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Abstract: Objective: To identify risk factors for gastrointestinal bleeding (GIB) in patients with ischemic stroke and
to develop a clinically applicable predictive model. Methods: A retrospective case-control study was conducted on
ischemic stroke patients admitted to The Third People’s Hospital of Hefei. The training cohort included 96 patients
who developed GIB between January 2021 and January 2023 (as cases) and 104 age-matched stroke patients who
did not develop GIB (as controls). Risk factors were identified using univariate and multivariate logistic regression
analyses. A separate validation cohort (40 GIB-cases and 48 controls) admitted between February 2023 and June
2024 was used to assess model’s performance. Results: Univariate analysis identified several significant risk fac-
tors, including a history of gastrointestinal diseases, use of anticoagulants or antiplatelet drugs, a Glasgow Coma
Scale (GCS) score < 8, and prolonged prothrombin time (PT). Multivariate analysis showed that all four factors were
independent predictors: history of stomach or intestinal disease (odds ratio [OR]=3.31, 95% confidence interval [CI]:
1.04-10.49), use of anticoagulants or antiplatelet drugs (OR=4.09, 95% Cl: 1.68-9.99), GCS score <8 (OR=4.75,
95% Cl: 1.18-19.16), and prolonged PT (OR=1.15, 95% Cl: 1.04-1.28). A predictive nomogram based on these four
factors demonstrated good performance, with an area under the curve (AUC) of 0.73 in the training cohort and 0.79
in the validation cohort. The calibration curve indicated that the nomogram’s predictions matched closely with real
outcomes. The decision curve analysis (DCA) also showed that the model provided evident clinical benefits. Conclu-
sion: Four independent risk factors for GIB in ischemic stroke patients were identified. The developed nomogram
may assist clinicians in early risk assessment and inform treatment decisions.
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Introduction depending on the patient population and their
clinical situations [5]. GIB can exacerbate bra-

Ischemic stroke is one of the most common in damage by reducing cerebral blood flow,

types of cerebrovascular disease worldwide. It
is marked by a significant nerve function im-
pairment, leading to high incidence of disability
or death, especially in patients with severe con-
ditions [1, 2]. According to the Global Burden
of Disease (GBD) study, about 7 million people
are newly diagnosed with ischemic stroke each
year, making up over 70% of all stroke cases
globally [3]. In addition to its efect on the ner-
vous system, ischemic stroke can affect other
body systems, with gastrointestinal bleeding
(GIB) being one of the more common complica-
tions [4]. The incidence of GIB in ischemic
stroke patients ranges from 1.5% to 8.0%,

increasing the risk of recurrent strokes, and
worsening overall outcomes [6].

The etiology of GIB in stroke patients is multi-
factorial, with several concurrent factors con-
tributing to its development [7]. Research sug-
gests that pre-existing comorbidities, coagu-
lation abnormalities, the use of anticoagulants
or antiplatelet drugs, and damage to the gastro-
intestinal mucosa may all contribute to GIB [8,
9]. However, many studies have not developed
comprehensive models to accurately identify
high-risk individuals for GIB [10]. Some studies
focus mainly on the effects of anticoagulants or
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antiplatelet drugs on bleeding, neglecting other
possible risk factors, such as coagulation pro-
files or the extent of brain injury [11]. At pres-
ent, there is still no consensus on the specific
risk factors for GIB in ischemic stroke patients,
and tools for predicting bleeding risk remain
limited. Existing scoring systems, such as HAS-
BLED and CHA,DS-VASc, are primarily de-
signed to evaluate anticoagulation-associated
bleeding risks rather than ischemic stroke
itself, limiting their clinical applicability [12, 13].

In our clinical practice, we have observed
numerous ischemic stroke patients who sub-
sequently developed significant GIB, often with
adverse effects on clinical outcomes and long-
term prognosis. However, the clinical factors
associated with increased bleeding risk in this
population remain poorly defined. To address
this gap, we conducted a retrospective case-
control study, collecting data on comorbidities,
coagulation values, and antithrombotic treat-
ment in ischemic stroke patients who devel-
oped GIB, and compared these findings with
age - matched controls without GIB. Based on
these findings, we developed a visualized no-
mogram model to facilitate individualized risk
prediction. This study aims to identify the clini-
cal factors associated with GIB in ischemic
stroke patients and provide a practical tool for
early risk identification and targeted preventive
strategies to improve outcomes.

