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IMPORTANCE Understanding the drivers of electronic health record (EHR) burden, including
EHR time and patient messaging, may directly inform strategies to address physician
burnout. Given the COVID-19−induced expansion of telemedicine—now used for a substantial
proportion of ambulatory encounters—its association with EHR burden should be evaluated.

OBJECTIVE To measure the association of the telemedicine expansion with time spent
working in the EHR and with patient messaging among ambulatory physicians before
and after the onset of the COVID-19 pandemic.

DESIGN, SETTING, AND PARTICIPANTS This longitudinal cohort study analyzed weekly EHR
metadata of ambulatory physicians at UCSF Health, a large academic medical center.
The same EHR measures were compared for 1 year before the COVID-19 pandemic
(August 2018-September 2019) with the same period 1 year after its onset (August
2020-September 2021). Multivariable regression models evaluating the association
between level of telemedicine use and EHR use were then assessed after the onset of the
pandemic. The sample included all physician-weeks with at least 1 scheduled half-day clinic
in the 11 largest ambulatory specialties at UCSF Health. Data analyses were performed from
March 1, 2022, through July 1, 2023.

EXPOSURES Physicians’ weekly modality mix of either entirely face-to-face visits,
mixed modalities, or entirely telemedicine.

MAIN OUTCOMES AND MEASURES The EHR time during and outside of patient scheduled
hours (PSHs), time spent documenting (normalized per 8 PSHs), and electronic messages
sent to and received from patients.

RESULTS The study sample included 1052 physicians (437 [41.5%] men and 615 [58.5%]
women) during 115 weeks, which provided 35 697 physician-week observations. Comparing
the period before to the period after pandemic onset showed that physician time spent
working in the EHR during PSHs increased from 4.53 to 5.46 hours per 8 PSH (difference,
0.93; 95% CI, 0.87-0.98; P < 0.001); outside of PSHs, increased from 4.29 to 5.34 hours
(difference, 1.04; 95% CI, 0.95-1.14; P < 0.001); and time documenting during and outside of
PSHs increased from 6.35 to 8.18 hours (difference, 1.83; 95% CI, 1.72-1.94; P < 0.001).
Mean weekly messages received from patients increased from 16.76 to 30.33, and messages
sent to patients increased from 13.82 to 29.83. In multivariable models, weeks with a mix of
face-to-face and telemedicine (β, 0.43; 95% CI, 0.31-0.55; P < .001) visits or entirely
telemedicine (β, 0.91; 95% CI, 0.74-1.09; P < .001) had more EHR time during PSHs than
all face-to-face weeks, with similar results for EHR time outside of PSHs. There was no
association between telemedicine use and messages received from patients, whereas mixed
modalities (β, −0.90; 95% CI, −1.73 to −0.08; P = .03) and all telemedicine (β, −4.06; 95% CI,
−5.19 to −2.93; P < .001) were associated with fewer messages sent to patients compared
with entirely face-to-face weeks.

CONCLUSIONS AND RELEVANCE The findings of this longitudinal cohort study suggest that
telemedicine is associated with greater physician time spent working in the EHR, both during
and outside of scheduled hours, mostly documenting visits and not messaging patients.
Health systems may need to adjust productivity expectations for physicians and develop
strategies to address EHR documentation burden for physicians.

JAMA Intern Med. 2023;183(12):1357-1365. doi:10.1001/jamainternmed.2023.5738
Published online October 30, 2023. Corrected on December 26, 2023.

Supplemental content

Author Affiliations: Division of
Clinical Informatics and Digital
Transformation, Department of
Medicine, University of California,
San Francisco (Holmgren, Thombley,
Adler-Milstein); Practice
Transformational Office, American
Medical Association, Chicago, Illinois
(Sinsky).

Corresponding Author: A. Jay
Holmgren, PhD, MHI, Department of
Medicine, Division of Clinical
Informatics and Digital
Transformation, Center for Clinical
Informatics and Improvement
Research, University of California
San Francisco, 10 Koret Way, Office
327A, San Francisco, CA 94131
(a.holmgren@ucsf.edu).

