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Abstract: Objective: To retrospectively analyze the iodine nutritional status in patients with nodular goiter (NG) and
investigate a possible association between urinary iodine levels and thyroid function indices. Methods: A total of
173 patients diagnosed with nodular goiter in the Fourth Hospital of Hebei Medical University from January 2019 to
May 2021 were selected as the NG group, and 172 healthy individuals without thyroid diseases were selected after
a physical examination as a control group. The data of all the participants were retrospectively assessed to explore
the association between urinary iodine levels and thyroid function indices. The content of urinary iodine in the two
groups was compared, and the correlation of urinary iodine levels with thyroid stimulating hormone (TSH), free
trilodothyronine (FT3), and free thyroxine (FT4) in the NG group was evaluated. Results: The level of urinary iodine
in the NG group was 163.97 + 113.75 pg/L, which was higher than 121.47 + 53.75 pg/L in the control group (P <
0.05). The iodine excess rate in females was higher than that in males (P < 0.05). The results of Pearson correla-
tion analysis showed that the amount of urinary iodine in patients with hyperthyroidism with different urinary iodine
statuses was negatively correlated with the level of TSH and positively correlated with levels of FT3 and FT4. Con-
clusion: There is a significant association between urinary iodine levels and thyroid hormone levels in NG patients.
Therefore, regular monitoring of urinary iodine levels is essential for the appropriate use of iodine supplementation.
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Introduction

Goiter is a global health problem caused by
abnormal iodine intake, with an increasing inci-
dence, affecting nearly 10% of the global popu-
lation. It is mainly characterized by diffuse or
nodular enlargement of the thyroid gland [1].
Nodular goiter (NG) is the excessive growth of
thyroid tissue caused by structural and func-
tional changes in multiple regions of the thyroid
[2]. Evidence indicates that abnormal intake of
essential trace elements (iodine and selenium)
is one of the main risk factors for NG [3].

lodine is an indispensable nutrient for the
human body [4]. lodine deficiency, along with
vitamin A deficiency and iron deficiency, is one
of the world’s three major micronutrient defi-
ciency diseases [5]. lodine is an essential ele-
ment necessary for the synthesis of thyroxine.
The endocrine system utilizes iodine for the

synthesis of thyroid hormones [6]. Both insuffi-
cient and excessive iodine intake can have an
impact on the synthesis of thyroid hormones,
leading to various thyroid dysfunctions and dis-
eases. Alterations in thyroid hormone levels in
the body can lead to thyroid dysfunction, auto-
immune thyroid abnormalities, goiter, benign
and malignant thyroid nodules, and can even
affect other tissues and organs [7]. In the past,
insufficient iodine intake was typical in China.
Since iodized salt was popularized in 1995, the
situation of iodine deficiency has significantly
improved. However, in recent years, the inci-
dence of goiter in China has shown an annual
increase, and the iodine levels in adolescents
in some areas have exceeded recommended
limits [8, 9]. A recent study highlighted that
excessive iodine intake may also cause thyroid
diseases [10]. For example, the use of high-
dose iodine for preventive treatment in areas
with insufficient iodine may sometimes lead to
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iodine excess and an increased risk of papillary
thyroid cancer. Similarly, areas with high iodine
content may have a high incidence of papillary
thyroid carcinoma. Urinary iodine level is an
important index of the iodine nutritional status
of the body [11]. A recent study has highlighted
that iodine deficiency can result in abnormal
synthesis of thyroid hormones, leading to thy-
roid diseases, especially hyperthyroidism [12].
Therefore, the iodine content is related to thy-
roid function in patients with NG. However, our
understanding of the relationship between thy-
roid function indices and urine iodine levels in
NG requires improvement. There are few such
studies investigating this relationship, and the
conclusions are not yet unified. Based on this,
this study aims to explore the relationship
between urinary iodine levels and thyroid func-
tion in patients with NG.

In the present study, the level of urinary iodine
was measured to evaluate the iodine nutrition
status of the local population. This retrospec-
tive study investigated the correlation between
urinary iodine levels and thyroid function in
both NG patients and healthy individuals. Our
findings may provide a scientific basis for pre-
vention and treatment of the harm caused by
excessive iodine.