Patients and methods
Study design

This retrospective, single-center case-control
study reviewed the clinical data of inpatients
diagnosed with ischemic stroke at the Third
People’s Hospital of Hefei (Hefei Third Clinical
College of Anhui Medical University). Patients
were grouped based on their admission period:
200 patients in the training group (from January
2021 to January 2023) and 88 patients in the
validation group (from February 2023 to June
2024). All data were retrieved from the hospi-
tal's electronic medical records system and
were carefully checked by trained personnel
to ensure completeness and accuracy. The
study was approved by the hospital’s ethics
committee.

To determine the appropriate sample size,
calculations were based on the estimated inci-
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dence of GIB in ischemic stroke patients and
the expected difference between study groups.
Assuming an odds ratio (OR) of 2.5 for a key
risk factor, a statistical power of 80%, a two-
tailed alpha of 0.05, and a roughly 1:1 case-to-
control ratio, the required sample size was at
least 90 patients per group. Ultimately, a total
of 288 patients were included, exceeding this
minimum requirement. Following standard pro-
tocols for prognostic modeling research, par-
ticipants were assigned to the training and vali-
dation cohorts in a 2:1 ratio [14]. The larger
training cohort was used for model develop-
ment, while the smaller validation cohort was
used for internal performance evaluation. This
2:1 division was designed to optimize model
stability while preserving an independent set of
cases for validation.

Definition of cases and controls

Patients in the case group encompassed those
diagnosed with ischemic stroke, who received
antithrombotic therapy upon admission and
subsequently developed GIB during hospitali-
zation. GIB was diagnosed based on clinical
manifestations (e.g., hematemesis, melena, he-
matochezia) and confirmed by endoscopic or
imaging evaluation. To ensure consistency, all
cases had a stroke onset-to-admission time of
<72 h. In total, 136 patients were included in
the case group, comprising 96 in the training
cohort and 40 in the validation cohort.

For each case, at least one age-matched con-
trol patient (2 years) was selected from hospi-
talized ischemic stroke patients who did not
develop GIB during their hospital stay. Control
patients received a similar antithrombotic treat-
ment regimen as the cases. A total of 152 con-
trol patients were included, with 104 in the
training cohort and 48 in the validation cohort.

Exclusion criteria included patients under 18
years of age, those with severe cardiac, neuro-
logical, pulmonary, or renal dysfunction, indi-
viduals with a hospital stay of less than 8 h,
those diagnosed with hematologic or immune
system disorders, and patients with a history of
psychiatric illness.

Data collection

A comprehensive dataset was collected by
trained clinicians, including demographic char-
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Table 1. Comparison of clinical characteristics between the training and validation cohorts

