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Abstract
Background  Peptic ulcers are a common gastrointestinal disease that could cause death when combined with 
bleeding. The aim of this study was to identify risk factors for peptic ulcer bleeding (PUB) recurrence after the initial 
episode.

Methods  This retrospective study analyzed medical records of PUB patients who were admitted through the 
emergency department between January 1, 2020, and December 31, 2022. A multivariate logistic regression model 
was used to identify independent risk factors predicting readmission due to recurrent PUB within one year.

Results  A total of 775 PUB inpatient samples were collected, among which 172 and 603 were placed respectively 
in the readmission group and non-readmission group. Multivariate analysis indicated that PUB inpatients who were 
aged 70 or above (OR = 1.62, 95% CI: 1.06–2.47), had more severe ulcers (Forrest 1a, 1b, 2a, or 2b) (OR = 2.41, 95% 
CI:1.57–3.71), had a CCI score of 3 or higher (OR = 2.25, 95% CI:1.45–3.50), had a medical history of peptic ulcers 
(OR = 3.87, 95% CI:2.56–5.85), had a medical history of cardiovascular disease (CVD) (OR = 2.31, 95% CI:1.53–3.50), or 
had an international normalized ratio (INR) > 1.2 on admission (OR = 2.14, 95% CI:1.28–3.57) were respectively more 
likely to be readmitted within a year due to PUB than those who were under the age of 70, had less severe ulcers 
(Forrest 2c or 3), had a CCI score of less than 3, had no medical history of peptic ulcers, had no medical history of CVD, 
or had admission INR ≤ 1.2.

Conclusion  This study confirmed that age (≥70 years), Forest classification (Forrest 1a, 1b, 2a, or 2b), multiple 
comorbidities, a medical history of peptic ulcers, a medical history of CVD, and admission INR > 1.2 were independent 
risk factors for patient readmission within a year due to recurrent PUB.
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Background
Upper gastrointestinal bleeding is a common clinical dis-
ease estimated to occur in approximately 80 to 150 peo-
ple out of 100,000 people every year, with a mortality rate 
between 2% and 15% [1]. Approximately half of upper 
gastrointestinal bleeding occurrences are associated with 
peptic ulcers, which are a common chronic disease of the 
digestive tract; 80% of peptic ulcer bleeding (PUB) cases 
cease spontaneously while the remaining cases experi-
ence recurrent bleeding [2]. A common consequence of 
peptic ulcers that reach blood vessels is internal bleeding 
[3]. Ulcers can also penetrate the walls of the stomach 
or duodenum, causing severe abdominal pain and lead-
ing to life-threatening peritonitis [4]. When ulcers heal, 
the formation of scar tissue could partially or completely 
obstruct the pylorus, affecting the normal functions of 
the gastrointestinal tract and causing indigestion (Negash 
et al., 2022) [5]. Furthermore, untreated peptic ulcers, 
particularly those caused by Helicobacter pylori infec-
tions, increase the risk for gastric cancer [6], and chronic 
blood loss caused by peptic ulcers could induce iron-defi-
ciency anemia, which leads to frequent discomfort in the 
form of fatigue and dizziness [7]. The consequences of 
the aforementioned conditions all severely affect patient 
quality of life and potentially result in severe complica-
tions or even death. Moreover, significant increases in 
medical expenses are concurrently incurred [8]. The 
timely diagnosis and treatment of peptic ulcers are there-
fore of utmost importance.

Peptic ulcers can be divided based on location into gas-
tric ulcers and duodenal ulcers, both of which are sus-
ceptible to rupturing and bleeding, resulting in PUB. In 
rare cases, gastric ulcers are associated with malignant 
tumors and should thus be assessed with caution [9]. 
Note that shallower mucosal damage that has yet to pen-
etrate the deeper tissues of the digestive tract is known 
as erosion [10]. As the risk for recurrent bleeding exists 
following PUB due to a multitude of factors [11], an in-
depth investigation of risk factors is needed to reduce the 
incidence of recurrent bleeding.

Past studies have identified multiple aspects that influ-
ence the risk for recurrent bleeding in PUB patients 
within three days of their first endoscopy. Following a 
diagnosis of ulcers during endoscopy, the Forrest clas-
sification is used to classify the ulcers based on severity 
to determine the best course of treatment because larger 
or deeper ulcers are more prone to recurrent bleeding. 
Abnormalities in laboratory blood test results such as 
platelet (PLT) count, hemoglobin (Hgb) level, and white 
blood cell (WBC) count could reflect the physiological 
status and potential risk for bleeding of patients and are 
thus correlated with a risk for recurrent bleeding. Clini-
cal symptoms such as shock, hematemesis, or melena are 
also associated with recurrent ulcer bleeding within the 

first three days [12]. In addition, past literature reports 
have indicated a number of risk factors correlated with 
hospitalization due to recurrent ulcer bleeding within 
the first 30 days, including age, previous gastrointes-
tinal bleeding, clinical status, nutritional status, renal 
dysfunction, current use of antithrombotic agents and 
non-steroidal anti-inflammatory drugs (NSAIDs), and 
endoscopic findings [13–16].

