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The relationship between peptic ulcer and cardiovascular disease in elderly population: a study on mortality and disease development
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Background: Peptic ulcer (PU) and cardiovascular disease (CVD) are significant chronic illnesses, particularly in the elderly. This study investigates the relationship between PU and CVD in older adults and the impact on mortality risk.

Methods: This study was conducted utilizing data from a nationwide health survey of the elderly in China. Kaplan–Meier curves and log-rank tests were applied in survival analysis to evaluate mortality differences between the groups. Stratified models were applied to evaluate the effects of factors.

Results: This study included 3,636 participants. CVD was significantly associated with an increased PU risk (OR = 1.31, 95%CI 1.03–1.66, p = 0.04), while PU had no significant effect on CVD incidence (OR = 1.08, 95%CI 0.77–1.51, p = 0.64). Mortality risk was significantly higher in the CVD group (HR = 1.22, 95%CI 1.03–1.45, p = 0.02) compared to the non-comorbid group. No significant difference in mortality was observed between the PU-only and combined PU-CVD groups. Stratified analysis identified advanced age (≥75 years) (HR = 1.45, 95%CI 1.06–1.87, p < 0.01) and male gender (HR = 1.29, 95%CI 1.05–1.62, p < 0.01) as significant mortality risk factors among PU patients.

Conclusion: PU does not have a significant impact on overall mortality or the prognosis of CVD patients. CVD was a risk factor for PU, but PU did not significantly increase CVD risk. A higher mortality risk was observed in older and male PU patients. These findings suggest the need for gender-sensitive and age-stratified management strategies for PU in high-risk groups.
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GRAPHICAL ABSTRACT



1 Introduction

Peptic ulcer (PU) and cardiovascular disease (CVD) are significant chronic illnesses, especially among the elderly, due to their comorbidity and combined impact on mortality (1). PU involves the formation of ulcers in the mucosal lining of the digestive tract, particularly in the lower esophagus, stomach, or duodenum, which may extend through the mucosal layer into the underlying submucosal tissues (2). PU affects around 4 million people annually, with a global lifetime prevalence of 5–10%. The incidence varies from 0.3 to 0.9 per thousand individuals annually (3), while around 54,000 hospitalizations annually in the U.S. are linked to PU bleeding (4). In mainland China, precise national PU prevalence is unknown, though a 2007 Shanghai survey with 1,022 participants found gastric ulcers in 6.07% and duodenal ulcers in 13.31% (5). Key risk factors for PU include Helicobacter pylori (H. pylori) infection, nonsteroidal anti-inflammatory drugs (NSAIDs) use, aging, smoking and alcohol (3). Age increases PU risk and complications (6, 7). Despite treatment options like acid suppressants, H. pylori eradication, lifestyle changes, and NSAIDs management, PU leads to around 10,000 deaths in the United States annually (4). Consequently, PU continues to be a critical health concern, especially for the elderly.

CVD stands as one of the most challenging global public health burdens, encompassing a range of complex pathological conditions resulting from cardiac and circulatory dysfunction. The clinical manifestations of CVD encompass arrhythmias, heart failure, coronary heart disease and stroke (8, 9). Annually, CVD accounts for approximately 17.9 million deaths, and its global incidence has doubled over the past two decades (10), representing one-third of total global mortality (11). In China, CVD remains the primary contributor to both mortality and premature death (12), contributing to 40% of the national mortality rate (13). The burden of CVD is particularly significant among the elderly population (14), often accompanied by comorbidities and risk factors such as obesity, hypertension, diabetes, dyslipidemia, and smoking (15).

