[bookmark: OLE_LINK543][bookmark: OLE_LINK544][bookmark: OLE_LINK545][bookmark: OLE_LINK546][bookmark: OLE_LINK592][bookmark: OLE_LINK718][bookmark: OLE_LINK719][bookmark: OLE_LINK645][bookmark: OLE_LINK661][bookmark: OLE_LINK1068][bookmark: OLE_LINK1222][bookmark: OLE_LINK1223]Name of journal: World Journal of Gastroenterology
ESPS Manuscript NO: 29258
Manuscript Type: ORIGINAL ARTICLE

Observational Study
Prevalence of upper gastrointestinal bleeding risk factors among the general population and osteoarthritis patients

Kim SH et al. Gastrointestinal bleeding risk factor prevalence

Sang Hyuck Kim, Jae Moon Yun, Chong Bum Chang, Heng Piao, Su Jong Yu, Dong Wook Shin

Sang Hyuck Kim, Jae Moon Yun, Dong Wook Shin, Department of Family Medicine, Seoul National University Hospital, Seoul 03080, South Korea 

Chong Bum Chang, Department of Orthopedic Surgery, Seoul Municipal Government-Seoul National University Boramae Medical Center, Seoul 03080, South Korea 

Heng Piao, Department of Family Medicine, Graduate School, Seoul National University, Seoul 03080, South Korea

Su Jong Yu, Department of Internal Medicine and Liver Research Institute, Seoul National University College of Medicine, Seoul 03080, South Korea

Author contributions: All authors contributed to this work; Kim SH had full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of data analysis; Kim SH, Yun JM, Shin DW concepted and designed this study; Kim SH, Yun JM, Shin DW, Piao PH acquisited data; all authors analysis data, or interpretation; all authors preparated and approved this manuscript.

Supported by Pfizer Pharmaceutical Korea Ltd, No. A3191378.

Institutional review board statement: This study was approved by the institutional review board of Seoul National University Hospital, No. E-1508-002-689.

Informed consent statement: As this study was an observational study and we used data from the public repository (National Health Insurance Service Sharing Service, https://nhiss.nhis.or.kr/bd/ay/bdaya001iv.do;jsessionid=3xOUDsw6a2QK3ySYMpQ89I3lkGUasr6famrJXqsPHnXUv5ZSQHwSrTY3jZiuZLPh.primrose2_servlet_engine1), informed consent was exempted (IRB No. E-1508-002-689).

Conflict-of-interest statement: The authors declare that they have no competing interests.

Data sharing statement: Technical appendix, statistical code, and dataset available from the corresponding author from email of DW Shin (dwshin.snuh@gmail.com). The presented data are anonymized and risk of identification is low. As the data is owned to the National Health Insurance, institutional approval must precede before providing the dataset.

[bookmark: OLE_LINK155][bookmark: OLE_LINK183][bookmark: OLE_LINK441]Open-Access: This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Dong Wook Shin, MD, DrPH, MBA, Department of Family Medicine, Seoul National University Hospital 101 Daehak-ro, Jongno-gu, Seoul 03080, South Korea. dwshin.snuh@gmail.com
Telephone: +82-2-20720847
Fax: +82-2-7663276

[bookmark: OLE_LINK476][bookmark: OLE_LINK477][bookmark: OLE_LINK117][bookmark: OLE_LINK528][bookmark: OLE_LINK557]Received: August 4, 2016
Peer-review started: August 5, 2016
First decision: September 12, 2016
Revised: October 13, 2016
[bookmark: _GoBack]Accepted: October 30, 2016  
Article in press:
Published online:




Abstract
AIM
To assess the prevalence of possible risk factors of upper gastrointestinal bleeding (UGIB) and their age-group specific trend among the general population and osteoarthritis patients.

METHODS
We utilized data from the National Health Insurance Service that included claims data and results of the national health check-up program. Comorbid conditions (peptic ulcer, diabetes, liver disease, chronic renal failure, and gastroesophageal reflux disease), concomitant drugs (aspirin, clopidogrel, cilostazol, non-steroidal anti-inflammatory drugs, steroid, anticoagulants, and SSRI), personal habits (smoking, and alcohol consumption) were considered as possible UGIB risk factors. We randomly imputed the prevalence of infection in the data considering the age-specific prevalence of (Helicobacter pylori) H. pylori infection in Korea. The prevalence of various UGIB risk factors and the age-group specific trend of the prevalence were identified. Prevalence was compared between osteoarthritis patients and others.