Research

JAMA Internal Medicine | Original Investigation | PHYSICIAN WORK ENVIRONMENT AND WELL-BEING

(Reprinted) 1357

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by American University Library user on 04/08/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.5738?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.5738
https://jamanetwork.com/journals/imd/fullarticle/10.1001/jamainternmed.2023.5738?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.5738
mailto:a.holmgren@ucsf.edu


T he COVID-19 pandemic triggered a variety of dramatic
changes to how health care is delivered, including a sud-
den and rapid increase in the volume of telemedicine vis-

its.Highlevelsoftelemedicinevisitshavepersisted1-4 withnearly
one-quarter of US adults reporting an ambulatory telemedicine
encounterviatelephoneorvideointhelatterhalfof2021.5-7 From
the perspective of ambulatory physicians, telemedicine repre-
sents a fundamental shift in the composition and structure of
work, which likely carries substantial implications for how they
interact with the electronic health record (EHR).

Expansion of telemedicine may exacerbate preexisting chal-
lenges with EHR work. First, it may increase EHR time by chang-
ing physician workflows and reducing staff support for tasks
such as rooming patients and reviewing medical history, such
that the physician must spend additional time working in the
EHR before and during the visit.8-10 Second, it may increase
patient-initiated secure messages due to lower-quality com-
munication during telemedicine visits or limited scope of as-
sessment that generate the need for follow-up interactions
(eg, patient questions, physician follow-up on symptoms).11-13

Furthermore, many physicians now deliver a mix of in-person
and virtual care during a given day or week, which may intro-
duce a type of switching cost and further increase EHR burden
from balancing the demands of delivering care across differ-
ent modalities. These factors may increase the amount of time
spent on the EHR outside of work,14,15 a known contributor to
exhaustion and burnout among physicians.16-19 Although re-
cent studies have revealed that the COVID-19 pandemic in-
creased time spent working in the EHR12,20 and the number of
electronic messages received from patients,13,21 it is unclear how
much of the increase was associated with telemedicine.

Parsing the specific effect of telemedicine is important given
the persistent use of this modality with the associated oppor-
tunities to redesign approaches to EHR use, workflows, physi-
cian schedules, and payment policies that may be needed in
response to increased telemedicine use. This study sought
to understand the extent of the changes in EHR use at the
physician-week level from before to during the COVID-19 pan-
demic using the following measures of ambulatory physi-
cians’ EHR-related workload: (1) time spent working in the EHR
during PSHs; (2) time spent working in the EHR outside of PSHs
(“work outside of work”22); (3) EHR time spent on clinical docu-
mentation (eg, writing clinical notes), both during and outside
of PSHs; and (4) the number of patient portal messages, both
received from and sent to patients. Then we assessed the ex-
tent to which the differences in each measure during COVID-19
pandemic were associated with the level of telemedicine use.
Understanding the relationship between telemedicine and EHR
work will inform health system leaders and policymakers re-
garding the need to develop strategies for sustainable tele-
health approaches, ones that balance patient access to virtual
care with efforts to address EHR burden for physicians.

Methods
This study was reviewed and approved by the institutional re-
view board of the University of California San Francisco (UCSF).

Informed consent was waived because all data were deiden-
tified. We followed the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) reporting guideline.

Data Collection and Study Sample
The sample for this longitudinal cohort study consisted of phy-
sicians providing ambulatory care at UCSF Health, a large aca-
demic medical center. All attending and resident physicians
practicing in the 11 largest ambulatory specialties: cardiol-
ogy, dermatology, family medicine, general surgery, hematol-
ogy and oncology, internal medicine, nephrology, neurology,
obstetrics and gynecology, otolaryngology, and pediatrics.
Characteristics, such as role (attending or resident), gender
identity, and specialty were self-reported.

There is considerable heterogeneity in how telemedicine
is offered at UCSF Health, with many clinicians having sub-
stantial autonomy to offer telemedicine visits or in-person care
to patients, and patients being able to select the modality that
fits their preference. We limited the study sample to physi-
cians with at least 1 half day of scheduled ambulatory clinical
hours per week to remove those with exceptionally low clini-
cal loads who were unlikely to be representative of the broader
population of ambulatory physicians.

