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Purpose: Impaired quality of life (QOL) is common in patients with inflammatory bowel disease (IBD). A tool to more quickly 
identify IBD patients at high risk of impaired QOL improves opportunities for earlier intervention and improves long-term prognosis. 
The purpose of this study was to use a machine learning (ML) approach to develop risk stratification models for evaluating IBD- 
related QOL impairments.
Patients and Methods: An online questionnaire was used to collect clinical data on 2478 IBD patients from 42 hospitals distributed 
across 22 provinces in China from September 2021 to May 2022. Eight ML models used to predict the risk of IBD-related QOL 
impairments were developed and validated. Model performance was evaluated using a set of indexes and the best ML model was 
explained using a Local Interpretable Model-Agnostic Explanations (LIME) algorithm.
Results: The support vector machine (SVM) classifier algorithm-based model outperformed other ML models with an area under the 
receiver operating characteristic curve (AUC) and an accuracy of 0.80 and 0.71, respectively. The feature importance calculated by the 
SVM classifier algorithm revealed that glucocorticoid use, anxiety, abdominal pain, sleep disorders, and more severe disease 
contributed to a higher risk of impaired QOL, while longer disease course and the use of biological agents and immunosuppressants 
were associated with a lower risk.
Conclusion: An ML approach for assessing IBD-related QOL impairments is feasible and effective. This mechanism is a promising 
tool for gastroenterologists to identify IBD patients at high risk of impaired QOL.
Keywords: clinical research, artificial intelligence, model development, clinical decision support system

Introduction
Inflammatory bowel disease (IBD) refers to a group of chronic, relapsing inflammatory disorders of the intestinal tract 
that includes ulcerative colitis (UC) and Crohn’s disease (CD).1 Millions of people suffer from IBD, and the incidence of 
these conditions has rapidly increased in recent years. As a result, IBD has become a global public health problem that 
imposes a heavy burden on both patients and society.2,3 While great advances have been made in understanding IBD 
pathogenesis and developing effective therapeutic options, patients often still require lifelong regular medical follow-up, 
pharmacological treatment, and even surgery, which can have a substantial negative impact on quality of life (QOL).4,5

Treatment responsiveness and clinical relapse have been the primary treatment endpoints considered during IBD 
management. More recently, mucosal healing and the normalization of particular novel biomarkers have been used to 
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evaluate treatment efficacy. Patient-reported outcomes (PRO) have also been proposed and widely accepted as ther-
apeutic targets. In 2015, the Selecting Therapeutic Targets in IBD (STRIDE) program first recommended QOL as 
a PRO,6,7 citing growing concern about IBD-associated QOL impairments. Several research studies have indicated that 
the occurrence of IBD-related QOL impairments can be complicated by multiple factors, including disease severity, the 
use of relevant treatment, and IBD-related symptoms.8 Thus, their timely detection could inform early intervention 
strategies and improve long-term prognosis. While several IBD-specific QOL scores have been established, including the 
IBD Questionnaire 32 (IBDQ-32), IBDQ-36, Crohn’s, and UC Questionnaire (CUCQ),9 most have multiple evaluation 
items that may not be suitable for all gastroenterology clinics. In addition, most gastroenterologists have not taken 
professional QOL assessment courses, and an ideal method to assess the risk of QOL impairments among IBD patients 
remains lacking. Therefore, there is an urgent need for an effective and easy-to-use tool to help gastroenterologists 
promptly detect and manage IBD-related QOL impairments.

Over the past few years, artificial intelligence (AI) technology has been rapidly applied in the medical field. The main 
branch of AI, machine learning (ML), is highly effective at recognizing complicated relationships between variables and 
outcomes and several studies have verified that AI models can reliably evaluate various diseases.10–12 However, no 
research has been conducted to evaluate the risk of IBD-related QOL impairments using ML algorithms. The current 
multicenter study used routine, easily accessible IBD patient data to develop AI assessment models of IBD-related QOL 
impairments.

