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Abstract
BACKGROUND 
Cancer patients often suffer from severe stress reactions psychologically, such as 
anxiety and depression. Prostate cancer (PC) is one of the common cancer types, 
with most patients diagnosed at advanced stages that cannot be treated by radical 
surgery and which are accompanied by complications such as bodily pain and 
bone metastasis. Therefore, attention should be given to the mental health status 
of PC patients as well as physical adverse events in the course of clinical treat-
ment.

AIM 
To analyze the risk factors leading to anxiety and depression in PC patients after 
castration and build a risk prediction model.

METHODS 
A retrospective analysis was performed on the data of 120 PC cases treated in 
Xi'an People's Hospital between January 2019 and January 2022. The patient 
cohort was divided into a training group (n = 84) and a validation group (n = 36) 
at a ratio of 7:3. The patients’ anxiety symptoms and depression levels were asse-
ssed 2 wk after surgery with the Self-Rating Anxiety Scale (SAS) and the Self-
rating Depression Scale (SDS), respectively. Logistic regression was used to 
analyze the risk factors affecting negative mood, and a risk prediction model was 
constructed.

RESULTS 
In the training group, 35 patients and 37 patients had an SAS score and an SDS 
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score greater than or equal to 50, respectively. Based on the scores, we further subclassified patients into two 
groups: a bad mood group (n = 35) and an emotional stability group (n = 49). Multivariate logistic regression 
analysis showed that marital status, castration scheme, and postoperative Visual Analogue Scale (VAS) score were 
independent risk factors affecting a patient's bad mood (P < 0.05). In the training and validation groups, patients 
with adverse emotions exhibited significantly higher risk scores than emotionally stable patients (P < 0.0001). The 
area under the curve (AUC) of the risk prediction model for predicting bad mood in the training group was 0.743, 
the specificity was 70.96%, and the sensitivity was 66.03%, while in the validation group, the AUC, specificity, and 
sensitivity were 0.755, 66.67%, and 76.19%, respectively. The Hosmer-Lemeshow test showed a χ2 of 4.2856, a P 
value of 0.830, and a C-index of 0.773 (0.692-0.854). The calibration curve revealed that the predicted curve was 
basically consistent with the actual curve, and the calibration curve showed that the prediction model had good 
discrimination and accuracy. Decision curve analysis showed that the model had a high net profit.

CONCLUSION 
In PC patients, marital status, castration scheme, and postoperative pain (VAS) score are important factors affecting 
postoperative anxiety and depression. The logistic regression model can be used to successfully predict the risk of 
adverse psychological emotions.
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Core Tip: Postoperative anxiety and depression are common and serious psychological problems in patients with prostate 
cancer, and marital status, castration scheme, and postoperative pain score have been identified as important factors leading 
to these psychological problems. Establishing a predictive model based on logistic regression can facilitate effective 
evaluation of patients’ psychological risk and provide guidance for individualized intervention measures. By paying 
attention to patients' mental health, health care professionals can improve the quality of life and prognosis of patients. 
However, further research is needed to validate these findings and continue to explore other possible influencing factors, 
with the objective of developing more precise intervention strategies and support measures to meet the mental health needs 
of prostate cancer patients.
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INTRODUCTION
Prostate cancer (PC) is a common malignancy affecting older men[1]. Worldwide, PC ranks second in the incidence of 
male malignancies and fifth in mortality[2]. In the United States, the incidence of PC has risen to the top of the list as the 
tumor that poses the greatest threat to men's health[3]. Although less prevalent than in Europe and America, PC shows 
an increasing incidence year by year in China and has become the main type of urinary system malignancy since 2008[4]. 
There are many therapeutic strategies for PC, including surgery, radiotherapy, and androgen deprivation therapy (ADT)
[5]. ADT is the major treatment for PC patients due to the atypical early symptoms of the disease that result in disease 
progression to a higher stage when diagnosed[2]. For ADT, castration can be performed either surgically by removing 
both testicles or medically by using drugs to block the production of male hormones in the testicles. Surgical castration is 
usually a simple procedure with few side effects, but for many men, it is a major decision concerning body image and 
gender identity[6]. Although medical castration can store male hormone production after treatment discontinuation, it 
may cause some side effects, such as flushing, decreased libido, and impotence[7]. Nevertheless, surgical castration may 
still be an effective treatment option for PC patients who are ineligible for drug treatment.

