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Background: Cardiovascular disease significantly impacts human health. The development of carotid plaques elevates the risk of cardiovascular disease, while the influence of Helicobacter pylori (H. pylori) on carotid plaques remains a subject of debate. This study aimed to investigate the association between H. pylori infection and carotid plaque using a cohort study.



Methods: The study included individuals who underwent multiple physical examinations at the Health Examination Center of Taizhou Hospital. The relationship between H. pylori and carotid plaque was explored using multifactorial logistic regression analysis. Participants were categorized into groups based on their H. pylori infection status at the initial and final examinations, comprising persistent infection, persistent negative, new infection, and eradication infection, to analyze variations in carotid plaque prevalence among these groups.



Results: In both univariate and multifactorial regression analyses, H. pylori was identified as a risk factor for carotid plaque development. Moreover, when compared to the persistent negative group, both the new infection and persistent infection groups showed a notable increase in the risk of carotid plaque. Additionally, individuals in the persistent infection group exhibited higher blood pressure and blood glucose levels than those in the persistent negative group. Likewise, there was a discrepancy in the impact of insulin resistance on carotid plaque between the H. pylori positive and negative groups.



Conclusion: H. pylori is a risk factor for carotid plaque, with a long-term infection associated with an increased risk of carotid plaque formation. In addition, H. pylori promoting carotid plaque formation may be related to blood pressure, blood glucose, and insulin resistance.
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1 Introduction

Helicobacter pylori (H. pylori) infection is a global public health issue with a higher prevalence in developing countries (1). H. pylori attaches to the host gastric epithelium through various adhesins, secretes multiple virulence factors, modulates cell signaling, and induces an inflammatory response (2). This infection can cause localized inflammation of the gastric mucosa, resulting in digestive disorders, atrophic gastritis, gastric cancer, and related illnesses (3–5). Nowadays, more and more studies focus on studying the impact of H. pylori on extragastric diseases, including liver, respiratory system, diabetes, hematologic, and cardiovascular diseases (6–8).

Atherosclerosis, a chronic inflammatory condition, presents a significant risk to human health (9). It can lead to diffuse intimal thickening, arterial calcification, and the development of vulnerable plaques prone to rupture, ultimately culminating in the complete occlusion of the vessel wall (10). Carotid intima-media thickness (IMT) and carotid plaque are important references for the assessment of atherosclerosis (11). The composition and stability of carotid plaques are important danger factors for acute cardiovascular and cerebrovascular events (12). The process of atherosclerosis involves vascular inflammation, immune response, thrombosis and other mechanisms (13). H. pylori stimulates the release of cytotoxin-associated gene A (CagA), leading to the promotion of atherosclerosis and plaque formation via immune responses and inflammatory reactions (14, 15). Additionally, insulin resistance (IR) significantly influences atherosclerosis progression, and H. pylori infection may worsen this impact (16, 17). Triglyceride glucose (TyG) index is surrogate for IR and is increasingly being used in cardiovascular disease (18, 19).

While there is mounting concern regarding the connection between H. pylori and cardiovascular disease, the relationship with carotid plaque remains contentious (14, 20, 21). Most studies have employed cross-sectional methodologies to investigate the correlation between H. pylori and carotid plaque. In this research, we carried out a comprehensive cohort study to investigate the relevance of H. pylori in carotid plaque development within a Chinese medical examination population.



2 Materials and methods


2.1 Study population

This study included individuals who underwent medical check-ups at the Taizhou Hospital Medical Examination Center from 2017 to 2022. Participants with complete clinical information, such as age, gender, smoking, drinking, laboratory parameters, urea breath test results, blood pressure, and neck ultrasound data, were required for the study population. Laboratory parameters assessed comprised fasting blood glucose (FBG), glycated hemoglobin A1c (HbA1c), triglyceride (TG), low-density lipoprotein (LDL), total cholesterol (TC), high-density lipoprotein (HDL). Exclusion criteria identified patients with current pregnancy, a history of gastrointestinal surgery, thyroid disorders, malignancies, or insufficient clinical data. Each participant underwent multiple medical check-ups, spaced six months apart from the first to the last assessment. The study included a total of 5,994 individuals for follow-up analysis.



