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Summary

Background: Electronic health records (EHRs) have been shown to increase physician workload.
One EHR feature that contributes to increased workload is asynchronous alerts (also known as
inbox notifications) related to test results, referral responses, medication refill requests, and mess-
ages from physicians and other health care professionals. This alert-related workload results in
negative cognitive outcomes, but its effect on affective outcomes, such as burnout, has been under-
studied.

Objectives: To examine EHR alert-related workload (both objective and subjective) as a predictor of
burnout in primary care providers (PCPs), in order to ultimately inform interventions aimed at re-
ducing burnout due to alert workload.

Methods: A cross-sectional questionnaire and focus group of 16 PCPs at a large medical center in
the southern United States.

Results: Subjective, but not objective, alert workload was related to two of the three dimensions of
burnout, including physical fatigue (p = 0.02) and cognitive weariness (p = 0.04), when controlling
for organizational tenure. To reduce alert workload and subsequent burnout, participants indicated
a desire to have protected time for alert management, fewer unnecessary alerts, and improvements
to the EHR system.

Conclusions: Burnout associated with alert workload may be in part due to subjective differences at
an individual level, and not solely a function of the objective work environment. This suggests the
need for both individual and organizational-level interventions to improve alert workload and sub-
sequent burnout. Additional research should confirm these findings in larger, more representative
samples.
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1. Background and Significance

Research on the rapid and widespread implementation of Electronic Health Records (EHRs) over
the last several years has shed light on how these tools can improve efficiency but also increase
work-related tasks for providers [1]. EHRs generally use two types of alerts, “synchronous” (i.e.,
alerts that pop up immediately in response to provider actions in the EHR), or “asynchronous” (i.e.,
notification type alerts sent to providers by others involved in patient care, usually in an “inbox-like”
format [2], including information on test results, referrals, and patient or order status messages).
Asynchronous alerts thus aim to improve communication, but our research shows that attending to
these alerts contributes to a high workload for providers [2,3]. For example, the average provider re-
ceives over 56 alerts and spends 49 minutes responding to asynchronous alerts per day [2], with
many providers receiving little to no protected time to do so [4]. As a result, 86% of providers stated
that they stay after hours and/or come in to work on weekends to respond to alerts [4].

Negative cognitive consequences of workload associated with asynchronous alerts (henceforth re-
ferred to as “alerts”) include information overload [5] and missed test results [6]. Yet, there has been a
dearth of research on the relationship between alert workload and negative affective outcomes for pro-
viders. Of particular interest is burnout, defined as physical, cognitive, emotional, and interpersonal
exhaustion due to chronic work stress [7,8]. Burnout is an important affective outcome to study, as it
has been found to be an outcome of high workload [9-12], and is associated with serious negative out-
comes for organizations, patients, and providers. Prior work has suggested that burnout develops grad-
ually over time, as one’s organizational tenure (defined as the length of time one has worked at an or-
ganization), increases [13-15]; however, levels of burnout vary between individuals due to individual,
job, and work factors [10]. At the organizational level, burnout leads to costly turnover, which amounts
to $250,000 or greater for each physician that must be recruited and replaced [16]. At the patient level,
burnout is associated with dissatisfaction [17], and poor patient safety [18]. For providers, burnout has
been associated with negative mental health outcomes, including depression and suicidal ideation [19,
20]. Unfortunately, burnout has been found to be more prevalent and more severe among physicians
relative to the general population [21]. Further, among health care providers, burnout is particularly
problematic in primary care, with meta-analytic evidence suggesting that primary care physicians have
significantly higher burnout scores than specialists and other types of physicians [22]. We sought to
examine the association between EHR alert-related workload and provider burnout.

2. Objectives

Our primary study goal was to examine asynchronous alert-related workload in the EHR as a pre-
dictor of burnout in primary care providers (PCPs), with the purpose of informing interventions
targeted at reducing burnout associated with alert workload. We used both quantitative and quali-
tative methods to take a deep dive as a first step in establishing a relationship between alert workload
and burnout, and to begin to understand what factors contribute to burnout.

