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Abstract

IMPORTANCE Telemedicine use has been associated with lower rates of overall testing and
low-value testing, but the underlying mechanisms are unknown.

OBJECTIVE To compare medical screening test ordering and completion rates between in-person
and virtual annual visits, and to determine how these rates varied by test value (high vs low) and test
type (point of care vs scheduled).

DESIGN, SETTING, AND PARTICIPANTS This cohort study used electronic health record data on
virtual and in-person annual visits conducted between January 1, 2022, and October 25, 2023,
among adult patients at 87 primary care practices in a large health system. Data were analyzed from
September 2024 to June 2025.

EXPOSURE Virtual or in-person annual visit.

MAIN OUTCOMES AND MEASURES Rates of ordering and completion of 15 high- and low-value
tests within 11 months after visit.

RESULTS A total of 22 547 matched in-person and virtual visits were examined involving 20 948
patients (mean [SD] age, 51.0 [15.9] years, 14 502 women [69.2%]). All 15 high- and low-value tests
were more likely to be ordered and completed at in-person vs virtual visits; generally, high-value tests
were more likely to be ordered and completed than low-value tests. At virtual compared with
in-person visits, high-value tests were 14.3% (95% Cl, -15.5% to -13.2%) less likely to be ordered
(relative to the 54.8% in-person rate) and 13.1% (95% Cl, -14.1% to -12.0%) less likely to be
completed (relative to the 87.7% in-person rate). Low-value tests were 19.3% (95% Cl, -21.0% to
-17.5%) less likely to be ordered (27.8% in-person rate) and 17.3% (95% Cl, -18.5% to -16.1%) less
likely to be completed (91.1% in-person rate). When compared with scheduled tests, point-of-care
laboratory tests had larger decreases at virtual versus in-person visits in ordering (-18.5% [95% ClI,
-19.9% to -17.1%] relative to 37.7% in person, vs -11.6% [95% Cl, -13.6 to -9.6] for scheduled tests
[26.8% in person]) and completion (-16.3% [95% Cl, -17.3 to -15.3]; 93.7% in person, vs -6.2% [95%
Cl, -8.9t0-3.4]; 63.0% in person).

CONCLUSIONS AND RELEVANCE In this cohort study, high- and low-value tests were less likely to
be both ordered and completed at virtual annual visits compared with in-person annual visits,
particularly low-value tests and laboratory tests. Telemedicine may introduce frictions for clinicians
and patients that differentially reduce low-value testing, although high-value tests were also
affected; health systems could consider tools, such as gap closure alerts, to selectively promote
high-value care.
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Key Points

Question Among virtual vs in-person
annual visits, how do rates of test
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Findings In this cohort study of 22 547
annual visits, high- and low-value tests
were less likely to be both ordered and
completed at virtual compared with
in-person visits, with slightly larger
decreases for low-value (compared with
high-value) tests and for point-of care
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scheduled) tests.

Meaning The findings suggest that
telemedicine may introduce frictions for
clinicians and patients that differentially
reduce low-value testing, although
high-value tests are also affected,
clarifying both a potential benefit for the
virtual modality and the need for
targeted tools to selectively promote
high-value testing.
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Introduction

Telemedicine (ie, synchronous audio and video visits) remains a widely used visit modality in post-COVID-
19 pandemic years." Yet there is active policy debate about continuing telemedicine coverage by Medi-
care and other payers, hinging in part on how telemedicine affects care quality and spending. While the
virtual modality precludes many aspects of the physical examination, virtual visits offer patients conve-
nience and accessibility and may lower overall visit spending.® Telemedicine may also have spillover
effects on medical testing. For example, this approach might theoretically help to reduce the persistent
and costly problem of low-value care, defined as medical tests and other services that offer minimal
benefit yet have potential for direct and cascading harms.'°™