Methods
Participants

In this retrospective study, 173 patients with
NG treated in the Fourth Hospital of Hebei
Medical University from January 2019 to May
2021 were selected as an NG group. 172
healthy individuals who underwent physical
examination that ruled out thyroid diseases in
the same hospital during the same period were
selected as a control group. This study was
approved by the Ethics Committee of the Fourth
Hospital of Hebei Medical University. The diag-
nostic criteria for NG were based on thyroid
color Doppler ultrasonography, which showed
diffuse thyroid lesions that could be clearly dis-
tinguished from the surrounding thyroid tissue
by imaging and exhibited single or multiple
nodules.

Inclusion and exclusion criteria

Inclusion criteria: 1) local permanent residents
who were 18~70 years old; 2) healthy individu-
als without thyroid diseases were taken as the
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control group, and patients diagnosed with NG
were included in the NG group. The diagnosis
of NG was based on the 2020 Chinese thyroid
nodule ultrasound risk stratification guidelines:
C-TIRADS [13]. Exclusion criteria: 1) patients
with hepatorenal insufficiency caused by preg-
nancy, diabetes, or other diseases; 2) patients
with iodine contrast media history; 3) patients
with medical records that disallowed iodine or
controlled the iodine intake.

Assessment of urinary iodine

Spot urine samples were collected from all par-
ticipants in the morning (fasting time > 8 h)
using polyethylene plastic tubes. Participants
were instructed to maintain their regular rest
and diet before sample collection and to avoid
consuming iodine-containing food, iodine sup-
plements and medications. Urinary iodine was
assessed by the urinary iodine detector SR-I-
100 (Shenrui Biological).

Determination of thyroid function indices

Peripheral venous blood samples were collect-
ed from all participants in the morning (fasting
time > 8 h). Then, the blood samples were cen-
trifuged for 10 min at 3000 rpm. Serum levels
of thyroid-stimulating hormone (TSH), free triio-
dothyronine (FT3), and free thyroxine (FT4)
were measured using the chemiluminescence
method. The Siemens XP Centaur chemilumi-
nescence instrument was used for the mea-
surements.

Evaluation standard of urinary iodine status

The iodine nutrition status was evaluated
according to the standards formulated by the
World Health Organization, the United Nations
Children’s Fund, and the International Council
for the Control of IDD [14]. Specifically, urinary
iodine < 100 pg/L is considered as iodine defi-
ciency in children and adults, 100-199 ug/L as
adequate iodine, 200-299 pg/L as more than
adequate, and > 300 pg/L as iodine excess.

Statistical analysis

SPSS 24.0 (SPSS Inc., U.S.A.) was used for sta-
tistical analysis. Pearson’s correlation coeffi-
cient was employed to assess the associations
between iodine secretion and serum TSH, TH3,
and TH4. The measured data were subject to a
normal distribution, and were expressed as
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Table 1. Descriptive features of the study population

Characteristic Controls (n=172) NG (n=173) t/x? P
Sex, n (%) -
Male 71 (41.28) 69 (39.88)
Female 101 (58.72) 104 (60.12)
Age (years), n (%) -
<40 85 (49.42) 86 (49.71)
41-60 61 (35.47) 50 (28.90)
>61 26 (15.11) 37 (21.39)
BMI (kg/m?2, Mean + SD) 28.39 + 3.95 2723 +2.78 0.240 0.006
Seafood, n (%) 0.908 0.386
More than once a week 24 (13.96) 21 (12.21)
Once or twice a week 132 (76.74) 133 (77.33)
More than twice a week 16 (9.30) 18 (10.47)
Smoking, n (%) 26 (15.17) 35 (20.23) 0.855 0.184
Drinking, n (%) 67 (38.95) 98 (56.65) 0.942 0.007

BMI: Body mass index; NG: nodular goiter. P-values were obtained using x? tests for categorical variables. Wilcoxon test was

used for continuous variables.

Table 2. Comparison of Ul content between the two groups

Characteristic Controls (n=172) NG (n=173) t P
Average age 44.37 + 10.98 45.62 +11.31 1.033 0.115
Ul content (ug/L) 121.47 + 53.75 163.97 + 113.75 0.906 0.001

Ul: Urinary iodine; NG: nodular goiter. Wilcoxon test was used for continuous variables.

mean + SEM. The Chi-square test was employ-
ed to examine the differences between cate-
gorical variables. Wilcoxon test or paired t-test
was employed for comparison between groups.
Kendall's tau analysis was applied to explore
the associations between urinary iodine and
TSH, TH3, and TH4. P value < 0.05 was consid-
ered significant.