Research has shown that the risk for recurrent bleed-
ing in PUB patients after successful endoscopic treat-
ment is highest in the first three days, ranging from about 
30–55% [15, 17], and that the risk for recurrent bleeding 
within the first 30 days is approximately 18–49% [14, 18]. 
While early research reported a recurrent bleeding rate 
of 16–27% in PUB patients within 12 months [19, 20], , 
there have been no recent studies on recurrent bleeding 
rates that follow patients for this same time period. We 
therefore adopted a cohort study approach to not only 
elucidate whether PUB patients experience recurrent 
bleeding within a year but also evaluate the various fac-
tors associated with recurrent bleeding. Findings from 
this study are aimed at providing medical teams with a 
deeper understanding and assisting them in formulating 
more effective treatment plans and preventive measures, 
leading to better overall patient care by which to reduce 
the risk for recurrent bleeding in PUB patients.

Methods
Study population
We adopted a retrospective method and examined the 
hospitalization records of patients who were hospitalized 
via the emergency room due to PUB from a large teach-
ing hospital in northern Taiwan in the three-year period 
from January 1, 2020, to December 31, 2022. We focused 
on adult patients over the age of 20 and followed their 
medical records for up to a year after discharge. Patients 
who were readmitted to the hospital within a year of the 
initial discharge due to bleeding ulcers were placed in 
the readmission group. Patients who were under the age 
of 20 or died during hospitalization were excluded. For 
patients who were hospitalized multiple times due to 
bleeding ulcers during our study period, only data from 
the first admission were counted; data from subsequent 
readmissions were not included in this study. Moreover, 
prior to data analysis, any patient with missing data in 
any of the variables had their data removed; that is, we 
employed complete case analysis, and only patients with 
no missing values were included in our analysis.

Data collection
Definitions of the variables in this study are as follows:

(1)	Age: Conventionally, the elderly are defined as 
individuals over the age of 65 [21]. Researchers have 
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further divided them into youngest-old, middle-old, 
and oldest-old, who are individuals respectively 
between 60 and 69 years old, between 70 and 79 
years old, and 80 years old or above [22]. This study 
investigated a total of 775 patients. Grouped by age, 
there were 162 patients (20.9%) under the age of 
60, 200 patients (25.8%) aged 60 to 69, 203 patients 
(26.2%) aged 70 to 79, and 210 patients (27.1%) aged 
80 or over. In other words, over half of them were 
over the age of 60, showing that most of the study 
population were elderly individuals. Considering the 
fact that only 222 patients (28.6%) were under the 
age of 65, we chose 70 years old as the cutoff point in 
our analysis.

(2)	Body mass index (BMI): The World Health 
Organization recommends using BMI, which is 
calculated by dividing an individual’s weight in 
kilograms by the square of their height in meters, to 
gauge body weight [23]. We utilized BMI data from 
the date of admission.

(3)	Other background data: This included the 
following: patient gender, which was male or female; 
educational background, which was obtained from 
nursing assessment records on admission and 
divided into (1) senior high school or below and (2) 
college and university or above; employment status, 
which included employed, retired, or unemployed; 
religious beliefs, which included religious or not 
religious; and marital status, which included single, 
married, divorced, or widowed.

(4)	Daily habits: In the nursing assessment on admission, 
patients were asked whether they had a smoking 
habit. Following an affirmative response, they were 
also asked how many years they had been smoking 
and the number of cigarettes that they smoked per 
day. They were also asked whether they had smoked 
in the past and, if so, for how long they had quit. 
In addition, the patients were asked on admission 
whether they had an alcohol drinking habit. 
Following an affirmative response, they were asked 
how often they drank, which was daily, weekly, or 
occasionally, to assess the regularity of their drinking. 
The nurses also recorded how much alcohol they 
drank each time to quantify their drinking behavior 
(e.g., three times a week and two glasses each time).

(5)	Symptoms on admission: These refer to the primary 
complaints commonly observed in PUB patients 
upon admission to the emergency department, 
including pain score, hematochezia, melena, mixed 
hematochezia and melena, hematemesis or coffee 
ground vomiting, and abdominal pain as well as 
shock, weakness, dizziness, or dyspnea. The pain 
score was collected from their medical records, 
which used the numeric rating scale from 0 to 10 

to quantify the severity of pain, with 0 indicating 
no pain and 10 indicating the most severe pain. 
The numeric rating scale is highly sensitive with an 
intraclass correlation coefficient of 0.95 [24].