2.2 Carotid plaque measurement

All participants underwent ultrasound examinations of the bilateral common carotid arteries, carotid bifurcations, and internal carotid arteries using a 7–12 MHz scanning frequency B-mode ultrasound machine (Sonos 5,500; Agilent, Santa Clara, CA). Subjects adopted a low occipital supine posture, tilting their heads backward and leaning towards the unexamined side to adequately reveal the neck. A skilled sonographer used a ultrasound device to assess the IMT in the neck vessels. Plaques were identified as regions where the IMT exceeded 50% of the surrounding areas (22).



2.3 Clinical indicators collection

Following an overnight fasting period of 8 h, blood was drawn from participants to measure laboratory parameters including TC, HDL, LDL, TG, FBG, and HbA1c. Both laboratory tests and ultrasounds were carried out on the same day. Adequately trained nurses initially gathered the participants’ age, gender, smoking and drinking history, and personal medical history before assessing the sitting diastolic blood pressure (DBP) and systolic blood pressure (SBP). The formula to compute the TyG index is ln [TG (mg/dl) × FBG (mg/dl)/2] (23).



2.4 Test for H. pylori

H. pylori was detected by 13C or 14C urease breath tests (24). The procedure for the 13C breath test involved collecting the initial breath sample under fasting conditions, followed by ingestion of a 13C urea capsule. After a 30 min period, another breath sample was obtained and both samples were analyzed using the instrumentation. In the 14C breath test, the steps included consuming a 14C urea capsule, adding water, waiting 15 min, gently blowing air through the conduit for 1–3 min, and analyzing the results by inserting the gas collection card into the detector.



2.5 Statistical analysis

Continuous variables that followed a normal distribution were assessed using the t-test, while variables deviating from normality were evaluated using the Mann–Whitney test. A chi-squared analysis was conducted for the categorical data. Multivariate logistic regression was used to examine the relationship between H. pylori and carotid plaque. Furthermore, restricted cubic spline (RCS) analysis was also used to investigate the linear or nonlinear relationship between the TyG index and carotid plaque, with nodes placed at the 10th, 50th, and 90th percentiles. Data analysis was conducted using R software (version 4.1.3), and statistical significance was determined at a two-sided P-value < 0.05.




3 Results


3.1 Baseline characteristics

This cohort study included a total of 5,994 healthy check-ups with a mean age of 50.7 years and a mean follow-up of 1.67 years. Of all participants, 1,948 (32.5%) were female and 4,046 (67.5%) were male, with a 42.6% rate of H. pylori infection at first physical examination. The clinical characteristics of all individuals were shown in Table 1.


TABLE 1 Baseline characteristics of all physical examination populations.
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3.2 Univariate analysis of risk factors for carotid plaque

In univariate analysis, H. pylori was associated with an increased risk of carotid plaque formation (OR = 1.21, P = 0.001). In addition, male, age >60, smoking, drinking, TC, LDL, DBP, SBP, FBG, and HbA1c were also important risk factors for carotid plaque (Figure 1A). The correlation of each risk factor was shown in Figure 1B.


[image: Figure 1]
FIGURE 1
(A) Univariate analysis of risk factors for carotid plaque. (B) Correlation of various risk factors.




3.3 Multivariate logistic regression analysis of H. pylori and carotid plaque

To control for the influence of confounder, multiple regression analyses were performed for smoking, drinking, blood pressure, lipids, and glucose, in addition to sex and age, respectively. In all covariate adjusted multivariable regression models, H. pylori remained a notable risk factor for carotid plaque (Table 2).


TABLE 2 Multivariate logistic regression analysis of the relationship between H. pylori and carotid plaque.

[image: Table 2]



3.4 The longitudinal association between H. pylori and carotid plaque

The groups were categorized as persistent infection, persistent negative, new infection, and eradicated infection based on H. pylori status at the initial and final physical examinations. Changes in H. pylori infection status from the first to the last examination were observed during the follow-up, as depicted in Figure 2A. The risk of carotid plaque was significantly higher in the new infection and persistent infection groups compared to the persistent negative group (Figures 2B–D).


