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Background: The effect of Helicobacter pylori (H. pylori) on nonalcoholic fatty liver disease (NAFLD) in the population is still controversial. Diabetes and NAFLD are both metabolically related diseases, and no studies have classified the population to study the effect of H. pylori infection on NAFLD in diabetics.

Methods: A population of people who were examined in the Taizhou Hospital Health Examination Center from 2017 to 2022 was included, and hematological indicators, body parameters, ultrasound data, and H. pylori detection by urea nitrogen test were collected from patients. All physical examination populations were divided into diabetic and non-diabetic populations.

Results: After multivariate logistic regression, H. pylori infection remained an independent risk factor for NAFLD in diabetics, but it had no significant effect on NAFLD in non-diabetic population. Additionally, there was a nonlinear relationship between glycosylated hemoglobin and H. pylori infection in diabetic population. Moreover, the incidence of NAFLD in diabetics increased with persistent H. pylori infection.

Conclusion: In the diabetic population, H. pylori infection does increase the risk of developing NAFLD. Glycemic control and eradication of H. pylori infection may have positive implications for reducing the incidence of NAFLD in diabetic population.
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1. Introduction

Helicobacter pylori (H. pylori) is a Gram-negative spirochete pathogen that infects approximately half of adults population (1). The prevalence rate of H. pylori infection varies widely across the globe, with infection rates in Asia ranging from approximately 50–65% (2). As one of the most common infections in humans, H. pylori plays a major role in the development and progression of peptic ulcers, gastric mucosa-associated lymphomas and gastric cancers (3). Increasing evidence shows that H. pylori infection is linked to many extragastric diseases, such as liver disease, hematologic, respirator, cardiovascular and metabolism-related diseases (4, 5).

Non-alcoholic fatty liver disease (NAFLD) is becoming a leading cause of chronic liver diseases, with a 25–45% global prevalence, and is characterized by a wide range of liver conditions from steatosis to non-alcoholic steatohepatitis (NASH), cirrhosis and liver cancer. NAFLD has long been considered a manifestation of metabolic syndrome in the liver, but now there is growing evidence linking it to obesity, diabetes and insulin resistance (6–9).

Nowadays, the scientific community is increasingly interested in the relationship between NAFLD and H. pylori in humans (4, 10). However, it is controversial whether H. pylori infection contributes to the increased risk of NAFLD. Some studies suggest that H. pylori infection may have an impact on the development of NAFLD, possibly by increasing insulin resistance (IR), inflammatory mediator release and affecting lipid metabolism, while the eradication of H. pylori may play a role in reducing the risk of NAFLD (11–16). In contrast, in recent studies, many people have raised different opinions, there were two cross-sectional studies incorporating 21,456 and 71,633 healthy Chinese population found that H. pylori infection was not listed as a risk factor for NAFLD, besides, another observational study found no association between H. pylori infection and diagnosis of NAFLD in a Central European cohort (17–20). The reason for the different conclusions may be the lack of classification of the population. Some literatures have mentioned that H. pylori contributes to the pathogenesis of IR, a condition is closely related to NAFLD and diabetes (15, 21). In addition, diabetes and NAFLD are both metabolic syndromes, and they affect each other (22–25).

In this study, we conducted a cross-sectional survey and cohort investigation to examine whether H. pylori infection contributes to NAFLD risk in the diabetic population in China. Thus, we further examined the effect of H. pylori infection on NAFLD in the diabetic setting and explored the association between H. pylori infection, diabetes mellitus and NAFLD.