Further, to better identify opportunities for interventions, we sought to distinguish between the
contributions of objective and subjective alert workload to burnout. Objective workload is defined as
the number of hours spent on work and work activities [23]. Subjective workload, in contrast, does not
factor in actual time spent on work, but instead involves perceptions of having insufficient time to
complete work tasks [23]. Counterintuitively, previous research has found little to no correlation be-
tween objective and subjective measures of workload [24, 25]. In addition, there appears to be a differ-
ential relationship between subjective and objective workload on affective work outcomes, with subjec-
tive workload predicting negative affect and objective workload predicting positive affect [23]. How-
ever, the extent to which objective and subjective alert workload contribute to burnout is largely un-
known. In order to better tailor interventions to reduce workload-associated burnout, we must first
understand whether to target objective workload (e.g., reduce the number of hours a task requires, or
increase the allotted time to complete a task) or subjective workload (e.g., target psychological con-
structs that contribute to perceptions of high task load). Thus, as a subsidiary goal, we also explored the
extent to which objective and subjective workload were predictive of burnout. This study was approved
by the Baylor College of Medicine Institutional Review Board and the local VA Research Office.
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3. Methods

3.1 Participants

Participants included a convenience sample of 16 PCPs (including physicians, nurse practitioners,
and physicians’ assistants) at a large Veterans Affairs hospital in the southern United States. While
we were unable to obtain precise data on the number of physicians, nurse practitioners, and phys-
icians’ assistants in our sample, the composition of the unit is 73.7% physicians, 5.3% nurse practi-
tioners, and 21.1% physicians’ assistants.

3.2 Procedure

At the beginning of regularly-scheduled staff meetings, we provided participants with a self-report
questionnaire asking about organizational tenure, perceived alert burden (subjective alert work-
load), time spent responding to inbox-related alerts (objective alert workload), and burnout. We
then engaged participants in hour-long semi-structured group discussions regarding attitudes to-
wards alerts, facilitated by an experienced internal medicine physician from another department.
Discussions took place over the course of four weeks, for a total of four hours’ worth of discussion.
Discussions were not recorded; however, a researcher took notes to capture themes.

The EHR used by the PCPs in this study is the Veterans” Affairs (VA) Computerized Patient Rec-
ord System (CPRS). CPRS is the VAs flagship EHR and is used by >150 VA facilities.

3.3 Measures

3.3.1 Subjective alert workload

We used a shortened, 5-item version of a self-report measure of perceived alert burden developed by
Singh et al. [4]. Responses were captured on a 5-point Likert scale, where 1 = strongly disagree and 5
= strongly agree. The shortened scale was reliable, o = 0.74. Sample items include, “I receive too
many alerts to easily focus on the most important ones,” and “The number of alerts exceeds what I
can effectively manage”

3.3.2 Objective alert workload

We asked providers how many hours they spent each day, on average, attending to alerts. If a range
was provided, we took the average.

3.3.3 Burnout

We used a shortened and adapted 9-item version of the Shirom-Melamed Burnout Measure
(SMBM) [26-28], which contains three subscales of burnout, each containing three items: physical
fatigue (a0 = 0.95; sample item: “I feel like my ‘batteries” are ‘dead”™), cognitive weariness (a = 0.96;
sample item: “I feel ’'m not thinking clearly”), and emotional exhaustion (a = 0.93; sample item: “I
feel I am not capable of investing emotionally in coworkers and patients”). Responses were captured
on a 7-point Likert scale, where 1 = never or almost never and 7 = always or almost always.

3.3.4 Organizational tenure

We asked providers how many months they had been employed at the organization.