(6)	Endoscopy results: These refer to findings indicated 
in endoscopy reports from before the current 
hospitalization and treatment. The time at which 
endoscopies were taken was dependent on the 
patient’s clinical conditions. Upon a substantial 
drop in the patient’s hemoglobin levels, a clinical 
physician immediately arranged for an endoscopy. 
We therefore did not collect data regarding the 
time period between admission and endoscopy as 
it was directly associated with the patient’s clinical 
conditions. The severity of ulcers was determined 
using the Forrest classification in the report [25], 
which included the following from severe to mild: 
1a (spurting hemorrhage), 1b (oozing hemorrhage), 
2a (visible vessel), 2b (adherent clot), 2c (flat 
pigmented haematin on ulcer base), and 3 (lesion 
that has ceased bleeding). Patients are usually 
treated according to the guidelines and protocols 
of the treating hospital [26]. In general, patients 
with Forrest 1a and 1b peptic ulcers are in an 
acute active bleeding state and require immediate 
endoscopic treatment. Bleeding is generally stopped 
using hemostatic agents, thermal coagulation, or 
vascular clipping. Once bleeding ceases, proton 
pump inhibitors (PPIs) are administered for adjuvant 
therapy to stabilize the ulcers, promote healing, and 
prevent recurrent bleeding [27]. Patients with Forrest 
2a and 2b peptic ulcers do not have active bleeding 
but are at high risk for bleeding. Thrombus removal 
or hemostatic measures are usually performed under 
endoscopy followed by thermal treatment or clipping 
to prevent recurrent bleeding, after which PPIs are 
prescribed [27]. In patients with Forrest 2c and 3 
peptic ulcers, bleeding has ceased, and they are not 
at risk for bleeding. Interventional therapy under an 
endoscope is not required, and the only treatment 
necessary is PPIs to inhibit gastric acid secretion 
and promote ulcer healing [28]. In Taiwan, the 
benefit provisions of the National Health Insurance 
regarding PPIs for patients with bleeding peptic 
ulcers are as follows. After therapeutic endoscopic 
treatment for acute bleeding ulcers, an intravenous 
bolus of PPIs is administered during the acute 
bleeding phase, followed by a continuous intravenous 
infusion at a rate of 8 mg/hour for 72 h. PPI therapy 
can be switched from intravenous to oral as soon as 
the bleeding stops [29, 30]. Note that according to 
the benefit provisions of Taiwan’s National Health 
Insurance, physicians can prescribe PPI treatments 
for at least four months for high-risk patients (e.g., 
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age over 65, medical history of peptic ulcers, long-
term use of NSAIDs or aspirin, use of anticoagulants, 
chronic kidney disease (CKD), or liver disease) and 
patients with certain complications (e.g., peptic ulcer 
perforation, pyloric stenosis, and scarring) [31]. In 
the present study, if a patient had ulcers in multiple 
locations, we focused on the most severe ones. 
Consistent with other studies, we categorized Forrest 
1a, 1b, 2a, and 2b as high-risk lesions and Forrest 2c 
and 3 as low-risk lesions [25, 32].

(7)	Charlson Comorbidity Index (CCI): This is a 
weighted total score of four specific categories 
of diseases. One point is given for myocardial 
infarction, congestive heart failure, peripheral 
vascular disease, cerebrovascular disease, dementia, 
chronic pulmonary disease, connective tissue 
disease, ulcerative disease, mild liver disease, and 
diabetes. Two points are given for hemiplegia, 
moderate or severe renal disease, end-stage 
diabetes with organ damage, tumors, leukemia, and 
lymphoma. Three points are given for moderate or 
severe liver cancer. Six points are given for acquired 
immune deficiency syndrome [33]. A higher total 
CCI indicates a more severe comorbid condition 
and poorer health. A CCI from 0 to 2 means that the 
patient does not have chronic diseases or only has 
mild comorbidities. A CCI of 3 or higher indicates 
moderate or more severe comorbidities [34]. In this 
study, we divided the patients into two groups: those 
with a CCI score of 0–2 and those with a CCI score 
≥3.

(8)	Medical history of relevant diseases: Hospitalization 
records were reviewed to identify patients with 
peptic ulcers, cardiovascular disease (CVD), 
diabetes, or CKD.

