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Background: Competency of health professionals stands as a fundamental element in ensuring the quality of care. Notably, work stress and resilience are found to be associated with competency of health professionals. However, the role of resilience between work stress and competency remains unexplored. This study aims to investigate competency, work stress and resilience of radiology residents, and to examine the mediating effect of resilience.

Methods: A cross-sectional survey was conducted among 3,666 radiology residents from 31 provinces of China in 2021. The diagnostic radiology milestones were used to measure the competency. Results of work stress and resilience were derived from self-reports and assessment of the Connor Davidson Resilience Scale (CD-RISC) respectively. To examine the association between work stress, resilience, and competency, Spearman correlation analysis and hierarchical linear regression were employed. The mediating effect of resilience was tested by bootstrapping analysis.

Results: Descriptive statistics show that the average score (mean ± SD) of work stress, competency and resilience among radiology residents were 1.55 ± 1.53 (range from 0 to 6), 28.14 ± 13 (range from 0 to 81) and 5.97 ± 1.92 (range from 0 to 8), respectively. Work stress was negatively associated with competency (β = −0.51, p < 0.001) and resilience (−0.57, p < 0.001). In particular, resilience mediated the relationship between work stress and competence, and the total mediating effect was −0.49 (= − 0.57 * 0.86), accounting for 49.06% of the total effect.

Conclusion: Work stress is a significant contributor to competence among radiology residents. Resilience significantly mediated the association. This study highlights incorporating resilience training courses into the standardized residency training program to reduce intensive work stress and promote competency of radiology residents.
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1 Introduction

Nowadays, high-quality healthcare is increasingly dependent on technological diagnostics (1). Radiologists are responsible for interpreting medical images, which directly influence patient diagnosis and treatment (2). In recent years, radiology has undergone increased case complexity and rapid technological advancements that place greater demands on radiologists. The additional administrative and documentation requirements tasks add more stress (3). Among radiology professionals, resident physicians constitute a significant portion (1). Medical residency is a crucial phase for physicians to transform towards autonomous practice with intense learning and increased responsibility (4). China embarked its nationwide standardized residency training (SRT) in 2013 (5). Though being pivotal in the development of proficient radiologists, SRT has been associated with various challenges, including high levels of work, learning pressure, work overload, and relatively low wages (6, 7). These issues underscore the importance of physical and psychological well-being of Chinese radiology residents.

Long-term exposure to work stress can reduce interest in work activities and initiatives, thereby negatively affecting performance (8). Previous studies showed that high work stress led to poor job performance (9–12). The stress experienced by dentists negatively influenced their diagnostic performance and potentially affected the quality of care and patient safety (11). Existing research has demonstrated that high levels of stress among radiology professionals not only severely impact their physical and mental health, leading to issues such as burnout, anxiety, depression, and musculoskeletal symptoms, but also reduce job satisfaction (12–15). However, there is a lack of research on the impact of stress on the job performance of radiology professionals. To assess job performance during residency training, the Accreditation Council for Graduate Medical Education (ACGME) has outlined six distinct competency domains along with corresponding milestones (16). Evaluating residents’ competency is essential to produce qualified physicians and to enhance overall healthcare quality and patient satisfaction (17). Therefore, it is necessary to study the impact of stress on resident competency, identify preventive factors that can mitigate the relationship between stress and competency and develop appropriate intervention measures.

Resilience is an important ability that mitigates the influence of stress (18). Resilience is defined as the positive psychological capacity to maintain good functioning after being exposed to stress, particularly as a strategy for thriving in the workplace (19). Previous studies indicated a significantly negative association between stress and resilience (20, 21), and a lack of resilience has been found to negatively affect the quality of clinical practice (22, 23). Accordingly, we hypothesized that resilience may mediate the association between work stress and competency. The stress-process model (SPM) can be employed as a robust explanation for the mediating effect (24). Specifically, the processes of perception, appraisal and coping would mitigate work stress, and bring positive or negative responses and outcomes (25, 26). As one of the coping strategies (27–29), resilience could mitigate the impacts of work stress on competence.

To our knowledge, few studies have examined the impact of stress on competence and the potential effect modifiers among radiology residents in China. Thus, based on a national survey among radiology residents, we aim to: (1) investigate the level of work stress, resilience and competency among radiology residents in China; (2) examine the associations between work stress, resilience and competency, and (3) explore the mediating role of resilience between work stress and competency. The study’s findings could provide valuable insights for the formulation of evidence-based policies aimed at mitigating work stress and enhancing the competency of radiology residents, thereby improving their health and productivity.



2 Materials and methods


2.1 Study design and participants

This cross-sectional study was part of a national survey of radiology residents in China, conducted by the Chinese Association of Radiologists (CAR) from December 1, 2020, to April 30, 2021. Questionnaires were distributed via a widely used online survey tool called “Wenjuanxing” in Chinese. Every radiology resident who participated in SRT during the period (N = 12,208) was invited, and 31% of them (N = 3,768) completed the online questionnaire (Participants were identified and recruited by the CAR). Four hundred and one out of 557 (72%) residency training sites across 215 cities of all 31 administrative regions in mainland China were included. To ensure the quality and representativeness of the results, we excluded 102 observations that had a completion time ≤ 300 s, missing values, and duplications. Observations that were out of the period of the study were also excluded. The final sample included 3,666 observations.

The anonymous online questionnaire took approximately 10–15 min to complete. An informed consent was obtained from each participant before they answered the questionnaire. This study was approved by the institution review board of Tsinghua University (No. 20210140).



2.2 Measures

All study variables were assessed in Chinese at the first measurement point.


