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Abstract
Background Iodine is an essential element for the biosynthesis of thyroid-stimulating hormone (TSH). Both excessive and
deficient iodine are major risk factors for thyroid diseases, including thyroid dysfunction, thyroid nodules, and thyroid
autoimmunity (TAI). This study aimed to elucidate the relationship between iodine status and the prevalence of thyroid
diseases through a national cross-sectional epidemiological survey in Jiangxi province (China).
Methods This population-based, cross-sectional study enrolled 2636 Chinese local inhabitants who aged over 18 years old
from April to August in 2015. Physical examination was performed and biochemical indices, urinary iodine concentration
(UIC), and TSH level were measured. The Chi-square test, nonparametric test, and 4 multivariate logistic regression models
adjusted for risk factors were applied to analysis. Spearman correlation coefficients were calculated to investigate the
relationship between iodine intake level and the prevalence of thyroid diseases.
Results The median UIC was 176.4 μg/L, and a significant difference was found in median UIC between men (182.45 μg/L)
and women (169.25 μg/L) (P= 0.03). Among these study subjects, 14.4%, 44.5%, 26.1%, and 15.0% had deficient,
adequate, more than adequate, and excessive iodine concentrations, respectively. The prevalence rates of hyperthyroidism,
subclinical hyperthyroidism, hypothyroidism, subclinical hypothyroidism, thyroid nodules, and TAI were 0.91%, 0.57%,
0.34% and 7.89%, 9.45%, and 12.7%, respectively. Significant differences were found in iodine status, waist circumstance,
systolic blood pressure (SBP), diastolic blood pressure (DBP), total cholesterol (TC), TSH, thyroid nodules, and TAI
between men and women (P < 0.05). Compared with those with adequate UIC, subjects with excessive UIC had higher
prevalence rates of thyroid dysfunction (odds ratio (OR)= 1.74, 95% confidence interval (CI): 1.40–2.54) and thyroid
nodules (OR= 3.33, 95%CI 1.32–8.42). In addition, subjects with deficient and excessive UIC were at the higher risk of
TAI compared with those with adequate UIC (OR= 1.68, 95%CI: 1.19–2.60; OR= 1.52, 95%CI: 1.04–2.96, respectively).
UIC was positively correlated with the prevalence rates of thyroid nodules (r=−0.44, P < 0.01) and TAI (r=−0.055,
P < 0.01). On the contrary, UIC was negatively correlated with the risk of thyroid dysfunction (r=−0.24, P > 0.05).
Conclusion Adult inhabitants from Jiangxi province in the TIDE study were in the adequate iodine status. Excessive iodine
status was noted as a risk factor for thyroid dysfunction and thyroid nodules. In addition, both iodine deficiency and
excessive iodine were risk factors for TAI.
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Introduction

Iodine is a pivotal factor for maintaining normal growth,
brain development, and thyroid function [1]. Iodine plays a
key role in maintaining thyroid homeostasis, which is
influenced by hormones through almost all nucleated cells
and is essential for growth and metabolism. Iodine is
actively concentrated by the thyroid and converted to
organic iodine within follicular cells. The main hormones
produced by the thyroid gland are thyroxine (T4) and
triiodothyronine (T3). Excessive or inadequate iodine intake
is associated with thyroid dysfunction. Thyroid dysfunction
is common, identifiable, and easily treatable, including
hypothyroidism and hyperthyroidism, while if it is not
timely diagnosed and treated, which may lead to serious
adverse effects, such as cardiovascular diseases, severe
myxedema, and embolization.