Previous studies have demonstrated a multidimensional interaction between PU and CVD, including drug-induced damage, overlapping risk factors, and inflammatory pathway synergy. In patients with CVD, antiplatelet drugs such as aspirin elevate the risk of developing PU. Smoking and advanced age are common risk factors for both PU and CVD. Helicobacter pylori infection, a common cause of PU, is positively correlated with CVD through virulence factors (16), and its eradication reduces CVD risk (17). The pathophysiological mechanisms of both diseases may involve shared pathways of oxidative stress and immune modulation (18, 19). While the relationship between PU and CVD is complex, the precise link between the two and the influence of comorbidities on mortality remains unclear. Some studies suggest that PU increases CVD risk through systemic inflammation and endothelial dysfunction, with a UK Biobank study of 330,751 individuals showing higher CVD incidence among PU patients (19). However, other research indicates that PU may have a protective role or negligible impact on CVD prognosis. A meta-analysis of 230,288 patients found that HP infection slightly increases cardiovascular risk, far less than earlier studies suggested (16). These inconsistencies highlight the need for further research to clarify the interaction between these diseases. This study uses data from the Chinese Longitudinal Healthy Longevity Survey (CLHLS) database spanning from 2008 to 2018 to explore the relationship between PU and CVD, with a focus on mortality impact and the potential modifying role of demographic and clinical factors.



2 Methods


2.1 Study design

The study utilized data from the CLHLS, a nationwide cohort of older adults in China, aimed at identifying determinants of healthy longevity among those aged 79 and above, and 65–79. The CLHLS is conducted in 23 of China’s 31 provinces, covering 85.0% of the population. Data are collected through home interviews with participants, carried out by trained interviewers in randomly selected counties and cities (20). The study adheres to the Declaration of Helsinki and has received approval from the Peking University Ethics Committee (IRB00001052-13074). All participants provided informed consent. We analyzed follow-up data from four time points: 2008, 2011, 2014, and 2018. The baseline survey in 2008 included 16,954 respondents, who were then followed up at the three subsequent time points.

Participants were required to meet the following inclusion criteria: (1) baseline age between 65 and 79 years, and (2) complete diagnostic information on PU and CVD at both baseline and follow-up assessments. The exclusion criteria were as follows: (1) loss to follow-up, and (2) missing critical information at baseline or during follow-up assessments, including demographic data, health behaviors, or comorbid conditions (Figure 1).



2.2 Diagnostic of PU and CVD

The primary outcomes of this study are survival data and the incidence of PU and CVD. PU includes gastric and duodenal ulcers, while CVD comprises heart disease, stroke, and cerebrovascular diseases. The identification of PU and CVD is based on responses to question G14 of the CLHLS questionnaire, ‘Do you currently have any of the following chronic diseases?’ To minimize reporting bias, we used a stratified diagnostic approach: (1) individuals indicating both ‘disease present’ and ‘hospital-diagnosed’ are classified as suspected cases; (2) persistent reporting of the condition in subsequent follow-ups is required for confirmation, otherwise, they are excluded from the confirmed group; (3) cases reported only once during follow-up without supporting data are provisionally classified as diseased.

Additional covariates include demographic and health factors. Demographic factors encompass sex, age, body mass index (BMI), ethnicity (Han or others), education years, marital status, income, residential area (urban or rural), and living arrangement (with or without family). Health variables include self-reported health status, quality of life, smoking, alcohol use, physical activity, and medical conditions such as hypertension, diabetes, cancer, and arthritis.



2.3 Survival data and censoring

This study obtained mortality information through multiple sources to ensure data reliability. First, statutory death registration data provided by local health authorities were integrated, which included household deregistration records and death certificates issued by medical institutions. Second, a dynamic monitoring system was established, where trained research teams conducted regular home visits to track participants’ survival status in real time. In cases without official death records, a standardized tracing procedure was implemented by verifying information through interviews with the deceased’s immediate family members or informed neighbors. For participants lost to follow-up, structured phone interviews were conducted to confirm survival outcomes. All data were subjected to a three-tier quality control system: (1) cross-referencing original data from multiple sources; (2) automatic screening of logical discrepancies; (3) final review by an independent committee of epidemiologists and clinicians to ensure the validity and reliability of mortality determination.

In this study, participants’ survival data were recorded from the baseline in 2008 until the last follow-up in 2018. For participants lost to follow-up, data were considered right-censored, with the censoring time extending from the baseline interview date to the last available follow-up date. Survival time was defined as the period from baseline to death or censoring.



