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ABSTRACT

Background: Burnout is increasingly recognized as a crisis in the medical profession. Resident
physicians are a particularly susceptible group.

Objectives: We aimed to establish the global prevalence of burnout among medical residents.
Secondarily, we used this data to: 1) identify risk and protective factors for burnout, and 2) use
meta-regression to establish whether prevalence of burnout varies by country of training, year of
study, and specialty of practice.

Methodology: We searched Medline, EMBASE, PsycINFO, Cochrane, Web of Science and
ERIC from their inception to August 21, 2018. Reviewers screened 8,505 studies in duplicates,
rendering 197 studies that quantify burnout among resident physicians. Study data were
extracted in duplicate by five investigators. Pooled prevalence was estimated using a random
effects model with restricted maximum-likelihood estimator. A random effects meta-regression
was employed for our secondary analysis.

Results: Our study encompasses data over 30 years among 44,000 residents across 47 countries.
We report a pooled prevalence of 47.3% (95% CI 43.1%; 51.5%). A majority of studies found
depression, stress, and lower job satisfaction to be associated with higher rates of burnout. Our
meta-regression uncovered three novel findings: despite changes in duty hours and a focus on
wellness, the prevalence of burnout has remained unchanged over the past 2 decades. Burnout
varies by region, with residents of European countries experiencing the lowest level. Lastly,
burnout was unaffected by specialty of practice.

Interpretation: Approximately 1 in 2 residents reported experiencing burnout. This prevalence
has not changed over decades and may be modulated by systemic factors.

Registration: Prospero, CRD42018108774
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INTRODUCTION

We are in a critical period within the medical profession as the alarming rates of suicide
brings burnout to the forefront.!3 The effects of burnout are widespread, impacting both
physician wellness and productivity as well as patient health outcomes.?* Burnout is
characterized by physical, emotional, and mental exhaustion, resulting from long term
involvement in emotionally taxing situations.’

In the United States, approximately half of practicing physicians suffer from an episode
of burnout during their career.!:%7 Canadian data reports a slightly lower prevalence;
approximately 30% of the surveyed physicians endorsed burnout.® Residency is a particularly
stressful time; the junior physician is tasked with a tremendous responsibility of consistently
providing high quality care while learning and integrating new skills. Adapting to these job
demands have a direct consequence on one’s emotional and intellectual reserve, and ability to
establish a healthy home-work interface.’ Prevalence of burnout among resident physicians vary
extensively from 3 to 88 percent, but there is no existing systematic investigation of burnout in
this group.”-1?

The objective of our study was two-fold; our main aim was to establish the prevalence of
burnout among medical residents based on a meta-analysis of global literature. Secondarily, we
used the extracted data to: 1) explore which commonly studied factors, such as age, sex, and
marital status, increase risk for burnout, and 2) use meta-regression to understand whether
country of training, year of study, and specialty of training were associated with burnout as these
factors may explain heterogeneity in the prevalence of burnout.

METHODS

Data Sources and Searches

The search strategy was developed and conducted by a health research librarian (L.B.) at
McMaster University. We searched Medline, EMBASE, PsycINFO, Cochrane, Web of Science
and ERIC (Education Resources Information Center) from their inception to August 21, 2018.
The search encompassed terms used to refer to residents worldwide (e.g., intern, junior
physician, house officer, et cetera), burnout and its components (emotional exhaustion, physical
exhaustion, depersonalization, cynicism), and the setting (medical, hospital, clinical). The
reference lists of reviews identified were searched for relevant articles. No restrictions on
geography or date were applied. However, we limited our search to studies published in English.
The full search strategy is provided in Supplementary Table 1.

Study Selection

All studies measuring burnout among residents were included regardless of country of
training, specialty, year of training, or setting. We accepted the definition of burnout as used in
the study, recognizing that it is measured and defined variably across the literature. We included
studies that either reported or provided data necessary to quantify burnout such as through the
prevalence of burnout, residents’ scores on a burnout scale or their classifications into percentiles
based on score. Studies investigating doctors of osteopath were excluded, as were case studies,
dissertations, and opinion papers. All titles, abstracts, and full-text articles were evaluated for
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eligibility in duplicate by five reviewers using the Covidence software.!! Any discrepancies were
discussed and resolved by an independent reviewer when necessary. In addition, we reviewed the
reference list of each identified study. Supplementary Figure 1 outlines the selection of articles.

Data Extraction and Quality Assessment

From each study, we extracted study characteristics, participant demographics, definition
and measurement of burnout, burnout rates, and factors associated with burnout. Definitions for
the following extracted associated factors were accepted as they were reported by study authors:
depression, job satisfaction, and income satisfaction. As before, data was independently
extracted in duplicate and discrepancies were resolved by an independent reviewer. There is a
lack of a validated tool to assess risk of bias in cross sectional studies prohibiting us from doing
so systematically. However, using the general framework of well-established tools the same
reviewers also independently rated the quality of included studies in duplicate based on
representativeness of the sample, sample size, ascertainment of outcome and reporting of
findings.

Statistical Analyses
Primary Analysis

A pooled prevalence was calculated using a random effects model with a restricted
maximum-likelihood estimator. We used raw proportions without transforming the data based on
recommendations by Lipsey and Wilson since a vast majority of our proportions were between
0.2 and 0.8.'? The meta-analysis was conducted in R using the metafor package.'3

As we anticipated systematic differences between the results of studies (heterogeneity),
we report both the tau? values of heterogeneity and calculated I2. We sought to understand
whether prevalence of burnout changed depending on the tool used to ascertain the prevalence.
Therefore, we conducted a meta-regression analysis with the use of MBI, a validated tool, as a
categorical moderator variable (yes vs no). We hypothesized that since use of MBI decreases
heterogeneity in how burnout is defined, it will be a significant predictor in our meta-
regression.!4!3 If found to be a significant variable, we intended to adjust all additional analyses
for the use of MBI.

