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ABSTRACT

Objective: To conduct a systematic review identifying workplace interventions that mitigate physician burnout

related to the digital environment including health information technologies (eg, electronic health records) and

decision support systems) with or without the application of advanced analytics for clinical care.

Materials and Methods: Literature published from January 1, 2007 to June 3, 2020 was systematically reviewed

from multiple databases and hand searches. Subgroup analysis identified relevant physician burnout studies

with interventions examining digital tool burden, related workflow inefficiencies, and measures of burnout,

stress, or job satisfaction in all practice settings.

Results: The search strategy identified 4806 citations of which 81 met inclusion criteria. Thirty-eight studies

reported interventions to decrease digital tool burden. Sixty-eight percent of these studies reported improve-

ment in burnout and/or its proxy measures. Burnout was decreased by interventions that optimized technolo-

gies (primarily electronic health records), provided training, reduced documentation and task time, expanded

the care team, and leveraged quality improvement processes in workflows.

Discussion: The contribution of digital tools to physician burnout can be mitigated by careful examination of us-

ability, introducing technologies to save or optimize time, and applying quality improvement to workflows.

Conclusion: Physician burnout is not reduced by technology implementation but can be mitigated by technol-

ogy and workflow optimization, training, team expansion, and careful consideration of factors affecting burn-

out, including specialty, practice setting, regulatory pressures, and how physicians spend their time.

Key words: burnout, electronic health records, quality improvement, workflow, team-based care

INTRODUCTION

Clinician burnout was considered a global health crisis before coro-

navirus disease 2019 (COVID-19) with more than 60% of providers

reporting at least 1 symptom of burnout.1,2 However, the pandemic

has compounded the emotional, physical, and mental exhaustion for

healthcare providers as stressors within the healthcare system have

been exacerbated. The mental health consequences, particularly for

clinicians on the front line, may be significant. Acute increases in

workplace stressors may increase the prevalence of post-traumatic

stress disorder (PTSD); notably, the drivers of PTSD and burnout

are similar with overlapping harmful impacts on provider health.3

In the current setting with COVID-19, resiliency techniques target-
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ing the individual are important, but insufficient to overcome sys-

temic challenges that give rise to burnout. Healthcare organizations,

now more than ever, need to prioritize their employees’ health and

address the drivers of burnout.

Arguably, the primary drivers of burnout for physicians have

been related to electronic health records (EHRs) and overwhelming

inefficiencies in clinical practice that significantly and negatively im-

pact workflow and patient care.4,5 Physicians experience high fa-

tigue with short, continuous periods of EHR use, which is also

associated with inefficiency of EHR use (ie, more clicks and more

time) on subsequent cases.6 The association of burnout with EHR

design and usability has been identified,7 in addition to the clerical

burden of technology on workload (both cognitive and physical)

and its associated workflows.8,9 Despite the general acknowledge-

ment that the evolving digital environment using health information

technologies (eg, patient portals, clinical notes, computerized order-

entry, electronic prescribing) for both regulatory and administrative

purposes has altered physicians’ practice, interventions to lessen as-

sociated burnout have not been well characterized. To date, there is

a gap in understanding whether physician burnout is improved by

interventions designed to decrease the burden of their digital envi-

ronment and improve related clinical workflow efficiency.

We conducted a systematic review in 2018 to identify workplace

interventions to alleviate burnout;10 however given the COVID-19

climate, reducing burnout remains a high priority to safeguard

healthcare providers and the patients and system they serve. The

scope of published burnout-related interventions continues to expo-

nentially grow, but the connection to the digital environment has

not been synthesized. The objective of this study is to perform an up-

date of our systematic review and conduct a subgroup analysis to

identify interventions to mitigate digital tool burden and/or its re-

lated workflow inefficiencies.

MATERIALS AND METHODS

This study was conducted in accordance with Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA)11 under

an a priori protocol. This study is an update and subgroup analysis

of our systematic review of workplace interventions to mitigate phy-

sician burnout.10 The objective of the subgroup analysis was to iden-

tify and summarize interventions used to address the burden of

digital tools and their impact on workflow inefficiencies, whereas

the original study results sought to identify any type of

organization-directed workplace intervention to address burnout

(Figure 1).

