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and the occurrence of papillary thyroid carcinoma

FENGYAN HUANG', WEI CONG?, JUAN XIAO?, YONG ZHOU?, MAOSONG GONG?, JINGFU SUN?,
LIQUN SHAN?, QIANG XIAO', LIHUA WANG', JIANING LIU?, ZHIGANG YU? and HONGYING JIA'*

1Department of Epidemiology and Health Statistics, School of Public Health, Cheeloo College of Medicine,

Shandong University, Jinan, Shandong 250012; 2Depa.rtment of Thyroid Surgery, The Second Hospital,
Cheeloo College of Medicine, Shandong University, Jinan, Shandong 250033, P.R. China

Received March 9, 2020; Accepted August 4, 2020

DOI: 10.3892/01.2020.12051

Abstract. The aim of the present study was to elucidate the
association between excessive chronic iodine exposure and
the risk of developing papillary thyroid carcinoma (PTC). The
demographic information and pathological characteristics of
patients with thyroid nodules were retrieved from medical
records at The Second Hospital of Shandong University.
A fasting urine specimen was collected, and creatinine and
urinary iodine concentration (UIC) were determined. The
water iodine data from the domicile districts of these patients
were collated from published reports. The results revealed that
almost half of the patients with PTC (44.3%) also exhibited
a high UIC (=300 pg/l). Multivariate analysis revealed that
the adjusted odds ratio for high UIC was 3.987 (95% CI:
1.355-11.736) and the adjusted area under the receiver oper-
ating characteristic curve was 0.776 (95% CI: 0.687-0.864),
which was associated with PTC risk in patients with thyroid
nodules. Integrated ecological assessment of chronic iodine
exposures demonstrated that >80% (81.4%) of the patients
with PTC who also exhibited a high UIC were from histori-
cally non-iodine-deficient regions, and 66.7% of patients with
PTC who resided in historically iodine-excessive regions
were characterized by high UICs. Importantly, a high UIC
was significantly associated with capsular invasion and extra-
thyroid metastasis (P<0.05). Moreover, self-matching results
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indicated that, in patients with PTC, there were no significant
differences in UIC grading between the pre- and postoperative
specimens. In conclusion, excessive chronic iodine exposure is
significantly associated with the risk of PTC, which contributes
to increased capsular invasion and extrathyroid metastases.
However, further research is required to validate these findings
and to elucidate the potential molecular mechanisms involved.

Introduction

The incidence of thyroid carcinoma (TC) has been increasing
worldwide, with the papillary TC (PTC) histological subtype
accounting for 84% of all cases (1,2). Epidemiological studies
suggest that, in >40% of the cases, the causative factors of PTC
were manageable, including exposure to radiation, obesity,
cigarette smoking and unbalanced nutrition (3). However, the
accurate identification of controllable risk factors for PTC
remains incomplete.

Iodine is used in the metabolism of thyroid gland hormones.
A number of epidemiological studies have attempted to
elucidate the association between excessive iodine intake and
the risk of developing PTC. For example, Lee et al (4) found
that the median urinary iodine concentration (UIC) and food
frequency questionnaire score in patients with PTC were
significantly higher compared with those in healthy control
subjects. Zhou et al (5) discovered that UIC was higher in
patients with nodular goiter and PTC compared with the
general population. Based on a pair-matching case-control
study design, Zhang et al (6) demonstrated that UIC was
associated with PTC risk. Zhao et al (7) indicated that a
higher than average UIC was associated with an increased risk
of larger tumors in female patients with PTC. Furthermore,
Zhao et al (8) and Wang et al (9) observed that UIC was asso-
ciated with lymph node metastasis in patients with PTC, and
Kim et al (10) identified UIC as an independent predictor of
BRAF mutations in PTC. However, the aforementioned results
were obtained based on random UIC measurements, which
only reflect iodine status at specific time points, and cannot
be used to independently represent chronic iodine exposure. In
TC ecology research, further studies evaluated iodine exposure
according to the water iodine levels of the domicile districts
of patients; however, this design lacks individual iodine
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exposure assessment (11-13). Furthermore, Santos et al (14)
used reservoir water iodine content combined with UIC to
evaluate chronic iodine exposure in thyroid histology pattern
research. Zhang et al (15) investigated iodized salt consump-
tion combined with UIC to estimate long-term iodine intake.
However, this ecology-based integrated assessment design of
iodine exposure (which utilized water iodine or iodized salt
consumption combined with the UIC) is rarely applied for the
analysis of clinicopathological characteristics in PTC.