Training cohort Validation cohort )
(X£s)/n (%)/M (P25, P75) (X%s)/n (%)/M (P25, P75) VX2 P
Participants 200 88
Age 68.44+12.05 70.53+10.74 1.403 0.162
Gender 0.367 0.545
Female 71 (35.50) 28 (31.82)
Male 129 (64.50) 60 (68.18)
BMI (kg/m?) 22.58+2.58 22.32+1.98 0.917 0.360
Educational level 1.316  0.518
Primary school 66 (33.00) 27 (30.68)
Middle and high school 100 (50.00) 41 (46.59)
College 34 (17.00) 20 (22.73)
GCS score 0.158 0.984
15 85 (42.50) 37 (42.05)
13-14 62 (31.00) 26 (29.55)
9-12 35 (17.50) 17 (19.32)
3-8 18 (9.00) 8(9.09)
NIHSS score 0.611 0.894
0-1 105 (52.50) 45 (51.14)
2-4 39 (19.50) 17 (19.32)
5-15 41 (20.50) 17 (19.32)
16-42 15 (7.50) 9(10.23)
History of stroke 0.126  0.723
No 153 (76.50) 69 (78.41)
Yes 47 (23.50) 19 (21.59)
History of gastrointestinal disease 0.408 0.523
No 178 (89.00) 76 (86.36)
Yes 22(11.00) 12 (13.64)
Brain herniation 0.089 0.765
No 196 (98.00) 86 (97.73)
Yes 4 (2.00) 2(2.27)
Cardiac failure 0.003 0.955
No 186 (93.00) 82 (93.18)
Yes 14 (7.00) 6 (6.82)
Renal dysfunction 0.027 0.870
No 183 (91.50) 80 (90.91)
Yes 17 (8.50) 8(9.09)
Hepatic cirrhosis 0.042 0.838
No 185 (92.50) 82 (93.18)
Yes 15 (7.50) 6 (6.82)
Hypertension 0.087 0.768
No 51 (25.50) 21 (23.86)
Yes 149 (74.50) 67 (76.14)
Diabetes 0.013  0.909
No 149 (74.50) 65 (73.86)
Yes 51 (25.50) 23 (26.14)
Atrial fibrillation 0.134 0.714
No 179 (89.50) 80 (90.91)
Yes 21 (10.50) 8(9.09)
Use of anticoagulants or antiplatelet agents 0.009 0.925
No 35 (17.50) 15 (17.05)
Yes 165 (82.50) 73(82.95)
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PTA (%) 94.41 (86.43, 101.17) 93.95 (84.84, 102.92) 0.474 0.636
PT (s) 11.89 (9.61, 13.81) 10.59 (9.15, 13.94) 0.902 0.367
APTT (s) 26.52 (24.88, 28.53) 26.38 (24.43, 28.46) 1112  0.266
FBG (g/L) 2.76 (2.48, 3.15) 2.85 (2.49, 3.12) 0.316 0.752
ALP (1U/L) 85.78 (77.26, 96.27) 86.53 (76.32, 93.64) 0592 0.554
UA (umol/L) 339.72 (299.83, 386.75) 337.32(313.55,362.42)  0.523 0.601
Cr (umol/L) 83.40 (75.88, 93.98) 82.65 (80.49, 87.15) 0.230 0.818
LDL (mmol/L) 2.42 (1.63, 3.20) 2.46 (2.12, 2.90) 0.458  0.647
HDL (mmol/L) 1.08 (0.99, 1.18) 1.10 (1.03, 1.15) 0.070  0.944
TG (mmol/L) 1.25(0.79, 1.57) 1.25 (1.09, 1.36) 0.414  0.679
Hey (umol/L) 15.37 (9.63, 20.65) 16.70 (11.79, 22.01) 1377 0.169

BMI: body mass index; GCS: Glasgow Coma Scale; NIHSS: National Institutes of Health Stroke Scale; PTA: prothrombin activity; PT: prothrombin
time; APTT: activated partial thromboplastin time; FBG: fibrinogen; ALP: alkaline phosphatase; UA: uric acid; Cr: creatinine; LDL: low-density

lipoprotein; HDL: high-density lipoprotein; TG: triglycerides; Hcy: homocysteine.

acteristics (age, gender, BMI, educational le-
vel), neurological assessment scores (Glasgow
Coma Scale [GCS] and National Institutes of
Health Stroke Scale [NIHSS], both assessed at
admission), and medical history (e.g., history of
stroke, history of gastrointestinal disease).
Data on comorbid conditions (e.g., brain hernia-
tion, cardiac failure, renal dysfunction, hepatic
cirrhosis, hypertension, diabetes, atrial fibrilla-
tion) and antithrombotic medication use (anti-
coagulants or antiplatelet agents) were also
recorded. Laboratoryvalues, including coagula-
tion profiles, blood lipid levels, uric acid, creati-
nine, and homocysteine, were extracted from
the first blood test performed upon hospital
admission. In the case group, medication re-
cords reflected prescriptions prior to the first
GIB episode.

Statistical methods

All statistical analyses were conducted using
SPSS 22.0. The Kolmogorov-Smirnov test was
performed to assess the normality of data dis-
tribution. For normally distributed continuous
variables, Student’s t-test was used for group
comparisons, whereas the Mann-Whitney U
test was applied for non-normally distribut-
ed continuous variables. Categorical variables
were expressed as n (%) and analyzed using
the x? test. A P-value <0.05 was considered
significant.

Univariate logistic regression analysis was first
conducted to identify potential risk factors, and
multivariate logistic regression analysis was
subsequently performed to determine inde-
pendent risk factors. Based on these findings,
a nomogram prediction model was developed.
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The model’s predictive performance and clini-
cal utility were validated using calibration
curves, receiver operating characteristic (ROC)
curve analysis, and decision curve analysis
(DCA).

Results

Clinical characteristics of the training and
validation cohorts

As shown in Table 1, there were no significant
differences between the two cohorts in terms
of baseline demographics (age, gender, BMI,
educational level), clinical severity scores (GCS
score, NIHSS score), history of stroke, ma-
jor comorbidities (e.g., hypertension, diabetes,
and other comorbidities), use of antithrombotic
therapy, or laboratory values (P>0.05).