	 (9) Use of antithrombotic agents: Collectively called 
antithrombotic agents, antiplatelet and anticoagulant 
drugs primarily prevent thrombosis by inhibiting 
platelet aggregation (e.g., antiplatelet agents) or 
slowing down key enzymes in the coagulation 
process (e.g., anticoagulants). This is crucial in the 
prevention and treatment of many types of CVDs 
[35]. We searched the medical records of the patients 
for records of any anticoagulants (e.g., pradaxa, 
orfarin, xarelto, eliquis, and lixiana) and antiplatelet 
agents (e.g., clopidogrel, thrombifree, bokey, aspirin, 
dipyridamole, throne, licodin, pletaal, brilinta, and 
forflow) that they may have regularly taken within 
the past three months.

(10)	 Use of NSAID analgesics: Although NSAIDs 
are not typical antiplatelet drugs, they possess 
antiplatelet effects [36]. We therefore searched the 
medical records of the patients for records of any 
NSAID analgesics (e.g., mobic, voren, cataflam, 

potarlon, vortagen, eunac, votan, celecoxib, and 
diclofenac) that they may have regularly taken within 
the past three months.

(11)	 (11) Relevant pre-admission blood test results: 
These included white blood cell (WBC) count, 
prothrombin time (PT), international normalized 
ratio (INR), hemoglobin (Hgb) level, hematocrit 
(Hct), platelet (PLT) count, and creatinine (Cr). 
In accordance with the literature, we divided 
the patients into two groups for each parameter: 
>10,000/µl and ≤10,000/µl for WBC, > 14.5 s and 
≤14.5 s for PT, > 1.2 and ≤1.2 for INR, ≥10 g/dL 
and < 10 g/dL for Hgb, ≥31.5% and < 31.5% for Hct, 
≥150,000/µl and < 150,000/µl for PLT, and > 1.3 mg/
dL and ≤1.3 mg/dL for Cr.

Research privacy and confidentiality of data
We obtained approval from the institutional review 
board of the study hospital. Based on ethical consid-
erations, medical record numbers were used to string 
together different data fields in the collected data. Upon 
completion, the medical record numbers were replaced 
with serial numbers in order to protect the privacy of 
research subjects.

Statistics
The number of required samples was estimated using 
G-power 3.1.9.7 for logistic regression analysis. Our set-
tings included a type-I error of 5% and power of 95%. 
Due to the limited amount of related research, an odds 
ratio (OR) of 1.8 was chosen as our hypothetical value. 
This was based on existing literature suggesting that the 
risk for gastrointestinal bleeding in patients with CKD 
was 1.8 times higher than a control group with normal 
kidney function [37]. We therefore set the OR at 1.8, with 
at least 719 samples needed.

Following data collection, we used SPSS 25.0 for Win-
dows to conduct our statistical analyses. The descriptive 
analysis included frequency distribution, percentage, 
mean, and standard deviation. We then compared the 
data of the variables using t-tests or chi-square tests. 
Next, we performed binary logistic regression analysis 
with the basic attributes of the patients (including age, 
gender, educational background, employment status, 
religion, marital status, and BMI), daily habits (including 
smoking and drinking habits), symptoms upon admis-
sion (including pain score, hematochezia, melena, mixed 
hematochezia and melena, hematemesis or coffee ground 
vomiting, and abdominal pain as well as shock, weak-
ness, dizziness, or dyspnea), endoscopy results (includ-
ing location and severity of ulcers), other comorbidities 
or drug use (including CCI, medical history involving 
peptic ulcers, CVD, diabetes, CKD, use of antithrombotic 
agents, and use of NSAID analgesics), and pre-admission 
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blood test results (including WBC, PT, INR, Hgb, Hct, 
PLT, and Cr) as the independent variables to conduct 
predictive power analysis regarding whether the patients 
would be re-hospitalized due to PUB. In the selection of 
predictors, we first adopted bivariate analysis to identify 
variables with significant correlation and then performed 
predictive power analysis regarding whether the patients 
would be re-hospitalized due to PUB using the correlated 
variables and the multivariate model.

Results
PUB inpatient variable data
We originally collected data from 793 patients, among 
which 18 were removed due to missing values. We com-
pared the characteristics of these 18 patients with the 
remaining 775 patients and found no significant differ-
ences in the distribution in age, gender, or Forrest clas-
sification. Therefore, removing the samples with missing 
data did not significantly affect the representativeness 
of our patient population. For our study, 775 patients 
were analyzed (172 in the readmission group and 603 in 
the non-readmission group). Their mean age was 69.84 
years old (SD = 13.97) with a mean BMI of 24.86  kg/m2 
(SD = 4.76). Over half of the inpatients were male (63.7%), 
and the main symptom upon admission was melena 
(65.7%). The most common endoscopy results were 
1a, 1b, 2a, or 2b ulcers (64.6%). Among the inpatients, 
38.3% had CCI ≥3, 24.6% had a medical history of pep-
tic ulcers, 41.2% had a medical history of CVD, 53.8% 
had PT > 14.5  s, 27.0% had INR > 1.2, 57.5% had Hgb 
levels < 10  g/dL, 66.5% had Hct < 31.5%, and 38.1% had 
Cr > 1.3 mg/dL (Table 1).