Material and Methods
Data Source and Study Subjects
IBD patients were enrolled between September 2021 and May 2022 from 42 hospitals distributed across 22 provinces in 
China. All included patients received an online questionnaire. Ethics approval of this study was granted by the 
institutional review board of Renmin Hospital of Wuhan University (approval number: WDRY2022-K150), and all 
participants signed the informed consent. This study was also conducted in compliance with ethical principles of the 
Declaration of Helsinki. Patients were included in the study if (1) their IBD was diagnosed according to the 2018 
Chinese Society of Gastroenterology’s consensus on the diagnosis and treatment of IBD,13 (2) they were aged ≥18 years, 
(3) they were able to understand the survey content, accepted the survey, and were willing to receive physician 
management and psychological investigations, with good medication compliance, and had (4) complete clinical data. 
Patients were excluded if they had (1) a previous history of mental illness such as depression and schizophrenia, (2) other 
diseases that seriously affect QOL, or (3) undetermined colitis.

Data Collection and Outcome Definition
This study used an online questionnaire to collect IBD patient data, including demographic characteristics (age, sex), 
disease activity or severity (remission, mild activity period, moderate activity period, and severe activity period; as 
classified in the latest IBD management consensus),13 disease course (<2 years, 2–5 years, >5 years), outpatient diagnosis 
(UC or CD), symptoms (diarrhoea, hematochezia, abdominal pain, systemic inflammatory symptoms, extraintestinal 
symptoms, complication manifestations), and prior therapies (5-aminosalicylic acid, glucocorticoids, immunosuppres-
sants, biological agents, surgery). Potential psychological disorders (depression, anxiety, and sleep quality) were also 
systematically evaluated using three scales: (1) The Patient Health Questionnaire-9 (PHQ-9), an effective depression 
screening scale with high sensitivity14,15 that consists of nine questions with scores ranging from 0 to 3 for each question, 
and summed scores ranging from 0 to 27. Summed scores of 0–4, 5–9, 10–14, and 15–27 indicate no depression, mild 
depression, moderate depression, and severe depression, respectively.16 Since scores ≥10 are usually used to indicate the 
diagnostic status of depression,17,18 10 was used as the cut-off value in the current study. (2) Generalized Anxiety 
Disorder-7 (GAD-7), one of the most validated and widely used tools for assessing anxiety worldwide, has seven items 
that each range from 0 to 3, with total scores ranging from 0 to 21. Summed scores of 0–4, 5–9, 10–14, and 15–21 
indicate no anxiety, mild anxiety, moderate anxiety, and severe anxiety, respectively.19 Based on the results of prior 
studies,17,20 10 was also used as the cut-off value for this scale. (3) The Pittsburgh Sleep Quality Index (PSQI) is 
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a questionnaire that is widely used by clinicians to assess several domains of sleep, including sleepiness, insomnia 
symptoms, and the use of sleeping pills, in the past month. It consists of seven dimensions with summed scores ranging 
from 0 to 21. Summed scores of 0–5, 6–10, 11–15, and 16–21 indicate good sleep quality, moderate sleep quality, poor 
sleep quality, and very poor sleep quality,21 respectively. Patients with summed sleep scores of 0–6 were defined as 
having no impaired sleep quality, while those with scores >6 had impaired sleep quality.

The primary outcome selected to establish AI models was IBD-related QOL. An IBD questionnaire (IBD-Q) designed 
by Guyatt et al22 was used to evaluate the QOL of IBD patients. This scale is a common tool that is shown to be valid and 
reliable in assessing IBD patient QOL. It consists of 32 items with four main aspects (intestinal symptoms, systemic 
symptoms, emotional domains, and social domains). Each item ranges from 1 to 7, and the summed scores range from 32 
to 224, with a higher score representing a better QOL.23 In this study, patients with summed QOL scores ≥169 were 
defined as having normal QOL, while those with scores <169 had impaired QOL.

Data Preprocessing and Feature (Variable) Selection
There were no missing values, outliers, or extreme values in the raw data, indicating that this data was of high quality. 
Categorical features such as sex, outpatient diagnosis, symptoms, psychological disorders, and prior therapies were 
preprocessed using one-hot encoding. The continuous numerical feature, age, was handled using the min-max method 
[where new value = (original value - min)/ (max - min)] to reduce the influence of dimension and guarantee compar-
ability between different features. Since only 37.7% of enrolled IBD patients were characterized as having impaired QOL 
(see the distribution of samples in Supplementary Figure 1), this could lead to imbalanced data and a strong bias towards 
patients with normal QOL. Resampling was widely used to process the imbalanced data, and the Borderline synthetic 
minority oversampling technique (Borderline-SMOTE) was used to mitigate the imbalance distribution effect.24 The data 
were also randomly split into a training dataset (80%) for model establishment purposes and a testing dataset (20%) for 
evaluating the tuned AI models (internal validation).