We conducted a subgroup analysis of only North American studies to establish a pooled
estimate of burnout among North American residents. As before, we employed a random effects
model to pool data.

Secondary Analysis

We conducted two secondary analyses. First, we extracted data on reported risk and
protective factors, including age, sex, marital status, depression, level of stress, work hours,
frequency of call shifts, job satisfaction, wage/income satisfaction, family/network support,
sleep, and level of training. We present a descriptive summary of associations found for these
factors in the literature. Second, we employed meta-regression to explore factors that may
explain variation in burnout; specifically, we studied the year burnout data was collected
(continuous variable), the region (categorical variable), and program of residency (medicine vs
surgery). We first categorized regions as continents, but as only a handful of studies were
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conducted in Africa, Asia, Australia, Middle East, and South America, we collapsed these
regions into one and compared them against Europe and North America, which were
appropriately powered. We used the Comprehensive Meta-Analysis software (version 3) to
conduct our analysis. A random effects model was used to conduct the meta-regression. Due to
the post-hoc nature of this analysis, we did not take a significant finding to be definitive, but
rather to promote a direction for future research.

We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) reporting guidelines.?”

RESULTS

Study characteristics

Upon completion of screening, 197 of the 8,505 studies published between 1987 and
2018 met our eligibility criteria. These studies represent data from over 44,000 residents across
47 countries; a large proportion of studies (82/197), notably, were conducted in the United
States. Residents included were from a variety of programs and at different levels of training. An
overall proportion of burnout was reported in 114 studies. Four of these 114 studies report
burnout in two separate populations of residents rendering 118 datasets eligible for our meta-
analysis (Table 1).

Measurement of burnout

Among the studies included in our review, burnout was measured using a variety of tools,
detailed in Supplementary Table 2. The most commonly utilized tool is the MBI (138 of 197
studies), in which burnout is assessed in the context of EE, DP, and PA. This is a 22-item self-
administered questionnaire whereby respondents are asked to rank their responses on a 7-point
Likert scale (ranging from 0 to 6, or less commonly, 1-7). While the MBI was initially created to
assess burnout on a continuum, it has commonly been adapted to dichotomize burnout.'?
However, there is a lack of standardization regarding which of the three dimensions are
necessary to constitute burnout or specific cut-off values for each of these dimensions.? For
instance, amongst the 138 studies that used MBI, 83 studies reported an overall proportion of
residents experiencing burnout. These studies defined burnout using 9 different definitions, with
the most common one being a high score in either EE or DP (N=42/83). Five of 83 studies did
not report how overall burnout was determined. The cutoff values for the individual dimensions
also varied, as described in Supplementary Table 2. For instance, six different cut offs were used
to define high EE, meanwhile 24 of 83 studies did not report a cutoff.

Twenty-nine of 197 studies utilized a modified single-item version of the MBI to
measure burnout.'® Thirty-one of 197 studies used a different tool altogether as described in
Supplementary Table 2. This lack of an established quantitative definition for burnout likely
contributes to heterogeneity in prevalence estimates; as such, the pooled results are crude
estimates and should be interpreted with caution.

Pooled prevalence of burnout
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Global: Overall, 31,210 residents from 114 studies, consisting of 118 datasets, were
included in our meta-analysis. The pooled random effects estimate of burnout was 47.3% (95%
CI: 43.1%-51.5%) between 2001 and 2017. An analysis of heterogeneity suggests significant
differences among the pooled studies; tau”> was 0.052 (P het < 10716) and I? was 98.56%. A forest
plot of all studies is presented in Figure 1. We then sought to understand whether capturing
burnout in a standardized manner using the MBI would explain heterogeneity in prevalence. We
thus conducted a meta-regression analysis with MBI use as a categorical variable. As expected,
use of MBI to capture burnout significantly explained heterogeneity in the prevalence (meta
regression 3 0.117, 95% CI: 0.027;0.207, P = 0.01). We therefore adjusted our future analyses
for use of MBI

North America: We aimed to estimate prevalence of burnout among Canadian residents,
however only four studies captured burnout among Canadians (n=752), therefore, we assessed all
North American studies together. Sixty studies captured North American data; the pooled
random effects estimate of burnout among North American residents was 51.2% (95% CI: 45.9,
56.6). We further explored regional variation in burnout globally, results of this analysis are
presented below.

Risk and protective factors

We aimed to study the following factors and their role on burnout: age, sex, marital
status, depression, level of stress, work hours, frequency of call shifts, job satisfaction,
wage/income satisfaction, family/network support, sleep, and level of training. However, due to
heterogeneity in how these factors are studied and reported in literature, we were unable to pool
results but rather present a descriptive analysis of our findings (Figure 2). In brief, we found that
a majority of studies did not find a significant association between age, sex, relationship status,
and level of training, with burnout. On the other hand, depression, stress, and lower job
satisfaction were commonly associated with higher rates of burnout in the literature.
Additionally, while 28/58 studies investigating the association between work hours and burnout
found a positive association, 30/58 studies concluded otherwise. Similarly, only 7/23 studies
found that burnout was positively and significantly associated with more call shifts.

Meta-regression

Year of study: We undertook a meta-regression of burnout with the year in which a study
was conducted to evaluate whether heterogeneity in the prevalence of burnout was explained by
time, i.e. whether burnout changed over time. Data for this analysis were available for 100
studies; 14 did not report the year of survey. Our analysis, adjusted for MBI use, found that year
of study was not a significant moderator of burnout (estimate of meta regression 3 0.002, 95%
CI: -0.009;0.013, P=0.717). Burnout prevalence over the years is presented in Figure 3.

