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Background: Previous studies, often simply using either objective workload or mental workload as a measure of physician workload in various healthcare settings might have failed to comprehensively reflect the real workload among physicians. Despite this, there is little research that further explores a comprehensive workload evaluation framework with the integration of objective workload and mental workload to describe their comprehensive workload.

Methods: A comprehensive evaluation framework for physician workload was proposed based on the combination of objective workload and task-level mental workload also with the consideration of quality of provided medical services and served patient complexity; and accordingly, an integrated evaluation model for physician comprehensive workload (PCW) tethered to outpatient practice was developed and further applied to perform a PCW analysis using cross-sectional data on outpatient workload of 1,934 physicians mainly from 24 hospitals in 6 provinces in Eastern, Central, and Western China. Multiple linear regression and multinomial logistic regression analyses were established to identify significant factors influencing the PCW.

Results: Overall, the average score of PCW tethered to outpatient practice Chinese physicians experienced was 811.30 (SD=494.98) with concentrating on between 200 and 1,200. Physicians who were female, from Eastern or Western China, and those who worked >60 h per week and longer outpatient hours per week were more likely to experience a higher PCW. 11.2% of participating physicians were identified as very high PCW physicians, compared with 11.6% as low PCW physicians, 45.5% as medium PCW physicians and 30.7% as high PCW physicians. Those who were female, older, from Western China, those who had lower educational levels, lower professional titles and longer working years in the current institution, and those who worked in tertiary A hospitals and Internal or Surgical, and worked >60 h per week and longer outpatient hours per week were more likely to be very high PCW physicians.

Conclusions: Our work has a potential application for comprehensively assessing physician workload tethered to outpatient practice and could provide a solid foundation for hospital managers to further accurately determine and identify physicians with high workload, who would otherwise be missed in either objective workload or mental workload.
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INTRODUCTION

Currently, heavy physician workload is a common challenge internationally. With a growing aging population with chronic and age-related diseases, along with subsequently ever increasing health care demands worldwide (1), especially in China (2), alarming increasing trends in physician workload have attracted much attention from health care providers, researchers and decision makers in recent years, owing to lack of a proportional growth in the number of physicians (3–5). Increased physician workload is associated with their worse occupational health (6, 7), inferior quality of medical care and even patient harm (5, 7–9). Healthcare organizations may also experience adverse effects such as low productivity, increased cost (10), and increased use of sick leave and turnover rates among physicians (9). Hence, there is an increasingly urgent need for assessing and managing physician workload to mitigate the potential negative effects caused by increased physician workload.

In China, overwhelming workload in physicians has become one of the major concerns for current health care system (11), which has become one of the main sources of their high work pressure; and the prominent physician shortage issue in China [2.04 practicing physicians per 1,000 people in 2017 (12), compared to the international average of 3.5 (13)] along with extremely unbalanced distribution of high-quality physicians between urban and rural areas and between regions may further lead to a much heavier workload for Chinese physicians, especially in tertiary A hospitals in big cities. As the hierarchical diagnosis and treatment system of China has not yet achieved effective triage of patients (4), also with ever-increasing patient demands for high-quality medical services, physicians especially in large general hospitals tend to have an increasingly heavy outpatient workload, with a greater number of outpatients seen daily (4) (even up to 100 patients a day), resulting in a more limited time available for interaction with their patients on average and patient dissatisfaction with the medical services they provided. Not surprisingly, data from a recent national survey from 136 public tertiary hospitals across 31 provinces in China showed that most physicians worked >10 h per day (an average of 10 h) to manage outpatients and inpatients, and almost two-thirds reported a heavy workload (14); and the latest data from Chinese Physician Practice Situation White Paper in 2018 also reported 85.41% of Chinese physicians worked > 40 h per week, and even 32.69% worked > 60 h per week (4). High levels of workload have also been recognized as a contributor to high error rates, and even patient and visitor violence. In addition to this, excess loads of the entire health care delivery system can be passed directly to or through the outpatient clinics, adding to the complexity and strain already being experienced, thereby becoming a location with high risks of suffering from medical disputes, and even violence against healthcare professionals. Under such circumstances, hospitals seek to determine individuals among physicians, who need interventions in priority, so as to expand effective supply of their outpatient services and continuously improve the quality and efficiency of medical services and patient safety while lightening their workload.

Chinese researchers have paid increasing attention to the measurement and evaluation of Chinese physicians' workload in recent years. Currently, the National Health Commission of the People's Republic of China and National Administration of Traditional Chinese Medicine jointly issued a document in 2020, clearly pointing out that it's necessary to scientifically calculate medical workers' workload and further allocate the human resources rationally, so as to avoid long-term overload and reduce their physical and mental pressure (15). Hence, it's of great importance to establish a comprehensive evaluation model for physician workload to further strengthen the assessment and management of Chinese physicians' workload. However, existing research on physician workload in China with slow progress, reflects the work burden of outpatient physicians mainly using several objective workload indicators (for example, the number of outpatients seen, and working hours per week), with less consideration of their subjective psychological experiences (that is, mental workload) (7). Such metrics for evaluating physician workload are inadequate. Physicians are generally simultaneously exposed to both physical and mental workload stress in outpatient practice, necessitating simultaneously monitoring of physical and mental workload for more comprehensive workload evaluation. There is therefore an urgent need for a comprehensive workload evaluation framework to describe their comprehensive workload that integrates both their objective workload and mental workload.

Given that the impending issues that outpatient clinics are facing underscore the need for an approach of comprehensively assessing physician workload, the main objective of this study is to explore to develop an integrated evaluation model for comprehensive assessments of physician workload tethered to outpatient practice. The specific objective is to perform a physician comprehensive workload analysis according to our developed integrated evaluation model for physician workload using cross-sectional data on outpatient physician workload from a nationwide survey. Our current understanding of the integrated evaluation model for comprehensively assessing physician workload is rather limited. Previous research often simply adopted either objective workload or mental workload as the measure of physicians' workload in various healthcare settings. Such kind of study, although important might have failed to comprehensively reflect their real workload. This study fills the literature by developing an integrated evaluation model for physician workload, and can help provide a solid foundation for hospital managers to accurately identify those with high workload as individuals who need interventions in priority, who would otherwise be missed in either objective workload or mental workload.