Search strategy
Literature was searched from multiple databases (MEDLINE,

Embase, and Cochrane Library) on October 3, 2018; an updated

search was performed on June 3, 2020 for relevant articles; and the

Association for Computing Machinery (ACM) Digital Library was

queried on August 17, 2020. Queries were designed to identify

physician-specific burnout or burnout proxy (satisfaction and/or

stress) outcomes following work, workplace, or workflow interven-

tions. Search limits were set regarding time (2007–2020), English-

language, and abstract availability. Within the protocol, the intro-

duction of the Health Information Technology for Economic and

Clinical Health (HiTECH) Act of 2009 was a distinguishing time

point. Based upon the widespread implementation of HIT post-

2009, evidence collected before this date was not of interest based

on the assumption that burnout has increased dramatically as a re-

sult of organizational changes to accommodate the meaningful use

of HIT in clinical care. Hand searches were also conducted to iden-

tify literature from key conferences, organization websites, and bib-

liographies of included studies. Details are provided in

Supplementary Tables 1–10.

Screening process
One investigator (KJTC or VCW) screened all titles and abstracts

for eligibility against a priori established inclusion criteria (Supple-

mentary Table 11). Included studies examined physician-specific

burnout or burnout proxy outcomes (satisfaction and/or stress) fol-

lowing an organization-directed intervention (ie, not individual

interventions conducted outside of the workplace, sometimes re-

ferred to as physician-directed) whereby comparisons were provided

to examine the effect of the intervention in all settings. Studies did

not have to be designed to measure the effect of interventions on

burnout or its proxy measures but had to capture burnout or

burnout-related outcomes as a result of a workplace modification.

Studies marked for inclusion were dually screened at the full-text

level by 2 independent investigators (KJTC, VCW); any disagree-

ments were resolved by adjudication, or a third reviewer (GPJ) (deci-

sion matrix provided in Supplementary Table 12). Additional

inclusion criteria were applied to identify studies eligible for the sub-

group analysis. Studies were eligible if the intervention specifically

considered time management, leveraged team-based care, reex-

amined key transitions in care processes, and/or primarily, if health

information technology (HIT) was adopted, implemented, or opti-

mized with the intention to ease digital burden and/or its related

Figure 1. Study overview, description of 4Ts framework, and subgroup

analysis.
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workflow issues. All results were tracked in DistillerSR (Evidence

Partners) and EndNote (Clarivate). Interrater reliability was deter-

mined by Cohen’s kappa.12

Data extraction and quality assessment
Included studies were extracted (form example in Supplementary

Table 13) into a priori structured forms by 1 investigator (KJTC)

and checked for accuracy and completeness by a second investigator

(VCW). Additional data were abstracted for the subgroup analysis

to identify study details related to the type of technologies (eg,

EHRs, patient portals, decision support systems including any ad-

vanced analytics applied) used and associated informatics usability,

effectiveness, and impact data, if reported. As with the original re-

view,10 studies were categorized into 1 or multiple categories of the

4Ts framework: technology, time, teamwork, and transitions. Tech-

nology referred to the implementation or improvement of health in-

formation technology, namely EHRs. Time studies involved duty

hour restrictions and changes to work schedules or use of time on

duty (eg, a program for mindfulness during on-duty time). Team-

work regarded the examination of care team processes and the addi-

tion of scribes to the team. Transitions included process

improvements and quality initiatives. The Centre for Evidence-

Based Medicine derived Oxford Levels of Evidence13 were used to

assess study quality based on reported study design using their stan-

dardized glossary of terms by 2 independent investigators (KJTC,

VCW); any disagreements were resolved by adjudication, or a third

reviewer (GPJ).

