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Purpose: To investigate the relationship between iodine intake status and the prevalence of 
metabolic syndrome (MetS) through a population-based survey.
Patients and Methods: In total, 2691 Chinese adults participated in this cross-sectional 
study, and they were stratified by urinary iodine concentration (UIC) and sex. Fasting blood 
samples were used to assess biochemical parameters, including thyroid function and anti-
bodies. Urine samples were collected in the morning to measure UIC. Multivariate regression 
logistic analysis was performed for the overall population and sex subgroups.
Results: An inverse association was observed between iodine intake status and MetS 
prevalence in Chinese adults. Compared with individuals with adequate iodine status, 
those with high-iodine status had significantly low MetS risks, and the adjusted odds ratios 
(95% confidence interval) were 0.70 (0.57–0.86, P <0.01) and 0.75 (0.6–0.95, P <0.05). 
A high MetS risk was observed in the iodine-deficient group, which did not reach statistical 
significance. There was a significant inverse linear trend between the risk of MetS and UIC 
in the total population and male subgroup (P for trend <0.05), which was not observed in the 
female subgroup (P for trend >0.05).
Conclusion: An inverse association was observed between iodine intake status and the risk 
of developing MetS in Chinese adults. Sufficient iodine status is a potential protective factor 
for MetS development. Males may benefit from increased iodine intake, while females would 
need to achieve a more-than-adequate iodine status to gain metabolic benefits.
Keywords: dyslipidemia, hypertension, hyperglycemia, abdominal obesity

Introduction
Metabolic syndrome (MetS) is a combination of interrelated metabolic risk factors that 
include larger waist circumference (WC), high blood pressure (BP), dyslipidemia, and 
elevated fasting glucose levels.1 Therefore, MetS increases the risk of CVD, T2D, 
specific cancers,2 and total mortality. Parallel with the cosmopolitan prevalence of 
nutrition transition, MetS has become a pandemic in both adults and adolescents.3 

MetS prevalence in Chinese adults was reported to be 33.9%, with approximately 
454 million people being affected.4 MetS imposes excessive burden on patients and 
the health care system in terms of medical, social, and economic aspects. 
Consequently, there has been an urgent need for effective interventions that could 
reduce the incidence of MS and that are economically feasible. The etiology of MetS 
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includes a multiplex interaction among genetic, environmen-
tal, and metabolic factors.5,6 Changes in dietary habits have 
also been flagged as potential drivers of the increasing pre-
valence of metabolic disorders.7 Therefore, identifying asso-
ciated factors could prevent or delay the occurrence of MetS 
in individuals.

Iodine is an essential micronutrient required for optimal 
growth, development, metabolism, and neurocognitive func-
tion in humans. Baumann first identified the role of thyroid- 
concentrated iodine as early as 124 years ago. In vivo, 
a large amount of iodine is used to synthesize thyroid 
hormones, which play an essential role in normal growth, 
neurological function, development, and various metabolic 
processes.8 Appropriate intake of dietary iodine is critical for 
sustaining normal thyroid function.9,10 Previous studies elu-
cidated the association between thyroid abnormalities and 
metabolic disturbances,11,12 even in the euthyroid population 
with only positive thyroid antibodies.13 Several studies con-
ducted in rodent models with metabolic disorders also 
observed the protective effect of iodine.14,15 Researches 
have shown that metabolic disorders are closely related to 
iodine nutritional status in adults. A cross-sectional study 
conducted in US adults demonstrated that low urinary iodine 
concentration (UIC) was associated with increased incidence 
of dyslipidemia.16 In addition, studies from other countries 
also elaborated that patients with type 2 diabetes had lower 
dietary iodine intake17 and lower UICs than controls.18 

However, Liu et al reported that excessive iodine intake 
may be associated with elevated BP and hyperglycemia 
and decreased high-density lipoprotein cholesterol (HDL- 
C) levels, but increasing rates of hypertension and dyslipi-
demia were not observed.19

Studies have confirmed that MetS prevalence is 
strongly related to regional economic and existed variation 
based on geographical locations.4 However, epidemiologi-
cal surveys on the relationship between iodine intake sta-
tus and the prevalence of MetS are scarce. Therefore, this 
cross-sectional study aimed to assess the correlation 
between iodine intake status and the prevalence of MetS.