2.2.1 Work stress (independent variable)

Participants were asked to self-rate their frequency of unbearable pressure on a 7-point scale Likert scale (0 = “never” to 6 = “every day”). A higher score indicates a higher level of work stress.



2.2.2 Resilience (potential mediator)

Resilience was assessed by the Connor Davidson Resilience Scale (CD-RISC) with two items based on the psychometric properties (30). The scale is a standardized and validated instrument (31, 32) that has been widely used in different populations. The two questions in the questionnaire are “I am able to adapt when changes occur,” and “I tend to bounce back after illness, injury, or other hardships.” A five-point Likert scale ranging from 0 (very disagree) to 4 (very agree) was utilized to evaluate these items, with a total score ranging from 0 to 8 (0 indicates the lowest resilience level).



2.2.3 Competency (dependent variable)

We used diagnostic radiology milestones to measure competency (33), which provides a structured framework that tracks the development of a radiologist’s skills and knowledge attainment over time. Many accreditation bodies and certification boards, such as the ACGME used milestones as a benchmark for evaluating residency programs. Meeting these milestones is often necessary for board certification and practice. Specifically, the diagnostic radiology milestones include six dimensions of competency in 24 sub-competencies: patient care (PC), medical knowledge (MK), systems-based practice (SBP), practice-based learning and improvement (PBLI), interpersonal and communication skills (ICS) and professionalism. Based on the discussions and recommendations of the experts from CAR, 9 out of the 24 sub-competencies have been selected for our research, considering the current development of residency training in China. The Cronbach alpha reliability coefficients (α = 0.93) for 9 sub-competencies indicate the reliability of our sample for further statistical analysis. According to the diagnostic radiology milestones (16), a 10-point Likert scale (0–9 scores) was used to evaluate the 9 sub-competencies, with total scores ranging from 0 to 81. A higher the score indicates a higher level of competency.



2.2.4 Demographic variables

Demographic factors include gender (male and female), age (year), region (East, Middle, West, and Northeast), major (Clinical medicine, Medical imaging, Others), residency training site (General tertiary A, Specialist tertiary A, General tertiary B, Others), residency year (the first year, the second year, and the third year), education level (Bachelor’s degree, Master’s degree, and Doctoral degree) and marital status (Married, Unmarried, and Others).




2.3 Data analysis

This section describes the statistics of the sample, as well as the statistical approach used for the main analysis. In particular, analysis of variance (ANOVA) was used to compare work stress, resilience and competency against demographic variables. Considering the sample distribution, Spearman correlation analysis was used to determine the correlations between work stress, resilience and the six domains of competency among radiology residents. The hierarchical linear regression with hospital fixed effects was used to investigate the associations between work stress, resilience and competency controlling for demographic variables, and the Enter method was adopted. Model 1 was established with competency as the dependent variable and work stress as the independent variable. Model 2 was similarly established with resilience as the dependent variable and work stress as the independent variable. Model 3 included competency as the dependent variable, with both work stress and resilience as independent variables. Standard errors (SEs) were clustered at the hospital level to adjust for possible autocorrelations between participants’ working in the same place. The three-step procedure proposed by Baron and Kenny was used to evaluate the mediating effect of resilience (34). The mediating effects exist when independent variable (work stress) significantly predicts dependent variable (competency) and mediator (resilience), and mediator (resilience) significantly predicts dependent variable (competency) while controlling for independent variable (work stress).

In addition, the bootstrapping procedure defined by Preacher and Hayes (35) was used to further test the mediating effect and 95% confidence intervals (CI) were estimated. The assessment was sampled 1,000 times, and control variables such as age, gender and major were introduced in the model as covariates. The indirect effect was considered statistically significant if the 95% CI did not contain zero (36). The significance level was set at the 0.05 level (two-tailed). All analyses were performed with Stata, version 16.1.




3 Results


3.1 Background characteristics

Table 1 summarized the demographic characteristics of the participants. The mean age of the residents was 27.3 years old. The older the residents were, the higher level of resilience (p = 0.009) and competency (p < 0.001) they had. Out of the total of 3,666 radiology residents, 41% originated from the eastern region, which was identified to have the highest level of work stress (p = 0.02). Almost all of the residents were trained in tertiary hospitals (97%) and had a bachelor’s degree (92%). The majority of participants were unmarried (77%), and this group had the lowest score of competency (p < 0.001). Males reported experiencing more work stress than females (p < 0.001), but they also exhibited higher levels of resilience and competency (p < 0.001). A majority of the residents (85%) specialized in medical imaging, and they exhibited a higher competency than counterparts in clinical medicine and other disciplines (p < 0.001). Residents in their second year of training experienced the highest level of work stress and the lowest level of resilience (p < 0.001). In addition, the score of competency increased along with the progress of training (p < 0.001).



TABLE 1 Demographic, work stress, resilience and competency variables of the participants (N = 3,666).
[image: Table1]



3.2 Spearman correlations between work stress, resilience and competency

Table 2 provided detailed information on the correlation analysis. Resilience was negatively associated with work stress (r = −0.48, p < 0.001), while positively related to competency (r = 0.13, p < 0.001). The bivariate correlation analysis showed a negative correlation between work stress and competency (r = −0.10, p < 0.001). The six dimensions of competency had significantly negative associations with work stress and positive associations with resilience (p < 0.001). Notably, interpersonal and communication skills had the strongest correlation with work stress and resilience (r = −0.12, p < 0.001; r = 0.16, p < 0.001).