RESULTS

Literature searches yielded 4806 unique citations (Figure 2), of

which 319 articles were eligible for full-text screening. Upon full-

text screening, 81 articles10,14–93 were included of which 63 were

full-length articles and 19 were conference abstracts.14,15,20,26,29,

36,49,51,52,64,66,67,71,76,81,83,87,90,92 Interrater reliability was 0.76 for

full-text screening. As an update to the DeChant et al (2019)

study,10 31 additional articles were identified.10,18,19,21,23–25,

33,34,40–42,47,48,50,51,54,61,62,64,66,68–70,72,75,80,81,85,87,89 Abstractions

of included studies can be found in Supplementary Table 14. Thirty-

eight studies about digital tool burden and/or related workflow

inefficiencies were identified in the subgroup analysis and are the

Figure 2. Results of literature search, the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram.11
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focus of the following synthesis (abstractions in Supplementary

Table 15).10,14,17,20–22,27–30,32,35,39,41,43–46,49,51,53,56–59,62–67,70,75–

77,83,92,93

Study and physician characteristics
Characteristics of the 38 studies included in the subgroup analysis

are provided in Supplementary Table 15. Most studies (35 studies)

were conducted in the US, 1 in the United Kingdom,17 and 2 were

multinational as systematic reviews.10,43 Study designs included

cross-sectional studies (4 studies),27,65,92,93 pre-post-intervention

surveys (21 studies),17,22,28–30,35,44–46,49,51,56,57,63,64,66,67,76,77,83

prospective studies (5 studies),20,32,41,62,70 randomized controlled

trials (RCTs) (4 studies),39,58,59,75 2 systematic reviews10,43 and

other designs (2 studies).14,53 Comparators were a condition of

study inclusion, and the majority of studies provided baseline or pre-

intervention data. Other notable comparator groups included use of

standard (eg, nonenhanced) technologies,20,48,62,75 paper charting,66

no intervention,58,59 and crossover periods without interven-

tion.39,70 Interventions were conducted in multiple settings, but

most evaluated primary care (22 studies) physicians and resi-

dents.20,22,27–30,32,39,41,44–46,56,58,59,64,65,70,77,83,92,93 Some studies

examined specialists (7 studies),14,35,53,57,63,66,75 a mix of primary

care physicians and specialists (4 studies),10,21,62,76 and groups of

physicians with unspecified specialties (5 studies).17,43,49,51,67

Measures of burnout
The gold standard for identifying burnout, the Maslach Burnout In-

ventory (MBI),94 which includes subscales related to depersonaliza-

tion, emotional exhaustion, and personal accomplishment, was

infrequently used (4 studies).28,32,45,92 Proxy measures of burnout,

including satisfaction and stress, were also abstracted. Studies of sat-

isfaction measured outcomes such as satisfaction, professional ful-

fillment, well-being, and joy of practice. Studies of stress included

outcomes such as stress, psychological (including cognitive) strain,

and job distress. Four studies did not report the instrument used to

measure burnout-related outcomes.14,20,67,76 The majority (17 stud-

ies) of authors developed their own

surveys,17,21,22,27,29,35,39,46,53,56,57,63–66,77,93 and 2 studies provided

only qualitative findings.49,83 As systematic reviews, 2 studies had

multiple types of burnout measures.10,43

Characteristics of organization-directed interventions
Based on the original review,10 interventions were stratified into

teamwork, transitions, time, and/or technology (Table 1). Most

interventions were assigned to multiple categories with the excep-

tion of 10 studies of exclusively technology-centric interven-

tions.14,20,22,35,44,65–67,75,93 Twenty-six (68%) of the 38 studies

provided evidence that burnout and its proxy measures of stress

and/or satisfaction were improved by a workplace intervention to

address workflow inefficiencies in clinical teams that use a digital

environment (Table 2).10,17,21,27–29,32,39,41,43,45,46,49,51,53,56–59,63–

65,67,70,76,92 The scope of this work identified the digital environ-

ment including data entry and communication using EHRs (both

standard issue and customized), patient portals, disease-

management software, clinical decision support, physician order en-

try, EHR-integrated paging, and clinical task-management systems.

