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Abstract:

Objective Conventional risk scores of peptic ulcer disease (PUD) are based on many parameters, and their
application in clinical practice is therefore limited. The aim of this study was to establish simple and reliable
criteria for predicting PUD-associated mortality.

Methods A total of 499 patients with PUD were divided into 2 groups: the training cohort (n=333) and the
validation cohort (n=166). To minimize selection bias due to missing values, we used imputed datasets gener-
ated by the multiple imputation method (training-cohort dataset, n=33,300; validation-cohort dataset, n=
16,600).

Results In the training-cohort dataset, the heart rate-to-systolic blood pressure ratio (HR/SBP) and serum
albumin (s-Alb) level were significant independent predictive factors for mortality according to the multivari-
ate analysis [HR/SBP, odds ratio (OR): 1.72; 95% confidence interval (CI), 1.06-2.80, p=0.028; s-Alb, OR:
0.23, 95% CI, 0.11-0.51, p<0.001]. The model comprising HR/SBP and s-Alb was able to detect mortality
due to PUD with an area under the curve (AUC) of 0.855. In the validation-cohort dataset, this model also
showed good efficacy with an AUC of 0.835. The novel criteria combining HR/SBP and s-Alb developed by
a decision tree analysis showed 73.3% sensitivity and 87.6% specificity for predicting mortality in the total-
cohort dataset. Our criteria were superior to the Glasgow Blatchford and Rockall scores and similar to the
AIMS65 and Progetto Nazionale Emorragia Digestiva scores for predicting mortality.

Conclusion The combination of the HR/SBP ratio and s-Alb level is a good predictor of mortality in pa-
tients with PUD.
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The severity of PUD varies widely from patient to patient,
and pre-treatment risk classification is critical for detecting
high-risk patients in need of intensive treatment. PUD is the

Introduction

Peptic ulcer disease (PUD), including gastric ulcer (GU)
and duodenal ulcer (DU), is a common condition world-
wide, with an incidence of 0.10-0.19% (1, 2) and an overall
mortality of 3.7-6.2% (1, 3-6). Since the incidence of and
risk of bleeding from PUD increase with age (2, 7), PUD
will remain an important cause of mortality and healthcare
spending in the aging international community.

main cause of upper gastrointestinal bleeding (UGIB), and
the UGIB international guidelines also recommend risk
stratification to identify high-risk patients for optimal triag-
ing (8). For this purpose, various scoring systems, such as
the Glasgow-Blatchford score (GBS) (9), Rockall score
(RS) (10), AIMS65 (11), and Progetto Nazionale Emorragia
Digestiva score (PNED) (12), have been developed. A retro-
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spective study comprising a large number of participants
found that AIMS65 and PNED were useful for predicting
mortality caused by UGIB (13), whereas other studies ob-
served an insufficient power of the GBS, RS, and AIMS65
with regard to predicting mortality (14-16). In addition,
these risk scores are based on many clinical and laboratory
parameters, making them too complicated to apply in emer-
gency situations. These scores are therefore not widely used
in clinical practice.

We previously identified criteria based on the findings of
nasogastric tube (NGT) lavage and the heart rate (HR): sys-
tolic blood pressure (SBP) ratio (HR/SBP) for identifying
patients with active UGIB in need of urgent endoscopy (17).
The detection of active bleeding and subsequent intervention
might reduce the mortality of UGIB; however, it has been
suggested that NGT placement may not reduce mortality
rates in UGIB patients (18, 19). Simple and reliable markers
for predicting the mortality of UGIB, including PUD, are
thus warranted to optimize management strategies.

We conducted the present study to identify a simple set of
predictive markers for predicting PUD-associated mortality.

Materials and Methods

Patients and study design

We retrospectively collected data from 284 patients with
PUD at Nagoya City University Hospital from January 2017
to February 2019 and from 215 patients with PUD at Japa-
nese Red Cross Nagoya Daini Hospital from May 2010 to
March 2012 who had been diagnosed using esophagogastro-
duodenoscopy (EGD). Written informed consent was ob-
tained from all participating patients.