In the present study, UIC was innovatively combined
with water iodine values to determine the intrinsic associa-
tion between iodine exposure and the clinical characteristics
of PTC. Ecological integrated assessment was performed to
determine whether there is an association of excessive chronic
iodine exposure with capsular invasion and extrathyroid
metastases. Further exploration of the controllable risk factors
of PTC may provide novel insights and a reference for regional
primary preventive strategies, and may aid the identification of
biomarkers for the early diagnosis of PTC.

Materials and methods

Study population. The present study involved patients
with thyroid nodules who underwent thyroidectomy at the
Department of Thyroid Surgery, The Second Hospital of
Shandong University (Jinan, China), between July 2019
and December 2019. The exclusion criteria were as follows:
i) Patients with a family history of TC; ii) history of radiation
exposure during childhood; iii) recent use of therapeutic iodine
(2 months); iv) use of antithyroid drugs or thyroid hormone
therapy; and v) patients with kidney or liver dysfunction,
and/or other systemic diseases. The pathohistological type
of the thyroid nodules was determined by a pathologist at the
Department of Pathology. Finally, after excluding patients with
medullary, follicular and undifferentiated TC, 151 patients
with thyroid nodules remained, including 97 PTC and 54
non-PTC patients. The Research Ethics committee of The
Second Hospital of Shandong University approved the present
study and allowed oral consent to be obtained from patients
[approval no. KYLL-2019(KJ)P-0084]. All the patients were
informed of the purpose of the study and volunteered to
participate in this research by oral consent.

lodine exposure assessment. A fasting urine specimen was
collected by clinical professionals between 6:00 and 7:00 a.m.,
and the UIC was determined using an iodine determination
kit (cat. no. 160031; Xiangyang Wentes Health Technology
Co., Ltd.) and a matching iodine detector instrument
(OTT-I-P; Xiangyang Wentes Health Technology Co., Ltd.).
During testing, the experimental environment was kept free
of iodine, and the external and internal quality controls
were processed according to the standard protocols of The
Second Hospital of Shandong University. The reference
materials were certified lyophilized human reference urine
iodine (GBW09108-GBWO09110) produced by the National
Reference Laboratory for Iodine Deficiency Disorders. The
urinary creatinine concentration was determined using the
Analyzer A25 (BioSystems S.A.). Both UIC and urinary creat-
inine were processed within 2 h after collection. According to
the recommendations of the World Health Organization (16),

the iodine nutritional status was categorized into three
degrees as follows: i) Low UIC (<100 pg/l), iodine-deficient;
ii) adaptive UIC (100-299 ug/1), iodine-adequate; and iii) high
UIC (=300 pg/l), iodine-excessive.

The environmental water iodine data for domicile districts
of the Shandong province were consulted (17). According
to the grading standard for water iodine (17), Shandong
was divided into three groups as follows: i) Historically
iodine-deficient regions (median water iodine levels <10 ug/1);
ii) historically iodine-adaptive regions (median water iodine
levels 10-150 ug/l); and iii) historically iodine-excessive
regions (median water iodine levels >150 pg/l).

Clinical characteristics. In line with previously published
standards (18), patients with thyroid nodules were categorized
into four groups according to Thyroid Imaging Reporting and
Data System (TIRADS) grading as follows: Group 1, TIRADS
2 and 3; group 2, TIRADS 4a; group 3, TIRADS 4b; and
group 4, TIRADS 4c and 5. Descriptions of nodule multifo-
cality and bilaterality were obtained from ultrasound reports.
For cases with multiple reports, the latest ultrasound report
and the highest TIRADS grade were selected.