Prior studies have found that telemedicine use may be associated with lower rates of overall
testing>™>1°
instance, Medicare claims-based studies found that patients receiving care in Michigan primary care
practices?® and in US health systems? with greater vs lesser telemedicine adoption were less likely to
receive low-value tests, such as cervical cancer screenings in older women and screening metabolic
panels. In theory, this finding might be due to the virtual modality creating barriers to completing
tests; for example, if patients are not in the office, clinicians may be less likely to order tests or

and of low-value testing in particular,>2° but the underlying mechanisms are unclear. For

patients may be less likely to complete them.>'®'92! The differences between virtual and in-person
visits might be greater for point-of-care tests (performed in the examination room or at an on-site
laboratory) than for scheduled tests. Similarly, the differences might be greater for low-value than for
high-value tests, as clinicians or patients may judge low-value tests to be less worthy of any extra
logistical effort conferred by the virtual modality. Supporting this hypothesis is a Medicare claims-
based study that found patients in US health systems with greater vs lesser telemedicine adoption
received high-value (ie, guideline-recommended) breast, colorectal, prostate, and cervical cancer
screening tests at equivalent rates.* However, prior studies either have not examined testing by
value or type or have lacked the granularity to observe tests that were ordered but not completed or
to distinguish between the roles of clinicians and patients in test use.

Understanding the mechanisms of how telemedicine may affect testing behaviors would inform
policy decisions and the implementation of telemedicine in clinics and health systems. In this study,
we used electronic health record (EHR) data from a large health system to compare medical
screening test ordering and completion rates between in-person and virtual annual visits, and to
determine how these rates varied by test value (high vs low) and test type (point of care vs
scheduled). We focused on annual visits because there are a range of point-of-care and scheduled
tests that can be, and often are, provided in these visits that are well-defined in prior literature as

high value or low value.'*22%

Methods

Data Source

The Mass General Brigham (MGB) is a large health system in New England. We extracted data from the
MGB Enterprise Data Warehouse, which includes detailed structured and unstructured information on
in-person visits and virtual encounters, test orders and results, patient demographics, patient zip
codes, and diagnostic and billing codes from the EHR. We performed iterative medical record reviews
to confirm the validity of the data extract elements and outcome measures (eMethods in Supple-

ment 1). The MGB Institutional Review Board deemed this study exempt from ethics review and in-
formed consent requirement in accordance with 45 CFR § 46.116(f). We followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

Study Cohort
We identified all annual visits (defined as visits with an annual visit text label [eMethods in
Supplement 1] and one of the following billing codes: GO438, G0439, 99385-99387, 99395-99397,
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or 99213-99215) that were completed across 234 MGB primary care practices between January 1,
2022, and October 25, 2023 (the last date for which we had 11 months of follow-up data), for adult
patients (aged =18 years as of visit date) with an MGB primary care physician (PCP, defined by the
EHR PCP field as of that visit). We excluded all patient visits for patients with more than 2 annual
visits in 2022 through 2023 or with 2 annual visits within 180 days since these patients may
experience atypical testing patterns. We then identified annual visits as virtual or in-person based on
EHR text fields corroborated by medical record review (eMethods in Supplement 1).

Measures
Outcomes
The outcomes were rates of orders and completions (within 11 months after order date, to avoid
overlap with the subsequent annual visit) of 13 tests commonly ordered during annual visits (eTable 1
in Supplement 1). We defined a total of 15 tests as high value or low value in specific clinical scenarios
based on guidelines (eg, ABIM Foundation's Choosing Wisely campaign®>-2® and US Preventive
Services Task Force?”); cervical cancer and colorectal cancer (CRC) screening were each represented
twice, as they could be defined as high value or low value depending on the clinical scenario. We
operationalized these definitions using EHR-based demographic information (age and sex);
International Statistical Classification of Diseases and Related Health Problems, Tenth Revision
diagnosis codes billed to visits or on problem lists; and health maintenance modifiers (clinicians enter
these into their patients’ medical records to capture clinical nuances that are then reflected in EHR
alerts—eg, Papanicolaou test due every 5 years).