TABLE 2 Spearman correlations between work stress, resilience and competency.
[image: Table2]



3.3 Mediation effects of resilience

Table 3 and Figure 1 present the results of hierarchical linear regressions. In model 1, we found a significantly negative association between work stress and competency (β = −1.01, p < 0.001). Results in Model 2 showed that the greater the stress is, the lower level of resilience would be (β = −0.57, p < 0.001). Model 3 examines the mediating effects of resilience. The association between work stress and competency remained significantly negative (β = −0.51, p < 0.001) after being mediated by resilience. The total mediating effect between work stress and competency was −0.494 (β = −0.57 * 0.86), accounting for 49.06% of the total effect.



TABLE 3 The mediating effect of resilience between work stress and competency.
[image: Table3]
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FIGURE 1
 The mediation models among work stress, resilience and competency.


The bootstrap tests additionally supported that resilience mediated the relationship between work stress and competency. The direct effect illustrated by Table 4 indicated a negative influence of work stress on competency scores [coefficient = −0.48, 95% CI = (−0.79, −0.16)]. Additionally, after adding the resilience, the direct effect remains strong [coefficient = −0.51, 95% CI = (−0.66, −0.36)].



TABLE 4 Direct and indirect effect analysis (bootstrap estimation).
[image: Table4]




4 Discussion

This study first investigated the mediating role of resilience in the relationship between work stress and competency among radiology residents. It provides empirical evidence based on first-hand and individual-level data collected from 401 hospitals participating in the SRT program. Firstly, same as existing literature, we find that work stress was negatively associated with competency. Secondly, we show that resilience mediated the negative association between work stress and competency. Specifically, this paper finds that resilience exhibited a negative correlation with work stress, while demonstrating a positive connection with competency. The findings highlight the potential significance of resilience as a pivotal factor in mitigating work-related stress and enhancing the level of competency among radiology residents. Consequently, the integration of resilience training into the residency program becomes imperative to optimize the advantageous outcomes associated with resilience.

The mean score of work stress was 1.55 (range: 0–6) in our study, meaning that Chinese radiologists experience insufferable stress almost once a month on average. Such a level of perceived stress is relatively low compared to other departments in China (37). One possible explanation is that radiology is not a clinical department in China, but rather a medical technical support department in a relatively low work stress level with shorter working hours (38, 39). For instance, surgical residents worked 84.3 h per week, which is much longer than 52.2 h of radiology residents (40). Additionally, the 12-h on-call shifts for radiology residents are not as strict as the 24-h on-call shifts for residents in other specialties such as internal medicine (41). The overall mean score of resilience was 5.97 (range: 0–8) in radiology residents, which is relatively higher than those from other disciplines in China (25) but lower than the international level of resilience (30, 42). It was found that resilience could attribute to the high personal accomplishments and job satisfaction among professional physicians (43, 44), as well as to the help of resilience training programs (45, 46).

Our study found that the overall mean score of competency was 28.14 (range: 0–81). The mean value for sub-competencies was 3.13, which corresponds to level 2 in the ACGME standards. Level 4 is considered by the ACGME to be a standard for training qualification (44), and therefore a lower level of competency in our study. The results were also lower than those of residents from other specialties, such as family medicine and internal medicine (47–49). One possible reason is the strict residency training requirements in countries such as the U.S. where radiology residents must complete 5 years of training and undergo periodic testing (50, 51). Furthermore, consistent with our previous study, inadequate training on competency such as interpersonal and communication skills (35) may contribute to low competency (25, 49). Moreover, radiology is often viewed as an adjunct to quality care within the healthcare system, with limited involvement in direct patient treatment. This lack of face-to-face interactions with clinical colleagues can contribute to suboptimal radiology practice (2, 52, 53). To keep up with the worldwide pace, the current residency training of radiology calls for instructional reforms to prioritize competency-driven approaches to instructional design.

There was a negative association between work stress and competency. Residents who have much work stress may find it difficult to maintain a balanced and healthy psychological state and fully devote themselves to their work, leading to insufficient competency (54, 55). Specifically, prolonged exposure to high work stress can lead to mental health issues like depression and burnout, significantly impairing doctors’ ability to perform effectively and reducing the quality of patient care (56–58). Moreover, work pressure can also cause physiological issues such as insomnia and musculoskeletal symptoms, further weakening doctors’ physical and mental strength to maintain optimal performance (15, 59). Although the negative impact of work stress has been discussed for several years, mandating limits on work hours may not be more effective than encouraging radiologists to self-regulate. Therefore, it is crucial to understand how radiology residents can leverage their personal resources to prevent the negative impacts of stress.

According to our mediation effect analysis, we observed a negative association between work stress and resilience (β = −0.61; p < 0.001). This connection could potentially be linked to the sensitization mechanism of resilience (60). Those who become more sensitive to stress might be more prone to additional stress or might experience a reduction in their ability to resist stress (61–63). The ability for resilience might be diminished by exposure to multiple or persistent stressors (64). In addition, consistent with prior findings (65, 66), we find that there was a positive association between resilience and competency (β = 0.83; p < 0.001). Individuals with better resilience exhibit more positive emotions (67) and greater satisfaction and engagement (20), which contribute to a higher level of competency and better professional performance. After the addition of resilience, the association between work stress and competency was still significantly negative (β = −0.46, p < 0.01), and the mediating effect accounts for 49.06%. This result demonstrated that work stress not only directly predicts competency, but also indirectly affects competency through resilience.

Resilience could be a protective factor to alleviate the negative impacts of stress (68–72) through promoting life satisfaction and well-being, improving sleep quality, and enhancing work performance. Moreover, to examine the robustness of the result, we conduct analyses by focusing on the association between stress and six dimensions of competency (Supplementary Tables S1–S6). In particular, we showed that the effect of work stress on patient care was fully mediated by resilience. For the other five dimensions, the proportion of mediating effects ranged from 40 to 55%. Based on these results, it would be necessary to involve residents in resilience training programs, such as CBT (cognitive behavioral therapy), mindfulness-based training, and a combination of CBT and mindfulness training (73, 74).