Comparison of patients in readmission group and non-
readmission group
A total of 172 inpatients were readmitted within a year, 
whereas 603 inpatients were not readmitted. A compari-
son of these two groups of inpatients revealed significant 
differences in mean age (p < .001), ulcer severity in their 
endoscopy results (p = .001), CCI ≥3 (p < .001), medical 
history of peptic ulcers (p < .001), medical history of CVD 
(p < .001), medical history of CKD (p < .001), PT > 14.5  s 
(p = .020), INR > 1.2 (p < .001), Hgb < 10  g/dL (p = .001), 
Hct < 31.5% (p = .001), and Cr > 1.3  mg/dL (p = .010) 
(Table 1).

Predictors of readmission within a year due to PUB
Table  2 presents the binary logistic regression analy-
sis performed with age, ulcer severity, CCI ≥3, medical 
history of peptic ulcers, medical history of CVD, medi-
cal history of CKD, PT > 14.5  s, INR > 1.2, Hgb < 10  g/
dL, Hct < 31.5%, and Cr > 1.3  mg/dL as independent 
variables. The results showed that the regression coef-
ficients of age 70 or above (OR = 2.94, p < .001), more 

severe ulcers (1a, 1b, 2a, or 2b) (OR = 1.94, p = .001), CCI 
≥3 (OR = 3.58, p < .001), medical history of peptic ulcers 
(OR = 3.72, p < .001), medical history of CVD (OR = 3.24, 
p < .001), medical history of CKD (OR = 2.51, p < .001), 
PT > 14.5  s (OR = 1.51, p = .020), INR > 1.2 (OR = 2.07, 
p < .001), Hgb < 10 g/dL (OR = 1.83, p = .001), Hct < 31.5% 
(OR = 1.97, p = .001), and Cr > 1.3  mg/dL (OR = 1.57, 
p = .010) were significant, thereby indicating that these 
variables were associated with readmission within a year 
due to PUB. We therefore conducted multivariate logistic 
regression analysis using these variables. The results of 
the multivariate logistic regression analysis indicated that 
only age 70 or above (OR = 1.62, p = .025), high-risk ulcers 
(1a, 1b, 2a, or 2b) (OR = 2.41, p < .001), CCI ≥3 (OR = 2.25, 
p < .001), medical history of peptic ulcers (OR = 3.87, 
p < .001), medical history of CVD (OR = 2.31, p < .001), 
and INR > 1.2 (OR = 2.14, p = .004) could be used to pre-
dict the risk for readmission within a year due to PUB.

Discussions
Our findings reveal that after controlling factors that 
could influence the readmission of PUB inpatients within 
a year, those who were aged 70 or above as well as those 
who had more severe ulcers (Forrest 1a, 1b, 2a, or 2b), 
multiple comorbidities (CCI score ≥3), a medical history 
of peptic ulcers, a medical history of CVD, or INR > 1.2 
were respectively 1.62, 2.41, 2.25, 3.87, 2.31, and 2.14 
times more likely to be readmitted within a year due to 
PUB than those who were under the age of 70 as well as 
those who had less severe ulcers (Forrest 2c or 3), fewer 
comorbidities, no medical history of peptic ulcers, no 
medical history of CVD, or INR ≤1.21.

This study employed a retrospective research design 
where the data of the patient population were derived 
from actual clinical settings from the hospital to which 
the patients had been admitted. Although this could have 
introduced some selection bias, which is characteristic 
of retrospective research, the patient population was still 
representative of the population as a whole to a sufficient 
extent [38]. The clinical backgrounds of the patients in 
this study, such as older age and increased complications, 
were inherently associated with a higher risk for recur-
rent ulcer bleeding and readmission. In other words, 
patients who are older or have more complications are 
deemed high-risk groups for recurrent ulcer bleeding 
and readmission [39]. Moreover, a large proportion of 
the patient group in this study were taking antithrom-
botic agents, which reflects that suffering from CVDs or 
other comorbidities increases the risk for recurrent ulcer 
bleeding and readmission [40]. Thus, these findings have 
significant clinical implications for patients who are older 
in age or suffering from CVDs or other complications.