Medical versus Surgical training: We additionally investigated whether prevalence of
burnout was impacted by specialty; specifically, we were interested in understanding whether
medical residents experienced lower burnout rates compared to surgical residents. Data were
available for 82 studies. Our meta-regression analysis, adjusted for MBI use, showed no
evidence that specialty of training was associated with burnout prevalence (estimate of meta
regression 3 -0.005, 95% CI: -0.110;0.099, P = 0.924).
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Geographic region: We anticipated that geographic region of study would be an
important predictor of burnout prevalence. We first categorized regions by continents (Europe,
Africa, Asia, Middle East/North Africa, North America, South America, and Australia/New
Zealand), however, a vast majority of these regions included only a few studies, therefore we
collapsed Africa, Asia, Australia, Middle East, and South America in to one category, and
conducted an analysis with region as a three category variable (North America, Europe, and Rest
of the World). Data from all 118 datasets were available for this analysis. Figure 4 illustrates
burnout prevalence by region. Our analysis, adjusted for MBI use, found that region was a
significant predictor of variation in burnout prevalence (estimate of meta regression P = 0.0002).
The prevalence of burnout among European residents was 30.8%. By contrast, 51.2% of North
American residents experienced burnout. Table 2 present the results of our meta-analysis of
burnout prevalence by region.

Risk of Bias Assessment

Many of the included studies had methodological flaws limiting the reliability of their
findings. Specifically, only 30% (60/197) of studies included a consecutive or obviously
representative sample of residents, and 10% (19/197) of studies justified their sample size using
a sample size calculation. Additionally, only 25% (50/197) of studies compared respondents’
characteristics to those of non-respondents or had a satisfactory response rate of greater than
80%. While 98% (193/197) of studies used a well-described validated tool to measure burnout,
this is of doubtful significance given the heterogeneity in interpreting the tool and establishing
cutoff values highlighted above. Forty-five percent of studies (88/197) appropriately reported on
descriptive statistics to describe the population with proper measures of dispersion. Lastly, 49%
(97/197) of studies provided adequate statistics to describe burnout with proper measures of
dispersion.

INTEPRETATION

Our study encompasses data collected over 30 years among 44,000 resident physicians
across 47 countries. We report a global pooled estimate of burnout of 47.3%. Our assessment of
the literature reveals that contrary to common belief, the majority of literature does not support
an association between relationship status, work hours, or level of training with burnout. We
report three novel findings: we found that there is significant variation in burnout around the
world, with North American residents experiencing more burnout than Europeans. Second, the
prevalence of burnout has not changed over time. And lastly, we found that medical and surgical
residents experience similar levels of burnout. We outline below how these key findings will
assist policy makers in targeting future interventions for mitigating burnout.

Residency programs, over the past decades, have introduced policies to circumvent
burnout by limiting work hours, on-call responsibilities, and instituting wellness programs.
However, our data shows that the prevalence has not significantly changed over the last two
decades.?® This is consistent with the equivocal findings of a recent systematic review.?! These
results call to light the probability that additional, yet not understood, causes exist for burnout.
Further results of our analysis, instead, sheds light on these unknown causes. Our meta-
regression showed that prevalence of burnout varied significantly by region of the world.
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Amongst North American and European residents, the two most studied populations, there exists
a stark difference in the rates of burnout. While there is a paucity of research comparing health
care systems between these regions, a study of general workplace trends finds that factors such
as more involved unions and longer paid vacations, among other such social policies, contribute
to overall improved work-life balance and less burnout.?? It is possible that our findings may be
biased by methodological considerations such as the fact that MBI may be filled out in a
different manner across cultures contributing to the variation between regions; our findings are
nonetheless novel and warrant future research to identify differences in the training culture and
environment between regions that may explain our results. In fact, several studies support this
hypothesis; a systematic review by Panagioti ef al., evaluating strategies to mitigate burnout
suggested the need for organizational level change.*

The need for systemic change is further emphasized by our finding that specialty of
training does not affect burnout rates. This finding should support alliance of efforts, both policy
and research, by medical and surgical training programs for a crisis that affects all residents
equally. Ultimately, our study highlights that we do not yet have a grasp on what factors cause
burnout among physicians; it is critical that we amend research efforts to better understand
burnout so that appropriate interventions can be developed to alleviate this crisis.

Strengths and Limitations

Our large systematic review evaluates burnout among resident physicians on a global
scale; we employed broad search terms to capture data from a sample of 44,000 residents across
47 countries. The comprehensiveness of our data make our results generalizable and provides a
solid platform on which additional data can be added to make more robust conclusions. Our
results also propose a clear novel direction of research; our study suggests that the key to
mitigating burnout may lie in systemic changes that can be uncovered by studying regional
variation in the medical culture.

There are multiple limitations to our study. First, there is significant heterogeneity in the
measurement of burnout, subsequently leading to pooled estimates that are less reliable. It is
worth noting that use of MBI to define burnout explained some heterogeneity and we
subsequently adjusted our meta-regression accordingly to ensure robustness of our findings. We
nonetheless encourage readers to assess the results critically. The bias resulting from substantial
heterogeneity is a limitation that exists in literature and highlights the need for standardized
measurement of burnout.

Conclusions

We present data on the epidemic of resident physician burnout affecting 1 in 2 residents
worldwide. Despite its significant impact, there remains a lack of consensus surrounding the
definition and measurement of burnout and interventions have thus far been largely
inconsequential since burnout prevalence appears unchanged over the last few decades. We
provide a novel and more comprehensive characterization of burnout within our profession and a
new direction for future research.
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Table 1 Characteristics of the 114 studies include in the meta-analysis

