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Abstract: Objective: To investigate the urodynamic risk factors and prognosis of post-stroke urinary incontinence
(PSUI). Methods: The data from 100 stroke patients admitted to our hospital from January 2019 to March 2025
were retrospectively analyzed. According to whether urinary incontinence occurred after treatment, they were di-
vided into urinary incontinence and normal groups, including 42 cases in the urinary incontinence group and 58
cases in the normal group. The general data and treatment-related indicators of the two groups were compared.
Univariate and multivariate analysis were used to analyze the influencing factors of urinary incontinence after stroke
and establish a predictive model. Finally, the short-term prognosis and influencing factors for patients with urinary
incontinence were analyzed. Results: The average age, hematoma size and National Institutes of Health Stroke
Scale (NIHSS) score of patients in the urinary incontinence group were significantly higher than those of the normal
group. The lesion site analysis showed that the frontal lobe involvement rate was 59.5% in the incontinence group
and 25.9% in the control group. The rate of thalamic involvement was 47.6% in the study group and 19.0% in the
control group. The incidences of aphasia, cerebral hemorrhage, multiple stroke, female sex and diabetes were
higher in the incontinence group. Multivariate analysis identified the following independent risk factors for PSUI:
NIHSS score, female sex, frontal lobe lesions, thalamic lesionsand diabetes. The predictive model worked well incor-
porating these factors. Conclusion: The occurrence of urinary incontinence after stroke was related to the baseline
data of patients. Among them, NIHSS score, female sex, frontal and thalamic lesions, and diabetes were influencing
factorsfor urinary incontinence after stroke in patients, while NIHSS score, female sex, and diabetes were influenc-
ing factors for urinary incontinence persistence. In clinical practice, targeted intervention should be carried out in
combination with patient data to reduce the incidence of urinary incontinence after stroke.
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Introduction when the nervous system is damaged and the
brain loses control of the bladder, resulting
in uncontrolled spontaneous urinary inconti-
nence. It has been confirmed that urinary incon-
tinence after stroke not only affects the reha-
bilitation process and subsequent life and work
of patients, but also brings a specific psycho-
logical burden to patients and delays the recov-
ery of their social roles [7, 8]. Studies have
shown that early diagnosis and treatment of
patients with urinary incontinence after stroke
can significantly improve their prognosis, indi-
cating that active and effective early identifi-
cation of urinary incontinence after stroke is

Stroke is a brain injury caused by acute cere-
brovascular events, including cerebral infarc-
tion and cerebral hemorrhage [1, 2]. With the
advent of an aging society, lifestyle and diet
changes and environmental changes, the glob-
al incidence of stroke is increasing every year. It
has become a major public health threat, put-
ting pressure on patients and society [3, 4].

Stroke-related complications, including somat-
ic symptoms, motor and sensory abnormali-
ties, are relatively well studied. However, the
study of urinary incontinence after stroke, a

common complication, is relatively insufficient
[5, 6]. Urinary incontinence after stroke occurs

important [9]. Based on this theory, this study
retrospectively analyzed the treatment data of
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patients with urinary incontinence after stroke
in our hospital, and explored the influencing
factors for urinary incontinence after stroke, in
order to provide a theoretical basis for improv-
ing the prognosis.

Materials and methods
Basic information

The data of 100 stroke patients admitted to
our hospital from January 2019 to March
2025 were retrospectively analyzed. According
to whether urinary incontinence occurred after
treatment, the patients were divided into uri-
nary incontinence group and normal group.
Urinary incontinence is diagnosed as uncon-
trolled urinary loss, decreased or loss of urinary
inhibition, and symptoms such as frequent uri-
nation and urgency. Inclusion criteria: 1. Pa-
tients with stroke diagnosis in line with relevant
guidelines [10]; 2. 18-80 years old; 3. First
stroke; 4. Cerebrovascular accident received
conventional treatment; 5. Complete clinical
data. Exclusion criteria: 1. A history of urinary
incontinence; 2. Taking drugs that affect urina-
tion; 3. Male prostate dysfunction with urinary
dysfunction; 4. Patients with obvious organ dy-
sfunction, such as cardiopulmonary dysfunc-
tion; 5. Patients with incomplete clinical data.
This study was approved by the Ethics Com-
mittee of our hospital (Ethics No.: KYLL-2024-
0078).

