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INTRODUCTION

Neurogenic bladder refers to bladder overactivity caused by 

nerve damage in patients who have experienced a stroke and 
have been diagnosed with overactive bladder, as well as abnor-
malities in bladder storage function identified through dynamic 
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Purpose: Prior research has indicated that stroke can influence the symptoms and presentation of neurogenic bladder, with 
various patterns emerging, including abnormal facial and linguistic characteristics. Language patterns, in particular, can be 
easily recognized. In this paper, we propose a platform that accurately analyzes the voices of stroke patients with neurogenic 
bladder, enabling early detection and prevention of the condition.
Methods: In this study, we developed an artificial intelligence-based speech analysis diagnostic system to assess the risk of stroke 
associated with neurogenic bladder disease in elderly individuals. The proposed method involves recording the voice of a stroke 
patient while they speak a specific sentence, analyzing it to extract unique feature data, and then offering a voice alarm service 
through a mobile application. The system processes and classifies abnormalities, and issues alarm events based on analyzed voice 
data.
Results: In order to assess the performance of the software, we first obtained the validation accuracy and training accuracy from 
the training data. Subsequently, we applied the analysis model by inputting both abnormal and normal data and tested the out-
comes. The analysis model was evaluated by processing 30 abnormal data points and 30 normal data points in real time. The re-
sults demonstrated a high test accuracy of 98.7% for normal data and 99.6% for abnormal data.
Conclusions: Patients with neurogenic bladder due to stroke experience long-term consequences, such as physical and cogni-
tive impairments, even when they receive prompt medical attention and treatment. As chronic diseases become increasingly 
prevalent in our aging society, it is essential to investigate digital treatments for conditions like stroke that lead to significant se-
quelae. This artificial intelligence-based healthcare convergence medical device aims to provide patients with timely and safe 
medical care through mobile services, ultimately reducing national social costs.
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testing. Previous studies [1,2] have reported that stroke can in-
fluence the symptoms or disease presentation of neurogenic 
bladder. There are several patterns associated with this condi-
tion, including distinct facial and speech features that deviate 
from the norm, with speech patterns being relatively easy to 
identify. These speech patterns may involve incorrect pronuncia-
tion or unnatural intonation, and accurately detecting these pat-
terns is essential for stroke prevention. In this paper, we propose 
a platform that can precisely analyze the speech of stroke pa-
tients with neurogenic bladder, enabling early detection and pre-
vention of the disease.

Cardiovascular disease in the elderly has become a significant 
health concern, ranking second among all causes of mortality in 
Korea, a country with an aging population, and the associated 
social costs are increasing [3-11]. Furthermore, stroke sequelae 
can manifest in various stages, ranging from mild to severe, in-
cluding motor dysfunction, cognitive dysfunction, speech dys-
function, and depressive disorders. To prevent these diverse 
stroke sequelae, it is essential to develop a deep learning-based 
stroke alert software that can reduce the number of patients 
with chronic diseases.  

Digital therapeutics, a subset of digital healthcare technolo-
gies, are poised to play a crucial role in the future of healthcare 
services by preventing, managing, and treating diseases rather 
than merely providing healthcare. Due to their software-based 
nature, digital therapeutics exhibit lower toxicity and fewer side 
effects compared to conventional treatments. Additionally, they 
do not require manufacturing, transportation, or storage like 
traditional medicines, allowing for easy large-scale distribution 
at a reduced cost, ultimately lowering medical expenses. This 
technology enables a small number of doctors to manage a large 
patient population, overcoming physical and temporal con-
straints, and potentially addressing issues such as health insur-
ance financing, medical supply shortages, and regional dispari-
ties. In light of the coronavirus disease 2019 pandemic, digital 
therapeutics have garnered increased attention as they can par-
tially replace in-person medical treatments for mental illnesses 
and chronic diseases, thereby reducing the risk of infection.