According to the guideline of the World Health Orga-
nization (WHO), iodine status was classified into deficient,
adequate, more than adequate, and excessive classes. In
iodine-replete populations, thyroid autoimmunity (TAI) was
prevalent among women of reproductive age and is the most
frequent cause of thyroid dysfunction. The thyroid perox-
idase (TPO) antibodies were positive in autoimmune thyr-
oid diseases, such as Graves’ disease, Hashimoto
thyroiditis, and post-partum thyroiditis. Terribly, the lack of
iodine intake was ubiquitous in the world. Iodine deficiency
disorders (IDDs) had still remained a crucial public health
challenge,which had negatively affected within 1.9 billion
people worldwide, particularly in Southeast Asia, South
America, and Central Africa [2–4]. IDDs were found as the
main cause of defects in the development of the central
nervous system and impairment of cognitive function in
children and lactating women, as well as thyroid nodules
and thyroid dysfunction in different age groups. Since the
1990s, the WHO globally expanded the implementation of
the universal salt iodization (USI) policy, and IDDs were
eradicated at the national level in China in 2011. However,
after several years of implementation of the USI policy, the
increased prevalence of thyroid diseases reported in coun-
tries suffering from mild or severe iodine deficiency [5].
China followed the USI policy in 1996, as a vast area
country, there were diverse climates, customs, products, and
habits in China. The iodine status and prevalence of thyroid
diseases remained elusive after the implementation of the
USI policy. Therefore, the health authorities and scientists
could not timely adopt appropriate strategies according to
the above-mentioned situation. To date, no epidemiological

study on the iodine status and prevalence of thyroid diseases
was conducted in Jiangxi province (China) before and after
the implementation of the USI policy. In the present study,
the iodine status and prevalence of thyroid diseases in
Jiangxi province were analyzed.

Materials and methods

Subjects and study design

Epidemiological data were collected from the Thyroid dis-
ease, Iodine nutrition and Diabetes Epidemiology (TIDE)
survey. As a part of the TIDE survey, this population-based,
cross-sectional, epidemiological survey was performed in
Jiangxi province from April to August 2015. Totally, 2665
adults were enrolled, of whom 2636 effectively attended,
indicating a response rate of 98.9%. The inclusion criteria
were as follows: (1) Patients’ age over 18 years old; (2) Han
ethnic group; (3) Patients who lived at the study sites for at
least 5 years; (4) No history of iodine utilization over the
past 3 months; (5) Availability of medications for patients.
Pregnant women were excluded. Informed consent was
obtained from all study subjects prior to enrollment, and the
study was conducted in accordance with the Declaration of
Helsinki. The study was approved by the Ethics Committee
of China Medical University.

The questionnaire, anthropometric measurement,
and blood sampling

Firstly, patients’ demographic and clinical data were col-
lected. Demographic and clinical data included age, gender,
status of residence, marital status, salt origin, history of intake
of kelp and laver over the past three days, the use of medi-
cations containing iodine, and history of thyroid diseases.

Anthropometric data, including blood pressure (systolic
blood pressure (SBP) and diastolic blood pressure (DBP)),
heart rate (HR), waist circumstance (WC), height, and body
weight were measured by recommended standard proce-
dures. In brief, blood pressure and HR were average values
of two separate measurements taken at 5-min intervals.
Body weight and height were measured without shoes or
heavy garments. Body mass index (BMI, kg/m2) was cal-
culated as the ratio of an individual’s weight (kg) divided by
the height in meters squared (m2). WC was measured in the
erect position at the middle of the lowest rib and at the
superior border of the iliac crest.

336 Endocrine (2023) 82:335–342



Fasting blood and urine samples were obtained between
8:00 am and 10:00 am to determine blood chemical para-
meters using an automatic biochemical analyzer (Mindray
Medical Co., Ltd., Shanghai, China). Centralized serum
thyroid-stimulating hormone (TSH), thyroid peroxidase
antibodies (TPoAb), and thyroid globulin antibodies
(TgAb) were tested by chemiluminescent immunoassay.
Free thyroxine (FT4) and free triiodothyronine (FT3) were
tested unless TSH was abnormal. Total cholesterol (TC) and
triglyceride (TG) levels were determined by enzymatic
methods. Serum low-density lipoprotein cholesterol (LDL-
C) and high-density lipoprotein cholesterol (HDL-C) levels
were measured by the direct method. Serum uric acid (UA)
was measured by the uric acid enzymatic-peroxide enzyme
coupling method. Centralized urinary iodine concentration
(UIC) was measured by inductively coupled plasma mass
spectrometry (ICP-MS; PerkinElmer, Waltham, MA, USA)
using an iodine standard (Inorganic Ventures, Christians-
burg, VA, USA). All the experiments were carried out by
experienced laboratory technicians. Furthermore, thyroid
ultrasonography was performed by trained ultrasound phy-
sicians. All study subjects underwent thyroid ultrasound by
experienced radiologists using a portable instrument
(LOGIQ 100 PRO, GE, Milwaukee, WI, USA, with
7.5 MHz linear transducers).

