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Objectives This article investigates the association between changes in electronic
health record (EHR) use during the coronavirus disease 2019 (COVID-19) pandemic on
the rate of burnout, stress, posttraumatic stress disorder (PTSD), depression, and
anxiety among physician trainees (residents and fellows).

Methods A total of 222 (of 1,375, 16.2%) physician trainees from an academic
medical center responded to a Web-based survey. We compared the physician trainees
who reported that their EHR use increased versus those whose EHR use stayed the same
or decreased on outcomes related to depression, anxiety, stress, PTSD, and burnout
using univariable and multivariable models. We examined whether self-reported
exposure to COVID-19 patients moderated these relationships.

Results Physician trainees who reported increased use of EHR had higher burnout
(adjusted mean, 1.48 [95% confidence interval [Cl] 1.24, 1.71] vs. 1.05 [95% Cl 0.93,
1.17]; p=0.001) and were more likely to exhibit symptoms of PTSD (adjusted mean
=15.09 [95% Cl 9.12, 21.05] vs. 9.36 [95% Cl 7.38, 11.28]; p=0.035). Physician
trainees reporting increased EHR use outside of work were more likely to experience
depression (adjusted mean, 8.37 [95% Cl 5.68, 11.05] vs. 5.50 [95% Cl 4.28, 6.72];
p=0.035). Among physician trainees with increased EHR use, those exposed to COVID-
19 patients had significantly higher burnout (2.04, p <0.001) and depression scores
(14.13, p=0.003).

Conclusion Increased EHR use was associated with higher burnout, depression, and
PTSD outcomes among physician trainees. Although preliminary, these findings have
implications for creating systemic changes to manage the wellness and well-being of
trainees.
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Background and Significance

The coronavirus disease 2019 (COVID-19) pandemic has
markedly impacted the mental health and well-being of
health care workers around the world."? In parallel, the
pandemic has created considerable changes in the clinical
practice environment, including that of clinical workflows
(e.g., new telemedicine workflows), guidelines for care (e.g.,
changes in the evidence-base for care), and modes of inter-
action and navigation within the electronic health record
(EHR) (e.g., virtual visits). This rapid transformation required
physicians to adapt their work activities. Perhaps, one of the
most prominent changes was the surge in telemedicine use
across health care systems.>"® Despite important benefits,
including convenience and improved patient access, emerg-
ing evidence highlights the challenges these changes had on
physicians, including the loss of personal connections and
workflow issues associated with on-demand care.”®

Recent research has highlighted the mental health dis-
tress among physician trainees affecting burnout, stress, and
anxiety.g‘12 Trainees have reported concerns about their
safety, safety of their patients, implications of their decisions
on their family,' challenges of child care, and lost educa-
tional opportunities'®'* as key stressors during the pan-
demic. This is especially important given that trainees are a
unique group of physicians functioning both as learners and
care providers, often with limited autonomy or
independence.

Even prior to the pandemic, EHR use was a key contributor
toincreased clinical workload, leading to stress, burnout, and
adverse mental health outcomes.’~2% With the pandemic
induced changes these effects are likely more pronounced.
Because of the high documentation burden placed on physi-
cian trainees,?' =24 they spend a considerable amount of time
on the EHR,%>? increasing their workload and burden. As
such, the twin, potentially deleterious, effects of patient care
during the pandemic and changes in EHR-based workflow
can have a considerable impact on physician trainees and
have not been previously studied.

The purpose of this study is twofold. First, we sought to
investigate the relationship between changes in EHR use
during the pandemic and the mental health and well-being
of physician trainees, assessed as burnout, depression, anxi-
ety, stress, and posttraumatic stress disorder (PTSD) out-
comes. Second, we examined the potential interaction of
exposure to COVID-19 patients on the relationship between
EHR use and mental health outcomes.