In the face of physiological aging, the gastrointestinal 
functions of elderly patients gradually weaken, rendering 
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the mucosa more susceptible to damage and increasing 
the risk for ulcer formation and bleeding [41]. As tissue 
repair and regeneration capabilities decline with age, 
repairing damage from ulcers is even more difficult and 
thereby increases the risk for recurrent bleeding [42]. The 
results of this study found that age 70 or above is a crucial 
risk factor for readmission to hospital within a year due 
to PUB, which indicates that elderly individuals over this 
age are more prone to recurrent ulcer bleeding, due per-
haps to these physiological changes.

The risk for recurrent PUB is also increased by the 
presence of chronic diseases. For instance, diabetes could 
impair the nervous system and blood vessels, thereby 
affecting normal gastrointestinal functions. Research in 
rodent models has demonstrated that diabetes increases 
susceptibility to gastric injury and inhibits the healing of 
damaged gastric mucosa [43]. From Taiwan’s National 
Health Insurance Research Database, Liang et al. divided 
1,229 patients who were admitted for treatment follow-
ing endoscopic hemostasis for PUB into a CKD group 

Table 1  Analysis of differences between basic data distributions of PUB inpatients who were and were not readmitted within a year 
due to PUB (including frequency and percentage of original samples with missing data for each variable)
Variable All Readmission Non-readmission p Missing Data

(n, %)N = 775 n = 172 n = 603
Basic attributes
  Age, mean (SD) 69.84 (13.97) 74.61 (14.70) 68.48 (14.27) < 0.001 0 (0%)
  BMI, mean (SD) 24.86 ( 4.76) 24.81 ( 5.35) 24.87 ( 4.59) 0.885 6 (0.8%)
  Gender: male, n (%) 494 (63.7) 112 (65.1) 382 (63.3) 0.671 0 (0%)
  Educational background: senior high school or below 666 (85.9) 152 (88.4) 514 (85.2) 0.297 0 (0%)
  Employment status: employed, n (%) 245 (31.6) 44 (25.6) 201 (33.3) 0.054 0 (0%)
  Religion: religious, n (%) 461 (59.5) 106 (61.6) 355 (58.9) 0.516 0 (0%)
  Marital status: married, n (%) 541 (69.8) 115 (66.9) 426 (70.6) 0.340 0 (0%)
Daily habits, n (%)
  Daily smoking 181 (23.4) 47 (27.3) 134 (22.2) 0.163 0 (0%)
  Daily drinking 57 ( 7.4) 13 ( 7.6) 44 ( 7.3) 0.908 0 (0%)
Symptoms upon admission
  Pain score, mean (SD) 0.74 (1.82) 0.65 (1.72) 0.77 (1.84) 0.417 0 (0%)
  Hematochezia, n (%) 31 ( 4.0) 11 ( 6.4) 20 (3.3) 0.069 0 (0%)
  Melena, n (%) 509 (65.7) 121 (70.3) 388 (64.3) 0.144 0 (0%)
  Hematochezia and melena mix, n (%) 29 ( 3.7) 3 ( 1.7) 26 (4.3) 0.118 0 (0%)
  Hematemesis or coffee ground vomiting, n (%) 222 (28.6) 44 (25.6) 178 (29.5) 0.314 0 (0%)
  Abdominal pain, n (%) 123 (15.9) 24 (14.0) 99 (16.4) 0.435 0 (0%)
  Shock, weakness, dizziness, or dyspnea, n (%) 161 (20.8) 36 (20.9) 125 (20.7) 0.954 0 (0%)
Endoscopy results, n (%)
  Ulcer location: both stomach and duodenum 168 (21.7) 28 (16.3) 140 (23.2) 0.051 0 (0%)
  Ulcer severity: Forrest 1a, 1b, 2a, or 2b 501 (64.6) 130 (75.6) 371 (61.5) 0.001 0 (0%)
Other comorbidities or use of relevant drugs, n (%)
  CCI ≥ 3 297 (38.3) 107 (62.2) 190 (31.5) <0.001 0 (0%)
  Medical history of peptic ulcers: yes 191 (24.6) 79 (45.9) 112 (18.6) < 0.001 0 (0%)
  Medical history of CVD: yes 319 (41.2) 109 (63.4) 210 (34.8) < 0.001 0 (0%)
  Medical history of DM: yes 274 (35.4) 63 (36.6) 211 (35.0) 0.692 0 (0%)
  Medical history of CKD: yes 105 (13.5) 40 (23.3) 65 (10.8) < 0.001 0 (0%)
  Use of antithrombotic agents (anticoagulants and antiplatelet agents) 317 (40.9) 70 (40.7) 247 (41.0) 0.950 0 (0%)
  Use of NSAID analgesics 272 (35.1) 68 (39.5) 204 (33.8) 0.167 0 (0%)
Pre-admission blood test results, n (%)
  WBC > 10,000/µl 425 (54.8) 90 (52.3) 335 (55.6) 0.453 9 (1.1%)
  PT > 14.5 s 417 (53.8) 106 (61.6) 311 (51.6) 0.020 5 (0.6%)
  INR > 1.2 209 (27.0) 67 (39.0) 142 (23.5) < 0.001 5 (0.6%)
  Hgb < 10 g/dL 446 (57.5) 118 (68.6) 328 (54.4) 0.001 0 (0%)
  Hct < 31.5% 515 (66.5) 133 (77.3) 382 (63.3) 0.001 0 (0%)
  PLT < 150,000/µl 84 (10.8) 24 (14.0) 60 (10.0) 0.136 0 (0%)
  Cr > 1.3 mg/dL 295 (38.1) 80 (46.5) 215 (35.7) 0.010 11 (1.4%)
Abbreviations BMI, body mass index; CCI, Charlson comorbidity index; CVD, cardiovascular disease; DM, diabetes mellitus; CKD, chronic kidney disease; PT, 
prothrombin time; INR, international normalized ratio; NSAID, non-steroidal anti-inflammatory drug; WBC, white blood cell; Hgb, hemoglobin; Hct, hematocrit; PLT, 
platelet; Cr, creatinine; SD, standard deviation
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(n = 184) and a non-CKD group (n = 1045) [44]. After 
a ten-year follow-up period, they discovered that the 
recurrent bleeding rate after discharge in the CKD group 
was higher than that in the non-CKD group (11.96% 
vs. 6.32%, p = .006). Blood supply to the gastrointestinal 
tract is also affected by coronary heart disease and heart 
failure due to poor blood circulation, which increases 
the risk for recurrent PUB [45]. Elevations in blood ves-
sel pressure from declines in renal function lead to the 
accumulation of waste and fluid in the body and render 
mucosal blood vessels in the gastrointestinal tract more 
susceptible to damage, further increasing the risk for 
ulcer formation and bleeding [46]. In particular, patients 
with end-stage renal disease requiring hemodialysis are 
often at higher risk due to platelet dysfunction, which 
negatively influences the adhesiveness of platelets to 
the vascular walls of bleeding ulcers [47]. Diseases such 
as cirrhosis or hepatitis affect liver function and impact 
both coagulation as well as blood supply to the gastro-
intestinal tract [48]. Cirrhosis is associated with portal 
hypertension and increases the risk for esophageal and 
gastric varices, all of which are risk factors for PUB [49]. 
In a prospective observational study conducted at two 
hospitals in Norway, Romstad et al. demonstrated that 
out of the comorbidities CVD, renal failure, diabetes, and 
cirrhosis, CVD was the most critical risk factor for PUB 
[32]. Research has also indicated that negative synergism 
occurs when two or more of the above chronic diseases 
are present in a patient. Infante et al. investigated 103 
patients with PUB using CCI to determine whether the 
presence of comorbidities was associated with recurrent 
bleeding [50]. Their results revealed that patients with 
CCI of 2 or 3 were at greater risk for recurrent bleeding 
within 30 days than were patients with CCI of 1 (RR = 1.5; 
95% CI: 0.25–8.97, p = .006). After controlling other risk 