Assessment of iodine status

According to the classification system of the WHO, iodine
status was divided into four classes: deficient (<100 μg/L),
adequate (100–199 μg/L), more than adequate (200–299 μg/L),
and excessive (>300 μg/L) [6].

Diagnosis of thyroid dysfunction, thyroid nodules,
and TAI

The definition of hyperthyroidism was TSH< 0.27 mIU/L,
together with FT4 > 22.00 pmol/L and FT3 > 6.80 pmol/L.
Subclinical hyperthyroidism was defined as TSH< 0.27 mIU/L
and the normal levels of FT4 and FT3. Hypothyroidism was
defined as TSH> 4.2 mIU/L and FT4 < 12.00 pmol/L. Sub-
clinical hypothyroidism was defined as TSH> 4.2 mIU/L and a
normal FT4 level. Thyroid nodule was defined as a normal
thyroid size, which was >5mm determined by thyroid ultra-
sound. TPoAb >34 IU/ml and/or TgAb >115 IU/ml were
defined as positive autoimmune antibodies. Patients with
positive TPO antibodies were mainly considered to suffer from
TAI [7].

Data collection and statistical analysis

In the present study, data collection was performed by
trained medical professionals at the Second Affiliated

Hospital of Nanchang University (Nanchang, China).
The EpiData (EpiData Association, Odese, Denmark)
database was established, and all data were analyzed by
SPSS 22.0 software (IBM Corp., Armonk, NY, USA).
Continuous variables were presented as mean with
standard deviation (SD) or median with interquartile
range (IQR) based on the data distribution.
Mann–Whitney U test or t test was used to compare
differences between the two groups. Categorical vari-
ables were presented as the frequency with percentage,
and the Chi-square test was used to compare differences
between the two groups. Statistical signiffcance was
deffned by a two-sided P value < 0.05. To explore pos-
sible sources of bias, differences in clinical character-
istics among four UIC-based groups were also analyzed.
The independent risk factors for thyroid diseases were
determined by the multivariate logistic regression ana-
lysis, and odds ratios (ORs) with 95% confidence inter-
vals (95%CIs) were calculated. For the analysis, thyroid
dysfunction, thyroid nodules, and TAI were considered
dependent variables. Age, gender, status of residence,
smoking status, height, body weight, HR, blood pressure,
WC, UIC, TPoAb, TgAb, and TSH were regarded as
independent variables.

A logistic regression model was used to estimate the
effects of UIC on the risk of thyroid diseases. In order to
reduce the effects of confounders, these variables were
included in the multivariate logistic regression analysis
according to the results of the univariate analysis. The basic
statistical mode (model 1) was unadjusted. Model 2 was
adjusted for gender and age based on the model 1. In model
3, SBP, DBP, WC, HR, and BMI were adjusted based on
model 1. In model 4, some biochemical variables, such as
fasting blood glucose (FBG), 2 h oral glucose tolerance test
(2h-OGTT), TC, LDL, UA, TPoAb, and TgAb were
included as covariates, in addition to confounding factors in
the model 3. The results were expressed as OR with
95% CI.