2. Materials and methods


2.1. Study population

The participants in this study were the people who went to Taizhou Hospital Health Examination Center for physical examination from June 2017 to June 2022. Patients with complete clinical information, such as age, gender, laboratory indices, and blood pressure, were required for the study population. All people underwent a urea nitrogen breath test, as well as liver ultrasound. Laboratory indicators include total cholesterol (TC), triglyceride (TG), low-density lipoprotein (LDL), high-density lipoprotein (HDL), alanine aminotransferase (ALT), aspartate transaminase (AST), gamma-glutamyl transpeptidase (GGT), glycated hemoglobin A1c (HbA1c) and fasting blood glucose (FBG). People with viral hepatitis, alcoholic liver disease, autoimmune liver disease, or with thyroid function problems, history of malignancy and incomplete clinical information were excluded. In total, 52,032 people were included in the study for analysis. People with diabetes mellitus who have been treated with oral medicine, FBG ≥ 7.0 mmol/l, and HbA1c ≥ 6.5% were defined as diabetic population, including 7,190 patients with diabetes. In addition, 778 of these diabetic patients who underwent multiple physical examinations (interval between physical examinations > 6 months) were categorized as H. pylori persistent negative, persistent infection, eradicated infection, and new infection according to their H. pylori infection status at the first and last physical examinations, respectively. This study was approved by the Ethics Committee of Taizhou Hospital (K20220790).



2.2. Collection of clinical indicators

The Health Management Center nurses measured and recorded the age, gender and blood pressure of the population. The venous blood of the patients was collected in the morning on an empty stomach for laboratory testing. Laboratory indicators, including TG, TC, HDL, LDL, ALT, AST, GGT, and FBG, were determined by automatic biochemical analyzer. The patient’s HbA1c level was measured by the glycosylated hemoglobin analyzer.



2.3. Detection of Helicobacter pylori

Helicobacter pylori was examined for physical examination population through 13C or 14C urease test. The process of 13C breath test is performed as follows: (a) collect a breath sample after 3 h of fasting; (b) take 13C urea capsule with warm water; (c) wait for 30 min; (d) blow to the special breath card to take the breath sample after taking the medicine; (e) analyze two samples on the instrument. The process of 14C breath test is as follows: (a) take 14C urea capsule and add water to take it; (b) Wait for 20 min; (c) exhale to the gas gathering card for 1–3 min; (d) insert the gas gathering card into the detector for detection.



2.4. Definition of NAFLD

Nonalcoholic fatty liver disease was defined as hepatic steatosis diagnosed by imaging or histology after excluding viral hepatitis, excessive drinking, autoimmune liver disease and hereditary liver disease (26). Ultrasonography was performed by at least two experienced ultrasound doctors who were unaware of the purpose of the study. The patient was positioned supine with the abdomen fully exposed, and the patient’s abdominal organs were examined by the ultrasound probe. The diagnostic criteria of hepatic steatosis under ultrasound were: diffuse enhancement of near-field echoes in the liver (“bright liver”) with stronger echoes than in the kidneys; indistinct intrahepatic ductal structures; and gradual attenuation of far-field echoes in the liver (13). Those who have 2 of the above 3 abdominal ultrasound findings can be diagnosed as fatty liver.



2.5. Definition of hypertension and dyslipidemia

Hypertension was defined as a systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg. TC [≥ 240 mg/dl (6.20 mmol/l)], TG [>200 mg/dl (2.25 mmol/l)], HDL [<40 mg/dl (1.03 mmol/l)], LDL [>160 mg/dl (4.13 mmol/l)], meeting one of the above were defined as dyslipidemia (27).



2.6. Statistical analysis

In this study, continuous variables were expressed as mean ± standard deviation (SD) using t-test. Categorical variables were expressed as counts and percentages using chi-square test. Multivariate logistic regression was used to analyze the relationship between Helicobacter pylori infection and NAFLD after adjusting for confounding factors, and the odds ratio (OR) and 95% confidence interval (CI) were calculated. The generalized additive model (GAM) was used to investigate the potential nonlinear relationship between HbA1c and H. pylori infection. All statistical analyses were conducted using R (4.1.3) software, and p < 0.05 were considered statistically significant.




3. Result


3.1. Baseline characteristics

Baseline characteristics of all physical examination populations were shown in Table 1. Among the 52,032 participants, 19,755 (38.0%) were female and 32,277 (62.0%) were male. Men had a higher rate of H. pylori infection, 63.0% vs. 61.4%. People with diabetes had a higher rate of H. pylori infection, 14.4% vs. 13.5%, as well as higher H. pylori infection among people with NAFLD, 21.6% vs. 20.6%.