3.4 Analysis
3.4.1 Quantitative

We conducted three multiple regression analyses, including one for each dimension of burnout
(physical fatigue, cognitive weariness, and emotional exhaustion). The predictors were subjective
alert workload and objective alert workload. We used organizational tenure as a covariate, as prior
literature has suggested that burnout develops gradually over time [13-15]. Unless otherwise indi-
cated, all tests are two-tailed. We considered p-values < 0.05 to be statistically significant; where ap-
plicable, we report lower p-values as they occur.
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3.4.2 Qualitative

We took notes to capture participants’ responses to the semi-structured discussion questions. Addi-
tionally, we examined participants’ comments on an open-ended survey item: “Please provide any
additional comments or feedback you have” We analyzed responses to uncover themes regarding
alert workload and burnout.

4. Results

4.1 Quantitative Data

> Table 1 presents descriptive characteristics of our sample. As can be seen, PCPs had an average or-
ganizational tenure of 58 months (approximately six years), but there was a wide range, from one
month to ten years. Participants were, on average, moderate to high on the alert burden and burnout
scales, and spent an average of over two hours per day reviewing alerts.

> Table 2 shows correlations among all study variables. Subjective alert workload was strongly
correlated with the physical fatigue dimension of burnout, whereas objective alert workload was not
significantly correlated with any study variables. Notably, we found that objective and subjective
workload were not significantly correlated with one another (r = 0.24, p > 0.05; »Table 2).

We conducted multiple regressions to examine the impact of subjective and objective alert work-
load on each of the three dimensions of burnout, while controlling for organizational tenure. For the
physical fatigue dimension, we found that the overall model was significant (F = 3.76, p = .04, R%adj
=0.37), and that subjective alert workload was a significant predictor (B = 0.58, p = 0.02), but objec-
tive alert workload was not (f = 0.29, p = 0.21; »Table 3 and »Figure 1). For the cognitive weari-
ness dimension, the overall model was marginally significant (F = 3.20, p = 0.07, R%adj = 0.32), and
subjective alert workload was a significant predictor (B = 0.53 p = 0.04), but objective alert workload
was not (B = 0.00. p = 0.99; »Table 3 and »Figure 1). The overall model for the emotional exhaus-
tion dimension was not significant (F = 1.02, p =0.42, R%adj = 0.01), nor were subjective alert work-
load or objective alert workload significant predictors (f = 0.36, p = 0.23 and B = -0.04, p = 0.87, re-
spectively; »-Table 3 and »Figure 1).

In sum, we found that providers’ subjective alert workload was positively related to two of the
three dimensions of burnout. We also found that subjective alert workload was generally predictive
of burnout, whereas objective alert workload was not. These findings suggest that it is not the actual
amount of time spent attending to EHR inbox alerts that predicts burnout, but rather, the perception
of alert burden.

4.2 Qualitative Data

To further inform potential interventions, we thematically analyzed participants’ comments both on
open-ended survey items and during the discussion. Two major themes regarding alert workload
were uncovered, as described below.

4.2.1 Desire for protected time

Contrary to our quantitative findings, time spent managing alerts was a major theme in the focus group
discussion and in survey comments. However, for many, it was not just the amount of time spent on
alert management that contributed to burnout or the number of alerts received; rather, our participants
indicated that they desired protected time for alert management. Participants currently do not have ad-
equate protected time for this activity, and many find this challenging and frustrating. One specific
quote included: “The # of alerts for me is less of an issue than the lack of protected administrative time
that I am given to address the alerts, make follow up calls, and discuss results with my patients”

This theme is of interest given our quantitative findings. It appears that PCPs perceive time spent
managing asynchronous alerts (i.e., objective workload) to be a burden; however, our quantitative
results show that this is not predictive of burnout. Regardless, allowing for protected time to respond
to alerts may improve patient safety outcomes, such as fewer missed test results, by reducing the
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need to multi-task [5], and would, at a minimum, likely decrease perceptions of burden due to time
spent managing alerts, and reported subsequent burnout.

