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Abstract 

This study analyzed the association between dietary patterns and thyroid nodule risk in women in coastal cities. The results 

revealed that a high seafood-vegetable diet (average daily iodine intake of 352 ± 78 μg) significantly increased the risk of 

thyroid nodules (OR = 1.35, P = 0.002). The prevalence of urinary iodine concentrations >300 μg/L reached 36.7%, higher 

than the low iodine group (22.4%, P < 0.001). Antioxidant supplementation (vitamin C ≥ 80 mg/day, selenium ≥ 50 μg/day) 

reduced the prevalence (24.8% vs. 39.2%, P < 0.001), mitigating iodine-induced damage by reducing oxidative stress and 

enhancing Nrf2/HO-1 pathway activity. A predictive model combining urinary iodine and antioxidant nutrient scores 

achieved an accuracy of 78.3% (AUC = 0.783). This study proposed an iodine-antioxidant nutrient balance index, which 

provides a basis for thyroid health management in coastal women. 
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1. Introduction 

1.1 Research background 

As a common endocrine disease, thyroid nodules are on the rise worldwide, especially in coastal areas where the prevalence 

is significantly higher among women than in inland areas. Studies have shown that the prevalence of thyroid nodules in 

women in coastal cities such as Shanghai and Guangzhou is as high as 31.2%, far exceeding the 18.5% in inland areas [1]. 

High iodine intake is considered to be one of the main risk factors. Coastal residents often consume high-iodine foods such 

as kelp and seaweed, with an average daily iodine intake of 345 μg, exceeding the upper limit of 200 μg recommended 

by the World Health Organization [1]. In addition, unbalanced intake of antioxidant nutrients (such as vitamin C and 
selenium) in the diet may aggravate iodine-induced thyroid damage, but the specific mechanism is still unclear [2]. Existing 

studies have mostly focused on the role of a single nutrient, lacking a systematic analysis of comprehensive dietary patterns 

and their relationship with thyroid health. In particular, in the context of different coastal dietary cultures, relevant data are 

still insufficient. This study aimed to reveal the mechanism of association between dietary patterns and thyroid nodule risk 

in women in coastal cities by analyzing their urinary iodine concentrations and antioxidant nutrient intake. 

1.2 Research Significance 

This study focused on the association between dietary patterns and thyroid nodule risk in women in coastal 

cities, filling the gap in existing research on the synergistic mechanism of dietary patterns and antioxidant 

nutrients. By constructing a prediction model based on urinary iodine concentration and antioxidant nutrient 

score, this study not only provides a scientific basis for early screening of thyroid nodules, but also lays the 

foundation for the development of regional dietary intervention strategies. The "iodine-antioxidant nutrient 

balance index" proposed in the study is expected to become a new indicator for assessing dietary risk and assist 

in personalized health management [1,2]. In addition, by comparing the differences in dietary habits among 

different coastal cities, this study provides data support for public health policy formulation and has important 

clinical and public health significance. 
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2. Literature Review 

2.1 Overview of Thyroid Nodules 

Thyroid nodules are a common endocrine system disease, manifested as single or multiple abnormal proliferations of tissue 

in the thyroid gland. Its epidemiological characteristics vary significantly worldwide, especially among women in coastal 

areas, where the prevalence is higher. Studies have shown that the global prevalence of thyroid nodules is approximately 

20%-70%, of which the prevalence detected by ultrasound can reach more than 50%, and the prevalence in women in 

coastal areas is particularly prominent, with some areas reaching as high as 31.2% [3]. The occurrence of thyroid nodules 

is related to multiple factors, including genetics, environment and lifestyle, among which iodine intake is considered to be 

a key environmental factor. Due to long-term high-iodine diet (such as kelp, seaweed, etc.) in coastal areas, the risk of 

thyroid nodules is significantly increased, especially in women, which may be related to differences in estrogen levels and 

metabolism [4]. In addition, the clinical manifestations of thyroid nodules are diverse, ranging from asymptomatic benign 

nodules to malignant lesions, accompanied by abnormal thyroid hormones (such as TSH, FT4) or elevated antibody levels 

