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IMPORTANCE Low-value care is a persistent problem with direct and cascading harms.
Telemedicine is now commonly used and may reduce low-value testing by introducing
barriers to completing tests at a given visit or expand opportunities for low-value testing by
contributing to higher visit volumes.

OBJECTIVE To quantify the association between telemedicine adoption and low-value testing
among fee-for-service Medicare beneficiaries.

DESIGN, SETTING, AND PARTICIPANTS In this cohort study using 100% fee-for-service
Medicare claims data, US health systems were divided into quartiles based on 2020
telemedicine adoption. Beneficiary-level linear regression in difference-in-differences (DiD)
analyses was used to compare beneficiaries who were continuously enrolled from 2019
through 2022 and were attributed before telemedicine adoption (2019) to high
telemedicine–adopting (top quartile) vs low telemedicine–adopting (bottom quartile) health
systems on low-value test and visit outcomes in 2022 vs 2019. Data were analyzed from
October 2023 to December 2024.

EXPOSURE Health system telemedicine adoption.

MAIN OUTCOMES AND MEASURES Receipt of, and spending on, 20 low-value screening,
preoperative, chronic condition management, and acute diagnostic tests, as well as total
visits (in person and virtual).

RESULTS The sample included 1 382 033 beneficiaries who were attributed to
high-telemedicine systems (mean [SD] age, 71.6 [10.5] years; 58.8% female) and 999 051
beneficiaries who were attributed to low-telemedicine systems (mean [SD] age, 71.8 [10.0]
years; 57.0% female). From 2019 to 2022, those in high-telemedicine systems had a small
differential rise in visits (DiD visits per beneficiary, 0.12; 95% CI, 0.03 to 0.21) and differential
decreases in use of 7 of 20 low-value tests: cervical cancer screening (DiD, −0.45 percentage
points [pp]; 95% CI, −0.72 to −0.17 pp), screening electrocardiograms (DiD, −1.30 pp; 95% CI,
−1.96 to −0.65 pp), screening metabolic panels (DiD, −1.84 pp; 95% CI, −2.87 to −0.80 pp),
preoperative complete blood cell counts (DiD, −0.64 pp; 95% CI, −1.06 to −0.22 pp),
preoperative metabolic panels (DiD, −1.35 pp; −1.91 to −0.80 pp), total or free T3
(triiodothyronine) level testing for hypothyroidism (DiD, −0.90 pp; 95% CI, −1.38 to −0.41
pp), and imaging for uncomplicated low back pain (DiD, −1.66 pp; 95% CI, −2.35 to −0.98 pp).
There were no statistically significant differences in other tests. Those in high-telemedicine
systems saw statistically significant differential decreases in spending on visits per beneficiary
(−$47.87; 95% CI, −$86.85 to −$8.88) and on 2 of 20 low-value tests, but no differences in
low-value spending overall.

CONCLUSIONS AND RELEVANCE In this cohort study, telemedicine adoption was associated
with modestly lower use of 7 of 20 examined low-value tests (most point-of-care) and no
changes in use of other low-value tests, despite a small rise in total visits that might offer
more testing opportunities. Results suggest possible benefits of telemedicine and mitigate
concerns about telemedicine contributing to increased spending.
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L ow-value care—medical tests and other services that of-
fer minimal benefit yet have potential for direct and cas-
cading harms1-5—represents a common and persistent

problem that worsens patient outcomes, contributes to ex-
cess medic al spending, and diverts resources from
high-value care.6-9 Low-value care occurs in many contexts,
including annual checkups, preoperative visits, and symptom-
based visits.5,7,10 Low-value care use declined early in the
COVID-19 pandemic,11,12 but it is unclear if this decline per-
sisted or whether telemedicine played a role in deterring such
care.