Clinical characteristics of the case and control
groups in the training cohort

Within the training cohort (Table 2), a GCS
score of 3-8 was markedly more common
among the case group (15.63%) compared to
the control group (2.89%) (P=0.004). The pro-
portion of patients with a history of gastrointes-
tinal disease was higher in the case group
(A7.71% vs. 4.81%, P=0.004). The use of anti-
coagulants or antiplatelet agents was signifi-
cantly more prevalent in the case group
(91.67% vs. 74.04%, P=0.001). The median
prothrombin time (PT) was longer in the case
group [12.29 (10.23, 14.19) s] than in controls
[10.96 (8.79, 13.02) s] (P=0.006). No signifi-
cant differences were noted between cases
and controls for age, gender, BMI, educational
level, NIHSS score, history of stroke, comorbidi-
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Table 2. Comparison of clinical characteristics between case and control groups in the training cohort

~ Case group Control group tx2/Z p
(Xxs)/n (%)/M (P25, P75) (Xxs)/n (%)/M (P25, P75)
Participant 96 104
Age 68.94+12.33 67.98+11.83 0.560 0.576
Gender 0.379 0.538
Female 32(33.33) 39 (37.50)
Male 64 (66.67) 65 (62.50)
BMI (kg/m?) 22.68+2.74 22.49+2.45 0.492 0.623
Educational level 0.572 0.751
Primary school 34 (35.42) 32(30.77)
Middle and high school 47 (48.96) 53 (50.96)
College 15 (15.63) 19 (18.27)
GCS score 13.243 0.004
15 33(34.38) 52 (50.00)
13-14 28(29.17) 34 (32.69)
9-12 20 (20.83) 15 (14.42)
3-8 15 (15.63) 3(2.89)
NIHSS score 2.870 0.412
0-1 50 (52.08) 55 (52.88)
2-4 16 (16.67) 23(22.12)
5-15 20 (20.83) 21 (20.19)
16-42 10 (10.42) 5(4.81)
History of stroke 0.663 0.415
No 71 (73.96) 82 (78.85)
Yes 25 (26.04) 22 (21.15)
History of gastrointestinal disease 8.486 0.004
No 79 (82.29) 99 (95.19)
Yes 17 (17.71) 5(4.81)
Brain herniation 0.344 0.558
No 93 (96.88) 103 (99.04)
Yes 3(3.13) 1(0.96)
Cardiac failure 0.504 0.478
No 88 (91.67) 98 (94.23)
Yes 8(8.33) 6 (5.77)
Renal dysfunction 0.872 0.350
No 86 (89.58) 97 (93.27)
Yes 10 (10.42) 7 (6.73)
Hepatic cirrhosis 0.185 0.667
No 88 (91.67) 97 (93.27)
Yes 8(8.33) 7 (6.73)
Hypertension 1.307 0.253
No 28(29.17) 23(22.12)
Yes 68 (70.83) 81 (77.88)
Diabetes 0.649 0.421
No 74 (77.08) 75(72.12)
Yes 22 (22.92) 29 (27.88)
Atrial fibrillation 0.786 0.375
No 84 (87.50) 95 (91.35)
Yes 12 (12.50) 9 (8.65)
Use of anticoagulants or antiplatelet agents 10.75  0.001
No 8(8.33) 27 (25.96)
Yes 88 (91.67) 77 (74.04)
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PTA (%) 92.06 (85.12, 100.35) 95.65 (87.90, 103.42) 1599 0.110
PT (s) 12.29 (10.23, 14.19) 10.96 (8.79, 13.02) 2.763  0.006
APTT (s) 26.66 (25.15, 28.65) 26.29 (24.23, 28.52) 1.273  0.203
FBG (g/L) 2.74 (2.45, 3.12) 2.83 (250, 3.20) 0.844  0.399
ALP (IU/L) 87.29 (79.95, 97.77) 85.22 (75.38, 93.66) 1770 0.077
UA (umol/L) 334.74 (291.36, 377.91) 342.48 (303.88,395.67)  1.647  0.100
Cr (umol/L) 86.09 (77.45, 94.44) 82.47 (72.50, 90.87) 1.703  0.089
LDL (mmol/L) 2.21 (1.48, 3.08) 2.74 (1.68, 3.29) 1912 0.056
HDL (mmol/L) 1.09 (1.00, 1.17) 1.08 (0.98, 1.22) 0.143 0.886
TG (mmol/L) 1.12 (0.76, 1.56) 1.32(0.82, 1.59) 1.229 0.219
Hey (umol/L) 17.29 (10.46, 21.86) 14.40 (8.83, 19.47) 1.684  0.092