We assessed 2 full years of data, before the COVID-19 pan-
demic (August 28, 2018, through September 30, 2019) and af-
ter its onset (August 31, 2020, through September 27, 2021).
We chose August 2020 to begin the second study period be-
cause in-person ambulatory care had been reopened and was
once again broadly available to patients.4,12

Measures
We constructed all measures based on data extracted from Clar-
ity (Epic Systems) database, which captures ambulatory phy-
sician EHR time (excluding any EHR time from inpatient care),
scheduled hours of patient care, and the number and distri-
bution of visits by care modality (telemedicine vs in-person
visit). Data were created at the physician-day level and aggre-
gated to the physician-week level given that EHR work often
occurs in the day(s) surrounding the encounter.

Key Points
Question What is the association between the level of
telemedicine use and key measures of electronic health
record (EHR) use—ie, time in the EHR and patient messaging
volume—in the ambulatory setting?

Findings This longitudinal cohort study of 1052 ambulatory
physicians at a large academic medical center during more
than 115 weeks (35 697 physician-week observations) found a
strong linear association between telemedicine use and physician
time spent working in the EHR during and outside of patient
scheduled hours. It did not find an increase in electronic messages
received from patients.

Meaning The findings of the longitudinal cohort study indicate
that telemedicine use is associated with greater time spent in the
EHR; health systems and policymakers may need to alter
productivity expectations and reimbursement policies.
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EHR Time
We constructed time-based EHR measures by calculating all
time with observed EHR actions, including keystrokes and
mouse clicks, with a 1-minute timeout (ie, time stopped 1
minute after the last EHR interaction) from the ACCESS_LOG
(a specific table within the Clarity database). For the
denominator, we measured PSHs by calculating the total
time the physician was scheduled to deliver patient care
during that day, eg, if a physician sees patients from 8 to 10
AM and again from 2 to 4 PM, the PSHs for that day are 4.0.
Then we reported all measures using the denominator of
per 8 PSHs to facilitate comparisons across different clinical
volumes. The numerator for the first dependent variable was
total EHR time during PSHs. The numerator for the second
dependent variable was total EHR time outside of PSHs.
The numerator for the third dependent variable was EHR
time specifically spent on documentation either during or
outside of PSHs. This measure sums all time the physician
spent editing free text notes (eg, progress notes), from
the moment the first key of the note is pressed until the note
is saved, excluding any time not counted due to the 1-minute
timeout described, in that day, within and outside of
PSHs. Daily numerators and the denominator were aggre-
gated to the physician-week level before calculating each
measure.23

Messaging Patients
The fourth and fifth dependent variables were the number
of patient EHR portal messages received from and number
sent to patients each week. For total messages received, we
included both messages sent directly to the physician as well
as messages sent to pools that included multiple recipients
including the physician, even if the message was responded
to by another clinician. For total messages sent, we mea-
sured any message sent to a patient from the physician. We
disaggregated this measure into messages sent (1) cold, ie,
the initial message in a conversation thread or as (2) replies
within a conversation thread. This disaggregation allowed us
to separately evaluate the association of telemedicine with
physician-initiated compared with patient-initiated message
threads.

Encounter Modality
The study’s primary independent variable was the propor-
tion of a physician’s scheduled ambulatory encounters in the
week conducted via telemedicine. We considered completed
synchronous video as well as audio-only calls as telemedi-
cine in the numerator, with total completed ambulatory en-
counters in the denominator. Unscheduled telephone calls, as
well as scheduled but not completed visits (no shows) were
excluded. We also classified physicians’ weeks into 3 catego-
ries of modality mix: entirely face-to-face (with no telephone
or video telemedicine visits), mixed face-to-face and telemedi-
cine, and entirely telemedicine (with no in-person visits). The
mean (SD) proportion of visits delivered via telemedicine in
mixed weeks after the onset of the COVID-19 pandemic was
45.2% (25.6%). The distribution of telemedicine in mixed
weeks is available in eFigure in Supplement 1.

