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Background: Medical disputes are common in hospitals and a major challenge for the operations of medical institutions. However, few studies have looked into the association between medical disputes and hospital legal constructions. The purpose of the study was to investigate the relationship between hospital legal constructions and medical disputes, and it also aimed to develop a nomogram to estimate the likelihood of medical disputes.

Methods: Between July and September 2021, 2,716 administrators from 130 hospitals were enrolled for analysis. The study collected seventeen variables for examination. To establish a nomogram, administrators were randomly split into a training group (n = 1,358) and a validation group (n = 1,358) with a 50:50 ratio. The nomogram was developed using data from participants in the training group, and it was validated in the validation group. The nomogram contained significant variables that were linked to medical disputes and were identified by multivariate analysis. The nomogram's predictive performance was assessed utilizing discriminative and calibrating ability. A web calculator was developed to be conducive to model utility.

Results: Medical disputes were observed in 41.53% (1,128/2,716) of participants. Five characteristics, including male gender, higher professional ranks, longer length of service, worse understanding of the hospital charters, and worse construction status of hospital rule of law, were significantly associated with more medical disputes based on the multivariate analysis. As a result, these variables were included in the nomogram development. The AUROC was 0.67 [95% confident interval (CI): 0.64–0.70] in the training group and 0.68 (95% CI: 0.66–0.71) in the validation group. The corresponding calibration slopes were 1.00 and 1.05, respectively, and intercepts were 0.00 and −0.06, respectively. Three risk groups were created among the participants: Those in the high-risk group experienced medical disputes 2.83 times more frequently than those in the low-risk group (P < 0.001).

Conclusion: Medical dispute is prevailing among hospital administrators, and it can be reduced by the effective constructions of hospital rule of law. This study proposes a novel nomogram to estimate the likelihood of medical disputes specifically among administrators in tertiary hospitals, and a web calculator can be available at https://ymgarden.shinyapps.io/Predictionofmedicaldisputes/.
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Introduction

Medical dispute is a prominent global problem and has become a significant public health challenge (1, 2), particularly in China (3). Since 2016, the number of medical disputes in China has increased by almost 100,000 cases annually (4). A national study in China conducted in 2021 revealed that 31.06% of physicians had encountered medical disputes (5). Physician–patient relationship was rated as stressful by 55.73% of medical staff in the same year, according to a meta-analysis (6), which has brought significant problems to the hospital's medical order and hospital administration.

To prevent medical disputes in such circumstances, it is crucial to identify the causes of medical disputes. Medical disputes typically involve doctors, hospitals, patients, and their families (7). The majority of studies on medical disputes placed emphasis on the relationships between doctors and patients and focused on addressing the problems of medical workers (7). However, few research addressed concerns about medical disputes among hospital administrators (8). Hospital administrators are crucial in managing medical disputes because they serve as the mediators of medical disputes.

Currently, some studies suggest that medical disputes are related to medical quality, patient's misperceptions about treatments, communication skills of medical workers, and medical worker' attitudes (9–11). These factors may help to direct hospital administration in preventing medical disputes. These studies, however, were designed for healthcare professionals, such as doctors and nurses, but not specifically for hospital administrators. Furthermore, these characteristics have little to do with hospital's legal constructions. Thus, in light of hospital legal constructions, it is crucial to identify new indicators for forecasting medical, especially among administrators. In addition, developing a prediction model to estimate the risk probability of medical disputes would significantly aid early preventive measures. The prediction model, it should be noted, is a favorable mean of early detection of clinical problems and has shown promise in enhancing predictive power in a range of situations, such as emergency department triage and readmission (12–14). This strategy's benefit is that it can enhance clinical decision-making (15) and hospital management skills (16, 17). Nonetheless, to the author's knowledge, studies on prediction model of medical disputes were scarce. The transformation from passive response to active prevention of medical disputes was made possible by accurately predicting the risk likelihood of medical disputes.

