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Abstract

IMPORTANCE This study assesses the role of telehealth in the delivery of care at the start of the
COVID-19 pandemic.

OBJECTIVES To document patterns and costs of ambulatory care in the US before and during the
initial stage of the pandemic and to assess how patient, practitioner, community, and COVID-19–
related factors are associated with telehealth adoption.

DESIGN, SETTING, AND PARTICIPANTS This is a cohort study of working-age persons continuously
enrolled in private health plans from March 2019 through June 2020. The comparison periods were
March to June in 2019 and 2020. Claims data files were provided by Blue Health Intelligence, an
independent licensee of the Blue Cross and Blue Shield Association. Data analysis was performed
from June to October 2020.

MAIN OUTCOMES AND MEASURES Ambulatory encounters (in-person and telehealth) and
allowed charges, stratified by characteristics derived from enrollment files, practitioner claims, and
community characteristics linked to the enrollee’s zip code.

RESULTS A total of 36 568 010 individuals (mean [SD] age, 35.71 [18.77] years; 18 466 557 female
individuals [50.5%]) were included in the analysis. In-person contacts decreased by 37% (from 1.63
to 1.02 contacts per enrollee) from 2019 to 2020. During 2020, telehealth visits (0.32 visit per
person) accounted for 23.6% of all interactions compared with 0.3% of contacts in 2019. When these
virtual contacts were added, the overall COVID-19 era patient and practitioner visit rate was 18%
lower than that in 2019 (1.34 vs 1.64 visits per person). Behavioral health encounters were far more
likely than medical contacts to take place virtually (46.1% vs 22.1%). COVID-19 prevalence in an area
was associated with higher use of telehealth; patients from areas within the top quintile of COVID-19
prevalence during the week of their encounter were 1.34 times more likely to have a telehealth visit
compared with those in the lowest quintile (the reference category). Persons living in areas with
limited social resources were less likely to use telehealth (most vs least socially advantaged
neighborhoods, 27.4% vs 19.9% usage rates). Per enrollee medical care costs decreased by 15%
between 2019 and 2020 (from $358.32 to $306.04 per person per month). During 2020, those with
1 or more COVID-19–related service (1 470 721 members) had more than 3 times the medical costs
($1701 vs $544 per member per month) than those without COVID-19–related services. Persons with
1 or more telehealth visits in 2020 had considerably higher costs than persons having only in-person
ambulatory contacts ($2214.10 vs $1337.78 for the COVID-19–related subgroup and $735.87 vs
$456.41 for the non–COVID-19 subgroup).

(continued)
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Abstract (continued)

CONCLUSIONS AND RELEVANCE This study of a large cohort of patients enrolled in US health plans
documented patterns of care at the onset of COVID-19. The findings are relevant to policy makers,
payers, and practitioners as they manage the use of telehealth during the pandemic and afterward.

JAMA Network Open. 2021;4(3):e212618. doi:10.1001/jamanetworkopen.2021.2618

Introduction

The use of telehealth services during the COVID-19 pandemic has been unprecedented. During the
initial March to April 2020 peak, case reports suggested that telehealth usage went from less than 1%
of visits1 to as much as 80% where COVID-19 prevalence was high.2

Although telehealth services have been available in the US for decades, its adoption was still
uncommon before the COVID-19 pandemic.3,4 Barriers to use included limited insurance coverage
and regulations regarding jurisdiction of licensure. Also, many practitioners and patients were not
technically equipped to offer and use these digitally mediated services.5

The COVID-19 pandemic has also placed unprecedented challenges on government,
practitioners, and patients to mitigate the spread of this disease. Therefore, telehealth emerged as a
way to deliver care at a social distance. In response, policy makers, payers, and practitioners
eliminated almost all financial, regulatory, and technical barriers that hampered past telehealth
expansion.6-8

The shift to telehealth has impacted not only the more than 7.5% of Americans with confirmed
COVID-19,9 but also every person coming in contact with the health care system. Most policy, clinical,
and electronic health experts believe that although coverage policies and practitioner and consumer
telehealth adoption levels may change once the pandemic subsides, the adoption trajectory of these
technologies has been forever changed.10-12

This study undertakes an assessment of the shifts in telehealth and ambulatory visit use during
the first 4 months of the COVID-19 pandemic (March to June 2020). We document overall
ambulatory contacts and costs both before (2019) and after (2020) the pandemic’s start within a
very large cohort of more than 36 million working-age, insured US individuals. We assess the
associations of key patient, community, and health system characteristics with service use. We also
assess the association of telehealth use with a patient having a COVID-19–related diagnosis and/or
residing in a high COVID-19 prevalence area.

Methods

Data Sources and Cohort Selection
The institutional review board of the Johns Hopkins Bloomberg School of Public Health reviewed and
approved this cohort study as being exempt; thus, informed consent was not sought. This study
conforms to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.13

Data for this study came from the Blue Health Intelligence data repository. Blue Health
Intelligence is an independent data and analytics company that is a licensee of the Blue Cross and
Blue Shield Association. This database is sourced from a large number of health insurance plans. The
study data set included complete claims files for commercial health plan members continuously
enrolled from March 1, 2019, through June 30, 2020. Claims submitted through July 31, 2020, were
included. eFigure 1 in the Supplement provides information on sample selection and subgroup
identification. Distribution of the study population by US Census region is presented in eTable 1 in the
Supplement.
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Our analysis compared the 4-month period of March through June in 2019 and 2020 to account
for seasonality. The study population was limited to persons covered through employer-based,
Affordable Care Act, and other private health insurance plans, but not Medicare or Medicaid.

We developed an approach to identify persons treated for actual or suspected COVID-19. We
designated a person to this COVID-19–related subgroup if they had any diagnosis code associated
with COVID-19 disease, exposure, screening, or testing during the 2020 study period. eTable 2 in the
Supplement presents identification criteria and study member counts for the COVID-19–related
subgroup.

Definition of Ambulatory and Telehealth Encounters
Our unit of analysis was an ambulatory encounter with a telehealth-eligible service. Inpatient and
emergency department services were excluded. An encounter was defined as a patient seeing a
specific practitioner on a specific date. Telehealth-eligible services were identified using Current
Procedural Terminology or Healthcare Common Procedure Codes that, on the basis of payer policy,
were eligible for telehealth coverage (see eTable 3 and eTable 4 in the Supplement).14 Telehealth-
eligible services were subdivided between those provided in person or via telehealth. Some
telehealth-eligible codes can only be used for telehealth, whereas others may be provided either way.
Thus, we classified them as telehealth only when an appropriate modifier was present (see eTable 5
in the Supplement). In accordance with payment policy, we considered telehealth to include any
service provided on a remote basis, whether via video, telephone, asynchronous or synchronous text
or email transmission, or other similar technology. Details on designation of telehealth modality are
provided in eTable 5 in the Supplement.

