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Abstract
Researchon the relationshipbetween iodine intake and thyroid cancer (TC) risk is limited, and the findings are inconclusive. Theobjective
of this study was to provide emerging evidence for the association between iodine intake and TC risk in a Chinese population.
An ecological study of epidemiology is used to compare the iodine intake among populations with different TC incidence in

Zhoushan, China. Incidence rates of TC were investigated and compared among four counties of the Zhoushan Islands from 2014 to
2018. Iodized salt consumption rate and the level of urinary iodine concentration (UIC) were analyzed for pupils and pregnant women
from four counties.
During 2014 to 2018, a total of 2495 new cases of TC were diagnosed in Zhoushan Islands. The mean crude incidence rate of TC

was 51.29 per 100,000 inhabitants, and the standardized (world population) incidence rate (SIR) was 31.34 per 100,000 population.
Incidence rates (SIR and crude incidence rates) were significantly higher in women than in men (x2 test, P< .05). Both male and
female, the incidence of TC in Daishan County is higher than the other three counties of Zhoushan. Iodized salt consumption rate and
median UIC in pupils and pregnant women in Daishan County was significantly lower than the other three counties (x2 test and
Kruskal–Wallis test, all P< .05). The population with high TC incidence has a lower iodized salt consumption and a lower level of UIC
compare with the relative low TC incidence populations.
The low consumption of iodized salt with mild iodine deficiency may contribute to explain the exceptionally high incidence of TC in

Daishan County. Further subtle designed studies are needed to provide additional insights into the epidemiology and etiology of TC
and help identify the safe limit of iodine intake for prevention.

Abbreviations: IDD = iodine deficiency diseases, PTC = papillary thyroid cancer, TC = thyroid cancer, UIC = urinary iodine
concentration, WSP = World Standard Population.
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1. Introduction

Thyroid cancer (TC) is the most common malignancy of the
endocrine system, including four histotypes, that is, papillary,
follicular, anaplastic, and medullary. Among them, papillary
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thyroid cancer (PTC) is the most common subtype accounting for
about 60% to 80% of the total incidence, but anaplastic thyroid
cancer accounts for a large portion of the mortality because of its
poor prognosis.[1] In most countries, incidence rates of TC have
been continually increasing over the past few decades, particu-
larly in women.[2,3] The highest incidence rates were reported
mostly in island countries or regions, such as Hawaii, Japan,
Iceland, Philippine, Sicily, andCyprus.[4] According to the data of
International Agency for Research onCancer (IARC) in 2012, the
age-standardized (world population) incidence of TC was 6.1 per
100,000 in women and 1.9 per 100,000 in men worldwide, and
there were increases with 29.8% and 26.0% compared with
2008, respectively.[5]

In past decades, evidence suggested that excessive screening and
diagnostic testing is likely the major, but may not be the only,
contributor to the rising incidence of TC.[6–8] Another suspected
risk factors include radiation exposure during childhood (whether
from nuclear accidents, natural radiation, or medical imaging),[9]

genetic factors,[10] pre-existing thyroid disease,[11] hormonal and
reproductive factors,[12] environmental pollutants,[13,14] a family
history of TC or thyroid disorders,[15] and possibly, iodine intake.
As an essential trace element for thyroid function, iodine plays

an indispensable role in development, growth, and metabolism
throughout human life.[16] It was reported that both deficient and
excessive iodine intakes are associated with the development of
thyroid disease with following U-shaped curves.[17] Recent years,
epidemiological studies have suggested that iodine intake is
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associated with TC risk, but the results remain considerable
controversy.[18–20] Here, we performed an ecological comparison
of epidemiology in Zhoushan, a coastal city of Zhejiang province
of China, with regional differences in TC incidence, to provide a
new clue of the possible relationship between iodine intake
and TC risk.

2. Materials and methods

2.1. Study sites and source of TC patients

The present study was conducted in Zhoushan, which is a
famous port city and the largest archipelago in China consisting of
1390 islands. The city covers four counties under its jurisdiction:
Dinghai, Putuo, Daishan, and Shengsi, with a land area of 1440
km2 and a population of 1.1million (Fig. 1). Daishan locates in the
north of Zhoushan with a population of 185,035 inhabitants.
In this study, TCpatients are all new cases clinically diagnosed in

the year from2014 to 2018.Data of the TCpatientswere obtained
from China’s cancer surveillance system. Age and sex structure of
patients and the structure of histopathologic types in the available
data were also calculated. The incidence is presented as crude and
world population standardized rates per 100,000 population. The
number of inhabitants was based on the sixth census in 2010 of the
Zhoushan Bureau of Statistics. Age- and sex-standardized
incidence rates were calculated using population estimates from
the World Standard Population (WSP) of the 2001 census. All
analyses were approved by the ethics committees of Zhoushan
Municipal Center for Disease Control and Prevention (ZSCDC).