The stress that PC patients experience comes not only from the physical symptoms of the disease and the side effects of 
treatment but also from the psychological and social issues associated with stigma[8]. While methods such as surgery and 
endocrine therapy can improve survival in PC patients, they may have a serious negative impact on their physical and 
mental health[9]. The medical model is shifting from a single physiological level to a comprehensive psychological, social 
and physiological model that extends beyond physical symptoms; therefore, more attention is expected to be given to 
patients’ psychological conditions, such as anxiety and depression, when treating PC[10]. Malignant tumors, surgical 
trauma, and postoperative complications may bring enormous mental pressure to patients, resulting in important 
negative emotions such as anxiety, depression, and pessimism[11]. Therefore, in the process of treating PC, doctors and 
medical teams need to pay close attention to patients' mental health and provide timely psychological counseling and 
support to help patients cope with various challenges brought by the disease.
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Risk prediction models play a central role in many fields, including but not limited to medical care, finance, insurance, 
and industry[12]. Their major function is to support decision-making. For example, doctors can use models to evaluate 
patients' disease risk and develop personalized treatment and prevention plans accordingly. In this study, we built a risk 
prediction model to predict anxiety and depression in PC patients after surgical castration, providing a reference for 
clinical treatment and intervention.

MATERIALS AND METHODS
Sample information
After obtaining approval from the Xi'an People's Hospital Medical Ethics Committee, a retrospective analysis was 
conducted on the data of 148 PC patients who received treatment in Xi'an People's Hospital between January 2019 and 
January 2022.

Eligibility and exclusion criteria
The inclusion criteria are listed as follows: Age range: 30-75; confirmed diagnosis of PC by prostate puncture or 
postoperative pathology; clear mind, good cooperation, and ability to independently complete various questionnaires; 
intact clinical data.

The exclusion criteria were as follows: Serious dysfunction of vital organs such as the heart and lung; history of organic 
brain diseases or mental illness; concomitant other tumors; and life expectancy ≤ 6 months.

Sample screening and grouping
One hundred and twenty PC patients were selected after rigorous screening according to the patient eligibility and 
exclusion criteria mentioned above. They were assigned to a training group (n = 84) and a validation group (n = 36) at a 
ratio of 7:3. Furthermore, they were assessed by the Self-rating Anxiety and Depression Scale (SAS/SDS)[13] for anxiety 
symptoms and depression levels two weeks after surgery, with a score of more than 50 on both scales indicating the 
presence of anxiety and depression.

Clinical data collection
By reviewing patients' electronic medical records, we collected the following clinical data: Age, education level, marital 
status, employment, body mass index (BMI), smoking history, alcoholism history, hypertension, diabetes, castration 
scheme, monthly income, and postoperative pain level. In addition, SAS and SDS scores were collected after 2 wk of 
treatment.

Statistical analysis
The data collected were analyzed and processed by SPSS 26.0. Continuous variables conforming to a normal distribution 
are described as the mean ± SD and were analyzed by the two independent samples t test. Categorical variables, 
expressed as percentages (%), were tested by the χ2 test. Variables with a P value less than 0.05 in the univariate analysis 
were included in the multivariate logistic regression analysis, and the independent risk factors for anxiety and depression 
in PC patients were screened using the stepwise regression procedure. Using R software and the RMS package, a 
nomogram for the prediction of bad mood in PC patients was established; the operating characteristic (ROC) curves of 
the subjects were drawn, and the areas under the curve (AUCs) were calculated. The calibration curve and decision curve 
were plotted to verify the effectiveness of the model. Statistical significance was indicated by P values less than P < 0.05.