The study protocol adhered to the ethical guidelines of
the 1975 Declaration of Helsinki (6th revision, 2008) and
was approved by institutional review boards at Japanese Red
Cross Nagoya Daini Hospital and Nagoya City University
Hospital (No. 60-18-0081).

Treatment for peptic ulcer

All patients with PUD were given proton pump inhibitors
or potassium-competitive acid blockers orally or intrave-
nously. Patients with severe symptoms were hospitalized,
fasting, and received intravenous infusion for several days. If
severe anemia and/or hemodynamic instability existed, the
patients received blood transfusion. When bleeding or vis-
ible vessels were found on EGD, endoscopic hemostasis (i.
e., endoscopic clips, epinephrine injection, and coagulation
using hemostatic forceps) was performed. If endoscopic he-
mostasis was not successful, interventional radiology (IVR)
and/or surgery were performed.

Definition

Endoscopic findings were collected according to the For-
rest classification (20). Mortality was defined as death oc-
curring within 30 days following endoscopy or hospital ad-

mission. Active bleeding ulcer was defined as an ulcer with
active bleeding or fresh blood/dark red clots in the stomach.
Rebleeding was defined as 1) bleeding at the second endo-
scopy or 2) hematemesis and/or melena or shock (SBP <90
mmHg and/or HR >100 bpm) after the first endoscopy or
longer than 24 hours of hospitalization. Prothrombin time
values were provided as international normalized ratios
(INR). Clinical and laboratory data collected just before en-
doscopy or hospital admission were used in this study, and
the GBS, RS, AIMS65, and PNED scores were calculated
for each patient based on these data (9-12). The parameters
of each risk score are shown in Supplementary material 1.

Study design

A flowchart of the study is displayed in Fig. 1. We ran-
domly divided the 499 total patients into a training cohort (n
=333) and a validation cohort (n=166). The collected data
had some missing values, especially for AIMS65 (22.4%)
and INR (17.4%) (Supplementary material 2). Since the
missing values were considered missing in a non-random
way, a complete-case analysis (CCA) excluding cases with
any missing values was not recommended due to potential
selection bias and a decrease in power (21). To minimize se-
lection bias, we used an imputed dataset generated by multi-
ple imputation by the chained equation (MICE) method in
all analyses (m=100) (22). First, we generated 100 imputed
datasets from each cohort by MICE. Next, we identified the
predictive factors of mortality based on an analysis of the
100 training-cohort datasets. After that, we verified the es-
tablished predictive model using the 100 validation-cohort
datasets. Finally, we established the novel criteria for pre-
dicting mortality of PUD using the imputed training-cohort
dataset (n=33,300), and the criteria were subsequently veri-
fied in the imputed validation-cohort dataset (n=16,600).

Statistical analyses

Univariate analyses were performed by the Mann-Whitney
U test or chi-squared test, as appropriate. For the multivari-
ate analysis, we used a logistic regression model with the
forward selection method by the likelihood ratio. We calcu-
lated odds ratios (OR) and 95% confidence intervals (CI) of
the predictive factors with logistic regression. Instead of the
actual measured values, the adjusted values of the Z score
were used to calculate OR. The efficacy of the predictive
model and other risk score systems was evaluated using a
receiver operating characteristic (ROC) curve analysis based
on the area under the curve (AUC) with the 95% CI. A de-
cision tree analysis was used to identify the predictive crite-
ria for PUD-associated mortality. A two-tailed probability
(p) value <0.05 was considered statistically significant.