Therefore, our goal was to determine the relationship between hospital legal constructions and medical disputes and to further develop a model to estimate the likelihood of medical disputes specifically among hospital administrators. Due to its individualized forecasts and user-friendly interface, nomogram, which combines multiple variables into a straightforward graphical representation, is frequently utilized in a range of sectors, such as the prediction of patient satisfaction for hospital management (18–20). Thus, to accurately and individually assess the possibility of encountering medical disputes, particularly among administrators, the prediction model was presented as the format of nomogram. In addition, a web calculator was also developed to promote model utility.



Methods


Participants and study design

This study conducted a cross-sectional survey from July to September 2021. We constructed a survey (Supplementary File 1) following an extensive assessment of the literature and successive discussions with twelve experts, including public health specialists, experts in healthcare service administration, and experts in administrative departments. The survey mainly collected participant's demographics, occupations, hospital-related data, the construction status of hospital rule of law, and administrator's knowledge on medical laws. To conduct the study, the Health Commission of Hunan Province (a provincial health administrative department) used WeChat software (an instant messaging software) to distribute an online survey to lower-level health administrative departments. The survey was then forwarded to 130 tertiary hospitals in the Hunan province of China. All of the administrators were requested to voluntarily complete the survey, and it could only be submitted if all of the questions were answered according to their actual situations. As a result, the study could ensure the accuracy and integrity of the data.

In this study, hospital administrators primarily refer to hospital administration employees, such as members of the medical, nursing, dispute resolution, and outpatient departments. If a participant was (1) not administrative staff, such as healthcare workers, medical students, cleaning staff, clerks, and securities, (2) not employed by a tertiary hospital, (3) objected to taking in the survey, and (4) unable to cooperate for any other reasons, they were excluded from the study. In the end, a total of 2,716 valid questionnaires were obtained for analysis based on the above inclusive and exclusive criteria. The entire cohort of participants was randomly split into two groups based on a 50:50 ratio. Participants in the training group (n = 1,358) were used to establish the nomogram, and participants in the validation group (n = 1,358) underwent internal validation of the nomogram. The flowchart and design of this study are summarized in Figure 1.
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FIGURE 1
 Patient's flowchart and study design.


The study protocol was approved by the Hunan Provincial Health Commission, a government official health management agency in China. All 130 tertiary hospitals had understood the whole content of the survey and supported this project. The survey was voluntary, anonymous, and did not ask for any personal information from the participants. All participants were requested to provide their informed consent prior to participating in the survey. The study procedure adheres to the Helsinki Declaration of 2013.



Variables and their definitions

The study collected seventeen potential characteristics for the purpose of evaluating their ability to predict medical disputes among hospital administrators. These characteristics included participant's demographics (gender, age, length of service, and working in a department directly providing window services to patients), occupations (professional ranks), hospital-related data (hospital type, hospital category, tertiary hospital level, and hospital located in provincial capital), the construction status of hospital rule of law (establishment of law frameworks in the hospital, number of laws or regulations training organized by hospitals each year, number of participating in the training of laws or regulations each year, establishment of a performance appraisal system related to the rule of law, and the construction status of hospital rule of law), and administrator's knowledge on medical laws (understanding of the duty of hospital law department, understanding of hospital charters, and understanding of the contents of legitimacy review in the hospital).

All of these features were self-reported based on participant's actual situation. Hospital charters are law frameworks for hospitals made up of state legislation, administrative norms, and hospital rules and regulations. Performance appraisal system mainly refers to performance of job responsibilities, completion of annual work, and work attendance, which can directly affect earnings, awards, and academic or job title assessments. The contents of legitimacy review refer to major policy measures for hospital, all kinds of master plans, major hospital investment projects and the disposal of state-owned assets, or other major matters that require decision-making by the hospital. Medical disputes include doctor–patient disputes, disputes between patients or their families and hospital staff, and other disputes related to medical works.