RESULTS
Evaluation of patients' bad mood
Patients’ anxiety and depression were evaluated by the SAS and SDS at 2 wk after treatment. The results showed that 35 
patients had SAS scores greater than or equal to 50 points, and 37 patients had SDS scores greater than or equal to 50 
points (Figure 1). By further comparing patients' baseline data between the training and validation sets, we found no 
statistical difference between the two groups (P > 0.05). Based on the scores, we further assigned the patients to a bad 
mood group (n = 35) and an emotional stability group (n = 49) for univariate analysis (Table 1).

Analysis of factors affecting patients' bad mood
Clinical data were evaluated after patients were grouped according to their scores. Statistical differences were present in 
marital status, castration scheme, monthly income, and postoperative Visual Analogue Scale (VAS) score between 
patients with bad mood and those with emotional stability (P < 0.05; Table 2), while no significant difference was 
identified in age, education level, employment, BMI, smoking history, alcoholism history, hypertension, or diabetes (P > 
0.05).

Multivariate analysis of patients' bad mood
According to the results, we assigned values to marital status, castration scheme, monthly income, and postoperative 
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Table 1 Comparison of the baseline data between the training group and the validation group

Factors Training group (n = 84) Validation group (n = 36) P value

Age

≥ 60 years old 34 14

< 60 years old 50 22

0.871

Education level

≥ High school 37 12

< High school 47 24

0.274

Marital status

Married 56 24

Divorced/unmarried 28 12

 
0.999

Employment

Employed 19 10

Retired 65 26

0.545

BMI

≥ 25 kg/m2 18 9

< 25 kg/m2 66 27

0.668

Smoking history

With 62 25

Without 22 11

0.624

History of alcoholism

With 13 8

Without 71 28

0.373

Hypertension

With 15 5

Without 69 31

0.593

Diabetes mellitus

With 18 10

Without 66 26

0.451

Castration scheme

Surgery 35 16

Medication 49 20

0.778

Monthly income

≥ 4500 RMB 33 15

< 4500 RMB 51 21

0.807

Postoperative VAS score

≥ 5 points 19 9

< 5 points 65 27

0.777

Unhealthy emotions

Bad mood group 35 15

Emotional stability group 49 21 0.999

BMI: Body mass index; VAS: Visual Analogue Scale.
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Table 2 Univariate analysis

Factors Bad mood group (n = 35) Emotional stability group (n = 49) P value

Age

≥ 60 years old 15 19

< 60 years old 20 30

 
0.645

Education level

≥ High school 18 19

< High school 17 30

 
0.249

Marital status

Married 28 28

Divorced/unmarried 7 21

 
0.034a

Employment

Employed 7 12

Retired 28 37

 
0.591

BMI

≥ 25 kg/m2 8 10

< 25 kg/m2 27 39

 
0.787

Smoking history

With 25 37

Without 10 12

 
0.675

History of alcoholism

With 4 9

Without 31 40

 
0.454

Hypertension

With 5 10

Without 30 39

 
0.556

Diabetes mellitus

With 6 12

Without 29 37

 
0.446

Castration scheme

Surgery 21 14

Medication 14 35

 
0.003b

Monthly income

≥ 4500 RMB 8 25

< 4500 RMB 27 24

 
0.010a

Postoperative VAS score

≥ 5 points 13 6

< 5 points 22 43

 
0.007a

aP < 0.05.
bP < 0.01.
BMI: Body mass index; VAS: Visual Analogue Scale.
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Figure 1 Assessment of patients' bad mood. A: Self-Rating Anxiety Scale scores of patients in training group; B: Self-Rating Depression Scale scores of 
patients in training group. SAS: Self-Rating Anxiety Scale; SDS: Self-Rating Depression Scale.