2.4 Statistical analysis

Descriptive statistics were applied to present the baseline characteristics of the participants. Continuous variables were expressed as mean ± standard deviation (SD), while categorical variables were represented as counts and percentages. Comparisons between groups were performed using ANOVA and chi-square tests. To assess the association between PU and CVD incidence, multivariable logistic regression models were applied, with odds ratios (OR) and 95% confidence intervals (CI) calculated after adjusting for potential confounders.

Stratified analysis and interaction terms were employed to explore subgroup heterogeneity. Kaplan–Meier curves and log-rank test compared survival times, while Cox models calculated hazard ratios (HR) and 95%CI for mortality risk. Multivariable adjustments were made in both logistic and Cox models. Model 1 was the crude model. Model 2 adjusts for key demographic variables. Model 3 further includes health behavior indicators and comorbidity status to control for additional confounding effects. Stratified analyses were performed to evaluate the mortality risk associated with PU across various subpopulations, using sex, age, BMI, arthritis, and CVD status as stratification factors. Subgroup stratification was conducted to further explore potential effect modifiers. BMI was included to distinguish whether the observed association between CVD and PU was independent of nutritional status. Age and sex were selected given their fundamental relevance to both disease prevalence and clinical outcomes. Arthritis was included as a proxy indicator for NSAID exposure, as patients with arthritis commonly use NSAIDs, and direct medication data were not available in the CLHLS database.

All statistical analyses were conducted using SPSS version 26.0 (IBM, Chicago, IL, USA) and R version 4.2.1 (R Foundation for Statistical Computing). A p-value below 0.05 was considered indicative of statistical significance.




3 Results


3.1 Characteristics of study population

A total of 3,636 participants, aged 65–80 years, were included in this study (Table 1), with a median follow-up duration of 8.52 years. The average age of the participants was 70.96 years, with 1,935 males (53.21%) and 1,701 females (46.79%). Among the participants, 93.70% were of Han ethnicity, and more than half had a moderate economic status (71.34%). Over half of the participants had a BMI within the normal range (58.25%). Most participants lived in rural areas (88.14%) and cohabited with family members (85.72%). In terms of lifestyle behaviors, 43.98% of participants had a history of smoking, 37.57% had a history of alcohol consumption, and 39.77% had a habit of physical exercise.


TABLE 1 Baseline characteristics of participants included in the CLHLS cohort from 2008 to 2018.


	Characteristic
	Neither PU nor CVD
	PU only
	CVD only
	PU + CVD
	p-value



	(N = 2,900)
	(N = 167)
	(N = 509)
	(N = 60)
	

 

 	Age


 	Mean (SD) 	72.1 (4.20) 	71.5 (3.85) 	72.4 (4.31) 	71.9 (4.23) 	0.112


 	Median [Min, Max] 	72.0 [65.0, 79.0] 	71.0 [65.0, 79.0] 	73.0 [65.0, 79.0] 	72.0 [65.0, 79.0] 	


 	Sex (male) 	1,566 (54.0%) 	92 (55.1%) 	245 (48.1%) 	32 (53.3%) 	0.101


 	Ethnic (Han Chinese) 	2,702 (93.2%) 	155 (92.8%) 	492 (96.7%) 	58 (96.7%) 	0.094


 	Education


 	Educated 	1,687 (58.2%) 	96 (57.5%) 	325 (63.9%) 	42 (70.0%) 	0.030


 	Illiteracy 	1,213 (41.8%) 	71 (42.5%) 	184 (36.1%) 	18 (30.0%) 	


 	Economic status


 	Excellent 	28 (1.0%) 	1 (0.6%) 	7 (1.4%) 	1 (1.7%) 	0.485


 	Good 	342 (11.8%) 	14 (8.4%) 	60 (11.8%) 	6 (10.0%) 	


 	Average 	2076 (71.6%) 	123 (73.7%) 	359 (70.5%) 	36 (60.0%) 	


 	Poor 	393 (13.6%) 	26 (15.6%) 	69 (13.6%) 	15 (25.0%) 	