Construction of the nomogram

The multivariate analysis was performed to evaluate the ability of the above seventeen potential risk factors for predicting medical disputes among administrators in the training group. Significant variables were included for developing the nomogram. The nomogram was developed using the “regplot” package of R programing language. To further increase model usability, a web calculator was developed to display the nomogram. The web calculator included summaries of model information, model predictors, and estimated probability of medical disputes.



Evaluation of the nomogram

The predictive effectiveness of the nomogram was evaluated both in the training and validation groups. The predictive metrics mainly included discrimination and calibration (21). Discrimination of the model referred to the capability to distinguish participants with and without medical disputes, and its metrics mainly included area under the receiver operating characteristic (AUROC) curve and discrimination slope. The mean difference in predicted probabilities between hospital administrators who have and did not have medical disputes is known as the discrimination slope.

The consistency between the predicted probability of medical disputes and actual observed probability of medical disputes, which was assessed based on calibration curves and goodness-of-fit statistics, was characterized as the calibrating ability of the nomogram. Based on calibration curves, calibration slope and intercept were calculated. The ideal calibration slope and intercept values show perfect consistency when the two are close to 1.00 and near to 0.00, respectively. Goodness-of-fit statistics were evaluated using the Hosmer and Lemeshow test, and a P > 0.05 indicates favorable calibration.

In addition, Brier score, Brierscaled score, and R2 were also evaluated in the study. Brier score was defined as the mean square between predicted probability and the outcome (0 indicating participants without medical disputes and 1 representing participants with medical disputes). A decision curve analysis was also conducted to assess the nomogram's clinical usefulness. In the study, specificity, sensitivity, and accuracy of the model were also calculated and presented.



Classification of risk using the nomogram

This study used the optimal threshold to classify participants into three risk groups. Participants with predicted probability less than the optimal threshold were assigned to the low-risk group, and participants with predicted probability greater than twice the optimal threshold were assigned to the high-risk group. The remaining participants were categorized as belonging to a moderate-risk group. The predicted and actual probabilities of medical disputes in each risk category were computed and compared.



Statistical analysis

In the study, variables were expressed as proportions to better build nomogram. According to whether participants had medical disputes, a subgroup analysis of participants was conducted, and a comparison of characteristics was made using the chi-square test, supplemented by continuous adjusted chi-square test or Fisher's exact test. Univariate and multivariate analyses were used to identify potential risk variables for predicting medical disputes. Statistical analysis was performed using SPSS (version 21) and R programming language (version 4.1.2), and all data visualizations were carried out using R programming language (version 4.1.2). P < 0.05 (two-tailed) were defined as statistically significant.




Results


Basic characteristics, hospital levels, and the construction status of hospital rule of law

A total of 2,716 hospital administrators were enrolled for analysis in the study, and 64.62% participants were women. The professional rank of administrators was mainly concentrated on the intermediate (37.3%). Of all included participants, 38.11% had more than 21 years of service. Regarding the construction status of hospital rule of law, the results seemed favorable, because 97.97% of the administrators' hospitals have established legal framework, and 98.23% of the participants' hospitals have established a performance appraisal system related to the rule of law.

However, although the majority of participants claimed to understand the duty of hospital law department, hospital charters, and the contents of legitimacy review in the hospital, only about half of participants had a completely clear understanding of these contents, indicating that their understanding of hospital rule of law still needed to be improved. In addition, up to 30.67% of the participants' hospitals conducted training courses on laws or regulations for no more than once a year, and 50.15% of participants attended training courses on laws or regulations just once or twice a year on average. The findings indicated that the participant's inadequate comprehension of hospital rule of law may have been caused by the training sessions' short duration. Therefore, only 53.39% thought that the rule of law being established in their hospitals was in a very satisfactory way, and among all participants, up to 41.53% (1,128/2,716) of participants reported encountering medical disputes at work. Table 1 provides a summary of additional information on the sociodemographic and hospital rule of law construction characteristics of participants.