2.2. Monitoring of iodized salt consumption rate

During 2014 to 2018, the iodine nutrition status of primary
school children and pregnant women in four counties was
Figure 1. The location of four counties in Zh
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monitored by Zhoushan Municipal Center for Disease Control
and Prevention (ZSCDC) every year.
Each monitoring county was divided into five sampling areas

according to the geographical location (east, west, south, north,
and center), and one township/street was randomly selected in
each sampling area. One primary school was selected from each
township/street, and 42 non-resident students aged 8 to 10 were
selected from each primary school (14 students in each age group,
half male and half female). If the sample is<42, it can be made up
at a nearby school. A total of 21 pregnant women (7 in early,
middle, and late pregnancy) were selected from the above-
sampled township/street.
Total of 30g of domestic edible salt was collected from each

family of the student and pregnant women for detecting the
content of salt iodine by “Determination of iodine in general test
method for the salt industry” (GB/T 13025.7–2012). The
standard for qualified iodized salt is the determination of iodine
content (in terms of iodine elements) in edible salt within the
range of 18 to 33mg/kg according to the method of Chinese
“edible salt iodine content” (GB 26878–2011).
Qualified iodine salt consumption rate = A/B∗100%.
1.
ous
The number samples of salt with an iodine content in 18 to 33
mg/kg
2.
 The number of samples tested

2.3. Detection of UIC

More than 90% of iodine consumed is excreted in the urine,
making urine iodine concentration (UIC) a good biomarker of
recent iodine intake.[21] The median UIC is an excellent indicator
for the iodine status of a population.[21] We measured UIC of
children and pregnant women in four counties from 2014 to
han Islands, Zhejiang province, China.



Table 1

Characteristics of TC patients in four counties of Zhoushan Islands in the 2014 to 2018 period.

Characteristics Dinghai Putuo Daishan Shengsi Total P-Value∗

No. of TC (2014–2018) 797 816 683 200 2,495 –

No. of inhabitants in 2010 389,734 321,041 185,035 77,088 972,900 –

Crude incidence rate (per 100,000 inhabitants) 40.90 50.83 73.82 51.89 51.29 <.05
WSP incidence rate (per 100,000 populations) 26.66 30.61 43.12 30.67 31.34 <.05
Age (years) at diagnosis
2014 48.71±1.05 49.48±9.51 50.83±9.87 49.29±10.42 49.66±10.22 >.05
2015 49.08±11.98 48.63±9.90 52.74±9.60 49.45±9.45 49.96±10.57 >.05
2016 48.01±12.08 51.99±10.99 50.25±10.63 50.46±10.34 50.01±11.28 >.05
2017 46.83±1.68 49.02±12.37 51.73±10.67 49.00±10.74 49.67±11.63 >.05
2018 47.82±12.62 51.49±10.77 52.46±10.92 51.86±12.49 50.48±11.71 >.05

Gender >.05
Male (%) 21.33 19.98 20.06 22.00 20.56
Female (%) 78.67 80.02 79.94 78.00 79.44

Histology >.05
Papillary (%) 96.26 97.80 97.64 95.52 97.17
Follicular (%) 0.25 0.49 0.21 0.00 0.30
Medullary (%) 0.50 0.00 0.64 1.49 0.45
Anaplastic (%) 0.00 0.49 0.00 0.00 0.15

Age at diagnosis of TC patients among four counties were compared using the t test.
TC= thyroid cancer, WSP= age- and sex- specific standard incidence rates by the World Standard Population.
P-value∗, Group comparisons of categorical variables were performed using the x2 test.
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2018. Five milliliters of a random urine sample from the above
children and pregnant women was collected to detect the level of
urine iodine. In order to avoid the dilution of urine caused by
excessive drinking water, the urine samples of pregnant women
were collected at a time with gynecological B-ultrasound
examination was conducted. Urine iodine content was deter-
mined by arsenic and cerium catalytic spectrophotometric
method for iodine in urine (WS/T 107–2006). Based on the
recommendations from WHO, iodine nutrition status was
categorized into four groups: insufficient (children: UIC<
100mg/L, pregnant women: UIC<150mg/L), adequate (children:
UIC 100–199mg/L, pregnant women: UIC 150–249mg/L), more
than adequate (children: UIC 200–299mg/L, pregnant women:
UIC 250–349mg/L), and excessive (children: UIC≥300mg/L,
pregnant women: UIC≥350mg/L).[15]
2.4. Statistical analysis