Treatment

Both groups of patients received conventional
drug treatment during treatment, including:
Neuroprotection: Neuroprotective agents such
as edaravone (an antioxidant), mouse nerve
growth factor or brain protein hydrolysate were
given to promote nerve repair and functional
recovery. Improving cerebral circulation: Drugs
that improve cerebral microcirculation and me-
tabolism, such as butylphthalide or vinpo-
cetine, are used to increase cerebral blood
flow. Blood pressure control: According to the
patient’s condition, we used angiotensin con-
verting enzyme inhibitors (ACEls), such as per-
indopril, or calcium channel blockers (CCBs),
such as amlodipine, to control blood pressure
within the target range (e.g. < 140/90 mmHg).
Lipid regulation and plaque stability: Statins,
such as atorvastatin or rosuvastatin, are rou-
tinely used to reduce low-density lipoprotein
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cholesterol (LDL-C) levels and have anti-inflam-
matory effects, stabilizing and even reversing
atherosclerotic plaque [11].

Data collection

The general information of the patients was
obtained by consulting the electronic system,
including baseline data, liver and kidney func-
tion, lesion location, inflammatory factor chang-
es, and National Institutes of Health Stroke
Scale (NIHSS) score.

The differences between the baseline data of
the two groups were compared, and the predic-
tive model was established by using the differ-
ence factors.

The patients were followed up for three months
to observe the recovery of urinary incontinence
and analyze the persistent independent risk
factors.

Statistics

SPSS 23.0 statistical software was used for
analysis. The measured data of the two groups
of patients were expressed as ‘Mean + SD'.
The two groups were independent, normal, and
equal in variance. Paired t test was used for
intra-group comparison, and independent t test
was used for inter-group comparison. Counted
data were compared by chi-square test [n (%)].
Multivariate analysis was performed using mul-
tivariate logistic regression analysis. A predic-
tive model of urinary incontinence after stroke
was established, and the efficacy of the model
was evaluated by ROC curve. P < 0.05 was con-
sidered significant.

Results

Comparison of baseline data between the two
groups of patients

There was no significant difference in body
mass index, hypertension, smoking history, or
drinking history between the urinary inconti-
nence group and the control group (all P >
0.05). However, the age, female ratio, preva-
lence of diabetes, NIHSS score hematoma
volume, frontal lobe and thalamus lesions,
accompanied by aphasia, cerebral hemorrhage
and the number of strokes in the urinary in-
continence group were significantly higher than
those in the control group. See Table 1 for
details.
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Table 1. Comparison of baseline data between the two groups of patients

Urinary incontinence

Control

Project group (n = 42) group (n = 58) t/x2 P-value
Age (years) 68.5+8.2 63.1+9.5 2.984 0.004
Body mass index (kg/m2) 24.14 + 3.05 24.82 +2.70 -1.232 0.221
Female sex 28 (66.7%) 25 (43.1%) 5.556 0.018
hypertension 30 (71.4%) 36 (62.1%) 0.981 0.322
diabetes 16 (38.1%) 12 (20.7%) 3.945 0.047
Smoking history 15 (35.7%) 25 (43.1%) 0.552 0.458
Drinking history 12 (28.6%) 20 (34.5%) 0.393 0.531
NIHSS score 10.53 + 3.14 724 +2.82 5.576 <0.001
Hematoma size (mL) 28.63 £ 10.52 18.31+£8.70 5.429 <0.001
Frontal lobe and thalamic lesions 35 (83.3%) 35 (60.3%) 6.240 0.012
With aphasia 0 (47.6%) 5 (25.9%) 5.040 0.025
Cerebral hemorrhage 25 (59.5%) 0 (34.5%) 6.250 0.012
Number of strokes > 2 10 (23.8%) 5 (8.6%) 4.590 0.032

NIHSS: National Institutes of Health Stroke Scale.
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of patients. The results show-
ed that there were no signifi-
cant differences in CRP, IL-6
and WBC between the urinary
incontinence group and the
control group (all P > 0.05).
Results are shown in Figure 1.

Comparison of liver and kid-
ney function between the two
groups

Figure 1. Comparison of inflammatory factors between the two groups. C-

reactive protein (CRP), interleukin-6 (IL-6), white blood cells (WBC).
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The liver and kidney function
indexes of the two groups we-
re detected and compared. As
shown in Figure 2, there were
no significant differences in
Scr, BUN, ALT or AST between
the urinary incontinence group
and the control group (all P >
0.05).