There are some limitations in this study. The model might be susceptible to potential omitted variable bias if there are unobserved personal characteristics that simultaneously impact both work stress and competency. However, we have taken steps to mitigate this by incorporating numerous characteristics at the individual’s level, hospital’s level, and regional level, aiming to minimize the influence of unobserved confounding factors. Another limitation pertains to the potential issue of reversed causality. If a portion of competency is determined by exogenous factors, such as genetic influences, it’s conceivable that radiology residents with lower competency levels could experience heightened stress in their daily work. Consequently, relying solely on professional resilience training might not fully address the underlying work stress issue. In the future, cohort studies or panel data (i.e., with consideration of individual fixed effects to capture any potential time-invariant confounders) could be used for in-depth causal inference analysis.

In conclusion, it is alarming that radiology residents in China have reported a lower level of competency. Work stress is an important predictor of residents’ competency, while resilience has significant mediating effects on competency. Our findings suggest that though it is important to redcuce work stress, policy makers and hospital administrators need to be aware of the mediating role of resilience on radiology residents. It is essential to integrate resilience training into the curriculum of SRT programs, which may be helpful and cost-effective to help improve competency of residents and enhance their adaptability to the intense work stress from the healthcare settings.



Data availability statement

The original contributions of this study are provided in the article and supplementary materials. Further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by the institution review board of Tsinghua University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

LS: Data curation, Formal analysis, Writing – original draft, Writing – review & editing. YL: Writing – original draft. YH: Writing – review & editing. PW: Data curation, Formal analysis, Validation, Writing – review & editing. YC: Writing – review & editing. HL: Writing – review & editing. ZY: Writing – review & editing. JinZ: Writing – review & editing. ZW: Writing – review & editing. MJ: Writing – review & editing. JiaZ: Writing – review & editing. JimZ: Conceptualization, Data curation, Investigation, Methodology, Supervision, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

The researchers thank Xidong Guo for the valuable advice. The researchers thank all the survey interviewers for their dedication, the physicians who participated in the survey, and the related institutions for their support.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1415351/full#supplementary-material



References

 1. Luo, S, Zhang, Y, Wang, P, Yang, Z, Zheng, J, Wang, Z , et al. The moderating role of resilience in the association between workload and depressive symptoms among radiology residents in China: Results from a nationwide cross-sectional study. Eur Radiol. (2024) 34:695–704. doi: 10.1007/s00330-023-10021-7


 2. Brady, A, Brink, J, and Slavotinek, J. Radiology and value-based health care. JAMA. (2020) 324:1286–7. doi: 10.1001/jama.2020.14930


 3. Leung, J, Rioseco, P, and Munro, P. Stress, satisfaction and burnout amongstAustralian andNewZealand radiation oncologists. J Med Imaging Radiat Oncol. (2015) 59:115–24. doi: 10.1111/1754-9485.12217


 4. Teunissen, PW, and Westerman, M. Opportunity or threat: the ambiguity of the consequences of transitions in medical education. Med Educ. (2011) 45:51–9. doi: 10.1111/j.1365-2923.2010.03755.x 

 5. Zhu, J, Li, W, and Chen, L. Doctors in China: improving quality through modernisation of residency education. Lancet. (2016) 388:1922–9. doi: 10.1016/S0140-6736(16)00582-1


 6. Zhang, J, Han, X, Yang, Z, Wang, Z, Zheng, J, Yang, Z , et al. Radiology residency training in China: results from the first retrospective nationwide survey. Insights Imaging. (2021) 12:25–12. doi: 10.1186/s13244-021-00970-2 

 7. Xiao, Y-T, and Wang, YT. Standardised residency training: students' concerns. Lancet. (2017) 389:905. doi: 10.1016/S0140-6736(17)30596-2


 8. Foy, T, Dwyer, RJ, Nafarrete, R, Hammoud, MSS, and Rockett, P. Managing job performance, social support and work-life conflict to reduce workplace stress. Int J Prod Perf Manag. (2019) 68:1018–41. doi: 10.1108/IJPPM-03-2017-0061


 9. An, J, Liu, Y, Sun, Y, and Liu, C. Impact of work–family conflict, job stress and job satisfaction on seafarer performance. Environ Res Public Health. (2020) 17:2191. doi: 10.3390/ijerph17072191 

 10. Li, L, Ai, H, Gao, L, Zhou, H, Liu, X, Zhang, Z , et al. Moderating effects of coping on work stress and job performance for nurses in tertiary hospitals: a cross-sectional survey in China. Health Serv Res. (2017) 17:1–8. doi: 10.1186/s12913-017-2348-3 

 11. Plessas, A, Nasser, M, Hanoch, Y, O’Brien, T, Bernardes Delgado, M, and Moles, D. Impact of time pressure on dentists’ diagnostic performance. J Dent. (2019) 82:38–44. doi: 10.1016/j.jdent.2019.01.011


 12. Sipos, D, Kunstár, O, Kovács, A, and Petőné Csima, M. Burnout among oncologists, nurses, and radiographers working in oncology patient care during the COVID-19 pandemic. Radiography. (2023) 29:503–8. doi: 10.1016/j.radi.2023.02.008 

 13. Ji, J, He, B, Gong, S, Sheng, M, and Ruan, X. Network analysis of occupational stress and job satisfaction among radiologists. Front Public Health. (2024) 12:1411688. doi: 10.3389/fpubh.2024.1411688 

 14. Magnavita, N, and Fileni, A. Association of work-related stress with depression and anxiety in radiologists. Minerva Radiol. (2014) 119:359–66. doi: 10.1007/s11547-013-0355-y 

 15. Lee, H, Cho, J-H, and Lee, J. A study on the relationship between stress and fatigue and the musculoskeletal symptoms experienced by Korean radiologists. International conference on frontiers of environment, energy and bioscience: ICFEEB 2013; (2013). DEStech Publications, Inc; 94


 16. Project, AO
. Accreditation council for graduate medical education. (2000). Available at: http://www.acgme.org (Accessed March 3, 2023).