 	Very poor 	61 (2.1%) 	3 (1.8%) 	14 (2.8%) 	2 (3.3%) 	


 	Marriage


 	Married (cho.) 	1890 (65.2%) 	110 (65.9%) 	342 (67.2%) 	46 (76.7%) 	0.199


 	Married (sep.) 	98 (3.4%) 	7 (4.2%) 	8 (1.6%) 	1 (1.7%) 	


 	Divorced 	10 (0.3%) 	0 (0%) 	4 (0.8%) 	1 (1.7%) 	


 	Widowed 	866 (29.9%) 	49 (29.3%) 	151 (29.7%) 	12 (20.0%) 	


 	Never married 	36 (1.2%) 	1 (0.6%) 	4 (0.8%) 	0 (0%) 	


 	Birth place


 	Urban 	296 (10.2%) 	22 (13.2%) 	103 (20.2%) 	10 (16.7%) 	<0.001


 	Rural 	2,604 (89.8%) 	145 (86.8%) 	406 (79.8%) 	50 (83.3%) 	


 	Co-residence


 	Living with family 	2,471 (85.2%) 	141 (84.4%) 	451 (88.6%) 	54 (90.0%) 	0.345


 	Living alone 	412 (14.2%) 	26 (15.6%) 	55 (10.8%) 	6 (10.0%) 	


 	Residential care facility 	17 (0.6%) 	0 (0%) 	3 (0.6%) 	0 (0%) 	


 	Self-reported QoL


 	Excellent 	418 (14.4%) 	21 (12.6%) 	74 (14.5%) 	9 (15.0%) 	<0.001


 	Good 	1,270 (43.8%) 	60 (35.9%) 	193 (37.9%) 	17 (28.3%) 	


 	Fair 	1,037 (35.8%) 	75 (44.9%) 	203 (39.9%) 	23 (38.3%) 	


 	Poor 	158 (5.4%) 	10 (6.0%) 	33 (6.5%) 	11 (18.3%) 	


 	Very poor 	17 (0.6%) 	1 (0.6%) 	6 (1.2%) 	0 (0%) 	


 	Self-reported health


 	Excellent 	434 (15.0%) 	18 (10.8%) 	48 (9.4%) 	3 (5.0%) 	<0.001


 	Good 	1,174 (40.5%) 	47 (28.1%) 	121 (23.8%) 	12 (20.0%) 	


 	Fair 	922 (31.8%) 	68 (40.7%) 	166 (32.6%) 	19 (31.7%) 	


 	Poor 	341 (11.8%) 	32 (19.2%) 	155 (30.5%) 	24 (40.0%) 	


 	Very poor 	29 (1.0%) 	2 (1.2%) 	19 (3.7%) 	2 (3.3%) 	


 	Smoking


 	Current 	810 (27.9%) 	49 (29.3%) 	95 (18.7%) 	17 (28.3%) 	<0.001


 	Never 	1,638 (56.5%) 	88 (52.7%) 	283 (55.6%) 	28 (46.7%) 	


 	Former 	452 (15.6%) 	30 (18.0%) 	131 (25.7%) 	15 (25.0%) 	


 	Drinking


 	Current 	713 (24.6%) 	43 (25.7%) 	64 (12.6%) 	12 (20.0%) 	<0.001


 	Never 	1811 (62.4%) 	99 (59.3%) 	326 (64.0%) 	34 (56.7%) 	


 	Former 	376 (13.0%) 	25 (15.0%) 	119 (23.4%) 	14 (23.3%) 	


 	Exercising 	1,105 (38.1%) 	57 (34.1%) 	253 (49.7%) 	31 (51.7%) 	<0.001


 	BMI group


 	<18.5 	548 (18.9%) 	37 (22.2%) 	70 (13.8%) 	9 (15.0%) 	<0.001


 	18.5–23.9 	1732 (59.7%) 	109 (65.3%) 	241 (47.3%) 	36 (60.0%) 	