High-value tests included cervical cancer screening (for women aged 21-65 years), Hemoglobin
Alc (HbA,)), lipid testing, CRC screening (for patients aged 45-75 years), and mammography (for
women aged 40-74 years). Low-value tests included cervical cancer screening (for women aged >65
years),28 )’14,28

function test, screening comprehensive metabolic panel, screening complete blood count with or

screening electrocardiogram (ECG screening basic metabolic panel, screening liver
without differential, prostate cancer screening (prostate-specific antigen test; for men aged >70
years),?829 thyroid screening (thyroid-stimulating hormone), screening urinalysis,'* and CRC
screening (for patients aged >85 years). We used these designations to identify tests as high or low
value. We also used them to identify visits as eligible for a given high- or low-value test to mitigate
confounding by indication for a given visit modality (eg, if a patient were eligible for a high-value lipid
screening, they or their clinician may be more likely to pick an in-person visit).

In addition, we identified tests by their type. Point-of-care tests included examination room
(cervical cancer screening and screening ECG) and laboratory (HbA,_, lipid, metabolic panel,
complete blood count, prostate cancer screening, thyroid screening, and urinalysis) tests. Scheduled
tests included CRC screening and mammography.

For a given visit, we ascertained whether each of these tests was ordered—defined as a test
order that was either linked to the index visit encounter or placed by the clinician who provided the
index visit (identified by National Provider Identifier) within a 9-day period (7 days before to 1day
after the visit, as in prior work'#)
was completed (ie, result recorded in the EHR) in the subsequent 11 months and, if so, noted the
completion date.

—and noted the order date. We then determined whether the test

The secondary outcome was time to test completion, calculated as test completion date minus
test order date. See eMethods and eTable 2 in Supplement 1 for details.

Patient and Visit Characteristics

We captured a series of patient and visit characteristics that were potential confounders of the
relationship between visit modality and test ordering or completion (eg, distance from clinic [since
patients living farther from the clinic may be more likely to have a telemedicine visit and less likely to
complete tests] and patient portal engagement) or were linked to testing adherence (eg, insurance
status) such that their inclusion in models would improve precision.
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Patient characteristics were age, sex, self-reported primary patient language, self-reported race,
self-reported ethnicity, insurance type, Charlson Comorbidity Index (measured using all active
diagnoses on the patient’s EHR problem list), distance from residence to clinic (estimated using zip
codes of patient residence and clinical site), patient portal engagement (defined as at least 1 portal
login within a year before the visit), previous annual visit (within 24 months prior to index visit), and
previous virtual annual visit (within 24 months prior to index visit). Race and ethnicity data were
collected in this study because studies have linked race and ethnicity with telemedicine use and
preventive service use. Racial and ethnic categories analyzed were Asian, Black, Hispanic, White, and
other (including American Indian or Alaska Native, Native Hawaiian or Other Pacific Islander, and
other races not listed in the EHR).

Visit characteristics were the providing clinician, whether the visit was with the patient’s PCP,
whether the visit was co-billed as a problem-based visit (ie, presence of level 25 modifier), visit year,
and quarter (eg, quarter 1: January to March).

Statistical Analysis

Matching

We built a propensity score model to estimate the propensity for a visit to be virtual, using all patient
and visit characteristics other than clinician and visit year. Then, for every virtual visit, we propensity
score-matched the virtual visit to up to 5 in-person visits with the exact same clinician and visit
year(to control for differences in practice style*® and temporal trends). Specifically, we used
sequential 1:5 nearest neighbor propensity matching without replacement and then weighted the
matched in-person visits by the inverse of the number of in-person visits matched to the given virtual
visit (eg, for a virtual visit with 5 matches, each matched in-person visit received a weight of 1/5). We
calculated standardized mean differences (SMDs) to assess balance between the virtual visit and
in-person visit groups before and after matching. Characteristics that did not achieve sufficient
balance (defined as SMD <0.10) were included as covariates in subsequent models.