Features can have different values, with some being redundant or irrelevant while others are critical. Thus, a feature 
selection step was used to reduce complexity while enhancing the efficiency of the AI models. First, features with 
a single category ratio of >90% were removed. Then, Spearman correlation analysis was used to assess the correlation 
between features, and only one of the features with a high correlation (absolute value of the correlation coefficient >0.5) 
was retained. A heatmap was also used to visualize the correlations between features. Support Vector Machine-Recursive 
Feature Elimination (SVM-RFE) was then used to select the final candidate features that were shown to optimize the 
performance of the classifiers.25,26 SVM-RFE uses backward sequential selection to rank the importance of features, and 
each time, the deleted features minimized the change range of the leave-one-out error bound based on SVM compared to 
removing the other features.

Establishment and Evaluation of the AI Model
Several widely used supervised ML algorithms, including Random Forest (RF), K-Nearest Neighbor (KNN), Support 
vector classifier (SVC), eXtreme Gradient Boosting (XGBoost), Categorical boosting (CatBoost), Multilayer Perceptron 
(MLP), stacking ensemble model and soft voting ensemble-based model, were used to establish the AI model. The KNN 
model, one of the most commonly used and simplest classifiers, is realized by determining the similarity or distance 
between the tested and the training cases.27 SVC is a well-known algorithm that completes the classification task by 
establishing the decision boundaries that maximize the margin.28 RF, XgBoost, CatBoost, Stacking, and the soft voting 
classifier are all ensemble ML algorithms that have been intensively explored in the medical field. MLP is one of the 
most frequently used feedforward artificial neural network (ANN) algorithms. In addition to input and output layers, 
hidden layers are also required for the standard architecture of an MLP model.29,30 The stacking and soft voting models 
used in this study contained all of these models (RF, KNN, SVC, XgBoost, CatBoost, and MLP).

Grid search combined with 10-fold cross-validation (CV) was used to identify the best hyperparameters for each 
model. The training dataset was divided into 10 parts, and the AI models were trained in nine parts while the remaining 
one part was used to get the classification performance index (accuracy). After 10 iterations, 10 accuracy values and their 
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average were generated. The processes outlined above were used on all the hyperparameter combinations and the best 
hyperparameter combination was used to develop and test the corresponding AI models (Supplementary Figure 2).

The performance of each AI model was assessed in the testing dataset. AUC (area under the curve), accuracy 
( TPþTN
TPþFPþTNþFN), sensitivity (recall) TP

TPþFN

� �
, specificity TN

TNþFP

� �
, precision TP

TPþFP

� �
, and F1 scores (2�Precision�Recall

PrecisionþRecall ) were 
calculated, respectively, where TP, FP, TN, FN represent the number of true positives, false positives, true negatives 
and false negatives, respectively. The calibration curve and isotonic regression were used to evaluate the calibration of 

the AI models. The Brier score [score (Y, P) = 1/n * ∑n
i¼1 Pi� Yið Þ

2 (P: probability of model prediction; Y: actual 
probability of occurrence; n: number of predicted events)] was also determined to quantitatively evaluate the 
calibration. Lower Brier scores represented better model calibration. This study was also assessed by applying 
the International Journal of Medical Informatics (IJMEDI) checklist to evaluate the quality of ML in the medical 
field (Supplementary Table 1).31

Feature Importance and AI Model Interpretations
To determine which feature contributed most to the development of the AI models, a bar chart of feature importance was 
created based on the best AI model using the visualization python package, “Yellowbrick”. The Local Interpretable 
Model-Agnostic Explanations (LIME) algorithm was used to explain how the AI model made a classification decision for 
an IBD patient.32 A flowchart of how the AI models were built to predict IBD-related QOL is shown in Figure 1.

Software and Statistical Analysis
Data processing, feature selection, statistical analysis, development, evaluation, and interpretation of the AI models were all 
conducted using Python software, version 3.9.12. The packages used in this study included “Pandas”, “NumPy”, “Scikit-learn”, 
“Matplotlib”, and “SciPy”. The continuous feature was expressed as the mean ± standard deviation (mean ± SD) and compared 
using the Student’s t-test. Categorical features were expressed as percentages and compared using Pearson’s Chi-square or 
Fisher’s exact tests. All statistical analyses were 2-tailed and a P value <0.05 was considered statistically significant.