Literature Review


Concepts and Definitions of Workload

Workload is a multidimensional and multifaceted concept that remains inconsistent definitions worldwide (7), literally meaning the amount of workloads a human operator undertakes per unit time. Even without consensus on a definition, workload has become a topic of increasing importance with increasing attention to the adverse effects of increased workload, especially in the medical field. Workload is generally considered to comprise the following two large aspects: objective workload that is simply reflected by the quantity of work tasks, and mental workload that reflects the mental strains resulting from a human operator performing a work task under a specific environmental or operational condition as well as the capability of the human operator to respond to task demands (16). Currently, the onset of modern technology and automation has greatly shifted the workload paradigm from the physical domain to the mental domain (16, 17), and some researchers thereby used mental workload as the measure of an individual's workload (18). Mental workload is also a term referring to the cost of completing a work task, and it can be defined as the amount of brain or cognitive resources used/consumed per unit time to reach the acceptable performance required by the work task (19). Currently, mental workload is widely accepted to be defined as the portion of a human operator's limited capacity actually required to perform a specific task under the assumption that humans have a fixed amount of processing capacity; and the task inherently requires processing resources, and the more difficult the task, the higher the processing capacity required for acceptable objective and subjective performance (16, 17).



Measurement of Workload

With respect to the workload measurement, the number of work tasks is often used to measure objective workload. For example, some single indicators such as working hours per week, and outpatient volume per shift (4, 11, 12) are used as the measure of physician workload in outpatient clinic. Such kind of the measurement of workload although simple and easy to be tracked and intervened in real time, might have failed to diagnose causes and determine the nature of workload, and explain the relation between the nature of a work task and the characteristics of the operator. In contrast, currently, there are three primary methods for measuring mental workload, mainly including subjective assessments, task-based performance measures, and physiological measures (16, 17, 20). Each of these methods can be applied in isolation, but they may be also measured concurrently to obtain a more comprehensive assessment of mental workload (16).

Subjective assessments concentrating on different aspects of mental workload require a human operator to distinguish a level of workload in indications on scales in post-task responses. The NASA-Task Load Index (NASA-TLX) scale, widely used in measuring or diagnosing mental workload in human factors and ergonomics, has proven to be a sensitive, valid and reliable assessment tool (21, 22), and can be used for quantifying perceived workload in various healthcare settings (23). In the same vein, the Subjective Workload Assessment Technology (SWAT) is a subjective rating technique used for assessing mental workload (24). Over the years, different researchers have localized these scales to be suitable for the measurement of mental workload in various settings in their own countries. For example, given that there are few instruments for measuring or diagnosing Chinese physicians' mental workload, our research team developed a mental workload scale verified with good reliability and validity based on the combination of dimensions of NASA-TLX and SWAT in 2018 (7). Although subjective measures of mental workload are with high face validity, ease of use, participant acceptability, low cost and known sensitivity to workload variation, there remain some methodological issues to be solved, such as trading off the intrusiveness of live ratings against the retrospective bias of post-task ratings (16, 17, 19). Accordingly, once a work task is finished, workload evaluation of the human operator is carried out immediately, possibly minimizing the recall bias.

Task-based performance measures are based on the performance variables (e.g., reaction times, accuracy, and error rates) of a human operator in performing work tasks as assessment indicators of mental workload under an underlying assumption that increased processing required for higher levels of workload would degrade the performance of the task being performed, mainly including primary and secondary task measures (17). Performance is considered as a measure of primary and secondary task achievement and can indicate spare capacity. Primary task measure is based on techniques of direct registration of the human operator's capability to perform the primary task at an acceptable level in the natural or simulated work environment (for example, with respect to acceptably low error likelihood), whereas in secondary task measures, monitoring attention to and workload resulting from a primary task may be indirectly reflected by assessing the performance on a secondary task, since in any real-world dual task situation where one task takes priority over the other, the performance on the secondary task (e.g., errors and time) can be highly associated with the spare capacity unused by the primary task (17). A primary task analysis is the most fundamental means of assessing mental workload using these measures (16). Task analysis includes any methods of evaluating what actions a human operator performs and why these actions are being performed based on a time-motion study; and these methods involve the structured decomposition of work activities and classification of these activities as a series of tasks, processes, or classes (17). However, the insensitivity of some of the measurements based on these performance-based techniques is one disadvantage, since there is not a simple linear, but an inverted U relationship between mental workload and job performance. That is, a work task with a low demanding mental workload could achieve an excellent performance during the beginning stage of the task, but then the performance will be degraded as the human operator becomes fatigued or distracted, possibly leading to confounded results (19). Accordingly, using task performance techniques with other mental workload assessment methods may improve the quality of the measurement (19).

Physiological measures are the third type of mental workload assessments, as a natural type of mental workload index, under the underlying assumption that changes of mental workload level of a human operator can be reflected by the changes in some physiological indicators of the human operator corresponding to different task demands. Previous studies have used physiological parameters such as heart rate, heart rate variability, brain activity, event-related brain potential, galvanic skin resistance, breathing rate, pupil diameter and blink rates to assess the human operator's state (16, 17, 25). Although measuring physiological parameters for mental workload evaluation has been fairly well-validated with decreased intrusiveness, much of the research done involves a controlled experiment with controlled stimuli, since on the one hand, many other factors that have no relation to mental workload, might also cause changes in certain physiological parameters (15), and on the other hand, the accuracy of physiological data depends to a large extent on the performance and precision of the sensors (19). In addition to these above-mentioned measures for physician workload, workload was frequently tracked as relative value units (26).



Physician Work Tasks Tethered to Outpatient Practice

Identifying tasks refines the measurement of workload associated with these tasks. Work tasks tethered to outpatient practice can be generalized as the sum of a series of work activities necessary for physicians to provide outpatients with complete medical services that meet their reasonable demands. In our previous study, we decomposed and further classified all work activities physicians performed during outpatient encounters into the two large groups based on a time-motion task analysis on 32 Chinese physicians from public tertiary hospitals: physician-patient communication work tasks (comprising six categories of work tasks) characterized by direct patient interaction, and non-physician-patient communication work tasks (comprising seven categories of work tasks) characterized by paperwork (27). Research indicated that gaining insight into the effort associated with work tasks could make workload assessments more robust, since task analysis might facilitate workload measurement by the individual work components or subtasks to be measured (28). The definition of the detailed work tasks performed by physicians in outpatient practice can provide a solid foundation for the present study to further seek to comprehensively assess physician workload with the consideration of the content and nature of work tasks tethered to outpatient practice.