Diagnoses were reached using surgical slides from the
Department of Pathology, and the histological type of TC
was determined. Characteristics including primary tumor
size, location, capsular invasion, extrathyroid metastasis and
lymph node status were evaluated based on the National
Comprehensive Carcinoma Network guidelines (version 2;
2014) for TC recommendations (https://www.nccn.org).
Primary and secondary pathological changes were examined
and described in detail in the associated pathological reports.
The comprehensive assessment of PTC was performed by
the Departments of Thyroid Surgery and Pathology, and the
demographic and pathological characteristics of each patient
were obtained from medical records.

Statistical analysis. All data were entered by two researchers
and cross-checked using EpiData 3.0 software (https:/www.
epidata.dk) for quality control. Descriptive analyses of basic
characteristics are presented either as the mean + standard
deviation or as percentages. %*, Student's t-test and F-test, and
one-way ANOVA (with Bonferroni's test for multiple compari-
sons) were used for comparative analysis. McNemar's test was
used for self-matching comparative analyses. Univariate and
multivariate logistic regression analyses were performed using
SPSS software, version 22.0 (IBM Corp.). Collinearity diag-
nostics results indicated that there was no multicollinearity for
each variable in multiple conditional logistic regression models.
A receiver operating characteristic (ROC) curve was generated
using R software, version 3.5.1 (https:/www.r-project.org), and
Sigma Plot, version 14.0 (Systat Software, Inc.) and R were
used for data presentation. P<0.05 was considered to indicate a
statistically significant difference.

Results

Association between UIC and PTC risk in patients with thyroid
nodules. Basic characteristics. The data of 151 patients with
thyroid nodules were analyzed. The patients included 41 men
and 110 women, and their mean age + SD was 49.2+13.0 years
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Table I. Basic characteristics of PTC and non-PTC among patients with thyroid nodules.

Characteristic PTC (n=97) Non-PTC (n=54) t/¢* value P-value
Age’, years 45.5+12.5 559+11.2 -5.065 <0.001
Sex®
Female 73 (75.3) 37 (68.5) 0.796 0.372
Male 24 (24.7) 17 (31.5)
Smoking habit®
Smoker 9(9.3) 6 (11.1) 0.130 0.718
Non-smoker 88 (90.7) 48 (88.9)
BMI®, kg/m?
<240 47 (48.5) 31(574) 1.114 0.291
=240 50 (51.5) 23 (42.6)
Blood pressure?, mm/Hg
Systolic 78.4+8.4 81.1+9.7 -1.514 0.132
Diastolic 129.3+10.6 133.3+11.9 -1.732 0.086
TIRADS grade®
>4dc 44 (454) 50.2) 73.922 <0.001
4b 26 (26.8) 3(5.6)
4a 21 (21.6) 9(16.7)
<3 6(6.2) 37 (68.5)
Multifocality®
Yes 44 (454) 40 (74.1) 11.587 0.001
No 53 (54.6) 14 (25.9)
Location®
Bilateral 37 (38.1) 20 (37.0) 0018 0.893
Unilateral 60 (61.9) 34 (63.0)
UIC®, ug/l
<100 16 (16.5) 12 (22.2) 7.335 0.026
100-299 38 (39.2) 30 (55.6)
=300 43 (44.3) 12 (22.2)
Urinary creatinine®, gmol/l 109.0+£79 4 111.9+63.6 -0.228 0.820
UIC/creatinine®, ug/pmol
<20 32(33.0) 23 (42.6) 2.584 0.275
2.0-99 43 (44.3) 24 (44 .4)
=100 22 (22.7) 7 (13.0)

“Values are presented as the mean = SD; "The numbers (percentage contributions) are listed for each category. PTC, papillary thyroid carci-
noma; BMI, body mass index; TIRADS, Thyroid Imaging Reporting and Data System; UIC, urinary iodine concentration.