Figure 1 Flowchart of building the AI models in predicting IBD related QOL. This study consists of six critical steps, including data collection, data preprocessing, feature 
engineering, model derivation, model evaluation and model explanation. 
Abbreviations: Borderline-SMOTE, Borderline synthetic minority oversampling technique; SVM-RFE, Support Vector Machine-Recursive Feature Elimination; RF, Random 
Forest; KNN, K-Nearest Neighbor; SVC, Support vector classifier; XgBoost, eXtreme Gradient Boosting; CatBoost, Categorical boosting; MLP, Multilayer Perceptron; 
AUC, area under the curve of ROC; Lime, Local Interpretable Model-Agnostic Explanations.
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Results
Patient Characteristics
The enrollment flow chart of the IBD patients included in this study is shown in Supplementary Figure 3. A total of 2843 
potential patients were initially enrolled, of whom 365 met the exclusion criteria and were excluded: 154 refused to be 
investigated, 60 had incomplete clinical data, 71 were <18 years of age, 11 had a history of mental illness (eight with 
depression, three with schizophrenia), eight had diseases that seriously impact QOL, and 61 had undetermined colitis. 
The remaining 2478 IBD patients (1371 with UC and 1107 with CD) met the inclusion criteria and were included in the 
study, of whom 1982 and 496 patients were allocated to the training and testing datasets, respectively. The baseline 
characteristics of the IBD patients are presented in Table 1 and Supplementary Table 2. Of the enrolled patients, 933 and 
1545 had impaired and normal QOL, respectively. The overall baseline characteristics of the patients in the training and 
testing datasets were similar, with 746 (37.64%) patients having impaired QOL in the training dataset and 187 (37.70%) 
having impaired QOL in the testing dataset (Table 1). The mean age of patients with impaired and normal QOL was 
38.66 and 37.54 years, respectively and 41.69% and 35.08% were men, respectively (Supplementary Table 2).

Table 1 Baseline Characteristics of the Enrolled IBD Patients in Training and Testing Dataset

All patients 
(n=2478)

Training dataset 
(n=1982)

Testing dataset 
(n=496)

χ2 or 
t value

P value

Age, y 37.96 ± 12.54 38.02 ± 12.67 37.72 ± 12.03 0.48 0.63
Male, n (%) 931 (37.57) 764 (38.55) 167 (33.67) 3.82 0.05

First visit, n (%) 493 (19.90) 382 (19.27) 111 (22.38) 2.21 0.14

Impaired QOL, n (%) 933 (37.65) 746 (37.64) 187 (37.70) <0.01 1
Disease activity, n (%)

Remission 946 (38.18) 756 (38.14) 190 (38.31) 3.48 0.32

Mild activity period 588 (23.73) 468 (23.61) 120 (24.19)
Moderate activity period 734 (29.62) 580 (29.26) 154 (31.05)

Severe activity period 210 (8.47) 178 (8.98) 32 (6.45)

Course of disease, n (%)
Less than 2 years 941 (37.97) 731 (36.88) 210 (42.34) 5.03 0.08

2–5 years 764 (30.83) 621 (31.33) 143 (28.83)
Over 5 years 773 (31.19) 630 (31.79) 143 (28.83)

Outpatient diagnosis, n (%)
UC 1371 (55.33) 1096 (55.30) 275 (55.44) <0.01 0.99
CD 1107 (44.67) 886 (44.70) 221 (44.56)

Symptom, n (%)
Diarrhoea 1517 (61.22) 1228 (61.96) 289 (58.27) 2.12 0.14
Hematochezia 1058 (42.70) 849 (42.84) 209 (42.14) 0.05 0.82

Abdominal pain 1419 (57.26) 1148 (57.92) 271 (54.64) 1.62 0.20

Systemic inflammatory symptoms 108 (4.36) 91 (4.59) 17 (3.43) 1.03 0.31
Extraintestinal symptoms 198 (7.99) 156 (7.87) 42 (8.47) 0.12 0.73