UICis expressedasmedian (25th, 75thpercentiles), anddifferences
among four countieswere comparedusing theKruskal–Wallis test.
Group comparisons of categorical variables were performed using
the x2 test. All statistical analyses were performed using the SPSS
Statistics 19.0 software package (Chicago, IL). A P value of <.05
was considered statistically significant.
3. Results

3.1. Basic characteristics of TC patients

From 2014 to 2018, a total of 2495 new TC patients were
diagnosed in the Zhoushan Islands. Among the patients, 1982
(79.44%) were women, and 513 (20.56%) were men. The
median age was 48 years and ranged from 18 to 75 years. Ages at
diagnosis did not significantly change with different counties and
years from 2014 to 2018 (Kruskal–Wallis test, P> .05). Papillary
thyroid cancer is the most common TC, accounting for more than
97% of cases in the Zhoushan Islands. The histology types of TC
3

were not significantly different among the four counties (Fisher
test, P> .05). The Basic characteristics of the TC patients are
shown in Table 1.
3.2. TC incidence in Zhoushan Islands

The crude TC incidence rate in Zhoushan from 2014 to 2018was
51.29 per 100,000 inhabitants, and the age- and sex-adjusted
incidence rates by WSP was 31.34 per 100,000 population. The
standardized incidence rates of TC in four counties of Zhoushan
were observed during the study period (Table 2). In all study
years, the rates were significantly higher in women than in men
(x2 test, P< .001). Interestingly, the incidence rates of TC in
Daishan County were significantly higher than the other three
counties from 2014 to 2018 (x2 test, P< .001).
3.3. Iodized salt consumption rate in Zhoushan

In Zhoushan, interventions for iodized salt to prevent iodine
deficiency diseases (IDDs) were introduced in 1995; however,
residents’ consumption rate of iodized salt is not high in Daishan
County. During 2014 to 2018, iodized salt consumption rate in
Daishan County was significantly lower than the other three
counties for both children and pregnant women (Fig. 2).

3.4. UIC in children in Zhoushan Islands

A total of 840 urine samples from children aged 8 to 10 years in 4
counties annually within the study period, with a median UIC of
152.83, 161.80, 124.90, and 145.60mg/L in Dinghai, Putuo,
Daishan, and Shengsi, respectively. The median UIC of children
in Daishan County was significantly lower than those in the other
three counties (Kruskal–Wallis test, P< .05) (Fig. 3A). According
to the iodine nutrition status as recommended by WHO, only
35% of subjects were in the adequate range (UIC 100–199mg/L).
More than half of the children (57%) belonged to the category of
insufficient iodine intake (UIC<100mg/L). The rates for children

http://www.md-journal.com


Table 2

The standardized (world population) incidence rate (SIR) of thyroid cancer (per 100,000 population) in four counties of ZhoushanCity in the
2014 to 2018 period.

2014 2015 2016 2017 2018

County M F Total M F Total M F Total M F Total M F Total

Dinghai 16.87 76.49 47.42 20.00 56.63 38.78 15.99 56.13 36.51 19.33 61.55 40.51 22.98 76.57 50.10
Putuo 15.66 74.95 45.34 13.23 78.68 46.17 16.44 68.63 42.54 25.41 87.88 56.91 31.47 95.14 63.40
Daishan∗ 37.85 127.68 82.97 27.88 98.49 63.12 25.33 94.43 59.64 29.57 124.75 77.16 22.51 111.61 66.77
Shengsi 18.46 66.84 43.10 30.66 88.65 60.52 19.45 75.97 48.63 24.44 75.24 50.22 21.03 64.93 43.17
Total 20.77 83.95 52.92 20.70 74.83 48.14 17.52 68.23 43.14 23.49 82.82 53.39 25.65 88.84 57.40

Data of the thyroid cancer patients were obtain from China’s basic public health service system. The number of population was based on the World Standard Population (WSP) of the 2001 census.
F= female, M=male.
Daishan∗: Both male and female, the incidence of thyroid cancer in Daishan is higher than other counties (P< .05).
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with excessive iodine intake (UIC≥300mg/L) and more than
adequate iodine intake (UIC 200–299mg/L) were 8% and 5%,
respectively (Fig. 3B).