BMI: body mass index; GCS: Glasgow Coma Scale; NIHSS: National Institutes of Health Stroke Scale; PTA: prothrombin activity; PT: prothrombin
time; APTT: activated partial thromboplastin time; FBG: fibrinogen; ALP: alkaline phosphatase; UA: uric acid; Cr: creatinine; LDL: low-density
lipoprotein; HDL: high-density lipoprotein; TG: triglycerides; Hcy: homocysteine.

Table 3. Univariate logistic regression analysis of GIB in patients with ischemic stroke

B S.E P OR (95% Cl)

Age 0.01 0.01 0.574 1.01 (0.98-1.03)
Gender

Female 1.00 (Reference)

Male 0.18 0.30 0.539 1.20 (0.67-2.15)
BMI 0.03 0.06 0.621 1.03 (0.92-1.14)
Education level

Primary school 1.00 (Reference)

Middle and high school -0.18 0.32 0.569 0.83 (0.45-1.56)

College -0.30 0.42 0.484 0.74 (0.32-1.71)
GCS score

15 1.00 (Reference)

13-14 0.26 0.34 0.442 1.30 (0.67-2.52)

9-12 0.74 0.41 0.069 2.10 (0.94-4.67)

3-8 2.06 0.67 0.002 7.88 (2.12-29.32)
NIHSS score

0-1 1.00 (Reference)

2-4 -0.27 0.38 0.481 0.77 (0.36-1.61)

5-15 0.05 0.37 0.900 1.05 (0.51-2.16)

16-42 0.79 0.58 0.175 2.20(0.70-6.88)
History of stroke

No 1.00 (Reference)

Yes 0.27 0.33 0.416 1.31 (0.68-2.53)
History of gastrointestinal disease

No 1.00 (Reference)

Yes 1.45 0.53 0.006 4.26 (1.51-12.06)
Brain herniation

No 1.00 (Reference)

Yes 1.20 1.16 0.302 3.32(0.34-32.50)
Cardiac failure

No 1.00 (Reference)

Yes 0.40 0.56 0.480 1.48 (0.50-4.45)
Renal dysfunction

No 1.00 (Reference)

Yes 0.48 0.51 0.354 1.61 (0.59-4.42)
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Hepatic cirrhosis
No
Yes

Hypertension
No
Yes

Diabetes
No
Yes

Atrial fibrillation
No
Yes

Use of anticoagulants or antiplatelet agents
No
Yes

PTA

PT

APTT

FBG

ALP

UA

Cr

LDL

HDL

TG

Hcy

0.23

-0.37

-0.26

0.41

1.35
-0.02
0.14
0.08
-0.22
0.01
-0.00
0.01
-0.24
-0.28
-0.34
0.03

1.00 (Reference)

0.54 0.668 1.26 (0.44-3.62)

1.00 (Reference)
0.33 0.254 0.69 (0.36-1.31)

1.00 (Reference)
0.33 0.421 0.77 (0.41-1.46)

1.00 (Reference)
0.47 0.378 1.51 (0.61-3.76)

1.00 (Reference)
0.43 0.002 3.86 (1.65-8.99)
0.01 0.117 0.98 (0.96-1.01)
0.05 0.004 1.15 (1.05-1.26)
0.05 0.086 1.08 (0.99-1.19)
0.29 0.451 0.80 (0.45-1.42)
0.01 0.165 1.01 (1.00-1.03)
0.00 0.070 1.00 (0.99-1.00)
0.01 0.127 1.01 (1.00-1.03)
0.13 0.070 0.79 (0.60-1.02)
0.97 0.774 0.76 (0.11-5.08)
0.28 0.216 0.71 (0.41-1.22)
0.02 0.087 1.03 (1.00-1.07)

GIB: gastrointestinal bleeding; BMI: body mass index; GCS: Glasgow Coma Scale; NIHSS: National Institutes of Health Stroke
Scale; PTA: prothrombin activity; PT: prothrombin time; APTT: activated partial thromboplastin time; FBG: fibrinogen; ALP: alka-
line phosphatase; UA: uric acid; Cr: creatinine; LDL: low-density lipoprotein; HDL: high-density lipoprotein; TG: triglycerides; Hey:

homocysteine; OR: odds ratio, Cl: confidence interval.

ties (e.g., brain herniation, cardiac failure, renal
dysfunction, hepatic cirrhosis, hypertension,
diabetes, atrial fibrillation), or other laboratory
values (P>0.05).