Statistical Analysis
We calculated descriptive statistics for the study sample in
the before and after COVID-19 onset periods, including
weekly appointment volume, EHR time per 8 PSHs during
and outside of scheduled hours as well as EHR time per 8
PSHs specifically spent documenting (clinical notes), patient
portal messages sent and received, proportion of visits con-
ducted via telemedicine, and distribution of weeks across
modality-mix categories, as well as demographic character-
istics of the sample physicians, including role (attending vs
resident), gender identity (self-reported; age, race, and eth-
nicity were not analyzed), and specialty, with 2-sided t tests
with unequal variances to test for statistically significant
differences between continuous variables and χ2 tests for
dichotomous variables. We then plotted weekly mean EHR
time and patient messaging.

To assess whether the level of telemedicine explains varia-
tion in our dependent variables, we limited to the after-onset
data given that telemedicine in the before pandemic period was
rare and not widely offered for traditional ambulatory encoun-
ters. We created binned scatterplots that showed the continu-
ous association between telemedicine proportion in each week
and the study’s EHR time and messaging measures. Each point
represents the mean value of the dependent variable (y-axis)
within that range of the independent variable, and the
proportion of encounters delivered via telemedicine, on the
x-axis. Each point was estimated using an ordinary least-
squares (OLS) regression including controls for physician fixed
effects, to control for time-invariant confounders, as well as
volume of ambulatory encounters in that week.

We used multivariable OLS models with two-way fixed ef-
fects to estimate the association between our dependent vari-
ables (EHR time during and outside of PSHs, EHR documen-
tation time, patient messages received and sent) with our 3
categories of weekly modality mix (all face-to-face, mixed, and
all telemedicine) as our independent variables of interest.
Models included physician-level fixed effects to control for un-
observed time-invariant confounders (eg, specialty, time in
practice, ease with using the EHR), week-level fixed effects to
account for seasonality (eg, lower message volume and EHR
time during holidays, secular changes over time), as well as
controls for number of ambulatory encounters in each week.24

We repeated these models for the measures of patient mes-
sages sent cold and messages in reply in an conversation
thread. All models used robust standard errors clustered at the
physician level.25

Statistical tests were 2-tailed and P values < .05 were con-
sidered to be statistically significant. Data analyses were per-
formed from March 1, 2022, through July 1, 2023, using Stata,
version 17.0 (StataCorp).

Robustness and Sensitivity
We conducted several tests to ensure results were robust to dif-
ferent analytic choices. First, we ran subgroup models for adult
primary care (internal and family medicine) and nonprimary
care (all other specialties) physicians to assess differences
across clinical workflows. Second, we ran subgroup models for
physician weeks in the top quartile of PSHs (>12.5 hours) to as-
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sess robustness to differences in volume. Third, we esti-
mated our models by replacing the independent variable with
quartiles of telemedicine intensity to ensure that the results
would be robust to other definitions of week-level modality,
including differences in telemedicine volume across mixed
weeks (eg, a week in the third quartile vs the second quartile
of telemedicine proportion.) Fourth, we used medians (rather
than means) of dependent variables of EHR time to assess
whether outliers were driving observed differences. Fifth, we
identified physicians who were heavy users of telemedicine,
defined as those in the top quartile of encounters delivered via
telemedicine (mean, ≥79.3% of weekly encounters) after pan-
demic onset, and used a difference-in-differences model to es-
timate the association of the pandemic-induced adoption of
telemedicine on the study outcomes. Finally, we estimated our
models using lagged dependent variables of messaging in the
week and 2 weeks after the index week.

Results

Sample Characteristics and Telemedicine Use
The study sample included 1052 physicians (437 [41.5%] men
and 615 [58.5%] women) observed during 115 weeks, which pro-
vided an unbalanced panel of 35 697 observations.

