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Background: Helicobacter pylori (H. pylori) infection and use of non-steroidal anti-inflammatory drugs (NSAIDs) both confer a 3-fold to 4-fold increase in the risk of peptic ulcer disease. Identification of the roles of NSAID use and H. pylori infection in the pathogenesis of peptic ulcers and recurrent peptic ulcers could, therefore, facilitate the treatment of patients with upper gastrointestinal (UGI) bleeding and avoid progression to life-threatening episodes.  

H. pylori infection causes gastric epithelial cell damage by way of a toxic-mediated or immune-mediated mechanism. It is also associated with increased tumor necrosis factor-α and Fas/Fas ligand-mediated apoptosis. These factors might contribute to atrophy and ulceration. However, the possible synergistic effects of H. pylori infection and NSAID use on increasing the risk of ulcer complications have yet to be fully elucidated. NSAID is a risk factor of complicated peptic ulcer disease. However, the connection between H. pylori and peptic ulcer complications is somewhat divergent. Our study, therefore, aims to elucidate the combined effects of NSAID use and H. pylori infection in recurrent complicated peptic ulcer disease. 
In our analyses, we evaluated patients with peptic ulcer disease who had received gastroscopy and H. pylori testing, and grouped the participants into early H. pylori eradication therapy and late H. pylori eradication therapy groups. We selected these patients from the database of the Taiwan National Health Insurance (NHI) bureau, using data from 2000 to 2010. 

Materials and Methods: All patients with endoscopically diagnosed peptic ulcers were selected as the study cohort. The patients were assigned to an early H. pylori eradication therapy group (time lag ≦ 120 days after peptic ulcer diagnosis) and a late H. pylori eradication therapy group (time lag > 120 days after peptic ulcer diagnosis). The primary endpoint of this study was the risk of hospitalization for complicated recurrent peptic ulcers with hemorrhage and/or perforation, which were defined using ICD-9-CM codes, following endoscopic confirmation between 2000 and 2010, based on inpatient discharge records. Each patient was followed up until the outcome or until the end of the study period.
Statistical analysis: Differences between the early H. pylori eradication therapy and late H. pylori eradication therapy groups were compared using the χ2 test. Risk estimates, presented as HR and 95% CI, were calculated to determine whether late H. pylori eradication therapy is independently associated with a increased risk of hospitalization for recurrent peptic ulcers with complications of hemorrhage and/or perforation. All statistical analyses were performed using SAS System for Windows, Version 9.2 (SAS Institute, Cary, NC, USA).

Results: We analyzed 14,913 patients receiving early H. pylori eradication therapy and 14,358 patients receiving late H. pylori eradication therapy from 2000 to 2010. Our analysis indicated that the late H. pylori eradication therapy group was associated with a higher risk of hospitalization for complicated recurrent peptic ulcers than the early H. pylori eradication therapy (HR = 1.39, P < 0.001) group (Table 2). We also analyzed the effects of time lag more than 1 year and more than 2 years and obtained similar results for time lag more than 120 days (HR=1.27, P < 0.001) and time lag more than 2 years (HR=1.13, P = 0.083). (data not shown in table).
Stratified analysis after adjusting for the possible confounding factors revealed that the late H. pylori eradication therapy group exhibited a higher risk of hospitalization with recurrent peptic ulcers with complications of hemorrhage and/or perforation regarding patient NSAIDs use (HR = 1.69, P < 0.001) and non-COX-2-specific inhibitors use (HR = 1.40, P < 0.001), as compared to the early H. pylori eradication therapy group (Table 4). The different time lags have the similar results, which are NSAIDs use (HR = 1.61, P < 0.001) and non-COX-2-specific inhibitors use (HR = 1.27, P = 0.002) in time lag 1 year; and NSAIDs use (HR = 1.37, P < 0.001) in time lag 2 years (Table 4). However, there is a similar risk of complicated peptic ulcers in patients non-NSAIDs use (HR = 1.13, P =0.214), as compared to the early H. pylori eradication therapy group.
Discussion: Our data indicated NSAIDs use is a risk of recurrent complicated peptic ulcers, irrespective of H. pylori eradication therapy. 

In comparing the possible interaction between H. pylori infection and NSAID use, we analyzed the late H. pylori eradication therapy effect on the risk of hospitalization with complicated recurrent peptic ulcers in patients regarding NSAID use, non-NSAID use, COX-2-specific inhibitor use, and non-COX-2-specific inhibitor use. Stratified analysis revealed that NSAIDs use is a risk of recurrent complicated peptic ulcers, irrespective of H. pylori eradication therapy (Table 4).    