. . Year of  [Experiencing Tool used to
[
/Author Country N Residents Males (%) Specialty Survey Burnout (%) Measure Burnout
Abdulrahman et al, 20182 [Onited Arab 5, 63 (21.0) Multiple 2016 70.20% MBI
Emirates
Agha et al, 201510 Saudi Arabia 96 64 (67) Multiple INS 88.54% MBI
Aksoy et al, 2014 Turkey 28 10 (47) Pediatrics INS 27.27% MBI
IAksoy et al, 20142 Turkey 38 16 (47) Internal Medicine [NS 33.33% MBI
Al-Ma'mari et al, 20162 Canada 143 19 (13.0) Obstetrics and —\q 73.70% MBI
Gynecology
Aldrees et al, 201326 Saudi Arabia  [159 INR Multiple 2010 36.00% MBI
Aldrees et al, 2015%7 Saudi Arabia 85 57 (67) Otolaryngology 2013 45.00% MBI
Aldrees et al, 20177 Saudi Arabia 38 28 (74) Plastic Surgery 2015 47.00% MBI
Arora et al, 20142 Australia 51 NR Orthopedic 2012 53.00% MBI
Surgery
/Ashkar et al, 201030 Lebanon 155 86 (55.5) Multiple 2008 80.00% MBI
Attenello et al, 20183! USA 346 270 (78.0) Neurosurgery 2015 67.00% MBI
Becker et al, 2006 USA 118 25 (20.8) Obstetrics and 1, ) 21.00% MBI
Gynecology
Billings et al, 201133 USA 284 131 (46.0) Internal Medicine %8(1)3 to 45.00% MBI
Blanchard et al, 2010'> [France 204 82 (40.0) Oncology 2009 44.00% MBI
Bogg et al, 20013 England 56 INR Multiple INS 25.00% MBI
Braun et al, 20173 USA 32 25 (79) Internal Medicine [2014 50.00% MBI
Campbell et al, 201036 USA 36 44 (51) Internal Medicine ;88; to 67.00% MBI
Castelo-Branco et al, 2007  [Spain 109 15 (14.0) Obstetrics and ) 58.00% MBI
Gynecology
Chaput et al, 20153® France 52 26 (50) Plastic surgery 2013 28.80% MBI
Chati et al, 2017% France 251 144 (57.5) General Surgery [2013 52.00% MBI
Chaukos et al, 201740 USA 54 21 (40) Internal Medicine [NS 31.00% MBI
Chaukos et al, 20174 USA 14 6 (40) Psychiatry INS 14.00% MBI
Cofer et al, 20184! USA 40 27 (68) General Surgery 2016 25.00% MBI
Cubero et al, 2016 Brazil 54 29 (54) Oncology 2010 76.00% MBI
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De Andrade et al, 20164 Brazil 32 7 (22) Pediatrics 2009 18.80% MBI
Dominguez et al, 20184 Colombia 202 129 (69.3) INR 2015 33.20% MBI
Dyrbye et al, 201445 USA 1701 827 (48.6) Multiple 2012 60.30% MBI
Elmore et al, 20164 USA 665 375 (56.4) General Surgery 2014 69.00% MBI
[Embriaco et al, 200747 [France 372 INR INR 2004 42.70% MBI
Fahrenkopf et al, 2008 USA 123 37 (30.0) INR 2003 75.00% MBI
Galam et al, 20134 [France 4050 1268 (31.3) General Practice 2011 24.10% MBI
Garza et al, 200450 USA 136 39 (29.9) Obstetrics and 18.00% MBI
Gynecology
Goitein et al, 2005°! USA 118 56 (47.5) Internal Medicine 2004 68.00% MBI
Golub et al, 2007%2 USA 514 406 (79.0) Otolaryngology  [2005 10.00% MBI
Gopal et al, 20055 USA 121 58 (48.0) Internal Medicine 2003 61.00% MBI
Gopal et al, 2007°* USA 106 45 (42.5) Internal medicine [2004 55.00% MBI
Gouveia et al, 201733 Brazil 129 62 (48.0) Multiple 2015 27.90% MBI
Govardhan et al, 201256 USA 49 4 (9) Obstetrics and 1,5 13.00% MBI
Gynecology
. . . 2014 to

Goveia et al, 20187 Brazil 37 INR IAnesthesia 015 2.70% MBI
Hameed et al, 20187 Saudi Arabia 181 75 (41.4) Multiple ;8}2 to 80.70% MBI
Hill et al, 200938 USA 22 INR Otolaryngology  [2006 31.82% MBI
Holmes et al, 2017>° USA 276 97 (35.0) Multiple 2014 69.00% MBI
Jamjoom et al, 2018 Saudi Arabia |32 2 (6) Pediatrics 2016 70.00% MBI
Joaquim et al, 2018%! Portugal 115 30 (26.3) Oncology 2011 45.20% MBI
Krug et al, 201762 USA 112 47 (42.0) Internal Medicine 2012 61.00% MBI
Kwah et al, 2016% USA 32 INR Internal Medicine 2012 75.00% MBI
Landrigan et al, 20086+ USA 213 62 (29.3) Pediatrics ;882 & 75.40% MBI
Landri 6 o 2003 & o

andrigan et al, 2008 USA 213 78 (31.7) Pediatrics 004 57.00% MBI
Lee et al, 2018% Singapore 446 208 (46.6) Multiple 2015 80.70% MBI
Leung et al, 20175 ng{;ﬁga New 107 53 (50.0) Oncology 2015 49.50% MBI
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2