 	24–27.9 	490 (16.9%) 	19 (11.4%) 	153 (30.1%) 	13 (21.7%) 	


 	>28 	130 (4.5%) 	2 (1.2%) 	45 (8.8%) 	2 (3.3%) 	


 	Base hypertension 	561 (19.3%) 	26 (15.6%) 	252 (49.5%) 	32 (53.3%) 	<0.001


 	Base diabetes 	89 (3.1%) 	4 (2.4%) 	54 (10.6%) 	3 (5.0%) 	<0.001


 	Base cancer 	13 (0.4%) 	1 (0.6%) 	4 (0.8%) 	0 (0%) 	0.720


 	Base arthritis 	659 (22.7%) 	57 (34.1%) 	129 (25.3%) 	31 (51.7%) 	<0.001


 	Follow-up duration


 	Mean (SD) 	7.33 (3.06) 	7.35 (3.01) 	6.69 (3.11) 	7.19 (3.20) 	<0.001


 	Median [Min, Max] 	8.59 [0.00821, 11.1] 	8.79 [0.0192, 11.1] 	6.07 [0.101, 11.1] 	7.92 [0.320, 11.1] 	





CVD, cardiovascular disease; PU, peptic ulcer; QoL, quality of life; SD, standard deviation; Min, minimum; Max, maximum.
 

At baseline, 227 participants were diagnosed with PU, and 569 were diagnosed with CVD. Based on the presence of PU or CVD, the total population was divided into four groups: 2,900 participants (79.76%) with neither PU nor CVD, 167 participants (4.59%) with only PU, 509 participants (14.0%) with only CVD, and 60 participants (1.65%) with both PU and CVD. We found that more CVD patients were from urban areas, while more PU patients were from rural areas, suggesting a potential association between the occurrence of these diseases and regional economic conditions. Regarding lifestyle habits, more CVD patients had a history of smoking, while more PU patients had a history of alcohol consumption, which aligns with the primary risk factors for CVD and PU. The majority of PU and CVD patients did not engage in physical activity, indicating room for improvement in their lifestyles. In terms of health status, PU patients had a lower BMI and poorer self-rated health and quality of life, but they had a longer survival time.

[image: Flowchart of the participant selection process from the Chinese Longitudinal Healthy Longevity Survey, 2008 to 2018. Started with 16,954 people; 8,515 excluded for not being aged 65-79. From 8,439, 2,539 were lost to follow-up, leaving 5,900. Then, 2,264 were excluded for missing data, resulting in 3,636 participants. Participants were grouped by disease status: neither PU nor CVD (2,900), PU only (167), CVD only (509), and PU+CVD (60). Follow-up surveys occurred in 2011, 2014, and 2018. Outcomes assessed included the association between PU and CVD, survival curves, mortality risk, and stratified analysis.]

FIGURE 1
 Methodological flowchart summarizing the study design and procedures of the CLHLS cohort from 2008 to 2018.




3.2 Analysis of the association between PU and CVD

This study systematically analyzed the association between PU and CVD (Figure 2). The results indicated that at baseline, among patients without CVD, those with PU did not show a statistically significant increased risk of developing CVD in the future compared to those without PU (OR = 1.08, 95%CI 0.77–1.49, p = 0.66). This lack of significant difference persisted even after adjustments in multivariable models (Model 2: OR = 1.07, 95% CI 0.77–1.49, p = 0.67; Model 3: OR = 1.08, 95%CI 0.77–1.51, p = 0.64), indicating that PU does not significantly increase the risk of CVD.

[image: Forest plot showing the risk associations across three models. For each model, confidence intervals are plotted for the pathways "PU to CVD" and "CVD to PU". Model 1 shows estimates 1.08 and 1.42 with p-values 0.66 and <0.01, respectively. Model 2 shows estimates 1.07 and 1.28 with p-values 0.67 and 0.04, respectively. Model 3 shows estimates 1.08 and 1.31 with p-values 0.64 and 0.04, respectively. A dashed line at 1.0 indicates neutral risk, with values above suggesting higher risk and values below suggesting lower risk.]