Understanding how telemedicine influences low-value care
has gained new importance as telemedicine becomes a more
established delivery modality with an uncertain policy
future. Since March 2020, when the pandemic compelled rapid
telemedicine adoption and the Centers for Medicare &
Medicaid Services (CMS) broadened telemedicine coverage for
fee-for-service (FFS) Medicare beneficiaries in response, tele-
medicine has persisted as a complement to in-person care.13-15

In theory, telemedicine may reduce low-value care use by in-
troducing barriers to completing these services at a given visit
(eg, when patients are not in the office, clinicians may be less
likely to order low-value tests or patients may be less likely to
complete them).16-19 This may be especially true for tests usu-
ally completed at point of care (ie, in the examination room
or at an on-site laboratory), with examples including blood and
urine tests, cervical cancer screening, and electrocardio-
grams. Conversely, clinical uncertainty stemming from the lack
of physical examination in virtual (vs in-person) visits may lead
clinicians to use more low-value diagnostic tests in virtual vis-
its. Or, if telemedicine contributes to higher total visit vol-
umes, low-value test use and spending may increase in aggre-
gate across these visits.20 Through such mechanisms,
telemedicine may also narrow or exacerbate existing socio-
economic disparities in low-value care use and spending.20-24

To date, evidence on telemedicine and low-value care is
limited and mixed. Prepandemic studies comparing direct-to-
consumer telemedicine visits to office- or emergency depart-
ment–based in-person visits found that direct-to-consumer
telemedicine clinicians were equally likely25,26 or more
likely17,27,28 to prescribe inappropriate antibiotics for upper re-
spiratory infections and equally likely to order low-value back
imaging.27 In a Pennsylvania health system, patients seen via
telemedicine had lower risk of low-value back imaging than
those seen in the office.29 A recent study of FFS Medicare ben-
eficiaries in Michigan primary care practices found that tele-
health was associated with lower rates of low-value cervical
cancer screening and thyroid testing.30

Yet, national evidence on the relationship between tele-
medicine and low-value care is needed to inform policy deci-
sions on telemedicine reimbursement and regulation. This is
particularly important for FFS Medicare beneficiaries who are
at high risk of low-value care8,31,32 and for whom there is ac-
tive debate about whether and how telemedicine reimburse-
ment should continue (eg, whether reimbursements should re-
main equal for virtual and in-person visits), in part due to
concerns about care quality and spending.14,33 Therefore, we
used FFS Medicare claims data to estimate the association be-

tween telemedicine adoption and use of and spending on a
broad range of low-value tests, for the population overall and
among those in racial minority groups or with Medicaid dual
eligibility. We focused on tests since they comprise the major-
ity of defined low-value services and are likely sensitive to visit
modality.34 The difference-in-differences (DiD) study design
leveraged variation in telemedicine adoption across health sys-
tems (ie, the integrated health care delivery systems from
which a large, growing share of Medicare beneficiaries re-
ceive care).31,35

Methods
Study Design and Data Sources
We used 2019 to 2022 100% FFS Medicare claims data and DiD
analysis to compare beneficiaries who were continuously en-
rolled in Medicare Parts A and B through December 31, 2022,
or until death, and attributed prepandemic (2019) to systems
in the top vs bottom quartile of telemedicine adoption during
the pandemic (2020). This quasi-experimental approach ac-
counted for baseline quality differences in health systems and
minimized selection bias since patients attributed to systems
in 2019 could not have chosen these systems based on their
future adoption of telemedicine. We used administrative and
claims data from the beneficiary summary, Parts A and B, home
health agency, skilled nursing facility, and Chronic Condition
Data Warehouse files accessed through the CMS Virtual
Research Data Center as well as the American Community
Survey. When identifying diagnoses to construct patient co-
horts, we used a lookback period starting in 2015.

This study was approved by Mass General Brigham’s in-
stitutional review board. Patient informed consent was not re-
quired owing to use of deidentified data. This study followed
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guidelines.

Health System Definition and Attribution
We identified health systems using the Health Systems and
Provider Database (HSPD),35 which links data from the CMS
Provider of Services File; American Hospital Association

Key Points
Question What is the relationship between telemedicine
adoption and low-value care use among fee-for-service Medicare
beneficiaries?

Findings In this difference-in-differences cohort study of
2 381 084 Medicare beneficiaries receiving care in 286 US health
systems, those in high telemedicine–adopting systems vs low
telemedicine–adopting systems had slightly higher total visit rates,
modestly lower use of 7 of 20 observed low-value tests, and
modestly lower spending on total visits and on 2 of 20 tests
following telemedicine adoption.