i Levin et al, 201767 USA 354 182 (51.4) Neurology 2016 67.20% MBI
5 Lin et al, 2016 USA 73 42 (58) General Surgery gg}i to 82.00% MBI
3 Lindeman et al, 2013%° USA 30 21 (70) General Surgery [2011 93.00% MBI
8 Lindeman et al, 2013%° USA 36 24 (67) General Surgery 2012 75.00% MBI
9 Lindeman et al, 20177 USA 88 46 (52) General Surgery 2016 51.00% MBI
1? Llera et al, 20147 |Argentina 92 28 (30) Multiple 2011 19.60% MBI
12 Malik et al, 20167 Pakistan 133 98 (73.7) Multiple INS 57.90% MBI
13 Martini et al, 200473 USA 110 INR Multiple 2003 49.00% MBI
1;‘ Martini et al, 20067+ USA 118 NR Multiple 2004 41.00% MBI
16 Mohammed et al, 201473 Egypt 84 46 (55) Multiple 2012 76.00% MBI
17 Msaouel et al, 201076 Greece 311 172 (55.3) Multiple INR 49.50% MBI
18 Nolan et al, 201777 Canada 166 43 (26.0) Pediatrics 2014 42.00% MBI
;g O'Connor et al, 201778 Ireland 172 75 (43.6) Multiple 2015 69.50% MBI
21 Olson et al, 20147 USA 76 40 (53) Internal Medicine 2012 53.90% MBI
22 Olson et al, 201530 USA 45 16 (36) Pediatrics 2014 40.00% MBI
;i Pantaleoni et al, 2014%! USA 61 NR Pediatrics 2011 46.00% MBI
25 Ramey et al, 201732 USA 205 141 (68.8) Oncology 2016 33.20% MBI
26 Ripp et al, 201083 USA 145 73 (50.3) Internal Medicine 2007 34.00% MBI
;2 Ripp et al, 20118 USA 191 126 (66.0) Internal Medicine {2009 81.00% MBI
29 Ripp et al, 2015% USA 133 77 (58.0) Internal Medicine 2012 75.00% MBI
30 Rosen et al, 200686 USA 47 23 (49) Internal Medicine 2003 55.30% MBI
31 Sajjadi et al, 201757 Canada 43 19 (45) ™M 2014 21.00% MBI
§§ Sargent et al, 200988 USA 384 338 (88.0) glﬁg‘;f;dlc NR 56.00% MBI
gg Shanafelt et al, 2002%° USA 115 54 (47.0) Internal Medicine {2001 76.00% MBI
36 Siu et al, 2012% IHong Kong 77 INR INR 2009 48.00% MBI
37 Spataro et al, 2016°! USA 198 102 (51.0) Internal Medicine 2014 22.00% MBI
38 Sulaiman et al, 2017 Ireland 265 140 (52.8) Multiple NS 26.40% MBI
ig Toral-Villanueva et al, 20093 [Mexico 312 177 (57.0) Multiple 2003 40.00% MBI
41 'Waldman et al, 2009%* IArgentina 106 70 (66.0) Cardiology 2007 30.20% MBI
42

43

44
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(n=17), UK

Willcock et al, 2004 |Australia 110 70 (56.0) Psychiatry 2001 54.00% MBI
Williford et al, 2018°¢ USA 76 INR General Surgery 2017 75.00% MBI
Zis et al, 2014° Greece 263 141 (53.6) Multiple 2012 14.40% MBI
Zis et al, 2015%7 Greece 116 52 (44.8) Neurology 2014 18.10% MBI
Talih ct al, 2016% Lebanon 118 62 (53.0) Multiple 2013 27.00% Burnout Measure
(modified)
Pereira-Lima et al, 2015%  [Brazil 305 159 (52.1) Multiple NR 58.36% Burnout Syndrome
Inventory
See et al, 2016!% Singapore 64 NR Internal Medicine [2013 71.80% Copenhagen
Burnout Inventory
Jovanovic et al, 2016191 Europe 1980 304 (40.6) Psychiatry ;8(1)2 to 36.70% MBI-GS
Miyoshi et al, 2016102 Japan 35 47 (55) INR 2013 30.59% MBI-GS
Torppa et al, 2015103 Finland 07 NR General Practice 2011 16.50% ?t’i‘r’g)‘ﬁed MBI (
De Oliveira Jr et al, 20131%  |USA 1417 808 (57.0) Anesthesia NR 41.00% Modified MBI (12
questions)
Ruitenburng ct al, 201219 |Netherlands 181 76 (42.0) Multiple 2009 7.00% mﬁ?ed MBI (13
Ringrose et al, 20091% Netherlands 47 D3 (49) Multiple h007 31.00% ft’;’;‘ged MBI (15
Modified MBI (2
. Single Item
107 0
McNeeley et al, 2013 USA 249 182 (73.0) Radiology 2012 62.00% Measures, & PA (5
items))
Modified MBI (2
. . Single Item
108 0
Porrino et al, 2017 USA 58 48 (83) Radiology 2016 87.90% Measures, & PA (5
items))
Modified MBI (2-
Baer et al, 20170 USA 258 54 (21.1) Pediatrics 2013 39.10% Single Item
Measures of EE
and DP)
Mordant et al, 2014110 ltaly (n=34),  [155 103 (66.5) Multiple 2010 24.80% Modified MBI (2-
Netherlands Single Item
(n=22), France Measures of EE
(n=22), Belgium and DP)
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1
2
3 (n=14), Austria
4 (n=7), Portugal
5 (n=5), Poland
6 (n=4), Spain
/ (n=4), Slovenia
8 (n=4), Germany
9 (n=3), Lithuania
10 (n=3), Greece
1 (n=2), Ukraine
12 (n=2), Ireland
13 (n=2), Bulgaria
14 (n=2), Other
15 (n=22)
16 Modified MBI (2-
17 Shanafelt et al, 2014!"! USA 1345 710 (52.8) Oncology 2014 34.10% Single Item
18 Measures of EE
19 and DP)
20 Modified MBI (2-
21 Simpkin et al, 2018112 US and Canada 149 15 (30) Pediatrics 2015 31.00% Single Item
2 Measures of EE
23 and DP)
24 Modified MBI (2-
25 Trockel et al, 2018'13 USA 185 NR Multiple NS 50.00% Single Item
2 Measures of EE
° and DP)
;Z; Modified MBI (2-
29 van Vendelo et al, 2014!14 Netherlands 105 83 (79.0) Orthopedic 2011 27.60% Single Item
Surgery Measures of EE
gO and DP)
1 .
32 Prins et al, 200715 The Netherlands 158 76 (48.0) Multiple 2003 13.00% i/::(r)r(ll;?ed MBHEO
33 -
34 Prins et al, 2010 The Netherlands 2115 820 (38.8) Multiple 2005 21.00% féﬁ)ﬁ MBI
35 -
36 van der Wal et al, 2016'"" Netherlands 141 53 (37.6) /Anesthesia 2012 11.30% ?t/gr)r(llgled MBI (20
37 ,
38 van Vendeloo et al, 2018'"®  Netherlands 1231 325 (26.4) Multiple 2015 15.00% ?t/:;(r):llgled MBHED
39 ;
40 van Vendeloo et al, 2018  [Belgium 236 96 (40.7) Multiple 2016 41.50% ?t/gr):;)ﬁed MBI (20
41
42
43
44
45 For Peer Review Only
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Block et al, 2013120 USA 55 29 (53) Internal Medicine [2011 76.00% ?t’i‘r’ggled MBI (6