TABLE 1 Baseline characteristics of all physical examination populations.
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3.2. Risk factors for NAFLD In diabetic and non-diabetic populations

To further investigate the relationship of H. pylori infection on the development of NAFLD in different populations, a subgroup analysis of risk factors for NAFLD was carried out in diabetic and non-diabetic populations using univariate analysis. The baseline characteristics of NAFLD population in the non-diabetic group were shown in Table 2. In the NAFLD population, the proportion of male patients increased significantly, 79.5% vs. 56.5%. However, no significant correlation was seen between H. pylori infection and NAFLD (p = 0.205). Table 3 showed the baseline characteristics of NAFLD in the diabetic population. Among patients with NAFLD, there were statistical differences between gender, age, lipids, blood liver enzymes, blood glucose, blood pressure, and H. pylori infection versus non-NAFLD patients. The differences in H. pylori infection among different populations in people with NAFLD were shown in Figure 1.



TABLE 2 The baseline characteristics of NAFLD population in the non-diabetic group.
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TABLE 3 Baseline characteristics of the NAFLD population in the diabetic group.
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FIGURE 1
 Relationship between Helicobacter pylori infection and nonalcoholic fatty liver disease (NAFLD) in different populations. (A) All populations. (B) Non-diabetic populations. (C) Diabetic populations.




3.3. Effect of Helicobacter pylori infection on NAFLD

In the diabetic population, univariate logistic regression analysis showed an increased risk of NAFLD due to H. pylori (OR = 1.12, 95%CI: 1.02–1.23), as shown in Figure 2. In addition, gender, age, dyslipidemia, blood liver enzymes, hypertension, and FBG were all risk factors for NAFLD (p < 0.05). In order to control the influence of confounding factors, in addition to gender and age, dyslipidemia, hypertension, FBG and blood liver enzymes were adjusted, respectively. Helicobacter pylori infection was still a risk factor for NAFLD, Table 4.

[image: Figure 2]

FIGURE 2
 Univariate analysis of NAFLD risk factors in diabetes population.




TABLE 4 Relationship between H. pylori infection and NAFLD in different regression models.
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3.4. Effect of HbA1c on Helicobacter pylori infection

We further explored the effect of HbA1c on H. pylori infection in diabetic patients. In curve fitting, we found a nonlinear relationship between HbA1c and H. pylori infection, Figure 3. After adjusting the sex and age, the impact of HbA1c on H. pylori infection was analyzed by using two-stage linear regression, Table 5. When HbA1c did not reach the threshold of 10.8%, the risk of H. pylori infection increased with elevated HbA1c (OR = 1.13, p < 0.001), but after reaching the threshold, the HP infection rate decreased with the increase of HbA1c (OR = 0.83, p = 0.013).

[image: Figure 3]

FIGURE 3
 After adjustment for confounding factors (age, sex), a smoothed curve fit was used to show a non-linear correlation between HbA1c and H. pylori infection.




TABLE 5 No-linear relationship between H. pylori infection and HbA1c.
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3.5. Association between Helicobacter pylori infection status and NAFLD

Of the 778 diabetic patients, 460 (59.1%) patients did not have NAFLD on first physical examination. The incidence of NAFLD was 13.2% in the persistent negative group, 23.0% in the persistent positive group, 17.2% in the eradicated infection group, and 17.0% in the new infection group. The incidence of NAFLD was significantly lower in the persistent negative group compared to the persistent infection group (p = 0.031); the incidence of NAFLD in the new infection and eradicated infection groups was significantly lower compared with the persistent positive group, but non-statistically significant difference was found (p > 0.05), as shown in Figure 4.

[image: Figure 4]

FIGURE 4
 Effect of different H. pylori infection status on the development of NAFLD. (A) Persistent infection group compared with persistent negative group. (B) Eradicated infection group compared with persistent infection group. (C) New infection group compared with persistent infection group.