4.2.2 Desire for improved EHR features

A second major theme of our qualitative data centered around the shortcomings of the EHR system
that were perceived to induce a higher workload in regard to alert management. Specifically, to re-
duce workload, PCPs desired color-coded alerts, such that new alerts could be a different color than
older alerts. In addition, PCPs wished for workflow enhancing features, such as easy auto-popu-
lation of test results into templated letters that could be sent to patients, and for better access to their
patients’ records from other facilities. PCPs also desired additional pieces of information to enhance
the system, including how many alerts they had and time-stamps on messages from other providers.

Addressing these issues would likely improve both objective alert workload, by reducing cogni-
tive overload, as well as subjective alert workload, by decreasing perceptions of alert burden. This
could be tested initially by conducting an experimental, simulated, interventional study wherein
these features are introduced into the EHR system and pre-post change in subjective and objective
alert workload could be examined. However, we found many individual differences among provider
preferences on how to decrease burden of alerts through better EHR design. For example, some par-
ticipants actively sought to customize the alerts they receive (e.g., turning off optional alerts), and
desired the aforementioned EHR tools to reduce the number of alerts and cognitive workload im-
posed by them. Conversely, participants on the opposite end of the spectrum valued every alert and
did not wish to reduce the number of alerts they received. The latter participants cited reasons such
as fear of missing important information or mistrust of the automated abnormal lab value ranges as
reasons for wanting to review every alert.

5. Discussion

We examined the relationship between workload related to EHR inbox alerts and burnout using both
quantitative and qualitative methods. Our findings suggest that subjective, but not objective, alert-re-
lated workload is related to two of the three dimensions of burnout. These findings are aligned with
prior research showing that perceived ease of use of EHRs, but not number of alerts received, is as-
sociated with overlooking alerts of test results (i.e., alert fatigue) [5]. Collectively, this evidence sug-
gests that subjective alert workload is likely an important predictor of negative outcomes.

Our quantitative findings are somewhat in contrast with a prior study that linked both subjective
and objective workload to burnout with providers in the intensive care unit, although this study was
not specific to alert-related workload [29]. Our qualitative results also somewhat contrast with our
quantitative findings in that participants appear to be concerned with objective alert workload, as
they desire protected time to respond to alerts, whereas our quantitative findings suggest time spent
managing alerts was not predictive of burnout. This finding could be interpreted in terms of the job
demands-job resources model [30], wherein perhaps protected time is perceived to be a potential re-
source for providers to cope with the demand of copious alerts.

Participants also indicated a desire for an improved EHR system, which could potentially reduce
both objective and subjective alert workload and associated burnout. However, our qualitative re-
sults also suggest that individual differences cannot be ignored in future work or any intervention
meant to reduce alert workload-related burnout, as there was a wide variety of views on alert
burden, even within our small sample.

5.1 Implications

Altogether, these findings suggest that burnout associated with alert workload may be in part due to sub-
jective differences at an individual level, and not solely a function of the objective work environment. This
suggests that individual provider-level interventions should be developed and implemented. Character-
istics of individuals more prone to burnout include largely malleable features, such as an external locus of
control, and passive (as opposed to active) coping mechanisms [11]. Thus, to decrease burnout, training
programs targeted at these characteristics (e.g., training for development of an external locus of control,
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training to utilize active coping mechanisms), should be developed and offered to providers. Additionally,
to reduce perceptions of alert workload, training could also focus on strategies to manage EHR inbox
alerts more efficiently [31]. A national initiative in the VA is now focusing on the latter type of training.

Prior research has also shown an association between use of other EHR components (such as
computerized order entry systems), and burnout in providers, with these effects attributed to dissat-
isfaction with the amount of “administrative” time spent on clerical tasks [32]. Because several EHR
components create additional work, there is a concomitant need to also provide improvements to
the objective work environment. Such fixes can (and should) also be pursued not only to reduce
workplace stressors [33], but also for safety reasons. Alerts can lead to information overload that can
contribute to providers overlooking important test results, which could result in patient harm [5].
Organizational-level interventions could include reducing the number of alerts that a health care or-
ganization deems mandatory [34], streamlining alert delivery systems so that providers do not re-
ceive unnecessary or repetitive alerts [34], improving the design of the EHR [35], and devising strat-
egies aimed to improve communication between PCPs and other non-PCP providers (for example,
to prevent non-PCP providers from sending unnecessary alerts to PCPs) [6, 34]. Further, allowing
protected time for providers to respond to alerts may simultaneously reduce workload and also im-
prove patient safety by reducing the provider’s need to multitask. Nevertheless, it is important to
consider these implications in context of our study’s limitations, which we describe below.