TABLE 1 Administrator's basic characteristics, hospital levels, and the construction status of the rule of law in their hospitals.
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Participants with and without medical disputes: A comparison

Participants who encountered more medical disputes tended to be male (P < 0.001), older age (P < 0.001), higher professional rank (P < 0.001), longer length of service (P < 0.001), general or specialized hospitals (P = 0.018), worse understanding of the duty of hospital law department (P = 0.002), lower number of laws or regulations training organized by hospitals each year (P < 0.001), lower number of participating in the training of laws or regulations each year (P < 0.001), worse understanding of hospital charters (P < 0.001), worse understanding of the contents of legitimacy review in the hospital (P < 0.001), and the worse construction status of hospital rule of law (P < 0.001), as compared to participants without medical disputes. Table 2 provides a summary of more details.


TABLE 2 Comparison of characteristics between administrators with and without medical disputes.

[image: Table 2]

To further explain, based on the findings, the study also showed that the incidence of medical disputes remained stable (45.14–46.10%) when the number of laws or regulations training courses that organized by hospitals ranged from zero to six times each year, but it could decrease to 38.11% when the number was above six and <11 times a year, and it could further decline to only 24.46% when hospitals set up laws or regulations training course for eleven or above times a year (Figure 2A). A similar pattern was also seen in terms of the number of attending the training of laws or regulations a year in participants.


[image: Figure 2]
FIGURE 2
 Histograms of the incidence of medical disputes in relation to hospital legal constructions and administrator's knowledge on hospital rule of law. (A) Number of laws or regulations training organized by participant's hospitals each year; (B) understanding of hospital charters; (C) understanding of duty of hospital law department; (D) construction status of hospital rule of law.


Regarding participant's knowledge on hospital rule of law, only when they had a perfect clear understanding of hospital charters (Figure 2B), the duty of hospital law department (Figure 2C), the contents of legitimacy review, the incidence of medical disputes could remarkably decline. So was the construction status of hospital rule of law. In detail, the incidence of medical disputes was only 31.93% among hospitals with very good construction of hospital rule of law, but it increased to over 50.00% and even 100.00% among hospitals with other construction status of hospital rule or law (Figure 2D).



Development of the nomogram

Participants were randomly divided into the training and validation groups with a ratio of 50:50. The distribution of all characteristics was comparable between the two groups. In the training group, according to the multiple logistic regression analysis, five variables were significantly associated with medical disputes and were included in the nomogram, including gender, professional ranks, length of service, understanding of hospital charters, and the construction status of hospital rule of law (Table 3).


TABLE 3 Multivariate logistic regression analyses of potential risk variables for hospital administrators encountered medical disputes at work in the training group.

[image: Table 3]

Furthermore, the study developed a nomogram to estimate the risk probability of medical disputes among tertiary hospital administrators based on the significant features (Figure 3). As depicted in the nomogram, predictors like gender were portrayed as boxes, with the size of the box indicating proportion. Predictors such as the construction status of hospital rule of law were summarized as density plot. An illustration of using the nomogram to estimate the likelihood of experiencing medical disputes among administrators was provided. In the described example, a female administrator with a middle rank had a perfectly clear understanding of hospital charters, had been employed for more than 20 years, and was in a hospital where the rule of law was well-established. Each predictor's score could be determined by referring to the score axis, and overall score was the sum of each predictor's score (-1.2). At last, the predicted probability of medical disputes (32.6%) could be obtained by downing to risk axis from the total score axis.


[image: Figure 3]
FIGURE 3
 Nomogram to predict the likelihood of medical disputes. An illustration of using the nomogram is provided: Each feature can obtain a score by referring to score axis, and the total score is the sum of all the features. The final risk probability of medical disputes can be determined by referring to risk axis from overall score axis. Continuous features are presented as density curve, and proportion features are depicted as boxes, with larger boxes denoting higher proportions.


In addition, the study established a Shiny app-based web calculator to help the model be more convenient for users to use, and the website can be found at https://ymgarden.shinyapps.io/Predictionofmedicaldisputes/. It consists of a variable selection part and a result presenting component on the website. Users are able to choose each feature in accordance with their current situation before clicking “Predict” bottom. The website can also automatically display graphical, numerical, and model summaries for the specified scenario. A thorough predicted probability of medical disputes for the specific participant is provided in the numerical summary.