Results

Patients

The patient characteristics are shown in Table 1. Of the
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Figure 1.
tion

499 patients, 362 (72.5%) had a GU, 147 (29.5%) had a
DU, 141 (28.3%) had an active bleeding ulcer, and 418
(83.8%) required hospitalization. In total, 186 (37.3%) pa-
tients underwent endoscopic hemostasis, 4 (0.8%) received
IVR, and 1 (0.2%) underwent surgery. Rebleeding occurred
in 42 (8.4%) patients. Mortality was observed for 10 (3.0%)
patients in the training cohort and 5 (3.0%) patients in the
validation cohort. While seven patients died of uncontrolla-
ble bleeding despite any hemostasis, eight died from other
comorbidities (Supplementary material 3).

Predictive factors of mortality

In order to identify potential predictive factors of mortal-
ity, we divided the training cohort into the mortality group
(n=10) and the survival group (n=323) and then conducted
univariate and multivariate analyses for each risk factor. The
univariate analysis revealed that the HR/SBP and INR were
significantly higher while blood hemoglobin (Hb) and serum
albumin (s-Alb) levels were significantly lower in the mor-
tality group than in the survival group (HR/SBP, p=0.036;
Hb, p=0.003; INR, p=0.018; s-Alb, p<0.001). In the multi-
variate analysis, the HR/SBP ratio [OR, 1.72 (95% CI, 1.06-
2.80), p=0.028] and s-Alb level [OR, 0.23 (95% CI, 0.11-
0.51), p<0.001] were significant independent risk factors for
mortality in the training-cohort dataset (Table 2).

Next, we conducted an ROC analysis to evaluate the effi-
cacy of combining the HR/SBP ratio and s-Alb. The com-
bined markers showed good efficacy with an AUC=0.855
(95% CI, 0.730-0.979), which was comparable to AIMS65
(AUC=0.838) and PNED (AUC=0.869) and appeared supe-
rior to GBS (AUC=0.756) and RS (AUC=0.708) (Fig. 2A).

Study flowchart. PUD: peptic ulcer disease, MICE: multiple imputation by chained equa-

Validation of predictive factors

Next, we verified the validity of the HR/SBP ratio and s-
Alb level using the independent validation-cohort dataset.
Again, significant differences were noted in the HR/SBP ra-
tio and s-Alb level between the two groups (HR/SBP, p=
0.043; s-Alb, p=0.011) (Table 3). The HR/SBP and s-Alb in
combination predicted PUD-associated mortality with an ex-
cellent AUC of 0.835 (95% CI, 0.606-1.000) in the valida-
tion cohort (Fig. 2B). In addition, the HR/SBP and s-Alb
were independent predictive factors of mortality in the total-
cohort dataset [HR/SBP, OR: 1.93 (95% CI, 1.33-2.81), p<
0.001; s-Alb, OR: 0.28 (95% CI, 0.15-0.53), p<0.001] (Sup-
plementary material 4). In the total-cohort dataset, the HR/
SBP and s-Alb in combination showed excellent perform-
ance with an AUC of 0.852, which was superior to GBS and
RS (Supplementary material SA). These results derived from
the MICE method were similar to those of the CCA (Sup-
plementary material 5B, 6).

Urgent endoscopy should be performed for patients with
active bleeding ulcers to improve their prognosis. Therefore,
we examined whether or not the model consisting of HR/
SBP and s-Alb was also useful for identifying active bleed-
ing ulcers. Multivariate analyses revealed that the HR/SBP
ratio [OR, 1.77 (95% CI, 1.43-2.20), p<0.001] and s-Alb
level [OR, 0.76 (95% CI, 0.61-0.94), p=0.012] were inde-
pendent predictors of active bleeding (Supplementary mate-
rial 7). Their combination showed an AUC of 0.693 for the
prediction of active bleeding, which was comparable to that
of the GBS (AUC=0.691) and seemed to outperform clinical
RS (AUC=0.559) and AIMS65 (AUC=0.584) (Supplemen-
tary material 8).
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Table 1. Characteristics of Patients.