Analyses

We performed patient-visit level analyses. We described the distribution of tests ordered per visit.
For each test, we used log-binomial regression to compare test ordering between virtual and
in-person visits (among all visits) and Poisson regression with robust error variance to compare test
completion between virtual and in-person visits (among all visits in which the test was ordered); we
used Poisson regression because log-binomial models often failed to converge for these high-
probability outcomes,' We used survival analysis to compare time to test completion between
virtual and in-person patient visits (represented as hazard ratios [HRs]).

We applied the clinical criteria (eg, sex, age, and relevant diagnoses) to identify tests as either
high or low value and to identify visits eligible for each high- and low-value test. Next, among eligible
visits, we compared virtual with in-person visits on rates of test ordering, test completion, and time
to completion. We examined adjusted differences in these outcomes between virtual and in-person
visits. When needed, we adjusted weights to account for fewer matched in-person visits. To compare
groups of tests by their value (high vs low) and separately, by their type (point of care, which we
limited to laboratory tests in these analyses given the infrequency of examination room tests ordered
at virtual visits, vs scheduled), we used binomial models to compare ordering rates and Poisson
regression (offset by the natural log of orders) to compare completion rates contingent on ordering
(primary models). The eMethods in Supplement 1 provides details.

Models were adjusted for the covariates, and SEs were clustered by patient. We performed
analyses using R, version 4.4.2 (R Project for Statistical Computing). Two-sided P < .05 represented
statistical significance. We used Holm-Bonferroni to correct the primary analyses for multiple
comparisons and presented Cls throughout to allow interpretation of clinical significance. Data were
analyzed from September 2024 to June 2025.
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Results

Our final sample before matching included 439 581 visits with 329 687 patients across 234 clinics;
4596 (1.0%) of these visits were virtual. After matching, the sample included 22 547 visits from
20 948 patients (mean [SD] age, 51.0 [15.9] years; 14 502 women [69.2%] and 6446 men [30.8%])
across 87 clinics; 3887 (17.2%) of these visits were virtual (eFigure in Supplement 1).

Patient and visit characteristics in the virtual and in-person visit groups were similar before and
after matching, with SMD less than 0.10 for all characteristics other than insurance type, prior virtual
annual visit, and visit year quarter (Table 1). Across matched in-person and virtual visit groups, 96.7%