Mean weekly ambulatory encounter volume increased
slightly after the COVID-19 pandemic onset, from 19.42 to 20.06
(difference, 0.64; 95% CI, 0.35-0.93; P < .001; Table 1). Tele-
medicine use increased significantly, from 3.1% to 49.3% (dif-
ference, 46.2%; 95% CI, 45.7%-46.7%; P < .001). In the cat-
egorical measure of telemedicine use, the most common
modality before the pandemic was all face-to-face (82.6% of
weeks), followed by mixed telemedicine and face-to-face
(17.3%), with almost no weeks consisting of entirely telemedi-
cine visits (0.1%). After the onset of the pandemic, mixed (tele-

Table 1. Sample Descriptive Statistics of 35 697 Physician-Week Observations of 1052 Unique Physicians and Use of Electronic Health Records
Before and After the Onset of the COVID-19 Pandemic

Measure

Mean (SD)

P value
Before pandemic (August 27, 2018-
September 30, 2019)

After onset (September 1, 2020-
September 27, 2021)

Encounters, weekly 19.42 (14.25) 20.06 (13.74) <.001

EHR time normalized per 8 patient scheduled hours (PSHs), h

EHR time during PSHs 4.53 (2.62) 5.46 (2.90) <.001

EHR time outside of PSH 4.29 (4.11) 5.34 (4.94) <.001

Total EHR time on documentation (during and outside PSHs) 6.35 (4.96) 8.18 (5.72) <.001

Electronic messaging, No.

Messages received from patients, weekly 16.76 (33.60) 30.33 (64.63) <.001

Messages sent to patients, weekly 13.82 (19.46) 29.83 (31.44) <.001

Telemedicine use

Encounters as telemedicine (audio/telephone or video), % (3.1) (9.3) (49.3) (34.4) <.001

Physician-week encounter modality, No. (%), wk

All face-to-face 14 467 (82.6) 2010 (11.1) <.001

Mixed face-to-face and telemedicine 3032 (17.3) 13 175 (72.4) <.001

All telemedicine 12 (0.1) 3001 (16.5) <.001

Physician characteristics

Attending physician 15 320 (87.5) 15 845 (87.1) .31

Resident physician 2191 (12.5) 2341 (12.9)

Female gender 9989 (57.0) 10 567 (58.1) .04

Male gender 7522 (43.0) 7619 (41.9)

Specialty

Cardiology 1853 (10.6) 2035 (11.6) .07

Dermatology 1436 (8.2) 1213 (6.9) <.001

Family medicine 618 (3.5) 774 (4.4) <.001

General surgery 232 (1.3) 184 (1.1) .01

Hematology/oncology 940 (5.4) 1052 (6.0) .09

Internal medicine 4349 (24.8) 4629 (26.4) .18

Nephrology 578 (3.3) 648 (3.7) .17

Neurology 3878 (22.2) 3601 (20.6) <.001

Obstetrics/gynecology 1478 (8.4) 1801 (10.3) <.001

Otolaryngology 986 (5.6) 1170 (6.7) .01

Pediatrics 1163 (6.6) 1079 (6.2) .01
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medicine and face-to-face) was the most common modality—
72.4% of weeks, with a median (IQR) of 44.4% (26.6%)
telemedicine encounters within those weeks; followed by all
telemedicine (16.5%) and all face-to-face (11.1%).

Changes in EHR Use Over Time
For time spent working in the EHR before the COVID-19 pan-
demic compared with after its onset, we observed significant
increases: during PSHs increased from 4.53 to 5.46 hours per
8 PSH (difference, 0.93; 95% CI, 0.87-0.98; P < 0.001); out-
side of PSHs, from 4.29 to 5.34 hours (difference, 1.04;
95% CI, 0.95-1.14; P < 0.001); and documentation time dur-
ing and outside of PSHs, from 6.35 to 8.18 hours (difference,
1.83; 95% CI, 1.72-1.94; P < 0.001) (Figure 1). At the same time,
patient messages received by physicians increased from 16.76
to 30.33 messages (difference, 13.57; 95% CI, 12.51-14.63;
P < 0.001), and messages sent to patients, 13.82 to 29.83 mes-
sages (difference, 16.01; 95% CI, 15.47-16.55; P < .001) (Figure 1).

Association Between Telemedicine and EHR Time
We found a strong, positive linear association between pro-
portion of encounters delivered via telemedicine and EHR time,

both during and outside of PSHs, as well as time spent docu-
menting in the EHR (Figure 2). For patient messaging, the as-
sociation of telemedicine and the number of messages re-
ceived did not show an obvious association. However, we did
find a strong negative association between the proportion of
encounters delivered via telemedicine and the number of mes-
sages sent (Figure 3).