In the realm of stroke management, digital therapies—specifi-
cally for neurogenic bladder—are a form of software-based treat-
ment that aims to modify patient behavior or lifestyle through 
various digital stimuli, such as images and sounds, while collect-
ing and analyzing the resulting data. Presently, the application of 
digital therapeutics is progressively expanding into fields related 
to behavioral and habit changes, including mental illness and 

chronic diseases. For instance, Akili Interactive Lab’s Endeavor-
Rx (AKL-T01, Akili Inc., Boston, MA, USA) is a video game 
designed to treat pediatric attention deficit hyperactivity disor-
der by selectively stimulating specific neural circuits. Sleepio, 
developed by Big Health (San Francisco, CA, USA), is an appli-
cation that manages factors influencing sleep, such as negative 
thoughts, bedroom conditions, and lifestyle, in addition to sleep 
schedules, offering a 6-step treatment service. Moreover, digital 
therapy programs are being developed by companies like Vol-
untis and LifeSemantics for cancer treatment, Cognoa for pedi-
atric behavior management, Omada Health, Noom, and Well-
Doc for the prevention and management of diabetes and other 
chronic diseases, and MedRhythms for music therapy targeting 
motor, speech, and cognitive dysfunction.

Digital therapies can serve as a valuable complement to tradi-
tional medications in conditions that necessitate ongoing man-
agement. The software proposed in this paper has the potential 
to offer scientific monitoring feedback to users or nearby nurs-
ing staff by continuously learning from and analyzing the 
speech data of stroke patients, while also providing ongoing 
feedback and attention. Furthermore, it delivers therapeutic 
benefits for personalized stroke-related dysphonia associated 
with neurogenic bladder dysfunction. As such, this software is 
anticipated to function as an artificial intelligence (AI)-driven 
digital healthcare medical device.

MATERIALS AND METHODS

In this paper, we present the development of an AI-based 
speech analysis diagnostic system designed to identify the risk 
of stroke associated with neurogenic bladder disease in elderly 
individuals. Our proposed method involves recording the voice 
of a stroke patient as they speak a specific sentence, analyzing 
the recording to extract unique feature data, and then offering a 
voice alarm service through a mobile app. Fig. 1 below illus-
trates the overall system concept, which integrates stroke speech 
analysis software and clinical trial work.

Building Training Data
First, the data set is organized into a patient group and a control 
group. The patient group consisted of subjects who visited the 
hospital and were diagnosed with stroke, and the control group 
consisted of subjects who visited the hospital and were diag-
nosed as normal. The stroke diagnosis of the patient group is 
mild, characterized by initial facial paralysis and difficulty in 
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pronunciation. 
To capture the clinical patients’ voices in real time, a specific 

sentence format was presented through an audio microphone. 
The patients then vocalized the sentence, and the recording was 
saved in an audio data format. The patients’ audio data are stored 
in the original sound format, rather than being compressed, to 
minimize any loss of quality. Out of 300 clinical patients’ spoken 
data, a dataset consisting of 200 clinical cases who pronounced a 
particular type of sentence from beginning to end was filtered 
and utilized for learning and evaluation. The training data were 
labeled using these 200 patients’ audio data and classified as ab-
normal data.

We also added another 200 control cases to the dataset, so that 
the total training dataset consisted of 400 cases. We used the 

same process to build audio data for the control group as for the 
patient group to build training data for feature extraction and 
analysis algorithms.

Development of Stroke Speech Analysis System
In order to assess the risk of stroke associated with neurogenic 
bladder, we developed an AI model that trains, learns, and eval-
uates the speech of stroke patients. This model can be employed 
for the diagnosis and treatment of stroke-related speech and 
language disorders, and it is connected to a dedicated mobile 
tablet. The system processes and categorizes abnormalities in 
speech data entered through the tablet, generating alarm events 
as needed. The identified results are compiled into a separate 
recognition database, which can be used for distributed pro-

Fig. 2. Stroke speech analysis system diagram. AI, artificial intelligence; MFCC, Mel-frequency cepstral coefficient; IoT, Internet of 
things; DB, database.
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cessing and reducing the weight of the final AI engine, thereby 
facilitating retraining. Fig. 2 presents a block diagram of this 
stroke speech analysis system.