Univariate logistic regression analysis of GIB in
patients with ischemic stroke

Univariate logistic regression analysis was con-
ducted to identify risk factors for GIB in patients
with ischemic stroke, with GIB occurrence as
the dependent variable (cases =1, controls =0).
The variables included in the analysis encom-
passed demographic characteristics (age, gen-
der, BMI, and education level), clinical severity
scores (GCS and NIHSS), medical history (e.g.,
prior stroke and gastrointestinal disease), and
comorbidities (e.g., hypertension, diabetes, at-
rial fibrillation, cardiac failure, renal dysfunc-
tion, brain herniation, and hepatic cirrhosis).
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Medication use, including anticoagulants and
antiplatelet drugs, was also considered. Addi-
tionally, several laboratory indicators related to
coagulation, metabolism, and vascular risk
were analyzed. As shown in Table 3, a GCS
score <8 (OR=7.88, 95% confidence interval
[95% CI]: 2.12-29.32, P=0.002), a history of
gastrointestinal disease (OR=4.26, 95% CI:
1.51-12.06, P=0.006), use of anticoagulants
or antiplatelet agents (OR=3.86, 95% Cl: 1.65-
8.99, P=0.002), and prolonged PT (OR=1.15,
95% Cl: 1.05-1.26, P=0.004) were all strongly
associated with an increased risk of GIB.

Multivariate logistic regression analysis of GIB
bleeding in patients with ischemic stroke

Multivariate logistic regression analysis was

conducted, incorporating the significant vari-
ables from the univariate analysis. The results
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Table 4. Multivariate logistic regression analysis of GIB in patients with ischemic stroke

B S.E P OR (95% Cl)

GCS score

15 1.00 (Reference)

13-14 0.22 0.36 0.549 1.24 (0.61-2.53)

9-12 0.75 0.44 0.085 2.13 (0.90-5.02)

3-8 1.56 0.71 0.029 4.75 (1.18-19.16)
History of gastrointestinal disease

No 1.00 (Reference)

Yes 1.20 0.59 0.042 3.31(1.04-10.49)
Use of anticoagulants or antiplatelet agents

No 1.00 (Reference)

Yes 1.41 0.46 0.002 4.09 (1.68-9.99)
PT 0.14 0.05 0.007 1.15 (1.04-1.28)

GIB: gastrointestinal bleeding; GCS: Glasgow Coma Scale; PT: prothrombin time; OR: odds ratio, Cl: confidence interval.

Calibration analysis

0 10 20 30 40 650 60

80 90 100

In both the training and vali-
dation cohorts, the Hosmer-

Points | N BN NE SR LR L L AL T LN I | 1
13~14 3~8
GCS score L T !
15 9~12
History of 0 Yes
gastrointestinal disease No J

Use of anticoagulants |
or antiplatelet agents No

Lemeshow goodness-of-fit test
yielded P-values of 0.776 and
0.539, respectively, indicating
excellent model calibration.
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Figure 1. Nomogram for predicting the risk of GIB in ischemic stroke pa-
tients. GCS: Glasgow Coma Scale; PT: prothrombin time; GIB: gastrointesti-

This suggested a close fit be-
tween the predicted outcomes
by the nomogram and the ob-
served outcomes (Figure 2).

Diagnostic performance as-
sessment

nal bleeding.

identified four independent risk factors: a
GCS score <8 (OR=4.75, 95% Cl: 1.18-19.16,
P=0.029), a history of gastrointestinal disease
(OR=3.31, 95% CI: 1.04-10.49, P=0.042), use
of anticoagulants or antiplatelet agents (OR=
4.09, 95% Cl: 1.68-9.99, P=0.002), and pro-
longed PT (OR=1.15, 95% CI: 1.04-1.28, P=
0.007) (P<0.05) (Table 4).