Meaning Telemedicine adoption was associated with modestly
lower use of, and spending on, some low-value tests, despite a
small rise in total visits that might offer more testing opportunities.
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annual survey data; CMS Provider Enrollment, Chain, and
Ownership System; IQVIA’s physician and hospital database;
and Medicare and commercial claims data. The database de-
fines health systems as jointly owned or managed groups of
provider organizations with 1 or more acute care hospitals, 10
or more primary care physicians, and 50 or more total physi-
cians, and identifies mutually exclusive provider networks for
each system.

Then, we identified all beneficiaries with 1 or more pri-
mary care visits in 2019 (Healthcare Common Procedure
Coding System [HCPCS] codes 99201-15, G0402, or G0438-9,
with provider specialty codes 01, 08, 11, or 38). Consistent with
CMS Medicare Shared Savings Program methodology,31 we at-
tributed each of these beneficiaries to the physician practice
(defined in the HSPD35) where they received the plurality of
their primary care visits in 2019. We broke ties in visit num-
ber by using plurality of 2019 primary care spending. We then
attributed each beneficiary to the health system affiliated with
their practice. To ensure adequate sample to define the expo-
sure, we excluded health systems with fewer than 100 attrib-
uted beneficiaries.

Exposure Definition
For each health system, we calculated the fraction of total
ambulatory visits that was delivered via telemedicine
among all attributed Medicare beneficiaries in 2020 (peak
year for telemedicine adoption), then used this variable to
group systems into quartiles of telemedicine adoption.36

Total visits included in-person office and outpatient visits
(Berenson-Eggers Type of Service 2.0 codes37 beginning
with EV or EB without telemedicine indicators) and tele-
medicine visits (HCPCS codes 99441-99443, 98966-98968,
99446-99452, 99453-99454, 99421-99423, 99457, 95250,
95251, 99091, G2061-G2063, G0425-G0427, G0459, G0406-
G0408, G0508, G0509, 0188T, G0071, or G2025, or
Berenson-Eggers Type of Service 2.0 codes beginning with
EV or EB and Place of Service Code 02 or Modifier GT, GQ,
95, or G0).

Measures
Outcomes
The primary outcomes were low-value care use and spend-
ing. We calculated total visits per beneficiary in each calen-
dar year. We then examined 20 low-value tests (based on the
ABIM Foundation’s Choosing Wisely campaign34,38 and the US
Preventive Services Task Force39) that are usually ordered
in the context of a physician’s visit, are usually provided
either at point of care or scheduled at a later date, and have
been associated with high direct or downstream cascade
spending.5,21,31,34,40,41 These included screening tests (cervi-
cal cancer screening,42 colorectal cancer screening, prostate
cancer screening,42,43 carotid artery imaging in asymptom-
atic adults, screening electrocardiogram,5,42 screening com-
plete blood cell count with or without differential, screening
metabolic panel, thyroid screening, and screening urinalysis5),
preoperative tests (complete blood cell count with or without
differential, metabolic panel, prothrombin time test with in-
ternational normalized ratio, and partial thromboplastin time),

chronic condition management tests (total or free T3 [triiodo-
thyronine] testing in hypothyroidism and stress testing for
stable coronary artery disease), and acute diagnostic tests
(imaging for uncomplicated low back pain, carotid imaging for
syncope, head imaging for syncope,31 head imaging for
uncomplicated headache,31 and radiography for plantar fas-
ciitis). For each test, we refined and operationalized estab-
lished claims-based measures5,31,35,44 within relevant patient
cohorts based on age; sex; International Statistical Classifica-
tion of Diseases and Related Health Problems, Tenth Revision
diagnoses; and Current Procedural Terminology/HCPCS pro-
cedure codes (eTable 1 in Supplement 1). For example, we de-
fined low-value cervical cancer screening as screening tests per-
formed in women older than 65 years without history of, or
certain risk factors for, cervical cancer. We then determined
the proportion of beneficiaries eligible for each service (ie, for
whom it would be considered low value) who received the
service in a given year. We measured spending (based on al-
lowed charges on relevant claims [2019 US dollars inflation ad-
justed to 2022 rates45]) on each service per service-eligible ben-
eficiary, aggregated spending per service-eligible beneficiary
across all low-value tests, and spending per service-eligible ben-
eficiary on total visits.