5.2 Limitations

There are a number of limitations in the current study. First, we acknowledge that our results are
based on cross-sectional data. Thus, we were unable to examine the direction of our effects; yet, the-
ory suggests that workload leads to burnout. In addition, we utilized a small convenience sample,
which may limit our generalizability. We therefore caution readers that these findings should be
confirmed using larger and more representative samples. We cannot be sure of the extent to which
the results of our study apply to clinicians who have more resources to manage asynchronous alerts,
such as those who already receive a large amount of protected time for alert management, or those
who have nurses helping in managing most of the triage related to alerts. However, to the best of our
knowledge, these situations are infrequent — in most systems, the largest chunk of alert burden is
borne by the physician themselves, and most physicians do not get paid or get protected time for the
additional time it takes to manage alerts. We are also unsure of the extent to which results apply to
clinicians without EHR systems. Additionally, the self-report measure of objective workload may be
biased or prone to recall error; however, prior work has shown no difference between self-report and
observational methods on the reporting of time spent on indirect patient care tasks [36]. In fact, in
our previous work on quantifying alerts [4, 5], the average self-reported number of alerts received
was quite similar to the average we obtained via quantitative measurements using alert logs, suggest-
ing that providers are able to estimate and report objective alert workload fairly accurately. Finally,
as with any study, it is possible that there are confounders (e.g., factors unique to the study site), that
may explain some of the results of this study. While we are unable to completely rule these out, our
qualitative data support the idea that alert-related workload could, in fact, lead to burnout.

However, there are also some strengths in this study. First, the relationship between subjective
workload and burnout held for two of the three dimensions of burnout, which partially mitigates
concerns that this finding is spurious and a Type I error. Additionally, our sample was comprised of
the actual end users of alerts on the EHR (i.e., PCPs), which allows for a deep understanding of the
problem of objective vs. subjective alert workload from the perspective of PCPs (which is understu-
died), and subsequently increases external validity. Similarly, recent work using commercial EHRs
suggests a similar workload burden outside this health care system [3], further supporting generaliz-
ability. Further, we used both quantitative and qualitative data to strengthen our findings.

5.3 Future Research

Future work should examine the association between individual differences in providers and their
perceptions of alert workload. Additionally, institutions as well as providers should consider the use-
fulness of different strategies that might mitigate perceptions of alert workload. For instance, Singh
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[34] suggests that providers adjust the types of notifications they receive, take advantage of sorting
and processing functionalities within the EHR to improve efficiency, and customize alerts to reduce
duplicate notifications. Future research should evaluate the effectiveness of individual- and organiz-
ational-level interventions aimed at reducing alert workload and subsequent burnout. In addition, fu-
ture work should test the relationships between subjective and objective alert workload and burnout
in other samples. It is important to investigate these relationships in larger and more representative
samples in order to obtain a more precise estimate of the effect sizes. For example, external validity
could be improved by using a random sampling technique in the future, rather than convenience
sampling. Stratified random sampling could be ideal, wherein the sampling frame accounts for differ-
ences in several key provider factors that theoretically may be or empirically have been demonstrated
to be related to EHR use and experience [37], including provider type (physician, nurse practitioner,
physician assistant), organizational tenure (novice vs. experienced), specialty (outpatient vs. inpa-
tient; primary care vs. specialists), practice size (small vs. large), organization type (hospital vs. non-
hospital practice), and hospital teaching classification (teaching vs. non-teaching).