Evaluation Framework for Physician Workload

Previous studies have investigated the physician workload in various working settings [e.g., emergency department (16, 23), clinical care (18, 25)] using single methods noted in the literature review or a combination of these methods (16); however, most of them might have failed to comprehensively assess physician workload, since they either only focused on the objective workload (4) or mental workload using single or multiple metrics, or just simply measured both objective workload and mental workload to obtain a more comprehensive assessment of physician workload (16). It is obvious that such a single or non-integrated evaluation framework will not effectively solve comprehensive assessments of physician workload. To this end, some research has developed and applied a research model of factors affecting attending physician workload centered on physician, hospital, team and patient characteristics through in-depth semi-structured interviews and a modified Delphi technique (26, 29).

Workload is also influenced in part by the nature of the work task in question (28). Research indicated that physician workload is increased with complexity of medical cases or medical care (16, 18, 23, 26, 30, 31), and the well-known RBRVS (resource-based relative value scale, RBRVS) model, widely used for medical workers' performance appraisal, revealed that these patient factors such as complexity, and severity of the patient's disease had a positive impact on the physician workload. Thus, patient complexity should be considered into the comprehensive assessment framework of physician workload. However, there has little research into the application of patient complexity as an adjustment coefficient to adjust the physician workload. Moreover, research also revealed that practice size and quality of medical services were key factors influencing physician workload (23, 26, 32); and physician workload is increased with number of patients seen (18, 23, 33), and the higher the quality of medical care provided by physicians, the more their resources are consumed, ultimately resulting in a higher workload (34), whereas in turn, increased workload might reduce medical quality (5, 7–9). Thus, practice size and quality of medical services should be also considered. Moreover, there has little research into assessment of physicians' outpatient workload at task level based on the content of work tasks performed (35) in outpatient settings. Some studies addressed the assessment of physician workload at task level (named task-level workload in the rest of the paper) in emergency department (16), internal medicine (28), clinical radiation oncology (36, 37), and general practice (38). Such kind of study provides a reasonable method to quantify physician workload for detailed activities, which may be useful to monitor workload for more granular tasks within activities.

When drawing insights from previous studies on assessments of physician workload, we proposed a comprehensive evaluation framework for physician workload based on the combination of objective workload and task-level mental workload also with the consideration of quality of provided medical services and served patient complexity (see Figure 1). This evaluation framework guided our study to develop an integrated evaluation model for physician comprehensive workload tethered to outpatient practice, and further perform a physician comprehensive workload analysis among Chinese physicians.
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FIGURE 1. Comprehensive evaluation framework for physician workload tethered to outpatient practice.






METHODS

Through this paper, we performed a physician comprehensive workload analysis among Chinese physicians according to our proposed comprehensive evaluation framework for physician workload tethered to outpatient practice using cross-sectional data on outpatient physician workload from a nationwide survey.


Calculation Procedure of Comprehensive Physician Workload

According to our proposed comprehensive evaluation framework for physician workload tethered to outpatient practice, we further developed an integrated evaluation model for physician comprehensive workload (PCW) tethered to outpatient practice, where PCW comprises two parts (that is, physician workload tethered to physician-patient communication work tasks, and physician workload tethered to non-physician-patient communication work tasks), and is further adjusted together by objective workload, quality of provided medical services, and served patient complexity (Equation 1).
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PCWi is the value of physician comprehensive workload tethered to outpatient practice of the ith physician, PWCommunicationi is the value of physician workload of the ith physician while performing physician-patient communication work tasks, PWNon−communicationi is the value of physician workload of the ith physician while performing non-physician-patient communication work tasks; and Rov, Rpc, and Rps are used as adjustment coefficients for PCW; and therein Rovi represents the objective workload of the ith physician, reflected by the number of outpatients serviced per day of the ith physician, Rpci represents the complexity of the patient served by the ith physician in the diagnosis and treatment, reflected by the ratio of the number of outpatients serviced per day admitted to the hospital by the ith physician for further diagnosis or treatment to the number of outpatients seen per day by the ith physician, and Rpsi represents the quality of medical services provided by the ith physician, reflected by the patient satisfaction rated by the ith physician in this study. Given that mental workload can be defined as the amount of mental resources used/consumed per unit time to reach the acceptable performance required by the work task (19), representing the occupancy rate of an individual's mental resources on the work task, physician workload tethered to a specific work task can be therefore defined as the mental resources consumed by the work task multiplied by the time resources required by the work task (Equation 2, 3).
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PMWCommunicationi is the value of mental workload of the ith physician, reflecting mental resource consumption while performing physician-patient communication work tasks, whereas TCommunicationi represents the time resources required by the physician-patient communication work tasks performed by the ith physician.
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Likewise, PWNon−communicationi is the value of physician workload of the ith physician, reflecting mental resource consumption while performing non-physician-patient communication work tasks, whereas TNon−communicationi represents the time resources required by the non-physician-patient communication work tasks performed by the ith physician.