Subjects, Materials and Methods
Participants
In total, 2824 Chinese individuals who were residents of the 
Jinshan District of Shanghai were randomly recruited for this 
cross-sectional study in 2016, after determining the required 
sample size.20 Participants from the Chinese Han population, 
who were aged ≥18 years, and had resided in the Jinshan 

District of Shanghai for 5 years were included; we excluded 
pregnant women. Among the participants, 27 used iodine- 
containing drugs, and 105 used intravenous iodinated contrast 
agents during the last 3 months prior to sample collections; 
therefore, they were not considered eligible for inclusion. 
Furthermore, one individual was excluded owing to incom-
plete data. Finally, 2691 individuals (1315 males and 1376 
females) were eligible and finally enrolled (Figure 1).

The Medical Ethics Committee of China Medical 
University approved the study procedures, and we adhered 
to the 1964 Helsinki Declaration and its later amendments 
(NO.AF-SOP-07-1.0-01). All participants provided written 
informed consent.

Clinical Examination and Laboratory 
Testing
The questionnaire was administered to each participant by 
trained staff members. The questionnaire was used to 
collect information on age, sex, education level, income, 
smoking, type of salt intake, salt intake/day, medical con-
dition, and medication history. Experienced physicians 
measured each individual’s height, weight, WC, BP, and 
other indicators between 7 a.m. and 9 a.m., while in their 
fasting state. Smokers were defined as those who were 
currently smoking. Body mass index (BMI) was calculated 
as weight (kg)/height2 (m2).

Fasting blood samples were used to measure fasting 
plasma glucose (FPG), total cholesterol (TC), TG, HDL-C, 
low-density lipoprotein cholesterol (LDL-C), and serum uric 
acid (UA) levels using an automatic analyzer (BS-180, 
Mindray), according to an enzymatic method. Thyroid func-
tion and thyroid antibodies were assessed using the electro-
chemiluminescence immunoassays with a Cobas 601 
analyzer (Roche Diagnostic, Switzerland), which included 
the detection of thyroid-stimulating hormone (TSH) levels, 
presence of thyroid peroxidase antibody (TPOAb), and pre-
sence of thyroglobulin antibody (TgAb). Urinary samples 
were collected in the morning to measure the UIC using 
inductively coupled plasma mass spectrometry (Agilent 
7700x; Agilent Technologies). All biospecimens were col-
lected between 7 a.m. and 10 a.m. and stored at –20°C until 
transportation to the central laboratory for uniformity in 
detecting clinical variables.

Diagnostic Methods for MetS
MetS was diagnosed according to the criterion of the Joint 
Interim Statement (JIS) of the NHLBI/AHA/WHF/IAS/ 
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IAS when three or more of the followings factors were 
identified in an individual: WC (according to the popula-
tion- and country-specific definition for China) ≥85 cm 
(male) or 80 cm (female); systolic BP (SBP) ≥130 
mmHg and/or diastolic BP (DBP) ≥85 mmHg or history 
of high BP or use of BP-lowering medication; HDL-C 
<1.0 mmol/L (male) or <1.3 mmol/L (female) or ongoing 
drug treatment to reduce HDL-C; TG ≥1.7 mmol/L or use 
of TG-lowering drugs; FPG ≥100 mg/dL or ongoing glu-
cose-lowering drug treatment.1

Category Criteria for Iodine Status
As the most suitable biochemical marker, UIC directly 
reflects the dietary iodine intake and is commonly used 
worldwide. In this study, we referred to the UIC standards 
recommended by the World Health Organization (WHO)21 

and then divided all participants into three groups depend-
ing on their UIC values: iodine-deficient group, UIC <100 
μg/L; iodine-adequate group, UIC between 100 and 199 
μg/L; and high-iodine group, UIC ≥200 μg/L.

Statistical Analysis
Continuous variables are presented as mean ± Standard 
deviation or median and interquartile range (IQR). 
Differences between two groups of continuous variables 

were analyzed using the T-test or Mann–Whitney U-test. 
Categorical variables are presented as number and percen-
tage. Chi-square test was used for inter-group comparisons. 
Additionally, trend tests were fulfilled to detect discrepan-
cies in characteristics according to the UIC groups. Trends in 
continuous variables were evaluated using “nptrend” in 
STATA, and trends in dichotomous categorical variables 
were assessed using the Cochran-Armitage test. The preva-
lence of the MetS and its parameters was described as 
frequency with 95% confidence interval (CI). Trend test 
among the UIC groups was based on assigning the median 
of each subgroup as the variable value.