FIGURE 2
 Examination of the relationship between PU and cardiovascular disease CVD. Model 1: crude model; Model 2: adjusted for key demographic variables. Model 3: adjusted for key demographic variables, health behavior indicators, and comorbidity status. CVD, cardiovascular disease; PU, peptic ulcer.


On the other hand, among patients without PU at baseline, CVD was found to be a significant risk factor (OR = 1.42, 95%CI 1.13–1.76, p < 0.01), a finding consistent across multiple models (Model 2: OR = 1.28, 95%CI 1.01–1.60, p = 0.04; Model 3: OR = 1.31, 95%CI 1.03–1.66, p = 0.04). This suggests that CVD is a relatively robust risk factor for the development of PU.

In summary, the study findings suggest that CVD has a significant impact on the occurrence of PU, whereas PU does not significantly affect the risk of developing CVD.



3.3 Analysis of mortality risk

Survival curve analysis of the four patient groups indicated that, compared to those without PU or CVD, patients with CVD experienced higher mortality rates (Figure 3) while no significant increase in mortality was observed in those with PU alone. This suggests that CVD is indeed an important risk factor for mortality, whereas PU does not have a significant impact on death. Notably, PU may serve as a protective factor or have no effect on CVD.

[image: Line plot showing survival curves by group for PU and CVD status over 10 years. Groups: Neither PU nor CVD (red), PU only (green), CVD only (blue), PU+CVD (purple). Survival probability declines over time. P-value is 0.0024. A table below indicates the number at risk for each group at different time points.]

FIGURE 3
 Kaplan–Meier curve of survival probability over time, stratified by PU and CVD status. The solid lines represent the survival curves, and the shaded areas indicate the 95% CIs. Vertical lines denote the transplant-free survival probabilities at 5 and 10 years for each group: participants with neither PU nor CVD (red), PU only (green), CVD only (blue), and both PU and CVD (purple). CVD, cardiovascular disease; PU, peptic ulcer.


Further analysis of mortality risk across different models revealed that, compared to the group with neither PU nor CVD, the mortality risk in the only CVD group remained significantly higher (Model 1: HR = 1.35, 95%CI 1.15–1.58, p < 0.01; Model 2: HR = 1.36, 95%CI 1.16–1.61, p < 0.01; Model 3: HR = 1.22, 95%CI 1.03–1.45, p = 0.02) (Figure 4). However, the mortality risk in the only PU group and the PU with CVD group was not significantly different across all three models. Moreover, the interaction between CVD and PU was negative (p = 0.28). These findings suggest that PU itself does not have a significant effect on mortality, nor does it substantially influence the mortality risk in CVD patients.

[image: Forest plot showing estimates of risk across three models with groups: PU only, CVD only, and PU+CVD. Each estimate has 95% confidence intervals. P-values indicate statistical significance, with some below 0.05. A dashed vertical line at 1 separates low and high risk.]

FIGURE 4
 Evaluation of mortality risk associated with PU and CVD. Model 1: crude model; Model 2: adjusted for key demographic variables. Model 3: adjusted for key demographic variables, health behavior indicators, and comorbidity status. CVD, cardiovascular disease; PU, peptic ulcer.


To further explore the impact of PU on mortality risk across different subgroups, a stratified analysis was conducted based on five factors: BMI, age, sex, CVD status and history of arthritis (Figure 5). The results indicated a significantly increased mortality risk among older adults (Model 3: HR = 1.45, 95%CI 1.06–1.87, p < 0.01) and males (Model 3: HR = 1.29, 95%CI 1.05–1.62, p < 0.01), whereas no significant associations were observed in other strata. These findings suggest that older adults and males may be at higher risk and should be particularly cautious regarding the potential health implications of PU. It is recommended that primary and secondary prevention measures be selectively implemented in these high-risk groups to improve outcomes and benefit patients.