Characteristics
Using 2019 data, we assessed beneficiary characteristics
(age, sex, and race and ethnicity [Research Triangle Institute
variable46], including American Indian or Alaska Native, Asian,
Hispanic, non-Hispanic Black, non-Hispanic White, and
other or unknown for those who could not be sorted into the
named categories), Medicaid eligibility (proxy for low in-
come), chronic condition count (out of 30 Chronic Condition
Data Warehouse conditions47), and urban-rural residence
(Rural-Urban Commuting Area Codes48); area-level character-
istics (high school completion and median household in-
come using American Community Survey, US Census region;
all based on beneficiaries’ zip code of residence); and health
system characteristics35 (share in primary care [percentage of
physicians with primary care specialty] and ownership/size
status).

Statistical Analysis
We ran descriptive statistics of patients in 2019 and graphed
monthly use of each test in the exposure and comparison
groups to allow visual assessment of preintervention trends.
We used linear models to quantify univariate associations be-
tween total visits and use of each low-value service. We then
conducted absolute DiD analysis using linear probability mod-
els to compare patients attributed to low (first quartile) vs high
(fourth quartile) telemedicine-adopting health systems on the
previously mentioned outcomes in 2019 vs 2022. We used lin-
ear models since interpretation of DiD interaction terms in non-
linear models is not uniquely defined.49 We excluded 2020 to
2021 due to concerns that differences in COVID-19 preva-
lence in these years could bias results. Standard errors were
clustered by hospital referral region (HRR) to account for un-
measured area-level practice differences and because most
health systems are within single HRRs.
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We first analyzed the outcome of total visits. Next, we as-
sessed use of each low-value service as an outcome using 3 sets
of models: without adjustment, with adjustment for total visits
(to determine if accounting for visit volume changed the asso-
ciation between telemedicine and low-value test use), and with
adjustment for beneficiary characteristics (age, sex, race and eth-
nicity, Medicaid eligibility status, chronic condition count, and
urban-rural residence). Finally, we analyzed spending out-
comes without and with adjustment for patient characteristics
and calculated total low-value test spending changes and per-
centage changes in spending attributable to telemedicine adop-
tion. The primary models were those adjusted for patient char-
acteristics.

Sensitivity Analyses
DiD relies on the assumption that any differences in out-
comes between the exposure and comparison groups would
have remained constant (ie, parallel trends) over the study pe-
riod in the absence of telemedicine introduction. While this
assumption is, by definition, untestable, parallel preinterven-
tion trends lend it credibility. To this end, we used visual as-
sessment of preintervention trends. We did not use signifi-
cance testing for parallel preintervention trends (the parallel
trends test) because these tests do not reliably rule out poten-
tially meaningful violations.50 Instead, we assessed differ-
ences in preintervention trends and ran sensitivity analyses
estimating the results if any observed differences in preinter-
vention trends had continued into the postintervention pe-
riod. The main results, and the results of these trend-
adjusted analyses, provide bounds under 2 assumptions: first,
that trends remained parallel and, second, that differences in
preintervention trends continued into the postintervention pe-
riod. Then, to compare beneficiaries within the same areas, we
repeated the primary models with HRR fixed effects. To ex-
amine potential time-varying confounding by Census region,
we repeated the primary models with an interaction term be-
tween US Census region and year. We performed sensitivity
analyses excluding decedents. Finally, to test the robustness
of DiD results, we performed a negative control (placebo) test.
Specifically, we analyzed an outcome representing a com-
mon elective procedure that should not be affected by in-
creased telemedicine use: ocular biometry1,51 (performed by
ophthalmologists before cataract surgery). If we found no sta-
tistically significant DiD for this outcome, this would further
reassure against major trajectory differences between low- and
high-telemedicine systems that might threaten the validity of
our approach.

Stratified Analyses
To understand how results varied by beneficiaries’ sociodemo-
graphic status, we stratified by patient race and ethnicity (non-
Hispanic White compared with those in racial or ethnic minor-
ity groups), since the social construct of race is associated with
differential use of both telemedicine and low-value care.21-24 We
grouped individuals who were not non-Hispanic White into 1 cat-
egory to allow sufficient sample size for each clinically defined
cohort of service-eligible beneficiaries. We also stratified by Med-
icaid eligibility. We examined estimates within stratified groups

for ease of interpretation and since results for individual groups
were of primary interest.