[image: Figure 2]
FIGURE 2
(A) Changes in the status of first and last H. pylori infections. (B) Difference in carotid artery prevalence between persistent infection and persistent negative. (C) Difference in carotid artery prevalence between eradication infection and persistent negative. (D) Difference in carotid artery prevalence between new infection and persistent negative.




3.5 Differences between persistent negative and persistent infection groups

We further analyzed the differences of other clinical variables between the persistent positive and negative groups. Within the persistent infection group, SBP, FBG, and HbA1c showed noteworthy increases compared to the persistent negative group, whereas no significant differences were detected in blood lipids (Figure 3).
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FIGURE 3
Differences in TC, LDL, DBP, SBP, FBG, HbA1c between persistent infection and persistent negative groups. (A) Differences in TC. (B) Differences in LDL. (C) Differences in DBP. (D) Differences in SBP. (E) Differences in FBG. (F) Differences in HbA1c.




3.6 The role of TyG index in carotid plaque

Differences in TyG index were found in H. pylori negative and positive groups (Figure 4A). In the H. pylori negative group, following adjustments for factors such as sex and age, the RCS model displayed a nonlinear relationship between the TyG index and carotid plaque (P = 0.013), as depicted in Figure 4B. In the H. pylori positive group, the RCS model showed no nonlinear relationship between the TyG index and carotid plaque (P = 0.732), Figure 4C; the risk of carotid plaque significantly increased with higher TyG index.
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FIGURE 4
(A) Differences in TyG index between H. pylori positive and negative groups. (B) Non-linear relationship between TyG index and carotid plaque in H. pylori negative group. (C) Non-linear relationship between TyG index and carotid plaque in H. pylori positive group.





4 Discussion

Cardiovascular disease stands as the leading cause of mortality globally, with a rising incidence annually observed in both developed and developing nations (25, 26). Atherosclerosis serves as the fundamental pathological mechanism underlying cardiovascular disease, wherein carotid plaque represents a manifestation of this condition (27). It has been reported that infectious diseases may also be associated with the development of atherosclerosis (28, 29). To date, an increasing body of research has substantiated the significant correlation between H. pylori infection and cardiovascular events (30). In individuals diagnosed with acute coronary syndrome, H. pylori serum positivity is directly related to the short-term incidence of adverse cardiovascular events (31). Furthermore, research has shown that H. pylori infection can increase the risk of cardiovascular events by 3 to 4 times; nevertheless, eradicating H. pylori does not diminish the risk of cardiovascular events (32). Carotid plaque is a significant risk factor for cardiovascular events; however, the association between H. pylori and carotid plaques is still a topic of debate. In individuals under 50 years old, H. pylori infection may increase the risk of carotid atherosclerosis (33). Conversely, in a separate study of 14,588 healthy individuals, no link was established between H. pylori and heightened carotid intima thickness (34). Across multiple studies, H. pylori infection consistently correlated with increased CIMT (35, 36). Yet, most of the above studies, which were performed as cross-sectional studies, lacked evidence that long-term H. pylori infection affects carotid plaque. In our study, H. pylori infection, male, age >60, smoking, drinking, TC, LDL, DBP, SBP, FBG, and HbA1c were confirmed as significant risk factors for carotid plaque by univariate analysis. After controlling for confounding factors, our study revealed that H. pylori posed a risk factor for the development of carotid plaque formation through multivariate logistic regression analysis. Moreover, our cohort study provided additional confirmation that long-term H. pylori infection was associated with an increased risk of carotid plaque formation.