RESULTS
A total of 801926 subjects (93855 osteoarthritis patients) aged 20 and above were included. The prevalence of individual and concurrent multiple risk factors became higher as the age increased. The prevalence of each comorbid condition and concomitant drug were higher in osteoarthritis patients. Thirty-five point zero two percent of the overall population and 68.50% of osteoarthritis patients had at least one or more risk factors of UGIB. The prevalence of individual and concurrent multiple risk factors in younger age groups were also substantial. Furthermore, when personal habits (smoking, and alcohol consumption) and H. pylori infection were included, the prevalence of concurrent multiple risk factors increased greatly even in younger age groups.
CONCLUSION
Prevalence of UGIB risk factors was high in elderly population, but was also considerable in younger population. Patient with osteoarthritis was at higher UGIB risk than those without osteoarthritis. Physicians should consider individualized risk assessment regardless of age when prescribing drugs or performing procedures that may increase the risk of UGIB, and take necessary measures to reduce modifiable risk factors such as H. pylori eradication or lifestyle counseling.
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Core tip: This study identified the prevalence of various upper gastrointestinal bleeding (UGIB) risk factors and the age-group specific trend of the prevalence in general population and osteoarthritis patients using large population representative data. Considering the age-group specific trend of the prevalence of UGIB risk factors, physicians should consider individualized risk assessment regardless of age when prescribing drugs or performing procedures that predispose to UGIB. Additionally, subjects with high risk should control modifiable UGIB risk factors.
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INTRODUCTION
Despite advances in medical science, upper gastrointestinal bleeding (UGIB) is still a high risk condition with high morbidity and mortality[1]. Rotondano et al[2] reported that the overall mortality rate of UGIB was approximately 5%. Although its incidence is decreasing worldwide, a substantial amount of patients are still suffering from UGIB[3]. In the United States, the incidence of UGIB was approximately 60.6 per 100000 in 2009[4]. Furthermore, the proportion of aspirin- or non-steroidal anti-inflammatory drugs (NSAIDs)-related UGIB is also increasing[5]. This has led to incurrence of substantial costs[6].
   The high mortality and economic burden of UGIB have raised concerns regarding risk factors for the disease. In general, UGIB occurs more frequently in the male sex and advancing age[7,8]. Additionally, many underlying diseases, drugs, and unhealthy lifestyle (e.g., smoking) are proven risk factors of UGIB[3,8-27]. Also, the increasing trend of NSAIDS-induced UGIB has also led to research focusing on arthritis patients, who are potential long-term consumers of these predisposing drugs[28-31].
While several studies have identified significant risk factors of UGIB, many focused on assessing the relative risks of each factor in a specific population group only, not the general population. To the best of our knowledge, to date, no large general-population-based studies have investigated the epidemiology of UGIB risk factors.
In this study, we assessed the prevalence of possible risk factors of UGIB and their age-group specific trend among the general population, and compared the prevalence between patients with osteoarthritis and others.

MATERIALS AND METHODS
Data source
This study utilized data from the National Health Insurance Service (NHIS) (NHIS-2015-2-099), compiled by the NHIS. The National Health Insurance in South Korea covers approximately 98% of the population, ensuring generalization of data[32]. The original claims data included 90% of the population in South Korea. Using a randomized stratified sampling method, the NHIS provided 2% samples of cohorts of the claims data from 2002 to 2013. Detailed explanation of the data structure is provided elsewhere[33]. To investigate recent epidemiology, we used the claims data of outpatient visits in 2013. In addition, to take into account subjects’ personal habits, we used results from the national health check-up program cohorts in 2013, which included lifestyle and medical information, as well as biochemical markers. NHIS provides both claims data and results of national health check-up programs through an online review system (https://nhiss.nhis.or.kr/bd/ab/bdaba000eng.do). 
This study was approved by the institutional review board of Seoul National University Hospital (IRB No. E-1508-002-689).