We used SAS Enterprise Guide, version 7.15 HF9 (SAS
Institute), and Stata, version 18 (StataCorp), for all analyses.
P values were 2-sided, with P < .05 representing statistical sig-
nificance. For primary models, we used Holm-Bonferroni cor-
rection to correct for multiple comparisons. Data were ana-
lyzed from October 2023 to December 2024.

Results
Characteristics
Of 6 520 377 beneficiaries meeting inclusion criteria, 1 382 033
beneficiaries were attributed to 143 high-telemedicine systems
(mean[SD]age,71.6[10.5]years;58.8%female)and999 051were
attributed to 143 low-telemedicine systems (mean [SD] age, 71.8
[10.0] years; 57.0% female) (Table 1 and eFigure 1 and eTable 2
in Supplement 1). High-telemedicine systems had larger shares
of patients from racial and ethnic minority groups, with Med-
icaid eligibility, and living in urban areas and the Northeast, and
they more often included academic medical centers. In 2022,
21% of beneficiaries in low-telemedicine systems and 43% of
those in high-telemedicine systems had 1 or more telemedi-
cine visits.

In 2019, beneficiaries in high-telemedicine systems vs low-
telemedicine systems had more visits (10.9 vs 9.4), higher rates
of some low-value services (eg, cervical and colorectal cancer
screening, screening electrocardiograms), and lower rates of oth-
ers (eg, prostate cancer screening, head imaging) (Figures 1 and
2 and eTable 3 in Supplement 1). In 2019, monthly trends in vis-
its and tests appeared parallel (eFigure 2 in Supplement 1).
Post–telemedicine adoption, there was a small differential rise
in total visits among beneficiaries in high-telemedicine sys-
tems (DiD visits per beneficiary, 0.12; 95% CI, 0.03 to 0.21) and
differential decreases in the use of 7 low-value services: cervi-
cal cancer screening (DiD, −0.45 percentage points [pp]; 95% CI,
−0.72 to −0.17 pp), screening electrocardiograms (DiD, −1.30 pp;
95%CI,−1.96to−0.65pp),screeningmetabolicpanels(DiD,−1.84
pp; 95% CI −2.87 to −0.80 pp), preoperative complete blood cell
counts (DiD, −0.64 pp; 95% CI, −1.06 to −0.22 pp), preoperative
metabolic panels (DiD, −1.35 pp; 95% CI, −1.91 to −0.80 pp), total
or free T3 level testing for hypothyroidism (DiD, −0.90 pp; 95%
CI, −1.38 to −0.41 pp), and early back imaging for nonspecific low
back pain (DiD, −1.66 pp; 95% CI, −2.35 to −0.98 pp) (Figures 1
and 2 and eTable 3 in Supplement 1).

Total Visits
Univariate associations between total visits and low-value ser-
viceratesvariedbyserviceandwerelargelypositive(eg,forblood
tests usually offered at point of care) or of small magnitude
(eTable 4 in Supplement 1). Adjusting models for total visits did
not meaningfully change low-value test use results (eTable 3 in
Supplement 1).

Spending
When examining individual low-value services, there were sta-
tistically significant differential decreases in spending per ben-
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eficiary for 2 of 20 services: cervical cancer screening (−$0.56;
95% CI, −$0.89 to −$0.23; 27% spending reduction) and pre-
operative blood cell counts (−$0.15; 95% CI, −$0.24 to −$0.06;
7% reduction). Across all beneficiaries eligible for 1 or more low-
value services, there was no differential change in total low-
value care spending per beneficiary (−$0.15; 95% CI, −$2.62
to $2.33). There was a statistically significant decrease in total
visit spending per beneficiary (−$47.87; 95% CI, −$86.85 to
−$8.88) (Table 2).