Comparison of social support
between the two groups of
patients

Figure 2. Comparison of liver and kidney function indicators between the

two groups of patients. Serum creatinine (SCr), blood urea nitrogen (BUN),
alanine aminotransferase (ALT), aspartate aminotransferase (AST).

Comparison of inflammatory factors between

the two groups of patients

A social support rating scale
was used to evaluate the so-
cial support level of the two

groups of patients. The results showed that

there was no significant difference in the total
score of social support between the urinary

This study examined the levels of peripheral
blood inflammatory markers in the two groups
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incontinence group and the control group.
Results are shown in Table 2.
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Table 2. Comparison of Social Support Scores between the Two Groups

) Urinary incontinence Control L
Project group (n = 42) group (n = 58) Statistics P-value
Total social support score 38.53 +6.20 39.82+ 714 1=-0.983 0.328
Total score of objective support 9.16 £ 2.52 9.67 £+ 2.83 t=-0.939 0.350
Total score of subjective support 22.35+4.10 23.04 + 4.62 t=-0.802 0.425
Support utilization 714 +£1.82 725+ 1.94 t=-0.268 0.789
Table 3. Variable assignment 0.315). Furthermore, the model exhibited ro-
Variable Assignment bust capability in risk classification (Figure 4).
NIHSS score Original value Establishment and evaluation of a logistic re-
Female sex O=yes;1=no gression equation for factors affecting urinary
diabetes O=yes; 1=no incontinence after stroke

Frontal lobe and thalamic lesions O =yes; 1 =no
NIHSS: National Institutes of Health Stroke Scale.

Multifactorial analysis of urinary incontinence
after stroke

Multivariate logistic regression analysis was
performed on the significant factors found by
univariate analysis. 5 factors independently
predicted the risk of urinary incontinence after
stroke: higher NIHSS score, female sex, frontal
lobe lesions, thalamic lesions, and diabetes.

Among these factors, the risk of frontal lobe
lesions was the highest, with the risk of urinary
incontinence almost quadrupled, followed by
thalamic lesions and female sex. Diabetes mo-
derately increased the risk of urinary inconti-
nence, and for every 1 point increase in NIHSS
score, the risk of urinary incontinence increased
by 24% (OR 1.240). The specific results are
shown in Tables 3, 4.

Predictive performance by ROC analysis for
post-stroke urinary incontinence

To develop a predictive model for post-stroke
urinary incontinence, variables significant by
univariate analysis (including NIHSS score, gen-
der, frontal and thalamic lesions, and diabet-
es) were incorporated into a multivariate logis-
tic regression. The model demonstrated strong
performance across multiple metrics. ROC
analysis revealed an area under the curve of
0.856 (95% Cl: 0.746-0.956), indicating ex-
cellent discriminatory power (Figure 3). Good
calibration was confirmed by a non-significant
Hosmer-Lemeshow test result (x> = 9.239, P =

362

Substituting the multivariate analysis results in
Table 4 into the equation, the resulting logistic
regression predictive model was: P =1/(1 + ex)
[X=-5.201 + (0.215 x NIHSS score) + (1.025 x
1) +(1.362 x 1) + (1.148 x 1) + (0.863 x 1)].
The predicted probability of 0.5 was used as
the intercept point, and patients with P > 0.5
were considered likely to have urinary inconti-
nence. Substituting the sample data back into
the above equation, the model demonstrated
an accuracy of 90.0%, a specificity of 93.1%,
and a sensitivity of 85.7% for predicting post-
stroke urinary incontinence (see Table 5 for
details).

Analysis of short-term prognosis and influ-
encing factors for urinary incontinence after
stroke

The comparison of baseline data between the
two groups showed that there were significant
differences in the proportion of women (66.7%
vs 11.1%, x?> = 13.381, P < 0.001), the preva-
lence of diabetes (58.3% vs 11.1%, x? = 10.267,
P = 0.001) and NIHSS score (13.24 + 2.52 vs
7.53 +2.21,t=7.823, P < 0.001) (Table 6).