Some encounters include multiple claim lines (mean [SD], 1.13 [0.58] claim lines). To assign
encounter-level attributes (eg, diagnosis, specialty), we selected a principal service for each unique
encounter based on the claim line with the highest allowed charge. The categorization we used to
assign a specialty to each practitioner is described in eTable 6 in the Supplement.

Study Member Characteristics and Definition of Measures
We captured information on the members’ demographic characteristics, including age, sex, and zip
code of residence from enrollment files. Using zip code, we mapped each study member to a US
Census region, state, and county and to urban or rural categorizations.15 We assigned a member’s
residence to 1 of 4 levels of social deprivation based on a national ranking of the Area Deprivation
Index.16 For person-oriented analyses, we classified a residence as a COVID-19 hot spot if their state
had a prevalence greater than or equal to 1.5 times the national mean on May 1, 2020.17 For
encounter-level analyses, we assigned the national decile rank of prevalence for the patient’s zip
code during the week of service.18

We documented each member’s chronic condition count (0, 1, 2, or �3 conditions) according to
all ambulatory care primary diagnoses noted during the 12 months of 2019.19 We also categorized
the study member’s type of insurance as standard preferred provider organization, high-deductible
plan (ie, a deductible >$1000), or health maintenance organization.

Finally, we classified each encounter as involving a new patient, if the enrollee had not visited
the billing practitioner organization within the past 3 years and as a new condition if there had not
been a visit for that primary diagnosis within the past 3 years.20 All members of the cohort were
continuously enrolled at least from March 2019, but for this continuity of care assessment, we
reviewed data from 2016 forward for those members who were enrolled longer.

Service Costs
To assess health care costs, we analyzed allowed charges. This corresponded to the dollar amount
allowed by plan fee schedules before any enrollee cost sharing. For comparability, 2019 charges were
adjusted upward to reflect 2020 pricing using relevant components of the Consumer Price Index
(1.4% to 3.7% depending on service type).21
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To account for services provided before the end of June 2020, but where claims were not
submitted or closed as of July 31, 2020 (our data set creation date), completion factors were applied
on the basis of 2018 patterns. These lag adjustments for 2020 equaled an upward adjustment of
12.8% for allowed charges and 5.1% for encounters.

Statistical Analysis
Log-binomial multivariable logistic regression was used to calculate relative risk ratios (RRRs) for
member-specific and encounter-specific factors to assess their independent associations with the
likelihood of telehealth vs in-person contacts in 2020. Significance was set at 2-sided P < .05. Only
persons with 1 or more telehealth-eligible service were included in the analysis (15 437 217
individuals). These individuals had 46 453 007 in-scope encounters. For computational efficiency, in
lieu of specifying a random effect structure, robust sandwich variance estimators were used to
improve estimates for standard errors, to account for potential multiple encounters.

We measured the associations of member-level characteristics on whether the member
experienced 1 or more telehealth service during the study period. For encounter-level analyses, the
outcome was defined as a binary (yes or no) telehealth indicator for that encounter. For both types of
analyses, we used categorical variables derived from the enrollment file and factors linked to a
member’s home zip code.

We used SAS statistical software version 9.4 (SAS Institute) and R statistical software version
4.0 (R Project for Statistical Computing) to conduct the analyses.22 Data analysis was performed
from June to October 2020.

Results

In this cohort study of 36 568 010 individuals (mean [SD] age, 35.71 [18.77] years; 18 466 557 female
individuals [50.5%]), ambulatory contacts decreased by 18% (from 1.64 to 1.34 visits per person)
between 2019 and 2020 (Table 1). When only in-person visits were considered, the decrease
equaled 37% (from 1.63 to 1.02 visits per person). The proportion of persons with at least 1 contact of
any kind during each of the 4-month periods decreased by approximately 19%, from 51.8%
(18 942 276 persons) in 2019 to 42.2% (15 437 217 persons) in 2020.

In 2019, 179 805 ambulatory visits (0.3%) were billed using telehealth designations. During
2020, the percentage was 23.6% (0.32 visit per person). In 2020, 13.6% of all persons (4 977 415
individuals) experienced 1 or more telehealth interactions. The trends for both total ambulatory

Table 1. In-Person and Telehealth Ambulatory Contacts for Continuously Enrolled Insured Study Cohort
for March to June 2019 (Before the COVID-19 Pandemic) and March to June 2020 (During the COVID-19
Pandemic) Study Periodsa

Variable

Participants, No. (%) (N = 36 568 010)

March-June 2019 March-June 2020
Enrollees with ≥1 ambulatory contact 18 942 276 (51.8) 15 437 217 (42.2)

Enrollees with ≥1 telehealth visit 109 704 (0.3) 4 977 415 (13.6)

Ambulatory contacts per enrollee, No.

Total b 1.64 1.34

In-personb 1.63 1.02

Telehealth .01 .32

Telehealth claims submitted in 2020 by modality

Video supported NA 11 296 298 (74.4)

Telephonic NA 1 391 618 (9.2)

Email, chat, or other NA 502 837 (3.3)

Unspecified NA 1 988 277 (13.1)

Total NA 15 179 030 (100)

Abbreviation: NA, not applicable.
a Sample included persons continuously enrolled from

March 1, 2019, through June 30, 2020, within private
health insurance plans in the data files of Blue Health
Intelligence, an affiliate of the Blue Cross and Blue
Shield Association. See further details regarding
sample selection in the text and eFigure 1 and
eTable 1 in the Supplement.

b All results consider only ambulatory encounters that
are telehealth eligible. Total contacts include both
in-person and telehealth visits. Contacts per enrollee
include both users and nonusers. See text and
eTable 3, eTable 4, and eTable 5 in the Supplement
for further details.
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contacts and the percentage delivered via telehealth are presented graphically week by week during
2020 in eFigure 2 and eFigure 3 in the Supplement.

On the basis of billing designations, video-supported telehealth visits represented 74.4% of the
virtual visits (11 296 298 claims) (Table 1). Given that 13.1% of telehealth claims (1 988 277 claims) did
not specify a modality, it is possible that the majority of this missing data group also had video visits.

Table 2 presents the unadjusted member-level rates of total and telehealth ambulatory
contacts during the 2019 and 2020 periods according to member characteristics, including those
linked to their zip code. Notable 2020 findings are that age and disease burden appear to be
associated with telehealth uptake, with those aged 18 to 49 years and with 2 or more chronic
conditions using more telehealth. Virtual care use rates were higher in states that represented
COVID-19 hot spots during the study period (36.0% [1.28 contacts per person] vs 21.6% [1.35 contact
per person]), urban vs rural locales (24.2% [1.35 contacts per person] vs 14.2% [1.15 contacts per
person]), and in the most vs least socially advantaged neighborhoods (27.4% [1.42 contacts per
person] vs 19.9% [1.24 contacts per person]). Persons in health maintenance organizations were
more likely to use telehealth (35.7% [1.48 contacts per person]) compared with those in standard
preferred provider organizations (24.1% [1.41 contacts per person]) or high-deductible plans (19.1%
[1.14 contacts per person]). Members in the COVID-19–related subgroup had ambulatory visit rates
that were approximately 30% higher (3.99 vs 3.08 contacts per person) than those without COVID-
19–related diagnoses, and their use of telehealth was slightly higher (25.0% vs 23.5% of visits).