Sensitivity Analyses
Preintervention trend differences in visit rates and low-value
care use and spending were very small, except those for low-
value acute diagnostic services, for which high-telemedicine
systems had been increasing use and spending more rapidly
than low-telemedicine systems prior to telemedicine adop-

tion (eTable 5 in Supplement 1). In DiD models adjusting for
trend differences, the magnitude and statistical significance
of the estimates were essentially unchanged, with some ex-
ceptions. For low-value care use, there were new statistically
significant differential decreases for beneficiaries in high- vs
low-telemedicine systems for 2 tests: carotid imaging for syn-
cope (−1.41 pp; 95% CI, −1.95 to −0.87 pp) and head imaging
for syncope (−2.15 pp; 95% CI, −3.49 to −0.81 pp) (eTable 3 in
Supplement 1). For spending, the differential total visit spend-
ing decrease was no longer statistically significant (−$38.62;
95% CI, −$77.45 to $0.22), but there were new statistically sig-
nificant differential decreases in spending per beneficiary for
6 tests: screening electrocardiograms (−$0.15; 95% CI, −$0.29
to −$0.02), thyroid screening (−$0.09; 95% CI, −$0.22 to
−$0.04), stress testing (−$0.61; 95% CI, −$1.22 to −$0.01), ca-
rotid imaging for syncope (−$1.12; 95% CI, −$2.15 to −$0.09),

Table 1. Baseline Characteristics of Health Systems in the Lowest and Highest Quartiles
of Telemedicine Adoption and of Attributed Beneficiaries, 2019

Characteristic

Quartiles of telemedicine adoption, No. (%)

Low-telemedicine systems High-telemedicine systems
Beneficiary level

Total No. of beneficiaries 999 051 1 382 033

≥1 Telemedicine visit in 2020 334 893 (33.5) 960 225 (69.5)

≥1 Telemedicine visit in 2022 214 192 (21.4) 597 441 (43.2)

Age, mean (SD), y 71.8 (10.0) 71.6 (10.5)

Sex

Female 569 421 (57.0) 812 474 (58.8)

Male 429 630 (43.0) 569 559 (41.2)

Race and ethnicitya

American Indian or Alaska Native 3288 (0.3) 3160 (0.2)

Asian 6931 (0.7) 48 679 (3.5)

Hispanic 14 169 (1.4) 64 093 (4.6)

Non-Hispanic Black 49 865 (5.0) 122 799 (8.9)

Non-Hispanic White 902 395 (90.3) 1 091 530 (79.0)

Other or unknown 25 403 (2.5) 51 772 (3.7)

Medicaid eligibility 80 991 (8.1) 172 785 (12.5)

Total chronic conditions, mean (SD) 6.8 (3.4) 6.9 (3.5)

Urban residence 664 478 (66.5) 1 279 664 (92.6)

Area levelb

High school graduation rate, mean (SD), % 91.1 (5.6) 92.0 (6.5)

Household income, median (IQR), $ 66 326 (62 575-76 009) 93 950 (67 337-113 204)

Census region

West 117 807 (11.8) 257 435 (18.6)

Midwest 417 071 (41.8) 220 617 (16.0)

Northeast 36 966 (3.7) 573 583 (41.5)

South 417 071 (41.8) 330 359 (23.9)

Organizational

Total No. of health systems 143 143

Share in primary care, mean (SD), %c 32.5 (8.6) 28.8 (11.5)

System size/ownership status

Academic 2 (1.4) 53 (37.1)

Large for profit 2 (1.4) 1 (0.7)

Large nonprofit 27 (18.9) 23 (16.1)

Public 38 (26.6) 17 (11.9)

Other private 74 (51.8) 49 (34.3)

a Race and ethnicity categories are
based on Research Triangle Institute
codes, which pull from Social
Security Administration data. The
other category includes all people
whose race could not be sorted into
the 5 named categories in Social
Security Administration data.

b Area-level characteristics refer to
characteristics of the attributed
beneficiaries’ zip code of residence.

c Share in primary care is defined as
the percentage of all physicians in
the health system who have a
primary care specialty.
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head imaging for syncope (−$10.36; 95% CI, −$13.23 to −$7.49),
and head imaging for uncomplicated headache (−$8.31; 95%
CI, −$11.32 to −$5.30) (eTable 6 in Supplement 1). Results of sen-
sitivity analyses with HRR fixed effects, time-varying Census
region effects, or decedents excluded were very similar
(eTable 3 in Supplement 1). In the negative control test, there
was no association between telemedicine adoption and ocu-
lar biometry (DiD, 0.13; 95% CI, −0.04 to 0.30).

Stratified Results
When examining low-value test receipt stratified by race and eth-
nicity (eTable 7 in Supplement 1) and Medicaid eligibility

(eTable 8 in Supplement 1), there were no substantial qualita-
tive differences between groups.