Complication manifestations 205 (8.27) 175 (8.83) 30 (6.05) 3.69 0.05

Depression 737 (29.74) 599 (30.22) 138 (27.82) 0.98 0.32
Anxiety 631 (25.46) 510 (25.73) 121 (24.40) 0.31 0.58

Sleep disorders 1211 (48.87) 954 (48.13) 257 (51.81) 2.01 0.16

Prior therapies, n (%)
5-ASA 1531 (61.78) 1216 (61.35) 315 (63.51) 0.69 0.41

Glucocorticoids 383 (15.46) 303 (15.29) 80 (16.13) 0.16 0.69

Immunosuppressant 360 (14.53) 286 (14.43) 74 (14.92) 0.04 0.84
Biological agents 1273 (51.37) 1022 (51.56) 251 (50.60) 0.11 0.74

Surgery 304 (12.27) 241 (12.16) 63 (12.70) 0.06 0.80

Abbreviations: IBD, Inflammatory Bowel Disease; QOL, Quality of life; UC, Ulcerative colitis; CD, Crohn’s disease; 5-ASA, 5-aminosalicylic acid.
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Feature Selection
A total of 17 features were selected after removing three features (systemic inflammatory symptoms, extraintestinal 
symptoms, and complication manifestations) with a single category ratio of >90%. Correlation analysis was then 
conducted and another three features (5-ASA, outpatient diagnosis, and depression) were also deleted due to their 
high correlation with other features (Figure 2A). SVM-RFE with 10-fold cross-validation was also used to obtain the 
final features. A total of eight vital features (severity, glucocorticoids, anxiety, sleep disorders, abdominal pain, 
immunosuppressant use, biological agent use, and course of disease) remained. The association between the screening 
accuracy and the number of features at each split according to the SVM-REF algorithm is shown in Figure 2B.

AI Model Performance
Eight AI models were developed to evaluate the QOL of IBD patients, of which the strongest hyperparameters are shown 
in Supplementary Table 3. In the internal validation (testing datasets), the best-performing model was SVC with an AUC 
and an accuracy of 0.80 and 0.71, respectively, higher than those of the other models (AUC: RF, 0.77; KNN, 0.72; 
XGBoost, 0.75; CatBoost, 0.72; MLP, 0.74; Stacking, 0.73; and Voting, 0.77; Accuracy: RF, 0.68; KNN, 0.66; XGBoost, 
0.68; CatBoost, 0.66; MLP, 0.69; Stacking, 0.68; Voting, 0.68) (Table 2 and Figure 3A). Other performance indexes, 
including sensitivity (recall), specificity, precision, and F1 score are shown in Table 2. The SVC model was well- 
calibrated with a lower Brier score (0.19) than the other AI models (Table 2 and Figure 4A–H).

Feature Importance and AI Model Interpretation
The feature importance of the SVC algorithm was shown in Figure 3B. The use of glucocorticoids and the presence of 
anxiety, abdominal pain, sleep disorders, and more severe disease all contributed to a higher risk of impaired QOL. 
Meanwhile, a longer disease course and the use of biological agents and immunosuppressants were associated with 
a lower risk. To demonstrate the clinical utility and translational impact of the AI model in actual clinical settings, two 
patients with normal and impaired QOL who were correctly classified by the SVC algorithm were also assessed. The 
LIME technique found that a patient with a probability of 0.75 is likely to have normal QOL. This example was correctly 
evaluated using the following conditions: disease remission, no glucocorticoid use, no anxiety, no sleep disorders, no 
abdominal pain, and the use of biological agents. Meanwhile, a short course of disease (<2 years) and no immunosup-
pressant use had an incorrect effect on the final classification results (Figure 5A). The LIME technique also found that 
a randomly chosen patient with impaired QOL had a 0.62 probability of having QOL impairment. This patient was 

Figure 2 (A) The heatmap of all the features correlation. The red and blue color stand for the negative and positive correlations between two features, respectively, high 
correlation was defined as the absolute value of the correlation coefficient > 0.5, Three features (5-ASA, Outpatient diagnosis, and Depression) were deleted for high 
correlation with other features. (B) SVM-RFE algorithm with 10-fold cross-validation (CV) was applied to get the final features, and a total of 8 vital features (Severity, 
Glucocorticoids, Anxiety, Sleep disorders, Abdominal pain, Immunosuppressant, Biological agents, and Course of disease) remained, the Y-axis represents screening accuracy 
and the X-axis represents number of features at each split based on the SVM-REF algorithm. 
Abbreviations: 5-ASA, 5-aminosalicylic acid.
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correctly evaluated using the following conditions: severe disease, sleep disorders, and no immunosuppressant treatment. 
Meanwhile, the absence of anxiety and abdominal pain, no glucocorticoid use, the use of biological agents, and a longer 
disease course (>5 years) had an incorrect effect on the final classification results (Figure 5B).