Table 3 presents unadjusted 2019 and 2020 encounter-level analyses stratified by visit
characteristics. Note that unlike overall encounters, which decreased, the per member rate for
behavioral visits stayed constant. Mental health visits were far more likely than medical office visits
to be delivered via telehealth (46.1% [0.23 visit per person] vs 22.1% [0.86 visit per person]). There
was variability in telehealth use by clinical specialty and practitioner type; surgical and rehabilitation
services (including physical therapy) were far less likely than other types of services to be delivered
virtually (9.2% [0.10 visit per person] and 4.6% [0.15 visit per person], respectively). It appears that
the total encounter rate (in-person and telehealth combined) addressing diabetes, hypertension,
cancer, and well-child care stayed almost the same from 2019 to 2020. The greatest per member
decrease, from 0.89 to 0.63 visit per person, occurred for visits with acute primary diagnoses.
Telehealth usage for acute conditions (14.1% [0.63 visit per person]) was far lower than that for
chronic condition visits (21.5% [0.24 visit per person]). The use of telehealth for new patients and for
new problems in 2020 was lower than overall rates.

Table 4 presents mean per member per month (PMPM) allowed charges. This is a standard
measure of a group’s resource consumption used by the insurance industry. When assessing the
entire population of both users and nonusers, total medical costs decreased by approximately 15%
between 2019 and 2020 (from $358.32 to $306.04 PMPM). Even as costs for the total study cohort
decreased, medical expenditures for those with 1 or more ambulatory contact increased modestly
from $632.48 to $653.78 PMPM.

Overall, 1 470 721 members in the COVID-19–related subgroup (with or without telehealth) had
more than 3 times higher medical costs than the non–COVID-19 user subgroup ($1701 vs $544
PMPM). The COVID-19–related subgroup was somewhat heterogeneous, including both persons
being screened and treated for coronavirus infection. eTable 2 in the Supplement provides further
details on their distribution of COVID-19–related diagnoses and hospitalizations.

As described in Table 4, for both the subgroups with and without COVID-19–related diagnoses,
persons with 1 or more telehealth contacts had considerably higher medical costs than those without
telehealth visits ($2214.10 vs $1337.78 for the COVID-19–related subgroup and $735.87 vs $456.41
for the non–COVID-19 subgroup). eTable 7 in the Supplement compares the breakdown of age and
chronic disease among the 2020 subgroups and indicates that persons with 1 or more telehealth visit
were older and had greater preexisting disease burden than those with in-person visits only.
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For the entire (user and nonuser) study population, pharmacy costs increased slightly across the
periods (from $126.32 in 2019 to $139.36 PMPM in 2020). Unlike medical costs, pharmacy costs were
not appreciably higher among the COVID-19–related subgroup.

The Figure presents RRRs at either the encounter or member level as appropriate. These reflect
the adjusted probability that in 2020 a user will be seen by telehealth vs in-person, given 4 key

Table 2. Ambulatory Encounters and Percentage Telehealth for March to June 2019 (Before the COVID-19 Pandemic) and March to June 2020
(During the COVID-19 Pandemic) By Presence of COVID-19–Related Diagnoses and Characteristics of Patients and Their Residence

Patient level characteristics
Patients, No. (%)
(N = 36 568 010)a

Contacts per person, No. (% that were telehealth)

March-June 2019,
all personsa

March-June 2020

All personsa

Persons with ≥1 contact, not in
COVID-19–related subgroup
(n = 13 966 497)

Persons with ≥1 contact, in
COVID-19–related subgroup
(n = 1 470 721)b

Column mean 1.64 (0.3) 1.34 (23.6) 3.08 (23.5) 3.99 (25.0)

Chronic conditions treated in 2019

0 20 420 796 (55.8) 0.58 (0.4) 0.58 (17.4) 2.16 (16.9) 2.58 (20.8)

1 8 804 381 (24.1) 1.91 (0.3) 1.52 (24.2) 2.83 (24.1) 3.60 (24.9)

2 4 132 359 (11.3) 3.21 (0.3) 2.47 (26.2) 3.53 (26.2) 4.63 (26.6)

≥3 3 210 474 (8.8) 5.58 (0.3) 4.18 (26.7) 4.87 (26.5) 6.82 (27.4)

Age in 2019, y

0-5 2 451 286 (6.7) 1.74 (0.1) 0.84 (16.4) 2.31 (16.2) 3.18 (19.4)

6-17 5 722 334 (15.6) 1.41 (0.2) 0.98 (25.7) 3.03 (25.8) 3.14 (25.3)

18-34 9 139 263 (25.0) 1.28 (0.5) 1.15 (28.1) 3.09 (28.3) 3.43 (27.4)

35-49 8 911 461 (24.4) 1.62 (0.4) 1.37 (25.4) 3.00 (25.2) 3.88 (26.7)

50-64 9 594 054 (26.2) 2.04 (0.2) 1.73 (20.2) 3.17 (19.8) 4.60 (22.8)

≥65 749 612 (2.0) 2.50 (0.1) 2.46 (19.5) 4.43 (19.1) 6.85 (22.2)

Residence in COVID-19 hot spotc

No 31 146 733 (85.2) 1.60 (0.3) 1.35 (21.6) 3.04 (21.5) 3.95 (22.7)

Yes 5 421 277 (14.8) 1.86 (0.2) 1.28 (36.0) 3.30 (36.1) 4.22 (35.4)

US Census region of residence

Northeast 6 940 071 (19.0) 1.79 (0.2) 1.19 (35.5) 3.11 (35.2) 4.13 (37.6)

Midwest 9 309 546 (25.4) 1.62 (0.3) 1.35 (21.6) 3.23 (21.5) 4.31 (22.7)

South 15 490 398 (42.4) 1.59 (0.4) 1.39 (20.1) 2.92 (20.0) 3.74 (21.0)

West 4 827 995 (13.2) 1.61 (0.4) 1.35 (24.1) 3.32 (24.0) 4.21 (24.9)

Urban vs rural residence

Urban 34 229 907 (93.6) 1.66 (0.3) 1.35 (24.2) 3.11 (24.0) 4.01 (25.6)

Rural 2 338 103 (6.4) 1.36 (0.5) 1.15 (14.2) 2.63 (14.2) 3.68 (14.6)

Area Deprivation Index of
residence by quartiled

1 (Low) 14 818 612 (40.5) 1.83 (0.3) 1.42 (27.4) 3.35 (27.4) 4.22 (28.1)

2 8 368 751 (22.9) 1.57 (0.3) 1.29 (21.9) 2.98 (21.7) 3.95 (23.5)

3 7 498 625 (20.5) 1.51 (0.3) 1.27 (20.0) 2.86 (19.8) 3.83 (21.7)