factors, we demonstrated that CCI ≥3 is indeed a predic-
tor of the readmission of PUB inpatients within a year 
due to PUB.

This study found that CVD is also a risk factor for 
the readmission of patients within a year due to recur-
rent PUB, due perhaps to the use of antithrombotic 
agents by CVD patients increasing the risk for bleed-
ing in the digestive tract mucosa [51]. CVD patients 
are often hemodynamically unstable, which affects the 
blood supply to their gastrointestinal tract and makes 
the gastrointestinal mucosa more susceptible to dam-
age [52]. Moreover, CVD is associated with chronic low-
grade inflammation, in which systemic inflammatory 
responses increase the susceptibility of the gastrointesti-
nal mucosa and perturb ulcer repair processes [53]. These 
CVD-related factors collectively render peptic ulcers 
more likely to recur after bleeding, thereby significantly 
increasing the risk for recurrent bleeding. In addition, 
patients with INR > 1.2 after their initial episode of gas-
trointestinal bleeding may have difficulty forming effec-
tive blood clots to prevent bleeding, such that this poor 
coagulation further exacerbates the likelihood of ulcers 
re-bleeding [54]. Thus, abnormal INR on admission is 
an indicator of an increased risk for recurrent bleeding 
in peptic ulcers and should be given special attention in 
clinical practice.