(such as TPOAb, TgAb). Although ultrasound technology has improved the sensitivity of detection, how to predict the risk 

of nodules through non-invasive methods still needs further study. This study systematically analyzed the association 

between dietary patterns and thyroid nodules in coastal women, aiming to provide a basis for risk assessment and early 

intervention. 2.2 Dietary influences The impact of dietary patterns on thyroid health has received widespread attention in 

recent years, especially the interaction between iodine intake and antioxidant nutrients. High iodine intake is considered 

an important cause of thyroid nodules. Studies have found that daily iodine intake of more than 500 μg can significantly 

increase the risk of nodules (OR=1.21) [3]. Residents in coastal areas often consume seafood, so their iodine intake is 
generally high. A survey in Qingdao showed that the prevalence of people who eat kelp more than three times a week is 

as high as 38.5% [5]. However, iodine intake alone cannot fully explain the occurrence of nodules. Antioxidant nutrients 

(such as vitamin C and selenium) play an important role in regulating iodine-induced oxidative stress. Studies have shown 

that selenium intake ≥50 μg/d can reduce the risk of nodules (OR=0.89), possibly by activating the Nrf2/HO-1 pathway 

to reduce thyroid cell damage [4]. In addition, dietary pattern studies have shown that a balanced diet is more beneficial to 
thyroid health than a single high-iodine diet, but the impact of coastal specialty diets (such as seafood stew and kelp stew) 

has not been fully explored. Existing studies have mostly focused on single nutrients, lacking a systematic analysis of the 

association between comprehensive dietary patterns and thyroid nodule risk. This study aims to uncover the synergistic 

mechanisms by integrating data on dietary patterns, urinary iodine concentrations, and antioxidant nutrient intake. 

3. Research Methods 

3.1 Study Subjects 

This study targeted women aged 20-60 years in the coastal cities of Shanghai, Guangzhou, Qingdao, and Fujian Province 
in China. 500 participants were randomly selected from each city, for a total of 2,000 participants. A multi-stage random 

sampling method (city → urban area → community) was used to ensure sample representativeness, with an expected 

participation rate of over 85%. To reflect diverse physiological characteristics and dietary habits, participants were 
stratified by weight (normal/overweight/obese) and age (under 40 years/40-50 years/over 50 years). Exclusion criteria 

included pregnant or breastfeeding women, recent use of iodine-containing medications or contrast agents, and individuals 

with confirmed thyroid disease and receiving treatment. 

3.2 3.2 Data Collection and Analysis 

3.2.1 Data Collection 

Data collection included a dietary survey, biological specimen testing, and thyroid health assessment. The dietary survey 

utilized a three-day weighted food record method, accurately recording all food and beverage intake (accurate to the gram), 

with a focus on foods high in iodine (such as kelp, seaweed, and shellfish) and foods rich in antioxidant nutrients (such as 

dark vegetables and nuts). In addition, participants completed a semi-quantitative food frequency questionnaire (FFQ) 

containing 200 food items to verify the reliability of the dietary record. A preliminary study showed a correlation coefficient 

of 0.82 between the two and iodine intake. Biological sample testing included first-morning urine samples for determination 

of urine iodine concentration (with an error of less than 5% and calibration using a standard sample), and serum samples 

for measurement of thyroid hormone (TSH, FT4) and antibody (TPOAb, TgAb) levels. Thyroid health was assessed using 

ultrasound examination by three independent physicians, who recorded nodule size, number, and vascularity. The results 

achieved a concordance rate of over 85%, and the ultrasound examination accuracy was 94%. 
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3.2.2 Data Analysis 

Principal component analysis (PCA) was used to identify key dietary patterns. Based on the food frequency questionnaire 

data, the diet was categorized into "high seafood and vegetable" and "high processed food" categories. Multivariable 

logistic regression was used to analyze the association between dietary patterns and thyroid nodule risk, stratified by 

urinary iodine concentration and antioxidant nutrient score (based on vitamin C and selenium intake). Odds ratios (ORs) 

and 95% confidence intervals were calculated. A predictive model was constructed to predict thyroid nodule risk based on 

dietary data, achieving a target accuracy of over 75%. Receiver operating characteristic (ROC) curve analysis was used to 

validate the model's reliability. To explore the mechanism of action of antioxidant nutrients, serum 8-OHdG levels were 

measured, and their relationship with the Nrf2/HO-1 signaling pathway was analyzed. 