4 (High) 5 547 985 (15.2) 1.41 (0.3) 1.24 (19.9) 2.79 (19.4) 3.69 (22.8)

Type of insurance plan in 2019

Standard 23 962 063 (65.5) 1.73 (0.3) 1.41 (24.1) 3.19 (23.9) 4.13 (25.5)

Health maintenance organization 2 116 563 (5.8) 1.74 (0.2) 1.48 (35.7) 3.20 (35.3) 4.16 (38.1)

High deductible 10 489 384 (28.7) 1.42 (0.3) 1.14 (19.1) 2.77 (19.1) 3.59 (19.7)
a The entire sample (of users and nonusers) included 36 568 010 persons continuously enrolled in commercial insurance plans from March 1, 2019, through June 30, 2020. These

unadjusted rates are reported as number of telehealth eligible ambulatory contacts per enrollee and percentage of these contacts that took place via telehealth during each
4-month study period (March-June). All rows are calculated at the person level. See text for further details.

b Refers to 1 or more COVID-19–related diagnosis codes reported for each person. Refer to eTable 2 in the Supplement for more information on the methods used to identify persons
with potential or actual COVID-19 diagnosis during 2020 study period. This includes people tested and/or treated and/or diagnosed with COVID-19.

c A COVID-19 hot spot is defined as states that on May 1, 2020, had a COVID-19 case count per 100 000 residents greater than or equal to 1.5 times the national mean (see text for
additional details).

d Area Deprivation Index is a social deprivation measure based on a national population-weighted ranking. The higher the number, the more deprived the community (see text for
additional details).15 Note that for less than 1% of the sample it was not possible to assign an Area Deprivation Index Score. Weighted rankings are shown.
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factors: COVID-19 prevalence in their community during the week of the encounter, patient’s
preexisting chronic disease burden, primary diagnosis assigned to the encounter, and urban
designation of the patient’s residence. Each plot shows whether the variable of interest was
associated with higher (>1.0), lower (<1.0), or equal (1.0) likelihood of a telehealth visit compared with
the telehealth use for patients within the benchmark reference category, holding constant the other
variables noted. For example, encounters for patients from areas within the top quintile of COVID-19
prevalence during the week of their encounter were 1.34 times more likely to have a telehealth visit
compared with those in the lowest quintile (the reference category), all else being equal.

In addition to the apparent influence of COVID-19 prevalence, these multivariable analyses
showed a distinct pattern of RRRs across diagnoses, with eye, pregnancy, injury, and cancer
encounters most likely to be in person. Encounters with behavioral diagnoses were far more likely to
be virtual. Additionally, persons with greater chronic disease burden (in 2019) were considerably
more likely to get care via telehealth during 2020. The Figure indicates that all else equal, the more
rural the patient’s home jurisdiction, the less likely they were to have at least 1 telehealth contact.

Table 3. Ambulatory Encounters and Percentage Telehealth Contacts for March to June 2019 (Before the COVID-19 Pandemic) and March to June 2020
(During the COVID-19 Pandemic) by Presence of COVID-19–Related Diagnoses and Characteristics of the Visit or Encounter

Encounter level characteristics

Contacts per person, No. (% that were telehealth)

March-June 2019, all
persons (N = 36 568 010)a

March-June 2020

All personsa

Persons with ≥1 contact, not in
COVID-19–related subgroup
(n = 13 966 497)

Persons with ≥1 contact, in
COVID-19–related subgroup
(n = 1 470 721)b

Column mean for entire subgroup 1.64 (0.3) 1.34 (23.6) 3.08 (23.5) 3.99 (25.0)

Type of ambulatory contact

Evaluation and management office visit 1.06 (0.3) 0.86 (22.1) 1.93 (21.7) 2.99 (24.4)

Behavioral health 0.23 (0.4) 0.23 (46.1) 0.56 (45.8) 0.47 (49.1)

Rehabilitation 0.25 (0.0) 0.17 (2.4) 0.41 (2.4) 0.40 (1.7)

Other 0.09 (0.8) 0.07 (20.5) 0.17 (20.2) 0.13 (25.3)

Practitioner specialty

Primary care MD or DO 0.47 (0.3) 0.37 (24.0) 0.84 (23.1) 1.28 (29.6)

Medical specialist MD or DO 0.14 (0.1) 0.12 (24.9) 0.29 (24.5) 0.36 (27.9)

Surgical specialist MD or DO 0.14 (0.0) 0.10 (9.2) 0.23 (8.9) 0.30 (11.8)

Behavioral health MD, DO, or non-MD 0.12 (0.4) 0.12 (44.9) 0.28 (44.6) 0.25 (48.0)

Rehabilitation MD, DO, or non-MD 0.22 (0.0) 0.15 (4.6) 0.36 (4.7) 0.32 (4.3)

Other physician 0.33 (0.7) 0.30 (30.6) 0.70 (31.1) 0.87 (26.6)

Physician assistant or nurse practitioner 0.13 (0.3) 0.11 (19.4) 0.24 (19.2) 0.38 (20.5)

Other nonphysician 0.09 (0.4) 0.07 (22.0) 0.15 (22.5) 0.24 (19.2)

Primary diagnosis

Diabetes 0.04 (0.2) 0.03 (24.7) 0.08 (24.5) 0.07 (27.5)

Hypertension 0.05 (0.1) 0.04 (26.4) 0.10 (26.2) 0.09 (28.5)

Behavioral health 0.33 (0.5) 0.33 (44.7) 0.79 (44.4) 0.64 (48.1)

Cancer 0.03 (0.1) 0.03 (13.7) 0.06 (13.2) 0.12 (15.9)

Well child-care 0.01 (0.0) 0.01 (1.1) 0.02 (1.1) 0.01 (2.1)

COVID-19 diagnosis 0.00 (0.0) 0.03 (22.1) 0.00 (0.0) 0.62 (22.1)

Other chronic diagnosis 0.30 (0.1) 0.24 (21.5) 0.56 (21.2) 0.64 (23.7)

Other acute diagnosis 0.89 (0.3) 0.63 (14.1) 1.46 (13.5) 1.80 (18.7)

Continuity of patient or problem

New patient encounters 0.36 (0.5) 0.22 (15.7) 0.47 (15.6) 0.93 (15.8)

New problem encounters 0.56 (0.4) 0.38 (18.9) 0.82 (18.2) 1.55 (22.0)
a The full study sample included persons continuously enrolled from March 1, 2019, through June 30, 2020. These unadjusted rates are reported as number of telehealth eligible

ambulatory contacts per enrollee that took place during each 4-month (March-June) study period. Percentages represent proportion of contacts that took place via telehealth. Note
that all rows were calculated at encounter level and that the “all persons” columns include all enrollees whether or not they used any services. See text for further details.

b Refers to 1 or more COVID-19–related diagnosis codes reported for each person. Refer to eTable 2 in the Supplement for more information on the methods used to identify persons
with potential or actual COVID-19 diagnosis during 2020 study period. This includes people tested and/or treated and/or diagnosed with COVID-19.
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eFigure 4 in the Supplement presents 95% CIs and numeric results for each RRR analysis
presented in the Figure. eFigure 4 in the Supplement also presents similar RRR adjusted results (at
the person level) for other key explanatory factors, including age, sex, health plan benefit type, social
deprivation, region of the country, and living in a hot spot state.