Risk factors of UGIB
From a literature review of previous studies, we identified the possible risk factors of UGIB. We subdivided risk factors into 3 categories: (1) comorbid conditions; (2) concomitant drugs; and (3) personal habit. Comorbid conditions included peptic ulcer[8,10,16], diabetes mellitus[15], liver disease[14], chronic renal failure[3,17,18], and gastroesophageal reflux disease (GERD)[3]. Concomitant drugs included oral aspirin[3,8,11,15,21], other antiplatelet agents including cilostazol and clopidogrel[3,11], NSAIDs[3,8,10,11,16,29], steroids[3,19], anticoagulants including warfarin, rivaroxaban, dabigatran, and apixaban[3,10,11], and selective serotonin reuptake inhibitors (SSRIs)[3,23,24]. As selective cyclooxygenase (COX)-2 inhibitors had been prescribed to reduce the gastrointestinal complications, these drugs were not included as concomitant drugs[31,34,35]. Personal habits included smoking[8,10,11], and alcohol consumption[8,10,11].
Helicobacter pylori (H. pylori) infection was also considered as a possible independent risk factor[3,8,10,13,16].

Definition of variables
We defined cases of comorbid conditions based on the ICD-10 codes: "K25.X", "K26.X", "K27.X", and "K28.X" for peptic ulcer; "E08.X", "E09.X", "E10.X", "E11.X", "E12.X", "E13.X", and "E14.X" for diabetes; "K70.X", "K71.X", "K72.X", "K73.X", "K74.X", "K75.X", "K76.X", and "K77.X" for liver disease; "N18.X" for chronic renal failure; “K21.X”, and “K221” for GERD. Cases of comorbid conditions were defined if any of the above-mentioned relevant ICD-10 codes was the main diagnosis (for which the patient primarily presented with), or the first additional diagnosis (that the patient was already being treated for or was diagnosed at the same visit as the main diagnosis). Subjects with "M15.X" to "M19.X" ICD-10 codes as the main or the first additional diagnosis were defined as patients with osteoarthritis.
Although short-term use of some drugs could increase the risk of UGIB[36], we aimed to identify longer-term users of predisposing drugs, especially those with the potential to consume these drugs for life. Therefore, we only included subjects who had been prescribed drugs for at least 60 days as cases of concomitant drug users.
 Smoking was subdivided into 2 categories: (1) non- or former smoker; and (2) current smoker. Problematic alcohol consumption was defined as follows: men who drink more than 4 standard drinks a day or 14 standard drinks a week; women who drink more than 3 standard drinks a day or 7 standard drinks a week; and subjects aged 65 or more who drink more than 1 standard drink a day or 7 standard drinks a week. One standard drink contains approximately 14 g of alcohol[37].

Statistical analysis
Subjects aged 20 and above were included in our analysis. First, we calculated the prevalence of each risk factor within the general population and it was compared between osteoarthritis patients and others. To identify subjects with concurrent multiple risk factors, we categorized subjects into 3 categories: (1) those with 1 or more risk factors; (2) those with 2 or more risk factors; and (3) those with 3 or more risk factors or more. As patients with osteoarthritis potentially consume NSAIDs[31], we additionally calculated the prevalence after excluding NSAIDs as a concomitant drug for osteoarthritis patients. Additionally, age-group specific prevalence of individual and concurrent multiple risk factors were calculated. Since the data did not provide information about H. pylori infection, we formulated a statistical method to consider this infection. Considering the age-specific prevalence of H. pylori infection in Korea from a representative large cohort study, we randomly imputed the prevalence of infection in the data[38]. The reported prevalence of H. pylori infection was 26.4, 42.1, 52.6, 61.4, 61.6, and 58.6 % for subjects in their 20 s, 30 s, 40 s, 50 s, 60 s, and 70 s (or more), respectively. Following random imputation, prevalence of concurrent multiple risk factors were calculated.
As mentioned above, we included personal habits as risk factors of UGIB. However, information regarding subjects’ personal habits was only available in those who participated in the national health check-up program in 2013. Subgroup analysis was performed to take into account the lifestyle factors in these subjects.
 To address the possible differences of the definition of concomitant drug user, sensitivity analysis was performed. Subjects who have been prescribed the drugs for at least 30 days were considered as cases of concomitant drug users.
All statistical analyses were conducted using the STATA software version 14.0 (StataCorp., TX).