Results

Characteristics of the study population

A total of 2636 study subjects (1354 men and 1282 women)
were included in the present study (men: 41.8 ± 16.4 years
old; women: 41.97 ± 16.9 years old). The clinical char-
acteristics of study subjects are summarized in Table 1.
There were statistically significant differences in WC, SBP,
DBP, TC, TSH, TAI, thyroid nodules, UIC, and UA
between the two genders. However, no significant differ-
ences were found in age, FPG, 2h-OGTT, HR, TG, LDL,
HDL, and BMI between the two genders.
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Iodine status

The median UIC and the distribution of subjects with dif-
ferent UICs were presented in Fig. 1. The median UIC was
176.4 μg/L in adults. A significant difference was found in

median UIC between men (182.5 μg/L) and women
(169.2 μg/L) (P= 0.03, Fig. 1A). Among all subjects, 380
(14.4%), 1173 (44.5%), 688 (26.1%), and 395 (15.0%)
subjects were in groups of deficient iodine, adequate iodine,
more than adequate iodine, and excessive iodine, respec-
tively (Fig. 1B).

Prevalence of thyroid dysfunction, thyroid nodules,
and TAI

As shown in Table 2, the prevalence of hyperthyroidism,
subclinical hyperthyroidism, hypothyroidism, and sub-
clinical hypothyroidism were 0.91%, 0.57%, 0.34%, and
7.89%, respectively. The prevalence of thyroid nodules and
TAI were 9.45% and 12.7%, respectively.

Association between UIC and thyroid dysfunction,
thyroid nodules, and TAI using the multivariate
logistic regression analysis

As presented in Table 3, compared with the adequate iodine
group as reference, patients in the excessive iodine group
were at a higher risk of thyroid dysfunction in models 1, 2,
3, and 4, and ORs were 1.74 (95%CI: 1.20–2.54,
P= 0.003), 1.79 (95%CI: 1.24–2.74, P= 0.002), 1.85
(95%CI 1.20–2.66, P= 0.002), and 1.79 (95% CI:
1.20–2.66, P= 0.004), respectively.

As shown in Table 4, compared with the adequate iodine
group, patients in the excessive iodine group were at a
higher risk of thyroid nodules in models 1, 2, 3, and 4, and
ORs were 3.33 (95% CI: 1.32–8.42, P= 0.01), 3.16 (95%
CI: 1.24–8.02, P= 0.02), 2.64 (95%CI: 1.03–6.75,
P= 0.04), and 2.58 (95% CI: 1.0–6.59, P= 0.05),
respectively.

As presented in Table 5, patients with TAI in the iodine
group were analyzed. Compared with the adequate iodine

Table 1 General characteristics of study subjects

Male Female P

N 1354 1282

Age (year) 41.88 ± 16.6 41.97 ± 16.9 0.887

WC (cm) 84 (68, 100) 76.5 (62.5, 90.5) 0.0001

SP (mmHg) 124 (115, 136) 116 (106, 128) 0.0001

DP (mmHg) 74 (67, 82) 70 (64, 77) 0.032

HR (t/m) 78 (71, 87) 81 (74, 90) 0.073

FPG (mmol/L) 5.3 (4.6, 5.96) 5.1 (4.57, 5.79) 0.48

OGTT 2 h
(mmol/L)

6.4 (3.93, 8.79) 6.2 (4.17, 8.29) 0.55

TG (mmol/L) 2.00 ± 1.45 1.95 ± 1.52 0.902

TC (mmol/L) 4.47 ± 0.92 4.47 ± 1.01 0.012

LDL-C (mmol/
L)

2.6 (1.65, 3.55) 2.5 (1.49, 3.51) 0.16

HDL-C (mmol/
L)

1.23 (0.88, 1.58) 1.41 (0.99, 1.83) 0.21

TSH (mIU/L) 2.01 (0.65, 3.37) 2.26 (0.57, 3.95) 0.005

TAI 118 (8.7%) 217 (16.9%) 0.0001

Nodules 74 (5.5%) 176 (13.7%) 0.0001

UIC (μg/L) 182.4 (62.05,
302.85)

169.2 (40.65,
297.85)

0.03

UA (mmol/L) 365.7 (259.72,
481.72)

269 (189, 349) 0.01

BMI (Kg/m2) 23.4 (18.47, 28.47) 22.4 (17.75, 27.07) 0.171

SP systolic pressure, DP diastolic pressure, HR heart rate, FPG fasting
plasma glucose, OGTT2h oral glucose tolerance test 2 h, TG
triglyceride, TC total cholesterol, LDL low density lipoprotein, HDL
high-density lipoprotein, TSH serum thyroid stimulating hormone, TAI
thyroid autoimmunity, UIC urinary iodine concentration, UA uric acid