Discussion
In this national study of FFS Medicare beneficiaries, those re-
ceiving care in high-telemedicine health systems saw modest dif-
ferential decreases in use of 7 of 20 low-value tests and no
changes in others, despite a small increase in total visits that
might offer more testing opportunities. Spending was lower for
2 low-value tests and for total visits, while there was no differ-

Figure 1. Differential Changes in Use of Low-Value Screening Tests for Medicare Beneficiaries in High- vs Low-Telemedicine Health Systems

–3 32
Adjusted difference-in-differences,

percentage points

–1 10

Low-telemedicine systems
2019 Use, 
% of eligible 
beneficiariesScreening tests

Cervical cancer screeninga

4.84Colorectal cancer screening 
41.97Prostate cancer screening 
4.18Carotid artery imaging in asymptomatic adults
13.52Screening electrocardiograma

67.96Screening CBC with or without differential
Screening metabolic panela

3.68

Adjusted pre-
post difference 
in use

–1.91
–6.89
–0.07
–1.56
1.33

–1.70

70.94 –1.09
14.77Thyroid screening 

Screening urinalysis
1.03

26.02 –1.77

High-telemedicine systems
2019 Use, 
% of eligible 
beneficiaries

5.57
39.66
4.24
17.19
65.31

5.04

Adjusted pre-
post difference 
in use

–2.59
–6.39
0.09
–3.06
0.12

–2.17

68.59 –3.06
17.20 0.95
25.16 –1.96

–2

The figure shows difference-in-differences estimates adjusted for beneficiary
characteristics. Eligible beneficiaries include those for whom a given test would
be considered low value. Error bars represent 95% CIs. CBC indicates complete

blood cell count.
aStatistically significant after Holm-Bonferroni correction.

Figure 2. Differential Changes in Use of Low-Value Preoperative, Chronic Condition Management,
and Acute Diagnostic Tests for Medicare Beneficiaries in High- vs Low-Telemedicine Health Systems

–3 32
Adjusted difference-in-differences,

percentage points

–1 10

Low-telemedicine systems
2019 Use, 
% of eligible 
beneficiariesTest

Preoperative 
25.39Complete blood cell count with or without differentiala

23.72Metabolic panela

4.61Prothrombin time test with INR
2.20Partial thromboplastin time

Chronic condition management
Total or free T3 testing in hypothyroidisma

Adjusted pre-
post difference 
in use

3.32
3.31
–0.13
0.06

5.43 0.36
1.38Stress testing for stable coronary artery disease

Acute diagnostic 
–0.38

High-telemedicine systems
2019 Use, 
% of eligible 
beneficiaries

24.58
24.09
4.89
2.56

Adjusted pre-
post difference 
in use

2.65
1.95
–0.36
–0.09

8.15 –0.52
1.46 –0.39

–2

15.03Imaging for uncomplicated low back paina

Carotid imaging for syncope
6.47

4.39 –0.12
14.85 4.72
3.47 –0.24

Head imaging for syncope 23.53 –0.32 21.32 0.54

22.50Head imaging for uncomplicated headache
Radiography for plantar fasciitis

1.46
17.17 1.85

20.98 2.46
17.91 2.08

The figure shows difference-in-differences estimates adjusted for beneficiary
characteristics. Eligible beneficiaries include those for whom a given test would
be considered low value. INR indicates international normalized ratio; T3,

triiodothyronine. Error bars represent 95% CIs.
aStatistically significant after Holm-Bonferroni correction.
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ential change in spending for other tests or across all 20 tests.
These results suggest that while virtual options might lower the
bar to obtain a physician’s visit, as reflected in higher visit rates
found here and in prior work,15,52 telemedicine may also deter
certain low-value tests and some of the direct and cascade spend-
ing and other harms that can result.5,53