 17. Frenk, J, Chen, L, Bhutta, ZA, Cohen, J, Crisp, N, Evans, T , et al. Health professionals for a new century: transforming education to strengthen health systems in an interdependent world. Lancet. (2010) 376:1923–58. doi: 10.1016/S0140-6736(10)61854-5


 18. Kalisch, R, Baker, DG, Basten, U, Boks, MP, Bonanno, GA, Brummelman, E , et al. The resilience framework as a strategy to combat stress-related disorders. Nat Hum Behav. (2017) 1:784–90. doi: 10.1038/s41562-017-0200-8 

 19. Jackson, D, Firtko, A, and Edenborough, M. Personal resilience as a strategy for surviving and thriving in the face of workplace adversity: a literature review. J Adv Nurs. (2007) 60:1–9. doi: 10.1111/j.1365-2648.2007.04412.x 

 20. Sun, R, and Singer, J. From adverse childhood experiences to physical symptoms: attachment, stress, and resilience. Psychosomatic Med J Am Psychosomatic Soc. (2018) 80:A43


 21. Wang, A-Q, Tang, C-H, Song, J, Fan, C-X, Wang, W-C, Chen, Z-M , et al. Association of individual resilience with organizational resilience, perceived social support, and job performance among healthcare professionals in township health centers of China during the COVID-19 pandemic. Front Psychol. (2022) 13:1061851. doi: 10.3389/fpsyg.2022.1061851 

 22. Handini, FS, Kusnanto, K, and Yuswanto, TJA. Role of resilience to improving the performance of health workers: a systematic review. STRADA Jurnal Ilmiah Kesehatan. (2020) 9:551–60. doi: 10.30994/sjik.v9i2.309


 23. Hou, J, He, Y, Zhao, X, Thai, J, Fan, M, Feng, Y , et al. The effects of job satisfaction and psychological resilience on job performance among residents of the standardized residency training: a nationwide study in China. Psychol Health Med. (2020) 25:1106–18. doi: 10.1080/13548506.2019.1709652


 24. Zautra, AJ, Guarnaccia, CA, and Dohrenwend, BP. Measuring small life events. Am J Community Psychol. (1986) 14:629–55. doi: 10.1007/BF00931340


 25. Rutter, M
. Resilience as a dynamic concept. Dev Psychopathol. (2012) 24:335–44. doi: 10.1017/S0954579412000028


 26. Fletcher, D, and Fletcher, DJ. A meta-model of stress, emotions and performance: conceptual foundations, theoretical framework, and research directions. J Sports Sci. (2005) 23:157–8.


 27. Lazarus, RS, and Folkman, S. Stress, appraisal, and coping. New York, USA: Springer Publishing Company (1984).


 28. Earvolino Ramirez, ML
. Relationships between job strain, body mass index, background information variables, and resilience as predictors of job satisfaction among hospital staff nurses. (2009). by Marie Louise Earvolino Ramirez was published by the University of Texas at Austin.


 29. Fletcher, D, and Sarkar, M. Psychological resilience. Eur Psychol. (2013) 18:12–23. doi: 10.1027/1016-9040/a000124


 30. West, CP, Dyrbye, LN, Sinsky, C, Trockel, M, Tutty, M, Nedelec, L , et al. Resilience and burnout among physicians and the general US working population. JAMA Netw Open. (2020) 3:e209385–5. doi: 10.1001/jamanetworkopen.2020.9385 

 31. JRT
. D. Connor-Davidson resilience scale (CD-RISC) manual. (2020). Available at: http://www.connordavidson-resiliencescale.com/aRISC%20Manual%2001-01-20_F.pdf (Accessed November 8, 2020).


 32. Vaishnavi, S, Connor, K, and Davidson, JR. An abbreviated version of the Connor-Davidson resilience scale (CD-RISC), the CD-RISC2: psychometric properties and applications in psychopharmacological trials. Psychiatry Res. (2007) 152:293–7. doi: 10.1016/j.psychres.2007.01.006


 33. (ACGME) ACGME
. Diagnostic radiology milestones. (2019). Available at: https://www.acgme.org/globalassets/pdfs/milestones/diagnosticradiologymilestones.pdf (Accessed November 12, 2020).


 34. Baron, RM, and Kenny, DA. The moderator–mediator variable distinction in social psychological research: conceptual, strategic, and statistical considerations. J Pers Soc Psychol. (1986) 51:1173–82. doi: 10.1037/0022-3514.51.6.1173 

 35. Preacher, KJ, and Hayes, AF. Asymptotic and resampling strategies for assessing and comparing indirect effects in multiple mediator models. Behav Res Methods. (2008) 40:879–91. doi: 10.3758/BRM.40.3.879


 36. Liu, Z, Liu, R, Zhang, Y, Zhang, R, Liang, L, Wang, Y , et al. Association between perceived stress and depression among medical students during the outbreak of COVID-19: the mediating role of insomnia. J Affect Disorders. (2021) 292:89–94. doi: 10.1016/j.jad.2021.05.028 