[image: Forest plot comparing adjusted hazard ratios with 95% confidence intervals across three models for various variables: BMI, Age, Arthritis, CVD (cardiovascular disease), and Sex. Model 1 is displayed in green, Model 2 in orange, and Model 3 in purple. Each variable category, like low or high, has a corresponding hazard ratio and confidence interval shown with horizontal bars representing the intervals.]

FIGURE 5
 Stratified analysis of mortality risk associated with PU and CVD across different subgroups. Model 1: crude model; Model 2: adjusted for key demographic variables. Model 3: adjusted for key demographic variables, health behavior indicators, and comorbidity status. CVD, cardiovascular disease; PU, peptic ulcer.





4 Discussion

This study thoroughly explored the relationship between PU and CVD in the elderly population in China. The results indicated that PU does not have a significant impact on overall mortality or the prognosis of CVD patients. Additionally, CVD was found to be a risk factor for the occurrence of PU, while PU was not identified as a significant risk factor for the development of CVD. However, stratified analysis revealed an association between PU and higher mortality risk in older and male populations. These findings suggest that although PU may not be a significant prognostic factor in the general population, it warrants greater attention in high-risk subgroups, highlighting the need for gender-sensitive approaches and age-stratified management strategies for PU.

The study found that PU did not have a significant impact on overall mortality or the prognosis of CVD patients. Research indicates that the burden of PU in China has shown a downward trend (21), primarily due to the nationwide implementation of standardized H. pylori screening and eradication programs. PU patients, having previously experienced ulcers, often become more aware of the risks related to diet and medication, which may explain why PU does not significantly impact overall mortality. Although our study found no significant association between PU and overall mortality in patients with CVD, the potentially fatal nature of PUD should not be overlooked. Acute complications such as bleeding and perforation often carry high short-term mortality. These events may be especially dangerous in CVD patients due to reduced cardiovascular reserve (23), underscoring the need for early recognition and proactive management in high-risk populations.

Furthermore, our study highlights that the impact of PU on mortality varies by sex and age, with males and older adults at a higher risk. This is consistent with a global study on the burden of PU conducted from 1990 to 2009 across 204 countries and regions (23), which revealed that the highest prevalence, mortality, and disability-adjusted life years (DALYs) for PU occurred in the 80–84 and 85+ age groups. In these age groups, the mortality rate increased sharply, likely due to the decline in gastrointestinal mucosal barrier function and impaired repair capacity in elderly individuals, as well as the increased use of NSAIDs due to comorbid chronic conditions (24). Furthermore, our study found that the mortality risk associated with PU is higher in men. This may be due to the protective effect of estrogen on the gastrointestinal mucosa, which promotes increased bicarbonate secretion and enhances phospholipid levels (25). Additionally, men tend to be more exposed to complex risk factors, such as overeating and excessive alcohol intake, which not only further impact their health and mortality but also reflect difficult-to-overcome unhealthy lifestyle habits, particularly under high societal pressure. These factors may contribute to the higher mortality observed in male PU patients.

As a risk factor for PU, CVD may be primarily associated with the widespread use of NSAIDs and antiplatelet drugs in its treatment. NSAIDs decrease prostaglandin synthesis through the inhibition of COX-1/COX-2, resulting in reduced mucosal blood flow, disruption of the mucosal barrier, and impaired epithelial regeneration, while also directly inducing mitochondrial oxidative phosphorylation uncoupling and intestinal cell damage (26, 27). Non-NSAIDs antiplatelet drugs, such as clopidogrel, inhibit platelet-derived growth factor, which hinders ulcer healing (28). Ticagrelor, a commonly used antiplatelet agent, increases bleeding risk via epigenetic mechanisms. GPD2 hypermethylation suppresses ROS production and NF-κB-mediated P2Y12 expression, impairing platelet reactivity and enhancing susceptibility to ticagrelor-associated gastrointestinal bleeding (32). Additionally, impaired neural regulation between the central nervous system and the gastrointestinal tract in patients with cerebral infarction, including stress responses, parasympathetic excitation, and noradrenergic activation, may contribute to mucosal damage and increase the risk of gastrointestinal bleeding (22).