RESULTS 
A total of 801926 subjects from the general population aged 20 or more (93855 were patients with osteoarthritis) were included in the analysis. Out of this, 233879 subjects participated in the national health check-up program in 2013. The age- and sex-specific distributions of the study population are provided in online only supplementary Table 1.
Table 1 shows the overall prevalence of individual and concurrent multiple risk factors. GERD was the most frequent comorbid condition associated with UGIB in the overall population, subjects without osteoarthritis, and patients with osteoarthritis (14.10%, 12.67%, and 26.60%, respectively). Although aspirin was the most frequently used predisposing drug in the overall population (6.63%), NSAIDs had the highest prevalence in osteoarthritis patients (28.42%). The prevalence of each comorbid condition and concomitant drug usage were also higher in these patients compared to the general population. We found that 35.02% of the overall population and 68.50% of osteoarthritis patients had at least one or more risk factors of UGIB. More than 16% of subjects with osteoarthritis had 3 or more concurrent risk factors. Even when NSAIDs were excluded for prevalence calculation of concurrent multiple risk factors, the prevalence of osteoarthritis patients with at least one or more risk factors decreased by only 8%. When H. pylori infection was considered, the prevalence of concurrent multiple risk factors increased approximately 2-fold in the overall population. The increase in the prevalence of osteoarthritis patients was also substantial. All p values for each risk factor from the chi square test between subjects without osteoarthritis and osteoarthritis patients were below 0.001.
   Figure 1 shows the age-group specific trend of prevalence with at least one risk factor. Prevalence of UGIB risk factors increases with age, with the highest value seen among the 70-79 year-old age group. The age-group specific prevalence of UGIB risk factors among osteoarthritis patients is provided in online only supplementary Table 2.
   The increased prevalence of UGIB risk factors with age was consistently noted in the overall population, peaking among subjects in their 70 s (Table 2). For subjects who participated in the national health check-up program, the prevalence of multiple risk factors increased naturally as 2 more risk factors (smoking, and alcohol consumption) were considered (Figure 2). The number of smokers and alcohol consumers generally decreased with age. As the criteria for alcohol consumption changed at the age of 65, the prevalence of problematic drinking increased at the age-group (see online only supplementary Table 3).
   In the sensitivity analysis, although the prevalence of each concomitant drug usage was slightly decreased, the prevalence did not vary much from that of the main analysis (Table 3).