    Voutilainen et al and Kordecki et al studies have shown that the effects of H. pylori infection and NSAID use on peptic ulcer disease are synergistic, when compared with a control population without previous H. pylori infection or NSAID use. These results are contrast to ours, but the methodology is different. Previous studies have entailed shorter durations (6 months), long-term NSAIDs medication, smaller sized, and analysis peptic ulcer or mucosa blood flow; however, ours involved a longer follow-up duration (11 years), addressed the immediate effects of NSAID use, was population-based, and entailed analyzing in-patient complicated peptic ulcers with hemorrhage or perforation. Our results are similar to those of Bianchi et al, who showed that H. pylori eradication has non-significant effects on the rate of peptic ulcer relapse in long-term NSAID users with previous or existing peptic ulcers (secondary prevention) in a shorter duration. 
The results of our nationally representative observational study reflect that the actual conditions of 49.1% of H. pylori-positive peptic ulcer patients are not initially treated with eradication therapy. The number and site of gastric biopsies may contribute to heterogeneity in H. pylori detection. Peptic ulcer bleeding (PUB) patients had higher false-negative results for H. pylori diagnostic testing. Moreover, the need for expedient intervention during endoscopic examination of hemodynamically unstable and intolerable patients may not allow the time required to determine their H. pylori status. These reasons explain the delayed diagnosis of H. pylori positive peptic ulcers.    

Our current study indicated that NSAIDs use is a risk of recurrent complicated peptic ulcers, irrespective of H. pylori eradication therapy. NSAIDs and PUB patients had higher false-negative results for H. pylori diagnostic testing. Moreover, more late H. pylori eradication therapy participants were receiving NSAIDs (40.20% vs. 33.13%, P < 0.001). These reasons explain that the late H. pylori eradication therapy group was associated with a higher risk of complicated recurrent peptic ulcers, as compared with the early H. pylori eradication therapy group. 
Conclusion: In conclusion, our study results show that NSAIDs use is a risk of recurrent complicated peptic ulcers, irrespective of H. pylori eradication therapy. 

Table 1: Demographic characteristics of patients with peptic ulcers using H. pylori eradication therapy.

	Variables
	Early (≦120 days)
	Late (>120 days)
	P value

	
	N=14,913
	%
	N=14,358
	%
	

	Age
	
	
	
	
	<0.001

	  20-50
	8,629 
	57.86 
	7,312 
	50.93 
	

	  51-64
	4,029 
	27.02 
	4,133 
	28.79 
	

	  ≥65
	2,255 
	15.12 
	2,913 
	20.29 
	

	Sex
	
	
	
	
	<0.001

	Male
	8,737 
	58.59 
	7,527 
	52.42 
	

	Female
	6,176 
	41.41 
	6,831 
	47.58 
	

	Comorbidities
	
	
	
	
	

	    Arthritis
	3,984 
	26.71 
	4,052 
	28.22 
	0.004 

	    DM
	1,193 
	8.00 
	1,205 
	8.39 
	0.221 

	    CHF
	165 
	1.11 
	182 
	1.27 
	0.203 

	    CAD
	1,110 
	7.44 
	1,297 
	9.03 
	<0.001

	    CVD
	544 
	3.65 
	535 
	3.73 
	0.722 

	    COPD
	1,261 
	8.46 
	1,450 
	10.10 
	<0.001

	    CKD
	413 
	2.77 
	419 
	2.92 
	0.444 

	Peptic ulcer history
	723 
	4.85 
	1,436 
	10.00 
	<0.001

	Hospitalization for peptic ulcer
	
	
	
	
	<0.001

	    No
	13,768 
	92.32 
	12,777 
	88.99 
	

	    Noncomplicated
	729 
	4.89 
	1,035 
	7.21 
	

	    Complicated
	416 
	2.79 
	546 
	3.80 
	

	Medications
	
	
	
	
	

	    PPI or H2-blockers
	2,642 
	17.72 
	2,915 
	20.30 
	<0.001

	    NSAIDs
	4,941 
	33.13 
	5,772 
	40.20 
	<0.001

	    Aspirin
	888 
	5.95 
	1,107 
	7.71 
	<0.001

	    COX-2 inhibitors
	677 
	4.54 
	1,103 
	7.68 
	<0.001

	    Steroids
	1,024 
	6.87 
	1,336 
	9.30 
	<0.001

	    Clopidogrel
	186 
	1.25 
	326 
	2.27 
	<0.001

	    Ticlopidine
	76 
	0.51 
	151 
	1.05 
	<0.001

	    Warfarin
	46 
	0.31 
	79 
	0.55 
	0.002 

	    SSRI
	279 
	1.87 
	466 
	3.25 
	<0.001

	Follow-up year (mean±SD)
	6.07±3.27
	4.29±2.85
	　


DM: diabetes mellitus, CHF: congestive heart failure, CAD: cardiovascular disease. CVD: cerebral vascular disease, CKD: chronic kidney disease. 

Hospitalization: hospitalization for recurrent peptic ulcers. 

Noncomplicated: hospitalization for noncomplicated recurrent peptic ulcer without hemorrhage or perforations.

Complicated: hospitalization for complicated recurrent peptic ulcer with hemorrhage and/or perforations.

PPIs: proton pump inhibitors, H2-blockers: histamine receptor-2 blockers, NSAIDs: non-steroidal anti-inflammatory drugs, COX-2 inhibitors: cyclooxygenease-2 specific inhibitors, SSRI: selective serotonin reuptake inhibitors. 