3.5. UIC in pregnant women in Zhoushan

A total of 420 urine samples from pregnant women were also
monitored in 4 counties annually, with a median UIC of 146.07,
142.20, 96.80, and 124.00mg/L, respectively. Similarly, the
median UIC of pregnant women in Daishan County was
significantly lower than those in the other three counties
(Kruskal–Wallis test, P< .05) (Fig. 4A). Based on the iodine
nutrition status recommendedbyWHOfor pregnantwomen, only
21% of subjects were in the adequate range (UIC 150–249mg/L).
More than half of them (74%) belonged to the category of
insufficient iodine intake (UIC<150mg/L). The rates for patients
with excessive iodine intake (UIC≥500mg/L) and more than
adequate iodine intake (UIC 250–499mg/L) were 0% and 5%,
respectively (Fig. 4B).
Figure 2. The consumption rate of iodized salt in four

4

4. Discussion

Ecological study of epidemiology analyzes the relationship
between exposure factors and diseases by describing the exposure
situation of certain factors and the frequency of disease
occurrence or death in different populations. The most significant
advantage of the ecological study is that it can provide etiological
clues for further study of diseases with unknown etiology.[22]

In the present study, we explore the relationship between
iodine intake and TC risk by mean of an ecological comparison.
The results showed that Daishan County has the highest TC
incidence compared with the other three counties during the
period of 2014 to 2018. We then compared the iodine intake
among different TC incidence regions indicating that the
population of Daishan County has the lowest iodized salt
consumption rate and the median UIC compared with other three
counties. We speculate that the high incidence of TC in Daishan
County is likely to be the consequence of the relatively low
counties of Zhoushan Islands during 2014 to 2018.



Figure 3. The median UIC of children (A) and pregnant women (B) in four counties of Zhoushan City during 2014 to 2018.
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consumption of iodized salt in this area where has abundant
resources of salt.
The main reason for the low consumption of iodized salt in

Daishan is that the county has rich resources of salt with nearly
30,000 mu salt pans, the residents could produce salt privately or
obtain it through friends. On the other hand, due to their life-long
dietary intake of iodine-rich foods such as seaweeds, most
residents believe that Zhoushan is an iodine-replete area, and
thus do not pay attention to the intake of iodized salt.
Various epidemiological studies have compared the incidence

and risk of TC in iodine-deficient and iodine sufficient areas. A
study on Sicily compared two areas with different iodine intake,
and a statistically higher TC frequency was observed in areas
with insufficient iodine intake than in the control area.[23] The
same authors also showed the TC frequency in patients with a
dysfunctional node in areas with insufficient iodine intake was
twice as high as that in iodine sufficient areas.[24]
5

Other epidemiological studies have also attempted to link
iodine intake with TC risk. Kim et al studied on an iodine-replete
area in Korea suggested that patients with TC were more likely to
be distributed in UIC<300mg/L and UIC≥2500mg/L compar-
ing those with benign thyroid nodules.[25] A countrywide case–
control study by Truong et al indicates that the possible
interaction between consumption of cruciferous vegetables and
low intake of dietary iodine may contribute to explain the
exceptionally high incidence of TC among Melanesian wom-
en.[26] A meta-analysis demonstrated that a higher iodine intake
(≥300mg/day) and high consumption of saltwater fish and
shellfish were protective factors for TC.[27] Also, animal
experiments on the rat thyroid models have demonstrated that
both iodine deficiency and iodine excess significantly increase
thyroid tumorigenesis.[22,28] Iodine deficiency has been reported
to cause the aberrant proliferation of thyrocytes and increase
their sensitivity to ionizing radiation.[29]

http://www.md-journal.com


Figure 4. Distribution of children (A) and pregnant women (B) according to iodine nutrition status based on WHO recommendations in four counties of Zhoushan
City during 2014 to 2018.
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As ecological research, this study takes the “collection” of
individuals in different situations as the observation and analysis
unit, without considering the existing confounding factors and
other reasons, which may cause the results are inconsistent with
the real situation.[22] The standardized incidence rates of TCwere
compared in four counties in present study. However, when
compared the iodine intake among four counties, the median UIC
was only investigated in children and pregnant women, who may
not represent the UIC situation of the whole population in each
county. From 2009 to 2010, a total of 3578 urban and rural
residents covering lactation women, adults, children, and
pregnant women were surveyed in Dinghai, Putuo, and Daishan
counties. The results showed that the consumption of iodized salt
and UIC of Daishan County was lower than other counties in
Zhoushan (data not shown).
6

In conclusion, we observed that relatively low iodine intakes
might contribute TC risk in Zhoushan Islands. It provides
support for the explanation of the exceptionally high TC
incidence in Daishan County. Further subtle designed case–
control and cohort studies are needed to clarify the relationships
between iodine intake and TC risk. Besides, new studies on the
potential underlying mechanisms are still needed to provide
additional insights into the etiology of TC and help identify the
safe limit of iodine intake for prevention.
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