Long-term atherosclerosis leads to chronic accumulation of occlusive plaque in blood vessels, which eventually leads to narrowing of blood vessels (37). Previous studies have confirmed the involvement of LDL, TC and other lipids in the formation of atherosclerosis, which was consistent with our study (38, 39). H. pylori infection can affect lipid metabolism through various mechanisms (40, 41). Nonetheless, the mechanism by which H. pylori induces carotid plaque has not been clarified. In our study, we observed long-term H. pylori infection, which did not significantly impact the changes in LDL and TC levels. However, the persistent effect of H. pylori infection may result in alterations in blood pressure and blood glucose levels, potentially contributing to the development of hypertension and diabetes. Several research have reported that H. pylori can induce chronic inflammatory and immune response in the gastrointestinal tract and that some inflammatory cells such as leptin and tumor necrosis factor alpha (TNF-α) are involved in this inflammatory and immune response (42, 43). High levels of TNF-α and low levels of leptin can increase IR (17, 44). Abnormalities in the secretion of these associated hormones can further affect diabetes susceptibility (45). Similarly, various pro-inflammatory and inflammatory mediator release perturbations can induce endothelial dysfunction, which leads to arterial blockage, resulting in arterial hypertension and artery-related disease (46, 47). In addition, IR is considered to be one of the hazard factors for atherosclerosis (48). The TyG index, as a surrogate for IR, has been increasingly studied to confirm the association with carotid plaque (49, 50). In our study, differences were found in the effect of IR on carotid plaque between groups with and without H. pylori, suggesting a potential role of H. pylori in modulating the influence of IR on carotid plaque development. Therefore, we speculate that H. pylori is more likely to induce carotid plaque formation by influencing systemic inflammation and immune response rather than by affecting lipid changes.

Our cohort study confirmed the association between long-term H. pylori infection and an increased risk of carotid plaque. Nevertheless, the study exhibits several limitations. Firstly, it was conducted at a single center, suggesting a need for a multicenter longitudinal study to bolster the findings. Secondly, ultrasound is highly sensitive to carotid plaque, but there is no further grading of carotid plaque severity. Thirdly, despite employing various adjustment methods for confounding factors, the study may still be influenced by unaccounted potential variables. Fourthly, while the new infection group had a higher risk of carotid plaque compared to the persistent negative group, the exact duration of infection in the new infection group was unclear and might require more evidence to confirm this finding. Furthermore, the precise mechanism through which H. pylori impacts carotid plaque formation requires deeper investigation.



5 Conclusion

H. pylori is a risk factor for carotid plaque, with a long-term infection associated with an increased risk of carotid plaque formation. Moreover, the pathway by which H. pylori infection contributes to carotid plaque formation might be linked to blood pressure, blood sugar levels, and IR. Eliminating H. pylori could carry significant benefits for cardiovascular disease prevention.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

This research has been approved by the Ethics Committee of Taizhou Hospital (K20220790). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

YC: Conceptualization, Formal Analysis, Writing – original draft. BN: Formal Analysis, Methodology, Writing – original draft. CY: Investigation, Writing – original draft, Writing – review & editing. JP: Conceptualization, Methodology, Writing – original draft, Writing – review & editing. JZ: Conceptualization, Formal Analysis, Methodology, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

The authors thank the hospital staff for their contribution to the data collection.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Hooi JKY, Lai WY, Ng WK, Suen MMY, Underwood FE, Tanyingoh D, et al. Global prevalence of Helicobacter pylori infection: systematic review and meta-analysis. Gastroenterology. (2017) 153(2):420–9. doi: 10.1053/j.gastro.2017.04.022

2. Keilberg D, Ottemann KM. How Helicobacter pylori senses, targets and interacts with the gastric epithelium. Environ Microbiol. (2016) 18(3):791–806. doi: 10.1111/1462-2920.13222

3. White JR, Winter JA, Robinson K. Differential inflammatory response to Helicobacter pylori infection: etiology and clinical outcomes. J Inflamm Res. (2015) 8:137–47. doi: 10.2147/JIR.S64888

4. Papatheodoridis GV, Sougioultzis S, Archimandritis AJ. Effects of Helicobacter pylori and nonsteroidal anti-inflammatory drugs on peptic ulcer disease: a systematic review. Clin Gastroenterol Hepatol. (2006) 4(2):130–42. doi: 10.1016/j.cgh.2005.10.006

5. Alipour M. Molecular mechanism of Helicobacter pylori-induced gastric cancer. J Gastrointest Cancer. (2021) 52(1):23–30. doi: 10.1007/s12029-020-00518-5

6. Abdel-Razik A, Mousa N, Shabana W, Refaey M, Elhelaly R, Elzehery R, et al. Helicobacter pylori and non-alcoholic fatty liver disease: a new enigma? Helicobacter. (2018) 23(6):e12537. doi: 10.1111/hel.12537