 37. Wan, Z, Tang, J, Bai, X, Cao, Y, Zhang, D, Su, T , et al. Burnout among radiology residents: a systematic review and meta-analysis. Eur Radiol. (2023) 34:1399–407. doi: 10.1007/s00330-023-09986-2


 38. Xu, C, Wang, Y, Wang, Z, Li, B, Yan, C, Zhang, S , et al. Social support and coping style of medical residents in China: the mediating role of psychological resilience. Front Psych. (2022) 13:888024. doi: 10.3389/fpsyt.2022.888024 

 39. Thomas, NK
. Resident burnout. JAMA. (2004) 292:2880–9. doi: 10.1001/jama.292.23.2880


 40. Pulcrano, M, Evans, SR, and Sosin, M. Quality of life and burnout rates across surgical specialties: a systematic review. JAMA Surg. (2016) 151:970–8. doi: 10.1001/jamasurg.2016.1647 

 41. Taylor, DC, and Hamdy, H. Adult learning theories: Implications for learning and teaching in medical education: AMEE guide no. 83. Med Teacher. (2013) 35:e1561–72. doi: 10.3109/0142159X.2013.828153


 42. Perry, H, Naud, S, Fishman, MD, and Slanetz, PJ. Longitudinal resilience and burnout in radiology residents. J Am Coll Radiol. (2021) 18:639–46. doi: 10.1016/j.jacr.2021.01.022 

 43. Nituica, C, Bota, OA, Blebea, J, Cheng, C-I, and Slotman, GJ. Factors influencing resilience and burnout among resident physicians-a national survey. BMC Med Educ. (2021) 21:1–9. doi: 10.1186/s12909-021-02950-y


 44. Sosna, J, Pyatigorskaya, N, Krestin, G, Denton, E, Stanislav, K, Morozov, S , et al. International survey on residency programs in radiology: similarities and differences among 17 countries. Clin Imaging. (2021) 79:230–4. doi: 10.1016/j.clinimag.2021.05.011 

 45. Sood, A, Sharma, V, Schroeder, DR, and Gorman, B. Stress management and resiliency training (SMART) program among Department of Radiology Faculty: a pilot randomized clinical trial. Explore. (2014) 10:358–63. doi: 10.1016/j.explore.2014.08.002 

 46. Lebares, CC, Guvva, EV, Ascher, NL, O'Sullivan, PS, Harris, HW, and Epel, ES. Burnout and stress among US surgery residents: psychological distress and resilience. J Am Coll Surg. (2018) 226:80–90. doi: 10.1016/j.jamcollsurg.2017.10.010 

 47. Meier, AH, Gruessner, A, and Cooney, RN. Using the ACGME milestones for resident self-evaluation and faculty engagement. J Surg Educ. (2016) 73:e150–7. doi: 10.1016/j.jsurg.2016.09.001


 48. Park, YS, Hamstra, SJ, Yamazaki, K, and Holmboe, E. Longitudinal reliability of milestones-based learning trajectories in family medicine residents. JAMA Netw Open. (2021) 4:e2137179–9. doi: 10.1001/jamanetworkopen.2021.37179 

 49. Tekian, A, Park, YS, Tilton, S, Prunty, PF, Abasolo, E, Zar, F , et al. Competencies and feedback on internal medicine residents’ end-of-rotation assessments over time: qualitative and quantitative analyses. Acad Med. (2019) 94:1961–9. doi: 10.1097/ACM.0000000000002821 

 50. Collins, J, de Christenson, MR, Gray, L, Hyde, C, Koeller, KK, Laine, F , et al. General competencies in radiology residency training: definitions, skills, education and assessment. Acad Radiol. (2002) 9:721–6. doi: 10.1016/S1076-6332(03)80318-5


 51. Rumack, CM
. American diagnostic radiology residency and fellowship programmes. Ann Acad Med Singap. (2011) 40:126–31. doi: 10.47102/annals-acadmedsg.V40N3p126


 52. Branstetter, BF
. The future of radiology. JAMA. (2017) 318:2141–1. doi: 10.1001/jama.2017.16659


 53. Patel, K, and Patel, A. The new radiology resident: quick tips for success. J Am Coll Radiol. (2021) 18:1666–7. doi: 10.1016/j.jacr.2021.08.019


 54. Al-Dubai, SAR, Ganasegeran, K, Perianayagam, W, and Rampal, KG. Emotional burnout, perceived sources of job stress, professional fulfillment, and engagement among medical residents in Malaysia. Sci World J. (2013) 2013:137620. doi: 10.1155/2013/137620


 55. Topcic, M, Baum, M, and Kabst, R. Are high-performance work practices related to individually perceived stress? A job demands-resources perspective. Int J Hum Resour Manag. (2016) 27:45–66. doi: 10.1080/09585192.2015.1043136


 56. Fang, Y, Bohnert, AS, Pereira-Lima, K, Cleary, J, Frank, E, Zhao, Z , et al. Trends in depressive symptoms and associated factors during residency, 2007 to 2019. ACP J Club. (2022) 175:56–64. doi: 10.7326/M21-1594


 57. Jaulin, F, Nguyen, DP, Marty, F, Druette, L, Plaud, B, Duret, C , et al. Perceived stress, anxiety and depressive symptoms among anaesthesia and intensive care residents: a French national survey. Anaesth Crit Care Pain Med. (2021) 40:100830. doi: 10.1016/j.accpm.2021.100830


 58. Pereira-Lima, K, Loureiro, SR, and Crippa, JA. Mental health in medical residents: relationship with personal, work-related, and sociodemographic variables. Braz J Psychiatry. (2016) 38:318–24. doi: 10.1590/1516-4446-2015-1882 

 59. Abdulah, DM, and Musa, DH. Insomnia and stress of physicians during COVID-19 outbreak. Sleep Med X. (2020) 2:100017. doi: 10.1016/j.sleepx.2020.100017 

 60. Stroud, CB, Harkness, K, and Hayden, E. The stress sensitization model In: KL Harkness and EP Hayden, editors. The Oxford handbook of stress and mental health. United States: Oxford University Press (2020). 348–70.