Method

Participants and Survey

Physician trainees (n =1,375), both residents and fellows, at
Washington University School of Medicine received a Web-
based survey on June 19, 2020, with a follow-up reminder a
week later. A $50 gift card raffle was offered to survey
respondents for participation. The survey was approved by
the institutional review board of Washington University (IRB
#202004021). Survey invitation emails described the pur-
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pose of the survey as “to understand the impact of the
COVID-19 pandemic on the well-being of physician trainees”
and that the survey was part of a longitudinal study assessing
the wellness of physician trainees during the COVID-19
pandemic.10

The survey included demographic questions about race,
sex, marital status, training program, and clinical role.
Participants were also asked whether they were caring
for patients who tested positive for COVID-19 (Y/N). Survey
questions related to the five outcomes included: burnout,
as measured with the Stanford Professional Fulfillment
Index (PFI)?%; PTSD, as measured by the Impact of Event
Scale-Revised (IES-R)*°; and depression, anxiety, and
stress, as measured by the Depression Anxiety Stress Scale
(DASS-21).30

The 16-item PFI was used to measure the level of burnout
(workload exhaustion and interpersonal disengagement)
and professional fulfillment during the past 2 weeks. The
PFI burnout scale has previously been validated with the
Maslach Burnout Inventory, and the fulfillment measure is
correlated with quality of life scores.?831:32

The IES-R scale was used to measure the amount of
distress respondents felt with respect to the current
COVID-19 pandemic. Responses were on a 5-item Likert
scale ranging from “Not at all” to “Extremely.” The scores
range from 0 to 88 with a score of 24 or higher indicating
clinical concern for PTSD, including at least partial PTSD or
some of its symptoms.>3

The DASS-21 is a 21-item scale that has demonstrated
strong validity and reliability in clinical and nonclinical
samples>*3° and has been used with physician trainees.>®
This scale was used to ascertain level of depression, anxiety,
and stress.>®

Exposure

We considered two exposures related to EHR use: changes in
overall EHR use and EHR use outside of work (with an
example of “home” as a setting outside of work). Respon-
dents were asked about changes in their EHR usage since the
start of the pandemic (March 2020), indicating whether their
“overall EHR use” and “EHR use outside of work hours” have
been the same, increased, or decreased.

Statistical Analysis

Physician trainee responses to their self-reported changes in
overall EHR use and EHR use outside of work questions were
categorized into two  groups: increasing and
same/decreasing. Race was categorized as Caucasian, Asian,
black, Hispanic or Latino, and Other/Prefer not to answer; sex
was categorized as female or not female; and marital status
was categorized as married or not married.

Descriptive statistics for changes in EHR use (both overall
and outside of work) among increasing and same/decreasing
groups, outcomes from the DASS-21 were categorized as
normal or nonnormal as follows: depression (0-9 normal, 10
or greater not normal), anxiety (0-7 normal, 8 or greater not
normal), and stress (0-14 normal, 15 or greater not normal).
These cut-points were based on previously published

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Impact of Changes in EHR Use during COVID-19 Holzer et al.

literature on the DASS-21 scale.3” PTSD was categorized as a
binary variable based on the diagnostic cutoff recommended
by the IES-R (0-24 no PTSD, 24 or greater indicates clinically
meaningful PTSD symptomatology).38-3

Burnout was determined from the average item score for
the workload and depersonalization scales (score range 0-4),
using a cut-point of 1.33 as described in Trockel et al,?® where
scores greater than or equal to 1.33 were considered as
“burned out.”

For univariable and multivariable analyses, burnout was
analyzed as a continuous outcome variable, and outcomes
from the DASS-21 (depression, anxiety, and stress) and IES-R
(PTSD) were analyzed as count variables. Associations be-
tween the EHR use and burnout were analyzed using linear
least-squares regression analyses; depression, anxiety, and
stress outcomes were analyzed using negative binomial
regression analyses. Exposure effects were adjusted in mul-
tivariable models by including covariates with p-values
<0.10 in the univariable analyses. The final multivariable
models investigated possible interactions between trainees
exposed to COVID-19 positive patients and increasing or
same/decreasing overall EHR use and EHR use outside of
work. p-Values < 0.05 were considered significant. All analy-
ses were conducted using Stata/SE version 16.0.40

Results

There were 250 responses to the survey. After removing 28
duplicate or incomplete entries, there were a total of 222
completed surveys (16.2% response).