Results
Characteristics of the study population

The NG group exhibited a lower body mass
index and a higher proportion of participants
with drinking problems compared to the control
group (P < 0.05). Moreover, there was no signifi-
cant difference in sex, age, or seafood eating
between the two groups (P < 0.05) (Table 1).

Urinary iodine content in the two groups

There was no significant difference in the aver-
age age between the NG group and the control
group (P > 0.05). The content of urinary iodine
in the NG group was significantly higher than
that in the control group (P < 0.05), as shown in
Table 2 and Figure 1.
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Urinary iodine content in males and females

As shown in Table 3, the NG group showed no
significant difference in the urinary iodine con-
tent or iodine deficiency rate between males
and females (both P > 0.05), but the iodine
excess rate in females was significantly higher
than that in males (P < 0.05). In contrast, the
control group exhibited no significant differ-
ence between males and females for all three
indicators above (P > 0.05).

Correlation of urinary iodine content with FT3,
FT4, and TSH in patients with NG

As shown in Figure 2, the Spearman correlation
analysis showed that the content of urinary
iodine in the NG group was positively correlat-
ed with FT3 (r=0.548, P=0.035) and FT4
(r=0.510, P=0.007), whereas it was negatively
correlated with TSH (r=-0.631, P=0.027).

Correlation of urinary iodine excretion with
thyroid function

Fifteen NG participants, age 34 * 55 years
(median age 43 years) were selected for fur-
ther investigation. The urine samples of the 15
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Figure 1. Urinary iodine content in NG and control groups. P < 0.01, control

vs. NG. NG: nodular goiter.

participants were collected to assess urinary
iodine excretion by measuring the levels of uri-
nary iodine and creatinine in urine sections.
Pearson’s correlation analysis was performed
to explore the association between urinary
iodine excretion and thyroid function indices.
Figure 3 shows the correlation coefficients
between urinary iodine excretion and thyroid
function, as assessed by urinary TSH, FT3,
and FT4 in the study participants. A negative
correlation was detected in 10 participants,
while a positive relationship was found in 5
participants.

Average correlation coefficients between uri-
nary iodine excretion and TSH

The correlation between urinary iodine excre-
tion and TSH showed a significant shift from
negative to positive among the participants
(P=0.002) when they were assessed based on
average annual iodine excretion (Figure 4).

Discussion

In recent years, there has been an increase in
the incidence of nodular goiter (NG). The preva-
lence of NG in the elderly has reached 7%, with
women comprising the majority of cases [15,
16]. In terms of pathophysiology, the early
stage of NG is usually characterized by simple
goiter [17]. After further development, thyroid
follicles undergo repeated proliferation, degen-
eration and atrophy, leading to the formation of
nodules and fibrous septa. There was no obvi-
ous manifestation in the early stage of NG, but
in the later stage, the goiter nodule is enlarged
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and often gives oppressive
symptoms [18]. As NG is often
asymptomatic or has nonspe-
cific symptoms at an early
stage, most of the cases in this
study were diagnosed due to
the presence of neck lumps
and compressive symptoms.
Therefore, early diagnosis of
NG is crucial for timely treat-
ment and management of the
disease.

The pathogenesis of NG has
yet to be fully clarified, and it
may be related to the environ-
ment, age, hormones, iodine
nutritional status, or other fac-
tors [19]. In this study, the average content of
urinary iodine in the control group was 121.47
+ 53.75 pg/L, ranging between 100 ug/L and
199 ug/L according to the evaluation standard
of urinary iodine, so we believe that the average
iodine nutrition status of the residents in this
area is in the normal range. According to the
evaluation standard of iodine nutrition status
recommended by the World Health Organiza-
tion [20], the urinary iodine content of the NG
population in this area (163.97 + 113.75 ug/L)
was in the normal range. This might be repre-
sentative of the iodine nutrition status of the
entire population in this area. As a trace ele-
ment closely related to geography, it is of great
clinical significance to establish the reference
range of urinary iodine in this area [21].
Compared to healthy individuals in this area,
the content of urinary iodine in the NG popula-
tion was significantly higher, and the reported
iodine intake was basically consistent with the
“U” curve of thyroid disease [22]. When the
body is in a state of iodine deficiency, the thy-
roid gland enhances the use of iodine due to
negative feedback, which leads to the produc-
tion of TSH. It then repeatedly stimulates the
thyroid gland, resulting in compensatory hyper-
plasia and enlargement [23, 24]. When iodine
deficiency persists in the body, the synthesis of
T3 increases while that of T4 decreases due to
the body’s low demand for iodine as T3 and the
high demand for iodine as T4. When the con-
centration of T4 decreases, further negative
feedback can lead to the increase of TSH secre-
tion, which aggravates thyroid hyperplasia,
resulting in NG [23, 24].
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Table 3. Urinary iodine content of males and females in the two groups [n (%), (x + s)]