(age range, 17-75 years). The comparison of basic character-
istics, including general demographic information, nodule
ultrasound data and UIC, between PTC and non-PTC patients
is displayed in Table I and Fig. 1. Not a few PTC patients
(32.0%) were located in 30-40 years group, far more than that
in non-PTC patients (9.3%); by contrast, few PTC patients
(10.3%) were aged over 60 years, far less than that in non-PTC
patients (37.0%) (Fig. 1A). Almost half (45.4%) of PTC
patients manifested as multifocality of nodules, significantly
lower than that in non-PTC patients with 74.1% (Fig. 1B).
Approximately half of the PTC patients (44.3%) exhibited a
high UIC (=300 pg/1), which was significantly higher compared
with that of the non-PTC patients (22.2%); by contrast, the

proportion of PTC patients with adaptive UICs (100-299 ug/1)
was 39.2%, which was markedly lower compared with that
of the non-PTC patients (55.6%) (Fig. 1C). No significantly
difference was showed between PTC and non-PTC patients
for UIC/creatinine (Fig. 1D).

Logistic regression analysis. A lower age [univariate analysis:
Odds ratio (OR)=5.186; 95% CI: 2.217-12.134; multivariate
analysis: OR=5.192; 95% CI: 2.215-12.171 (both P<0.001)],
multifocality of nodules [univariate analysis: OR=0.291;
95% CI: 0.140-0.602 (P=0.001); multivariate analysis:
OR=0.334; 95% CI: 0.154-0.724 (P=0.005)], and high UIC
[univariate analysis: OR=3.359; 95% CI: 1.297-8.701 (P=0.013);
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Figure 1. Distribution of basic characteristics between PTC and non-PTC among patients with thyroid nodules. (A) Age distribution. “P<0.05 vs. non-PTC group
for <30 age range. "P<0.01 vs. non-PTC group for 260 age range. (B) Multifocality of nodule distribution. (C) UIC distribution. #P<0.01 vs. non-PTC group
for 2300 ug/1. (D) UIC/creatinine distribution. "P<0.05 and “P<0.01 vs. non-PTC group. PTC, papillary thyroid carcinoma; UIC, urinary iodine concentration.

multivariate analysis: OR=3.987; 95% CI: 1.355-11.736
(P=0.012)] were identified as predictors of PTC risk in patients
with thyroid nodules (Table II).

Diagnostic value analysis. The area under the ROC curve
(95% CI), cut-off value, sensitivity and specificity were 0.681
(0.581-0.782), 399.0 ug/1 (UIC) (0.432, 0.857) for univariate
analysis, and 0.776 (0.687-0.864), 0.353 (prediction prob-
ability) pg/1 (0.679, 0.762) for multivariate analysis, after
adjusting potential covariates, such as sex, age, smoking habits
and body mass index (BMI) (Fig. 2).

Analysis of UIC and clinicopathological characteristics.
Compared with a low UIC, adaptive and high UICs were
both significantly associated with capsular invasion of PTC
(P<0.05). Compared with an adaptive UIC, only a high UIC
was significantly associated with extrathyroid metastasis
(P<0.05). No notable association was observed between UIC
and age, sex, smoking habits, BMI, tumor size, complications
or lymph node status in patients with PTC (Table III).

Assessment of excessive chronic iodine exposure. The water
iodine data of the domicile districts of patients with PTC
were utilized and combined with the UIC to conduct ecology
integrated assessment of chronic iodine exposure. Among
patients with PTC who exhibited high UICs, 81.4% were from
historically non-iodine deficient regions (Table III). Among
those residing in historically iodine-excessive regions, 66.7%
exhibited a high UIC, whereas only 7.4% had low UIC values
(Table IV). An association between high UIC and historically
iodine-excessive regions was also noted. Thus, in the present
study, high UIC was found to independently reflect excessive
chronic iodine exposure in patients with PTC.

Pre- and postoperative alterations in UIC in patients
with PTC. There were no significant changes in the UIC
grading between pre- and postoperative samples (P>0.05;
Table V and Fig. S1) in patients with PTC. Among patients
with a high preoperative UIC, 90.0% also exhibited a high
postoperative UIC, regardless of the presence of carcinoma-
tous foci. These findings indicated that a high UIC did not
result from the metabolic properties of the PTC per se.

