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Objective

Current evidence on the associations between plasma thyroid stimulating hormone and Helicobacter pylori infection is conflicting. Therefore, our study aimed to examine TSH in relation to H. pylori infection.



Methods

Based on the US National Health and Nutrition Examination Survey (NHANES) 1999-2000, a cross-sectional study was conducted with 948 participants aged 30 to 85 years. The associations between H. pylori seropositivity and TSH were evaluated using binary logistic regression models. A subgroup analysis stratified by sex, age, and body mass index was conducted.



Results

A higher serum TSH level was found in subjects with H. pylori seropositive than in subjects with H. pylori seronegative. A significant positive association was found between H. pylori seropositivity and TSH with increasing quartiles of hormonal levels in univariate regression models (Q4 vs Q1: OR = 1.659; 95% CI, 1.152-2.389) and in multivariate regression models (Q4 vs Q1: OR = 1.604; 95% CI, 1.087-2.367). In stratified analyses, the adjusted association of serum TSH with H. pylori seropositivity was statistically significant in male (Q4 vs Q1: OR = 1.894; 95% CI, 1.109-3.235), normal BMI (Q4 vs Q1: OR = 1.894; 95% CI, 1.109-3.235), overweight (Q4 vs Q1: OR = 2.124; 95% CI, 1.047-4.308);, obese (Q4 vs Q1: OR = 0.429; 95% CI, 0.220-0.837), and age over 60 years (Q4 vs Q1: OR = 1.999; 95% CI, 1.118-3.575).



Conclusion

High TSH levels were associated with H. pylori infection, especially among male, overweight and elderly adults.
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1 Introduction

Helicobacter pylori, a gastric pathogen infecting more than half of the world’s population, which leads to chronic inflammation of the gastric mucosa (1). H. pylori infection has been associated with many gastric diseases, including chronic gastritis, peptic ulcers, gastric cancer, and mucosa-associated lymphoid tissue lymphoma (2). Furthermore, H. pylori infection has been proven to be associated with many extra-gastric diseases, such as autoimmune thyroid diseases, metabolic, neurological, and cardiovascular diseases (3–8).

A high level of thyroid stimulating hormone can negatively affect metabolic health in the euthyroid state (9). Previous studies have examined the role of H. pylori in thyroid disease (10). Silva et al. found that H. pylori Infection is associated with thyroid dysfunction in children with congenital hypothyroidism (11). Bugdaci et al. found that patients with hypothyroidism could not be achieved normal thyrotropin levels despite treatment with high doses of thyroxine under the condition of H. pylori infection (12). In addition, the association between H. pylori infection and treatment-refractory hypothyroidism has been proven (13, 14). TSH reflects both hypothyroidism and subclinical hyperthyroidism as a sensitive marker of thyroid function (15).However, the relationship between H. pylori infection and plasma TSH in the general population is limited and controversial (16–19).

In this study, we evaluated the association between H. pylori seroprevalence and plasma TSH level based on data from the 1999–2000 National Health and Nutrition Examination Survey (NHANES). Previous studies have reported that age (20), sex (21), race (22, 23), BMI (24), waist circumference (25), household size (26), education level (27), smoking behavior (25), alcohol behavior (28)and serum C-reactive protein (29) may were associated with H. pylori infection, so this study includes these variables for analysis.



2 Materials and methods


2.1 Study design

NHANES is a representative survey of the general US population, providing a wide range of information about the health and nutrition of the general population, and utilizing a complex, multistage, and probability sampling design to provide information about nutrition and health for the general US population (30, 31). Study data were collected from the US National Health and Nutrition Examination Survey (NHANES) 1999–2000. Because participants of this cycle included both H. pylori infection and plasma thyroid stimulating hormone data.



2.2 Sample size

Sample size was calculated assuming the following parameters: alpha error = 0.05, power = 80%, expected effect size: odds ratio (OR) = 1.5 (for the TSH as a risk factor), prevalence of H. pylori (outcome) = 0.50. A total of 150 participants were needed in the study. Considering the influence of other confounding factors, we expand the sample size as much as possible.



2.3 Study participants, inclusion criteria and exclusion criteria

In NHANES 1999–2000 cycle, 9965 subjects participated. After excluding subjects without information on laboratory and demographic variables, individuals with thyroid disease and those taking thyroid medications (32). 948 subjects were finally included for analyses. The sample selection flow chart is presented in Figure 1.




Figure 1 | The sample selection flow chart.