Early: early H. pylori eradication therapy group.

Late: late H. pylori eradication therapy group.    N: number.
Table 2: Multivariate Cox regression of hospitalization for complicated recurrent peptic ulcers in the overall study group.

	Variables
	HR
	95% CI
	P value

	Time to H. pylori eradication
	
	
	

	    >120days versus ≦120days 
	1.39 
	1.22-1.59 
	<0.001

	Age
	
	
	

	    20-50 versus ≥65
	0.17 
	0.14-0.20 
	<0.001

	    51-64 versus ≥65
	0.30 
	0.25-0.35 
	<0.001

	Sex
	
	
	

	    Male versus female
	1.76 
	1.54-2.02 
	<0.001

	Comorbidities
	
	
	

	    Arthritis
	0.93 
	0.81-1.08 
	0.336 

	    DM
	1.11 
	0.91-1.35 
	0.316 

	    CHF
	1.48 
	1.01-2.15 
	0.044 

	    CAD
	0.81 
	0.66-0.99 
	0.044 

	    CVD
	1.29 
	1.01-1.65 
	0.043 

	    COPD
	0.88 
	0.73-1.07 
	0.211 

	    CKD
	1.59 
	1.19-2.11 
	0.002 

	Medications
	
	
	

	PPIs or H2-blockers
	3.01 
	2.63-3.43 
	<0.001

	Aspirin
	1.71 
	1.50-1.96 
	<0.001

	NSAIDs
	0.92 
	0.75-1.13 
	0.402 

	COX-2 inhibitors
	1.65 
	1.39-1.96 
	<0.001

	Steroids
	1.47 
	1.23-1.75 
	<0.001

	Clopidogrel
	1.43 
	1.05-1.95 
	0.025 

	Ticlopidine
	1.16 
	0.72-1.85 
	0.549 

	Warfarin
	0.78 
	0.39-1.56 
	0.476 

	SSRIs
	1.21 
	0.88-1.65 
	0.237 


Time to H. pylori eradication : the time of peptic ulcer diagnosis to the H. pylori eradication therapy. HR: hazards ratios, CI: confidence interval.
Table 3: Multivariate Cox proportional hazard model analysis for predicting hospitalization for complicated recurrent peptic ulcers among patients using various types of NSAID and COX-2 inhibitors.

	Variables
	HR
	95% CI
	P value

	Time to H. pylori eradication
	
	
	

	    >120days versus ≦120days
	1.41 
	1.24-1.61 
	<0.001

	NSAIDs
	
	
	

	    Ibuprofen
	0.97 
	0.77-1.21 
	0.761 

	    Indomethacin
	1.76 
	1.15-2.70 
	0.010 

	    Mefenamic acid
	1.31 
	1.05-1.63 
	0.018 

	    Piroxicam
	2.05 
	1.51-2.76 
	<0.001

	    Naproxen
	1.95 
	1.38-2.76 
	0.000 

	    Sulindac
	1.13 
	0.78-1.63 
	0.519 

	    Diclofenac
	2.34 
	1.99-2.74 
	<0.001

	COX-2 inhibitors
	
	
	

	    Celecoxib
	1.53 
	1.16-2.01 
	0.003 

	    Etodolac
	1.41 
	0.97-2.04 
	0.071 

	    Etoricoxib
	3.26 
	0.46-23.25 
	0.239 

	    Meloxicam
	1.21 
	0.95-1.55 
	0.128 

	    Nabumetone
	1.94 
	1.17-3.23 
	0.011 

	    Nimesulide
	1.81 
	1.20-2.73 
	0.005 


Each factor was adjusted for all other factors.
Table 4: Multivariate stratified Cox proportional hazard model analysis for predicting hospitalization with complicated recurrent peptic ulcers

	Subgroup and variables
	HR
	95% CI
	P value

	>120days versus ≦120days
	
	
	

	NSAIDs
	
	
	

	Yes
	1.69
	1.41-2.03
	< 0.001

	No
	1.13
	0.93-1.37
	0.214

	COX-2 inhibitors
	
	
	

	Yes
	1.26
	0.91-1.73
	0.165

	No
	1.40
	1.21-1.62
	< 0.001

	>1 year versus ≦1 year
	
	
	

	NSAIDs
	
	
	

	Yes
	1.61
	1.35-1.93
	< 0.001

	No
	0.94
	0.77-1.15
	0.567

	COX-2 inhibitors
	
	
	

	Yes
	1.25
	0.91-1.70
	0.166

	No
	1.27
	1.09-1.46
	0.002

	>2 years versus ≦2 years
	
	
	

	NSAIDs
	
	
	

	Yes
	1.37
	1.14-1.65
	< 0.001

	No
	0.86
	0.69-1.08
	0.193

	COX-2 inhibitors
	
	
	

	Yes
	1.31
	0.95-1.81
	0.101

	No
	1.08
	0.93-1.27
	0.317


Each factor was adjusted for all other factors.
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