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The prevalence of Helicobacter pylori infection is high worldwide, while numerous research has focused on unraveling the relationship between H. pylori infection and extragastric diseases. Although H. pylori infection has been associated with thyroid diseases, including thyroid nodule (TN), the relationship has mainly focused on potential physiological mechanisms and has not been validated by large population epidemiological investigations. Therefore, we thus designed a case-control study comprising participants who received regular health examination between 2017 and 2019. The cases and controls were diagnosed via ultrasound, while TN types were classified according to the guidelines of the American College of Radiology Thyroid Imaging Reporting and Data System (ACR TI-RADS). Moreover, H. pylori infection was determined by C14 urea breath test, while its relationship with TN type risk and severity was analyzed using binary and ordinal logistic regression analyses. A total of 43,411 participants, including 13,036 TN patients and 30,375 controls, were finally recruited in the study. The crude odds ratio (OR) was 1.07 in Model 1 (95% CI = 1.03–1.14) without adjustment compared to the H. pylori non-infection group. However, it was negative in Model 2 (OR = 1.02, 95% CI = 0.97–1.06) after being adjusted for gender, age, body mass index (BMI), and blood pressure and in Model 3 (OR = 1.01, 95% CI = 0.97–1.06) after being adjusted for total cholesterol, triglyceride, low-density lipoprotein, and high-density lipoprotein on the basis of Model 2. Control variables, including gender, age, BMI, and diastolic pressure, were significantly correlated with the risk of TN types. Additionally, ordinal logistic regression results revealed that H. pylori infection was positively correlated with malignant differentiation of TN (Model 1: OR = 1.06, 95% CI = 1.02–1.11), while Model 2 and Model 3 showed negative results (Model 2: OR = 1.01, 95% CI = 0.96–1.06; Model 3: OR = 1.01, 95% CI = 0.96–1.05). In conclusion, H. pylori infection was not significantly associated with both TN type risk and severity of its malignant differentiation. These findings provide relevant insights for correcting possible misconceptions regarding TN type pathogenesis and will help guide optimization of therapeutic strategies for thyroid diseases.
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Introduction

Helicobacter pylori, a Gram-negative bacterium that infects the human stomach and accounts for about half of infections worldwide, is difficult to eliminate by the human immune system. Previous studies have shown that H. pylori infection rates are on a decline but still high in developing countries (Maluf et al., 2020). H. pylori infection has been linked to the pathogenesis of numerous diseases of the upper digestive tract, including gastric cancer, gastric ulcer, and gastritis. Moreover, this infection has also been associated with many extragastric diseases, including hematological, allergic, neurological, ophthalmic, metabolic, and dermatologic diseases (Pero et al., 2019; Gravina et al., 2020). Based on these pieces of evidence, it is necessary to explore the relationship between H. pylori infection with other extragastric diseases. Thyroid nodule (TN), which has a prevalence rate of 20%–70% especially in women and the elderly, is a common clinical disorder (Schiaffino et al., 2020). Notably, recent advancements in ultrasonic resolution have also improved the detection rate of TN types (Yu et al., 2020). Previous studies have shown that although TN types are mostly benign, approximately 5%–15% of them may develop into malignancies (Chambara and Ying, 2019). Despite the reliability of the current diagnostics and treatment therapies for TN types, the pathogenesis remains unclear, and several risk factors, including diet, environment, genetics, and abnormal inflammation, have been documented.

Previous studies on the association between H. pylori infection and thyroid diseases have mostly focused on thyroid autoimmunity, and the correlation between H. pylori infection and thyroid autoimmune diseases, such as Graves disease and Hashimoto thyroiditis, has been reported (Benvenga and Guarneri, 2016; Kohling et al., 2017; Figura et al., 2019). Shen et al. (2013) found that H. pylori infection was positively associated with the risk of TN types. Currently, the biological mechanisms that may explain the association mainly include molecular mimicry and dysbiosis (Zhang et al., 2018; Cuan-Baltazar and Soto-Vega, 2020; Docimo et al., 2020). Molecular mimicry theory suggests that there are at least 14 proteins of H. pylori antigen epitope similar to the local amino acid sequence of thyroid endogenous proteins (Benvenga and Guarneri, 2016). This structural similarity can trigger an immune cross-reaction and chronic thyroid inflammation, which may explain the reactive hyperplasia induced by H. pylori infection (Shi et al., 2013). T helper (Th) cells also play an indirect role in this mechanism, which may co-induce the formation of TN types (Shi et al., 2013; Cuan-Baltazar and Soto-Vega, 2020). In addition, intestinal flora affects endocrine signals through the brain–gut axis, and the intestinal microbial diversity of TN patients is significantly higher than that of healthy population (Zhang et al., 2019). It has been found that Lactobacillus, as an important intestinal flora, participates in protecting the thyroid gland from oxidative damage, while H. pylori infection has an inhibitory effect on the survival of this bacterium, which may be related to the pathogenesis of TN types (Iino et al., 2018; Zhang et al., 2019). Although these findings have indicated relationships and potential physiological mechanisms, there is still need for validation using large population epidemiological investigations.