7. Pellicano R, Ianiro G, Fagoonee S, Settanni CR, Gasbarrini A. Review: extragastric diseases and Helicobacter pylori. Helicobacter. (2020) 25(1):e12741. doi: 10.1111/hel.12741

8. Zuo ZT, Ma Y, Sun Y, Bai CQ, Ling CH, Yuan FL. The protective effects of Helicobacter pylori infection on allergic asthma. Int Arch Allergy Immunol. (2021) 182(1):53–64. doi: 10.1159/000508330

9. Zhu Y, Xian X, Wang Z, Bi Y, Chen Q, Han X, et al. Research progress on the relationship between atherosclerosis and inflammation. Biomolecules. (2018) 8(3). doi: 10.3390/biom8030080

10. Ziegler T, Abdel Rahman F, Jurisch V, Kupatt C. Atherosclerosis and the capillary network; pathophysiology and potential therapeutic strategies. Cells. (2019) 9(1). doi: 10.3390/cells9010050

11. Cao JJ, Arnold AM, Manolio TA, Polak JF, Psaty BM, Hirsch CH, et al. Association of carotid artery intima-media thickness, plaques, and C-reactive protein with future cardiovascular disease and all-cause mortality: the cardiovascular health study. Circulation. (2007) 116(1):32–8. doi: 10.1161/CIRCULATIONAHA.106.645606

12. Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-Brentano C, et al. 2019 ESC guidelines for the diagnosis and management of chronic coronary syndromes. Eur Heart J. (2020) 41(3):407–77. doi: 10.1093/eurheartj/ehz425

13. Falk E. Pathogenesis of atherosclerosis. J Am Coll Cardiol. (2006) 47(8 Suppl):C7–12. doi: 10.1016/j.jacc.2005.09.068

14. Jamkhande PG, Gattani SG, Farhat SA. Helicobacter pylori and cardiovascular complications: a mechanism based review on role of Helicobacter pylori in cardiovascular diseases. Integr Med Res. (2016) 5(4):244–9. doi: 10.1016/j.imr.2016.05.005

15. Mladenova I. Helicobacter pylori and cardiovascular disease: update 2019. Minerva Cardioangiol. (2019) 67(5):425–32. doi: 10.23736/S0026-4725.19.04986-7

16. Beverly JK, Budoff MJ. Atherosclerosis: pathophysiology of insulin resistance, hyperglycemia, hyperlipidemia, and inflammation. J Diabetes. (2020) 12(2):102–4. doi: 10.1111/1753-0407.12970

17. Azami M, Baradaran HR, Dehghanbanadaki H, Kohnepoushi P, Saed L, Moradkhani A, et al. Association of Helicobacter pylori infection with the risk of metabolic syndrome and insulin resistance: an updated systematic review and meta-analysis. Diabetol Metab Syndr. (2021) 13(1):145. doi: 10.1186/s13098-021-00765-x

18. Lopez-Jaramillo P, Gomez-Arbelaez D, Martinez-Bello D, Abat MEM, Alhabib KF, Avezum Á, et al. Association of the triglyceride glucose index as a measure of insulin resistance with mortality and cardiovascular disease in populations from five continents (PURE study): a prospective cohort study. Lancet Healthy Longev. (2023) 4(1):e23–33. doi: 10.1016/S2666-7568(22)00247-1

19. da Silva A, Caldas APS, Hermsdorff HHM, Bersch-Ferreira Â C, Torreglosa CR, Weber B, et al. Triglyceride-glucose index is associated with symptomatic coronary artery disease in patients in secondary care. Cardiovasc Diabetol. (2019) 18(1):89. doi: 10.1186/s12933-019-0893-2

20. Danesh J, Peto R. Risk factors for coronary heart disease and infection with Helicobacter pylori: meta-analysis of 18 studies. Br Med J. (1998) 316(7138):1130–2. doi: 10.1136/bmj.316.7138.1130

21. Saijo Y, Utsugi M, Yoshioka E, Horikawa N, Sato T, Gong Y, et al. Relationship of Helicobacter pylori infection to arterial stiffness in Japanese subjects. Hypertens Res. (2005) 28(4):283–92. doi: 10.1291/hypres.28.283

22. Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N, et al. Mannheim carotid intima-media thickness and plaque consensus (2004–2006–2011). An update on behalf of the advisory board of the 3rd, 4th and 5th watching the risk symposia, at the 13th, 15th and 20th European Stroke Conferences, Mannheim, Germany, 2004, Brussels, Belgium, 2006, and Hamburg, Germany, 2011. Cerebrovasc Dis. (2012) 34(4):290–6. doi: 10.1159/000343145

23. Guerrero-Romero F, Simental-Mendía LE, González-Ortiz M, Martínez-Abundis E, Ramos-Zavala MG, Hernández-González SO, et al. The product of triglycerides and glucose, a simple measure of insulin sensitivity. Comparison with the euglycemic-hyperinsulinemic clamp. J Clin Endocrinol Metab. (2010) 95(7):3347–51. doi: 10.1210/jc.2010-0288

24. Fischbach W, Malfertheiner P. Helicobacter Pylori infection. Dtsch Arztebl Int. (2018) 115(25):429–36. doi: 10.3238/arztebl.2018.0429

25. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al. Global burden of cardiovascular diseases and risk factors, 1990–2019: update from the GBD 2019 study. J Am Coll Cardiol. (2020) 76(25):2982–3021. doi: 10.1016/j.jacc.2020.11.010

26. Mensah GA, Roth GA, Fuster V. The global burden of cardiovascular diseases and risk factors: 2020 and beyond. J Am Coll Cardiol. (2019) 74(20):2529–32. doi: 10.1016/j.jacc.2019.10.009

27. Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, Bittencourt MS, et al. Heart disease and stroke statistics-2022 update: a report from the American Heart Association. Circulation. (2022) 145(8):e153–639. doi: 10.1161/CIR.0000000000001052

28. Jonsson AL, Bäckhed F. Role of gut microbiota in atherosclerosis. Nat Rev Cardiol. (2017) 14(2):79–87. doi: 10.1038/nrcardio.2016.183

29. Wiedermann CJ, Kiechl S, Dunzendorfer S, Schratzberger P, Egger G, Oberhollenzer F, et al. Association of endotoxemia with carotid atherosclerosis and cardiovascular disease: prospective results from the Bruneck Study. J Am Coll Cardiol. (1999) 34(7):1975–81. doi: 10.1016/S0735-1097(99)00448-9

30. Jiang J, Chen Y, Shi J, Song C, Zhang J, Wang K. Population attributable burden of Helicobacter pylori-related gastric cancer, coronary heart disease, and ischemic stroke in China. Eur J Clin Microbiol Infect Dis. (2017) 36(2):199–212. doi: 10.1007/s10096-016-2810-x

31. Eskandarian R, Ghorbani R, Shiyasi M, Momeni B, Hajifathalian K, Madani M. Prognostic role of Helicobacter pylori infection in acute coronary syndrome: a prospective cohort study. Cardiovasc J Afr. (2012) 23(3):131–5. doi: 10.5830/CVJA-2011-016

32. Nam SY, Ryu KH, Park BJ, Park S. Effects of Helicobacter pylori infection and its eradication on lipid profiles and cardiovascular diseases. Helicobacter. (2015) 20(2):125–32. doi: 10.1111/hel.12182

33. Zhang L, Chen Z, Xia X, Chi J, Li H, Liu X, et al. Helicobacter pylori infection selectively increases the risk for carotid atherosclerosis in young males. Atherosclerosis. (2019) 291:71–7. doi: 10.1016/j.atherosclerosis.2019.10.005

34. Feng Y, Zhou W, Luo L, Xu W. Helicobacter pylori infection is not related to increased carotid intima-media thickness in general population. Sci Rep. (2018) 8(1):14180. doi: 10.1038/s41598-018-32465-4

35. Shan J, Bai X, Han L, Yuan Y, Yang J, Sun X. Association between atherosclerosis and gastric biomarkers concerning Helicobacter pylori infection in a Chinese healthy population. Exp Gerontol. (2018) 112:97–102. doi: 10.1016/j.exger.2018.09.009