Multivariate logistic regression analysis further
confirmed that NIHSS score (OR 1.328, 95%
Cl 1.176-1.500, P = 0.031), female sex (OR
6.703, 95% CI 3.023-2.268, P = 0.021) and
diabetes (OR 7.109, 95% CI 1.404-3.770, P =
0.018) were independent risk factors for the
persistence of urinary incontinence after stroke
(Table 7). Among them, diabetes (OR 7.109)
and women (OR 6.703) had the highest risk.
For every 1 point increase in NIHSS score, the
risk of urinary incontinence continued to incre-
ase by about 32.8%.
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Table 4. Multivariate analysis of urinary incontinence after stroke

Influencing factors Bvalue  Standard error Wald x2 value OR value 95% Cl P value
NIHSS score 0.215 0.045 22.778 1.240 (1.135-1.355) < 0.001
Female sex 1.025 0.392 6.832 2.787 (1.292-6.011) 0.009
Frontal lobe lesions 1.362 0.421 10.465 3.904 (1.711-8.908) 0.001
Thalamic lesions 1.148 0.447 6.595 3.152 (1.312-7.574) 0.010
diabetes 0.863 0.385 5.023 2.370 (1.115-5.038) 0.025

NIHSS: National Institutes of Health Stroke Scale.
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Figure 3. ROC curve.

Discussion

Studies have confirmed that post-stroke uri-
nary incontinence is the most common func-
tional disability after stroke, mainly because
the nervous system loses conscious control of
the bladder after stroke, resulting in spontane-
ous urination [12, 13]. Epidemiologic surveys
have shown that the incidence of urinary incon-
tinence in the acute phase of stroke world-
wide is more than 50% [14]. Urinary inconti-
nence not only causes organ damage such as
urinary tract infection and skin injury, but also
causes psychological problems such as embar-
rassment, anxiety, depression and social isola-
tion, which affects the rehabilitation process
of patients and increases the burden to pa-
tients and society. Therefore, early identifica-
tion of high-risk groups after stroke, in-depth
discussion of its influencing factors, and estab-
lishment of predictive models provide a theo-
retical basis for improving the overall diagnosis
and treatment level of stroke patients [15, 16].
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Figure 4. Urinary incontinence model calibration
graph (Calibration Plot).

Previous literature has shown that post-stroke
urinary incontinence is associated with base-
line patient characteristics [17]. NIHSS score,
female, frontal and thalamic lesions, and dia-
betes were the influencing factors of urinary
incontinence after stroke [18]. Specifically,
NIHSS score is a core independent risk factor
for urinary incontinence after stroke. Higher
NIHSS scores usually indicate more extensive
brain injury or more involvement of key neural
centers, which can significantly disrupt the
integrity of the network. Damage to the higher
centers (mainly the prefrontal cortex) that regu-
late bladder storage and urination weakens
their inhibitory effects on the brainstem urinary
center, leading to unstable bladder overcontrac-
tion and urinary incontinence. The NIHSS score
can not only effectively evaluate the overall
severity of stroke, but also be a powerful ob-
jective indicator for predicting urinary dysfunc-
tion [19, 20]. The risk of female urinary inconti-
nence is closely related to its unique physiologi-
cal and anatomical structure. Women'’s urethra
is short and straight, and their pelvic floor mus-
cles are inherently weaker than men, resulting
in worse compensatory urination. In addition,
previous pregnancies and vaginal births can

Am J Transl Res 2026;18(1):359-366
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Table 5. Comparison of predicted variance of urinary incontinence

in stroke patients with actual samples

the following mechanisms: the
congenital anatomical struc-

Predicting urinary incontinence

ture of female patients is more

Actual urinary incontinence None Have Total Complex than that of men, ghd
none 54 5 59 ;hetlr plreggatncy _and .fert|l|:.y
have 4 36 a istory lea 9 urinary incon |

nence. Even if the neurologi-
total 58 42 100

damage and weaken women’s pelvic floor sup-
port structures. Finally, the decrease of estro-
gen level in postmenopausal women leads to
the atrophy of urethral mucosa and the de-
crease of closure ability, which is also an im-
portant cause of urinary incontinence. The fron-
tal lobe, especially the prefrontal lobe, is the
highest center for controlling urination and
participates in active inhibition of urination.
Therefore, the damage of stroke to the frontal
lobe will damage this active inhibition, resulting
in weakened or absent urinary inhibition reflex,
resulting in urinary incontinence. Chronic hyper-
glycemia can cause diabetic peripheral neurop-
athy and damage the autonomic nervous sys-
tem that dominates the detrusor and urethral
sphincter. This may lead to decreased bladder
sensation, weak or uncoordinated contraction,
dysuria, urinary retention, and ultimately lead
to overflow urinary incontinence, confirming
previous research results [21, 22]. The predic-
tive model constructed by these factors has
good performance and stability, and the inter-
nal verification results are satisfactory. It has
high clinical application value, and similar re-
sults have been reported before.