Here, we designed a case-control study to verify the relationship between H. pylori infection and the risk of TN types. Our results provide valuable insights into the etiology of TN types and are expected to guide future designing of management strategies for this common disorder.



Methods


Study Population

This observational study recruited community residents and workers from different organizations and companies who underwent a health examination at the Health Management Center of the First Affiliated Hospital of Anhui Medical University, Hefei, the capital city of Anhui Province, China, between January 2017 and March 2019. The hospital has six centers, located across different regions of the province. The study was approved by the Ethics Committee of the First Affiliated Hospital of Anhui Medical University (number: Quick-PJ 2021-10-28). Classification of TN types and controls was performed via ultrasound diagnosis.

The inclusion criteria in this research were mainly based on the type of physical examination items selected by participants, and it is defined as individuals who volunteer for routine physical examinations, including carbon-14 (C14) urea breath test (H. pylori infection diagnosis), TN type screening (ultrasonographic diagnosis), height, weight, blood pressure (BP), and blood lipids. We also excluded individuals who have previously undergone thyroidectomy or those who have taken drugs that affect thyroid function, including antithyroid drugs, lithium salts, amiodarone. In addition, individuals who have undergone therapy for H. pylori eradication via antibiotics, proton pump inhibitor, or bismuth or those who have taken antibiotics within 14 days were also excluded. Finally, a total of 44,682 participants were recruited, and 1,271 individuals were excluded based on the exclusion criteria.



Data Collection

All participant information was obtained from the physical examination database of the Health Management Center, while H. pylori infection was diagnosed using the C14 urea breath test. Participants were first subjected to fasting, for more than 6 h, prior to the C14 breath test. In the C14 breath test, a positive result is defined by a H. pylori standard of more than 100 (dpm/mmol), while a range of 0–100 (dpm/mmol) implies a negative result. TN type screening was evaluated using ultrasonographic diagnostic techniques by ultrasonologists with at least 5 years of independent work experience. The TN types were then divided into six grades and classified by American College of Radiology Thyroid Imaging Reporting and Data System (ACR TI-RADS) score. These ACR TI-RADS classification and diagnosis results were used to stratify the patients into the case group, comprising TI-RADS1/2, TI-RADS3, and TI-RADS4/5/6, as the number of patients with TI-RADS1, TI-RADS5, and TI-RADS6 was negligible. The TI-RADS4 group also included TI-RADS4a, TI-RADS4b, and TI-RADS4c, which were not subdivided into groups of different TN types.

Considering the influence of potential confounding factors, we also collected other related information, including gender, age, body mass index (BMI), BP, total cholesterol (TCH), triglyceride (TG), low-density lipoprotein (LDL), and high-density lipoprotein (HDL). These were selected according to previous research findings and expert opinions (Shen et al., 2013; Li et al., 2019; Li et al., 2020). In addition, trained professional nurses systematically collected information on participants’ height, weight, and BP through operation of unified weight and height detector and intelligent BP meter. BMI was calculated as weight divided by height square (kg/m2). All other data were obtained from laboratory tests on blood samples, and these were after fasting overnight or over 8 h.



Statistical Analysis

Statistical analyses were performed using SPSS software version 22.0, and all quantitative variables were presented as means ± standard deviations, while qualitative variables were expressed as quantity and percentages. Rates among different groups were compared using the chi-square test, while differences between quantitative variables were determined using a Student’s T-test or Mann–Whitney U test. The relationship between H. pylori infection and the risk of TN types was determined using a binary logistic regression. We also calculated tolerance and variance inflation factor for model diagnosis in order to exclude multicollinearity among different independent variables. Multicollinearity was considered to be positive if the tolerance was less than 0.1 or the variance inflation factor was more than 10. In addition, we performed ordinal logistic regression to identify the potential association between H. pylori infection and the severity of TN types. Data followed by P < 0.05 were considered statistically significant.