Discussion

Using a very large, well-curated health insurance database, we identified a substantial decrease in the
number of in-person ambulatory visits during the first 4 months of the COVID-19 pandemic’s onset,
but the use of telehealth services increased dramatically and thus filled some of the gap. Our analyses
identified a series of patient, clinical, and geographical factors associated with higher uptake of
telehealth, including chronic disease burden, behavioral diagnoses, being an existing patient with a
previously diagnosed condition, living in the Northeast, living in urban or affluent neighborhoods,
and having health maintenance organization coverage. We also documented the association
between COVID-19 prevalence rates in a region and higher telehealth adoption. Among those
receiving COVID-19–related care, visits and telehealth use rates were slightly higher, and their
medical costs were substantially increased. We also documented that among the study members—
both those receiving COVID-19–related services and not—those with 1 or more telehealth contact
during the March to June 2020 period had substantially higher per person costs, likely because they
represented a more ill group of patients.

Table 4. Cost of Care (per Member per Month) During March to June 2019 (Before the COVID-19 Pandemic) and 2020 (During the COVID-19 Pandemic)
by Ambulatory or Telehealth Use Categories and Presence or Absence of COVID-19–Related Diagnosis

Cost category

March-June 2019 March-June 2020

Persons with all diagnoses Persons with all diagnoses Not in COVID-19–related subgroupa COVID-19–related subgroupa

All persons
Persons with
≥1 contact All persons

Persons with
≥1 contact

Persons with ≥1
in-person contact
(no telehealth)

Persons with ≥1
telehealth contact

Persons with ≥1
in-person contact
(no telehealth)

Persons with ≥1
telehealth contact

Enrollees, No.
(% of study cohort)b

36 568 010
(100)

18 942 276
(51.8)

36 568 010
(100)

15 437 217
(42.2)

9 591 554
(26.2)

4 374 943
(11.9)

868 249
(2.4)

602 472
(1.7)

Medical costs per member
per month in 2020 $USc

Inpatientd 77.51 133.39 76.90 158.23 92.91 165.24 410.36 783.86

Total outpatiente 280.82 499.09 229.15 495.55 363.50 570.63 927.43 1430.24

Emergency department 13.29 21.25 9.36 17.85 13.50 16.04 46.10 59.47

Ambulatory visits 49.18 94.79 39.81 94.26 70.64 136.92 87.09 170.99

In-person 49.09 94.62 30.85 73.03 70.61 71.58 87.05 101.80

Via telehealth 0.09 0.18 8.96 21.24 0.02 65.34 0.04 69.20

All other outpatientf 218.35 383.05 179.98 383.44 279.36 417.67 794.24 1199.78

Total medical costs 358.32 632.48 306.04 653.78 456.41 735.87 1337.78 2214.10

Pharmacy costs per member
per month in 2020 $USg

126.32 210.12 139.36 260.30 199.46 384.62 195.09 424.32

a Refers to 1 or more COVID-19–related diagnosis codes reported for each person. Refer to eTable 2 in the Supplement for more information on the methods used to identify persons
with potential or actual COVID-19 diagnosis during the 2020 study period. This includes people tested and/or treated and/or diagnosed with COVID-19. Also see eTable 2 in the
Supplement for breakdown of hospitalization status in COVID-19–related subgroup.

b The full study sample consists of continuously enrolled health plan members from March 1, 2019, through June 30, 2020. Note the numbers and percentages in the first row are
based on the full study cohort for which medical services were analyzed. As noted, the prescription costs in the bottom row were calculated for a subset of this cohort.

c Cost figures reflect per enrollee or member per month allowed charges calculated over the four-month (March-June) study periods in each year; 2019 dollars were inflated to
2020 dollars.

d Inpatient included all facility and professional services included in inpatient stays.
e Outpatient included all other facility, professional, and supplier services with a breakdown by subcategory. Emergency department included both facility and professional services.
f Includes ambulatory surgery, imaging, laboratory, and chemotherapy.
g The pharmacy row shows data for the subset of 20 131 369 persons with full prescription coverage during the entire study period.

JAMA Network Open | Health Informatics In-Person and Telehealth Ambulatory Contacts and Costs Before and During the COVID-19 Pandemic

JAMA Network Open. 2021;4(3):e212618. doi:10.1001/jamanetworkopen.2021.2618 (Reprinted) March 23, 2021 8/13

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.2618&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2618
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.2618&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2618
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.2618&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2618
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.2618&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2618


Comparison With Previous Studies
Recently, several other reports and publications have documented telehealth expansion in the
COVID-19 era. Some are observational studies5,23-25 focused on a single health system using
electronic health records or survey data. More comprehensive analyses26 documented changing
national patterns through analyses of electronic health records, or billing data streams collected from
cohorts of practitioners and patients in large integrated delivery systems. For instance, using a large
health insurance database, FAIR Health27 periodically posts a national summary of practitioner billing
patterns by month. A recent study28 examined telehealth provided by a national panel of several
thousand primary care physicians participating in the IQVIA (formerly IMS Health) national disease
and therapeutic index audit. A few other recent studies29-31 also leveraged large claims databases,
such as the OptumLabs/United, Castlight Health, and the FAIR Health multipayer database, to study
changes in health services use and telehealth adoption. Other recent studies have explored different

Figure. Adjusted Relative Risk Ratios (RRRs) Associated With Telehealth vs In-Person Ambulatory Visits During 2020 COVID-19 Study Period
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The RRRs reflect the odds of a telehealth contact vs in-person visit. The sample included 15 427 217 persons in the continuously insured cohort with 1 or more telehealth eligible
ambulatory visit during the 4-month March to June 2020 study period. These individuals had 46 453 007 in-scope encounters. All RRRs are adjusted for age, sex, plan type, chronic
condition count, morbidity categories, region, urban vs rural residence, Area Deprivation Index, COVID-19 prevalence during week (for encounter) or hot spot (for person level), and
type of service. For panel A, the reference is the first (lowest) quintile. For panel B, the reference is 0 chronic conditions. For panel C, the reference is International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision diagnosis chapter for signs and symptoms. For panel D, the reference is large central metropolitan area. The
encounter-level analyses (panels A and B) are also adjusted for practitioner specialty and new patient and new condition combinations for that contact. RRR values are plotted on log
scales. Every result shown here is statistically significant (P < .05) and does not overlap with an RRR of 1.0 because of the large sample size. See eFigure 4 in the Supplement for the
numeric value of each RRR and 95% CIs, along with additional adjusted RRR analysis results for other key variables.
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aspects of COVID-19 era telehealth utilization for selected clinical conditions32 and specific patient
groups.33 The Centers for Disease Control and Prevention34 recently reported results relying on data
furnished by a sample of telehealth companies. To the best of our knowledge, our study is the first
that follows a large, well-defined continuously insured national cohort of patients to offer an
assessment of individual, clinical, practitioner, payer, and geographical factors associated with
changing patterns of telehealth use at the onset of the COVID-19 pandemic.