DISCUSSION
To the best of our knowledge, this is the first study to investigate the prevalence of individual and concurrent multiple UGIB risk factors in the general population and patients with osteoarthritis. We also identified the trend of age-group specific prevalence of UGIB risk factors. Large sample size with systematic sampling method ensures the generalization of the results. Moreover, the unique dataset from NHIS enabled us to address multiple personal habits such as smoking, alcohol consumption, as well as comorbid diseases and drugs.
   Our findings showed that age was associated with increased prevalence of UGIB risk factors, consistent with previous studies[7,8]. Naturally, the prevalence of individual and concurrent multiple risk factors became higher as the age increased. However, the prevalence of UGIB risks in younger subjects was also substantial. In the overall population, more than 14% of subjects aged 50-54 years old already had 2 or more risk factors. When H. pylori infection was considered, the prevalence of 3 or more risk factors is 10% in this age group. Furthermore, approximately 50% of subjects aged 30-34 years old had at least one risk factor. This is even more evident when we included personal habits as risk factors.
   Patients with osteoarthritis have a higher prevalence of concurrent multiple risk factors compared to the subjects without, even after excluding NSAIDs. When NSAIDs were excluded, the difference of age-group specific prevalence of having at least one risk factor between the subjects without osteoarthritis and osteoarthritis patients became smaller. However, this difference of prevalence became larger as age decreases, suggesting that young osteoarthritis patients have more underlying risk factors than the subjects without osteoarthritis.
Our findings have important clinical implications: First, elderly subjects are at high risk for UGIB by not only due to their age, but also multiple comorbid conditions and concomitant drug usage. Furthermore, increasing age is associated with UGIB occurrence, recurrence, and mortality [8]. Physicians with elderly patients should, therefore, identify measures to reduce the occurrence of UGIB in this population.
Second, our study revealed that a considerable portion of young adults has concurrent multiple risk factors of UGIB. When H. pylori infection was considered, more than 10% of the general population aged 35-39 had 2 or more UGIB risk factors. When we took into account subjects’ personal habits, more than 60% of those aged 20-24 factors, physicians should consider individualized risk assessment for UGIB of already had at least one UGIB risk factor. Given that osteoarthritis patients are likely to consume NSAIDs and possess higher prevalence of UGIB risk in NSAIDs prescription, regardless of patients’ age[30]. Selective COX-2 inhibitors or concurrent prescription of proton pump inhibitors or misoprostol may be a good option for osteoarthritis patients with high risk of UGIB[28,34,35,39,40].
 Finally, identifying and controlling modifiable risk factors is of great importance. The majority of subjects who already consume the above-mentioned drugs are those who require them long-term, possibly lifelong. In addition, most of the comorbid conditions related to UGIB are intractable chronic disease. Therefore, these high-risk subjects should control any modifiable risk factors of UGIB, such as smoking, heavy drinking, and H. pylori infection[27,35]. Also, further prospective studies are needed to address the issue of other lifestyle modification and UGIB prevention.
This study has several limitations. First, we did not include other risk factors apart from the ones studied. For instance, drug-drug interaction and drug dosage (both of which increase the risk of UGIB) were not considered[19,25]. Furthermore, some drugs may cause UGIB even with short-term use[36]. Additionally, we used imputation of H. pylori infection prevalence from a cohort study[38]. This might affect the prevalence of individual and concurrent multiple risk factors of UGIB. More detailed information about individual-level risks may give rise to a different prevalence. However, the difference in prevalence between the main and sensitivity analysis was not high, supporting the reliability of the results. Finally, ICD-10 codes based definition of osteoarthritis may not meet the specific diagnostic criteria. However, claims with such osteoarthritis diagnosis are usually made with clinical features which are consistent with symptoms and signs of osteoarthritis, and are accompanied by prescription of NSAIDS, which increases the risk of UGIB. In addition, claims data has its own strengths in terms of large sample size, representativeness, and generalizability to the real world setting.
We investigated the prevalence of various risk factors of UGIB in the general population and osteoarthritis patients. Physicians should consider individualized risk assessment regardless of age when prescribing drugs or performing procedures that may increase the risk of UGIB, and take necessary measures to reduce modifiable risk factors such as H. pylori eradication or lifestyle counseling. 

COMMENTS
Background
Despite advances in medical science, upper gastrointestinal bleeding (UGIB) is still a high risk condition with high morbidity and mortality. Although its incidence is decreasing worldwide, a substantial amount of patients are still suffering from UGIB. Furthermore, the proportion of aspirin- or non-steroidal anti-inflammatory drugs-related UGIB is also increasing.

Research frontiers
While several studies have identified significant risk factors of UGIB, many focused on assessing the relative risks of each factor in a specific population group only, not the general population. To the best of our knowledge, to date, no large general-population-based studies have investigated the epidemiology of UGIB risk factors. The research hotspot is to assess the prevalence of various UGIB risk factors among the general population, and compared the prevalence between patients with osteoarthritis and others.

Innovations and breakthroughs
This is the first study to investigate the prevalence of individual and concurrent multiple UGIB risk factors in the general population and patients with osteoarthritis. We also identified the trend of age-group specific prevalence of UGIB risk factors. The prevalence of individual and concurrent multiple risk factors became higher as the age increased. However, the prevalence of UGIB risks in younger subjects was also substantial. In addition, patients with osteoarthritis have a higher prevalence of concurrent multiple risk factors compared to the general population. 