The impact on burnout was similar among time, teamwork, and

transitions interventions (Figure 3, range 85%–90% of studies with

positive outcomes), and these types of interventions were commonly

combined. Technology interventions were least effective with 41%

of studies reporting improvement in burnout or its proxy measures

(Figure 3).

Study quality
The evaluation of study quality using the Oxford Levels of Evi-

dence13 is presented in Supplementary Table 15. The majority (30

studies) were categorized as level IV studies, which includes case se-

ries, cross-sectional, poor quality cohort, and pre-post-test single

arm studies. Higher quality studies were limited to 1 IB (individual

RCT with narrow confidence interval),39 1 IIA (systematic review

with homogeneity and meta-analysis),10,43 and 6 IIB (individual co-

hort including low-quality RCTs with less than 80% follow-up, or

systematic review with heterogeneity) categorizations.41,58,59,62,70,75

Overall, the levels of evidence identified indicate a preponderance of

low-quality studies based on study design and corresponding low

grades (eg, grade of C, as majority were level IV studies) of (per-

ceived) recommendations.

Expansion of the care team to give time back to

physicians
The most frequent interventions (27 studies) were those that

regarded process improvements with the explicit use of lean method-

ologies or quality improvement (QI) initiatives, and/or workflow

changes. QI and lean-based interventions were less successful than

general workflow changes, as most QI studies had mixed

results32,45,59 or no significant impact.21,51,62 Three studies demon-

strated that process improvements had overall good out-

comes.49,57,58 One high-quality study identified that burnout was

more likely to improve when workflow redesign was part of a QI

initiative that addressed physicians’ concerns; a significant reduction

in burnout was seen following implementation of QIs around rou-

tine preventive screening processes and medication reconciliation in

primary care settings.59 Another QI intervention that examined the

workplace environment of radiologists to reduce both workload and

frequency of disruptions increased workplace satisfaction and re-

duced stress.57 Lastly, to reboot the “joy in the practice of medi-

cine,” a process improvement intervention to enhance EHR

efficiency increased job satisfaction.49 Other process improvement

interventions were centered around operationalizing the care team

that included: colocation of care teams,45 consideration of commu-

nication practices,58,59 redesign of responsibilities within the care

team and its clinical workflows to improve efficiency,21,32,45,51,58,59

and the evaluation of electronic data entry and its manage-

ment.21,45,59,62

With the exception of 5 studies,17,49,56,57,62 QI processes and

workflow modifications were frequently combined with an interven-

tion to expand the care team to primarily add clerical support by

medical assistants/scribes (20 studies).10,27–

30,39,41,43,45,46,51,53,58,59,63,64,70,77,83,92 The expanded care team,

namely scribes, facilitated electronic data entry for documentation

during clinical encounters, such as previsit planning, visit notes

(such as history, physical examination findings, laboratory, and/or

imaging results), assessments and plans, instructions and education

for patients, referrals, and nursing orders. Other team-based inter-

ventions improved team dynamics21,32,41,76 or hired additional

full-time faculty to support and supervise residents to ease their

workload, reduced attending-to-patient ratios, and increased

number of rounding teams.51 Generally, these combinatory

interventions decreased burnout,10,28,29,32,59,76,92 increased job
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satisfaction,10,27,39,41,43,45,46,49,53,57,58,63,64 and/or decreased

stress10,56–58 in physicians.

Many interventions had implicit connections to time (20 stud-

ies), mostly considering how clerical tasks within the digital environ-

ment could be shifted from the physician to the expanded care team.