First, univariate logistic regression was performed to 
confirm the relationship between UIC and MetS. 
Subsequently, the association between the UIC groups 
and MetS prevalence was detected using crude logistic 
regression. Multivariable logistic regression models were 
used to adjust for possible confounding factors. Univariate 
logistic regression analysis was performed to determine 
covariates associated with the MetS. The variables found 
to have moderate association (P <0.10) with MetS in the 
univariate analysis were included in the final multivariate 
logistics regression models. However, the medical profes-
sional experience of physicians was equally important in 
selecting covariates. Some studies indicated that TSH 

Figure 1 Flowchart of participants.
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levels and the presence of TPOAb and TgAb were related 
to metabolic disorders.12,13 Consequently, variables related 
to thyroid hormones were also included as covariates. All 
screened confounding factors were adjusted for in the 
multivariate logistics regression model to reduce bias. 
Two multivariate regression models were constructed to 
analyze the association in distinctive levels. We also per-
formed tests for linear trends by entering the median value 
of each UIC category as a continuous variable in the 
models. Using STATA (version 15.1. StataCorp, USA), 
a two-tailed P value <0.05 was considered statistically 
significant.

Results
Clinical Characteristics of the Study 
Participants
We recruited 2691 individuals (1315 males and 1376 
females). According to the JIS standards, 809 participants 
were diagnosed with MetS (30.1%). The median UIC level 
was 165.1 (IQR: 111.7–237.1 µg/L), which is within the 
recommended range by the WHO (IQR: 100–199 µg/L). 
Supplemental Table 1 shows the baseline characteristics of 
the study population. Clinical characteristics of partici-
pants in the MetS and control groups were also compared. 
Compared with individuals in the control group, those in 
the MetS group were older (P <0.001); predominantly 
males and smokers; and had lower educational and income 
levels, and higher levels of BMI, LDL-C, TC, UA, 
TPOAb, and TgAb but lower UIC levels, with significant 
differences. However, TSH level and consumption of 
iodized salt had no significant differences between the 
groups (P >0.05).

Characteristics of the study participants stratified by 
UIC are demonstrated in Table 1. Individuals were 
assigned to the following subgroups according to the cor-
responding UIC: iodine-deficient group (20.2%), iodine- 
adequate group (44.3%), and high-iodine group (35.5%). 
Compared with individuals in the iodine-deficient group, 
those in the high-iodine group were predominantly males, 
younger, and had higher education levels. Many of them 
were also current smokers and consumed iodized salt. 
Those indexes, including WC, DBP, TG, FPG, TC, LDL- 
C, and UA, showed an inverse linear trend with the UIC 
groups (P for trend <0.05). Although there was no notice-
able trend in BMI among the groups, the BMI value in the 
high-iodine group, compared with those in the iodine- 
deficient groups, was significantly reduced (P <0.01). 

There was no discernible difference in the levels of 
HDL-C, TSH, TPOAb, and TgAb among the three UIC 
groups.

Prevalence of MetS and Its Components 
in Different UIC Groups
As shown in Table 2, MetS prevalence was inversely 
associated with the UIC groups, and this trend was more 
remarkable in males but almost diminished in females. 
The overall prevalence of MetS was 30.1%, and high 
WC was the most frequent MetS component, followed 
by high BP, high TG levels, low HDL-C levels, and 
elevated FPG levels. When stratified according to UIC, 
the prevalence rates of MetS were 33.7%, 33.3%, and 
24.0% for the iodine-deficient, iodine-adequate, and high- 
iodine groups, respectively. A negative trend was observed 
for MetS prevalence among the UIC groups, with 
a significant difference (P <0.01). When analyzing the 
tendency of each component, the same pattern was 
observed for high WC, high TG, and low HDL-C levels. 
Subsequently, all individuals were grouped by sex in the 
subgroup analysis. A higher prevalence of MetS was 
observed in males than in females (34.1% versus 26.2%). 
The negative trend was also observed in the male sub-
group for the prevalence of MetS and each component 
(P<0.01). In the female subgroup, a comparison of MetS 
prevalence in the different UIC groups revealed the fol-
lowing results: high-iodine group < iodine-deficient group 
< iodine-adequate group. Only the prevalence of low 
HDL-C levels had a slightly inverse trend (P =0.046). In 
females, MetS prevalence in the high-iodine group was 
significantly lower than that in the iodine-adequate group 
(P =0.004), but there was no difference compared with 
that in the iodine-deficient group (P =0.143).