A guideline for analysis was initially developed by assigning 
weights to various factors of a patient’s abnormal symptoms in 
order to assess stroke severity. This was carried out by utilizing 
existing research on stroke diagnosis and modifying these guide-
lines to establish weighting criteria specifically for speech analy-
sis. In this study, a learning model was constructed to identify 
individual stroke disorders, and accuracy was ensured in deter-
mining the presence of a stroke even with individual symptoms 
by utilizing a clinical patient’s speech learning database. Fig. 3 
below illustrates the process of evaluating speech disorders.

The first step, based on the input data, involves classifying the 
abnormal area using a convolutional neural network (CNN) al-
gorithm [12-17]. Additionally, the Mel-frequency cepstral coef-
ficient (MFCC) algorithm was employed for further refine-
ment, enabling personalized lesion tracking. The acquired data 
were incorporated into a database [18-21] that contained the 
patients’ spoken data and normal individuals’ spoken data. This 
approach facilitated the expansion of the learning data and en-
hancement of the algorithm.

Building a Comprehensive Patient Management Platform
The proposed speech analysis-based feature for stroke diagnosis 

aims to prevent neurogenic bladder. Patient feedback is a cru-
cial aspect of managing urinary activity. To facilitate this, a web-
based (HTML5) stroke management system was developed for 
systematic and comprehensive patient management. The sys-
tem was constructed in 3 phases: database development, back-
end development, and client development. The client was de-
veloped using the Angular JS framework to optimize the speed 
of switching between utilized programs, while the backend was 
configured with Firebase. Database development employed a 
NoSQL-based documentation method. In conjunction with the 
AI diagnostic system, a feedback function was incorporated to 
reflect the results, categorize and store the spoken data, and en-
hance the algorithm. Based on the input speech data, the AI di-
agnostic system uses feature extraction and pattern analysis to 
determine the risk of eventual stroke. The risk output are evalu-
ated to assess the accuracy of the results. Furthermore, the AI 
diagnosis system was designed as a platform to allow individual 
disease history inquiries and support API utilization through 
integration with the hospital’s electronic medical record system. 
This linkage allows for efficient clinician support and perfor-
mance evaluation.

RESULTS

The performance evaluation environment proposed in this pa-
per consists of the following elements. We have developed an 
AI software that collects specific speech data from clinical 
stroke patients, analyzes it, and provides early warnings for 
stroke-related neurogenic bladder issues. This software extracts 
feature values by analyzing the input speech, converts them into 
a stroke index, and stores the data. The stored stroke index is 
then categorized into learned stroke indicators and ultimately 
displayed to indicate whether a stroke has occurred. Fig. 4 illus-
trates the main screen of the developed stroke speech analysis 
software, while Table 1 presents the primary environmental in-
formation of the developed system.

The performance evaluation process was as follows: First, to 

Fig. 3. The concept process of judging speech disorders. MFCC, Mel-frequency cepstral coefficient.

Fig. 4. Main screen of the developed stroke speech analysis soft-
ware.
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analyze speech disorders caused by facial paralysis, a precursor 
symptom of stroke, based on AI, spoken audio data of a specific 
sentence from a clinical patient were acquired. The obtained 
spoken audio data were stored in an audio format with minimal 
compression loss. For performance evaluation, data acquisition 
and processing were performed first, consisting of data input 
and analysis, result display, and database transfer. The stored 
spoken data were feature-vectorized using the MFCC algo-
rithm. Additionally, to build a comparison group database, the 
same specific sentence was presented to a healthy individual to 
obtain their spoken data. The same preprocessing process as the 
clinical patient was performed to vectorize the features. To learn 
the difference between the extracted feature data of the 2 groups 
and distinguish between patients and healthy individuals in re-
al-time audio data, it is necessary to extract features from the 
spoken audio databases of the 2 groups and learn the difference. 
The first input speech was processed for feature analysis by the 
MFCC algorithm, and the CNN learning algorithm was used to 
extract the speech disorder index and derive classification val-
ues by index. The MFCC algorithm was employed to extract 
feature data from the speech to learn the differences between 
patients and healthy individuals. Fig. 5 illustrates the main fea-
ture spectrum of the MFCC algorithm, which is the result of 
the feature vectorization process based on the input speech 
data. Finally, through the detection of spoken stroke symptoms, 
at-risk individuals can be identified in advance and notification 
services can be provided. The user’s results are stored in the da-
tabase and utilized for retraining. Fig. 6 displays a data process-