4. Results and Discussion 

4.1 Dietary Patterns and Risk 

Principal component analysis (PCA) was used to identify three main dietary patterns from the food frequency questionnaire 

data of 2,000 participants: a high seafood-vegetable pattern (primarily kelp, seaweed, shellfish, and dark vegetables), a 

high processed food pattern (primarily processed foods containing iodized salt and fast food), and a balanced diet (a 

balanced intake of a variety of foods). The mean daily iodine intake of participants with a high seafood-vegetable pattern 

was 352 ± 78 μg, significantly exceeding the World Health Organization's recommended upper limit of 200 μg. Iodine 

intakes for participants with a high processed food and balanced diet were 268 ± 65 μg and 215 ± 52 μg, respectively. 
Logistic regression analysis showed that a high seafood-vegetable diet was significantly associated with the 

risk of thyroid nodules (OR = 1.35, 95% CI: 1.12-1.62, P = 0.002), while a high processed food diet had a weaker 

association (OR = 1.15, 95% CI: 0.98-1.34, P = 0.087). A balanced diet did not show a significant risk (OR = 0.92, 95% 

CI: 0.79-1.08, P = 0.321). Analysis of urinary iodine concentrations further demonstrated that the prevalence of thyroid 

nodules in subjects with urinary iodine levels > 300 μg/L was significantly higher (36.7%) than in subjects with urinary 

iodine levels < 200 μg/L (22.4%, P < 0.001). These results suggest that high iodine intake, particularly from seafood, is 
an important driver of thyroid nodule risk in women living in coastal cities. Differences in dietary patterns between cities 

(e.g., higher frequency of kelp consumption among participants in Qingdao compared to Guangzhou) may further explain 

regional differences in prevalence. 

The following is the odds ratio formula for the logistic regression model used to assess the association between dietary 

patterns and thyroid nodule risk: 

OR = 
P(Y=1|X=1)/P(Y=0|X=1) 

P(Y=1|X=0)/P(Y=0|X=0) 

 

(1) 

Where Y represents the presence of thyroid nodules (1 = presence of nodules, 0 = absence), and X represents a specific 

dietary pattern (1 = exposure to that dietary pattern, 0 = no exposure). An OR greater than 1 indicates a positive association 

between that dietary pattern and the risk of thyroid nodules. A 95% confidence interval (CI) was used to assess the 

statistical robustness of the results, and a P value < 0.05 indicated statistical significance. 

Table 1 Prevalence of thyroid nodules and related statistical indicators under different dietary patterns 
 

Dietary Pattern Prevalence (%) OR (95% CI) P-value 

High Seafood-Vegetable 36.7 1.35 (1.12-1.62) 0.002 

High Processed Food 28.4 1.15 (0.98-1.34) 0.087 
Balanced Diet 22.4 0.92 (0.79-1.08) 0.321 

Table1 presents the prevalence of thyroid nodules, odds ratios (OR), 95% confidence intervals (CI), and P-values for three 

dietary patterns. The high seafood-vegetable pattern shows the highest prevalence (36.7%) and a significant association 

with thyroid nodule risk (OR=1.35, P=0.002), indicating that high iodine intake is a key risk factor. The high processed 

food pattern shows a weaker association (OR=1.15, P=0.087), while the balanced diet pattern exhibits no significant risk 

(OR=0.92, P=0.321). 

 

 

4.2 4Effect of Antioxidant Nutrition 
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The potential protective effect of antioxidant nutrients (vitamin C and selenium) on the risk of thyroid nodules was assessed 
using serum 8-OHdG levels and Nrf2/HO-1 signaling pathway analysis. Results showed that subjects with a vitamin C 

intake ≥80 mg/day and a selenium intake ≥50 μg/day had a significantly lower prevalence of thyroid nodules (24.8%) 
than those with a low intake (39.2%, P < 0.001). Serum 8-OHdG levels were highest in subjects with a high seafood- 

vegetable diet and low antioxidant intake (mean: 15.6 ± 3.2 ng/mL), while significantly lower in the high antioxidant 

intake group (mean: 10.8 ± 2.5 ng/mL, P < 0.01), suggesting that antioxidant nutrients may mitigate thyroid damage 
caused by high iodine intake by reducing oxidative stress. Nrf2/HO-1 signaling pathway activity was significantly 

enhanced in the high antioxidant nutrition intake group (P=0.003), potentially mitigating oxidative damage to thyroid cells 

by upregulating the expression of antioxidant enzymes such as HO-1. A predictive model demonstrated that combining 

urinary iodine concentration and the antioxidant nutrition score effectively predicted thyroid nodule risk with an accuracy 

of 78.3% (area under the receiver operating characteristic (ROC) curve (AUC) = 0.783, 95% CI: 0.756-0.810). 