MetS and UIC
Logistics regression analysis was performed to reduce 
confounding factors and observe the relationship between 
iodine intake status and MetS prevalence. The results are 
shown in Table 3 and Figure 2. Using the iodine-adequate 
group as a reference, the odds ratios (ORs) of the risk of 
MetS in the iodine-deficient and high-iodine groups were 
calculated. Furthermore, an analysis was performed not 
only in the overall study population but also in the sex- 
based subgroups. Compared to the reference, individuals 
with a high-iodine status had a lower risk of MetS, with 
a crude OR of 0.63 (95% CI 0.52–0.77) and adjusted ORs 
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(aORs) of 0.7 (95% CI 0.57–0.86, model 1) and 0.75 (95% 
CI 0.6–0.95, model 2). Although the risk of MetS rela-
tively increased in the iodine-deficient group, there was no 
significant difference. We performed tests for linear trends 
by entering the median value of each UIC group as 
a continuous variable in the models. As shown in 
Table 3, there was a significant inverse linear correlation 
between the risk of MetS and UIC in the total population 

(P <0.01). This trend was observed among males 
(P <0.05) but not in females (P for trend >0.05). Among 
males, those in the high-iodine group had a lower risk of 
MetS (crude OR 1.47, P =0.018; aOR 1.46, P =0.024, 
model 1; aOR 1.36, P =0.107, model 2) and those in the 
iodine-deficient group had a higher risk of MetS (crude 
OR 0.6, P <0.001; aOR 0.67, P =0.003, model 1; aOR 
0.82, P =0.192, model 2). After adjustment according to 

Table 1 Clinical Characteristics of Study Subjects in the Cross-Sectional Study

Total UIC <100 UIC 100–199 UIC ≥200 P for Trend

n = 2691 n= 543 (20.2%) n = 1193 (44.3%) n = 955 (35.5%)

UIC (ug/L) 165.10 (111.70–237.10) 71.31 (52.41–87.90) 148.80 (126.30–172.40) 267.30 (231.40–345.10) <0.001*

Male: N (%) 1315 (48.9%) 203 (37.4%) 604 (50.6%) 508 (53.2%) <0.001*

Female: N (%) 1376 (51.1%) 340 (62.6%) 589 (49.4%) 447 (46.8%)

Age (years) 43.43 ± 15.88 46.32 ± 14.53 44.38 ± 15.62 40.60 ± 16.50 <0.001*

High education: N (%) 990 (36.8%) 170 (31.3%) 411 (34.5%) 409 (42.8%) <0.001*

Income >5W: N (%) 1600 (59.5%) 329 (60.6%) 721 (60.4%) 550 (57.6%) 0.200

Smoking: N (%) 721 (26.8%) 105 (19.3%) 342 (28.7%) 274 (28.7%) 0.001*

Iodine salt: N (%) 2097 (77.9%) 384 (70.7%) 912 (76.5%) 801 (83.9%) <0.001*

Salt intake/day: N (%) 0.260
<5 g 222 (8.3%) 45 (8.3%) 90 (7.5%) 87 (9.1%)

5–10 g 1821 (67.7%) 376 (69.2%) 793 (66.5%) 652 (68.3%)
>10 g 648 (24.1%) 122 (22.5%) 310 (26.0%) 216 (22.6%)

BMI (kg/m2) 24.19 ± 3.74 24.10 ± 3.65 24.43 ± 3.79 23.94 ± 3.71 0.110

WC (cm) 82.93 ± 10.11 82.78 ± 9.82 83.62 ± 10.01 82.14 ± 10.28 0.040*

SBP (mmHg) 125.02 ± 17.09 125.10 ± 18.27 125.30 ± 17.23 124.47 ± 16.19 0.480

DBP (mmHg) 73.45 ± 10.74 73.53 ± 11.02 73.82 ± 10.67 72.95 ± 10.67 0.020*

TG (mmol/L) 1.17 (0.78–1.77) 1.18 (0.82–1.85) 1.24 (0.83–1.90) 1.03 (0.73–1.57) <0.001*