VAS score (Table 3). Then, multivariate logistic regression was used to analyze the independent factors for patients' 
negative mood. Marital status, castration scheme, and postoperative VAS score were identified as independent risk 
factors for adverse mood (Table 4; P < 0.05).

Construction of a risk prediction model for the prediction of bad mood
Based on the β coefficient of logistic regression, we constructed a risk scoring formula: 1.284* marital status + 1.224* 
castration scheme + 1.792* postoperative VAS score. By calculating the risk score of each patient, we found that the risk 
score of patients in the bad mood group was significantly higher than that of patients in the emotional stability group (P < 
0.0001; Figure 2). Moreover, ROC curve analysis showed that the AUC of the risk prediction model for predicting 
patients' bad mood was 0.743, the specificity was 70.96%, and the sensitivity was 66.03%.

Validation of the risk prediction model
There were 15 patients in the validation group with adverse emotions. According to the risk scoring formula, we 
substituted the clinical data of the validation group into the formula for calculation and found that the risk score of 
patients with bad mood in the validation group was significantly higher than that of patients in the emotional stability 
group (P < 0.0001; Figure 3 and Table 5). Through ROC curve analysis, the AUC, specificity, and sensitivity of the risk 
prediction model for the prediction of adverse mood in the validation group were 0.755, 66.67%, and 76.19%, respectively.

Construction and validation of a nomogram for the prediction of bad mood in PC patients
The three independent risk factors were used to establish a nomogram for the prediction of bad mood in PC patients 
(Figure 4). The corresponding score was given to each indicator, depending on the specific condition, and the total score, 
and the scores were added together to obtain the total score. A vertical line from the total score to the probability axis of 
bad mood risk was the occurrence risk of bad mood. The Hosmer-Lemeshow test revealed a χ2 value of 4.2856, a P value 
of 0.830, and a C-index of 0.773 (0.692-0.854). The calibration curve showed basic consistency between the predicted and 
actual curves (Figure 4), indicating that the model had good discrimination and accuracy. The analysis of the decision 
curve revealed that the model had a high net benefit (Figure 4).

DISCUSSION
Cancer-related anxiety and depression are common clinical reactions to serious psychophysiological stress. The incidence 
of anxiety and depression varies among patients with different types of cancer[14]. This study found that the incidence 
rates of anxiety and depression in PC patients were 41.66% and 44.04%, respectively, which is basically consistent with 
foreign research[15,16]. Most PC patients in China have progressed to the middle and late stages upon diagnosis, which is 
unsuitable for radical surgery. Meanwhile, they are often complicated with physical pain and bone metastasis, which can 
impose heavy physical and mental burdens on them[17,18]. Therefore, during PC treatment, we should not only pay 
attention to physical adverse events but also attach sufficient importance to the occurrence of adverse psychological 
symptoms such as anxiety and depression to improve patient prognosis.
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Table 3 Assignment table

Factors Assignment

Marital status Married = 1; unmarried/divorced = 0

Castration scheme Surgery = 1; medication = 0

Monthly income ≥ 4500 RMB = 0; < 4500 RMB = 1

Postoperative VAS score ≥ 5 points = 1; < 5 points = 0

Bad mood Bad mood = 1; emotional stability = 0

VAS: Visual Analogue Scale.

Table 4 Logistic multivariate regression analysis

95%CI
Factors β Standard error χ2 P value OR

Lower bound Upper bound

Marital status 1.284 0.602 4.554 0.033a 3.611 1.110 11.742

Castration scheme 1.224 0.508 5.805 0.016a 3.401 1.256 9.203

Monthly income 0.614 0.561 1.200 0.273 1.848 0.616 5.547

Postoperative VAS score 1.792 0.646 7.701 0.006b 6.000 1.693 21.27

aP < 0.05.
bP < 0.01.
VAS: Visual Analogue Scale.