Table 1. Patient and Visit Characteristics

All visits, No. (%) Matched visits, No. (%)
Virtual In-person Virtual In-person
Characteristic (n = 4596) (n=434985) SMD? (n =3887) (n = 18660) SMD?
Patient characteristics
Age, mean (SD), y 51.3(17.2) 51.3(16.0) 0.00 51.7 (17.1) 50.7 (15.5) 0.06
SexP
Female 3228 (70.2) 270378 (62.2) 0.17 2752 (70.8) 12976 (69.3) 0.03
Male 1368 (29.8) 164590 (37.8) 0.17 1135(29.2) 5684 (30.7) 0.03
Primary patient language
English 4475 (97.4) 417 846 (96.1) 0.07 3795 (97.6) 18089 (96.7) 0.05
Spanish 43(0.9) 8732 (2.0) 0.08 29(0.8) 198 (1.2) 0.04
Other 66 (1.4) 6110 (1.4) 0.00 57 (1.5) 338(1.9) 0.03
Race©
Asian 353(7.7) 26574 (6.1) 0.04 309 (8.0) 1698 (9.1) 0.04
Black 242 (5.3) 21454 (4.9) 0.02 182 (4.7) 981 (5.3) 0.03
White 3669 (79.8) 354411 (81.5) 0.04 3134 (80.6) 14610 (78.0) 0.06
Otherd 217 (4.7) 20960 (4.8) 0.00 167 (4.3) 923 (5.1) 0.04
Ethnicity©
Hispanic 282 (6.1) 32210 (7.4) 0.05 212 (5.5) 1132 (6.2) 0.03
Insurance type
Commercial 3445 (75.0) 341115 (78.4) 0.08 2917 (75.0) 14746 (79.3) 0.10
Medicare 976 (21.2) 55159 (12.7) 0.26 832 (21.4) 3116 (16.4) 0.13
Self-pay 128(2.8) 30876 (7.1) 0.17 98 (2.5) 527 (2.8) 0.02
Other® 47 (1.0) 6433 (1.5) 0.04 40(1.0) 270 (1.5) 0.04
CCl, mean (SD) 2.0(2.3) 1.9(2.1) 0.07 2.0(2.3) 1.8(2.1) 0.08
Distance from residence to clinic, mean (SD), miles 36.0(192.0) 22.3(141.2) 0.10 38.0(200.8) 37.4(215.1) 0.00
Patient portal login in prior year 4557 (99.2) 409214 (94.1) 0.22 3856 (99.2) 18424 (98.6) 0.05
Any annual visit in prior 24 mo 2608 (56.7) 308910 (71.0) 0.31 2419 (62.2) 11613 (62.3) 0.00
Any virtual annual visit in prior 24 mos 916 (19.9) 8864 (2.0) 1.22 782 (20.1) 2719 (14.5) 0.16
Visit characteristics
With patient’s PCP 3974 (86.5) 358053 (82.3) 0.11 3399 (87.4) 16213 (87.2) 0.01
Co-billed as a problem-based visit 620 (13.5) 103718 (23.8) 0.24 609 (15.7) 3163 (17.7) 0.05
Visit quarter
Quarter 1 (Jan-Mar) 1844 (40.1) 119887 (27.6) 0.28 1542 (39.7) 6527 (34.4) 0.11
Quarter 2 (Apr-Jun) 1179 (25.7) 117 410 (27.0) 0.03 1015 (26.1) 5330 (28.6) 0.05
Quarter 3 (Jul-Sep) 932 (20.3) 115991 (26.7) 0.14 791 (20.3) 4065 (21.7) 0.03
Quarter 4 (Oct-Dec) 641 (13.9) 81697 (18.8) 0.12 539(13.9) 2738 (15.3) 0.04
Abbreviations: CCl, Charlson Comorbidity Index; NA, PCP, primary care physician: SMD, across matched visits. Ethnicity was unknown for 32 599 patients across all visits and
standardized mean difference. 1856 patients across matched visits.
2 SMDs measure the balance in baseline covariates between 2 groups. Values less 9 Other includes American Indian or Alaska Native, Native Hawaiian or Other Pacific
than 0.10 suggest that the groups are well-balanced. Islander, and races not listed in the EHR.
b Sex unknown for 17 patients (all in-person visits). € Other includes Medicaid, other government insurance, free care, international, and
© Race and ethnicity were self-identified and obtained from the electronic health record Workers’ Comp or motor vehicle insurance. Insurance data missing for 1392 patients
(EHR). Race was unknown for a total of 11 701 patients across all visits and 543 patients across all visits and 1 patient across matched visits.
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(18 089) to 97.6% (3795) of patients spoke English as their primary language, and race and ethnicity
were self-reported as follows: 1698 (9.1%) and 309 (8.0%) Asian, 981 (5.3%) and 182 (4.7%) Black,
1132 (6.2%) and 212 (5.5%) Hispanic, 14 610 (78.0%) and 3134 (80.6%) White, and 923 (5.1%) and
167 (4.3%) other individuals, respectively. Most visits (2917 [75.0%] and 14 746 [79.3%]) were
covered by commercial insurance, and most visits (16 213 [87.2%]) were with the patients’ own PCPs.