Lebares et al, 2018!2! USA 566 277 (49.0) General Surgery 2016 08.95% ?t/::(r)r(lisi?ed MBLO

Shakir et al, 2017122 USA 255 205 (80.4) Neurosurgery 2016 36.50% ﬁi(r)r(llgled e
Professional

Huggard et al, 2011'23 New Zealand  [253 104 (41.1) Multiple INR 19.50% Quality of Life
Index Version 3
Professional

Low et al, 201824 Singapore 43 18 (43) Multiple 2015 34.88% Quality of Life
Scale

Australia, New Professional

Markwell et al, 2009'2° Zealand 914 402 (44.0) Multiple 2008 69.00% Quality of Life
Scale

Cooke et al, 2013126 Australia 128 NR General Practice 2010 14.00% Single item
measure

Kealy et al, 2016'27 Canada 400 123 (30.8) Psychiatry 2014 D1.00% Single item
measurc

Lambden et al, 201812 USA 72 NR Multiple 2017 [53.50% Single item
measure

Leach et al, 201812 USA 43 27 (63) General Surgery 2017 [30.20% Single item
measure

Raviola et al, 2002130 Kenya 50 INR Multiple INS 32.00% Single item
measure

Robertson et al, 2017'3! USA 340 143 (42.0) Multiple 2015 34.00% Single item
measure

Schweitzer, 1994132 South Africa 36 INR INR INR 55.50% Single item
measure
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1
2
i Table 2 Meta regression of burnout prevalence with region
5 : : - . .
6 Region n residents N studies Estimate of  coefficient (95%
7 Ch**
8 Europe 12,782 24 Reference
?O Africa 86 2 0.20 (0.10-0.30)
1" Asia 914 8
12 Australia & New | 1,563 6
13 Zealand
14 Middle East & 1,250 10
15 North Africa
:? South America 957 8
18 North America 14,004 60 0.18 (0.09-0.28)
19 * Meta-analysed estimates for each region
20 ** B coefficients are calculated using meta-regression with Europe as the reference group
21
22 Figure 1 Forest plot of studies included in the meta-analysis
;i (attached separately)
25 . . . . . .
26 Figure 2 The association between commonly studied factors and burnout in residents
27
28 70
29
2(1) " 60 71 i Studies finding no

2 o
32 _g 50 T association
33 S 40 T
34 °
35 & 30
36 'E i Studies finding factor
37 5 20 1 significantly increases risk
38 Z of burnout
39 10 7 ] [
40 0 -
41 .

S G S L & & L& K Studies finding factor
42 & OQ\?, ‘Q’,@ v \g@oo \\%& & &@‘? @C‘\ @é} 8 X & significantly decreases
43 @‘Q & Qﬁoa & QzQ P %o" 3? & risk of burnout
44 ¢ & @ Q\o‘ O 3 ,@40
] A A8 RS oS & &

45 &\sz; q}‘é ﬁ\é ) &c, .\%\0
46 N NS IR >
48
49
2? Figure 3 Prevalence of burnout by year
52
53
54
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Cumulative Prevalence

Proportion
0.67
0.20
0.82
0.51
0.93
0.75
0.35
0.58
0.69
0.49
0.41
0.62
0.31
0.76
0.25
0.50
0.42
0.70
0.40
0.54
0.46
0.58
0.88
0.21
0.13
0.33
0.82
0.31
0.81
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0.56
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Appendix Table 1: Sample Search Strategy

Database

Search Terms

Yield

EMBASE

1 exp job stress/

2 burnout/

3 stress/ or acute stress/ or emotional stress/ or mental stress/
or role stress/

4 emotional disorder/

5 depersonalization/

6 deperson*.ti,ab,kw.

7  ((emotional* or mental* or physical*) adj2 (fatigue* or
exhaust® or drain* or distress™*)).ti,ab,kw.

8  burnout.ti,ab,kw.

9  (stress* adj2 (psychological or emotional or mental or
professional or job or work or occupational)).ti,ab,kw.

10  compassion fatigue.ti,ab,kw.

11 (cynicism or cynical).ti,ab,kw.

12 exhaustion/ or fatigue/

13 or/1-12

14 residency education/

15 (intern or interns or internship).ti,ab,kw.

16  (resident or residents or residency).ti,ab,kw.

17 housemanship*.ti,ab,kw.

18 house staff.ti,ab,kw.

19  housestaff.ti,ab,kw.

20  ((physician or doctor) adj2 training).ti,ab,kw.

21 (junio?r doctor* or foundation doctor* or house
officer®).ti,ab,kw.