Limitations
Although this study has many strengths, its findings are subject to a series of limitations. This study
documented patterns during the initial 4-month phase of the pandemic only. It will be important to
continue assessing national telehealth use as virtual care becomes more established, as COVID-19
prevalence increases, and as coverage policies may change. It is likely that the patterns in our study
group are not representative of the uninsured or those with Medicare and Medicaid insurance.
Although claims data arguably offer a high degree of precision regarding the identification of
telehealth services, they may underestimate these services where coding is inadequate. For
example, we believe that our 2019 results underestimate the actual number of telehealth services
received by this cohort because of more limited coding and coverage at the time. More broadly, any
claims-based research is sensitive to missing or inaccurate coding that corresponds to variations in
policies or benefit structures across health plans. Our findings related to cost are limited by our focus
on allowed insurance charges. We were only able to assess the association of patient factors linked
to the data in the health plan’s beneficiary file. For example, we had no racial/ethnic information on
the members. Our cohort design included insured persons who were continuously enrolled for 16
months. Persons with uninterrupted coverage may differ from a cross-section of insured US
individuals. For example, our inclusion criteria meant that persons dying during this time frame were
excluded. Age-specific (pre-COVID-19) national death rates indicate that decedents would likely
represent a very small percentage (>.005%) of those in our original database,35 but especially when
COVID-19–related deaths are considered, our results based only on nondecedents would
underestimate total cost and utilization within the health plans, given the high end-of-life expenses.

Conclusions

The spring of 2020 represented the first time in US history that such a large proportion of Americans
had wide access to telehealth services. By undertaking this study, we sought to gain an
understanding of the patterns of virtual care during this initial phase of the COVID-19 era. In so doing,
it was our intent to identify potential implications for the next phase of the pandemic and thereafter.
Our study identified a series of issues worthy of continued research. These include the potential
impact of telehealth on protecting patients and practitioners from spread of the virus, an apparent
social and geographical digital divide in telehealth access, and the need for a better understanding of
cost, utilization, and outcome differences among those receiving and not receiving telehealth.
Although some of the associations we uncovered may be unique to the COVID-19 environment,
arguably the insights we gained will be relevant to the future trajectory of telehealth no matter what
direction it takes. This study can help guide future strategies and actions by policy makers, payers.
and professional societies. Specifically, our findings can be used by these parties to assess and modify
telehealth barriers and facilitators to maximize value to consumers served by the US health care
system during this digital age.

ARTICLE INFORMATION
Accepted for Publication: January 29, 2021.

Published: March 23, 2021. doi:10.1001/jamanetworkopen.2021.2618

JAMA Network Open | Health Informatics In-Person and Telehealth Ambulatory Contacts and Costs Before and During the COVID-19 Pandemic

JAMA Network Open. 2021;4(3):e212618. doi:10.1001/jamanetworkopen.2021.2618 (Reprinted) March 23, 2021 10/13

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.2618&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2618


Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2021 Weiner JP
et al. JAMA Network Open.

Corresponding Author: Jonathan P. Weiner, DrPH, Center for Population Health Information Technology,
Department of Health Policy and Management, Johns Hopkins Bloomberg School of Public Health, 624 N
Broadway, Rm 605, Baltimore, Maryland 21205 (jweiner1@jhu.edu).

Author Affiliations: Center for Population Health Information Technology, Department of Health Policy and
Management, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland (Weiner, Hatef, Liu, Lemke);
Blue Health Intelligence, LLC, an independent licensee of the Blue Cross and Blue Shield Association, Chicago,
Illinois (Bandeian, Lans).

Author Contributions: Dr Bandeian and Mr Lans had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.

Concept and design: Weiner, Bandeian, Hatef, Liu.

Acquisition, analysis, or interpretation of data: Weiner, Bandeian, Lans, Lemke.

Drafting of the manuscript: Weiner, Hatef, Lans, Liu.

Critical revision of the manuscript for important intellectual content: Weiner, Bandeian, Hatef, Liu, Lemke.

Statistical analysis: Weiner, Bandeian, Lans, Lemke.

Administrative, technical, or material support: Weiner, Hatef, Liu.

Supervision: Weiner.

Conflict of Interest Disclosures: None reported.

Funding/Support: This study was internally funded through the Center for Population Health Information
Technology at Johns Hopkins Bloomberg School of Public Health and Blue Health Intelligence.

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Disclaimer: The content of this article is the responsibility of the authors and does not necessarily represent the
positions of the Johns Hopkins University or Blue Health Intelligence or the Blue Cross and Blue Shield Association.

Additional Contributions: We are grateful to Blue Health Intelligence and the health plans who contributed to
this database for making these data available. Lauren Tansky, BA (Johns Hopkins Center for Population Health
Information Technology), provided technical support in the preparation of manuscript tables and was not
compensated beyond her normal salary.

REFERENCES
1. FAIR Health. Telehealth claim lines increase 8,336 percent nationally from April 2019 to April 2020. Published
July 7, 2020. Accessed October 16, 2020. https://www.fairhealth.org/press-release/telehealth-claim-lines-increase-
8-336-percent-nationally-from-april-2019-to-april-2020

2. Drees J. Led by COVID-19 surge, virtual visits will surpass 1B in 2020: report. Becker’s Hospital Review. Published
April 3, 2020. Accessed October 13, 2020. https://www.beckershospitalreview.com/telehealth/led-by-covid-19-
surge-virtual-visits-will-surpass-1b-in-2020-report.html

3. Barnett ML, Ray KN, Souza J, Mehrotra A. Trends in telemedicine use in a large commercially insured
population, 2005-2017. JAMA. 2018;320(20):2147-2149. doi:10.1001/jama.2018.12354

4. FAIR Health. A multilayered analysis of telehealth: how this emerging venue of care is affecting the healthcare
landscape. Published July 2019. Accessed February 17, 2021. https://s3.amazonaws.com/media2.fairhealth.org/
whitepaper/asset/A%20Multilayered%20Analysis%20of%20Telehealth%20-%20A%20FAIR%20Health%
20White%20Paper.pdf

5. Lau J, Knudsen J, Jackson H, et al. Staying connected in the COVID-19 pandemic: telehealth at the largest
safety-net system in the United States. Health Aff (Millwood). 2020;39(8):1437-1442. doi:10.1377/hlthaff.
2020.00903

6. Hudman J, McDermott D, Shanosky N, Cox C. How private insurers are using telehealth to respond to the
pandemic. Peterson-KFF Health System Tracker. Published August 6, 2020. Accessed October 16, 2020. https://
www.healthsystemtracker.org/brief/how-private-insurers-are-using-telehealth-to-respond-to-the-pandemic/