Modified workflows in expanded care teams improved clinical effi-

ciency and/or productivity, and some studies explicitly measured

these outcomes by conducting time and motion studies (17 studies,

Table 2). Productivity and/or efficiency were generally improved us-

ing scribes for data entry,28,29,43,63,64 and physicians’ task comple-

tion and/or documentation time during or after clinic hours and on

weekends were decreased significantly.28,29,43,46,70 Additionally, the

use of scribes closed patient encounters on average 8.9 days

sooner.63 One study estimated that physician documentation time

was reduced by 50% with scribe implementation, which was a time

savings that could be reallocated to patient-facing interactions.46

Similarly, improved documentation efficiency with scribe implemen-

tation provided “enough” face time with patients,39 whereby greater

than 75% of the clinical encounter was spent interacting with

patients.70 Time savings were also noted by interventions without

the use of scribes; interventions to improve clinician documentation

efficiency using standardized templates resulted in a reduction of

1500 keystrokes per day per provider49 and decreased total docu-

mentation time 18%–35%.67 Other successful time interventions

without the use of scribes decreased the frequency of work interrup-

tions41,56 (1 translated to 72.5 physician hours regained in a 3-

month intervention period),56 reduced number of prescribing tasks

for residents listed in a computerized hospital management task sys-

tem,17 and improved physician scheduling to convalesce clinical

team interactions via enhanced work–life balance and decreased

burnout.10,32,92

Leveraging technology to support clinical workflows

and teams
Health information technology interventions were stratified into im-

plementation (ie, installation of new technology and training pro-

vided to use it effectively) (11 studies), adoption (ie, uptake in usage

of a new technology) (5 studies), and/or optimization (ie, iterations

or changes to technology for improvement) (6 studies) as shown in

Table 1. In addition to burnout outcomes, qualitative and quantita-

tive analyses regarding usability metrics of performance and/or satis-

faction (including physician, practice, patient, and IT) were

captured in 14 of the 17 studies categorized as technol-

ogy.14,20,22,35,41,44,49,56,62,65–67,75,93 Technology adoption and im-

plementation studies generally had no effect on or worsened

burnout and its proxy measures,14,20,22,35,44,66,75,93 whereas inter-

ventions to optimize the use of technology by design improvement

and/or provision of user training were generally effective at reducing

burnout, albeit some only qualitatively.10,49,56,64,67 Examples of

improvements included usability and agile methodologies to stan-

dardize documentation processes in workflows.49,62,77 Tailored

interventions to customize EHRs decreased data entry time by limit-

ing keystrokes and/or mouse clicks through iteratively adjusting the

tool’s performance based on user experience and feedback to the de-

sign team.64,67 Pre-post-qualitative surveys examining usability of

technology optimization and subsequent modified digitally related

workflows improved personal, professional, or practice satisfac-

tion.49,56,64,67 Only 4 studies incorporated advanced analytics in

technology interventions and none had statistically significant posi-

tive impacts on burnout. Two studies examined speech recognition

algorithms for EHR documentation,49,75 and 2 studies examined

enhanced EHR usability with the addition of decision support

systems.22,62

DISCUSSION

This study is the first comprehensive systematic review of interven-

tions to address clinician burnout with a focus on technologies and

the digital environment. Many single-site studies have documented

the effects of digital technologies on clinician burnout, but evidence

about the effectiveness of mitigation strategies has not been synthe-

sized. This systematic review and subgroup analysis summarized the

evidence about both successful and ineffective strategies for address-

ing burnout, factors influencing technology-related burnout, and im-

portant scientific gaps in the evidence base. Burnout was decreased

by interventions that optimized technology (primarily EHRs), re-

duced documentation and task time, expanded care teams, and lev-

eraged quality improvement processes to enhance workflows during

key transitions in patient care.

This systematic review elucidated several factors that signifi-

cantly influence the effects of the digital environment on physician

burnout, including clinical specialty, practice setting, requirements

for compliance and reimbursement, and how physicians spend their

time. The disproportionate use of digital tools by certain physician

specialties and practice settings is one important consideration. Spe-

cialties such as cardiology, urology, and family practice have dem-

onstrated higher EHR use as have practices owned by Health

Maintenance Organizations.95 Implementation of hospital-wide pic-

ture archiving and communication systems have shown improve-

ments in information availability and reporting times while

simultaneously isolating the radiologists who use them from interac-

tion with consulting physicians.96 Moreover, generic, commercial

EHRs have inadequately responded to the needs and challenges that

clinical specialties require, but stand-alone specialty EHR systems

(without interoperability) have posed additional challenges for

physicians and healthcare systems. An effective compromise will

likely enable specialty-specific customizations while maintaining

standards that support interoperability. Adoption of information

and computer technologies for Meaningful Use and documentation

required for billing may have perceived improvements in healthcare,

but not without concomitant challenges including substantial, low-

value digital documentation.