Discussion

The association between iodine intake and thyroid diseases
has been suggested to follow a U-shaped distribution (19,20).
However, few studies have determined the specific role of
chronic excessive iodine exposure in the development of
PTC. The results of the present study suggested that almost
half of the patients with PTC (44.3%) exhibited a high UIC
(=300 ug/l), and that the proportion of patients with PTC
with a high UIC was significantly higher compared with
that observed in those without PTC (44.3 vs. 22.2%, respec-
tively). Together with the results of logistic regression and
ROC curve analysis, it was comprehensively hypothesized
that a high UIC may serve as a predictor or biomarker for
PTC risk in patients with thyroid nodules. This hypothesis
is supported by other similar studies, although there was
no sufficient evidence to identify excessive iodine as an
independent predictor of PTC (4-12). The UIC is also a
widely accepted indicator of iodine nutritional status (which
is almost entirely dependent on iodine exposure, including
dietary intake) owing to the fact that >90% of ingested iodine
is excreted in the urine. Therefore, it was further proposed
that excessive iodine exposure was significantly associated
with the risk of PTC.
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Table II. Logistic regression analysis for predictors of papillary thyroid carcinoma risk in patients with thyroid nodules.

Univariate analysis Multivariate analysis®

Characteristic OR 95% C1 P-value OR 95% CI P-value
Sex

Female 1.00 1.00

Male 1.398 0.669-2.919 0.373 1.405 0.643-3.071 0.394
Age, years

>45 1.00 1.00

<45 5.186 2.217-12.134 <0.001 5.192 2.215-12.171 <0.001
Smoking habit

Smoker 1.00 1.00

Non-smoker 0.604 0.206-1.767 0.357 0.848 0.248-2.892 0.792
BMI, kg/m?

<40 1.00 1.00

=240 1.765 0.901-3.458 0.098 1.914 0.959-3.821 0.066
Multifocality 0.291 0.140-0.602 0.001 0.334 0.154-0.724 0.005
Bilaterality 0.774 0.388-1.541 0.465 0.979 0.478-2.135 1.010
UIC, ug/l

100-299 1.00 1.00

<100 2.546 1.135-5.712 0.023 2252 0.943-5.375 0.067

=300 3.359 1.297-8.701 0.013 3.987 1.355-11.736 0.012
UIC/creatinine, yg/pmol

2.0-99 1.00 1.00

<20 1.845 0.696-4.887 0.218 2.107 0.722-6.148 0.173

=100 2.167 0.779-6.033 0.139 2.516 0.822-7.698 0.106

*Adjusted potential covariates such as sex, age, smoking habits and BMI. OR, odds ratio; CI, confidence interval; BMI, body mass index;
UIC, urinary iodine concentration.
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Figure 2. Diagnostic value of high urinary iodine concentration for papillary thyroid carcinoma risk in patients with thyroid nodules. (A) ROC curve by
univariate analysis. (B) ROC curve by multivariate analysis following adjustment for potential covariates, including sex, age, smoking habits and body mass
index. ROC, receiver operating characteristic; AUC, area under the ROC curve.

It is worth mentioning that the most innovative characteristic ~ evaluation assessed chronic iodine exposure based on ecology.
of present study is the fact that the UIC was combined with the = The data revealed that a substantial proportion of patients with
water iodine levels of domicile districts, and that this integrated ~ PTC (~70%) who resided in historically iodine-excessive regions
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Table III. Association between UIC and clinicopathological characteristics among patients with papillary thyroid carcinoma.