In multivariable models, physicians in mixed weeks had
0.43 additional hours of EHR time per 8 PSH during sched-
uled hours (95% CI, 0.31-0.55; P < .001), and 0.38 additional
hours outside of scheduled hours compared with entirely face-
to-face encounters (95% CI, 0.15-0.61; P < .001). We found
larger effect sizes for weeks when all encounters were con-
ducted via telemedicine, for EHR time during (β, 0.91 EHR
hours per 8 PSH; 95% CI, 0.74-1.09; P < .001) and outside (β,
0.73 EHR hours per 8 PSH; 95% CI, 0.42-1.04; P < .001) of
scheduled hours. When investigating the association be-
tween EHR documentation time and telemedicine, we found
a strong association between the increase in EHR time in both
mixed (β, 0.83 EHR hours per 8 PSH; 95% CI, 0.60-1.06;
P < .001) and entirely telemedicine (β, 1.64 EHR hours per 8
PSH;95% CI, 1.30-1.98; P < .001) weeks. In robustness tests,

Figure 1. Electronic Health Record (EHR) Time and Patient Messaging Before (August 27, 2018-September 30, 2019)
and After (September 1, 2020-September 27, 2021) the Onset of the COVID-19 Pandemic, Mean per Week
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we found similar results in models for primary and specialty
care (eTable 1 in Supplement 1), high-volume physicians
(eTable 2 in Supplement 1), using quartiles of telemedicine in-
tensity (eTable 3 in Supplement 1), median EHR time and tele-
medicine (eFigure 2 in Supplement 1), using a difference-in-

differences model (eTable 4 in Supplement 1), and several
sensitivity analyses around documentation time, eg, using only
data from 2021 (eTable 5 in Supplement 1).

Telemedicine and Patient Messaging Volume
Neither mixed (β, 0.81 messages per week; 95% CI, −0.34 to
1.96; P = .17) nor entirely telemedicine (β, 0.30 messages per
week; 95% CI, −1.16 to 1.75; P = .69) weeks were significantly
different than entirely face-to-face weeks for patient mes-
sages received (Table 2). This held true when specifying the
dependent variable with lags following mixed or telemedi-
cine weeks (eTable 6 in Supplement 1). Both mixed (β, −0.90
messages per week;95% CI, −1.73 to −0.08; P = .03) and
entirely telemedicine (β, −4.06 messages per week; 95% CI,
−5.19 to −2.93; P < .001) weeks were significantly negatively
associated with the number of messages sent to patients
(Table 2). When disaggregating messages into either
physician-initiated cold messages compared with replies
within an existing thread, we found both mixed (β, −1.08
messages per week; 95% CI, −1.48 to −0.68; P < .001) and

Figure 2. Association Between Mean Electronic Health Record (EHR) Time
and Weekly Encounter Modality Mix, After Onset of the COVID-19 Pandemic
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Figure 3. Association Between Mean Patient Messaging and Weekly
Encounter Modality Mix, After Onset of the COVID-19 Pandemic
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entirely telemedicine (β, 3.91 messages per week; 95% CI,
−4.62 to −3.19; P < .001) weeks were associated with lower
messages sent cold, while there was no association between
weekly modality mix and messages sent as replies. We found
similar results in difference-in-differences models, although
physicians with heavy use of telemedicine experienced a
small increase (eTable 7 in Supplement 1).

Discussion
Using detailed EHR data, we assessed changes in EHR time and
patient messaging volume after the onset of the COVID-19 pan-
demic and the association between EHR use and telemedi-
cine. Time spent working in the EHR during and outside of PSHs
increased significantly and stayed higher after pandemic on-
set, as did volume of patient messages received and sent.
Telemedicine use was strongly positively associated with EHR
time, during and outside of PSHs. Time spent documenting
was also longer for telemedicine weeks. We found no associa-
tion of patient messages received by physicians with telemedi-
cine, even after accounting for different lag periods.
However, there was a strong negative association between tele-

medicine use and messages sent to patients by physicians,
driven by fewer physician-initiated cold messages.