 61. IJntema, RC, Schaufeli, WB, and Burger, YD. Resilience mechanisms at work: the psychological immunity-psychological elasticity (PI-PE) model of psychological resilience. Curr Psychol. (2023) 42:4719–31. doi: 10.1007/s12144-021-01813-5 

 62. Kok, AA, Twisk, JW, Blom, F, Beekman, AT, and Huisman, M. Steeling or sensitizing? A longitudinal examination of how ongoing accumulation of negative life events affects depressive symptoms in older adults. J Gerontol Ser B. (2021) 76:2041–53. doi: 10.1093/geronb/gbab114 

 63. Hofgaard, LS, Nes, RB, and Røysamb, E. Introducing two types of psychological resilience with partly unique genetic and environmental sources. Sci Rep. (2021) 11:8624. doi: 10.1038/s41598-021-87581-5 

 64. Rutter, M
. Implications of resilience concepts for scientific understanding. Ann N Y Acad Sci. (2006) 1094:1–12. doi: 10.1196/annals.1376.002


 65. Fossion, P, Leys, C, Kempenaers, C, Braun, S, Verbanck, P, and Linkowski, P. Depression, anxiety and loss of resilience after multiple traumas: an illustration of a mediated moderation model of sensitization in a group of children who survived the Nazi holocaust. J Affect Disord. (2013) 151:973–9. doi: 10.1016/j.jad.2013.08.018


 66. Bakker, AB, and Bal, MP. Weekly work engagement and performance: a study among starting teachers. J Occup Organ Psychol. (2010) 83:189–206. doi: 10.1348/096317909X402596


 67. Cohn, MA, Fredrickson, BL, Brown, SL, Mikels, JA, and Conway, AM. Happiness unpacked: positive emotions increase life satisfaction by building resilience. Emotion. (2009) 9:361–8. doi: 10.1037/a0015952 

 68. Richardson, GE
. The metatheory of resilience and resiliency. J Clin Psychol. (2002) 58:307–21. doi: 10.1002/jclp.10020 

 69. Zhang, X, Zou, R, Liao, X, Bernardo, AB, Du, H, Wang, Z , et al. Perceived stress, hope, and health outcomes among medical staff in China during the COVID-19 pandemic. Front Psych. (2021) 11:588008. doi: 10.3389/fpsyt.2020.588008 

 70. Kumar, S, Lee, NK, Pinkerton, E, Wroblewski, KE, Lengyel, E, and Tobin, M. Resilience: a mediator of the negative effects of pandemic-related stress on women’s mental health in the USA. Arch Womens Ment Health. (2022) 25:137–46. doi: 10.1007/s00737-021-01184-7


 71. Labrague, LJ
. Resilience as a mediator in the relationship between stress-associated with the COVID-19 pandemic, life satisfaction, and psychological well-being in student nurses: a cross-sectional study. Nurse Educ Pract. (2021) 56:103182. doi: 10.1016/j.nepr.2021.103182 

 72. Ye, Z, Yang, X, Zeng, C, Wang, Y, Shen, Z, Li, X , et al. Resilience, social support, and coping as mediators between COVID-19-related stressful experiences and acute stress disorder among college students in China. Appl Psychol Health Well Being. (2020) 12:1074–94. doi: 10.1111/aphw.12211 

 73. Chmitorz, A, Kunzler, A, Helmreich, I, Tüscher, O, Kalisch, R, Kubiak, T , et al. Intervention studies to foster resilience–a systematic review and proposal for a resilience framework in future intervention studies. Clin Psychol Rev. (2018) 59:78–100. doi: 10.1016/j.cpr.2017.11.002


 74. Joyce, S, Shand, F, Tighe, J, Laurent, SJ, Bryant, RA, and Harvey, SB. Road to resilience: a systematic review and meta-analysis of resilience training programmes and interventions. BMJ Open. (2018) 8:e017858. doi: 10.1136/bmjopen-2017-017858 


Copyright
 © 2024 Shen, Lu, He, Wang, Chen, Li, Yang, Zhang, Wang, Jiang, Zheng and Zhu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-12-1415351-t004.jpg
Pathway Coefficient SE|

Direct effects
Work stress—Competency 048 016
Indirect effects

Work stress—Resilience— -0.51 0.08

Competency

95% Cl

Lower

-079

~0.66

Upper

~0.16

~036





OPS/images/fpubh-12-1415351-t002.jpg
Dimensions M (SD) Range

1 Workstress 155 (1.53) 0-6 1

2 Resilience 597(1.92) 0-8 —0.4g¥ 1

3 TC 28.14 (13.10) 0-81 —010%*  013F 1

4 pC 5,69 (2.90) 2-18 —0.05** 00745 0g1%H% 1

5 MK 673 (3.25) 2-18 —009FFE QIEEE Q87FE 069 1

6 sBp 5.92(3.37) 2-18 —009FFF Q125 090%FF | 066FFF | 074%%% 1

7 PBLF 301 (1.79) 1-9 —008FFEQ10%FF | 08SHHE 0GR 067FF | 077%F 1

8 Prof 328(1.87) 1-9 S0A2FEEQU5ERE Q8SHRE | 059FFE | 067FFF | 073 0758 1

9 Ics 351(207) 1-9 S0A2FEE L QIETEE 083 055FRE | 064%EE 068V 0708 077EER 1

“Total Competency (TC) is the sum of the six dimensi
“Patient Care (PC).