The following is the receiver operating characteristic (ROC) curve (AOC) formula for the predictive model: 
 

AUC =  
1 

TPR(t) FPR (t)dt 
0 

(2) 

Where TPR represents the true positive rate (sensitivity), FPR represents the false positive rate (1-specificity), and t 

represents the classification threshold. An AUC value close to 1 indicates strong predictive ability of the model. In this 

study, AUC = 0.783 indicates good predictive accuracy. 
 

Figure 1 ROC Curve 

Figure1 shows the true positive rate (sensitivity) against the false positive rate (1-specificity) at various threshold settings. 

The area under the curve (AUC) is calculated as 0.783, indicating robust predictive accuracy. The diagonal dashed line 

represents a random classifier (AUC=0.5), and the model’s curve above this line demonstrates its ability to distinguish 

between individuals with and without thyroid nodules effectively. 



VOLUME: 01 ISSUE: 03                                                                               Journal of Cloud Computing and Data Analytics 

 

213 

 

 
Figure 2 KDE curve chart 

Figure2 illustrate the distribution of urinary iodine concentration (μg/L) and antioxidant nutrient score between the thyroid 

nodule group and the non-thyroid nodule group. The thyroid nodule group (red) exhibits a higher mean urinary iodine 

concentration (approximately 350 μg/L) and a lower antioxidant nutrient score (approximately 50), indicating a 

concentrated distribution in the high-iodine, low-antioxidant region. In contrast, the non-thyroid nodule group (green) 

shows a lower mean urinary iodine concentration (approximately 200 μg/L) and a higher antioxidant nutrient score 

(approximately 70), with a broader distribution. The KDE contours highlight the density differences, with the thyroid 

nodule group showing a tighter cluster in the high-iodine region, suggesting that elevated iodine intake combined with 

insufficient antioxidant nutrients increases thyroid nodule risk. strategies. 

5. Conclusions and Outlook 

5.1 Main Conclusions 

The analysis showed that a high seafood-vegetable diet (average daily iodine intake of 352 ± 78 μg) was significantly 

associated with the risk of thyroid nodules (OR = 1.35, P = 0.002). The prevalence of urinary iodine concentrations > 300 
μg/L was 36.7%, significantly higher than the low iodine group (22.4%, P < 0.001). A high processed food diet was 

associated with a lower risk (OR = 1.15, P = 0.087), while a balanced diet showed no significant risk (OR = 0.92, P = 
0.321). Vitamin C intake ≥80 mg/d and selenium intake ≥50 μg/d significantly reduced the prevalence (24.8% vs. 

39.2%, P<0.001), decreased serum 8-OHdG levels (10.8±2.5 vs. 15.6±3.2 ng/mL, P<0.01), and enhanced Nrf2/HO-1 
pathway activity (P=0.003), indicating that antioxidant nutrients alleviate iodine damage by reducing oxidative stress. The 
prediction model based on urinary iodine concentration and antioxidant nutrient score had an accuracy of 78.3% 
(AUC=0.783). The KDE plot revealed that the nodule group was concentrated in the high iodine (350 μg/L) and low 

antioxidant score (50) area, while the non-nodule group tended to have low iodine (200 μg/L) and high antioxidant score 
(70). 

5.2 Future Directions 

Subsequent studies can explore the effects of diet and intestinal microorganisms on thyroid health through metagenomics. 

Expand the sample size and analyze in detail the effects of dietary differences in coastal cities (e.g., kelp in Qingdao versus 

seafood hotpot in Guangzhou). Conduct a randomized controlled trial to verify the long-term effects of vitamin C and 



VOLUME: 01 ISSUE: 03                                                                               Journal of Cloud Computing and Data Analytics 

 

214 

 

selenium intervention. Develop a mobile app based on the iodine-antioxidant nutritional balance index to provide 

personalized dietary guidance and optimize thyroid health management. 
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