36. Rožanković PB, Huzjan AL, Cupić H, Benčić IJ, Bašić S, Demarin V. Influence of CagA-positive Helicobacter pylori strains on atherosclerotic carotid disease. J Neurol. (2011) 258(5):753–61. doi: 10.1007/s00415-010-5824-9

37. Wolf D, Ley K. Immunity and inflammation in atherosclerosis. Circ Res. (2019) 124(2):315–27. doi: 10.1161/CIRCRESAHA.118.313591

38. Pan Z, Guo H, Wang Q, Tian S, Zhang X, Li C, et al. Relationship between subclasses low-density lipoprotein and carotid plaque. Transl Neurosci. (2022) 13(1):30–7. doi: 10.1515/tnsci-2022-0210

39. Wu Z, Li X, Wen Q, Tao B, Qiu B, Zhang Q, et al. Serum LDL-C/HDL-C ratio and the risk of carotid plaques: a longitudinal study. BMC Cardiovasc Disord. (2022) 22(1):501. doi: 10.1186/s12872-022-02942-w

40. Rahman MA, Cope MB, Sarker SA, Garvey WT, Chaudhury HS, Khaled MA. Helicobacter pylori infection and inflammation: implication for the pathophysiology of diabetes and coronary heart disease in Asian Indians. J Life Sci. (2009) 1(1):45–50. doi: 10.1080/09751270.2009.11885133

41. Kim HL, Jeon HH, Park IY, Choi JM, Kang JS, Min KW. Helicobacter pylori infection is associated with elevated low density lipoprotein cholesterol levels in elderly Koreans. J Korean Med Sci. (2011) 26(5):654–8. doi: 10.3346/jkms.2011.26.5.654

42. Ali A, AlHussaini KI. Helicobacter pylori: a contemporary perspective on pathogenesis, diagnosis and treatment strategies. Microorganisms. (2024) 12(1). doi: 10.3390/microorganisms12010222

43. Kronsteiner B, Bassaganya-Riera J, Philipson C, Viladomiu M, Carbo A, Abedi V, et al. Systems-wide analyses of mucosal immune responses to Helicobacter pylori at the interface between pathogenicity and symbiosis. Gut Microbes. (2016) 7(1):3–21. doi: 10.1080/19490976.2015.1116673

44. Li M, Chi X, Wang Y, Setrerrahmane S, Xie W, Xu H. Trends in insulin resistance: insights into mechanisms and therapeutic strategy. Signal Transduct Target Ther. (2022) 7(1):216. doi: 10.1038/s41392-022-01073-0

45. Jeffery PL, McGuckin MA, Linden SK. Endocrine impact of Helicobacter pylori: focus on ghrelin and ghrelin o-acyltransferase. World J Gastroenterol. (2011) 17(10):1249–60. doi: 10.3748/wjg.v17.i10.1249

46. Vallianou NG, Geladari E, Kounatidis D. Microbiome and hypertension: where are we now? J Cardiovasc Med. (2020) 21(2):83–8. doi: 10.2459/JCM.0000000000000900

47. Xia X, Zhang L, Chi J, Li H, Liu X, Hu T, et al. Helicobacter pylori infection impairs endothelial function through an exosome-mediated mechanism. J Am Heart Assoc. (2020) 9(6):e014120. doi: 10.1161/JAHA.119.014120

48. Di Pino A, DeFronzo RA. Insulin resistance and atherosclerosis: implications for insulin-sensitizing agents. Endocr Rev. (2019) 40(6):1447–67. doi: 10.1210/er.2018-00141

49. Wang A, Li Y, Zhou L, Liu K, Li S, Song B, et al. Triglyceride-glucose index is related to carotid plaque and its stability in nondiabetic adults: a cross-sectional study. Front Neurol. (2022) 13:823611. doi: 10.3389/fneur.2022.823611

50. Lu YK, Dong J, Li YL, Liu YH, Hu LK, Chu X, et al. Association between insulin resistance and incidence of carotid atherosclerotic plaque: a cohort study. Nutr Metab Cardiovasc Dis. (2022) 32(4):981–93. doi: 10.1016/j.numecd.2022.01.011