Results


Participant Characteristics

A total of 43,411 participants, of whom 13,036 and 30,375 were TN patients and controls, respectively, were included in this study (Table 1). Among them, 17,697 subjects (40.8%) were positive for H. pylori infection, including 5,461 TN cases and 12,236 controls. Notably, H. pylori positivity rate was significantly higher in the TN types than that in control groups (P = 0.002). Similarly, the average age and the proportion of female subjects were significantly higher in the TN type group relative to those in the controls (each P < 0.001). In addition, all other indicators, namely, BMI, systolic pressure, diastolic pressure, TCH, TG, LDL, and HDL, were significantly higher in TN type groups than those in controls (all P < 0.001).


Table 1 | Participant characteristics.





Prevalence of Thyroid Nodule Types Between H. pylori-Infected and Non-Infected Groups

We compared the prevalence of TN types between subjects infected with H. pylori and non-infected counterparts across different subgroups, including gender, age, and BMI. Results from the female subgroup indicated a significantly higher prevalence in the infected group than that in the non-infected group (P < 0.001), and this was slightly different from the male subgroup (P = 0.159). On the other hand, the prevalence of TN types increased in both age and BMI subgroups, although no significant differences were observed between H. pylori-infected and non-infected groups. Notably, significant differences in the prevalence of TN types were only found in age range (50–59 years, P = 0.030) (Figure 1) and BMI (18.5–23 kg/m2, P = 0.001) (Figure 2).




Figure 1 | The prevalence of TN types increased with age in both H. pylori (+) and H. pylori (-) groups. Among the five age ranges, only in the 50-59 years subgroup, the prevalence of TN types in the H. pylori (+) group was statistically lower than that in the H. pylori (-) group. However, in other age subgroups, no significant difference was found in the prevalence of TN types between H. pylori (+) and H. pylori (-) groups.






Figure 2 | The prevalence of TN types increased slowly with the increase of BMI. Among the four BMI ranges, only in the 18.5-23 kg/m2 subgroup, the prevalence of TN types in the H. pylori (+) group was statistically higher than that in the H. pylori (-) group, and no significant difference was found in the prevalence of TN types between H. pylori (+) and H. pylori (-) groups in other BMI subgroups





Correlation Between H. pylori Infection and the Risk of Thyroid Nodule Types

We adopted three binary logistic regression models to calculate odds ratios (ORs) and depict the correlation between H. pylori infection and the risk of TN types (Table 2). Results from Model 1, which employed the univariate logistic regression algorithm, revealed that the crude odds for TN types was 7% (OR = 1.07, 95% CI = 1.03–1.14), and this was positively correlated with H. pylori non-infection group. However, results from Model 2 revealed a negative correlation adjusted for sex, age, BMI, systolic pressure, and diastolic pressure (OR = 1.02, 95% CI = 0.97–1.06). On the other hand, Model 3 revealed stable and negative results (OR = 1.01, 95% CI = 0.97–1.06), adjusted for additional control variables, including TCH, TG, LDL-C, and HDL-C, on the basis of Model 2. In Model 2, control variables, such as gender, age, BMI, and diastolic pressure, were significantly associated with the risk of TN types (gender: OR = 2.06, 95% CI = 1.96–2.16; age: OR = 1.05, 95% CI = 1.05–1.06; BMI: OR = 1.04, 95% CI = 1.03–1.05; diastolic pressure: OR > 1.00, 95% CI = 1.00–1.01). Similarly, in Model 3, gender, age, BMI, and diastolic pressure were also significantly associated with the risk of TN types (gender: OR = 2.12, 95% CI = 2.01–2.23; age: OR = 1.05, 95% CI = 1.05–1.06; BMI: OR = 1.03, 95% CI = 1.02–1.04; diastolic pressure: OR > 1.00, 95% CI = 1.00–1.01). However, we found no statistically significant correlation between other control variables and the risk of TN types.


Table 2 | OR for the association between H. pylori infection and the risk of TN types.