Table 5 Comparison of the risk scores

Groups Training group (n = 84) Groups Validation group (n = 36)

Bad mood group (n = 35) 2.43 ± 1.00 Bad mood group (n = 15) 2.56 ± 1.14

Emotional stability group (n = 49) 1.30 ± 1.09 Emotional stability group (n = 21) 1.34 ± 1.16

t value 4.813 t value 3.132

P value < 0.001c P value 0.004b

bP < 0.01.
cP < 0.001.

In this study, we analyzed the risk factors for postoperative anxiety and depression in PC patients undergoing surgical 
castration. Marital status, castration scheme, and postoperative VAS score were identified as important factors affecting 
postoperative anxiety and depression. In addition, research has found that widowed men have a higher risk of 
developing PC than those who are married or in a relationship. This may mean that social support in marriage or 
partnership may help to promote a healthy lifestyle and active attention to medical care, which in turn affects PC risk and 
prognosis. We believe that castration treatment of PC, especially surgical castration, can cause a sharp drop in male 
hormone levels in physiological terms, which is a possible cause of the above effects. The testicles are the organs that 
primarily produce male hormones such as testosterone, which play an important role in regulating mood and psycho-
logical state. After surgical castration, male patients may experience a physiological reaction of decreased testosterone 
levels, which will lead to emotional changes such as mood swings, anxiety, and depression. Such a physiological change 
may trigger physical and psychological discomfort, including mood swings, insomnia and fatigue, contributing to anxiety 
and depression. In addition, castration treatment may lead to sexual dysfunction, such as erectile dysfunction and 
decreased libido, all of which may adversely influence patients' self-esteem and self-confidence, triggering anxiety and 
depression. Furthermore, castration therapy can cause changes that affect a patient's body image, such as weight gain and 
breast hypertrophy, which may affect one's feelings of self-image and self-identity, leading to anxiety and depression. 
Somatic pain seriously affects the quality of daily life of PC patients, and the stress response triggered by pain may 
induce anxiety and depression. Moreover, patients undergoing surgical castration are affected by the operation, which 
increases the stress of the body.
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Figure 2 Construction of a risk prediction model for bad mood in patients in the training group. A: The risk score of patients with bad mood in the 
training group; B: The area under the curve of the risk score in predicting bad mood in patients with bad mood in the training group. dP < 0.0001.

Figure 3 Risk prediction model construction for bad mood in patients in the validation group. A: The risk score in patients with bad mood in the 
validation group; B: The area under the curve of risk score in predicting bad mood in patients with bad mood in the validation group. dP < 0.0001.

By collecting and analyzing relevant clinical features and predictive variables, regression models can be used to predict 
the probability or risk of a specific event. These events may include disease development, therapeutic response, complic-
ations, disease risk assessment, personalized medicine, screening and early intervention, and decision support. The 
logistic regression model is a regression model for establishing binary classification problems, which is suitable for 
continuous and discrete features due to the advantages of interpretability, probability prediction, simplicity, and 
efficiency. This model is widely used in various practical applications, helping to estimate the probability of binary 
outcome variables and providing an explanation of the degree of influence of features on target variables. Through the 
establishment of a logistic regression model, we found that the risk score constructed based on marital status, castration 
scheme, and postoperative VAS score successfully predicted the occurrence of bad mood in PC patients after castration 
treatment with an AUC of 0.743. In addition, through data validation, the AUC of the model for predicting bad mood in 
validation group patients was found to be 0.755, indicating the high generalization potential of the model. Based on the 
results of multivariate analysis, the nomograph integrates multiple clinically relevant variables into line segments with 
scales, visualizing and graphically presenting the influence of each variable on clinical outcomes, which makes it easy and 
intuitive to be applied in hospitals for calculating clinical outcome probabilities. At the end of the study, we drew a 
nomogram and found through the calibration curve that the predicted curve was basically consistent with the actual 
curve. Furthermore, the decision curve revealed a high net benefit of the model, suggesting good prediction efficiency; 
this implies that it will be helpful for medical staff in predicting the adverse emotion risk of PC patients individually and 
accurately.