Measures

Mental workload was assessed using the Chinese version of physician mental workload scale developed by our research team in 2018 based on the combination of dimensions of the NASA-TLX and SWAT frameworks (7). The Chinese version of physician mental workload scale has been verified to have good reliability and validity (Cronbach alpha = 0.81), indicating a reliable instrument for diagnosing the mental workload of Chinese physicians comprises six dimensions and 12 items regarding different aspects of workload (mental demands, MD; physical demands, PD; temporal demands, TD; perceived risk, PR; frustration level, FL; and performance, Pe) (7); and all items were scored on a 10-point bipolar scale ranging from 0 to 100. The average score of all items of a corresponding dimension was the dimension score, whereas each dimension score was multiplied by the weight of the corresponding dimension, and the sum of the scores was the total score of mental workload, where the weight of each dimension was equal to the number of times that dimension was selected divided by a total of 15 comparisons based on pairwise comparisons of six dimensions of physician mental workload scale (7). In this study, the Chinese version of physician mental workload scale was used to measure physician mental workload while performing physician-patient communication work tasks (Equation 4) and non-physician-patient communication work tasks, respectively (Equation 5).
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PMWCommunicationi is the overall mental workload score of the ith physician while performing physician-patient communication work task, and MDi, PDi, TDi, PRi, FLi, and Pei is the average score of each dimension the ith physician rated, respectively, and W with a subscript is the weighting coefficient of the corresponding dimension of the ith physician.
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PWNon−communicationi is the overall mental workload score of the ith physician while performing non-physician-patient communication work tasks, and likewise, MDi, PDi, TDi, PRi, FLi, and Pei is the average score of each dimension the ith physician rated, respectively, and W with a subscript is the weighting coefficient of the corresponding dimension of the ith physician.

For objective workload, we used the number of outpatients serviced per day as the measure in outpatient practice, since it can better reflect the quantity of work tasks associated with patients than other indicators, such as outpatient working hours. For quality of provided medical services, previous research indicated that patient satisfaction is an important indicator of measuring the quality of medical services (39), and therefore was simply used as a measure of quality of provided medical services in this study.

Given that it is difficult to quantity the complexity of the patient serviced by physicians in outpatient clinics in the diagnosis and treatment also with no accepted measures, patient difficulty served by a physician in the diagnosis and treatment could be simply measured based on the question that “did you have any patients that you perceived as difficult?” reported in previous research (23) and another study reported some domains such as number of major comorbidities, major complications, and operation could be used as a measure of patient complexity by surgical specialty (40). And accordingly, we used the ratio of the number of outpatients serviced per day admitted to the hospital by a physician for further diagnosis or treatment to the number of outpatients seen per day by the physician as the measure of served patient complexity in this study; and to avoid that the ratio was zero, we normalized this ratio and added 1, that is, 1 represents the reference value. For time resource consumption, time resource consumption in physician-patient communication work tasks was measured by the communication time during each outpatient encounter, and likewise, time resource consumed on non-physician-patient communication work tasks was measured by the non-communication time during each outpatient encounter.



Questionnaire Design

According to our proposed integrated evaluation model for physician workload, based on the Chinese version of physician mental workload scale developed by our research team in 2018, we therefore developed a survey questionnaire to perform a PCW analysis among Chinese physicians.

The survey questionnaire included three parts. The first part was designed to measure the mental workload of physicians while performing physician-patient communication work tasks in outpatient practice, including 6 dimensions and 12 items of Chinese version of physician mental workload scale, where these dimensions were further compared two by two making able to collect the weights of each dimension. Likewise, the second part was designed to assess the mental workload of physicians while performing non-physician-patient communication work tasks in outpatient practice using the Chinese version of physician mental workload scale. Data on participants' characteristics including gender, age, marital status, educational level, average monthly income and professional title, average monthly income, professional title, working years in the current medical institution, area, hospital level, hospital nature, personnel, department, working hours per week, outpatient working hours per week, self-rated health status and physician-patient communication time and non-physician-patient communication time, as well as these related adjustment coefficients for PCW (that is, number of outpatients serviced per day, outpatient satisfaction, and number of outpatients serviced per day admitted to the hospital for further diagnosis or treatment) (details seen from Table 1) were collected in the third part.


Table 1. Main characteristics of the participating physicians (N = 1,934).
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Specifically, outpatient satisfaction was measured based on the question on a 20-point bipolar scale ranging from 0 to 100, that is, “Overall, how many scores did you perceive that your outpatients rate for your outpatient services?”. The number of outpatients serviced per day was measured based on the question that “on average, how many outpatients did you serve daily?”, and the number of outpatients serviced per day admitted to the hospital for further diagnosis or treatment was further measured based on the question that “how many outpatients you serviced were admitted to the hospital for further diagnosis or treatment per day?” Physician-patient communication time was measured based on the question that “how many minutes do you spend on physician-patient communication work tasks on average during each outpatient encounter?”, and likewise, non-physician-patient communication time was measured based on the question that “how many minutes do you spend on non-physician-patient communication work tasks on average during each outpatient encounter?”.

Before the formal survey began, we performed a pilot survey on site in October 2020, to validate the measurement tool in a total of 10 physicians who just finished the provision of the outpatient services in the outpatient clinic of a tertiary public hospital in Wuhan, Hubei, and context-specific adjustments were made to improve the accuracy and clarity of the questionnaire according to the feedback from the pilot survey.



Study Sampling

This cross-sectional nationwide survey recruited physicians in Eastern, Central, and Western China through a stratified convenience sampling method. In order to improve the sample representativeness, two provinces were selected in the Eastern, Central, and Western regions, respectively. That is, a total of six provinces were selected. According to the standard for the division of China Eastern, Central, and Western regions from the current China Health Statistics Yearbook, Guangdong and Zhejiang provinces were selected in Eastern China, Hubei and Henan provinces were selected in Central China, and Chongqing municipality and Guangxi Zhuang autonomous region were selected in Western China. Considering the potential differences in the different levels of hospitals, typical sampling was then used to select two tertiary public hospitals and two secondary public hospitals in each selected province. Thus, a total of 24 public hospitals (including 12 tertiary and 12 secondary public hospitals) were mainly selected nationwide in China. Among the selected hospitals, four departments including Internal, Surgical, Obstetrics and gynecology, and Pediatrics were further selected as the main research departments, where targeted physicians were selected by random sampling. Given that we aimed to assess the physician workload tethered to outpatient practice, the targeted population in this nationwide survey was physicians who just provided medical services to outpatients in the consulting room in outpatient clinics, those who had to have been working for ≥4 months in the outpatient clinic, and those who had to be employed full-time for ≥1 year in their current institution.