FBG (mmol/L) 5.39 ± 1.37 5.48 ± 1.63 5.44 ± 1.44 5.28 ± 1.06 0.010*

HDL-C (mmol/L) 1.40 ± 0.42 1.4 ± 0.42 1.38 ± 0.41 1.41 ± 0.42 0.517

TC (mmol/L) 4.60 ± 1.12 4.64 ± 1.16 4.67 ± 1.13 4.49 ± 1.07 <0.001*

LDL-C (mmol/L) 2.71 ± 0.79 2.72 ± 0.81 2.75 ± 0.78 2.65 ± 0.77 0.010*

UA (μmol/L) 303.87 ± 94.25 292.78 ± 96.91 311.59 ± 95.60 300.52 ± 90.19 0.080

TSH (mIU/L) 2.34 (1.70–3.28) 2.34 (1.78–3.23) 2.30 (1.65–3.20) 2.43 (1.72–3.40) 0.200

TPOAb (IU/mL) 8.77 (6.42–12.60) 8.9 (6.29–13.58) 8.83 (6.48–12.62) 8.6 (6.36–12.05) 0.190

TgAb (IU/mL) 11.79 (10.00–15.17) 11.77 (10.00–15.25) 11.52 (10.00–15.21) 12.15 (10.00–15.10) 0.250

Note: *P <0.05. 
Abbreviations: UIC, urinary iodine concentration; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, 
triglyceride; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; TC; total cholesterol; LDL-C, low-density lipoprotein cholesterol; UA, serum uric 
acid; TSH, thyroid-stimulating hormone; TPOAb, thyroid peroxidase antibody; TgAb, thyroglobulin antibody.
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model 2, there was no significant difference between the 
groups. The relationship between iodine intake status and 
the risk of MetS in females was somewhat distinct, as the 
risk of MetS was reduced in the other two groups com-
pared with that in the iodine-adequate group. However, the 
high-iodine group had the lowest risk of MetS (crude OR 
0.66, P =0.005; aOR 0.72, P =0.049, model 1; aOR 0.7, 
P =0.064, model 2).

Discussion
In this study, we investigated the prevalence of MetS in 
a moderate iodine intake area and the relationship between 
iodine intake status and the prevalence of MetS. The overall 
prevalence of MetS was 30.1%, which was lower than that 
reported by the 2010 China non-communicable disease 
surveillance.4 The median UIC in the MetS group was 
lower than that in the control group. After grouping accord-
ing to UIC, the prevalence of MetS gradually decreased with 
the ordered UIC groups, which indicated an inversely linear 
association between the two factors. Despite the fact that this 
trend varied by sex, the high-iodine group having the lowest 
prevalence of MetS and its components, was consistent. In 
our study, potential confounding factors, including sociode-
mographic factors, metabolic parameters, and thyroid-related 

indicators, were considered and adjusted as covariates in the 
multivariate logistic regression analysis. Logistic regression 
analysis performed using different regression models and 
analysis of population showed somewhat distinct results. 
After adjusting for sociodemographic variables, metabolic 
parameters, and thyroid-related index, compared with indi-
viduals in the iodine-adequate group, the OR of incident 
MetS in the high-iodine group reduced by 25%, with 
a significant difference, while that in the iodine-deficient 
group increased by 11%, with no significant difference. The 
risk of MetS significantly increased in the iodine-deficient 
group only among males, which indicated that males would 
more likely gain benefits from increased iodine intake, while 
females may require a higher amount of iodine intake to 
benefit from its protective effect. All the data presented 
above indicate a potentially protective role of high iodine 
intake against MetS development.