Although this study identified the risk factors for the occurrence of bad mood in PC patients after castration treatment, 
there are still some limitations. First, since we did not collect the prognostic data of patients, more data are needed to 
support the analysis of the impact of bad mood on patients' long-term outcomes. Second, the sample size is small, and 
whether this will lead to bias in the data analysis needs further exploration. Finally, as this is a single-center study, more 
data are needed to verify the feasibility of the model for generalization in other centers. Therefore, we hope to cooperate 
in follow-up research and collect more data to validate our model.
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Figure 4 Construction and validation of the nomogram. A: A nomogram of bad mood in prostate cancer patients; B: Calibration curve of bad mood in 
prostate cancer patients; C: Decision curve of bad mood in prostate cancer patients. VAS: Visual Analogue Scale.

CONCLUSION
In patients with PC, marital status, castration scheme, and postoperative pain (VAS) score are important factors affecting 
postoperative anxiety and depression. A logistic regression model can be used to successfully predict the risk of adverse 
psychological emotions. Through an individualized risk assessment, health care professionals can intervene in advance to 
improve patients' mental health and outcomes. However, further validation and sample size extension are needed to 
deepen the understanding of the psychological problems of PC patients and to look for other possible influencing factors 
that may provide more precise intervention strategies and support measures.

ARTICLE HIGHLIGHTS
Research background
Cancer-related anxiety and depression are common severe psychological stress reactions in clinical practice, with their 
incidence rates varying among patients with different types of cancer. Prostate cancer (PC), a common type of cancer that 
is usually diagnosed in the advanced stages, makes radical surgery impossible. In addition, the disease is accompanied by 
complications such as physical pain and bone metastasis, which brings a heavy physical and mental burden to patients. 
Therefore, in the clinical treatment of PC, we should pay attention to not only the adverse reactions of the body, but also 
the occurrence of psychological symptoms such as anxiety and depression, so as to improve the prognosis of patients.
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Research motivation
The motivation for this study is to understand the factors that influence postoperative anxiety and depression in PC 
patients, based on which healthcare professionals can develop effective intervention and support strategies to meet the 
mental health needs of these patients.

Research objectives
The objective of this study is to analyze the risk factors affecting postoperative anxiety and depression in PC patients, and 
to explore the effects of marital status, castration scheme, and postoperative Visual Analogue Scale (VAS score) on 
anxiety and depression. In addition, the study aims to establish a prediction model using logistic regression analysis to 
evaluate the risk of adverse emotional outcomes of these patients.

Research methods
In this study, retrospective analysis was used to investigate the relationship between various clinical factors and 
postoperative anxiety and depression in PC patients. Data such as marital status, castration scheme, and postoperative 
VAS score were collected and analyzed. Using the logistic regression model, a risk scoring system was developed to 
predict the occurrence of adverse emotional outcomes.

Research results
Marital status, castration scheme, and postoperative VAS score were identified to be important factors affecting 
postoperative anxiety and depression in PC patients. The logistic regression model successfully predicted the risk of 
adverse emotional outcomes, with an area under the curve of 0.743. The model exhibited high generalization with a 
verified area under the curve of 0.755.

Research conclusions
The findings highlight the importance of psychological symptoms, especially anxiety and depression, in the clinical 
management of patients with PC. Marital status, castration scheme, and postoperative VAS score are identified as 
important predictors of adverse emotional outcomes. The logistic regression model shows good accuracy, which is 
helpful to individualize and improve the predictive ability of psychological risk in PC patients.

Research perspectives
Although this study successfully identified the risk factors and developed a risk prediction model, there are still some 
limitations. Further research is needed to explore the long-term outcomes of patients and the impact of adverse emotional 
outcomes on patient prognosis, and to validate the generalization of the model with more data. Future research collabor-
ations and data collection are important to further understand and apply this predictive model in PC.
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