. L Training cohort Validation cohort Total cohort
Patient characteristics
n=333 n=166 n=499
Gender Male / Female 213/120 108/58 321/178
Age Median, IQR 73 (63-80) 71 (61-81) 73 (62-80)
Clinical diagnosis Gastric ulcer 240 (72.1%) 122 (73.5%) 362 (72.5%)
Duodenal ulcer 102 (30.6%) 45 (27.1%) 147 (29.5%)
Forrest classification Ia 30 (9.0%) 14 (8.4%) 44 (8.8%)
Ib 20 (6.0%) 20 (12.0%) 40 (8.0%)
Ila 79 (23.7%) 31 (18.7%) 110 (22.0%)
b 11 (3.3%) 3(1.8%) 14 (2.8%)
Ilc 6 (1.8%) 12 (7.2%) 18 (3.6%)
I 187 (56.2%) 86 (51.8%) 273 (54.7%)
Active bleeding ulcer 92 (27.6%) 49 (29.5%) 141 (28.3%)
Drugs NSAIDs 100 (30.0%) 48 (28.9%) 148 (29.7%)
Antiplatelet 71 (21.3%) 29 (17.5%) 100 (20.0%)
Anticoagulant 36 (10.8%) 12 (7.2%) 48 (9.6%)
Steroids 14 (4.2%) 8 (4.8%) 22 (4.4%)
PPI/P-CAB /H2RA 54 (16.2%) 29 (17.5%) 83 (16.6%)
Hospitalization 274 (82.3%) 144 (86.7%) 418 (83.8%)
Intervention Blood transfusion 154 (46.2%) 83 (50.0%) 237 (47.5%)
Endoscopic hemostasis 122 (36.6%) 64 (38.6%) 186 (37.3%)
IVR 4(1.2%) 0 (0.0%) 4 (0.8%)
Surgery 1 (0.3%) 0 (0.0%) 1(0.2%)
Rebleeding 25 (7.5%) 17 (10.2%) 42 (8.4%)
Mortality 10 (3.0%) 5 (3.0%) 15 (3.0%)

IQR: interquartile range, NSAIDs: non-steroid anti-inflammatory drugs, PPI: proton pump inhibitor, P-CAB: potassium-
competitive acid blocker, H2RA: histamine H2-receptor antagonist, IVR: interventional radiology

Table 2. Univariate and Multivariate Analyses in the Training-cohort Dataset.

Univariate Multivariate
Mortality Survival -
n=10 n=323 p value C[)gd ;i ‘;b rétll]o p value

Age (years) 79 (75-87) 73 (63-80) 0.052

HR/SBP 1.05+0.47 0.73+£0.26 0.036 1.72 0.028

[1.06-2.80]

NSAIDs 4 (40.0%) 97 (30.0%) 0.499

Antiplatelet/Anticoagulant 3 (30.0%) 95 (29.4%) 0.968

Cardiac failure/

Ischemic Heart disease 2 (20.0%) 79 (24.5%) 0.746

Hepatic failure 1 (10.0%) 13 (4.0%) 0.354

Renal failure 3 (30.0%) 44 (13.6%) 0.143

Malignant tumor 2 (20.0%) 52 (16.1%) 0.742

Other major comorbidity 5 (50.0%) 105 (32.5%) 0.247

Blood hemoglobin (g/dL) 6.8+1.2 9.5+3.1 0.003

INR 1.32+0.35 1.20+0.51 0.018

s-Alb (g/dL) 2.3+0.6 3.3+0.6 <0.001 0.23 <0.001

[0.11-0.51]
BUN (mg/dL) 52.7+37.4 38.9+28.1 0.164
Active bleeding ulcer 5 (50.0%) 87 (26.9%) 0.108