General Characteristics
Demographic characteristics are presented in
There were equal numbers of males and females in the
sample. Participants were predominantly residents (70.3%),
within the first 3 years of their training (78.3%), Caucasian
(64.0%), married (58.1%), and with no children (77.5%).
Twenty-seven percent of the participants reported that
they were exposed to COVID-19 patients. Since the start of
the pandemic, 21% of trainees reported increased EHR usage,
and 33% reported increased EHR use outside of work.

The distribution of participants on each of the considered
predictors and outcomes of both the EHR use and EHR use
outside of work variables are shown in

Multivariable Analysis

Findings from the multivariable model indicated that physi-
cian trainees with increased overall EHR use were more likely
to be burned out (1.48 [95% confidence interval [CI],
1.24-1.71] vs. 1.05 [95% CI, 0.93-1.17]; p=0.001)
(see ; for covariates see ).

Physician trainees reporting increased EHR use had in-
creased symptoms of PTSD (15.09 [95% CI 9.12, 21.05] vs.
9.33 [95% CI 7.38, 11.28]; p=0.035) (see ; for
covariates see ). Those reporting increased
EHR use outside of work had higher depression scores
(8.37 [95% CI, 5.68, 11.05] vs. 5.50 [95% CI, 4.28, 6.72];
p=0.035) (see ; for covariates see ).

There were no significant differences between the EHR usage
groups for stress or anxiety (see and E).

There was a significant interaction between self-reported
caring for COVID-19 patients and changes in overall EHR use
and burnout (p =0.003) and depression (p =0.032). Among
the participants reporting increased EHR use, those caring
for COVID-19 patients had a significantly higher mean burn-
out score (2.04, p<0.001) than those whose EHR use in-
creased but were not caring for COVID-19 patients. Burnout
score for the group whose EHR use stayed the same or
decreased was not significantly different regardless of their
exposure to COVID-19 patients. Similarly, among physician
trainees whose EHR use increased, those that were exposed
to COVID-19 patients had a significantly higher mean de-
pression score (14.13, p=0.003) than those who were not
caring for COVID-19 patients. The depression score for the
group whose reported EHR use remained the same or
decreased was not significantly different for those who
were exposed compared with those who were not exposed
to COVID-19 patients (see ).

Discussion

Based on a cross-sectional study of physician trainees, we
found that self-reported increased EHR use, including EHR
use outside of work settings, was associated with a higher
likelihood of burnout, depression, and PTSD. An estimated
38% of physician trainees met the criteria for burnout, similar
to results of a recent review of burnout among health care
workers in general during COVID-19 (34.4%)41 and slightly
less than a study focusing specifically on surgery trainees
during COVID-19 (39-45%).° Notably, the range of burnout
among physician trainees prior to COVID-19 has varied
widely with several studies reporting greater than
50%.424° Results for depression (27.5%) were similar to those
for health care workers in general (26.3%), however, less than
the percentage of surgical trainees (30.0%). Anxiety was less
common among trainees in the present study (18.9%) than
health care workers (29.0%) and surgical residents (54%),
though both of these studies utilized different scales. Among
physician trainees reporting increased EHR use, the average
levels of burnout and depression were significantly higher
for those caring for COVID-19 patients, highlighting the
additive impact on EHR-based changes and clinical care
challenges. Although the high prevalence of burnout among
trainees is well-known,'%46-48 the prevalence of PTSD and
depression associated with increased EHR use is potentially
concerning. Of these, the contributory role of EHR use
outside of work settings on depression highlights the effects
of the clinical workload on mental health outcomes. As such,
strategies for mitigating the effects of chronic burnout and
related mental health issues are urgent among physician
trainees to limit the loss of physician trainees from the
workforce and to prevent a parallel pandemic, that leads to
distress, loneliness, substance abuse, and other chronic
ilinesses.*~>"