Discussion
This multicenter study established and validated a set of commonly used AI models to assess the risk of IBD-related 
QOL impairments. To our knowledge, this is the first study to stratify the risk of QOL impairments using an interpretable 
ML approach. AI models were also shown to effectively assess the risk of QOL impairments among IBD patients. The 
AI algorithms can give the probability of high risk and low risk of QOL impairment. Low risk indicates a low risk of 
QOL impairment, while high risk indicates a high possibility of QOL impairment, when the probability of high risk is 
higher than that of low risk, the patient is judged as high risk of QOL impairment; otherwise, the patient is judged as low 
risk of QOL impairment. Of the ones used in this study, the SVC model had the best classification performance. By using 

Table 2 Comparison the Parameters of Models for Prediction of IBD Related Quality of Life in the 
Internal Validation (Testing Datasets)

AUC Accuracy Sensitivity 
(Recall)

Specificity Precision F1 
score

Brier 
score

RF 0.77 0.68 0.78 0.62 0.56 0.65 0.20

KNN 0.72 0.66 0.79 0.58 0.53 0.63 0.22
SVC 0.80 0.71 0.81 0.65 0.59 0.68 0.19
XgBoost 0.75 0.68 0.76 0.63 0.55 0.64 0.20

Catboost 0.72 0.66 0.70 0.64 0.54 0.61 0.23
MLP 0.74 0.69 0.72 0.67 0.57 0.63 0.21

Stacking 0.73 0.68 0.78 0.62 0.56 0.65 0.21
Voting 0.77 0.68 0.76 0.63 0.55 0.64 0.20

Notes: The bold values represent the best performing values in a certain evaluation parameter. Accuracy= (TP+TN)/(TP+TN+FP+FN). 
Sensitivity (Recall) = TP/ (TP + FN). Specificity = TN/ (TN + FP). Precision= TP / (TP + FP). F1 score= 2*Precision*Recall/ (Precision + 
Recall). Brier score (Y, P) = 1/n * ∑n

i¼1 Pi� Yið Þ
2 . TP = true positive. TN = true negative. FP = false positive. FN = false negative. 

P: Probability of model prediction. Y: Actual probability of occurrence (no occurrence recorded as 0). n: Number of predicted events. 
Abbreviations: IBD, Inflammatory Bowel Disease; AUC, Area under the curve of ROC; RF, Random Forest; KNN, 
K-NearestNeighbor; SVC, Support vector classifier; XgBoost, eXtreme Gradient Boosting; CatBoost, Categorical boosting; MLP, 
Multilayer Perceptron.

Figure 3 (A) The AUC of the ROC curve for each AI model in the evaluation of IBD related impaired QOL. (B) Bar chart of feature importance based on the SVC 
algorithm. The python package called “Yellowbrick” was used to determine the importance of each feature, as a whole, the use of glucocorticoids, the presence of anxiety, 
abdominal pain, sleep disorders and more severe diseases all contributed to a higher risk of impaired QOL. While the longer course of disease, the use of biological agents 
and immunosuppressants were associated with the lower risk. 
Abbreviations: RF, Random Forest; KNN, K-Nearest Neighbor; SVC, Support vector classifier; XgBoost, eXtreme Gradient Boosting; CatBoost, Categorical boosting; 
MLP, Multilayer Perceptron.
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eight routinely accessible IBD patients’ features (severity, glucocorticoids, anxiety, sleep disorders, abdominal pain, 
immunosuppressant use, biological agent use, and course of disease), gastroenterologists can use the SVC based model to 
detect IBD patients who are potentially at risk for impaired QOL, this in turn can detect early if they are suffering from 

Figure 4 The calibration curve and isotonic regression to evaluate the calibration of the AI models. (A) calibration curve and isotonic regression of RF algorithm model; (B) 
calibration curve and isotonic regression of KNN algorithm model; (C): calibration curve and isotonic regression of SVC algorithm model; (D) calibration curve and isotonic 
regression of XgBoost algorithm model; (E) calibration curve and isotonic regression of CatBoost algorithm model; (F): calibration curve and isotonic regression of MLP 
algorithm model; (G) calibration curve and isotonic regression of Stacking algorithm model; (H) calibration curve and isotonic regression of Voting algorithm model.