Validation of the nomogram

The Brier scores were both 0.22 in the training and validation groups, and the Brier-scaled scores were 8.66 and 9.43%, respectively (Table 4). The area under curve (AUC) values were 0.67 (95% CI: 0.64–0.70, Figure 4A) in the training group and 0.68 (95% CI: 0.66–0.71, Figure 4B) in the validation group. The corresponding discrimination slopes were 0.09 (Figure 5A) and 0.09 (Figure 5B), respectively. Figure 6 shows density curve, and it demonstrated that an acceptable separation was observed between participants with and without medical disputes in both groups. The calibration plots of the nomogram showed that the intercept was 0.00 (Figure 7A) in the training group and −0.06 (Figure 7B) in the validation group, and calibration slopes were 1.00 and 1.05, respectively. The Hosmer and Lemeshow test showed that the P-value was both 0.26 in the two groups. The study also presented model's specificity, sensitivity, accuracy, and threshold in both groups. The above results showed that the nomogram had acceptable discriminative ability and favorable calibrating ability. In addition, the decision curve analysis demonstrated the nomogram's positive clinical application value in the training (Figure 8A) and validation (Figure 8B) groups.


TABLE 4 Effectiveness of the model to predict probability of hospital administrators encountered medical disputes at work.
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FIGURE 4
 Area under receiver operation curve (AUROC) for the nomogram in the two groups. (A) The training group (AUROC = 0.67); (B) the validation group (AURCO = 0.68). The curve was plotted with one specificity against sensitivity.
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FIGURE 5
 Discrimination slopes for the nomogram in the two groups. (A) The training group; (B) the validation group. “0” indicates participants without medical disputes, and “1” indicates participants with medical disputes.



[image: Figure 6]
FIGURE 6
 Probability curve for the nomogram in the two groups. (A) The training group; (B) the validation group. Probability curve is drawn by predicted probability against events. The green curve indicates negative events (participants without medical disputes), whereas the red curve indicates positive events (participants with medical disputes). A greater distance between the peaks of the red and green curves on the nomogram implies better separation.



[image: Figure 7]
FIGURE 7
 Calibration curve for the nomogram in the two groups. (A) The training group; (B) the validation group. Calibration curve is plotted by predicted probability with observed probability. The red line indicates perfect consistency between predicted and observed probability, and the blue line indicates the calibrating line for the nomogram. The closer the blue line is to the red line, the better the calibration ability of the nomogram.
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FIGURE 8
 Decision analysis curve for the nomogram in the two groups. (A) The training group; (B) the validation group. Decision analysis curve is plotted by different risk threshold against net benefit. There are two lines for reference: A gray line indicates treated-for-all scheme, and a black line indicates treated-for-none scheme.




Risk stratification

In terms of the optimal threshold (35.94% in the training group and 38.83% in the validation group), and to easily remember and conduct the risk stratification, this study defined that participants with a predicted probability of <30.00% were categorized into the low-risk group, participants with a predicted probability of 60.00% (double of the optimal threshold) or above were classified to the high-risk group, and a predicted probability of 30.00–60.00% belonged to the moderate-risk group (Table 5). The predicted probabilities of medical disputes were 23.82% in the low-risk group, 43.21% in the moderate-risk group, and 67.41% in the high-risk group, respectively, which were extremely close to the actual rates in the three risk groups. Notably, individuals in the low-risk group were 2.83 time less likely to have medical disputes as compared to those in the high-risk group (P < 0.001).


TABLE 5 Risk stratification of all participants based on the optimal threshold in the nomogram.
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Discussion


Main findings of the study

This study investigated the relationship between medical disputes and hospital legal constructions and further to build a nomogram to categorize participants at varying risk probabilities of experiencing medical disputes specifically among hospital administrators. According to the findings, there was a strong correlation between medical disputes and gender, professional ranks, duration of service, knowledge of hospital charters, and the construction status of hospital rule of law. These five features were included in the nomogram. The nomogram demonstrated positive predictive effectiveness based on the discriminative and calibrating ability, and a web calculator was developed to support model utility.