Although we are not able to determine why some trainees
reported increased EHR use, we speculate that it may be, in
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Exposure to COVID-19 positive patients moderates relationship between overall EHR use and levels of burnout (left) and depression

(right).

part, related to the increased need for virtual visits or
additional tasks associated with the changes occurring dur-
ing the COVID-19 pandemic. For example, telemedicine
interactions have changed the mechanism of physician-
patient interactions and are associated with increased ad-
ministrative burden.’?’~>> Telemedicine interactions are
“touchless,” where physicians can no longer perform a
physical exam or collect vitals. Instead, they rely on the
patient’s record for collecting information utilizing past
medical history, notes, and video-based communication for
their reasoning and clinical decision making.”®

Challenges of the video-based medium also increase the
difficulties of communication, where patients can be less
forthcoming, and the nuances that are available in a face-to-
face conversation may be lost.>’~% Such changes can also
result in the need for additional documentation and for
potentially additional clinical tests, all of which add to the
clinical activities that need to be performed on the EHR.
There are likely contributing factors to increased EHR use and
burnout; although the effects of increased telehealth use
may have been a contributor to burnout, we did not specifi-
cally investigate it in this study. As reported elsewhere, there
are considerable advantages of telemedicine to both clini-
cians and patients.m’62 Recent reports have highlighted the
increased number of messages (phone, inbox) that physi-
cians receive.®® High volume of calls/messages may also have
contributed to the increased EHR use, a factor that has been
strongly associated with clinician burnout.%*

Increased EHR workload can also lead to worse mental
health outcomes due to cognitive dissonance®®—a mismatch
between the trainees’ need to perform mundane documen-
tation tasks and their altruistic goals of patient care—where
the twin challenges of additional cognitive work on the EHR
and the external challenges and stress associated with the
pandemic contributes to moral distress and burnout. Identi-
fying and addressing the sources of such challenges can be an
important first step in streamlining clinical care activities
using the EHR. In addition, the additive effects of caring for

Applied Clinical Informatics  Vol. 12 No. 3/2021 © 2021. Thieme. All rights reserved.

patients during a pandemic with increased EHR-based work
activities highlight the complex system-level factors that
affect physician burnout and wellness.’’-%® Addressing these
system-level factors would require reduction of nonphysi-
cian tasks, offloading physician tasks to nonphysician mem-
bers of the team, improving clinical workflows, and
streamlining interactions with EHRs.”-® Additional consid-
erations of incorporating sociotechnical factors into the
design of EHRs, and associated clinical work activities can
also help in improving clinical work practices.%®

Limitations

This study has several limitations. First, this was a cross-
sectional, single-center study. As such, the associations
between the outcomes and exposure factors may not be
causal and the findings should be interpreted with caution. It
is possible that there was a response bias among the partic-
ipants; participants who were distressed may not have
completed the survey or may have been more likely to
participate because of the relevance of the topic. The re-
sponse rate for the survey was low, and is only marginally
comparable to response rates in other surveys of clinical
trainees*’ that were conducted prior to the pandemic.
Survey response rates among physician trainees during the
pandemic have been similar or lower.’

Measurements related to EHR use and EHR use outside of
work were based on self-report and may have been affected
by recall bias. It is possible that “overall EHR use” was
interpreted as a proxy for workload or the total number
of hours worked. Physician trainees who worked more, may
have potentially perceived themselves as using the EHR
more. Further, these results represent a single time point
during the pandemic, and although the questions were
framed around EHR use and distress during the pandemic,
it is difficult to ascertain how much of the change can be
attributed to the pandemic rather than nonpandemic-related
changes. Participants’ prepandemic EHR practices and base-
line mental health scores were unknown, and hence, it is
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difficult to ascertain the directionality of the relationship
between these variables. It is possible that mental health
issues are causing individuals to feel that their work is
increasing.