In this study, PU was not found to be a major determinant in the onset of CVD. PU is often associated with CVD through factors such as H. pylori infection, proton pump inhibitors (PPIs) use, smoking, and other harmful lifestyle habits, Certain studies have indicated that H. pylori infection may facilitate the development of atherosclerotic plaques, thereby increasing the risk of CVD (31), while PPIs may increase CVD risk through mechanisms like cellular damage, adverse drug interactions, and disruptions in metabolic processes (26). However, these studies tend to have small sample sizes and limited impact, so their findings may not be broadly applicable. A large-scale study with 23,000 participants and a median follow-up of 6.3 years found that the effect of H. pylori on CVD risk was minimal (27). Additionally, a meta-analysis showed that while PPIs use reduced the risk of gastrointestinal events, it did not significantly increase major cardiovascular adverse events, including cardiovascular-related deaths, all-cause mortality, or nonfatal myocardial infarctions (32). These studies support our finding that PU is not a significant risk factor for CVD, aligning with the results of our research. Furthermore, most existing studies have focused on the role of mediators such as H. pylori and PPIs in the relationship between PU and CVD, with fewer directly examining the connection between PU and CVD itself. This opens up new avenues for future research.

This study boasts several key strengths, such as the inclusion of a large, well-defined cohort derived from the CLHLS, complemented by longitudinal follow-up data extending over a decade. We employed robust multivariable adjustment models and stratified analysis methods, which enhanced the reliability of our findings. The non-significant interaction between PU and CVD (p = 0.28) suggests that their respective effects on mortality are likely independent rather than synergistic. However, this result may be partly attributed to the limited number of participants with both conditions, which reduced the statistical power to detect interaction effects. These insights reinforce the importance of early detection and preventive strategies in high-risk populations and support our recommendation for age-stratified and gender-sensitive management approaches. Our findings emphasize the clinical need for gastrointestinal risk assessment in elderly CVD patients. Targeted prevention and management strategies, especially in older males, may help reduce adverse outcomes and improve clinical outcomes in patients with coexisting cardiovascular and gastrointestinal conditions.

Nonetheless, this study has several limitations. First, it included participants aged 65–79, which may limit the applicability of the findings to older individuals with different risk profiles and health outcomes. Due to lower adherence to endoscopic screening in older age groups, the prevalence of PU in this population may be underestimated. Moreover, the diagnosis of PU was based on self-reported data without endoscopic confirmation, potentially resulting in misclassification. This may lead to under diagnosis or over-reporting, affecting prevalence estimates and outcome associations. In addition, the database lacked information on ulcer severity, such as Forrest classification, and lesion location, limiting risk stratification. Although acute PU complications such as bleeding and perforation are associated with high short-term mortality (33), detailed clinical data were unavailable. In a large study of 42,046 patients, 80.25% had ulcer-related complications, with bleeding and perforation mortality rates of 2.6 and 5.96% (34). It also did not contain data on concomitant medication use, such as NSAIDs or PPI therapy, which precluded assessment of drug-related ulcer risk and limited interpretation of relevant mechanisms. Furthermore, the cohort, while representative of older adults in China, may not be generalizable to other populations with differing ethnicities, healthcare access, or risk profiles. Finally, the conservative diagnostic criteria and handling of missing data enhanced internal validity but may have reduced sensitivity to detect modest associations. Future research should expand age coverage, incorporate more precise diagnostic tools, and further investigate sex- and age-specific mechanisms to improve risk prediction and guide individualized interventions in elderly PU patients.



5 Conclusion

This study among an elderly population demonstrates that PU does not significantly affect overall mortality or the prognosis of patients with CVD. While CVD was identified as a risk factor for PU, PU did not notably increase CVD risk. Nonetheless, older adults with PU remain at elevated risk of mortality, emphasizing the importance of early recognition and proactive management. These findings underscore the clinical need for integrated cardiovascular–gastrointestinal risk assessment, particularly in elderly and male patients. Future research should explore underlying mechanisms and long-term outcomes, and develop more refined, stratified intervention strategies to improve care for this vulnerable population.
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