2.4 Helicobacter pylori status

NHANES assessed H. pylori exposure by IgG antibody detection using an enzyme-linked immunoassay(ELISA) (33). Raw IgG results were not published as part of the NHANES datasets. The sensitivity, specificity, and reproducibility of ELISA were comparable to other serological tests for antibodies, such as immunofluorescence, complement fixation, hemagglutination, and radioimmunoassays (34, 35). Standard ELISA cut-offs were used to categorize participants into seropositive (optical density (OD) value ≥1.1) or seronegative (OD value <0.9) to H. pylori (36). Equivocal values (0.9–1.1) were excluded to prevent misleading statistical outcomes in this study (31).



2.5 Thyroid stimulating hormone

In this study, the dependent variable was H. pylori seropositivity, and the targeted independent variable was plasma thyroid stimulating hormone(TSH). The measurements of TSH were determined by the IMx ultrasensitive hTSH II microparticle enzyme immunoassay technique (37). serum TSH were obtained from the NHANES laboratory data files. Thyroid medications were identified in the prescription drug medication document.



2.6 Covariates

In this study, we added several covariates based on previous studies (31, 35, 36, 38), finally including age, sex, race, BMI, waist circumference, household size, education level, smoking behavior, alcohol behavior and serum C reactive protein. For covariates, sex, race, educational level, BMI, household size, education level, alcohol behavior and smoking behavior were used as categorical variables; age, waist circumference and serum C reactive protein were used as continuous variables. More detailed information on H. pylori seropositivity, serum TSH, and the covariates is publicly available at http://www.cdc.gov/nchs/nhanes/.



2.7 Statistical analyses

Continuous variables are presented as mean ± SD, and categorical variables are reported as numbers and percentages (15). The baseline characteristics among the different groups were compared using Chi-square test, Student’s t test, and Fisher’s exact test, as appropriate (15). The TSH levels were stratified into quartiles (Q1 to Q4). Subsequently, logistic regression models were used to assess the independent association between H. pylori seropositivity and TSH levels. In model 1, we adjusted no factors. In model 2, we adjusted age, sex, and BMI. Model 3 was additionally adjusted for race, educational level and household size. Differences with P < 0.05 were considered statistically significant. Finally, we stratified the above analyses by potential effect modifiers, including age groups, sex and BMI. In addition, the regression analyses were reported as ORs and 95% CIs. All statistical analyses were performed using SPSS version 26.




3 Results


3.1 Characteristics of included subjects

A total of 948 subjects were included in final analyses, of which 508 (53.59%) subjects were H. pylori seropositive and 440 (46.41%) subjects were H. pylori seronegative. In these two groups, age, race, household size, educational level and TSH were significantly different (P < 0.05). Compared with H. pylori seronegative individuals, patients with H. pylori seropositive had higher TSH levels (mean TSH, 2.02 IU/L vs 1.96 IU/L). More details are presented in Table 1 and Figure 2.


Table 1 | Weighted characteristics of included subjects.






Figure 2 | Levels of plasma thyroid stimulating hormone (TSH) in patients with H. pylori seropositive (Hp+) and H. pylori seronegative (Hp-).





3.2 Association between H. pylori Seropositivity and TSH


3.2.1 Multiple regression model

Three weighted univariate and multivariate regression models were constructed: model 1, unadjusted; model 2, age, sex, and BMI that were adjusted; and model 3, covariates presented in Table 2 that were adjusted. In the unadjusted model, a significant positive association was found between H. pylori seropositivity and TSH with increasing quartiles of hormonal levels (Q4 vs Q1: OR = 1.659; 95% CI, 1.152-2.389; P=0.006). Furthermore, this association still existed after adjusting for confounding factors in the model 2 (Q4 vs Q1: OR = 1.794; 95% CI, 1.236-2.605; P=0.002) and model 3 (Q4 vs Q1: OR = 1.604; 95% CI, 1.087-2.367; P=0.017). Details are presented in Table 2.


Table 2 | Association of thyroid stimulating hormone level with Helicobacter pylori seropositivity.





3.2.2 Subgroup analyses

In the subgroup analyses stratified by sex, a positive association was observed between the H. pylori seropositivity and TSH in male (Q4 vs Q1: OR = 1.894; 95% CI, 1.109-3.235; P=0.019). However, this association disappeared after adjusting for confounding factors in the multivariate regression model (Q4 vs Q1: OR = 1.659; 95% CI, 0.942-2.920; P=0.080). The TSH was not related to H. pylori seropositivity in female. Details are presented in Table 3.


Table 3 | Association of thyroid stimulating hormone level with Helicobacter pylori seropositivity based on subgroup of sex.