OPS/images/fcvm-11-1476435-g001.jpg
Male (%)

H.pylor (+)

Ll B LR

Odds ratio






OPS/images/fcvm-11-1476435-g003.jpg
Fausol3997)= 1017, p =

foua(3987) 22880, =0.004

Perse pegere

Crt o Ly
Haylor

et

e pegune

g i
Hpylori

et

Pt piion Perssetsegane
et Ly
pylori

Laa(3997)= 3713, p = 2078604

Pt picion P pegure
Rt Crin
Hapylori

taaa(3997)=4.167,p - 3151605

HbAt

o

o )
Haylort

e

e





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Long-term Helicobacter pylori infection is associated with an increased risk of carotid plaque formation: a retrospective cohort study

		1 Introduction



		2 Materials and methods



		2.1 Study population



		2.2 Carotid plaque measurement



		2.3 Clinical indicators collection



		2.4 Test for H. pylori



		2.5 Statistical analysis











		3 Results



		3.1 Baseline characteristics



		3.2 Univariate analysis of risk factors for carotid plaque



		3.3 Multivariate logistic regression analysis of H. pylori and carotid plaque



		3.4 The longitudinal association between H. pylori and carotid plaque



		3.5 Differences between persistent negative and persistent infection groups



		3.6 The role of TyG index in carotid plaque











		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Long-term Helicobacter pylori

infection is associated with an

increased risk of carotid plaque
formation: a retrospective cohort study





OPS/images/fcvm-11-1476435-g002.jpg
SEREEEEEEN]

100520087

o Il e
@ en

=129 w-219)

i

H

]

IEERERERE]

meiiear p-om

0T, geare





OPS/images/fcvm-11-1476435-g004.jpg
H.pylori negative

Witann-whiney = 4.260€+06, p =0.045

WG index

H.pylori positive

0dd Rato G5%CI)

H.pylori negative H.pylori positive
n= 3.3‘) ‘(’rr- 2,555)
H.pylori










OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





OPS/images/fcvm-11-1476435-t002.jpg
OR (95% CI)

Model 1 1.16 (1.03-1.31) 0018
Model 2 115 (1.02-1.30) 0026
Model 3 1.17 (1.03-1.31) 0014
Model 4 1.16 (1.03-1.31) 0017
Model 5 1.14 (1.01-1.29) 0037
Model 6 1.14 (1.01-1.30) 0036

Model 1 was adjusted for age, sex.
Model 2 was adjusted for age, sex, smoke, drink.

Model 3 was adjusted for age, ses, TC, LDL.

Model 4 was adjusted for age, sex, DBP, SBP.

Model 5 was adjusted for age, sex, FBG, HbAlc.

Model 6 was adjusted for age, sex, smoke, drink, TC, LDL, DBP, SBP, FBG, HbAlc.





OPS/images/fcvm-11-1476435-t001.jpg
Variables
Gender (n, %)

H. pylori-negative (n = 3,439)

H. pylori-positive (n = 2,555)

P value

Female

1,154 (33.6)

794 (31.1)

Male

2,285 (66.4)

1,761 (68.9)

Age (years)

50.22+0.18

5130021

Smoke (n, %)

No

2,422 (704)

1,719 (67.3)

Yes

1,017 (29.6)

836 (32.7)

Drink (1, %)

No

2,518 (732)

1,851 (72.4)

Yes

821 (268)

704 (27.6)

Triglycerides (mmol/L)

195+ 165

200171

Total cholesterol (mmol/L)

5.06+0.96

5.060.95

High density lipoprotein (mmol/L)

1.40 £ 030

1.38+0.28

Low density lipoprotein (mmol/L)

271:072

2.690.69

Diastolic blood pressure (mmHg)

7726 +11.70

7745+ 1152

Systolic blood pressure (mmHg)

127.98 +17.47

128.48+17.71

Fasting blood glucose (mmol/L)

543147

549154

Glycated hemoglobin Alc (%)

5.88+0.89

593094

Carotid plaque (n, %)

No

2,456 (714)

1,723 (67.4)

Yes

983 (28.6)

832 (32.6)