Figure 5 SVC algorithm model interpretation based on Lime technique in the evaluation of IBD patients without or with impaired QOL. (A) an IBD patients with normal 
QOL, the Lime technique indicates this patient has the probability of 0.75 with normal QOL, this example is correctly evaluated mainly through the following conditions: the 
remission status of IBD, without the use of glucocorticoids, without anxiety, sleep disorders, and abdominal pain, the use of biological agents, while, short course of disease 
(less than 2 years), and without use of immunosuppressant had an incorrect effect on the final classification results. (B) another IBD patients with impaired QOL, Lime 
technique indicates this patient has the probability of 0.62 with impaired QOL. This patient is correctly evaluated mainly through the following conditions: the disease is at 
severe activity period, with sleep disorders, and no immunosuppressant treatment, while without anxiety, abdominal pain, and glucocorticoids use, with biological agents use, 
and longer course of disease (over 5 years) had an incorrect effect on the final classification results.
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impaired QOL and help them with in time intervention. The societal and economic implications of IBD highlight the 
importance of assessing the impaired QOL experienced by IBD patients. This evaluation is crucial not only from 
a clinical standpoint but also in terms of public health and economic considerations.33

Given the importance of normalizing the QOL of IBD patients, its use as an endpoint for IBD treatment is likely to increase.6 

Identifying predictors of QOL impairments in IBD patients will inform appropriate evaluation and management strategies. 
Recent studies have assessed independent predictors of IBD-related QOL impairments, including disease severity,34 psycholo-
gical distress,35 symptoms,36 and various therapeutic approaches.37 The current study differed from previous studies through the 
use of ML feature selection methods to identify predictors of IBD-related QOL impairments. Of the 20 features explored, disease 
severity, glucocorticoid use, anxiety, sleep disorders, abdominal pain, immunosuppressant use, biological agent use, and disease 
course were defined as the eight most vital predictors. Of these, the use of glucocorticoids and anxiety were the two most 
important risk factors, followed by more severe disease, abdominal pain, and sleep disorders.

Glucocorticoids work through a variety of mechanisms and signaling pathways to reduce IBD-related inflammation,38,39 and 
are often recommended for the treatment of IBD patients with moderate to severe disease.40 Interestingly, the current study 
showed that glucocorticoid use was one of the most important risk factors for impaired QOL, a finding consistent with prior 
studies.41,42 There are some possible explanations for this observation. First, the use of glucocorticoids may be a surrogate 
indicator for IBD severity since they are typically used to treat IBD patients in the active phase of the disease. Second, 
glucocorticoid treatment exposes IBD patients to several glucocorticoid-related side effects including low bone density,43 

neuropsychiatric disorders,44 and serious infections.45 One large-scale study found that at least one adverse event will occur in 
80–90% of IBD patients during a conventional glucocorticoid treatment course.46 A large retrospective cohort study conducted 
by Lewis et al47 identified higher mortality among IBD patients who had received prolonged glucocorticoid therapy, potentially 
due to their increased rates of major adverse cardiovascular events and hip fractures. However, to consider the impact of 
glucocorticoid treatment on IBD patient QOL, rational use dimensions such as treatment dose, course of treatment, and method 
of administration must also be considered since they can affect treatment efficacy and glucocorticoid-related side effects, further 
impacting QOL. Subgroup analysis based on these glucocorticoid treatment conditions was not performed by either the current or 
prior studies. Thus, additional studies are needed to clarify the influence of such factors on IBD patient QOL.

This study also found that biological agent use, immunosuppressant use, and a longer disease course were associated with 
improved QOL. The first two factors were shown to improve IBD patient QOL in previous studies,41,48 however, evidence on 
the impact of disease course has been relatively ambiguous. Some studies found the QOL improved over time,49–51 while 
others did not.52,53 Our recently published multicenter prospective cross-sectional study identified disease course as an 
independent factor that influences IBD patient disease knowledge. A longer disease course correlated positively with patient 
knowledge about their condition.54 IBD patients with high disease-related knowledge tend to use more adaptive coping 
strategies55 and have better medication adherence,56 which may contribute to a higher QOL and improved outcomes. This may 
explain why a longer disease course was associated with a better QOL in the current study.