Data Collection

This nationwide survey was carried out from November, 2020 to February, 2021. In order to improve the efficiency of data collection in each selected hospital, a unique QR code of the electronic questionnaire was generated for each hospital using the web-based survey tool called wenjuanxing. An informed consent of the outpatient managers in each selected hospital was requested and obtained before the beginning of the survey, and they were invited and volunteered as the role of the project manager in their hospitals during this online survey. Subsequently, the QR code of the electronic questionnaire was sent to these outpatient managers of the corresponding hospital, and they then sent the QR code to the targeted department groups of physicians via WeChat or Tencent QQ group, in which physicians who met the inclusion criteria for the targeted population were invited to participate in this questionnaire survey.

Participants could scan the QR code of the electronic questionnaire via their phones to access and fill in the electronic questionnaire. Prior to the survey, we first introduced the purpose of the survey, and the definition of physician mental workload and its related work tasks including physician-patient communication and non-physician-patient communication work tasks during outpatient encounters. After an individual's consent was obtained, the survey was conducted accordingly. During filling in the questionnaire, participants were first asked to complete the assessment of mental workload while performing physician-patient communication work tasks, and were then allowed to report their mental workload while performing non-physician-patient communication work tasks. Furthermore, all participants who completed the questionnaire were also encouraged to share the survey website link to their Wechat Circle of Friends, WeChat or Tencent QQ group, where some physicians who met the inclusion criteria for the targeted population could be invited and participate in this questionnaire survey.



Statistical Analysis

Descriptive analysis was used to summarize to data on participant characteristics, and PCW of the participating physicians. Data were summarized as frequencies (n) and percentages (%) for categorical variables, and mean and standard deviation (M ± SD) for continuous variables.

There is still lack of consensus on what should be considered as a threshold value for a high or excessive workload internationally, and previous research usually classified individuals with high workload among physicians simply using the quartiles (35, 41), threshold values for workload (50% of overall workload) (42) or high workload corresponding to composite NASA-TLX scores of >55 (43) or >60 (44). To discriminate the relative comprehensive workload level among the participating physicians, the PCW was divided into four different levels using M−SD, M and M+SD as cut points based on the measurement results of PCW, namely I-type (PCW ≤ M−SD), II-type (M−SD < PCW ≤ M), III-type (M < PCW ≤ M+SD) and IV-type (PCW > M+SD), respectively, which can be distinguished as having relative low (low PCW physicians), medium (medium PCW physicians), high (high PCW physicians) and very high (very high PCW physicians) levels of PCW. Therefore, four distinctive groups of PCW physicians were identified, and each participating physician was assigned into one of the PCW physician groups.

Multiple linear regression model was established to identify the significant factors that influenced PCW tethered to outpatient practice. Given that data on PCW did not follow a normal distribution, we therefore converted the PCW into ln(PCW) to meet the normal distribution, before the regression to improve the accuracy of parameters estimation. Previous research revealed that individual characteristics were the key factors that influenced mental workload (45), and therefore, all demographic variables were set as independent variables and included in the model.

Moreover, chi-square (χ2) tests were then performed to explore the differences in the four distinctive groups of PCW physicians across characteristics; and multinomial logistic regression was further used to identify the significant predictors of four groups of PCW physicians regarding their comprehensive workload, and therein the variables on characteristics were set as independent variables. Data analyses were performed using STATA 15.0 software. P < 0.10 (optimally, p < 0.05) was considered statistically significant.




RESULTS


Participant Characteristics

Overall, 2,038 online responses were collected and 1,934 eligible responses were received, with an effective recovery rate of 94.9%. Table 1 shows the detailed characteristics of the 1,934 samples. Of these participating physicians, 54.1% were female, 44.1% were aged 31 to 40 years, 63.8% were from tertiary A hospitals, 38.0% were from Eastern China, and most were from the 4 major departments (Internal, Surgical, Obstetrics and gynecology, and Pediatrics), which accounted for 73.5%. The participating physicians serviced an average of 43.20 (SD = 24.81) patients per day in outpatient clinics and therein reported an average of 4.22 (SD = 3.85) patients admitted into the hospital for further diagnosis or treatment. Moreover, the mean score of outpatient satisfaction rated by physicians was 80.59 (SD = 14.75).



Assessments of Physician Comprehensive Workload Tethered to Outpatient Practice

According to our developed integrated evaluation model for physician workload proposed in this study, measurement results showed that the mean score of PCW tethered to outpatient practice among the 1,934 participating physicians was 811.30 (SD = 494.98), ranging from 68.87 to 5399.20. Table 2 further shows the number of participating physicians at different levels of PCW scores, with concentrating on between 200 and 1,200. Among these participating physicians, 14.7% (n = 284) scored between 200 and 400, 19.5% (n = 377) scored between 400 and 600, 18.5% (n = 358) scored between 600 and 800, 14.9% (n = 288) scored between 800 and 100, and 12.5% (n = 241) scored between 1,000 and 1,200, together accounting for 80.1%, whereas only 6.9% (n = 134) scored between 1,200 and 1,400, and <10% (9.4%; n = 182) scored more than 1,400. Moreover, 42.9% (n = 830) scored higher than the average score of the total sample.


Table 2. Distribution of participating physicians at different levels of scores of physician comprehensive workload tethered to outpatient practice (N = 1,934).
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Discrimination of Relative Physician Comprehensive Workload Level and Its Characteristics

To discriminate the relative comprehensive workload level among the participating physicians, the PCW was divided into four different levels using M−SD, M and M+SD as cut points based on the measurement results of PCW, namely I-type (PCW ≤ 316.32), II-type (316.32 < PCW ≤ 811.30), III-type (811.30 < PCW ≤ 1306.28), and IV-type (PCW > 1306.28), respectively, which can therefore be distinguished as having relative low (low PCW physicians), medium (medium PCW physicians), high (high PCW physicians) and very high (very high PCW physicians) levels of PCW. Therefore, four distinctive groups of PCW physicians were identified; and of these participating physicians, 11.2% (n = 236) were classified as very high PCW physicians, compared with 11.6% as low PCW physicians, 45.5% as medium PCW physicians and 30.7% as high PCW physicians.