UIC, ug/l
Characteristic <100 100-299 =300 F/y? value P-value
Number* 16 (16.5) 38 (39.2) 43 (44.3)
Age®, years 46.3x15.1 46.1£12.0 44.6+£12.2 0.192 0.825
Sex*
Female 13 (81.2) 27 (71.1) 33 (76.7) 0.728 0.695
Male 3(18.8) 11 (28.9) 10 (23.3)
Smoking habit**
Smoker 2 (12.5) 2(5.3) 5(1.6) 1.293 0.544
Non-smoker 14 (87.5) 36 (94.7) 38 (88.4)
BMI?, kg/m?
<240 8 (50.0) 17 (44.7) 22 (51.2) 0.352 0.839
=240 8 (50.0) 21(55.3) 21 (48.8)
Water iodine**, ug/l
=10.0 6 (37.5) 16 (42.1) 35(81.4) 17.787 0.001
2-10 8 (50.0) 15(39.5) 6 (13.9)
<2 2 (12.5) 7(184) 2(4.7)
TIRADS grades®*
=4c 9 (56.3) 16 (42.2) 19 (44.2) 2425 0.658
4b 2(125) 11 (28.9) 13 (30.2)
<4a 5(@31.2) 11 (28.9) 11 (25.6)
Multifocality®
Yes 5(@1.3) 23 (60.5) 16 (37.2) 5.964 0.051
No 11 (68.7) 15 (39.5) 27 (62.8)
Primary tumor size®, cm
>1.0 6 (38.5) 12 (26.7) 17 (36.6) 0.570 0.752
<10 10 (61.5) 26 (73.3) 26 (63.4)
Capsular invasion®
Invasion 6 (37.5) 28 (73.7) 33(76.7) 9.029 0011
No invasion 10 (62.5) 10 (26.3) 10 (23.3)
Location**
Bilateral 2(12.5) 19 (50.0) 16 (37.2) 7464 0.024
Unilateral 14 (87.5) 19 (50.0) 27 (62.8)
Extrathyroid metastasis*?
Yes 10 (62.5) 16 (42.1) 30 (69.8) 6.504 0.039
No 6 (37.5) 22 (57.9) 13 (30.2)
Complications®©
Yes 12 (75.0) 21(55.3) 27 (62.8) 1.947 0.378
No 4(25.0) 17 (44.7) 16 (37.2)
Lymph nodes**
Central district area 13 (81.3) 30 (78.9) 34 (79.1) 0.042 0.979
Non-central area 3(18.7) 8 (21.1) 9(20.9)
Central metastasis®
Yes 10 (62.5) 14 (36.8) 26 (60.5) 5428 0.066
No 6 (37.5) 24 (63.2) 17 (39.5)

*The numbers (percentage contribution) are listed for each category. "Values are displayed as the mean + SD. ‘Correction for continuity.
dBonferroni's test shows significant differences between the =300 and the 100-299 ug/1 groups (following comparison of three groups using the
> or one-way ANOVA analysis); all P<0.05. “Bonferroni's test shows significant differences between the =300 and <100 p g/l groups, and the
100-299 and <100 pg/1 groups; all P<0.05. UIC, urinary iodine concentration; BMI, body mass index; TIRADS, Thyroid Imaging Reporting
and Data System.
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Table IV. Assessment of UIC combined with water iodine in patients with papillary thyroid carcinoma.

Residence, region

UICY, pug/l Todine-deficient Iodine-adaptive Iodine-excessive
<100 10 (25.0) 4(13.3) 2(74)
100-299 22 (55.0) 9 (30.0) 7(25.9)
=300 8(20.0) 17 (56.7) 18 (66.7)
Total 40 (100.0) 30 (100.0) 27 (100.0)

*The numbers (percentage contribution) are listed for each category. UIC, urinary iodine concentration.

Table V. Pre- and postoperative UIC in patients with papillary
thyroid carcinoma.

Postoperative
UIC, ug/l <300 =300 Total P-value
Preoperative 0.065°
<300 11(55.0) 9@45.0) 20(50.0)
=300 2(10.0) 18(90.0) 20 (50.0)
Total 13 (32.5) 27(67.5) 40(100.0)

*The numbers (percentage contribution) are listed for each category.
"McNemar's test. UIC, urinary iodine concentration.