MetS is characterized by a constellation of interrelated 
risk factors for CVD and T2D. We observed decreased 
prevalence rates of high WC, high TG levels, and low 
HDL-C levels, with increasing iodine intake, which was 
consistent with the findings of previous 
investigations.16,22,23 We also found that, with an increase 
in iodine intake, TC and LDL-C levels gradually 

Table 3 Risk of Metabolic Syndrome in Adults with Different Urinary Iodine Concentration

UIC Subgroups (ug/ 
L)

Crude Model Model 1 Model 2

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

Total
<100 1.02 (0.82–1.26) 0.862 1.04 (0.82–1.30) 0.768 1.11 (0.85–1.44) 0.452
100–199 (ref) 1 – 1 – 1 –

≥200 0.63 (0.52–0.77) <0.001* 0.70 (0.57–0.86) 0.001* 0.75 (0.60–0.95) 0.018*

P for trend P <0.001* P <0.001* 0.004*

Male
<100 1.47 (1.07–2.03) 0.018* 1.46 (1.05–2.04) 0.024* 1.36 (0.93–1.99) 0.107

100–199 (ref) 1 – 1 – 1 –

≥200 0.60 (0.46–0.78) <0.001* 0.67 (0.51–0.87) 0.003* 0.82 (0.60–1.11) 0.192

P for trend P <0.001 P <0.001 0.014*

Female
<100 0.85 (0.63–1.14) 0.273 0.80 (0.57–1.11) 0.186 0.93 (0.63–1.35) 0.693

100–199 (ref) 1 – 1 – 1 –
≥200 0.66 (0.45–0.88) 0.005* 0.72 (0.52–0.99) 0.049* 0.70 (0.48–1.02) 0.064

P for trend 0.060 0.438 0.130

Notes: Model 1 adjusted confounding factors included sex, age, menopause status, income, and education. Model 2 adjusted confounding factors included sex, age, 
menopause status, income, education, BMI, TC, LDL-C, UA, TSH, TPOAb, and TGAb. For male participants, menopause status was excluded from model 2. P presents the 
P value for each OR. P for trend: Test for linear trend of OR based on entering the median value of each category of UIC as a continuous variable in the models. *P <0.05. 
Abbreviations: UIC, urinary iodine concentration; OR, odds ratio; CI, confidence interval; ref, reference.
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decreased. Above all, individuals with good dietary iodine 
status had a lower probability of having dyslipidemia. 
A randomized controlled trial of iodine supplementation 
in overweight women reported that iodine supplementation 
could reduce the prevalence of hypercholesterolemia.23 

Additionally, a survey completed in the United States in 
2016 confirmed that low UIC level was associated with 
increased odds for dyslipidemia,16 consistent with our 
research.

Although the trend tests of high BP and elevated FPG 
levels were not significant in our study; however, the high- 
iodine group had the lowest prevalence rates of the MetS 
components Quantitative analysis demonstrated that, with 
increasing UIC levels, DBP gradually decreased, but SBP 
showed no significant change. The declined difference 
between groups was limited, and it could not achieve the 
threshold against positive high BP. We speculated that this 
maybe the same reason for FPG. Nevertheless, several 
studies reported that UIC was significantly associated 

with maternal BP and that iodine deficiency was a risk 
factor for the hypertensive disease of pregnancy and 
preeclampsia.24,25 Further research is necessary to confirm 
these findings.

An inverse relationship was observed between iodine 
intake status and the prevalence of MetS in this study. 
A prospective study of Korean menopausal women 
demonstrated that the average iodine intake showed 
a negative linear association with the incidence of 
MetS,22 which is similar to our results. According to 
these data, we could infer that adequate iodine status is 
likely to exert a protective effect against MetS and its 
components. Iodine is a crucial ingredient in the synthesis 
of thyroid hormones, which are important for multiple 
metabolic pathways such as glucose metabolism, lipolysis, 
and body weight regulation. Our study showed that iodine 
status is a crucial relevant factor for thyroid diseases,26 

which could partly elucidate this appearance. However, the 
beneficial effect of iodine status on the regulation of meta-
bolism occurred probably due to thyroid hormones and 
other pathways. Previous studies confirmed that the pre-
sence of thyroid autoantibodies and thyroid dysfunction 
was a confirmatory finding for dyslipidemia, hyperglyce-
mia, central obesity, and MetS,27–29 even in the euthyroid 
population.11

By far, the most widely accepted theory was that insulin 
resistance and chronic inflammation status appeared to have 
been at the core of the pathophysiology of the MetS.30,31 