Table 3 further presents the significant characteristics of the participating physicians at different levels of PCW tethered to outpatient practice. Chi-square tests indicated that there was a significant difference in the four levels of PCW for gender (χ2 = 36.523, p < 0.001), educational level (χ2 = 22.135, p = 0.008), average monthly income (χ2 = 18.878, p = 0.026), professional title (χ2 = 28.729, p = 0.001), working years in the current medical institution (χ2 = 23.979, p = 0.020), area (χ2 = 37.058, p < 0.001), hospital level (χ2 = 40.095, p < 0.001), department (χ2 = 75.682, p < 0.001), working hours per week (χ2 = 16.088, p = 0.013), and outpatient working hours per week (χ2 = 43.052, p < 0.001).


Table 3. Significant characteristics of participating physicians with different levels of comprehensive workload tethered to outpatient practice (N = 1,934).
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When compared with those classified as the other groups, physicians classified as very high PCW physician group, tended to be those who were female, those who had a lower educational level, lower average monthly incomes, lower professional titles and longer working years in the current medical institution, and those who were from Western China, worked in tertiary A hospitals, and Internal or Surgical, and worked no more than 40 h per week and longer outpatient hours per week.



Factors Associated With Physician Comprehensive Workload

Table 4 presents the results derived from multiple linear regression analysis. The model included all independent variables on characteristics, and there existed only four significant variables in the model.


Table 4. Factors associated with the physician comprehensive workload (N = 1,934; df = 1,886).

[image: Table 4]

Gender, area, working hours per week, and outpatient working hours per week significantly (p < 0.05) influenced PCW tethered to outpatient practice. Females experienced a higher PCW in outpatient practice than males (β= 0.115, p = 0.001). For area, physicians from Eastern or Western China experienced a higher PCW than those from Central China (β= 0.104, p = 0.004; β= 0.134, p = 0.001, respectively). For working hours per week, compared to those who worked >60 h per week, physicians with shorter working hours per week had a lower PCW in outpatient practice (β= −0.156, p = 0.010; β= −0.0817, p = 0.009, respectively). Meanwhile, physicians with longer outpatient working hours per week tended to experience a higher PCW in outpatient practice; compared to those who worked no more than 8 h per week, physicians with longer working hours in outpatient practice had a higher PCW (β= 0.123, p = 0.003; β= 0.129, p = 0.010, β= 0.250, p < 0.001; respectively). Moreover, the results of the variance inflation factor (VIF) showed that all values of the VIF ranged from 1.15 to 4.78, indicating that there was no collinearity among these independent variables included in the model.



Determinants of Relative Levels of Physician Comprehensive Workload

Multinomial logistic regression was further used to identify the significant predictors of the physicians belonging to different groups of PCW physicians. Table 5 shows the results of multinomial logistic regression analysis. Using very high PCW physician group as the base outcome, we gained the following results (Table 5).


Table 5. Multinomial logistic regression result: significant determinants of different groups of PCW physicians.
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Compared to males, female physicians were less likely to be assigned into the low [Relative Risk Ratio (RRR) = 0.370, p < 0.001], medium (RRR = 0.427, p < 0.001) or high (RRR = 0.509, p < 0.001) PCW physician groups as compared with the odds of very high PCW physician group. Physicians with higher age were more likely to be assigned into the very high PCW physician group; compared to those aged 20–30 years, physicians with an increased age were less likely to be assigned into the high PCW physician group (RRR = 0.506, p = 0.035; RRR = 0.392, p = 0.020; RRR = 0.323, p = 0.057 < 0.10, respectively) as compared with the odds of very high PCW physician group. Compared to those with a master degree, physicians with undergraduate or junior college degrees were less likely to be assigned into the medium PCW physician group (RRR = 0.653, p = 0.030; RRR = 0.456, p = 0.089 < 0.10, respectively), and physicians with undergraduate degrees were also less likely to be assigned into the high PCW physician group (RRR = 0.690, p = 0.071 < 0.10) as compared with the odds of very high PCW physician group. Compared to those with junior titles, physicians with associate senior titles were more likely to be assigned into the low (RRR = 2.119, p = 0.079 < 0.10), medium (RRR = 1.864, p = 0.072 < 0.10) or high (RRR = 3.903, p < 0.001) PCW physician groups, and physicians with senior titles were also more likely to be assigned into the high PCW physician group (RRR = 2.564, p = 0.043) as compared with the odds of very high PCW physician group. Moreover, physicians who worked in the current medical institution for 11–15 or 16–20 years were less likely than those with 6–10 working years in the current medical institution to be assigned into the medium (RRR = 0.627, p = 0.063 < 0.10; RRR = 0.526, p = 0.015, respectively) or high (RRR = 0.388, p = 0.003; RRR = 0.367, p = 0.003) PCW physician groups as compared with the odds of very high PCW physician group.

Compared to those from Western China, physicians from Eastern or Central China were more likely to be assigned into medium (RRR = 1.573, p = 0.028; RRR = 1.677, p = 0.016, respectively) or high (RRR = 1.627, p = 0.017; RRR = 1.457, p = 0.081 <0.10) PCW physician groups, and physicians from Central China were also more likely to be assigned into the low PCW physician group (RRR = 1.957, p = 0.010) as compared with the odds of very high PCW physician group. Physicians who worked in tertiary B hospitals were more likely than those from tertiary A hospitals to be assigned into low (RRR = 2.075, p = 0.074 <0.10) or high (RRR = 1.987, p = 0.057 <0.10) PCW physician groups. Compared to those worked in Pediatrics, physicians who worked in Internal or Surgical were less likely to be assigned into the low (RRR = 0.451, p = 0.062 <0.10; RRR = 0.388, p = 0.036, respectively), medium (RRR = 0.490, p = 0.046; RRR = 0.433, p = 0.027, respectively) or high (RRR = 0.482, p = 0.046; RRR = 0.227 p < 0.001, respectively) PCW physician groups as compared with the odds of very high PCW physician group.