Specifically, the present findings support the hypothesis that
on the margin, a virtual (vs in-person) visit may be a deterrent
forcliniciansorpatientsconsideringpoint-of-carelow-valuetests
outside of acute scenarios. We found differential reductions in
screening tests usually completed in examination rooms (eg, cer-
vical cancer screenings, electrocardiograms) and some screen-
ing, preoperative, and monitoring blood tests usually com-
pleted at on-site laboratories. In contrast, there was no
statisticallysignificantchangeforcoloncancerscreeningorstress
tests, which are typically scheduled for later dates. These find-
ings are largely consistent with those of the study focused on
Medicare beneficiaries in Michigan,30 which found reductions
in low-value cervical cancer screening and thyroid testing and
no change for the 6 other low-value services examined (includ-
ing prostate cancer screening, colorectal cancer screening, head
imaging for headache, and back imaging for low back pain.) In
contrast to the Michigan study, we found that at a national level
there were differential reductions in low-value diagnostic tests
for the usually self-limited condition low back pain, which may
reflect shifts in care-delivery patterns associated with telemedi-
cine adoption (eg, clinicians may offer follow-up virtual visits
for reassurance in lieu of imaging).

To the extent that low-value testing is reduced, it is natu-
ral to ask whether there are similar, but unwanted, effects on
high-value care. Using similar methodology, members of our
group found no differential changes in use of high-value screen-
ing tests for breast, colorectal, prostate, or cervical cancer.15

That study also found slightly lower rates of visits with any
imaging or laboratory test, corroborating studies showing fewer
overall tests associated with virtual vs in-person visits in pri-
mary care,16,52 otolaryngology,18 and cardiology.19 Thus, it is
possible that the testing “friction” introduced by the virtual
modality differs by the perceived value of a test, which clini-
cians and health systems could harness to encourage higher-
value testing decisions.

The present findings of modest absolute decreases in
use of and spending on a subset of examined low-value tests
and visit savings require nuanced interpretation. Some low-
value test reductions represent large relative decreases (eg,
cervical cancer screening use dropped by 13% and spending
by 27%). Our estimates reflect the possible impact of a rela-
tively small difference in telemedicine adoption (21% vs
43%); future policy initiatives that increase telemedicine
use to a larger extent might influence low-value care use dif-
ferently. Our estimates are conservative in that when
accounting for different trajectories in low-value care use

predating telemedicine adoption, telemedicine adoption
was associated with decreased use and spending for more
tests (9 and 8 out of 20, respectively). Savings may also be
underestimated given the high potential34 of these tests to
trigger costly cascades of uncertain clinical benefit.1,2,5,53

Alongside the estimated $66 million in total savings on visit
reimbursements (likely due to virtual visits being billed at
lower complexity levels), the present findings provide poli-
cymakers some reassurance against telemedicine increasing
spending on low-value care and visits. Finally, the lack of
substantive differences by patient race and ethnicity and
Medicaid eligibility is somewhat reassuring and may reflect
variable relationships between these factors and both tele-
medicine use and low-value care.20-24

Limitations
While this is the first study, to our knowledge, to examine tele-
medicine and low-value care use and spending nationally across
a range of services, we note several limitations. Findings may
not generalize to those enrolled in Medicare Advantage or other
plans. We focus on health systems, where up to half of Medi-
care beneficiaries receive care31,35,40; results may not general-
ize to those who primarily receive care from other settings. We
note well-described limitations of claims (eg, we cannot ob-
serve clinicians’ intentions nor orders that were placed but not
completed; there may be coding practice variation across re-
gions and health systems over time). Finally, while the quasi-
experimental DiD design reduces selection bias and allows for
a comparison group to account for temporal trends, and sensi-
tivity analyses reinforced the robustness of the main analyses,
results may be biased by unobserved system-level confound-
ers to the extent that they produced unanticipated differences
in the trajectories of each group (eg, high vs low adopters of tele-
medicine may have made differential changes in other aspects
of care delivery that influence low-value care). Future studies
should explore the extent to which these patterns are ex-
plainedbydifferencesincliniciansorderingtestsvspatientscom-
pleting them and examine low-value prescribing.

Conclusions
In this cohort study, Medicare beneficiaries exposed to greater
telemedicine adoption postpandemic had slightly more vis-
its, yet modestly lower use of 7 of 20 examined low-value tests
and modestly lower spending on 2 services and total visits. As
CMS and private payers evaluate telemedicine reimburse-
ment policies, such as the extension of Medicare’s temporary
allowance of broad telemedicine coverage beyond 2024,33

these results suggest potential benefits of telemedicine and
mitigate concerns about telemedicine contributing to in-
creased Medicare spending.
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