95% CI: 95% confidence interval, HR/SBP: heart rate-to-systolic blood pressure ratio, NSAIDs: non-steroid anti-in-
flammatory drugs, INR: international normalized ratio of prothrombin time, s-Alb: serum albumin, BUN: blood
urea nitrogen
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Figure 2. Receiver operator characteristics curve. A: Training-cohort dataset. B: Validation-
cohort dataset. HR/SBP: heart rate-to-systolic blood pressure ratio, s-Alb: serum albumin, AUC:

area under the curve, 95% CI: 95% confidence interval

Table 3. Univariate and Multivariate Analyses in the Validation-cohort

Dataset.
Univariate Multivariate
Mortality Survival Odds rat
n=5 n=161 § ratio
p value [95% CI] p value
HR/SBP 1.19+0.50  0.73+0.23 0.043 2.54 0.010
[1.26-5.09]
s-Alb (g/dL) 2.6+0.4 3.3+0.7 0.011 0.41 0.093
[0.15-1.15]

95% CI: 95% confidence interval, HR/SBP: heart rate-to-systolic blood pressure ratio, s-Alb:

serum albumin

Development of the criteria

From a clinical perspective, the criteria for predicting
PUD-associated mortality should be clear-cut and simple for
a quick evaluation in emergency situations. We thus per-
formed a decision tree analysis to develop criteria including
the HR/SBP and s-Alb level in a dataset in which the miss-
ing values were imputed 100 times by MICE (n=49,900).
From the results of the decision tree analysis in the training-
cohort dataset (n=33,300), ‘s-Alb <2.4 g/dL’ or ‘s-Alb 2.4-
2.7 g/dL and HR/SBP >0.7459° were considered optimal
criteria for predicting mortality and were named the
Iwasaki-Shimura (IS) criteria (Fig. 3A). The IS criteria
showed a sensitivity of 70.0% and a specificity of 87.8%.
Furthermore, the IS criteria also showed good performance
(sensitivity and specificity of 80.0% and 86.9%, respec-
tively) in the independent validation-cohort dataset (n=
16,600; Fig. 3B). The efficacies of each of the other risk

scores at the proposed cut-off values in the imputed total-
cohort dataset are displayed in Fig. 3C. The IS criteria were
superior to GBS and RS, while their efficacy for predicting
PUD-associated mortality was similar to that of AIMS65
and PNED (10, 12, 13, 23).

Discussion

In the present study, we established simple and novel pre-
dictive criteria for PUD mortality consisting of only two pa-
rameters: HR/SBP and s-Alb. Since intensive care and early
intervention for patients with high-risk PUD might reduce
the mortality, risk classification before treatment is important
for PUD. For this purpose, several risk scoring systems for
classification of severity in patients with UGIB have been
developed, including GBS, RS, AIMS65, and PNED (9-12).
However, the clinical use of these risk scores is currently
limited, possibly due to the fact that they are relatively com-
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Total imputed dataset (N=49,900)
Sensitivity Specificity Accuracy
Cut-off
(%) (%) (%)
GBS 5 100 21.3 23.6
RS 10 5 86.7 47.2 48.4
AIMS65 2 3 47.9 92.6 91.3
PNED 12 4 73.3 82.3 82.1
IS criteria 73.3 87.6 85.2

Figure 3. Novel criteria for predicting peptic ulcer disease-associated mortality. A: IS criteria. ‘s-
Alb <2.4 g/dL’ or ‘s-Alb 2.4-2.7 g/dL. and HR/SBP >0.7459’ predicts future mortality. B: Efficacy of
the IS criteria. C: Comparison of the IS criteria with other scores. HR/SBP: heart rate-to-systolic