In addition, this study showed that when the number of laws or regulations training courses organized by hospitals was above six times a year, the incidence of medical disputes could start to decrease, and it could remarkably decline when the number of laws or regulations training courses was above 11 times a year (about once a month). Furthermore, only when participants had a perfectly clear understanding of knowledge on hospital rule of law, the incidence of medical disputes could considerably decline. These findings shed a light on the importance of laws or regulations training among hospital administers.



Current construction status of hospital rule of law

Nearly, all participants' hospitals have established legal frameworks and performance appraisal systems related to the rule of law, but only about half of participants very clearly understood the duty of hospital law department, hospital charters, and the contents of legitimacy review in their hospitals, and also only half of participants reported that the construction status of hospital rule of law was very good. The aforementioned findings indicated that even though the majority of hospitals have established hospital law rules and legal regulations, the proportion of hospital administrators who understood these rules and regulations well was far from satisfactory, which in turn could help to explain the high incidence of medical disputes (41.53%) in the study.

The construction of the rule of law in the hospitals varies between countries (22). By enacting a law to combat corruption, the Canada health system's construction of the rule of law has been enhanced (23). Based on the root of corruption and inadequate governance structures in the health industry, the hospital rule of law in South Africa's healthcare system is unsatisfactory (24, 25). Insufficient rule of law construction has been linked to a number of factors, including ambiguous hospital charters, a lack of institutional accountability, conflicting rules, inadequate incentives for healthcare workers (26, 27), and a lack of sufficient individual capacity in policy planning and implementation (28, 29). As a result, this study made some recommendations to strengthen the construction of the rule of law in the hospitals. First, we should prioritize reviewing and amending the current laws regulations and developing a statutory minimum standard for medical practice in the hospitals (28). To achieve this, we suggested “Regulation on the Prevention and Handling of Medical Disputes” legal framework (30). In accordance with such legal framework, hospitals and medical staff should place a greater emphasis on providing medical care for patients, and it is the obligation of medical institutions to improve training on hospital legislation and professional ethics.



Analysis of current studies on risk factors for medical disputes

Previous studies have demonstrated that misdiagnosis, a lack of informed consent, therapeutic plan errors, procedures that result in serious complications, and patient–physician mistrust were significantly associated with medical disputes (9, 31, 32). These factors may be very useful in guiding medical management. However, rather than hospital administrators, these studies were designed for clinical medical workers. Thus, it is possible that these factors may not be applicable to this population. In addition, constructive status of hospital rule of law was not assessed in the above studies.

In this study, we discovered that more medical disputes were significantly associated with male gender, higher professional rank, longer duration of service, less understanding of hospital charters, and poorer construction status of hospital rule of law. Studies also revealed that male doctors were more vulnerable to exposure to medical disputes as compared to females (2, 22, 33, 34), and the specialty grade of a doctor was proved to be relevant to medical disputes (22, 35). Several studies showed that hospital administrators' management skills would be constrained by their ignorance of the hospital's charter (28), making it impossible for them to swiftly and appropriately settle medical disputes (36). As a result, they might blame one another to avoid and shirk responsibility, when there were medical disputes between management divisions (36). Furthermore, it made sense that a shoddy construction of hospital rule of law might result in an increase in medical disputes. Because the medical practice of staff could not be well-restrained by the legal system in the hospitals, and the hospital's medical staff, at the same time, could not be adequately protected.