6. Conclusions

A high subjective workload in regards to managing EHR inbox alerts was associated with PCP burn-
out, whereas objective alert workload was not a significant predictor. Participants desired having
protected time for alert management, as well as improvements to the EHR system. These organiz-
ational-level interventions may reduce subjective alert workload and subsequent burnout. However,
our findings suggest that individual differences should be taken into consideration when developing
and implementing such interventions. Additionally, individual-level burnout interventions, such as
coping-mechanism training, locus of control training, and training to improve the efficiency of
inbox alert management, should be considered in tandem.

Multiple Choice Question

Which type of alert workload was predictive of burnout?
A) Objective

B) Subjective

C) Organizational

D) Perceptive

The correct answer is B). As stated in the paper, subjective alert workload (i.e., perceptions of
burden associated with alerts) was predictive of two of the three dimensions of burnout (physical fa-
tigue and cognitive weariness). Objective alert workload (i.e., the number of hours spent managing
alerts) was not associated with any of the burnout dimensions. Organizational alert workload and
perceptive alert workload are not real terms.

Clinical Relevance Statement

While the knowledge on various components of workload and methods regarding how to measure
these components is well-grounded [23-25], there is a dearth of studies that examine the impact of
both objective and subjective workload on work outcomes. To our knowledge, this is one of the first
to show that subjective, but not objective, workload leads to negative affective outcomes (i.e., burn-
out). This finding is important in guiding future research and in informing improvements in EHR
design and processes to manage inbox alerts.

Conflict of Interest
The authors report no conflict of interest in this research.

Human Subjects Protections
This study was approved by the Baylor College of Medicine Institutional Review Board and the
local VA Research Office.
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Table 1 Descriptive statistics of sample (n = 16).

Variable

Organizational tenure, # months

Subjective alert workload (alert burden)’

Objective alert workload (average # hours spent reviewing alerts/day)

Burnout: Physical fatigue?
Burnout: Cognitive weariness?

Burnout: Emotional exhaustion?

M
58.50
3.78
2.29
4.78
3.07
2.98

SD
43.39
0.83
1.13
1.50
1.53
1.53

Applied Clinical Informatics 695

Range
1.00-121.00
2.20-4.80
0.66 —5.00
2.00-7.00
1.00 - 5.67
1.00 - 5.67

Note. Four participants did not provide demographic information. M = Mean; SD = Standard deviation; 'Scale
ranges from 1-5, with 1 being the lowest score and 5 being the highest; *Scale ranges from 1-7, where 1 indi-
cates low burnout and 7 indicates high burnout.

Variable

1. Organizational tenure

2. Objective alert workload

3. Burnout: Physical fatigue

4. Burnout: Cognitive weariness
5. Burnout: Emotional exhaustion

6. Subjective alert workload

Note. ** p < 0.001

-0.05
-0.17
-0.37
-0.31
0.03

0.44
0.06
-0.01
0.24

0.64**

0.59** 0.67**

0.65** 0.37

0.21

Table 2
Correlations among
study variables.

Table 3 Multiple regressions examining the relationship between alert workload and burnout dimensions.

B
DV: Physical fatigue
Organizational tenure -0.01
Objective alert workload 0.39
Subjective alert workload 1.14
DV: Cognitive weariness
Organizational tenure -0.02
Objective alert workload 0.00
Subjective alert workload 1.02
DV: Emotional exhaustion
Organizational tenure -0.02
Objective alert workload -0.06
Subjective alert workload 0.74

SEB

0.01
0.30
0.45

0.01
0.31
0.46

0.01
0.39
0.59

B

-0.22
0.29
0.58

-0.58
0.00
0.53

-0.41
-0.04
0.36

t

-1.00
1.31
2.56

-2.53
0.01
2.23

-1.47
-0.16
1.27

p

0.34
0.21
0.02

0.02
0.99
0.04

0.17
0.87
0.23

Note. DV = Dependent variable; B = unstandardized estimate; SE = Standard error; § = standardized estimate, t =

t value; p = p-value.
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