The impact of digital technologies on how physicians spend their

time has been shown to affect multiple key domains including pro-

ductivity and revenue,97 job and patient satisfaction,39 and personal

well-being.98 This review identified several interventions to decrease

digital tool use and potentially redirect time for face-to-face patient

contact and improvements in work-life balance; many of those stud-

ies performed time and motion analyses to understand the impact of

workflow modification on physicians’ time by proxy of measuring

duration of digital tool task completion. Scribe implementation de-

creased physician documentation hours,28,29,39,43,46,63,64,70 includ-

ing after-hours and weekends; however, schedule modifications

were also leveraged in lean methodologies to provide flexibility for

physicians to improve their personal well-being and prevent work

overload by providing in-house evening and overnight resident su-

pervision, reducing patient-to-attending ratio, and increasing num-

ber of rounding teams.51

Stressors in the workplace, particularly those related to the use

of health information technologies (ie, “technostress”99), are major

sources of physician dissatisfaction and burnout, but they can often
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be mitigated by improvements in the quality and timing of

training.100 Technostress can increase as complex technologies are

integrated into team-based workflows, and when compared to paper

documentation, there is a steep learning curve for their effective use.

A few studies identified in this review have used advanced training

as a mechanism to improve the skill discrepancies that are essential

for technology-user satisfaction. Comprehensive training is a gener-

ally applicable strategy for mitigating technology-related stress, and

early deployment may offset anxiety that exacerbates burnout.

Training gaps have been noted in the informatics literature, but have

yet to be consistently addressed in practice.101,102

Optimization of HIT, namely EHRs, demonstrated burnout im-

provement (albeit, some only qualitatively) in all studies identified

in this review,10,49,56,62,64,67 whereas the adoption and/or implemen-

tation of EHRs generally had no effect or worsened burnout out-

comes.14,20,22,35,44,66,75,93 However, adoption of multiple

technologies with interoperability65 and the use of EHR-integrated

communication56 were all effective interventions to increase job sat-

isfaction. Furthermore, based on the evidence obtained from agile

methodologies to standardize documentation, there are strong justi-

fications for organizations to tailor EHR usability for precise use

cases.67 Counterarguments suggest that EHR optimization will not

be sufficient as the documentation burden for regulatory purposes

(eg, billing and reimbursement) is the primary driver of US dissatis-

faction with EHRs.100 In consideration with value-based care initia-

tives, US regulatory changes could potentially lessen the

documentation burden by nearly 4-fold.100

Until the arrival of policy reform, practical and effective work-

flow interventions should be leveraged to reduce excessive data en-

try by the physician. For example, documentation efforts can be

shifted from physicians to other members of a care team, which

could subsequently improve efficiency. A large body of evidence

identified from this review leveraged team-based care, primarily

where scribes or medical assistants were added to care teams to doc-

ument patient encounters in real-time under physician supervision.

Expansion of care teams to include scribes has improved efficiency,

productivity, quality of patient interactions, and physician satisfac-

tion along with increased revenue and patient satisfaction.43,86 Of-

ten coupled with expanded care teams to share documentation

tasks, QI initiatives or “lean” methodologies were executed to im-

prove productivity and workflow efficiency related to technologies,

improving burnout and/or its proxy measures. The highest-quality

study from this category observed a significant reduction in physi-

cian burnout following the implementation of QI initiatives that re-

lated to routine preventive screening processes and medication

reconciliation for chronic disease management.59 Notably, burnout

was more likely to improve when workflow redesign was part of a

QI project where physicians’ concerns were targeted.