Fig. 1 The mean UIC and the iodine nutritional value in the four groups. A The mean UIC was higher in men than that in women; (B) The iodine
nutritional value. *P < 0.05
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Table 2 The risk of thyroid
diseases in subjects with
different urinary iodine
concentrations

Deficiency Adequate More than adequate Excess Prevalence

N 380 1173 688 395

Overt hyperthyroidism 9 3 6 6 24 (0.91%)

Subclinical hyperthyroidism 3 2 7 3 15 (0.57%)

Overt hypothyroidism 1 2 3 3 9 (0.34%)

Subclinical hypothyroidism 30 85 48 45 208 (7.89%)

thyroid nodules 45 109 41 54 249 (9.45%)

TAI 67 49 71 148 335 (12.7%)

Thyroid diseases in different urinary iodine concentrations (n= 2636)

TAI thyroid autoimmunity

Table 3 Effects of urinary iodine
concentration on the risk of
thyroid dysfunction according to
the iodine nutritional status
criteria of the WHO

Group Model 1 p Model 2 p Model 3 p Model 4 p

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Adequate 1 — 1 — 1 — 1 —

Deficiency 1.32
(0.88–1.99)

0.18 1.14
(0.74–1.73)

0.56 1.24
(0.87–1.97)

0.2 1.21
(075–1.78)

0.54

More than
adequate

1.25
(0.89–1.76)

0.2 1.31
(0.92–1.89)

0.13 1.28
(0.90–1.8)

0.17 1.30
(0.91–1.87)

0.11

Excessive 1.74
(1.20–2.54)

0.003 1.85
(1.24–2.74)

0.002 1.81
(1.23–2.6)

0.002 1.82
(1.21–2.68)

0.005

Model 1: unadjusted. Model 2: gender- and age-adjusted. Model 3: SP-, DP-, WC-, HR-, and BMI-adjusted.
Model 4: FBG-, OGTT 2h-, TC-, LDL-C-, UA, TPoAb-, and TgAb-adjusted

Table 4 Effects of urinary iodine
concentration on the risk of
thyroid nodules according to the
iodine nutritional status criteria
of the WHO

Group Model 1 p Model 2 p Model 3 p Model 4 p

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Adequate 1 — 1 — 1 — 1 —

Deficiency 0.9
(0.55–1.73)

0.92 1.22
(0.67–2.20)

0.51 0.97
(0.54–1.77)

0.93 0.88
(049–1.62)

0.73

More than
adequate

1.59
(0.92–2.75)

0.99 1.27
(0.73–2.24)

0.39 1.51
(0.88–2.67)

0.11 1.49
(0.83–2.55)

0.21

Excessive 3.33
(1.32–8.42)

0.01 3.27
(1.03–6.75)

0.03 3.21
(1.24–8.02)

0.03 2.63 (1–6.59) 0.05

Model 1: unadjusted. Model 2: gender- and age-adjusted. Model 3: SP-, DP-, WC-, HR-, and BMI-adjusted.
Model 4: FBG-, OGTT 2h-, TC-, LDL-C-, UA, TPoAb-, and TgAb-adjusted

Table 5 Effects of urinary iodine
concentration on the risk of TAI
according to the iodine
nutritional status evaluation
criteria of the WHO

Group Model 1 p Model 2 P Model 3 p Model 4 p

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Adequate 1 — 1 — 1 — 1 —

Deficiency 1.68
(1.19–2.60)

0.01 1.74
(1.14–2.72)

0.02 1.66
(1.23–2.57)

0.01 1.72
(1.26–2.98)

0.02

More than
adequate

1.26
(0.93–1.70)

0.14 1.23
(0.90–1.66)

0.19 1.30
(0.95–1.73)

0.12 1.29
(0.70–1.41)

0.14

Excessive 1.52
(1.04–2.96)