In terms of severe peptic ulcers, damage to nearby 
blood vessels increases the vulnerability of patients to 
more ulcers and thus the risk for further bleeding [55]. 
Romstad et al. analyzed 543 PUB patients and found that 
those with more severe ulcers (Forrest 1a, 1b, 2a, or 2b) 
are more likely to experience recurrent bleeding than 
those with less severe ulcers (Forrest 2c or 3) (17.2% vs. 
4.6%, p < .001) [32]. This may be due to the fact that more 
severe peptic ulcers generally indicate a wider range of 

Table 2  Logistic regression predicting readmission within a year due to PUB
Variable bivariate multivariate

OR (95% CI) p OR (95% CI) p
Age 70 or abovea 2.49 (1.73–3.59) < 0.001 1.62 (1.06–2.47) 0.025
Endoscopy results: ulcer severity Forrest 1a, 1b, 2a, or 2bb 1.94 (1.32–2.84) 0.001 2.41 (1.57–3.71) < 0.001
CCI ≥ 3 3.58 (2.51–5.09) < 0.001 2.25 (1.45–3.50) < 0.001
Medical history of peptic ulcers: yesc 3.72 (2.59–5.36) < 0.001 3.87 (2.56–5.85) < 0.001
Medical history of CVD: yesc 3.24 (2.28–4.61) < 0.001 2.31 (1.53–3.50) < 0.001
Medical history of CKD: yesc 2.51 (1.62–3.89) < 0.001 1.41 (0.79–2.54) 0.248
Pre-admission blood test result: PT > 14.5 s 1.51 (1.07–2.13) 0.020 0.76 (0.46–1.26) 0.288
Pre-admission blood test result: INR > 1.2 2.07 (1.45–2.97) < 0.001 2.14 (1.28–3.57) 0.004
Pre-admission blood test result: Hgb < 10 g/dL 1.83 (1.28–2.63) 0.001 1.43 (0.72–2.83) 0.304
Pre-admission blood test result: Hct < 31.5% 1.97 (1.33–2.92) 0.001 1.19 (0.56–2.50) 0.652
Pre-admission blood test result: Cr > 1.3 mg/dL 1.57 (1.11–2.21) 0.010 0.85 (0.54–1.34) 0.483
a(Reference group: age under 70)
b(Reference group: 2c or 3)
c(Reference group: History of related medical disease: no)

Abbreviations CCI, Charlson comorbidity index; CVD, cardiovascular disease; CKD, chronic kidney disease; PT, prothrombin time; INR, international normalized ratio; 
Hgb, hemoglobin; Hct, hematocrit; Cr, creatinine; OR, odds ratio; CI, confidence interval
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tissue damage that reaches or penetrates the mucosa, 
making the healing process even more complicated and 
increasing the risk for developing additional ulcers [56]. 
The results of our study further reveal that ulcer severity 
is an important risk factor for readmission within a year 
due to PUB. We also found that patients who had previ-
ously suffered PUB were 3.49 times more likely to require 
hospitalization and treatment within a year due to recur-
rent bleeding than those with no medical history of PUB. 
One possible explanation is the presence of prior damage 
in the gastrointestinal tissue, which increases the risk for 
recurrent PUB [57].

Limitations
The data collected from the medical records in this study 
were limited by the completeness and accuracy of past 
medical records. We could only analyze the data included 
in the records and did not have access to comprehensive 
patient information. Thus, this is a limitation of our study. 
Furthermore, past studies have indicated that a high cor-
relation exists between post-discharge use of drugs such 
as NSAIDs and antithrombotic agents with readmission 
due to recurrent PUB [38, 58]. However, as our study was 
a retrospective study, we could not collect all of the fre-
quencies and dosages of medication taken by the patients 
before hospitalization and after discharge. Despite the 
absence of data on post-discharge drug use, predictors of 
readmission due to recurrent PUB were still identified in 
this study using other variables, such as age, comorbidi-
ties, and CVD, all of which could be used to evaluate the 
risk for readmission due to recurrent PUB with a high 
degree of confidence.

Conclusions
We conducted a retrospective cohort study and discov-
ered that for PUB inpatients, age 70 or above, Forest clas-
sification, multiple comorbidities, a medical history of 
peptic ulcers, a medical history of CVD, and admission 
INR > 1.2 were risk factors of readmission within a year 
due to PUB. To prevent recurrent PUB, we suggest the 
following to medical teams. More attention should be 
given to the health conditions of elderly patients as more 
severe ulcers could indicate a higher risk for recurrent 
bleeding. Patients whose initial PUB is under control still 
require monitoring and treatment for longer periods of 
time to reduce the risk for recurrent bleeding. Finally, the 
physical conditions of PUB patients with multiple comor-
bidities are complex, particularly PUB patients who have 
a medical history of CVD or are found to have poor coag-
ulation functions on admission. Therefore, medical teams 
should consider comprehensive treatment plans based on 
the overall health conditions of the patients to prevent 
recurrent PUB.
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