Applications
Present study has important clinical implications. First, elderly subjects are at high risk for UGIB by not only due to their age, but also multiple comorbid conditions and concomitant drug usage. Second, physicians should always bear in mind the possibility of UGIB, regardless of age. Finally, identifying and controlling modifiable risk factors is of great importance.
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Table 1 Prevalence of gastrointestinal bleeding risk factors 
	
	Overall Population
(n = 801926 )
	Without Osteoarthritis
(n = 708107)
	Osteoarthritis Patients
(n = 93855)

	　
	
	
	

	Comorbid Conditions (%)
	
	
	

	Peptic Ulcer
	9.15 
	7.85 
	19.00 

	Diabetes
	8.33 
	7.04 
	18.12 

	Chronic Liver Disease
	5.76 
	5.28 
	9.32 

	Chronic Renal Failure
	0.49 
	0.44 
	0.83 

	Gastroesophageal Reflux Disease
	14.30 
	12.67 
	26.60 

	
	
	
	

	Concomitant Drugs1 (%)
	
	
	

	Aspirin
	6.63 
	5.41 
	15.86 

	Clopidogrel
	1.78 
	1.43 
	4.44 

	Cilostazol
	0.66 
	0.51 
	1.76 

	NSAIDs
	5.99 
	3.02 
	28.42 

	Steroid
	1.28 
	0.93 
	3.94 

	Anticoagulants†
	0.18 
	0.16 
	0.36 

	SSRI
	0.44 
	0.37 
	1.00 

	
	
	
	

	No. of Risk Factors (%)
	
	
	

	≥ 1
	35.02 
	30.58 
	68.50 

	≥ 2
	13.87 
	10.66 
	38.04 

	≥ 3
	4.52 
	2.97 
	16.25 

	
	
	
	

	No. of Risk Factors (%)
(Excluding Concommitant NSAIDs Use)
	
	
	

	≥ 1
	33.10 
	29.49 
	60.40 

	≥ 2
	11.81 
	9.63 
	28.26 

	≥ 3
	3.22 
	2.38 
	9.60 

	
	
	
	

	No. of Risk Factors (%)
(After H. pylori Prevalence Imputation)
	
	
	

	≥ 1
	64.57 
	62.16 
	82.76 

	≥ 2
	23.26 
	20.08 
	47.19 

	≥ 3
	8.12 
	6.47 
	20.60 


1Subjects who were prescribed 60 d or more in 2013; Warfarin, rivaroxaban, dabigatran, and apixaban were included. NSAIDs, non-steroidal anti-inflammatory drugs; SSRI, selective serotonin reuptake inhibitor. All P values from the chi square test between subjects without osteoarthritis and arthritis patients are below 0.001. 
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	Table 2 Age-group specific prevalence of gastrointestinal bleeding risk factors in overall population 

	　
	20-24
	25-29
	30-34
	35-39
	40-44
	45-49
	50-54
	55-59
	60-64
	65-69
	70-74
	75-79
	80-84
	≥85yr

	Comorbid Conditions (%)
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Peptic Ulcer
	3.84 
	4.80 
	4.92 
	5.49 
	7.61 
	8.47 
	10.87 
	12.45 
	14.20 
	15.49 
	17.50 
	16.08 
	13.72 
	9.95 

	Diabetes
	0.31 
	0.49 
	0.96 
	1.76 
	3.27 
	5.68 
	8.78 
	13.17 
	18.18 
	22.04 
	25.48 
	25.96 
	23.55 
	16.13 

	Chronic Liver Disease
	2.17 
	2.99 
	3.74 
	4.40 
	4.76 
	5.99 
	7.55 
	8.68 
	9.09 
	9.03 
	8.01 
	6.91 
	5.65 
	3.96 

	Chronic Renal Failure
	0.03 
	0.06 
	0.09 
	0.14 
	0.23 
	0.28 
	0.39 
	0.59 
	0.88 
	1.13 
	1.66 
	1.84 
	1.96 
	1.66 

	Gastroesophageal Reflux Disease
	6.02 
	8.34 
	8.88 
	9.92 
	13.22 
	13.63 
	17.18 
	19.11 
	22.11 
	22.85 
	23.93 
	20.94 
	17.29 
	11.43 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Concomitant Drugs1(%)
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Aspirin
	0.03 
	0.08 
	0.13 
	0.42 
	1.15 
	2.65 
	5.66 
	10.21 
	15.55 
	19.84 
	24.26 
	25.57 
	25.15 
	19.66 

	Clopidogrel
	0.01 
	0.01 
	0.03 
	0.09 
	0.27 
	0.56 
	1.10 
	2.13 
	3.66 
	5.18 
	7.23 
	8.59 
	9.41 
	7.19 