Current available prediction model for hospital management

A chance-constrained model to predict stock management in hospital pharmacy (16) and a machine learning-based model to predict pharmaceutical ordering error identification (37) have both been published in previous studies. Two thousand twenty saw the development of a prediction model to measure patient satisfaction after incorporating sixteen different factors, including location, facility, sex, and age (19). A study that was conducted in 2021 also developed a prediction model to assess inpatient satisfaction in 16 large public hospitals (20). These predictive models are a clear and useful resource for clinical decision makers, hospital managers, and healthcare professionals. However, there were few models for predicting medical disputes. To the author's best knowledge, this model was the first to identify medical disputes specifically among medical administrators directly. The model was presented as the format of nomogram in the study that can be a useful tool for preventing medical disputes, guiding administrative management, and assisting decision-making.



Preventive measures for medical disputes

According to previous studies, some steps could be taken to prevent medical disputes, such as updating dispute handling system, enhancing one's capacity to resolve disputes, and raising the standard of healthcare by strengthening one's professional abilities, service attitudes, and sense of responsibility among physicians (2, 9, 11, 38, 39). Our study also provided helpful additions to existing body of knowledge. The results of our study suggested that hospitals should work to improve rule of law training, particularly for men, so that they completely comprehended hospital charters, which would be very helpful to avoid and prevent medical disputes. More specifically, we recommended that training sessions for hospital rules and regulations should be at least six times annually and would better be once a month. That is because, as shown in this study, only when participants had a very clear understanding of knowledge on hospital rule of law, the incidence of medical disputes could remarkably decline. However, considering that it could be challenging for hospitals to conduct monthly legal training, we suggested the “hospital-department-personal” three-level legal training model. First, at the hospital level, it is recommended that hospitals should at least arrange one legal training for all hospital staff every 2 months; at the department level, it is also advised to organize training on laws and regulations at least six times a year. Thus, with the efforts of both the hospitals and departments, the total number of laws training could be up to 12 times a year. Second, hospitals should create effective strategies to attract administrators to engage in the mastery of hospital rules and regulations. Examples include making clear training management guidelines, awarding certificates for continuing education, and conducting online training about hospital rule and regulations. Notably, the network platform has no constraints on time, area, and resources; legal professionals are free to submit their courses there; and hospital staff members always have access to online legal training at their convenience. Third, since most laws and regulations are abstract and difficult to understand, it is advised, at the personal level, that administrators actively study and acquire knowledge of them, and it is important to examine laws and regulations on a regular basis.

To enable personalized application of preventive measures, risk stratification was achieved in the study, and individuals were divided into three risk categories. Participants in the high-risk group were 2.83 time more likely to have medical disputes as compared to those in the low-risk group. Therefore, individuals in the high-risk group should receive additional training in hospital rule of law, according to the nomogram. After training, their understanding of the contents of legal construction should be evaluated, and their participation in courses and exam performance should be connected to their salaries. While participants in the low-risk group may only need to attend training as normal, those in the moderate-risk group should continue to strengthen their self-study on the construction of the rule of law in their hospital.

Along with the above legal training courses and series of measures for various risk groups, hospital organizational management should also receive attention. First, it is necessary to clearly define each administrative department's obligation to avoid escape and shirk responsibility. Second, the role of hospital law department should be paid more emphasis in guiding hospital management, and its jobs should be supported by other departments. Third, the hospital law department needs greater funding so that they have the manpower and resources to plan and carry out a number of initiatives, such as inviting legal experts and organizing training courses on rule of law. Lastly, to encourage hospital staff to actively engage in the construction of hospital rule of law, it is also justified to establish clear and intelligible hospital charters and rule of law. Consequently, it is significant to strengthen the management and organizational capabilities of hospitals and further to increase staff compliance with regard to the construction of the rule of law within the hospitals. Notably, building the rule of law in the hospitals, especially tertiary hospitals, is an essential component of building the rule of law in China and a key component of building a healthy China.




Limitations

The study has several drawbacks. First, medical disputes are complicated events that are the result of combination of a variety of factors, but this study only took seventeen variables into account and some other significant risk factors, such as the specialty of clinic, were not collected. Second, because this study is a cross-sectional analysis in nature, more research is necessary to determine the causal relationship between medical disputes and factors. Third, enrolled participants only included hospital administrators, so the applicability and generalization of the prediction model need further validations in other healthcare workers. In future, healthcare workers and patients should be included in the research to identify more comprehensive preventive strategies for medical disputes, which would contribute to the systematic construction of hospital rule of law.