A few studies have constructed models to evaluate the risk of IBD-related QOL impairments, primarily relying on 
conventional logistic regression (LR). Our recently published study used the same data as the current study to construct 
an LR model to predict QOL by gender. The AUC of the male and female prediction models were 0.771 and 0.770, 
respectively.57 AI algorithms can be used to explore the complicated relationships between features and target outcomes 
and provide a novel approach to individualized risk assessment. While no prior study developed AI models to assess the 
risk of impaired QOL among IBD patients, the current study found that the SVC algorithm achieved an AUC of 0.80, 
indicating that this model was better at predicting QOL impairments than the conventional LR model we had used 
previously. These findings indicate that a model based on the SVC algorithm may help to evaluate IBD-related QOL 
impairments with good classification performance, this might be attributed to the SVC’s superior ability in uncovering 
complex relationships between key features in this study and label (IBD-related QOL),28 which was also confirmed by 
the former medical researches.58,59

The current study has some limitations. First, some features, such as psychological interventions,60 parental stress,61 

and health information gathering from the internet,62 were not accounted for in the AI models. These features may also 
influence IBD QOL and potentially impact model performance. Second, while data of IBD patient were obtained from 42 
hospitals distributed across 22 provinces in China, only 2478 IBD patients were finally enrolled in the study. This may be 
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because IBD is not yet common in China.13 Due to the lack of relevant data sources, we also did not validate the AI 
models in the external validation dataset, including those from other countries or racial groups. However, the rigorous 
methodology used in the current study ensured that the AI models were stable and practical. Third, subgroup analysis by 
diagnosis (UC and CD) was not performed given the small sample size, limiting assessment of QOL among patients with 
different IBD types. Fourth, Due to the lack of time-related information in the questionnaire survey (partly because large 
proportion of IBD patients have difficulty recalling the relevant time information accurately), this study did not further 
conduct the meaningful analyses like KM-plot or COX regression models. Finally, although we found the good 
performance of SVC based model in identifying impaired QOL among IBD patients, for the complexity of clinical 
practice, further evaluation might also be needed to determine the risk and benefits of deploying the model in real-world 
scenarios. This would require the design of clinical trials for comprehensive evaluation.

In the future, additional researches should be conducted to further optimize the ML model’s performance to improve 
the evaluation accuracy of impaired QOL among IBD patients. The introduction of other important features such as 
psychological interventions, parental stress, and health information gathering from the internet can be considered to 
further improve the ML model’s performance. Besides, it might also be the good idea to apply other novel methods like 
deep learning methods, which might perform better, therefore potentially improve the accuracy and stability of the AI 
model. What’s more, we found eight features that play critical role in evaluating impaired QOL among IBD patients, this 
might provide clues for effective prevention and intervention strategies related to impaired QOL in IBD patients, so the 
effects of these strategies can be evaluated by conducting intervention trials in the future.

Conclusion
This study developed and validated novel IBD-related QOL impairment risk assessment models using an interpretable 
ML approach. The SVC algorithm-based AI model had the best discriminating power, suggesting that it could be used to 
evaluate QOL impairments using routine and easily accessible IBD patient data and AI. Research on other groups of IBD 
patients, as well as the combination of other relevant features, is required to further validate and improve the performance 
and practicality of QOL assessment models.

Abbreviation
5-ASA, 5-aminosalicylic acid; AI, artificial intelligence; AUC, area under the curve of ROC; CatBoost, Categorical 
boosting; CD, Crohn’s disease; CV, cross-validation; IBD, Inflammatory Bowel Disease; KNN, K-Nearest Neighbor; 
Lime, Local Interpretable Model-Agnostic Explanations; ML, machine learning; MLP, Multilayer Perceptron; QOL, 
Quality of life; RF, Random Forest; ROC, receiver operating characteristic; SVC, Support vector classifier; SVM-RFE, 
Support Vector Machine-Recursive Feature Elimination; UC, Ulcerative colitis; XgBoost, eXtreme Gradient Boosting.
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