0.02 1.58
(1.07–3.16)

0.03 1.64
(1.15–3.12)

0.03 1.60
(1.11–3.62)

0.03

Model 1: unadjusted. Model 2: gender- and age-adjusted. Model 3: SP-, DP-, WC-, HR-, and BMI-adjusted.
Model 4: FBG-, OGTT 2 h-, TC-, and LDL-C-adjusted
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group, patients in the deficient iodine, more than adequate
iodine, and excessive iodine groups were at a higher risk of
TAI, and adjusted ORs were 1.68 (95%CI: 1.19–2.60,
P= 0.01), 1.26 (95%CI: 0.93–1.70, P= 0.14), and 1.52
(95%CI: 1.04–2.96, P= 0.02), respectively. The U-shaped
relationship between iodine status and TAI in adults was
confirmed.

As illustrated in Fig. 2, patients in the excessive iodine
group were at a high risk of thyroid dysfunction and thyroid
nodules. Importantly, there was a U-shaped relationship
between iodine intake and TAI, indicating both iodine
deficiency and excessive iodine were risk factors for TAI in
adults.

The spearman correlation coefficient between
iodine status and prevalence of thyroid diseases

Thyroid dysfunction was negatively correlated with iodine
status (r =−0.24, P > 0.05). However, a positive correlation
was found between thyroid nodules and UIC (r =−0.044,
P < 0.01), as well as between TAI and UIC (r=−0.055,
P < 0.01).

Discussion

In this cross-sectional, epidemiological study, the iodine
nutritional status and the prevalence of thyroid diseases
were assessed in Jiangxi province, China. Among 2636
study subjects, a significant association was found between
iodine status and the prevalence of thyroid diseases. It was
revealed that adults who had low or high UIC were at the
risk of thyroid diseases, suggesting that iodine status played
an important role in the progression of thyroid diseases.

Iodine was an important raw material for the synthesis of
thyroxine, which was closely associated with human health,
especially for the brain and central nervous system. Both
iodine deficiency and excessive iodine increased the pre-
valence of thyroid diseases [8]. Median UIC, a validated
biomarker for the assessment of iodine status, facilitated the
monitoring of thyroid function [9]. In the present study, it
was found that the median UIC was 176.4 μg/L, which
reflected normal iodine consumption in Jiangxi province.
Which was in general accord with the TIDE study in
mainland China (the median UIC was 177.89 μg/L) [10].
Moreover, 14.4%, 44.5%, 26.1%, and 15.0% of study

Fig. 2 The odds ratio for the risk of thyroid diseases in the four groups. A Thyroid dysfunction; (B) Thyroid nodules; (C): TAI. #P < 0.05,
*P < 0.05
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subjects had deficient, adequate, more than adequate, and
excessive iodine concentrations, respectively. The results of
the present study were consistent with those previously
reported in mainland China [10–12], which could be related
to the implementation of the USI policy in China.

Moreover, in the present survey, it was indicated that the
prevalence rates of hyperthyroidism, subclinical hyper-
thyroidism, hypothyroidism, and subclinical hypothyroid-
ism were 0.91%, 0.57%, 0.34%, and 7.89%, respectively.
Compared with the TIDE study in mainland China [10], the
prevalence of subclinical hypothyroidism in this study was
lower (12.93% vs 7.89%), which may due to the use of
different TSH reference values by the manufacturer [13].
Regrettably, mechanisms that iodine induced subclinical
hypothyroidism have still remained elusive. Two assump-
tions were presented in the following. Firstly, chronic iodine
stimulation could be a factor for iodine-induced hypothyr-
oidism because of the Wolff−Chaikoff effect [14]. Sec-
ondly, thyroid inflammatory response was aggravated by
the high iodine intake, which could be related to the role of
IP10 and CD4+ T lymphocytes [15]. Other thyroid dys-
function in this study was similar to the TIDE study in
mainland China [10]. In addition, subjects in the excessive
iodine group were at a higher risk of thyroid dysfunction
compared with those in the adequate iodine group, which
was consistent with Shan et al.’s findings [16].