Conclusion

Medical dispute is prevailing among hospital administrators, and it can be reduced by the effective constructions of hospital rule of law. This study proposes a novel nomogram to predict the likelihood of medical disputes specifically among administrators in tertiary hospitals, and a web calculator can be available at https://ymgarden.shinyapps.io/Predictionofmedicaldisputes/. The nomogram may be a useful tool to evaluate the risk probability of medical disputes and further to guide administrative management and assist decision-making. To assist reduce medical disputes, more emphasis should be placed on helping participants in the high-risk group, such as enabling them to better understand hospital charters and encouraging the construction of the rule of law in their hospitals.
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Female 64.62% (1,755/2,716)
Age (years)

<30 15.87% (431/2,716)
30-39 36.45% (990/2,716)
40-49 34.32% (93212,716)
>50 13.37% (363/2,716)
Professional ranks

Senior 3.39% (9212,716)
Deputy senior 20.29% (551/2,716)
Intermediate 37.3% (1,013/2,716)
Ju 24.82% (674/2,716)
None 14.21% (386/2,716)
Length of service (years)

<6 14.25% (387/2,716)
6-10 17.86% (485/2,716)
11-15 17.19% (467/2,716)
16-20 12.59% (342/2,716)
>20 38.11% (1,035/2,716)
Hospital type

Public 95.58% (2,596/2,716)
Private 4.42% (120/2,716)
Hospital category

General 51.44% (1,397/2,716)
TCM general 29.12% (791/2,716)
Specialized 18.93% (514/2,716)
Other 0.51% (14/2,716)
Tertiary hospital level

Class A 56.19% (1,526/2,716)
Class B 8.95% (243/2,716)
Other 34.87% (947/2,716)
Hospital located in provincial capital

Yes 14.91% (405/2,716)
No 85.09% (2,311/2,716)
Working in a department directly providing window services to
patients

Yes 37.41% (1,016/2.716)
No 62.59% (1,700/2,716)
Establishment of law frameworks in the hospital

Yes 97.97% (2,661/2,716)
No 0.29% (8/2.716)
Not clear 1.73% (47/2,716)
Understanding of the duty of hospital law department

Perfectly clear 50.55% (1,373/2,716)
Clear 45.07% (1,224/2,716)
Slightly clear 3.76% (102/2,716)
Notatall 0.63% (17/2,716)
Number of laws or regulations training organized by participant’s
hospital each year

=<1 30.67% (833/2,716)
23 25% (679/2,716)
4-6 14.06% (382/2,716)
7-10 16.72% (454/2,716)
=11 13.55% (368/2,716)

Number of participating in the training of laws or regulations each

year
0 3.28% (89/2716)
1-2 50.15% (1,362/2,716)
34 27.72% (753/27,16)
=5 18.85% (512/2,716)
Understanding of hospital charters

Perfectly clear 52.17% (1,417/2,716)
Clear 45.73% (1,242/2,716)
Slightly clear 1.66% (45/2,716)
Notatall 0.18% (5/2,716)
No hospital charters 0.26% (7/2,716)

Establishment of a performance appraisal system related to the rule

oflawin the hospital

Yes 98.23% (2,668/2,716)
No 1.77% (48/2,716)
Understanding of the contents of legitimacy review in the hospital
Perfectly clear 48.67% (1,322/2,716)
Clear 45.84% (1,245/2,716)
Slightly clear 5.04% (137/2,716)
Notatall 0.44% (12/2,716)
Construction status of hospital rule of law

Very good 53.39% (1,450/2,716)
Good 36.93% (1,003/2,716)
Neither good nor bad 9.46% (257/2,716)
Bad 0.15% (4/2,716)
Very bad 0.07% (2/2,716)
Encountered medical disputes at work

No 58.47% (1,588/2,716)
Yes 41.53% (1,128/2716)
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