	Cilostazol
	0.00 
	0.00 
	0.01 
	0.03 
	0.11 
	0.23 
	0.48 
	0.86 
	1.36 
	1.98 
	2.59 
	3.09 
	2.96 
	2.17 

	NSAIDs
	0.48 
	0.66 
	1.00 
	1.65 
	2.28 
	3.58 
	6.19 
	8.77 
	11.81 
	15.27 
	18.31 
	19.83 
	19.57 
	14.99 

	Steroid
	0.27 
	0.35 
	0.44 
	0.59 
	0.72 
	0.91 
	1.23 
	1.64 
	2.18 
	2.99 
	3.60 
	3.80 
	3.48 
	2.50 

	Anticoagulants†
	0.01 
	0.01 
	0.03 
	0.04 
	0.06 
	0.09 
	0.15 
	0.23 
	0.32 
	0.47 
	0.68 
	0.88 
	0.68 
	0.46 

	SSRI
	0.16 
	0.17 
	0.15 
	0.21 
	0.24 
	0.29 
	0.38 
	0.41 
	0.59 
	0.92 
	1.23 
	1.57 
	1.88 
	1.41 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of Risk Factors (%) 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	≥ 1
	11.53 
	15.26 
	16.72 
	19.63 
	25.88 
	30.45 
	40.22 
	49.00 
	58.39 
	64.43 
	70.27 
	70.69 
	67.59 
	54.93 

	≥ 2
	1.66 
	2.42 
	3.23 
	4.36 
	6.59 
	9.35 
	14.79 
	20.87 
	28.01 
	33.92 
	39.74 
	40.03 
	36.67 
	25.34 

	≥ 3
	0.16 
	0.25 
	0.39 
	0.67 
	1.22 
	2.10 
	3.92 
	6.44 
	10.06 
	13.44 
	17.08 
	16.97 
	15.05 
	8.48 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of Risk Factors (%) 
(After H. pylori Prevalence Imputation)
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	≥ 1
	34.84 
	37.72 
	51.60 
	53.61 
	64.84 
	67.08 
	76.84 
	80.34 
	83.99 
	86.35 
	87.86 
	87.91 
	86.93 
	82.20 

	≥ 2
	4.24 
	5.79 
	8.93 
	10.81 
	16.85 
	20.48 
	30.34 
	38.05 
	46.72 
	52.90 
	57.54 
	57.88 
	54.60 
	42.92 

	≥ 3
	0.54 
	0.83 
	1.60 
	2.26 
	4.04 
	5.87 
	10.63 
	15.35 
	21.22 
	26.20 
	30.43 
	30.36 
	27.95 
	18.31 


1Subjects who were prescribed 60 d or more in 2013; Warfarin, rivaroxaban, dabigatran, and apixaban were included. NSAIDs: Non-steroidal anti-inflammatory drugs; SSRI: Selective serotonin reuptake inhibitor.


	Table 3 Sensitivity analysis for prevalence of gastrointestinal bleeding risk factors in overall population (%)

	　
	20-24
	25-29
	30-34
	35-39
	40-44
	45-49
	50-54
	55-59
	60-64
	65-69
	70-74
	75-79
	80-84
	≥ 85yr

	Comorbid Conditions
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Peptic Ulcer
	3.84 
	4.80 
	4.92 
	5.49 
	7.61 
	8.47 
	10.87 
	12.45 
	14.20 
	15.49 
	17.50 
	16.08 
	13.72 
	9.95 

	Diabetes
	0.31 
	0.49 
	0.96 
	1.76 
	3.27 
	5.68 
	8.78 
	13.17 
	18.18 
	22.04 
	25.48 
	25.96 
	23.55 
	16.13 

	Chronic Liver Disease
	2.17 
	2.99 
	3.74 
	4.40 
	4.76 
	5.99 
	7.55 
	8.68 
	9.09 
	9.03 
	8.01 
	6.91 
	5.65 
	3.96 

	Chronic Renal Failure
	0.03 
	0.06 
	0.09 
	0.14 
	0.23 
	0.28 
	0.39 
	0.59 
	0.88 
	1.13 
	1.66 
	1.84 
	1.96 
	1.66 