blood pressure ratio, IS criteria: Iwasaki-Shimura criteria

plicated to calculate, as they involve many parameters. Nota-
bly, despite their simplicity, our novel criteria showed
equivalent predictability to other useful but more complex
scores, including AIMS65 and PNED. The AUCs of GBS,
RS, AIMS65, and PNED for detecting UGIB-associated
mortality have been reported to be 0.64-0.87, 0.72-0.81,
0.75-0.91, and 0.77-0.81, respectively (12-16, 23-25). PNED
reportedly outperforms RS in predicting the risk of death
from UGIB (12). Of these four risk scoring systems, only
AIMS65 contains s-Alb as a parameter and showed the
highest accuracy of 91.3% in the present dataset; however,
its sensitivity of 47.9% is too low for clinical use. Although
PNED showed a sensitivity and accuracy comparable to that
of our newly developed criteria, the simplicity of our criteria
might make them more useful than PNED. Importantly,
PNED is not suitable for pre-treatment risk classification be-
cause it includes the presence or absence of rebleeding as a
parameter, which cannot be known before treatment.

The functions of s-Alb are mainly to maintain osmotic
pressure in the normal blood circulation and to bind various
substances in the body for transportation without degrada-
tion (26). Many studies have shown that s-Alb is inversely
correlated with all-disease mortality, particularly in elderly
patients (27-31). Debilitating diseases with malignancy and
chronic inflammatory diseases cause a change in the tran-
scapillary escape rate of albumin and enhance its transition
from the blood to tissue spaces (32). Therefore, patients
with severe comorbidities might exhibit a low level of s-Alb.
One study found that GBS combined with s-Alb could iden-
tify inpatient mortality in UGIB patients better than GBS

and RS alone (33). Another study showed that patients who
died from gastrointestinal bleeding had significantly lower s-
Alb levels than those who survived (34). Low levels of s-
Alb can reflect not only serum protein loss caused by severe
PUD but also a poor physical condition due to debilitating
illness. s-Alb might thus be a representative parameter that
reflects the basic physical function under comorbidity and
aging as well as severity of PUD.

The HR/SBP ratio, also known as the Shock Index, re-
flects the circulation dynamics and is associated with patient
mortality in the emergency department (35). We previously
reported that the HR/SBP ratio is related to active bleeding
in patients with UGIB (17). Several other reports also indi-
cated that the HR/SBP ratio is a good predictor for the de-
tection of high-risk UGIB patients or patients who need en-
doscopic intervention (36, 37). Since a large UGIB-related
blood loss could trigger tachycardia, i.e., HR elevation, and
a drop in SBP, the HR/SBP ratio may reflect an acute criti-
cal condition of severely affected UGIB patients. We feel
that these are explanations as to why our criteria consisting
of the HR/SBP ratio and s-Alb level can efficiently identify
PUD patients with a poor prognosis.

When a dataset with missing values is analyzed, the Na-
tional Research Council does not recommend using the
CCA method, as it builds on the improbable assumption that
the data are missing completely at random (38). As such, we
applied the MICE method for replacing missing values and
developed a large dataset in the present study. Nevertheless,
the IS criteria demonstrated consistent efficacies in both the
training and validation datasets. Based on these results, the
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IS criteria can be applied in emergency situations involving
PUD because of its major benefits of simplicity and high ac-
curacy.

Two limitations associated with the present study warrant
mention. First, this was a retrospective study carried out at
only two institutions; a prospective, multicenter trial would
be required in the future validation. However, the diagnostic
power of the conventional four scoring systems was more or
less within the previously reported ranges, suggesting the
validity of the present datasets. In addition, the efficacy of
the IS criteria was proven in two independent large datasets.
We therefore believe that the current data might provide a
solid basis for using the IS criteria for the prediction of
PUD-associated mortality. We are currently planning a mul-
ticenter prospective observational study to verify the IS cri-
teria. Second, we included all cases by replacing any miss-
ing values using MICE and did not omit such cases, as
would have been the case when performing a CCA. Conse-
quently, the results of MICE were consistent with those of
the CCA in the present study. This bias is thus negligible
for the present study.

In conclusion, the simple and novel criteria comprising
the HR/SBP ratio and s-Alb level help identify patients with
high-risk PUD.

The authors state that they have no Conflict of Interest (COI).
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