Construction of a nomogram predictive model

A nomogram predictive model was established
based on the independent risk factors identi-
fied in the multivariate logistic regression anal-
ysis (Figure 1). The model assigns weighted
scores to each predictor, facilitating individual-
ized risk estimation for GIB in ischemic stroke
patients.
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In the training cohort, the pre-

dictive nomogram reached an
area under the ROC curve (AUC) of 0.73 (95%
Cl: 0.66-0.80), while in the validation cohort,
the AUC reached 0.79 (95% Cl: 0.70-0.89).
These results demonstrate that the nomo-
gram model exhibited favorable discriminatory
performance in identifying ischemic stroke
patients at risk of GIB (Figure 3).

Clinical utility assessment

DCA in both the training and validation cohorts
showed that the nomogram consistently pro-
vided a positive net clinical benefit across a
clinically relevant range of threshold probabili-
ties, supporting its potential value as a de
cision-support tool in clinical practice (Figure
4).
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g [15]. These agents, though
effective in reducing throm-
botic events, simultaneously
impair physiological hemostat-
ic mechanisms, making even
minor gastrointestinal mucosal
injuries susceptible to signifi-
cant bleeding [16]. Antiplatelet
agents, such as aspirin and
clopidogrel, mitigate thrombot-
ic risk by inhibiting platelet
aggregation but concurrently
diminish the hemostatic integ-
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Figure 2. Calibration curves for the nomogram in predicting GIB risk. A:
Training cohort; B: Validation cohort. GIB: gastrointestinal bleeding. The x-
axis represents the predicted probability of GIB, while the y-axis indicates
the actual observed incidence. The diagonal dashed line represents a per-
fect prediction. The curves showed good agreement between predicted and

observed outcomes.

Discussion

Gastrointestinal bleeding (GIB) is a severe com-
plication in patients with ischemic stroke, often
leading to prolonged hospitalization, poor prog-
nosis, and increased mortality. Identifying indi-
viduals at elevated risk for GIB is crucial for
implementing early preventive measures and
optimizing therapeutic strategies. However, the
multifactorial nature of GIB makes risk predic-
tion challenging in clinical practice. In this con-
text, we conducted a case-control study to sys-
tematically investigate the clinical characte-
ristics associated with GIB in ischemic stroke
patients and to develop a clinically applicable
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08 rity of gastrointestinal micro-

vasculature, predisposing mu-
cosal lesions to persistent
bleeding [17]. Similarly, blood-
thinning drugs like warfarin
and dabigatran interfere with
the coagulation process, fur-
ther raising the bleeding risk
[18]. A previous study has
shown a clear association between prolonged
use of these medications and an increased
incidence of GIB, especially in stroke patients
who remain on these drugs for extended peri-
ods [8].

Notably, patients with a history of gastrointesti-
nal disorders may be at increased risk. Even
after symptoms are resolved, residual damage
to the gut lining may persist, with tissue often
remaining fragile and microvessels vulnerable
to injury. Therefore, administration of antith-
rombotic drugs in these patients significantly
increases their risk of bleeding [19]. A study by
Huang et al. revealed that individuals with a his-
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Figure 3. ROC curves assessing the nomogram'’s dis-
crimination performance. A: Training cohort; B: Vali-
dation cohort. ROC: receiver operating characteristic.

tory of ulcers who are treated with blood thin-
ners or antiplatelet agents had a much higher
risk of GIB, likely due to the scarring and weak-
ened structure of the gut lining left by old ulcers
[20]. Moreover, stroke patients often experi-
ence gastrointestinal dysfunctions, including
slower digestion, delayed stomach emptying, or
altered acid levels [21]. These factors further
stress the gut lining, making it more prone to
bleeding when combined with blood-thinning
treatment [22]. Therefore, it is crucial for clini-
cians to consider gastrointestinal history when
prescribing antithrombotic drugs. A careful re-
view of each patient’s digestive health is impor-
tant, and adjustments to the treatment plan,

5020

including protective measures, can help miti-
gate bleeding risk [23]. Key interventions in-
clude the concurrent use of proton pump inhi-
bitors (PPIs) to suppress gastric acid secretion,
routine gastrointestinal surveillance for early
risk detection, and the development of person-
alized therapeutic regimens that carefully bal-
ance the benefits of antithrombotic therapy
with the bleeding risk. Implementing these
strategies can significantly improve the safety
and efficacy of antithrombotic management in
stroke patients [24].