22 or/14-21

23 13 and 22

24 23 not (animals/ not (humans/ and animals/))

25 remove duplicates from 24

5178
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Appendix Table 2: Characteristics of the 197 studies included in systematic review

Tool to Experi
No. of Male Special Year Measu encﬂn Definition
Author Country | Region | Reside | Age | s No. P of re g of
o ty Burno
nts (%) Survey | Burno ut (%) Burnout
ut °
Abdulrah United . .
manetal, | Amb | V& | 302 | NR (26130) Multell 2016 | MBI | 70.20% | EREE T
2018! Emirates ) ©
North .
Afzal et . 67 Multipl
al, 20102 USA AII’;eI‘lC 115 NR (58.0) . 2008 MBI NR NR
. . High EE or
Agha et Saudi ME & 64 Multipl o
al, 20153 Arabia NA 96 NR (67) . NS MBI 88.54% | DP I(ZIrA‘low
Mean
Akdeniz : 74 General
etal, Turkey Asia 174 32.2, (42.4) Practic 2008 MBI NR NR
20114 SD: ’ e
4.5
Mean
Aksoy et . : 10 Pediatri o, | High EE or
al, 20145 Turkey Asia 28 255159.’ (47) cs NS MBI | 27.27% DP
2.0
Mean
: Internal .
Aksoy et . 16 . o, | High EE or
al, 20145 Turkey Asia 38 26.6., (47) Medici NS MBI 33.33% DP
SD: ne
1.5
Oral
Al Atassi North 190 and
etal, USA Americ 238 NR (80.0) Macxillo 2017 MBI NR NR
2018°¢ a ' facial
Surgery
Mean
Al-Dubai : .
ctal, | Malaysia | Asia | 191 | 265, | 4i55) M“;“pl NS | MBI | NR NR
20137 SD: ’
1.6
Mﬁrlr;ari North 19 (i)bsefrelg High EE or
Canada | Americ | 143 NR o NS MBI | 73.70% | DP or low
et al, a (13.0) | Gyneco PA
20168 logy
. . High EE or
Aldreeset | - Saudi =) ME& |59 | g | nr [ MUOPL] 5010 | MBI | 86.00% | DPor low
al, 2013 Arabia NA e PA
Mean Otolary
Aldrees et Saudi ME & : 29, 57 N High EE
al, 20150 | Arabia | NA 8 1 sp: | o7 “g‘;log 2013 | MBI | 45.00% | 4 pp
2.3
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Mean
Aldrees et Saudi ME & 128, 28 Plastic o High EE
al, 2017 Arabia NA 38 SD (74) | Surgery 2015 MBI | 47.00% and DP
1.9
Mean
Aniletal, | pey | Asia |71 | 278, | 24 | Pediamiloog10 | MBI | NR NR
2017 ) (33) cs
SD:
1.7
Modifi
ed MBI
(2-
. North Single
Antielet | yoa | Americ | 156 | NR | 106 | Gemeral b ogn | fem | NR NR
al, 2013 (68.0) | surgery
a Measur
es of
EE and
DP)
Austral
ia& Orthop .
Aroacl | Australia | New | 51 [ NR | NR | edic | 2012 | MBI |s3.00% | TEREEr
’ Zealan Surgery
d
. High EE or
pshkar e | Lebanon | MEE | 155 | NR ( 5§65) MUliPLl 9008 | MBI | 80.00% | DP or low
i ) PA
Attenello North .
etal, USA | Americ | 346 | Nr | 270 | Newos | o515 1 MBr | 67.00% | Hish EEor
201816 a (78.0) | urgery DP
Modifi
ed MBI
Mean (2-
North : L Single .
Bacretal, | yga | Americ | 258 | 204, | % | Pedatl 5013 | hem | 39.100 | HighEEOr
2017 7oL cs DP
a SD: Measur
2.3 es of
EE and
DP)
Mean
Barrack North : 29 Orthop
et al, USA Americ 34 30.5, (85) edic 2005 MBI NR NR
20068 a SD: Surgery
2.6
Mean Obstetr
North . .
Becker et . : 25 ics and o, | High EE +
al, 2006 USA An;erlc 118 293, | (20.8) | Gyneco 2004 MBI 21.00% DP
SD: 3 logy
Beckman North 32 Internal
etal, USA Americ 131 NR 62.7 Medici 2007 MBI NR NR
201020 a (62.7) ne
Beckman North Internal .
et al, USA | Americ | 202 | NR | MO | Medici | 2000 | mBI | ~r | HighEEor
20112 a (57.4) ne DP
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Mean
Belayachi : .
etal, Morocco | Africa | 198 | 203, | 82 | Multipl {55 1 yipp NR NR
20162 sp; | 41| e
3.2
Profess
ional
Bellolio North . Quality
ctal, USA | Americ | 188 | NR (1240) Multiph | g | GfLife | NR >=42
2014% a ' © Scale
Version
5
33.7
(total)
reside
nts
. . (n=39 . Seven
Biaggiet | Switzerlan | p oo | g0 | ), 315 | S0 | MURLE Ha00 | poine | 41.70% | NR
al, 2003 d . (60) e
chief scale
reside
nts
(n=21
):
38.6.
Billings North Internal .
et al, USA | Americ | 284 | NR | Bl | Medici | 20981 | vpr | 45.000 | High EEor
201125 a (46.0) ne 2010 DP
Blanchar .
detal, France | Europe | 204 NR | 82 [ Onmeolo | hh00 | MBL | 44.009 | HighEEor
20102 (40.0) gy Dp
Modifi
North Mean Internal
Blocket | ysa | Americ | 55 | :29, | 22| Medici | 2011 | *“tMBUl 7600% | Ns
al, 2013 a SD: 3 (53) -~ 6
’ items)
High EE,
Bogg et Multipl o high DP
al, 200128 England Europe 56 NR NR o NS MBI 25.00% and low
PA
Bragard .
etal, Belgium | Europe | 102 NR | Nr | Multpl | g MBI NR NR
2010% ©
Mean
Bragard .
. : 28, 28 Multipl | 2002 to
26(:)'[1321;0 Belgium | Europe 113 SD: | (25.0) . 2006 MBI NR NR
2.9
Mean
Brant et : 25, 15 2005 to
al, 2010°! England | Europe 36 5212n3g_ (42) NR 2007 MBI NR NR
30
North Mean Internal .
Braunet | ;g0 | Americ | 32 : 25 | Medici | 2014 | MBI | 50.000 | HighEEor
al, 201732 (79) DP
a 28.59 ne
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, SD:
2.69
Campbell North Internal .
etal, USA | Americ | 86 NR | M| Medici | 2B | wmBr | 67.00% | High EEor
(51 2008 DP
20103 a ne
Castelo- Mean Obstetr
Branco et Spain Europe 109 ; 27" 13 ics and 2004 MBI | 58.00% High EE or