	Gastroesophageal Reflux Disease
	6.02 
	8.34 
	8.88 
	9.92 
	13.22 
	13.63 
	17.18 
	19.11 
	22.11 
	22.85 
	23.93 
	20.94 
	17.29 
	11.43 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Concomitant Drugs1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Aspirin
	0.04 
	0.09 
	0.18 
	0.50 
	1.26 
	2.84 
	5.97 
	10.67 
	16.17 
	20.60 
	25.24 
	26.59 
	26.35 
	20.75 

	Clopidogrel
	0.01 
	0.01 
	0.04 
	0.10 
	0.28 
	0.59 
	1.17 
	2.25 
	3.83 
	5.47 
	7.58 
	9.03 
	10.00 
	7.75 

	Cilostazol
	0.00 
	0.00 
	0.02 
	0.04 
	0.13 
	0.25 
	0.54 
	0.96 
	1.48 
	2.15 
	2.83 
	3.39 
	3.21 
	2.45 

	NSAIDs
	2.34 
	3.31 
	4.56 
	6.29 
	7.35 
	9.96 
	14.69 
	18.52 
	23.02 
	27.50 
	31.07 
	31.68 
	30.34 
	22.76 

	Steroid
	0.88 
	1.07 
	1.28 
	1.62 
	1.88 
	2.21 
	2.91 
	3.50 
	4.43 
	5.54 
	6.59 
	6.72 
	6.07 
	4.58 

	Anticoagulants†
	0.01 
	0.01 
	0.03 
	0.04 
	0.07 
	0.10 
	0.16 
	0.25 
	0.34 
	0.53 
	0.73 
	0.96 
	0.73 
	0.50 

	SSRI
	0.21 
	0.22 
	0.21 
	0.27 
	0.32 
	0.38 
	0.50 
	0.55 
	0.74 
	1.13 
	1.53 
	1.89 
	2.13 
	1.70 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of Risk Factors 
(without H. pylori Prevalence Imputation)
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	≥ 1
	13.32 
	17.55 
	19.61 
	23.22 
	29.38 
	34.49 
	44.88 
	53.68 
	62.87 
	68.98 
	74.57 
	74.65 
	71.74 
	58.61 

	≥ 2
	2.25 
	3.29 
	4.42 
	5.97 
	8.57 
	11.89 
	18.42 
	24.98 
	33.02 
	39.09 
	45.26 
	45.36 
	41.69 
	29.63 

	≥ 3
	0.29 
	0.48 
	0.74 
	1.18 
	1.99 
	3.20 
	5.72 
	8.93 
	13.23 
	17.29 
	21.32 
	21.25 
	18.75 
	11.07 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	No. of Risk Factors 
(after H. pylori Prevalence Imputation)
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	≥ 1
	36.21 
	39.37 
	53.24 
	55.64 
	66.45 
	68.97 
	78.69 
	82.11 
	85.68 
	88.13 
	89.66 
	89.52 
	88.55 
	83.72 

	≥ 2
	5.12 
	7.08 
	10.87 
	13.30 
	19.66 
	23.81 
	34.58 
	42.48 
	51.41 
	57.73 
	62.40 
	62.59 
	59.14 
	46.84 

	≥ 3
	0.78 
	1.21 
	2.32 
	3.24 
	5.45 
	7.75 
	13.52 
	18.90 
	25.56 
	30.79 
	35.35 
	35.09 
	32.49 
	21.95 


1Subjects who were prescribed 60 d or more in 2013; Warfarin, rivaroxaban, dabigatran, and apixaban were included. NSAIDs: non-steroidal anti-inflammatory drugs; SSRI, selective serotonin reuptake inhibitor.

[image: ]Figure 1 Age-group specific prevalence of any upper gastrointestinal bleeding risk factors. A: Without Helicobacter pylori (H. pylori) prevalence imputation; B: With H. pylori prevalence imputation.
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Figure 2 Age-Group Specific Prevalence of Multiple Risk Factors in Subjects Performed Health Check-up. A: Without Helicobacter pylori (H. pylori) prevalence imputation; B: With H. pylori prevalence imputation. Smoking, problematic alcohol drinking and sedentry lifestyle were included as risk factors additionally. 
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