24.9%) 13 (59.1%)

Bold value indicates statistical significance (p value\ 0.05)

UI urinary iodine

FFQ food frequency questionnaire
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1.0 9 10-3 mmol/l and were inhibited at higher and lower

concentrations. The iodine concentration in the human

thyroid gland ranges from 1.0 9 10-6 mmol/l to

1.0 9 10-5 mmol/l, suggesting that high in vivo concen-

trations (nearing 1.0 9 10-3 mmol/l) may play a role in

thyroid cancer growth and migration [38]. As Japan and

China are also countries with high iodine intake, these

results may have similar implications for the association of

iodine to PTC in Korea [15, 29].

BRAFV600E mutations in PTCs alter the expression of

genes that are involved in iodine metabolism [39, 40]. The

expression of NIS mRNA (the gene for the sodium/iodide

co-transporter) and AIT (apical iodide transporter) is lower

in PTCs with the BRAFV600E mutation than in those with

wild-type BRAFV600E [39]. Epidemiological evidence

demonstrates high prevalence of the BRAFV600E mutation

in iodine-rich areas such as China [15]. Moreover, the

prevalence of BRAFV600E in Korea has increased from 62.2

to 73.7% in the past 20 years [18, 41], whereas the global

prevalence is * 45% (range 27.3–87.1%) [41].

In the medical literature, median UI level is a well-

accepted, easily obtainable, and cost-efficient method for

determining iodine status. Individual urinary iodine con-

centration varies even within a day, although these varia-

tions can be evened out when measuring the levels of

whole populations [20]. The precision of the median UI

measurement becomes more accurate as the population size

increases. The median UI represents iodine status with

precision ranges of ± 30, ± 20, and ± 10% with group

sizes of 14, 31, and 122 individuals, respectively [42].

According to this result, the precision ranges of median UI

measurements in the PTC, control, BRAFV600E-positive,

and BRAFV600E-negative groups were ± 10, ± 20, ± 20,

and ± 30%, respectively, in the present study. In clinical

practice, the urinary iodine level is adjusted by the value of

urinary creatinine, to calibrate variation in urinary con-

centration, especially when measuring the iodine status

after a low-iodine diet before radioiodine ablation therapy

[43]. It is also useful when converting to 24 h urinary

iodine excretion by the aforementioned formula [22].

Concerning dietary results, previous epidemiological

studies on thyroid cancer occurrence and food question-

naire results suggest a positive correlation between high-

iodinated food consumption and thyroid cancer [44–46],

and our results support this conclusion by demonstrating

higher FFQ scores in the PTC compared to the control

group (p\ 0.001). The lack of correlation between the

urinary and dietary results for both patient and control

groups shows that acute and chronic iodine status do not

necessarily correlate together and further emphasize the

importance of analyzing both of them separately.

The relatively large difference of the urinary compared

to the dietary study results between the PTC and control

group may be explained in two ways; the unlikely chance

of iodine from residual contrast agents remaining in the

blood stream for more than 3 weeks, and cancer patients

Fig. 1 Comparison of a median urinary iodine (p\ 0.001), b cre-

atinine-adjusted median urinary iodine (p\ 0.001), and c food

frequency questionnaire scores (p\ 0.001) between the PTC group

and the healthy control group
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trying to intake more nutritious food—including iodine—

after the knowledge of cancer and impending operation.

However, as both urinary and dietary analyses suggest

higher iodine for PTC patients, such trend should be con-

sidered valid.

The levels of median UI and creatinine-adjusted median

UI in the BRAFV600E-positive group were higher than those

in the BRAFV600E-negative group, although the difference

was not statistically significant. Even after adjusting for the

clinicopathological characteristics, such as patient age and

sex, and tumor size, ETE, metastatic lymph nodes, lym-

phatic invasion, and the presence of thyroiditis, the dif-

ference was not statistically significant, possibly because of

the small number of patients in the mutation-negative

group. This implies that further studies should include a

larger BRAFV600E-negative group to strengthen the statis-

tical power and to reduce the precision range of urinary

iodine results in this comparison.

Moreover, the retrospective nature of the patient selec-

tion process and the small number of enrolled cases ren-

dered case and control group matching impossible, which

is reflected in the demographics of Table 1. Also, it led to

the study being underpowered to perform appropriate

multivariable analyses, and therefore, the conclusion may

be susceptible to type II error. Ideally, both groups should

come from the same population to reveal a causal rela-

tionship. It also resulted in a lack of protocol to minimize

the effect of recall bias for the control group dietary

analysis—as they would be less desperate to accurately

remember their diet—and of change in dietary patterns

immediately after cancer diagnosis. Finally, the low num-

ber of total participants prevented us from matching the

case to control. Further reducing the number by matching

would widen the precision range of the median UI value,

and therefore, we chose not to match the groups. Our

results, therefore, may only allude to the possibility of

iodine association to PTC.

At last, to ensure that the case and control groups

accurately reflect the median UI level of the Korean pop-

ulation, it is necessary to externally validate the results

with samples from a heterogeneous group.

Our data demonstrate a difference in iodine status

between the PTC group and the healthy cohort. These data

are consistent with previous epidemiological and experi-

mental studies that suggest a correlation between high

iodine levels and the occurrence of thyroid cancer. Data

concerning BRAFV600E mutation status failed to reach

statistical significance, which underscores the importance

of additional studies with more patients to confirm the

clinical implications of these associations. The results

presented herein would be supported by additional studies

to ascertain the causal relationship between iodine status

and PTC in a prospective, case–control matched manner

with more participants.
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