Medical Knowledge (MK).

‘Systems-Based Practice (SBP).

‘Practice-Based Learning and Improvement (PBLI).
Professionalism (Pro).

‘Interpersonal and Communication Skills (ICS).
*p<0.05; *#*p<0.01; ***p<0.001.

s of competency:






OPS/images/fpubh-12-1415351-t003.jpg
Model 1 (Y = Competency) Model 2 (Y = Resilience) Model 3 (Y = Competency)

Variable
B (SE) B (SE) B (SE)
Resilience NA NA 0.86%%*
©0.13)
Work stress —LO1*# 057 —051%+
(0.15) (0.03) (0.16)

Region (ref=Northeast)

East 7418 —L17 842w
(0.40) (0.10) (0.44)

Middle 415w —0.76%++ 48044+
(0.52) (0.03) (0.53)

West 846vr* —0.77%%% 9.12%w%
(0.52) (007) (047)

Gender (ref=Male)

Female 207 ~0.21%++ —1.89%++

(0.49) (0.07) (0.48)

Major (ref=Clinical medicine)

Medical imaging 3670 -009 375w
(0.76) (0.08) (0.76)

Others 380 008 373
(295) (041) @81

Residency training site (ref=General tertiary A)

Specialist tertiary A ~140 0.26 -162
(2.00) (032) (2.07)
General tertiary B —415 027 —438
(436) ©99) (3.56)
Others 611 027 588
(8.25) (1.90) (6:62)

Residency year (ref=The 1st year)

The 2nd year 30800 —023%% 34gee
057) (0.08) (057)

“The 3rd year 777%% -005 78205
(065) (0.08) (0.64)

Age 0554+ ~001 0567+
(0.14) (0.02) (0.14)

Education (ref=Bachelor’s degree)

Master's degree 200 -018 2154
(104) (0.15) (1.03)
Doctoral degree 5.99%% -0.24 6207
(2.54) (0.24) (2.50)

Marital status (ref=Married)

Unmarried ~055 008 ~062
(0.67) (0.09) (0.67)

Others 171 o 161
“27) 0.46) (43%)

Cons 273 FRERS —431
(427) (047) (420)

All models were controlled for the demographic variables; The R-squared of Model 1, Model 2 and Model 3 were 0.24,0.34, and 0.25, respectively; Robust standard error in parentheses;
“p<0.05; **p<0.01; **#p<0.001. The bold values represent the statistical values of the mediation effect analysis, which are included in the discussion.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Work stress and competency among radiology residents: the mediating effect of resilience



		1 Introduction



		2 Materials and methods



		2.1 Study design and participants



		2.2 Measures



		2.2.1 Work stress (independent variable)



		2.2.2 Resilience (potential mediator)



		2.2.3 Competency (dependent variable)



		2.2.4 Demographic variables









		2.3 Data analysis









		3 Results



		3.1 Background characteristics



		3.2 Spearman correlations between work stress, resilience and competency



		3.3 Mediation effects of resilience









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fpubh-12-1415351-g001.jpg
c=-1.01***

Work stress »| Competency
= - ek
a=-0.57 Resilience b= 0.86***
Work stress Competency
c’=-0.51%**






OPS/images/fpubh-12-1415351-t001.jpg
N (%)

Work stress

(M +SD)

p-value

Resilience
(M +SD)

p-value

Competency
(M +SD)

p-value

Region
Northeast
East
Middle
West

Gender
Male
Female

Major
Clinical medicine
Medical imaging
Others

Residency training site
General tertiary A
Specialist tertiary A
General tertiary B
Others

Residency year
“The It year
The 2nd year
“The 3rd year

Age, M (SD)
<=26
26-29
29

Educational level
Bachelor’s degree
Master's degree
Doctoral degree

Marital status
Married
Unmarried

Others

218 (5.95)
1,485 (40.51)
743 (20.27)

1,220 (33.28)

1,539 (4198)

2,127 (58.02)

528 (14.4)
3,102 (84.62)

36 (0.98)

3,550 (96.84)
80(2.18)
27(0.74)
9(0.25)

1,285 (35.05)
1,179 (32.16)
1,202(32.79)
27.3(258)
1,625 (44.33)
1,390 (37.92)
651 (17.76)

3,375 (92.06)
229(6.25)

62(1.69)

820 (22.37)
2,829(77.17)

17 (0.46)

1554173

1624154

1574155

1442145

169165

1442143

163162
154151

1258142

1554153

132139

156148

1784199

145148

165159

155152

1544153
154152

158154

156+ 1.54

134139

169162

149154

156153

159158

0.023

<0.001

0212

059

0.006

0.789

0.094

0.428

628+ 181

5954197

5854189

6.03+1.88

601197

5954188

5944198
5974191

636179

5974192

615£1.76

611236

5674283

615£1.85

576£199

600£19

606191
5964192

578+193

5994192

5864192

5454202

5944192

5984192

6.06+1.89

0016

0392

0437

0.786

<0.001

0.009

0057

0872

28.6414.20

277041268

284241343

284241322

293941368

27234126

255841351
28.58+1298

278141372

28.1613.08

275441383

263741275

312241678

241041184

27974124

326141363

256041217
294141293

317541442

27.90+1296

30.56+14.27

3213£15.11

307941413

273541268

30.88+14.21

0405

<0001

<0001

0762

<0001

<0001

<0001

<0001





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Work stress and competency
among radiology residents: the
mediating effect of resilience












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