In the binary logistic analysis results, control variables with P value <0.001, including gender, age, and BMI, were analyzed by stratification in order to control for potential confounding bias (Table 3). The three models revealed no statistically significant correlation between H. pylori infection and the risk of TN types in the male subgroup (Model 1: OR = 1.04, 95% CI = 0.98–1.08; Model 2: OR = 1.01, 95% CI = 0.95–1.08; Model 3: OR = 1.01, 95% CI = 0.95–1.07). However, in the female subgroup, Model 1 revealed a positive correlation between H. pylori infection and the risk of TN types (Model 1: OR = 1.12, 95% CI = 1.05–1.20), whereas both Model 2 and Model 3 revealed a negative correlation (Model 2: OR = 1.02, 95% CI = 0.96–1.10; Model 3: OR = 1.02, 95% CI = 0.95–1.09). In age subgroups, with the increase of age, ORs of all three models showed a downward trend, but the results still showed that H. pylori infection was not a risk factor for TN types. With regard to BMI, changes in ORs between different layers were stable, although subgroup 18.5–23 kg/m2 showed a relatively high OR, which was accompanied by a negative overall correlation.


Table 3 | Subgroup analysis of H. pylori infection and the risk of TN types.





Correlation Between H. pylori Infection and the Risk of Thyroid Nodule Type Severity

We performed ordinal logistic regression in order to analyze a potential relationship between H. pylori infection and malignant tendency of TN types (Table 4). Summarily, we divided patients with different TN types into three grades, according to the ultrasound diagnosis results, then finally divided them into four grades, including normal controls. Results from Model 1 revealed a positive relationship (OR = 1.06, 95% CI = 1.02–1.11), whereas both Model 2 and Model 3 revealed negative results even after inclusion of different control variables (Model 2: OR = 1.01, 95% CI = 0.96–1.06; Model 3: OR = 1.01, 95% CI = 0.96–1.05). The positive correlation observed in Model 1 might be attributed to the influence of various confounding factors.


Table 4 | Ordinal logistic regression analysis of the H. pylori infection and the severity of TN types.






Discussion

Although previous reports have shown that H. pylori infection is involved in various thyroid diseases, very few of these studies analyzed large sample sizes. Results of the present study, comprising a population-based case-control study of community residents and workers from different organizations or companies, indicated that H. pylori infection was not significantly associated with the risk of TN types, which were in contrast with previous reports (Shen et al., 2013). We validated this lack of significant association through ordinal logistic regression analyses.

The findings of our study, as well as those from published literature, indicated that the theoretical mechanisms underlying the possible association between H. pylori infection and the risk of TN types are not rigorous. Molecular mimicry is considered a possible mechanism underlying the relationship between H. pylori infection and pathophysiology mechanisms of thyroid diseases. In fact, previous evidence has suggested that infection-induced chronic inflammation could be a crucial cause of TN types, which may also be related to the structural similarity between H. pylori epitope antigen and thyroid autoantigen (Yu et al., 2019; Liu et al., 2020). It has been reported that 14 proteins of H. pylori antigen epitope are similar to thyroid endogenous proteins, including the segments of human thyrotropin receptor, thyroid autoantigen, and sodium iodide symporter (Benvenga and Guarneri, 2016). Moreover, previous studies have revealed the structural similarities between H. pylori epitope and H-K-ATPase in the thyroid gland as well. Furthermore, immune responses, induced by H. pylori infection, have been shown to indirectly cause Th1 activation and apoptosis and promote secretion of pro-inflammatory cytokines, including tumor necrosis factor-alpha (TNF-α) and interferon-gamma (INF-γ), thereby causing thyroid tissue injury and inflammation (Cuan-Baltazar and Soto-Vega, 2020). However, molecular mimicry has only been used to explain the autoimmune thyroid pathophysiology caused by H. pylori infection; thus, it may not explain the comprehensive induction of TN type development. Another possible theoretical mechanism is dysbiosis. Although the composition of gut microbiome of TN patients differs from that of healthy controls (Zhang et al., 2019; Docimo et al., 2020), there is no definite evidence to affirm that H. pylori infection can directly induce such differences in the gut microbiome and the dysbiosis clearly causes TN types.

