Supplementary Appendix 3: Quality appraisal of the selected studies using mixed methods appraisal tool (MMAT)
	Study type, first author (year)
[Ref #]
	MMAT Questions
	Final comment

	Qualitative studies
	1.1. Is the qualitative approach appropriate to answer the research question?
	1.2. Are the qualitative data collection methods adequate to address the research question?
	1.3. Are the findings adequately derived from the data?
	1.4. Is the interpretation of results sufficiently substantiated by data?
	1.5. Is there coherence between qualitative data sources, collection, analysis and interpretation?
	

	Dekeseredy (2019)
[17]
	Yes
	Yes
	Yes
	Yes
	Yes
	Robust design and rigorous analysis using trustworthiness framework. Minor limitations due to single-site setting, small sample size and all-female respondents. Overall: High quality/ Low risk of bias.

	Jahner (2023)
[19]

	Yes
	Yes
	Yes
	Yes
	Yes
	Rigorous grounded theory design and systematic analysis ensuring credibility and coherence. Minor limitations due to small sample size and limited transferability to other rural contexts. Overall: High quality / Low risk of bias.

	Källberg (2025)
[20]
	Yes
	Yes
	Yes
	Yes
	Yes
	The study demonstrated methodological rigor with clear design and thorough thematic analysis. Limitations include possible researcher preconceptions, retrospective data collection introducing recall bias, and a small sample size that may limit transferability. Overall: high quality / low risk of bias.

	Kolhatkar (2017)
[18]
	Yes
	Yes
	Yes
	Yes
	Yes
	The study used a robust qualitative design with purposive sampling, diverse participant representation, and rigorous grounded theory analysis. Potential biases (self-selection, teleconference setting) were acknowledged. Limitations include a limited number of focus groups and interviews. Overall: high quality / low risk of bias.

	Quantitative non-randomized studies
	3.1. Are the participants representative of the target population?
	3.2. Are measurements appropriate regarding both the outcome and intervention (or exposure)?
	3.3. Are there complete outcome data?
	3.4. Are the confounders accounted for in the design and analysis?
	3.5. During the study period, is the intervention administered (or exposure occurred) as intended?
	Final Comment

	Chang (2024)
[22]
	Can’t tell
	Yes
	Yes
	Yes

	Yes
	This cross-sectional study employed a validated instrument and used multivariable logistic regression to attempt to adjust for potential confounders. However, confounder selection relied solely on univariable p-values rather than theoretical justification, and some subgroups had very small numbers, leading to unstable estimates. The 50.8% response rate without nonresponse bias assessment further limits certainty about representativeness. Overall, the study demonstrates sound methodology with moderate-to-high quality, but confounder control may be incomplete, resulting in a moderate risk of bias. 

	Cook (2021)
[27]
	Can’t tell
	Yes
	Yes
	Yes
	Yes
	This cross-sectional study used validated tools to measure burnout and anxiety among trauma nurses, with a clearly defined target population and complete outcome data. However, as only 35.4% of participants were ED nurses, representativeness for the ED population is limited. Confounders were appropriately addressed, and the exposure occurred as intended. The methodology is robust, indicating high quality and low risk of bias.

	Gray (2021)
[33]
	Can’t tell

	Yes
	Yes
	Can’t tell
	Yes
	This was a quantitative quasi-experimental quality improvement project. Participants were all female nurses, with limited demographic detail, so representativeness cannot be confirmed. The study used a validated tool and clearly implemented the intervention, with complete outcome data for most participants. Confounder control was unclear, and the small sample size limits generalisability. Overall: moderate quality / moderate risk of bias.

	Lala (2016)
[29]
	Can’t tell
	Yes
	Yes
	Can’t tell
	Yes
	Most MMAT criteria were met. This nonrandomised cross-sectional study used validated tools and analyses controlled for confounders, achieving a 50.2% response rate. Recruitment was clear, though nonresponse bias was not assessed. Limitations include modest sample size, low response rate, geographical selection bias, and self-reported data. Overall: moderate to high quality / low to moderate risk of bias.

	Lozano (2020)
[26]
	Yes
	Yes
	Yes
	Can't tell
	Yes
	This quantitative analytical cross-sectional study achieved a high participation rate (90%) with detailed demographic reporting. It used validated tools and appropriate analyses. Although confounder control was unclear and outcomes relied on self-report, the strong response rate and robust methodology indicate high–moderate quality with low–moderate risk of bias.

	McGuire (2023)
[23]
	Can't tell
	Can’t tell
	Can’t tell
	Can't tell
	Yes

	This was a descriptive cross-sectional analytical study. Despite a large target sample, the low response rate (24.5%) and variation across sites limit confidence in sample representativeness. The study used a tailored survey adapted from a previously published instrument, which strengthens measurement relevance, but formal validation of the adapted tool was not reported. Missing data for some outcomes and unclear confounder control reduce certainty. Overall, the study provides valuable insights and demonstrates low methodological quality with a moderate risk of bias.