7. US Congress. Telehealth Innovation and Improvement Act of 2019. Published March 13, 2019. Accessed
February 17, 2021. https://www.congress.gov/bill/116th-congress/senate-bill/773

JAMA Network Open | Health Informatics In-Person and Telehealth Ambulatory Contacts and Costs Before and During the COVID-19 Pandemic

JAMA Network Open. 2021;4(3):e212618. doi:10.1001/jamanetworkopen.2021.2618 (Reprinted) March 23, 2021 11/13

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2618
mailto:jweiner1@jhu.edu
https://www.fairhealth.org/press-release/telehealth-claim-lines-increase-8-336-percent-nationally-from-april-2019-to-april-2020
https://www.fairhealth.org/press-release/telehealth-claim-lines-increase-8-336-percent-nationally-from-april-2019-to-april-2020
https://www.beckershospitalreview.com/telehealth/led-by-covid-19-surge-virtual-visits-will-surpass-1b-in-2020-report.html
https://www.beckershospitalreview.com/telehealth/led-by-covid-19-surge-virtual-visits-will-surpass-1b-in-2020-report.html
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.12354&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2618
https://s3.amazonaws.com/media2.fairhealth.org/whitepaper/asset/A%20Multilayered%20Analysis%20of%20Telehealth%20-%20A%20FAIR%20Health%20White%20Paper.pdf
https://s3.amazonaws.com/media2.fairhealth.org/whitepaper/asset/A%20Multilayered%20Analysis%20of%20Telehealth%20-%20A%20FAIR%20Health%20White%20Paper.pdf
https://s3.amazonaws.com/media2.fairhealth.org/whitepaper/asset/A%20Multilayered%20Analysis%20of%20Telehealth%20-%20A%20FAIR%20Health%20White%20Paper.pdf
https://dx.doi.org/10.1377/hlthaff.2020.00903
https://dx.doi.org/10.1377/hlthaff.2020.00903
https://www.healthsystemtracker.org/brief/how-private-insurers-are-using-telehealth-to-respond-to-the-pandemic/
https://www.healthsystemtracker.org/brief/how-private-insurers-are-using-telehealth-to-respond-to-the-pandemic/
https://www.congress.gov/bill/116th-congress/senate-bill/773


8. Centers for Medicare & Medicaid Services; Medicare Learning Network. Telehealth services. Published March
2020. Accessed February 17, 2021. https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-
MLN/MLNProducts/Downloads/TelehealthSrvcsfctsht.pdf

9. Johns Hopkins Coronavirus Resource Center. COVID-19 map. Accessed February 23, 2021. https://coronavirus.
jhu.edu/map.html

10. Shachar C, Engel J, Elwyn G. Implications for telehealth in a postpandemic future: regulatory and privacy
issues. JAMA. 2020;323(23):2375-2376. doi:10.1001/jama.2020.7943

11. Butler SM. After COVID-19: thinking differently about running the health care system. JAMA Health Forum.
2020;1(4):e200478. doi:10.1001/jamahealthforum.2020.0478

12. Mehrotra A, Wang B, Snyder G. Telemedicine: what should the post-pandemic regulatory and payment
landscape look like? The Commonwealth Fund. Published August 5, 2020. Accessed February 17, 2021. https://www.
commonwealthfund.org/publications/issue-briefs/2020/aug/telemedicine-post-pandemic-regulation?
redirect_source=/publications/issue-briefs/2020/aug/telemedicine-what-should-post-pandemic-
regulatory-and-payment

13. Vandenbroucke JP, von Elm E, Altman DG, et al; STROBE Initiative. Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE): explanation and elaboration. PLoS Med. 2007;4(10):e297. doi:
10.1371/journal.pmed.0040297

14. Centers for Medicare & Medicaid Services. List of telehealth services. Updated January 14, 2021. Accessed
October 13, 2020. https://www.cms.gov/Medicare/Medicare-General-Information/Telehealth/Telehealth-Codes

15. Centers for Disease Control and Prevention. NCHS urban-rural classification scheme for counties. Published
December 2, 2019. Accessed October 13, 2020. https://www.cdc.gov/nchs/data_access/urban_rural.htm

16. University of Wisconsin School of Medicine and Public Health. 2020 Area deprivation index v2.0. Published
2020. Accessed February 17, 2021. https://www.neighborhoodatlas.medicine.wisc.edu/

17. Johns Hopkins University & Medicine. Coronavirus resource center. Accessed October 13, 2020. https://
coronavirus.jhu.edu/

18. CSSEGISandData. COVID-19 data repository by the Center for Systems Science and Engineering (CSSE) at
Johns Hopkins University. Accessed January 29, 2021. https://github.com/CSSEGISandData/COVID-19

19. Agency for Healthcare Research and Quality. Chronic Condition Indicator (CCI) for ICD-10-CM (beta version).
Accessed October 13, 2020. https://www.hcup-us.ahrq.gov/toolssoftware/chronic_icd10/chronic_icd10.jsp

20. Agency for Healthcare Research and Quality. Tools archive for clinical classifications software refined.
Accessed October 13, 2020. https://www.hcup-us.ahrq.gov/toolssoftware/ccsr/ccsr_archive.jsp

21. US Bureau of Labor Statistics. Consumer price index. Accessed October 26, 2020. https://www.bls.gov/cpi/

22. R Foundation. R: the R project for statistical computing. Accessed October 13, 2020. https://www.r-
project.org/

23. Punia V, Nasr G, Zagorski V, et al. Evidence of a rapid shift in outpatient practice during the COVID-19 pandemic
using telemedicine. Telemed J E Health. 2020;26(10):1301-1303. doi:10.1089/tmj.2020.0150

24. Mann DM, Chen J, Chunara R, Testa PA, Nov O. COVID-19 transforms health care through telemedicine:
evidence from the field. J Am Med Inform Assoc. 2020;27(7):1132-1135. doi:10.1093/jamia/ocaa072

25. Hirko KA, Kerver JM, Ford S, et al. Telehealth in response to the COVID-19 pandemic: implications for rural
health disparities. J Am Med Inform Assoc. 2020;27(11):1816-1818. doi:10.1093/jamia/ocaa156

26. Epic Health Research Network. Expansion of telehealth during COVID-19 pandemic. Published May 5, 2020.
Accessed October 16, 2020. https://ehrn.org/articles/expansion-of-telehealth-during-covid-19-pandemic

27. FAIR Health. Monthly telehealth regional tracker. Accessed October 16, 2020. https://www.fairhealth.org/
states-by-the-numbers/telehealth

28. Alexander GC, Tajanlangit M, Heyward J, Mansour O, Qato DM, Stafford RS. Use and content of primary care
office-based vs telemedicine care visits during the COVID-19 pandemic in the US. JAMA Netw Open. 2020;3
(10):e2021476. doi:10.1001/jamanetworkopen.2020.21476