Prolonged PT is commonly indicative of reduc-
ed coagulation factor synthesis or functional
impairment, which disrupts normal hemostatic
mechanisms and renders even minor gastroin-
testinal mucosal injuries susceptible to persis-
tent bleeding [25]. In this study, PT prolonga-
tion was identified as an independent risk
factor for GIB. Yuan et al. demonstrated that
among stroke patients undergoing anticoagula-
tion therapy, prolonged PT served as a signifi-
cant predictor of GIB, with this association
remaining significant even after adjusting for
age and baseline comorbidities [26]. Further-
more, retrospective analyses have suggested
that the coexistence of gastrointestinal disor-
ders and coagulation abnormalities may con-
tribute to a “high bleeding risk” state, where
increased mucosal fragility and microvascular
susceptibility, compounded by impaired coa-
gulation, exacerbate uncontrolled hemorrhage
and severe GIB [27]. These findings underscore
the role of PT not only as a key biomarker of
coagulation status but also as a crucial predic-
tor of GIB in ischemic stroke management. For
patients exhibiting significantly prolonged PT,
clinicians should carefully optimize anticoagu-
lation regimens while implementing proactive
gastric mucosal protection strategies to miti-
gate bleeding risk.

The GCS is a widely utilized tool for assessing
the level of consciousness in ischemic stroke
patients, with lower scores indicating more
severe neurologic impairment [28]. In this
study, a low GCS score was identified as an
independent risk factor for GIB in stroke pa-
tients. Individuals with lower GCS scores often
exhibit significant changes in consciousness,
which can impair essential physiologic func-
tions. For instance, they may lose the ability to
swallow normally, experience delayed gastric
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Figure 4. DCA evaluating the clinical utility of the nomogram. A: Training
cohort; B: Validation cohort. DCA: decision curve analysis.

emptying, and retain food in the stomach lon-
ger than usual. These disruptions can lead to
an increase in stomach acid, heightening the
risk of developing stress ulcers [29]. In addi-
tion, elevated intracranial pressure and an
exaggerated stress response can reduce blood
flow to the stomach lining, compromising its
protective barrier and making patients more
susceptible to GIB [30]. Research by Gu et al.
demonstrated that patients with a GCS score
of <8 exhibited significantly impaired gastric
motility, prolonged gastric content retention,
and increased gastric acid exposure, all of
which exacerbate mucosal injury and elevate
the risk of gastrointestinal hemorrhage [31].
Additionally, critically ill stroke patients with
lower GCS scores often require prolonged na-
sogastric feeding, and extended gastric tube
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10 risk and guiding early preven-
tive strategies. Beyond its dis-
criminatory ability, the nomo-
gram also exhibited excellent
calibration, as evidenced by
non-significant Hosmer-Leme-
show test results in both cohorts, demonstrat-
ing good agreement between predicted and
observed outcomes. Furthermore, DCA results
showed that the model could be useful in clini-
cal practice, offering good net benefits across
various threshold probabilities. However, it is
important to note that the model’s predictions
are not flawless. It does not account for several
potential factors influencing bleeding risk, such
as gastric mucosal damage, H. pylori infection,
the type and dosage of antithrombotic drugs,
and nutritional support. All these factors could
significantly affect the risk of GIB [34-36]. As
such, the model’s accuracy and generalizability
might be limited. Incorporating machine learn-
ing techniques could help improve the model’s
performance and broaden its applicability in
clinical settings [37].
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This study investigated the combined effect of
blood clotting abnormalities, neurological im-
pairment, and treatment regimens in assessing
the risk of GIB in ischemic stroke patients. By
examining the interplay of these factors, we got
a clearer picture of the contributors to bleeding
risks. The predictive model developed based
on these key determinants performed well in
risk stratification, offering clinicians an addi-
tional tool to guide treatment.

However, several limitations must be consid-
ered. First, the data were collected from a sin-
gle hospital, which may have introduced selec-
tion bias and limited the generalizability of the
results. Expanding the study to multiple hospi-
tals could enhance its applicability. Second, the
predictive capacity of the nomogram was limit-
ed by the scope of clinical data available in this
study. Future research should try to include
more relevant factors to improve the model’s
predictive accuracy and practical applicability.

Conclusion

In this study, four key factors were identified as
independent risk factors for GIB risk in stroke
patients: history of gastrointestinal disease,
use of anticoagulants or antiplatelet agents, a
GCS score of <8, and prolonged PT. The predic-
tive model built on these factors effectively dis-
tinguished high- and low-risk cases and should
help optimize clinical decision-making for indi-
vidualized patient care.
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