4. Discussion

Nonalcoholic fatty liver disease is a metabolic disease that can manifest as simple fatty liver in its early stages, but as the disease progresses, it can manifest as steatohepatitis, cirrhosis, and even liver cancer (28). The pathogenesis of NAFLD may be related to genetic and environmental, as well as metabolic factors, and some studies have suggested an association between NAFLD and H. pylori infection in recent years (29, 30). Several studies have found that H. pylori upregulates the expression of various inflammatory factors, including C-reactive protein, tumor necrosis factor, various interleukins, and promotes insulin resistance levels (10, 31). In addition, H. pylori infection may increase intestinal permeability, cause intestinal microbial disorders, and promote the entry of bacterial toxins into the liver, thus leading to chronic inflammation of liver (12, 32, 33).

However, the relationship between NAFLD and H. pylori infection remains controversial. In addition, there are no studies that classify populations according to the presence or absence of diabetes to exclude effect of diabetes on NAFLD in H. pylori infection status. Our study, in a large sample population, confirmed the relationship between NAFLD and H. pylori infection. However, due to the fact that conditions such as insulin resistance and genetic susceptibility in the diabetic population differ from those in the non-diabetic population, there may be differences in the role of H. pylori infection on NAFLD, so we studied diabetic patients separately. In the non-diabetic population, H. pylori infection did not significantly contribute to NAFLD. However, we found a statistically significant association between H. pylori infection and NAFLD in the diabetic population. After adjusting for multiple confounders in multifactorial logistic regression, H. pylori infection remained an independent risk factor for the development of NAFLD. Moreover, we found a significant relationship between H. pylori infection and HbA1c in diabetic patients, with or without adjustment for confounding factors, which was consistent with previous studies (34, 35). However, there was a threshold effect between HbA1c and H. pylori infection, which may not be mentioned in other studies. At HbA1c < 10.8%, the risk of H. pylori infection increased with increasing HbA1c. However, when HbA1c > 10.8%, the rate of H. pylori infection decreased instead. This could mean that prolonged poor glycemic control leads to changes in the gastrointestinal flora, as well as the intestinal mucosal barrier, and that other intestinal microorganisms are more likely to cause infection than H. pylori (36, 37). Therefore, the control of blood glucose in diabetic patients is still of positive significance for reducing H. pylori infection. However, this still needs to be validated in depth by prospective cohort studies. Furthermore, as confirmed by our cohort study, persistent H. pylori infection significantly increases the incidence of NAFLD. Eradicating H. pylori infection in diabetic population may have positive implications for reducing the incidence of NAFLD.

Previously, lifestyle changes and diet control were the main treatment options for NAFLD. For the past few years, a variety of drugs such as anti-diabetic drugs, anti-obesity drugs, and antioxidants have been investigated for the treatment of NAFLD as well as NASH (38, 39). These drugs focus on regulating metabolic dysregulation; however, the complex pathogenesis of NAFLD and the important role of immune-mediated inflammation in NAFLD development may lead to the failure of many drug candidates to achieve the expected efficacy at the late stage of the trial (38, 40). Therefore, testing for H. pylori infection and treating it before treating NAFLD may have some positive implications for subsequent drug therapy.

Our study confirms that H. pylori infection plays an independent role in the development of NAFLD in diabetic population. This may be the first time that the effect of H. pylori infection on NAFLD has been studied in a large diabetic population. In addition, we explore the nonlinear relationship of HbA1c to H. pylori infection in a diabetic population. The survey, however, still has several limitations. First of all, this is a single-center study with its own limitations. Multicenter, longitudinal studies may be needed to provide more robust evidence. Second, the diagnosis of NAFLD is mainly based on ultrasonography and lacks confirmation by liver biopsy data (41). However, due to the high sensitivity and specificity of ultrasonography for the diagnosis of steatohepatitis, this test is widely used in clinical practice (42). In addition, the invasive nature of liver puncture makes it inappropriate for such a large sample of people undergoing physical examination. Finally, although some methods are being used to adjust for confounding factors, there may still be a potential influence of other factors.



5. Conclusion

Helicobacter pylori infection is an independent risk factor for NAFLD in diabetic population. In addition, long-term H. pylori infection may increase the incidence of NAFLD. Controlling glycemia and eradicating H. pylori infection in diabetic population may benefit to reduce the incidence of NAFLD.
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