Previous follow-up studies on urinary inconti-
nence after stroke have confirmed that al-
though the recovery of neurological function in
some patients has been alleviated, about 15%-
20% of patients still face persistent urinary
incontinence [23, 24]. The results of this study
also showed that the incidence of persistent
urinary incontinence after stroke in this group
was 42.86%, which was higher than that of
previous studies, which may be related to the
small sample size of this study. At the same
time, some scholars have confirmed that per-
sistent urinary incontinence is also related to
the baseline data of patients [25]. The base-
line results of this group of patients showed
that female sex, diabetes, and NIHSS scores
were the influencing factors of persistent uri-
nary incontinence, which may be related to
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cal function is restored, the
patient’s urination function is
difficult to recover. Diabetes and high NIHSS
scores are associated with the degree of dam-
age to the bladder and urinary control nerves,
which ultimately leads to persistent urinary
incontinence. The synergistic amplification ef-
fect of peripheral neuropathy caused by diabe-
tes and central nervous system injury caused
by stroke not only weakens the bladder empty-
ing ability, but also destroys the body’s autono-
mous control of urination, and finally forms per-
sistent urinary dysfunction that is difficult to
compensate, resulting in urinary incontinence
difficult to recover. This complex synergistic
injury mechanism causes urinary incontinence
in diabetic patients with high NIHSS scores to
fail to recover, and the symptoms persist, which
is consistent with the conclusions of previous
studies [26, 27].

There are some limitations of the study. First,
as a retrospective study, there is selection bias
and information bias. Secondly, this study wa a
single-center study with limited sample size,
which may reduce the universality of the re-
search results. In addition, the lack of external
data and external validation may have reduced
the reliability of the conclusion, which needs
further study. In addition, the relatively short
follow-up period prevented the dynamic evolu-
tion of urinary incontinence in post-stroke pa-
tients and its impact on their long-term quality
of life. This requires additional follow-up.

In summary, the results of this study confirmed
that post-stroke urinary incontinence was as-
sociated with baseline patient characteristics,
including NIHSS score, female gender, frontal
and thalamic lesions, and diabetes. The predic-
tion model of urinary incontinence after stroke
established by these factors has good predic-
tive ability, which can provide theoretical basis
for clinicians to identify high-risk patients early
and provide personalized intervention. In addi-
tion, subsequent studies on urinary incontinen-
ce after stroke have shown that early interven-
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Table 6. Comparison of baseline data between the two groups

Project Urinary incontineiwce . Pgrsistent urinary_ Statistics Pvalue
recovery group (n = 24) incontinence group (n = 18)
Age (years) 70.14 + 7.32 67.24 +8.51 1.201 0.237
Body mass index (kg/m2) 24.38 £2.82 25.23 + 3.36 -0.978 0.334
Female sex 16 (66.7%) 2 (11.1%) 13.381 <0.001
Hypertension 17 (70.8%) 13 (72.2%) 0.011 0.917
Diabetes 14 (58.3%) 2 (11.1%) 10.267 0.001
Smoking history 10 (41.7%) 5 (27.8%) 0.883 0.347
Alcohol use history 8 (33.3%) 4 (22.2%) 0.617 0.432
NIHSS Score 13.24 + 2.52 753 +2.21 7.823 <0.001
Hematoma Size (mL) 32.53+10.12 26.81 £9.42 1.858 0.071
Accompanied by aphasia 13 (54.2%) 6 (33.3%) 1.925 0.165
Cerebral hemorrhage 15 (62.5%) 10 (55.6%) 0.209 0.648
Number of strokes > 2 7 (29.2%) 3(16.7%) 0.921 0.337

Table 7. Logistic regression analysis of influencing factors of persistent urinary incontinence after
stroke

Influencing factors B value Standard error Wald x2 value OR value 95% ClI P value
NIHSS score 0.284 0.062 20.978 1.328 1.176-1.500 0.031
Female sex 1.815 0.872 10.423 6.703 3.023-2.268 0.021
Diabetes 1.962 0.829 5.602 7.109 1.404-3.770 0.018

NIHSS: National Institutes of Health Stroke Scale.
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