	Nielsen (2013)
[30]
	Yes
	Can't tell
	Can't tell
	Can't tell
	Yes
	This was a repeated‑measures observational study of ED staff over four weeks. All eligible staff were invited to participate, and overall participation was very high (95%), indicating the sample is largely representative of the target population at this hospital. However, some subgroups (e.g., medical specialists) were small, and demographic details were incompletely reported, which may limit representativeness within subgroups. Measurements relied on a short, non‑validated questionnaire and self‑reported adverse events, introducing potential bias. Outcome data were mostly complete, but some missingness was present. Confounder control was limited, though regression adjusted for key variables. Overall, the study provides useful insights but demonstrates moderate methodological quality with moderate risk of bias.

	Rasmussen (2014)
[24]
	Yes
	Yes
	Yes

	Yes
	Yes
	This single-site nonrandomised cross-sectional study achieved a high response rate (91%). It used mainly validated tools, though one lacked validation. Representativeness was uncertain, and confounder control was limited to job group adjustment. Overall, the study demonstrates moderate methodological quality with a moderate risk of bias.

	Ulumuddin (2021)
[25]
	Can't tell
	Can’t tell
	Yes
	No 
	Can’t tell
	This was a small single-site analytical cross-sectional study with 27 nurses. The measurement tools were partially adapted from previous instruments, but modifications without validation reduce measurement reliability. Outcome data were complete, but potential confounders were not identified or controlled in analysis. Despite internal consistency, the very small sample limits representativeness and generalisability. Overall, the study demonstrates low-to-moderate methodological quality with a moderate risk of bias.

	Venkatesan (2025)
[31]

	Can't tell
	Yes
	Can't tell
	Yes
	Yes
	This repeated cross-sectional study used a validated tool and appropriate analyses. Representativeness was uncertain due to convenience sampling and no reported response rate. Confounder control was adequate. Overall, the study shows moderate methodological quality with moderate risk of bias.

	Yoon (2022)
[28]
	Can't tell
	Yes 
	Yes
	Can't tell
	Yes
	This was a small multi-site analytical cross-sectional study with a 100% response rate. Validated tools were used and outcome data were complete, but exclusion of some hospitals, inclusion of new trauma centers, and lack of confounder control limit representativeness and introduce potential bias. Overall, methodological quality is moderate with a moderate risk of bias.

	Quantitative descriptive studies
	4.1. Is the sampling strategy relevant to address the research question?
	4.2. Is the sample representative of the target population?
	4.3. Are the measurements appropriate?
	4.4. Is the risk of nonresponse bias low?
	4.5. Is the statistical analysis appropriate to answer the research question?
	Final comment

	Salmela (2020)
[32]
	Can’t tell
	Can’t tell
	Can’t tell
	No 
	Yes
	This was a small single-site nonrandomised study with a 49.6% response rate. The lack of detailed information on participant demographics, validated measurement tools, control of confounders, and adherence to the intervention protocol limits representativeness and measurement validity. Outcome data were incomplete due to a low response rate. Overall, methodological quality is low-to-moderate with a moderate-to-high risk of bias.

	Mixed Method Studies
	5.1. Is there an adequate rationale for using a mixed methods design to address the research question?
	5.2. Are the different components of the study effectively integrated to answer the research question?
	5.3. Are the outputs of the integration of qualitative and quantitative components adequately interpreted?
	5.4. Are divergences and inconsistencies between quantitative and qualitative results adequately addressed?
	5.5. Do the different components of the study adhere to the quality criteria of each tradition of the methods involved?
	Final comment

	Kidd (2012)
[21]
	Yes
	Yes
	Yes
	Can’t tell
	Can’t tell
	This mixed-methods study is methodologically robust. The qualitative focus groups were well-designed, transcribed verbatim, independently coded, and analyzed using a recognized thematic approach. The quantitative questionnaire was appropriate for the study aim, though purposive sampling and a modest response rate (44%) may introduce nonresponse bias. Integration of qualitative and quantitative data was coherent, enhancing the validity of findings; however, divergences between the two components were not explicitly addressed. Overall, the study demonstrates moderate methodological quality with a moderate risk of bias.



Note. All the selected studies obtained “Yes” for both screening questions (S1. Are there clear research questions?; S2. Do the collected data allow to address the research questions?). For studies where formal research questions were not explicitly stated, the study aim/objective was used as a proxy to assess whether the approach and data collection methods were appropriate to address the study purpose. None of the selected studies were randomized controlled trials, therefore, questions 2.1–2.5 of the MMAT tool were not applicable.