Moreover, compared to those who worked 41–60 h per week, physicians who worked >60 h per week were less likely to be assigned into the low (RRR = 0.585, p = 0.018) or medium (RRR = 0.730, p = 0.075 <0.10) PCW physician groups, and physicians who worked no more than 40 h per week were less likely to be assigned into the high (RRR = 0.439, p = 0.007) PCW physician group. In addition, physicians with longer outpatient working hours per week were more likely to be assigned into the very high PCW physician group; compared to those with no more than 8 working hours in outpatient practice, physicians with longer outpatient working hours (>8 working hours per week) were less likely to be assigned into the low (RRR = 0.575, p = 0.049; RRR = 0.416, p = 0.002; RRR = 0.473, p = 0.025; RRR = 0.170, p < 0.001, respectively) or medium (RRR = 0.623, p = 0.039; RRR = 0.468, p = 0.001; RRR = 0.521, p = 0.015; RRR = 0.370, p < 0.001, respectively) PCW physician groups as compared with the odds of very high PCW physician group.




DISCUSSIONS


Principal Findings

Overall, the mean score of PCW tethered to outpatient practice Chinese physicians experienced was 811.30 (SD = 494.98) with concentrating on between 200 and 1,200, together accounting for 80.1% of total samples, according to our developed integrated evaluation model. Multiple linear regression analysis showed that physicians who were female, and from Eastern or Western China, and those who worked more than 60 h per week and longer outpatient hours per week were more likely to experience a higher PCW in outpatient practice.

About 11.2% of Chinese physicians were identified as very high PCW physicians, compared with 11.6% as low PCW physicians, 45.5% medium PCW as physicians and 30.7% as high PCW physicians. This is a result of the combined effect of the mean and standard deviation of the PCW. Multinomial logistic regression analysis further indicated that physicians who were female, older, from Western China, those who had lower educational levels, lower professional titles, and longer working years in the current medical institution, and those who worked in tertiary A hospitals, and Internal or Surgical, and worked >60 h per week and longer outpatient hours per week were more likely to be very high PCW physicians.



Comparison to Prior Studies


Levels of Physician Comprehensive Workload Tethered to Outpatient Practice

This is the first study, to our knowledge, to develop an integrated evaluation model for comprehensively assessing physician workload tethered to outpatient practice based on the combination of objective workload and task-level mental workload also with the consideration of quality of provided medical services and served patient complexity. Previous research often simply used either objective workload or mental workload as a measure of physician workload in various healthcare settings (16, 18, 23, 25, 46), not to mention the comprehensive workload, which might have failed to reflect their real workload. This study revealed that the mean score of PCW Chinese physicians experienced in outpatient practice was 811.30 (SD = 494.98) with concentrating on between 200 and 1,200, together accounting for 80.1% of total samples, according to the integrated evaluation model, which indicates a high level of comprehensive workload. As noted in the Introduction, increased physician workload could adversely affect physicians themselves, and their patients and organizations. Therefore, hospital managers should consider paying more attention to work burden for Chinese physicians in outpatient practice to mitigate the potential negative effects caused by increased workload and even overwhelming workload.

Our analysis results further showed that gender, working hours per week, and outpatient working hours per week were significant factors that influenced PCW in outpatient practice. Similar conclusions were reported in our previous research on physician mental workload that physicians who were female and those who worked more hours per week, with more than 40 outpatient working hours per week were more likely to have high levels of mental workload in outpatient clinics (46). Our analysis also indicated that area was a significant factor that compared to those from Central China, physicians from Eastern or Western China were more likely to experience a higher PCW, whereas it was not significant factor, and other factors such as age, educational level, average monthly income, working years in the current medical institution, hospital level, and self-rated health status all significantly influenced physician mental workload reported in our previous research (46). The effect of area on PCW tethered to outpatient practice is closely related to the current dilemma in medical fields in China. These findings suggest that although there great individual variations existed when mental workload was used as a measure of physician workload, these individual differences among physicians were gradually eliminated when considering these factors as adjustment coefficients for physician workload (including objective workload, quality of provided medical services and served patient complexity), which indicates that on the one hand, mental workload simply used as the measure of physician workload might have failed to reflect the real work burden for physicians, thereby leading to inaccurate identification of individuals with high workload, misleading the targeted interventions of hospital managers, and ultimately resulting in a waste of human resources, and on the other hand, our proposed integrated evaluation model for physician workload might help comprehensively and reliably assess physician workload tethered to outpatient practice, possibly resulting in an enhanced human resources management for hospital mangers.



Determinants of Relative Levels of Physician Comprehensive Workload

Internationally, there is still lack of consensus on what should be considered as a threshold value for a high or excessive workload among physicians (35, 41–44), and therefore, how to discriminate and identify individuals with high workload within a specific group is an important topic that hospital managers pay great attention to, especially in current conditions where physicians in their institutions are suffering from adverse effects of increased workload and even overloads. Previous research usually identified individuals with high workload among evaluated physicians using the quartiles (35, 41), threshold values for workload (e.g., 50% of overall workload) (42) or high workload corresponding to composite NASA-TLX scores of >55 (43) or >60 (44) through subjective evaluations, not to mention the comprehensive workload assessments. Even some research on a national survey assessed Chinese physicians' overall workload simply based on the question on a 5-point Likert scale that “I have a heavy workload,” where these physicians who answered “strongly agree” or “agree” were classified as individuals with heavy workload (14). This study, to our best knowledge, is an early study discriminating and identifying individuals with high comprehensive workload among evaluated physicians based on combined effects of the mean and standard deviation of the PCW.

Our analysis showed that four distinctive groups of PCW physicians were identified, and about 11.2% of Chinese physicians were identified as very high PCW physicians, compared with 11.6% as low PCW physicians, 45.5% as medium PCW physicians and 30.7% as high PCW physicians, whereas a much higher share of physicians with heavy workload (64.51%) was reported in a recent national survey from 136 public tertiary hospitals across all 31 provinces of China (14), and a lower share of physicians with high mental workload (33.8%) was reported in our previous research through latent profile analysis (46). This large difference could be explained by the scope of assessments of physician workload related to work tasks, the measurement tool of physician workload, or the determination method for high workload or heavy workload.