Therefore, dietary iodine intake may exert a protective effect 
on MetS development through the aforementioned patho-
genesis. Several clinical trials reported that a low UIC cor-
related with insulin resistance, dyslipidemia, and MetS.23,32 

The benefit that increasing iodine intake could alleviate 
MetS and dysmetabolism and even reduce the risk was 
observed in clinical trials22,25,33 and also in animal 
experiments.14 In vitro islet cell culture experiments demon-
strated that iodine amplified glucose-induced first- 
and second-phase insulin secretion and reduced the lag 
time before the initiation of insulin secretion.34 Another 
in vitro experiment demonstrated that iodine supplementa-
tion significantly modified the expression of peroxisome 
proliferator-activated receptors,35 which were initially asso-
ciated with the regulation of lipid metabolism, which is one 
of the nuclear receptors playing a central role in metabolic 
diseases. Additionally, it is well established that iodine 
exerts anti-inflammatory and antioxidant properties. 
Previous studies have shown that iodine is an effective 
antioxidant, and iodine could reduce free radicals as an 

Figure 2 Risk of metabolic syndrome among different UIC groups when compared 
with the iodine-adequate group.
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electron donor, decrease organ damage by neutralizing radi-
cal oxygen species, and enhance the general antioxidant 
status in human serum.36 Moreover, marine algae as iodine- 
rich food offset inflammation through several mechanisms: 
inhibition of pro-inflammatory enzymes such as COX-2 and 
iNOS, modulation of MAPK pathways, and NK-kB 
activation.37 Third, iodine exerts effects on metabolism by 
modulating the gut microbiome. Intake of iodine and dried 
red seaweed could affect the gut microbiome of rats, related 
to hosting metabolic regulations.14

The present study showed that people with high UICs 
appeared to have a lower risk of MetS, which differed after 
stratifying by sex. A gradual decrease in OR from the iodine- 
deficient group to the high-iodine group could be observed in the 
overall population and among males, suggesting a decreasing 
trend in the risk of MetS in respondents with increasing UICs. 
However, a significant reduction in the risk of MetS was 
observed only among females in the high-iodine intake group, 
indicating that females might need to consume more iodine- 
containing diets to gain metabolic benefit. The potential reasons 
for this difference are as follows. First, the proportion of current 
smokers was significantly distinct by sex. The smoking rate 
among males was higher than that among females, which 
increases with the ordered UIC groups. Several studies showed 
that the levels of serum lipids and soluble immune/inflammatory 
markers were affected by smoking status.38 After adjustment for 
potential confounding factors, the protective effect of high-iodine 
intake against MetS was not significant. This could be due to the 
interaction effects of smoking with metabolic parameters and 
inflammatory markers that counteract the protective effect of 
iodine status. Second, hormonal differences between males and 
females. Estrogen was considered to confer protection owing to 
its beneficial effect on metabolism and the antioxidant function. 
An increased prevalence of MetS was observed in postmenopau-
sal females, compared with that in premenopausal females,39 

which could be partially confirmed. Meanwhile, a multicenter 
cohort study indicates that dietary iodine and seaweed consump-
tion in postmenopausal women could be negatively associated 
with the prevalence of MetS and metabolic disorders.22 Third, 
the decreased sample size in each group after stratification by sex 
could have also caused the difference. Among all participants, 
after entirely adjusting for factors according to model 2, com-
pared with that in the reference group, the risk of MetS in the 
high-iodine group reduced by 25%, which remained significant. 
However, the underlying mechanisms remain mostly unknown, 
and future investigations are required.

However, this study also had some limitations. Since our 
study excluded pregnant women and minors, it could not 

represent the overall distribution of metabolic disorders in 
the population. Moreover, due to the cross-sectional nature of 
this study, we could not identify causality between iodine 
status and MetS. Considering all, further prospective cohort 
studies are required for assessing the relationship between 
iodine status and MetS.

Conclusions
This study suggests an inverse association between dietary 
iodine intake and MetS development. Achieving a more-than- 
adequate iodine status is a potential protective factor against 
the incidence of MetS and is somewhat distinct in the sex 
subgroups. Males are more likely to benefit from increased 
iodine intake, while females need to achieve a more-than- 
adequate iodine status to gain metabolic benefits. Moreover, 
more researches on iodine status and Mets are warranted to 
elucidate their relationship and underlying mechanisms better.
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