Group Female Male t/x? P

NG group (n=173) Ul content (ug/L) 163.44 + 67.89 169.50 + 72.45 0.695 0.778
lodine deficiency rate 46 9 0.880 0.645
lodine excess rate 57 11 0.641 0.004

Control group (n=172) Ul content (ug/L) 12213 £+ 67.56 124.55 + 65.40 0.252 0.712
lodine deficiency rate 12 5 1.081 0.746
lodine excess rate 38 15 0.800 0.193

Ul: Urinary iodine; NG: nodular goiter. P-values were obtained using x? tests for categorical variables. Wilcoxon test was used

for continuous variables.
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Figure 2. Relationship between urinary iodine content and thyroid function in the nodular goiter group. TSH: thyroid
stimulating hormone; FT3: free triiodothyronine; FT4: free thyroxine.
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Figure 3. Correlation coefficients between urinary iodine excretion and thyroid function in 15 patients with nodular
goiter. Correlations were analyzed using Pearson’s correlation coefficients. TSH: thyroid stimulating hormone; FT3:

free triiodothyronine; FT4: free thyroxine.

Further research has found that high iodine can
also increase the risk of NG [25]. It has been
suggested that increased iodine uptake can
inhibit thyroid peroxidase activity, leading to a
decrease in the coupling and iodination pro-
cesses, and ultimately resulting in a decrease
in the synthesis of T3 and T4. This decrease in
hormone synthesis can further trigger a nega-
tive feedback loop that leads to an increase in
TSH secretion and the development of goiter
[26]. In addition, sodium-iodide symporter (NIS)
and thyrotropin receptor are expressed in the
basolateral membrane of thyroid epithelium
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[27]. NIS is responsible for iodine uptake and
plays a crucial role in iodine storage within the
thyroid follicles. Research has shown that the
location of NIS in the thyroid epithelium of
patients with NG is abnormal [28]. Incorrect
cytoplasmic localization of NIS can induce NG
even under the condition of normal iodine or
high iodine, resulting in low iodine in the follicle
cavity [29].

In this study, we also found that in NG patients,
the iodine overdose rate in women was signifi-
cantly higher than that of men, but this was not

Am J Transl Res 2023;15(6):4147-4154



Thyroid function index and urine iodine in goiter

be carried out to further clarify
the correlation between uri-
nary iodine and thyroid func-

tion.

To sum up, the population in
the studied area appeared to
have in a normal level of iodine,
but NG patients in this area
had higher levels of urinary
iodine compared to healthy
individuals. The content of uri-
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Figure 4. Average correlation coefficients (x £ s) between urinary iodine ex-
cretion and thyroid stimulating hormone in 15 patients with nodular goiter.

T nary iodine is closely related to
thyroid function. Regular moni-
toring of urinary iodine levels in
patients with hyperactivity has
significant clinical importance
as it can guide the scientific
supplementation of iodine.

>60

Participants were categorized according to average annual urinary iodine

excretion.

true in healthy controls. Emerging evidence
indicates that the incidence of NG is related to
sex [21], which is consistent with the results of
this study, but the specific mechanism remains
to be further studied. In this study, the increase
in the iodine excess rate in females with NG
may be related to local dietary patterns, but
further prospective studies are needed for
clarification.

At present, there are many studies on iodine
deficiency and thyroid diseases. lodine defi-
ciency may lead to a lack of thyroxine syn-
thesis [30, 31]. In recent years, studies have
highlighted the negative effects of simple
iodine supplementation. Other groups have
reported that excessive iodine intake can lead
to abnormal thyroid hormone levels and thyroid
dysfunction [32]. In addition, both acute and
chronic excessive iodine intake can have
adverse effects on embryonic growth and
development, human intelligence, and thyroid
function [33, 34]. Therefore, close monitoring
of urinary iodine levels is necessary during
iodine supplementation to ensure a reasonable
and scientific-based approach.

However, this study has some limitations. The
sample size in this study is small, and the thy-
roid function of the NG group was not analyzed
by subgroups. In future studies, the sample size
can be expanded, and subgroup analysis can
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