Our study further revealed that great individual variations across the four distinctive groups of PCW physicians existed. Despite a shortage of studies comparing individual differences across PCW physicians, several existing studies have pointed to great variations in subtypes of mental workload across individual characteristics among medical workers, thereby resulting in an accurate identification of the characteristics of individuals with high mental workload (46, 47). Our study indicated that gender, age, area, educational level, professional title, working years in the current medical institution, hospital level, department, working hours per week, and outpatient working hours per week were significant predictors of four distinctive groups of PCW physicians, and physicians who were female, older, from Western China, those who had lower educational levels, lower professional titles and longer working years in the current medical institution, and those who worked in tertiary A hospitals, and Internal or Surgical, and worked >60 h per week and longer outpatient hours per week were more likely to be very high PCW physicians in outpatient practice, which is mostly supported by the findings from our previous study on mental workload based on latent profile analyses that these physician characteristics, such as female, younger, lower educational levels, tertiary A hospitals, more working hours per week, more than 40 outpatient working hours per week, and 16–20 working years in the current medical institution were all significantly associated with higher mental workload of physicians while performing physician-patient communication work tasks in outpatient clinics (46). These existing differences across the characteristics suggest that physicians with high mental workload may not necessarily experience a heavy comprehensive workload in outpatient practice, and therefore, for hospital managers, mental workload simply used as the measure of physician workload may not be able to reflect the real workload, and further accurately determine and identify physicians with high workload as individuals who need interventions in priority, ultimately leading to a waste of limited human resources. These findings also suggest that our proposed integrated evaluation model for physician workload could be reliable for comprehensively assessing PCW tethered to outpatient practice to some extent.

With the rapidly aging population with chronic and age-related diseases and its subsequent demands for health care services (1), along with lack of a proportional growth in the number of physicians, increasingly heavy outpatient workload for physicians especially from high-level hospitals (tertiary A hospitals) is still a very prominent issue for Chinese health care system (11). A recent study indicated that from 1998 to 2016, there has been a trend of dramatically increased workload for Chinese physicians, potentially threatening not only their health but also the quality of medical services they provided (48). As noted in the Introduction, increased workload for physicians could have adverse effects on physicians themselves, and their patients and organizations. To reduce these adverse effects caused by increased workload and even overwhelming workload, it's critical to strengthen the assessment and management of physician workload. Given that there is an increased demand for more professional health workers in China (49), accurate identification of physicians with high workload or heavy workload is essential to optimize the allocation of limited human resources. Such a strategy should be based on comprehensively assessing physician workload rather than simply assessing either mental workload or objective workload, or both objective workload and mental workload together. Therefore, an integrated evaluation model for comprehensively assessing physician workload tethered to outpatient practice was developed in this study based on the combination of objective workload and task-level mental workload also with the consideration of quality of provided medical services and served patient complexity. To minimize these adverse effects caused by increased workload, especially in high time-pressure outpatient settings, we suggest that hospital managers should consider setting up a special department to be responsible for monitoring and management of physician comprehensive workload to, in turn, dynamically identify individuals who need interventions in priority. Such an outcome can further help hospital managers to strengthen the dynamical management of human resources in their institutions to, in turn, achieve higher organization performance, while mitigating the potential negative effects caused by increased workload.





LIMITATIONS

There were several limitations mentioned in this study. First, patient satisfaction is an important indicator of measuring the quality of medical services (39), and accordingly was used as a single indicator for measuring the quality of care provided medical services in our developed integrated evaluation model, but its self-reported measurement method by physicians might have resulted in biased measurement errors, and therefore, further research is still needed to improve the measurement accuracy and precision of the quality of care provided medical services in the integrated evaluation model. Second, patient difficulty in the diagnosis and treatment could be simply measured based on the question that “did you have any patients that you perceived as difficult?” reported in previous research (23), and accordingly, the complexity of the patient served by the physician in the diagnosis and treatment was reflected by the ratio of the number of outpatients serviced per day admitted to the hospital by a physician for further diagnosis or treatment to the number of outpatients seen per day by the physician in this study; and if a physician did not service an outpatient who needs to be hospitalized, the ratio would be zero, resulting in zero PCW, which may have limited the generalizability of the ratio as a measure of patient complexity, and therefore, we normalized this ratio and added 1 (that is, 1 represents the reference value) to avoid that the ratio was zero, and our further research is needed to improve the measurement accuracy of seen patient complexity, and thereby further improve the applicability of our proposed integrated evaluation model for physician workload tethered to outpatient practice; and moreover, patient complexity was reflected only by a single indicator, which may have resulted in a measurement error to some extent. Third, quality of provided medical services and served patient complexity were all used as adjustment coefficients included in our proposed integrated evaluation model, and there are still many important factors that influenced physician workload, such as, interruptions and assistants, and therefore, more research is still needed to consider more factors included as adjustment coefficients to improve the reliability and stability of the proposed integrated evaluation model for physician workload. Moreover, some limitations on this cross-sectional national survey have been reported in our previous research (46), for example, data collection was self-reported by participating physicians via the online survey, and accordingly, there was no guarantee that the participating physicians in this study filled out the survey questionnaire just after finishing the provision of the outpatient services in outpatient practice, which might have resulted in a recall bias; and some lower responsiveness was received in some selected hospitals, which may have limited the sample size to some extent, and therefore, to improve the scale of the targeted physicians, we invited the outpatient managers in each selected hospital to play the role of the project manager in their hospitals during this online survey, and encouraged all participants who completed the questionnaire to share the survey website link to their Wechat Circle of Friends, WeChat or Tencent QQ group, where some physicians who met the inclusion criteria for the targeted population could be invited and participate in this questionnaire survey.



CONCLUSIONS

Chinese physicians experienced high levels of comprehensive workload in outpatient practice; and those who were female, and from Eastern or Western China, and those worked > 60 h per week and longer outpatient hours per week were more likely to experience a higher PCW. About 11.2% of Chinese physicians were identified as very high PCW physicians, compared with 11.6% as low PCW physicians, 45.5% as medium PCW physicians and 30.7% as high PCW physicians. Great individual variations in four distinctive groups of PCW physicians existed. Physicians who were female, older, from Western China, those who had lower educational levels, lower professional titles and longer working years in the current medical institution, and those who worked in tertiary A hospitals, and Internal or Surgical, and worked >60 h per week and longer outpatient hours per week were more likely to be very high PCW physicians. Our work has a potential application for comprehensively assessing physician workload tethered to outpatient practice and could provide a solid foundation for hospital managers to further determine and accurately identify physicians with high workload, who would otherwise be missed in either objective workload or mental workload.
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