presented with high UICs; consistently, the majority of PTC
patients with high UIC (>80%) were from historically non-iodine
deficient regions. This suggested an association between high
UIC and iodine-excessive regions. Therefore, to a large extent,
a high UIC may independently reflect excessive chronic iodine
exposure in patients with PTC. Based on the aforementioned
findings, ecology integrated assessment was used to investigate
the association between chronic iodine exposure and the clini-
copathological characteristics of patients with PTC. The results
indicated that adaptive and high UIC values are associated with
capsular invasion of carcinoma, but that only high UIC is signifi-
cantly associated with extrathyroid metastasis. On the one hand,
high iodine concentrations may promote PTC cell proliferation
(represented by a higher iodine concentration) and manifest as
higher rates of proliferation. On the other hand, this regularity
only applies for iodine concentrations <1.0x10-* mmol/l; beyond
this boundary, the rate of proliferation gradually decreases (21).
Importantly, the concentration of iodine in the normal human
thyroid gland ranges between 1.0x10° and 1.0x10”° mmol/1 (21),
which is below the aforementioned concentration. Therefore,
for adaptive iodine levels and beyond, it was hypothesized
that the higher the concentration of iodine in the thyroid gland
(within a specified range, 1.0x10~ mmol/l), the higher the rate of
carcinoma cell proliferation; however, for extremely high iodine
levels (=1.0x10°* mmol/1, for pathological thyroid gland), it was
speculated in the present study that the proliferative rate may
marginally decrease.

It should also be noted that the rate of proliferation
usually reflects the potential for capsular invasion (9,21). In

this respect, it is apparent that both an adaptive and high UIC
were equally significantly associated with capsular invasion,
and the difference between the two was not statistically
significant. Therefore, both adaptive and high UICs were
concluded to enhance the potential for capsular invasion in
patients with PTC. However, only high levels of iodine were
able to upregulate the expression of vascular endothelial
growth factor (VEGF)-A in W3 cells (21), MAPK in TPC-1
cells (22), and AKT in TFC (thyroid follicular cells) (23).
AKT and MAPK are involved in the PI3K/AKT/mTOR
and MAPK signaling pathways, respectively (24,25); both
activate downstream VEGF (26,27), which is responsible
for angiogenic activation and immune microenvironment
disorders in carcinomas (27,28), contributing to proliferation
and metastasis (29-35). It was therefore hypothesized that
only high concentrations of iodine can trigger the activation
of the PI3K/AKT/mTOR and MAPK pathways and alter
VEGF-mediated angiogenesis and immune reactions, thereby
promoting the proliferation and metastasis of PTC. This may
explain why only a high UIC was found to be significantly
associated with capsular invasion and extrathyroid metastasis.
Consequently, it was hypothesized that excessive chronic
iodine exposure may promote capsular invasion and extrathy-
roid metastasis in patients with PTC.

Another innovation of the present study was the
self-matching design and random selection of 40 patients, and
the discovery that UIC grading does not differ significantly
between the pre- and postoperative period, regardless of the
presence of carcinomatous foci. This finding further excludes
the possibility that a higher UIC may be attributed to the metab-
olism of carcinomatous foci. Therefore, it was concluded that a
high UIC is indicative of excessive iodine exposure rather than
the metabolic characteristics of the carcinoma per se, and this
must be considered as a risk factor for pathogenic PTC.

The conclusions would have been more powerful if the
study had included a larger prospective cohort from multiple
centers (where high iodine exposure and PTC tumorigenesis
were assessed over time), and more effort had been made
to control the selective bias of this particular hospital (e.g.,
Berkson bias). Despite these limitations, however, convincing,
manageable risk factors for PTC were identified. Furthermore,
the aim of the study was to investigate the risk factors and
their possible roles in patients with PTC, rather than to
assess the iodine nutritional status of the general population.
It is also not possible to exclude undiagnosed PTC cases
within the general population and, therefore, in the present
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study, patients with thyroid nodules included those in the
non-PTC group. Based on these findings, it is necessary to
implement regional control strategies for iodine supplementa-
tion in Shandong, where the iodine-deficient, -adaptive and
-excessive regions coexist. This may help to prevent invasion
and metastasis in patients with PTC, particularly those with
thyroid nodules.

Collectively, the results of the present study indicated
that excessive chronic iodine exposure may promote capsular
invasion and extrathyroid metastasis, and may be significantly
associated with the risk of PTC.
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