29. Patel SY, Mehrotra A, Huskamp HA, Uscher-Pines L, Ganguli I, Barnett ML. Trends in outpatient care delivery
and telemedicine during the COVID-19 pandemic in the US. JAMA Intern Med. Published online November 16,
2020. doi:10.1001/jamainternmed.2020.5928

30. Whaley CM, Pera MF, Cantor J, et al. Changes in health services use among commercially insured US
populations during the COVID-19 pandemic. JAMA Netw Open. 2020;3(11):e2024984. doi:10.1001/
jamanetworkopen.2020.24984

JAMA Network Open | Health Informatics In-Person and Telehealth Ambulatory Contacts and Costs Before and During the COVID-19 Pandemic

JAMA Network Open. 2021;4(3):e212618. doi:10.1001/jamanetworkopen.2021.2618 (Reprinted) March 23, 2021 12/13

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/Downloads/TelehealthSrvcsfctsht.pdf
https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/Downloads/TelehealthSrvcsfctsht.pdf
https://coronavirus.jhu.edu/map.html
https://coronavirus.jhu.edu/map.html
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2020.7943&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2618
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamahealthforum.2020.0478&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2618
https://www.commonwealthfund.org/publications/issue-briefs/2020/aug/telemedicine-post-pandemic-regulation?redirect_source=/publications/issue-briefs/2020/aug/telemedicine-what-should-post-pandemic-regulatory-and-payment
https://www.commonwealthfund.org/publications/issue-briefs/2020/aug/telemedicine-post-pandemic-regulation?redirect_source=/publications/issue-briefs/2020/aug/telemedicine-what-should-post-pandemic-regulatory-and-payment
https://www.commonwealthfund.org/publications/issue-briefs/2020/aug/telemedicine-post-pandemic-regulation?redirect_source=/publications/issue-briefs/2020/aug/telemedicine-what-should-post-pandemic-regulatory-and-payment
https://www.commonwealthfund.org/publications/issue-briefs/2020/aug/telemedicine-post-pandemic-regulation?redirect_source=/publications/issue-briefs/2020/aug/telemedicine-what-should-post-pandemic-regulatory-and-payment
https://dx.doi.org/10.1371/journal.pmed.0040297
https://www.cms.gov/Medicare/Medicare-General-Information/Telehealth/Telehealth-Codes
https://www.cdc.gov/nchs/data_access/urban_rural.htm
https://www.neighborhoodatlas.medicine.wisc.edu/
https://coronavirus.jhu.edu/
https://coronavirus.jhu.edu/
https://github.com/CSSEGISandData/COVID-19
https://www.hcup-us.ahrq.gov/toolssoftware/chronic_icd10/chronic_icd10.jsp
https://www.hcup-us.ahrq.gov/toolssoftware/ccsr/ccsr_archive.jsp
https://www.bls.gov/cpi/
https://www.r-project.org/
https://www.r-project.org/
https://dx.doi.org/10.1089/tmj.2020.0150
https://dx.doi.org/10.1093/jamia/ocaa072
https://dx.doi.org/10.1093/jamia/ocaa156
https://ehrn.org/articles/expansion-of-telehealth-during-covid-19-pandemic
https://www.fairhealth.org/states-by-the-numbers/telehealth
https://www.fairhealth.org/states-by-the-numbers/telehealth
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.21476&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2618
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2020.5928&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2618
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.24984&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2618
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.24984&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2618


31. McWilliams JM, Russo A, Mehrotra A. Implications of early health care spending reductions for expected
spending as the COVID-19 pandemic evolves. JAMA Intern Med. 2021;181(1):118-120. doi:10.1001/jamainternmed.
2020.5333

32. Mansour O, Tajanlangit M, Heyward J, Mojtabai R, Alexander GC. Telemedicine and office-based care for
behavioral and psychiatric conditions during the COVID-19 pandemic in the United States. Ann Intern Med.
Published online November 17, 2020. doi:10.7326/M20-6243

33. Ferguson JM, Jacobs J, Yefimova M, Greene L, Heyworth L, Zulman DM. Virtual care expansion in the Veterans
Health Administration during the COVID-19 pandemic: clinical services and patient characteristics associated with
utilization. J Am Med Inform Assoc. Published online October 30, 2020. doi:10.1093/jamia/ocaa284

34. Koonin LM, Hoots B, Tsang CA, et al. Trends in the use of telehealth during the emergence of the COVID-19
pandemic—United States, January-March 2020. MMWR Morb Mortal Wkly Rep. 2020;69(43):1595-1599. doi:10.
15585/mmwr.mm6943a3

35. Xu J, Murphy SL, Kochanek KD, Arias E; National Center for Health Statistics. Mortality in the United States,
2018: NCHS data brief, No. 355. Published January 2020. Accessed February 17, 2021. https://www.cdc.gov/nchs/
data/databriefs/db355-h.pdf

SUPPLEMENT.
eTable 1. Assessing the Census Region Distribution of the Study Cohort: Estimated Percentage of Each Region’s
Under 65 Population Present in This Study’s Research Database
eTable 2. COVID-19 Cohort Identification Criteria and Study Member Count In the COVID-19 (and Non-COVID)
Related Subgroups During the March-June 2020 Study Period
eTable 3. A Comprehensive List of Telehealth-Eligible Services and Associated Codes
eTable 4. CMS Designated Codes for Place of Service
eTable 5. Approach to Designating Telehealth Services (from Among Telehealth Eligible Services) and Type of
Modality
eTable 6. Study Designated Specialty Using CMS Provider Specialty Codes
eTable 7. Comparison of Age and Chronic Condition Counts for Members with 1+ Telehealth vs In-Person Only
Visits in 2020: Broken Down by COVID-19 Related Sub-Group Designation
eFigure 1. Sample Selection and Subgroup Identification Diagram
eFigure 2. Ratio of 2020 to 2019 Ambulatory (AMB) Clinical Encounters by Week, March through June
eFigure 3. Telehealth-Eligible Ambulatory (AMB) Encounters per 1000 Enrollees by Week, March-June 2019 and
2020
eFigure 4. Adjusted Relative Risk Ratios (RRRs) Associated With Telehealth vs. In-Person Ambulatory Visits During
2020 COVID-19 Period

JAMA Network Open | Health Informatics In-Person and Telehealth Ambulatory Contacts and Costs Before and During the COVID-19 Pandemic

JAMA Network Open. 2021;4(3):e212618. doi:10.1001/jamanetworkopen.2021.2618 (Reprinted) March 23, 2021 13/13

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2020.5333&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2618
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2020.5333&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2618
https://dx.doi.org/10.7326/M20-6243
https://dx.doi.org/10.1093/jamia/ocaa284
https://dx.doi.org/10.15585/mmwr.mm6943a3
https://dx.doi.org/10.15585/mmwr.mm6943a3
https://www.cdc.gov/nchs/data/databriefs/db355-h.pdf
https://www.cdc.gov/nchs/data/databriefs/db355-h.pdf