The prevalence of thyroid nodules was 9.45% in the
present study, which was slightly lower than that in main-
land China from the TIDE study (20.43%) [10] and Ger-
many (23.4%) [17]. Several epidemiological studies have
demonstrated that the prevalence of thyroid nodules
increased with age because of degenerative changes in the
thyroid [18, 19]. In the present study, it was found that the
prevalence of thyroid nodules was elevated with increasing
iodine levels. Over 3 times the risk in the excessive iodine
group would lead to the development of thyroid nodules
compared with the adequate iodine group. However, the
results were not perfectly consistent with those of a previous
study, in which the U-shaped relationship was explored
between iodine level and the prevalence of thyroid nodules
[20]. The explanation of epidemiological difference was
that IDDs were almost eradicated after the implementation
of the USI policy for more than 25 years. Moreover,
numerous studies reported that the risk of thyroid nodules
increased when UIC was >400 μg/L [21, 22]. There is no
exact mechanism underlying association of excessive iodine
with the risk of thyroid nodules, and additional studies are
therefore needed to provide direct evidence.

TAI is frequently diagnosed in cases with positive TPO
antibodies. In the present study, the prevalence of 12.7% in
TAI cases was lower than the TIDE study in mainland
China (19.89%), the difference was attributed to the popu-
lation size, iodine taking, diets and climate [10]. Compared

with adequate iodine status, individuals with deficient, more
than adequate, and excessive iodine were found at a higher
risk of TAI. The U-shaped relationship between iodine level
and the risk of TAI in adults was shown in previous studies
[22, 23], which was consistent with the results of the present
study. Furthermore, a strong correlation was noted between
the risk of TAI and iodine status. Although the mechanisms
that iodine-induced abnormal TPO antibodies have
remained elusive, some hypotheses have been raised.
Firstly, excessive iodine intake increased thyroglobulin
immunogenicity and the risk of TAI by unmasking a cryptic
epitope on thyroglobulin, which initiated the autoimmune
process during development of the TAI [24]. Secondly,
excessive iodine intake resulted in oxidative stress, lipid
oxidation, and thyroid gland injury [25]. Finally, the direct
stimulatory effect of iodine intake on immune cells could be
involved in the development of TAI [15].

In the four models, subjects with excessive iodine intake
were at the risk of thyroid dysfunction. In model 2, after
adjusting for age and gender, the risk of thyroid dysfunction
had no significant association with excessive iodine intake,
which could be different from Deng et al.’s findings [26], and
it could be attributed to the involvement of older subjects in
Deng et al.’s study. Moreover, the relationship between the
prevalence of thyroid nodules and UIC is noteworthy. As
shown in Table 4, the risk of thyroid nodules exhibited a 21%
reduction in models 1 and 4 in the excessive iodine group,
which indicated that TPO antibodies could play an important
role in the prevalence of thyroid nodules [10, 27]. Further-
more, in models 1, 2, 3, and 4, the ORs of TAI patients almost
remained unchanged after adjusting for the risk factors in the
deficient iodine and excessive iodine groups, which suggested
that the excessive iodine level could be fatal for TAI patients
[22, 29]. However, the underlying mechanisms should be
elucidated in future studies.

Limitations

This epidemiological study had some limitations. This cross-
sectional study did not assess changes in the prevalence of
thyroid diseases over time. Moreover, due to the minor
population with thyroid diseases, the risk of bias should be
considered to some extent. Additional factors, such as the
levels of selenium, drugs, vitamin D, etc., might influence the
prevalence of thyroid diseases. Finally, a limited number of
cases with overt hyperthyroidism could be identified.

Conclusions

Adult inhabitants were in adequate iodine status in Jiangxi
province in the TIDE study. The prevalence rates of thyroid
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dysfunction, thyroid nodules, and TAI were higher in
women. Excessive iodine status was found as an indepen-
dent risk factor for thyroid dysfunction or thyroid nodules.
In addition, both iodine deficiency and excessive iodine
were noted as independent risk factors for TAI in adults.
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