4 SD: | (14.0) | Gyneco DP
al, 2007
2.3 logy
Mean
Chaput et 28.9, 26 Plastic o, | High EE or
al, 2015% France Europe 52 Rang | (50) | surgery 2013 MBI | 28.80% DP
e 25-
34
Mean
Chati et : 144 | General o, | High EE or
al, 20173 France Europe 251 239]55- > | (57.5) | Surgery 2013 MBI 52.00% DP
2.7
Chaukos North Internal .
etal, USA | Americ | 54 | NR (i(l)) Medici | NS | MBI |3100% | € EEr
2017%7 a ne
Chaukos North . .
etal, USA | Americ | 14 | NR | 6(40) Psfc}“a NS | MBI | 14.00% H‘g};)?: or
201777 a i
Chen et . . Multipl High EE or
al, 2013% Taiwan Asia 278 NR NR o 2012 MBI NR DP
2011 Single
. North . .
Choi et . (507), Multipl | 2011 & item
al, 2017 | USA - pAmenie | Gy,50 | NR e | 2013 | measur | R NR
(520) e
2/3 of high
North .
Cofer et . 27 General o EE, high
al, 2018% USA Amaerlc 40 NR (68) | Surgery 2016 MBI | 25.00% DP or low
PA
Coluccia, 17 Psychia
et al, Italy Europe 41 NR (42) : 2016 MBI NR NR
20174 Y
Austral Sinele
Cooke et ia& General ; te?n Selecting
1 | Australia New 128 NR NR | Practic | 2010 14.00% | statements
al, 2013 measur
Zealan e . 3-5
d
Mean
Austral : ngeerlllh
ia & 28.06
Creed ° | Australia | New 355 , 11 NR NR | Bumou | \p NR
al, 2014 (31.2) t
Zealan Rang Invento
d e:21-
58 i
South .
Cubero et . . 29 Oncolo ., | High EE or
al, 2016% Brazil Amaerlc 54 NR (54) gy 2010 MBI | 76.00% DP
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Oldenb
Mean urg
Dahlin et : 75 2003 & | Burnou
al, 2010% Sweden Europe 186 274, | (403) NR 2006 ¢ NR NR
SD: 4 Invento
ry
De
South . .
Andrade | g0 | Americ | 32 | NR |72 | P4 5009 | MBI | 18.80% | SR EE
et al, cs and DP
2016 4
Modifi
Oliveira North 808 | Anesth ed MBI x%?;flafl
1 o,
Jretal, USA Arr;erlc 1417 NR (57.0) esia NR u(;sZtio 41.00% 2/3 of EE,
201347 q ) DP or PA
Demirci .
etal, Turkey Asia 11 NR | NR NR 2006 | MBI NR ng};;f,E or
201048
Mean
Dikmetas 130, . High EE or
etal, Tukey | Asia | 270 | SDR | s g) M“é“pl 2000 | MBI | NR | DPorlow
20114 ange: : PA
NR
Mean .
Domingu South 8 129 I:IﬁhlEoli
ez et al, Colombia | Americ 202 28.63 NR 2015 MBI 33.20% .
201850 a SD- (63.9) high DP or
’2 9 6. low PA)
Doolittle North Mean .
. : 30, 54 Multipl
et al, USA Americ 108 2010 MBI NR NR
) SD: | (50.0) e
20133 a
4.8
Modifi
ed MBI
Mean (2-
Durning North i 10 Internal Single
et al, USA Americ 17 ' Medici NR Item NR NR
5 29.6, | (59)
2013 a ne Measur
SD: 2
es of
EE and
DP)
North . .
Dyrbye et . 827 | Multipl o, | High EE or
al, 2014 USA AII’;GI‘IC 1701 NR (48.6) o 2012 MBI 60.30% DP
Mean
North : High EE or
Mo | USA | Americ | 665 | 303, ( ;’672) general | 2014 | MBI | 69.00% | DP orlow
’ a SD: ’ gery PA
33
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et al, France Europe 372 NR NR NR 2004 MBI | 42.70% | between -8
200733 to +34
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(30.0) and DP
2008% a
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Burnou
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5.79
Mean .
Galamet | p E 4050 26: 4, | 1268 genetr'al 2011 | MBI | 24.10% ZQE?z?éﬁh
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al, 2004 USA Americ 136 NR (29.0) | Gyneco NR MBI 18.00% DP and
a fogy low PA
Geelan- North
Hansen et USA Americ 14 NR NR NR NR MBI NR NR
al, 2018°! a
Gen
surg
(and
Gelfand North szrtz}e %igﬁ ]Fsl;;’
et al, USA Americ 26 NR NR . 2003 MBI NR g
200462 a service and low
PGY1 PA
surgical
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s)

. North Internal .
Goitein et . 55 v ., | High EE or
al, 200563 USA Amaerlc 118 NR (47.0) Mi(im 2004 MBI 68.00% DP
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High EE
North 131 Otolary . ’
Golub et . | 406 o high DP
al, 20076+ USA Amaenc 514 é{.azn4g_ (79.0) ng(;log 2005 MBI 10.00% and low
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45
North Internal .
Gopal et . 58 .y o, | High EE or
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North Internal .
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SD: 3 logy PA
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South Mean High EE,
Goveia et . . : 30, Anesth | 2014 to 0 high DP
al, 20186 Brazil Amaerlc 37 SD- NR esia 2015 MBI 2.70% and low
2.9 PA
Guenette North 59 | Radiolo e Dp
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Guenette North : .
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3.2 e
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Austral C;)perrllh
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d 5.9 Version
3
North .
Hutter et . Multipl | 2013 &
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20168 SD: ' y MBI-CY
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Appendix Figure 1: The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Flow
Diagram
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