In the subgroup analyses stratified by BMI categories, a positive association was found between H. pylori seropositivity and TSH among normal (Q4 vs Q1: OR = 1.894; 95% CI, 1.109-3.235; P=0.019) and overweight (Q4 vs Q1: OR = 2.124; 95% CI, 1.047-4.308; P=0.037) subjects in model 2. However, a negative association was found between H. pylori seropositivity and TSH among obese subjects in model 2 (Q4 vs Q1: OR = 0.468; 95% CI, 0.248-0.886; P=0.020) and model 3 (Q4 vs Q1: OR = 0.429; 95% CI, 0.220-0.837; P=0.013). No statistically significant association was shown in any other model. Details are presented in Table 4.


Table 4 | Association of thyroid stimulating hormone level with Helicobacter pylori seropositivity based on subgroup of BMI.



In the subgroup analyses stratified by age, a positive association was observed between the H. pylori seropositivity and TSH among subjects aged over 60 years (Q4 vs Q1: OR = 1.999; 95% CI, 1.118-3.575; P=0.020); however, the TSH was not related to H. pylori seropositivity in other groups. Details are presented in Table 5.


Table 5 | Association of thyroid stimulating hormone level with Helicobacter pylori seropositivity based on subgroup of age.







4 Discussion

In this study, we conducted observational association analyses between TSH and H. pylori infection in the NHANES 1999-2000 dataset. To the best of our knowledge, this study is the first to demonstrate that high TSH levels might be significantly induce an increased risk of H. pylori infection using the data from NHANES. NHANES is characterized by a rigorous sampling design from the national population of the United States, high-quality research measurement, and detailed quality control procedures (31).

The results of this study suggest that there is a positive relationship between H. pylori seropositivity and TSH. In stratified analyses, the adjusted association of serum TSH with H. pylori seropositivity was statistically significant in male not female, and age over 60 years. Different TSH levels represent different thyroid function. NHANES documents provide a normal TSH reference range of 0.34-5.6mIU/L according to manufacturer guidelines (39).

Houston Consensus on H. pylori infection stated that H. pylori testing be considered in patients treated with medications whose absorption is known to be impacted by infection, such as thyroxin (40). Therefore, there must be a correlation between H. pylori infection and thyroid function. The mechanism by which high TSH increases the risk of H. pylori infection remains to be elucidated in detail. Based on the evidence available to date, it was reported that half-emptying time for liquids correlated with TSH level (r = 0.83, P < 0.0001) in type 1 diabetic patients (41). A review was also reported that TSH influence gastrointestinal function (42). We can speculate that low gastric motility may in relation to TSH level, which may lead to the gastric environment favorable to the colonization by H. pylori (43). Such changes could involve the microbiota imbalance in gastric mucosa. Zhang et al. has reported that remodeling of the gut microbiota structure could inhibit the occurrence of gastric antral inflammation and promote gastric motility (44).In addition, current data has clarified the association of obesity with GI motility disorders, which due to the decrease of ghrelin and imbalance of gut microbiota and gut-brain axis (45), all above may be an explanation of a negative association between H. pylori seropositivity and TSH levels in obese subjects, its own gastric motility disorder exceeds that caused by high TSH, which thus weakening the risk of TSH in H. pylori infection.

It was found that no significant differences in serum levels of TSH between lean and overweight/obese subjects (46). A mendelian randomization study has provided no evidence for a clinically relevant association between H. pylori and BMI/obesity (47). This was consistent with our results. The longer history of using birth control pills was strongly associated with hypothyroidism, especially for more than 10 years (39). Indeed, this may be an explanation of no significant association between H. pylori seropositivity and TSH levels in female. Due to the feature of NHANES database, this study failed to include data on contraceptive use, the persuasion of correlation between H. pylori seropositivity and TSH levels in female cohort was weak. Previous study has found that H. pylori seropositivity rates were higher in subjects with four or more household members (48, 49). This was consistent with our finding. The above results can prove that our cohort population has universal H. pylori epidemic characteristics, and the research results obtained under this cohort have strong persuasiveness. Overall, the current available data are limited, and further mechanistic studies are still necessary.

However, there are limitations to our studies. First, the data used in this study are not current because the date of serum TSH levels and H. pylori seropositivity is only provided in NHANES 1999-2000. Second, this study was designed as a cross-sectional study, which did not allow us to determine the causality between TSH levels and H. pylori seropositivity. Third, the bias caused by other potential confounding factors that did not be adjusted in this study, such as hypertension and diabetes, which may affect the results. At last, supplementing T3, T4 and serum iodine data may be more persuasive but the data is unavailable in this cycle.



5 Conclusion

In conclusion, circulating TSH levels were associated with the risk of H. pylori infection, especially among male, overweight and elderly adults. These people should focus on H. pylori screening because H. pylori is closely related to gastric cancer.
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