An additional burden of the digital environment is the vast

amount of information (eg, clerical, medical care, and communica-

tion) that physicians are required to handle effectively. Studies that

leveraged the expansion of the care team, including scribes, could

successfully manage and monitor inbox-related communication in-

cluding patient portals, and refills and results management. Limited

evidence was identified whereby advancements in artificial intelli-

gence (AI), including machine learning, augmented the physician’s

management of electronically generated information. Only four

studies leveraged clinical decision support and speech recognition

algorithms to augment the user and the tool’s performance.22,49,62,75

These studies had mixed results on burnout improvement, but im-

proved perceptions of workload22 and decreased cognitive work-

load.62 Since information overload is a ubiquitous challenge created

by digital tool adoption, this study identifies a clear gap in evalua-

tion of AI solutions—moving beyond accuracy to ascertain what im-

pact, if any, they have on physician workflow, productivity, and

burnout.

This study identified a large gap in informatics studies that assess

the impact of advanced technologies on physician burnout. Ad-

vanced technology applications can support deeper insights, opti-

mized processes, and increased engagement, which can enable

greater scale and agility, improving healthcare delivery systems that

put the right information, in the right hands, at the right time, with

less stress on the care team. With the improved user-centered design

by physicians, technology could become an additional member of

the care team. Opportunities for automation exist to utilize digital

scribing, an automated clinical documentation system that can cap-

Figure 3. Proportions of interventions with a positive impact on burnout, stratified by intervention type and quality of evidence.
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ture and notate information from the patient–physician clinical

encounter;103 further integration and implementation of clinical de-

cision support systems to provide information retrieval, evidence-

based knowledge, summarizations, and recommendations; the utili-

zation of chatbots, embodied conversational agents, or other virtual

assistants to aid task management. In addition to advanced analyt-

ics, organizations can further improve interoperability at an opera-

tional level with application programming interfaces (APIs) and

blockchain, as health data interoperability remains a problem. There

remain challenges in patient information exchange between EHRs

which further exacerbate physicians’ struggles with data

management.

Strengths and limitations
This systematic review has several strengths. First, this study

includes a recently updated systematic review of workplace interven-

tions to tackle burnout with the first focused analysis of burnout

specifically related to digital technologies. Secondly, an exhaustive

literature search was conducted, including grey literature evaluation,

that prioritized sensitivity over specificity. In this update spanning

October 2018 to–June 2020, an additional 4173 articles were identi-

fied by our search query indicating the increased relevance and pri-

oritization of this topic with 31 newly included studies. Thirdly, the

limited evidence from the subset of literature identified gaps in ade-

quately designed and reported studies to examine digital tool usabil-

ity and its effect on physician burnout. Lastly, the findings from this

systematic review support recommendations by the National Acad-

emy of Medicine, including the reduction of administration burden

and technology optimization, for system-wide actions to reduce cli-

nician burnout.104

The results of this systematic review should be interpreted in the

context of its limitations. Due to study heterogeneity, it is not possi-

ble to provide an assessment of comparative effectiveness across or

among interventions (ie, meta-analysis was not possible), and the

Oxford Levels of Evidence appraisal tool was used to compare the

quality of the evidence provided within a wide variety of study

designs. This study only addressed the interventions for burnout on

physicians, while digital technologies also contribute to additional

work and stress for a wide variety of clinicians, such as nurses and

pharmacists. The volume of evidence identified was substantial for

physicians alone, and it is likely that mitigation strategies for other

healthcare personnel with different work tasks and workflows will

vary significantly. This study examined the impact of organization-

directed workplace interventions on physician burnout, but it also

be must acknowledged that those physicians may be receiving con-

current individualized burnout reduction interventions. Notably, a

minority of the studies targeted trainees and most (5 of

7)17,41,53,56,57 interventions were successful;17,41,53,56,57,62,75 how-

ever, these populations may have different needs to reduce burnout.