Conclusion and Future Research

This study characterizes the unique relationship between
clinical work activities that compound the stressors experi-
enced by trainees. It was revealed that trainees have high
rates of mental distress and those reporting more EHR use,
particularly at home, had markedly higher rates of distress.
Exposure to COVID-19 patients appears to have exacerbated
these already high rates. These experiences are likely to be
similar or more pronounced in other settings where the
infection rates are higher.

Research relying on audit logs or similar passive
measurements to complement results of self-report meas-
ures can potentially be used to ascertain the true changes in
EHR use during the pandemic. Future studies should also
look at longitudinal relationships between EHR use, COVID-
19 patient exposure, and mental health distress.

70-73

Clinical Relevance Statement

The outcomes of this study indicate that increased EHR use is
associated with higher burnout, depression, and PTSD among
physician trainees. Those trainees who are exposed to COVID-
19 patients have significantly higher burnout and depression
scores than trainees not caring for COVID-19 patients. The
combination of these stressors and their concerning effects on
mental health suggest the need for systemic changes to
improve the well-being of trainees, particularly during this
period of vulnerability. More effective methods to combat
these issues include a reduction of nonphysician tasks with the
help of nonphysician team members, improving clinical work-
flows, and streamlining EHR practices.

Multiple Choice Questions

1. Physician trainees report which of the following concerns
as key stressors during the COVID-19 pandemic?

. Their own safety

. Safety of their patients

. Implications of their decisions on their family

. Challenges of childcare

. Lost education opportunities

All of the above

0 o o

0 A

Correct Answer: The correct answer is f. In research
conducted during the COVID-19 pandemic, trainees re-
port that their safety, safety of their patients, safety of
their family, challenges of childcare, and lost education
opportunities are key stressors.

2. What is an objective alternative to subjective self-reports
for characterizing physician trainees’ time spent on the
EHR?

a. EHR audit logs which capture and timestamp user
activity

b. Computer logins

c. Rotation schedules

d. Review of patient charts

Correct Answer: The correct answer is option a. As
described in the Discussion, it is helpful to use objective
techniques, when possible, to complement self-report
measures of EHR use to accurately characterize time spent
on EHR activities for future research studies. One of the
most effective and speedy methods of characterizing
trainee time spent on the EHR is an audit log that captures
and timestamps user activity.

This study was reviewed by the Washington University
Institutional Review Board.
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Univariate linear least-squares regression models for burnout and covariates

Variable Group Unadjusted mean (95% Cl) Univariable p-value

Clinical role Fellow 0.99 (0.80, 1.19) 0.079
Resident 1.21 (1.08, 1.34)

Caucasian No 1.14 (0.95, 1.32) 0.918
Yes 1.15 (1.01, 1.28)

Female No 1.11 (0.95, 1.26) 0.526
Yes 1.18 (1.02, 1.33)

Children at home No 1.19 (1.06, 1.31) 0.128
Yes 0.99 (0.75, 1.22)

Married No 1.21 (1.04, 1.38) 0.285
Yes 1.09 (0.95, 1.24)

Year in program - 0.01 (-0.08, 0.10) 0.767

Exposed to COVID-19 positive patients No 1.05 (0.91, 1.18) 0.021
Yes 1.31 (1.13, 1.49)

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019.
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Univariate negative binomial regression models for PTSD and covariates

Variable Group Unadjusted mean (95% Cl) Univariable p-value

Clinical role Fellow 1.00 (7.26, 14.74) 0.756
Resident 10.31 (8.01, 12.62)

Caucasian No 11.39 (7.88, 14.90) 0.514
Yes 10.01 (7.66, 12.36)

Female No 8.65 (6.40, 10.91) 0.054
Yes 12.45(9.17, 15.73)

Children at home No 10.62 (8.36, 12.87) 0.855
Yes 10.18 (6.19, 14.18)

Married No 10.76 (7.68, 13.84) 0.836
Yes 10.34 (6.69, 12.89)

Year in program — 0.15 (-0.01, 0.30) 0.064

Exposed to COVID-19 positive patients No 9.94 (7.60, 12.28) 0.460
Yes 11.50 (7.98, 15.02)

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; PTSD, posttraumatic stress disorder.