The large and persistent increase in EHR time and patient
messages after pandemic onset are consistent with previous
studies,12,26 suggesting that UCSF Health experienced the same
trends in these measures as other health systems. To our
knowledge, our results assessing these associations with vari-
ous levels of telemedicine use are novel. We are aware of only
1 other study—it specifically assessed the association be-
tween EHR time after-hours and telemedicine and found that
telemedicine use was associated with higher after-hours EHR
time. Our results for this association are similar, which lends
credibility to our findings that evaluate a broader set of mea-
sures: overall EHR time, patient messages received and sent,
and documentation time. Overall, these results suggest that
although telemedicine may offer a convenient option for pa-
tients, it exhibits a dramatic dose-response association with
EHR time that exacerbates EHR burden for physicians.16,18

There are several potential mechanisms that may drive the
association between telemedicine and EHR time. First, it may
be that telemedicine makes documentation during the visit
easier by allowing the physician to compose the note in short
bursts throughout the encounter given that they are sitting in

Table 2. Association of Weekly Encounter Modality Mix on Time Spent on Electronic Health Records (EHRs)
and Patient Messaging, During or Outside of Patient Scheduled Hours (PSHs)

Modalitya Coefficient (95% CI) P value

EHR time during PSHsb

All face-to-face [Reference]

Mixed 0.43 (0.31 to 0.55) <.001

All telemedicine 0.91 (0.74 to 1.09) <.001

EHR time outside of PSHsb

All face-to-face [Reference]

Mixed 0.38 (0.15 to 0.61) <.001

All telemedicine 0.73 (0.42 to 1.04) <.001

EHR time spent on documentation (during and outside PSHs)b

All face-to-face [Reference]

Mixed 0.83 (0.60 to 1.06) <.001

All telemedicine 1.64 (1.30 to 1.98) <.001

Messages received from patient, weekly

All face-to-face [Reference]

Mixed 0.81 (−0.34 to 1.96) .17

All telemedicine 0.30 (−1.16 to 1.75) .69

Messages sent to patient, weekly

All face-to-face [Reference]

Mixed −0.90 (−1.73 to −0.08) .03

All telemedicine −4.06 (−5.19 to −2.93) .00

Messages sent to patient, cold (physician-initiated conversation)

All face-to-face [Reference]

Mixed −1.08 (−1.48 to −0.68) <.001

All telemedicine −3.91 (−4.62 to −3.19) <.001

Messages sent to patient, in reply (existing conversation)

All face-to-face [Reference]

Mixed −0.04 (−0.56 to 0.48) .88

All telemedicine −0.37 (−0.97 to 0.22) .22

a All models included
physician- and week-level fixed
effects with controls for weekly
encounter volume not shown,
with robust standard errors
clustered at the physician level.

b All EHR time was normalized per 8
PSHs to account for differences in
clinical workload.
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front of the computer. However, this could appear in our mea-
sures as greater documentation because the physician spends
more time with the note open. For example, documenting an
in-person encounter may take 5 dedicated minutes after the
visit. However, a telemedicine encounter could allow the phy-
sician to parallel process the documentation and treat the pa-
tient simultaneously during a 20-minute appointment; this
may record more time spent actively working in the EHR.
Therefore, this increase in documentation time may not be re-
flective of the documentation burden experienced by the phy-
sician—it may be that 20 minutes of documentation work dur-
ing the visit is preferable to 5 minutes after the visit, despite
the increase in overall time spent in the EHR.

Although this may explain greater documentation time,
it would not account for our finding of a large increase in EHR
time spent outside of clinic hours associated with delivering
care via telemedicine, which is substantial given the large vol-
ume of evidence associating EHR time outside of PSHs with
physician burnout and decreased well-being.16-19 Evidence sug-
gests that telemedicine adoption improves appointment ad-
herence rates,27 which may reduce the shoulder time be-
tween appointments, which was previously used to document
the visit, resulting in more EHR time carrying over into un-
scheduled hours. It may also be that telemedicine requires
more before-visit EHR review in the absence of a physical ex-
amination, or a nonphysician staff member communicating
the patient’s medical history verbally. Additionally, telemedi-
cine encounters may be less efficient, requiring time to en-
sure that the patient is able to see, hear, and speak with the
physician—with physicians often providing ad hoc technical
support which means appointments run over time. Lastly, tele-
medicine encounters may have less staff support for func-
tions such as recording patient medical history, creating ad-
ditional work for the physician.28