Results of the present study further indicated that control variables, including gender, age, and BMI, were significantly correlated with the risk of TN types, which was consistent with findings from previous studies (Kwong et al., 2015; Zheng, 2015; Jasim et al., 2020). Collectively, it may imply that the results of this study are reliable and better reflect the association between H. pylori infection and the risk of TN types. Based on our results, we can consider that female, increase in age, and BMI were all risk factors for TN types, while the potential interactions in effects across different confounding factors may also have an impact on the risk of TN types. Therefore, it is possible that the influence of these confounders or selection bias in study population might contribute to false positive results of H. pylori infection associated with TN types that has been previously reported. Our results also suggested that higher diastolic pressure might be a risk factor for TN types. This is similar to the findings of Li et al. (2020) who reported that higher systolic pressure was positively correlated with increased risk of TN types in a female cross‐sectional study. The mechanism may be that H. pylori infection often induces an increase in serum fibrinogen, which interferes with the release of nitric oxide from vascular endothelium. This mechanism tends to inhibit normal relaxation of blood vessels, while vasoconstriction is the main factor leading to increased diastolic BP (Migneco et al., 2003). However, the potential biological mechanisms underlying the observed association between diastolic pressure and the risk of TN types necessitate further exploration using animal experiments or cohort studies.

This study had some limitations. Firstly, we also compiled family history including past diseases suffered and lifestyle habits of the study population, which may be potential confounding factors. However, the information was incomplete due to low response rate of supplementary questionnaires; thus, it was not finally included in the regression models. In addition, considering the feasibility of the study implementation, there may be other potential confounding factors such as radiation exposure to head and neck that have not been collected as well, and these factors may also have an impact on the results. Secondly, there may still be potential selection bias in study population. Patients with a high risk for malignant TN types, diagnosed with TI-RADS5 or TI-RADS6, are few in this research. This might be attributed to the fact that residents and workers with higher TI-RADS grades may be more inclined to directly choosing hospital treatment, as opposed to receiving physical examination at a health management center, though residents and workers in the surveyed areas had a high prevalence of regular health screenings. Moreover, Anhui is one of the most densely populated provinces in eastern China. Actually, the included participants in this research were mainly from urban areas of Anhui, and the majority was from the capital city, Hefei. These factors may also affect the representation of the study population. Finally, this study employed a case-control survey design; thus, it was difficult to analyze the causality between potential risk factors and TN types. Therefore, further better designed studies are needed to validate these results.

In summary, we found no significant correlation between H. pylori infection and neither TN type risk nor the degree of its malignant differentiation, indicating that H. pylori infection neither promotes nor induces TN types. Therapies for eliminating H. pylori are not recommended for TN patients as an independent measure to reduce the risk of malignant differentiation. Further explorations, using large prospective studies, are needed to fully elucidate the association between H. pylori infection and more thyroid disorders.
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C14 test TN types Controls Model 1 Model 2

n (%) n (%) OR (95% CI) OR (95% ClI)
H. pylori (<) 7,575 (58.1%) 18,139 (59.7%) 1.00 (reference) 1.00 (reference)
H. pylori (+) 5,461 (41.9%) 12,236 (40.3%) 1.07 (1.03-1.14) 1.02 (0.97-1.06)
P value - - 0.002" 0.505

Model 3
OR (95% ClI)

1.00 (reference)
1.01 (0.97-1.06)
0.597

Model 1: unadjusted; Model 2: adjusted for gender, age, BMI, systolic, diastolic; Model 3: Model 2 + adjusted for TCH, TG, LDL, HDL.

TN, thyroid nodule; C14 test, carbon-14 urea breath test; Cl, confidence interval; BMI, body mass index; SP, systolic pressure; DP, diastolic pressure; TCH, total cholesterol; TG,

triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
*P value is considered statistically significant.
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C14 test The classification of TN types, n (%) Model 1 Model 2 Model 3

Negative TI-RADS <2 TI-RADS3 TI-RADS>4 OR (95% Cl) OR (95% CI) OR (95% Cl)
H. pylori () 18,139 (59.7%) 1,608 (56.2%) 5,556 (58.8%) 416 (57.1%) 1.00 (reference) 1.00 (reference) 1.00 (reference)
H. pylori (+) 12,236 (40.3%) 1,251 (43.8%) 3,897 (41.2%) 313 (42.9%) 1.06 (1.02-1.11) 1.01 (0.96-1.06) 1.01 (0.96-1.05)
P value - - = = 0.005* 0695 0.848

Model 1: unadjusted; Model 2: adjusted for sex, age, BMI, systolic, diastolic; Model 3: Model 2 + adjusted for TCH, TG, LDL, and HDL.