Univariate negative binomial regression models for depression and covariates

Variable Group Unadjusted mean (95% Cl) Univariable p-value

Clinical role Fellow 6.49 (4.31, 8.68) 0.963
Resident 6.43 (5.02, 7.84)

Caucasian No 6.60 (4.60, 8.60) 0.850
Yes 6.36 (4.89, 7.83)

Female No 5.78 (4.28, 7.28) 0.265
Yes 7.12 (5.28, 8.96)

Children at home No 6.92 (5.49, 8.35) 0.107
Yes 4.82 (2.94, 6.70)

Married No 6.86 (4.91, 8.80) 0.571
Yes 6.16 (4.67, 7.64)

Year in program 0.02 (-0.13, 0.17) 0.805

Exposed to COVID-19 positive patients No 6.10 (4.69, 7.51) 0.456
Yes 7.05 (4.92, 9.18)

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019.

Applied Clinical Informatics

Vol. 12 No. 3/2021

© 2021. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Impact of Changes in EHR Use during COVID-19 Holzer et al.

Univariate negative binomial regression models for stress and covariates

Variable

Group

Unadjusted mean (95% Cl)

Univariable p-value

Overall EHR use

Same/Decreasing

8.16 (6.71, 9.61)

0.134

Increasing 10.98 (7.19, 14.76)

My EHR use outside of work Same/Decreasing 8.11 (6.55, 9.67) 0.237
Increasing 9.94 (7.18, 12.70)

Clinical role Fellow 9.97 (7.10, 12.84) 0.276
Resident 8.23 (6.68, 9.78)

Caucasian No 8.75 (6.46, 11.04) 0.999
Yes 8.75 (7.01, 10.48)

Female No 7.83 (6.08, 9.59) 0.194
Yes 9.65 (7.52, 11.79)

Children at home No 8.62 (7.08, 10.17) 0.745
Yes 9.18 (6.12, 12.25)

Married No 8.22 (6.21, 10.22) 0.517
Yes 9.13 (7.24, 11.02)

Year in program 0.10 (-0.03, 0.26) 0.137

Exposed to COVID-19 positive patients No 8.30 (6.65, 9.95) 0.411
Yes 9.52 (7.05, 12.00)

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; EHR, electronic health record.

Univariate negative binomial regression models for anxiety and covariates

Variable

Group

Unadjusted mean (95% Cl)

Univariable p-value

Overall EHR use

Same/Decreasing

3.19 (2.25, 4.13)

0.198

Increasing 4.84 (2.11, 7.58)

My EHR use outside of work Same/Decreasing 3.03 (2.05, 4.01) 0.169
Increasing 4.48 (2.44, 6.51)

Clinical role Fellow 3.00 (1.57, 4.43) 0.446
Resident 3.75 (2.57, 4.92)

Caucasian No 4.10 (2.31, 5.90) 0.369
Yes 3.19 (2.15, 4.24)

Female No 2.92 (1.84, 4.00) 0.193
Yes 4.13 (2.60, 5.66)

Children at home No 3.78 (2.66, 4.91) 0.250
Yes 2.61 (1.16, 4.07)

Married No 4.07 (2.43,5.70) 0.328
Yes 3.12 (2.04, 4.20)

Year in program 0.09 (-0.14, 0.32) 0.438

Exposed to COVID-19 positive patients No 3.39 (2.27, 4.51) 0.723
Yes 3.74 (2.1, 5.38)

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; EHR, electronic health record.
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