The findings on the association of telemedicine with mes-
saging are encouraging in that telemedicine did not seem to
generate more patient messages. This suggests that the in-
crease in messaging after the pandemic onset was not caus-
ally linked to the simultaneous expansion of telemedicine; it
may be driven by other factors such as increased awareness
of the portal or higher demand for asynchronous care during
the pandemic. More broadly, there may be evidence of match-
ing patient needs with modality—ie, clinical issues addressed
by telemedicine are those that can be resolved virtually and
without the need for messaging-based follow-up. However, this
is speculative, and it may be that follow-up care is delivered
at an in-person visit rather than via messages.

Similarly, it is hard to know whether the reduction in phy-
sician-initiated cold messages to patients is encouraging or wor-
risome. It may be that cold messages are not needed because
of good matching, with issues fully resolved during the en-
counter. However, it could be that the increased EHR burden
limits physician time for cold messages regarding follow-up vis-
its and outreach, with potential implications for quality of care.
Lastly, differences in care delivery by modality may drive dif-
ferences in messaging—telemedicine visits have been shown
to have fewer diagnostic tests ordered,29 which would elimi-
nate the need to reach out to patients with test results. These

findings make an important contribution by generating these
hypotheses for future investigation.

These findings also have important implications for health
system leaders and policymakers. Critically, the amount time
spent on EHR work among the physicians in this study under-
scores the importance of reducing burden: for every 8 PSHs,
physicians were spending 5 or more hours outside PSHs work-
ing in the EHR. Health systems should consider the burden of
EHR time for physicians who deliver care via telemedicine,
when considering scheduling, number of patients under care
(ie, panel size), and productivity expectations. They may also
wish to invest in supportive technology (eg, virtual scribes) or
adapting workflows to allow other staff to move patients into
a virtual waiting room. Future research should investigate
whether team-based workflows that include nonphysician staff
who may assign patients to waiting room would be effective
in reducing EHR time burden for physicians.

Policymakers should be aware of the additional time re-
quired to deliver care virtually as they craft sustainable tele-
health policy. If telemedicine remains durably more demand-
ing of physician time, policymakers should consider this
evidence with the same weight as they give to studies on the
quality of virtual care as they are making decisions regarding
coverage and reimbursement.

Limitations
We used data from a single health system, and although we
include ambulatory care at UCSF Health’s main academic cam-
pus as well as community practice settings, our findings may
not generalize to nonacademic or higher-volume settings.
Although our OLS 2-way fixed effects models controled for un-
observed time-invariant physician characteristics as well as
secular changes over time, there may be time-varying
confounders that we were unable to address. Additionally, al-
though we use lagged outcomes and a difference-in-
differences model in eTables 4 and 7 in Supplement 1, our cli-
nician-level measures of messaging volume may not fully
capture how telemedicine visits affect patient messaging. Fur-
thermore, our data did not allow us to assess the distribution
of EHR time across nondocumentation functions such as
messaging or EHR review. Given our findings that documen-
tation time increased significantly, future studies should in-
vestigate whether physicians reduced EHR time spent in other
domains to accommodate this new workload. Additionally,
because our data were limited to physicians, we were unable
to assess measures of team support for EHR work or how
telemedicine affected nonphysician EHR users.

Conclusions
The findings of this longitudinal cohort study indicate that
after the onset of the COVID-19 pandemic, physician time spent
in the EHR increased substantially, as did the volume of elec-
tronic messages received from and sent to patients. Our re-
sults revealed that telemedicine was only significantly asso-
ciated with 1 of these: more EHR time specifically owing to
additional documentation time. Telemedicine was associ-
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ated with physicians sending fewer messages to patients,
suggesting that increased portal message volume after the
pandemic onset was associated with other factors. Given the
evidence that delivering care virtually requires more physi-

cian time working in the EHR compared with in-person vis-
its, health systems and policymakers should carefully bal-
ance the trade-off between physician time and patient access
as they plan for the future of telemedicine.
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