ing flowchart for performance evaluation.
To assess the performance of the software, we primarily fo-

cused on the validation accuracy and training accuracy of the 
data. Next, we applied the analysis model by inputting both ab-
normal and normal data and examined the outcomes. First, we 
evaluated the results of the training data. A total of 400 data 
points, consisting of 200 abnormal and 200 normal data points, 
were trained with 300 epochs and a batch size of five. Fig. 7 dis-
plays a graph of the training data results, while Table 2 presents 
the numerical results. Subsequently, we tested the analysis 
model by processing 30 abnormal and 30 normal data points in 
real time. The results yielded 98.7% accuracy for normal data 
and 99.6% accuracy for abnormal data, indicating a high test 
accuracy. Table 3 presents the final test results.

DISCUSSION

Patients with stroke-induced neurogenic bladder who arrive at 
the hospital within the “golden” time frame of 6 hours after 
stroke and receive appropriate treatment may still face signifi-
cant physical and cognitive impairments, as well as requiring 
extensive rehabilitation. Moreover, many stroke survivors who 

Table 1. Configure the environment of the developed system

Python Python 3.7.6

Tensorflow tensorflow 2.4.0, tensorflow-gpu 2.4.0, tensorboard 2.6.0

Keras keras 2.6.0, keras-preprocessing 1.1.2

OpenCV oencv-python 4.5.3.56, opencv-contrib-python 4.5.3.56

Mediapipe mdiapipe 0.8.7.1

Librosa librosa 0.8.1

Fig. 5. Main feature spectrum (stroke speech) of Mel-frequency 
cepstral coefficient algorithm.

Fig. 6. The data processing flow chart for performance evalua-
tion. MFCC, Mel-frequency cepstral coefficient; CNN, convo-
lutional neural network; DB, databese.
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do not receive treatment within this “golden hour” often expe-
rience more severe and diverse consequences than those treated 
earlier, leading to a diminished quality of life for both the indi-
vidual and their family. Consequently, stroke is regarded as a 
critical condition that necessitates risk management, and the 
demand for incorporating various information technologies for 
this purpose is progressively growing.

In this study, we developed a system that delivers a final alert 
by analyzing speech to detect the early risk of stroke. The accu-
racy of the speech analysis was enhanced by employing deep 
learning technology based on the MFCC method, which was 
specifically designed for signal data analysis. To further improve 
accuracy, we constructed speech learning data in accordance 
with stroke diagnosis guidelines and designed an analysis mod-
el based on the resulting data. The factors utilized in the design 
were developed using speech-related information as input val-
ues among the information used to assess stroke severity. To 

evaluate the accuracy of the developed software, we created a 
dataset with 400 training data points and 60 evaluation data 
points. Consequently, we achieved relatively high accuracy rates 
of 98.7% for normal data and 99.6% for abnormal data.

In future research, we aim to transform the software into a 
global stroke alert service platform by tailoring it to different 
countries and obtaining evaluation databases for various na-
tions following performance assessments. In today’s ultra-aging 
society, the prevalence of chronic diseases is on the rise, making 
it both necessary and significant to implement digital treat-
ments for conditions that lead to severe complications, such as 
stroke. Furthermore, this AI-driven healthcare convergence 
medical device is anticipated to reduce national social costs by 
allowing patients to visit hospitals within the critical “golden 
hour” and receive safe treatment through mobile services and 
cloud servers, accessible anytime and anywhere.
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Fig. 7. Result analysis of test data (train accuracy/loss, validation accuracy/loss).
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Table 3. Test result

Validation accuracy Normal Abnormal

Dataset 30 30

Accuracy 98.7% 99.6%

Table 2. Training result

Variable Result

Validation accuracy 0.83

Train accuracy 0.99
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