TN, thyroid nodule; C14 test, carbon-14 urea breath test; Cl, confidence interval; BMI, body mass index; SP, systolic pressure; DP, diastolic pressure; TCH, total cholesterol; TG,
triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

*P value is considered statistically significant.
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Subgroups Samples H. pylori Model 1 Model 2 Model 3

n (%) TN types Controls OR (95% CI) OR (95% CI) OR (95% Cl)
Gender
Male 25,307 (58.3%) 6,409 (49.2%) 18,898 (62.2%) 1.04 (0.98-1.10) 1.01 (0.95-1.08) 1.01 (0.95-1.07)
Female 18,096 (41.7%) 6,625 (50.8%) 11,471 (37.8%) 1.12 (1.05-1.20)* 1.02 (0.96-1.10) 1.02 (0.95-1.09)
Age
<30 5,753 (13.3%) 635 (4.9%) 5,118 (16.8%) 1.13 (0.95-1.34) 1.16 (0.97-1.39) 1.19 (0.99-1.43)
30-39 10,708 (24.7%) 1,746 (13.4%) 8,962 (29.5%) 1.09 (0.98-1.21) 1.10 (0.99-1.23) 1.11 (0.99-1.24)
40-49 10,475 (24.1%) 3,070 (23.6%) 7,405 (24.4%) 1.05 (0.96-1.14) 1.06 (0.97-1.16) 1.04 (0.95-1.15)
50-59 9,464 (21.8%) 3,746 (28.7%) 5,718 (18.8%) 0.91 (0.94-0.99)" 0.92 (0.85-1.01) 0.92 (0.84-1.00)
>60 7,010 (16.1%) 3,839 (29.4%) 3,171 (10.4%) 0.98 (0.89-1.08) 0.96 (0.87-1.06) 0.96 (0.87-1.06)
BMI
<185 1,710 (4.2%) 372 (3.1%) 1,338 (4.7%) 1.10 (0.87-1.39) 1,03 (0.80-1.33) 0.99 (0.76-1.29)
18.5-23 16,370 (40.2%) 4,693 (37.7%) 11,777 (41.3%) 1.13 (1.05-1.21)* 1.06 (0.98-1.14) 1.06 (0.98-1.14)
23-27.5 18,059 (44.4%) 5,753 (47.2%) 12,306 (43.2%) 1,02 (0.96-1.09) 0.98 (0.92-1.05) 097 (0.90-1.04)
>27.5 4,557 (11.2%) 1,464 (12.0%) 3,093 (10.8%) 1.06 (0.94-1.20) 1.03 (0.90-1.18) 1.05 (0.92-1.21)

Model 1: unadjusted; Model 2: adjusted for gender, age, BMI, SP, and DP; Model 3: Model 2 + adjusted for TCH, TG, LDL, and HDL.

TN, thyroid nodule; Cl, confidence interval; BMI, body mass index; SP, systolic pressure; DP, diastolic pressure; TCH, total cholesterol; TG, triglyceride; LDL, low-density lipoprotein; HDL,

high-density lipoprotein.
*P value is considered statistically significant.
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Characteristics

Samples, n
Women, n
Age, years
BMI, kg/m®

SP, mmHg

DP, mmHg
TCH, mmol/L
TG, mmol/L
LDL-C, mmol/L
HDL-C, mmol/L
14 C-urea breath test, n (+)

Total

43,411
18,096
45.68 + 14.08
23.60 + 3.25
126.37 + 18.23
76.82 + 11.95
4.65 + 0.90
161 +1.41
268 +0.79
1.38 +0.38
17,697

TN types

13,036
6,625
52.64 + 14.04
23.85 +3.17
129.99 + 19.61
77.82 + 12.00
4.76 + 0.95
164 +1.48
2.76 + 0.82
1.40 + 0.39
5,461

Controls

30,375
11,471
42.69 + 13.00
23.50 + 3.27
124.81+17.38
76.39 + 11.91
4.60 +0.88
1.59 +1.38
2.65+0.77
137 +0.38
12,236

P

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.002

TN, thyroid nodule; BMI, body mass index; SP, systolic pressure; DP, diastolic pressure; TCH, total cholesterol; TG, triglyceride; LDL, low-density lipoprotein; HDL, high-density

lipoprotein.