Most studies were conducted in US primary care settings, which lim-

its generalizability across specialties and globally. Additionally,

most studies were of low quality with short duration of follow-up

limiting the credibility of the evidence. In this revised protocol to in-

clude a subgroup analysis, more details were abstracted and, as a re-

sult, some of the 4Ts categorizations changed from the original

study such that there were some instances where single categoriza-

tions changed to multiple in this update (eg, Contratto, 2016).29

Eleven of the studies included in the subgroup analysis were confer-

ence abstracts and abstraction details were limited. When assessing

the impact of the interventions, only 12 studies with statistical

results should be used to compile summation of meaningful positive

burnout outcomes—most studies did not conduct statistical analyses

or only provided qualitative findings. Many lean methodologies

were identified to examine the digital environment efficiency and

impact on workflows, but few captured relevant burnout outcomes

to meet inclusion criteria.

CONCLUSION

Interventions designed to optimize technologies, training, and work-

flows may shift physician burnout to resilience. Factors that contrib-

ute significantly to the burden of the digital environment in

healthcare include clinical specialty, practice setting, requirements

for compliance and reimbursement, and how physicians spend their

time. EHR optimization is an effective strategy for mitigating physi-

cian burnout, but EHR implementations alone do not improve and

may worsen burnout. Comprehensive and appropriately timed train-

ing can reduce the stress associated with the introduction of new

technologies, including EHRs, but often is not provided. Improve-

ments to address burnout also need to need to consider the larger

ecosystem including the organization, the marketplace, and regula-

tory policies. Workflow redesign and lean methodologies can also

be leveraged to reduce the time physicians spend using digital tools

and to shift these responsibilities to other care team members. These

interventions can improve efficiency and job satisfaction. This study

has identified several strategies that can mitigate burnout for physi-

cians; additional research is needed to address the impact of digital

tools for other types of clinicians in healthcare settings.

This study is an updated systematic review and subgroup analy-

sis of a previously published systematic review.10 From top to bot-

tom description, the primary inclusion criteria required: 1) the study

to provide examination of licensed physicians at any career level (eg,

trainees and attendings), field (eg, primary, secondary, or mixed)

and practice setting (eg, private, academic, government), and 2)

study outcomes had to report at least 1 burnout or burnout-proxy

measure. Burnout included overall burnout, emotional exhaustion,

cynicism, depersonalization, and lack of personal accomplishment.

Burnout-proxy measures included satisfaction (eg, physician satis-

faction, job satisfaction, joy of practice, and well-being) and stress

(eg, general stress, psychological strain, and job distress). Studies

had to provide comparisons with no interventions, whereby inter-

ventions were limited to organization-directed interventions that re-

lated to work, the workplace, or workflow and were categorized

into 1 or multiple categories of the 4Ts framework: technology,

time, teamwork, and transitions. Technology referred to the imple-

mentation or improvement of health information technology,

namely EHRs. Time studies involved duty hour restrictions and

changes to work schedules or use of time on duty (eg, a program for

mindfulness during on-duty time). Teamwork regarded the exami-

nation of care team processes and the addition of scribes to the

team. Transitions included process improvements and quality initia-

tives. To identify studies that targeted electronic tool burden and/or

its workflow inefficiencies, a subgroup analysis of the identified 4Ts

interventions was conducted. The objective of this subgroup analysis

was to determine successful interventions that lessened (ie, reduce

burnout, improve satisfaction, or decrease stress for physicians) the

burden of the digital environment.

Disposition of articles identified from database search queries,

the grey literature, and hand searches of included studies, including

tracking of articles through the screening phases with reasons pro-

vided for full-text exclusions and number of included studies.

994 Journal of the American Medical Informatics Association, 2021, Vol. 28, No. 5



The size of each bubble represents the number (n) of studies iden-

tified for each 4Ts intervention type—time (light blue), teamwork

(medium blue), transitions (dark blue), and technology (navy). No-

tably, studies were commonly stratified to more than 1 intervention

categorization. The x-axis represents the proportion of studies with

a positive impact on burnout or 1 of its proxy measures of stress

and/or satisfaction. The y-axis represents the proportion of studies

designated as high-quality (IA, IIA, or IIB) by the Oxford Levels of

Evidence.13
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