Overall, the number of tests ordered per annual visit were higher for in-person than virtual visits
(Figure 1). Clinicians ordered a mean (SD) number of 3.3 (2.2; median [IQR], 3 [2-5]) tests at in-person
visits and 2.6 (2.2; median [IQR], 3 [0-4]) tests at virtual visits.

Ordering and Completion by Test Value and Type

When examining tests specified as high value or low value in the context of relevant visits (ie, those
eligible for a given test), high-value tests were generally ordered and completed at higher rates than
low-value tests (Figure 2; eTable 3 in Supplement 1). Across high- and low-value tests, ordering and
completion rates were lower for virtual visits than for in-person visits (Figure 2). At virtual visits, tests
normally conducted in the examination room (cervical cancer screenings and screening ECGs) were
rarely ordered.

Adjusted Analyses

For nearly all tests examined, tests were significantly less likely to be ordered at virtual vs in-person
visits (Table 2). High-value tests were 14.3% (95% Cl, -15.5% to -13.2%) less likely to be ordered and
13.1% (95% Cl, -14.1% to -12.0%) less likely to be completed in virtual visits vs in-person visits
(relative to a 54.8% in-person ordering rate and 87.7% in-person completion rate). Low-value tests
were 19.3% (95% Cl, -21.0% to -17.5%) less likely to be ordered and 17.3% (95% Cl, -18.5% to
-16.1%) less likely to be completed in virtual visits vs in-person visits (relative to a 27.8% in-person
ordering rate and 91.1% in-person completion rate). Point-of-care laboratory tests had larger
differences by visit modality for both ordering and completion than scheduled tests. Specifically,
point-of-care laboratory tests were 18.5% (95% Cl, =19.9% to -17.1%) less likely to be ordered and
16.3% (95% Cl, -17.3% to -15.3%) less likely to be completed in virtual visits than in-person visits
(relative to a 37.7% in-person ordering rate and 93.7% in-person completion rate). For scheduled
tests, these decreases were 11.6% (95% Cl, -13.6% to -9.6%) for ordering and 6.2% (95% Cl, -8.9%
to -3.4%) for completion (relative to a 26.8% in-person ordering rate and 63.0% in-person
completion rate). These results varied across the scheduled tests examined. While high-value
mammograms were less likely to be completed when ordered during virtual visits (-11.9%; 95% Cl,
-16.6% to -6.9%), high-value and low-value CRC screenings were not (-4.1% [95% Cl, -16.1% to
9.6%] and 8.7% [95% Cl, -9.4% to 30.3%]).

Figure 1. Histogram of Tests Ordered During In-Person and Virtual Annual Visits

30+

554 [ In-person visits  [] Virtual visits
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8154
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Median time to test completion was shorter for all tests (including scheduled tests) ordered
during in-person visits vs virtual visits. For CRC screening, low-value tests had a longer median (IQR)
time to completion than high-value tests (170 [113-253] days vs 98 [15-178] days). In multivariable
survival analyses, adjusted HRs (AHRs) were significantly below 1for all tests except for high-value
cervical cancer screenings (which were almost never ordered virtually) and low-value CRC screenings
(AHR, 1.3[95% Cl, 1.1-1.5] and 1.1 [95% ClI, 0.84-1.4]), meaning that tests ordered at in-person visits
were more likely to be completed at any given time point following an order (eTable 4 in
Supplement 1). The AHRs were lower for low-value than high-value tests (0.37 [95% Cl, 0.35-0.38]
vs 0.51[95% Cl, 0.49-0.52]) and were much lower for laboratory than scheduled tests (0.34 [95% Cl,
0.33-0.35] vs 0.86 [95% Cl, 0.79-0.94]).

Discussion

In this retrospective observational cohort study using EHR data across 87 primary care clinics to
compare virtual and in-person annual visits by the same clinicians, we found that virtual visits were
associated with lower rates of both test ordering (by clinicians) and test completion (by patients)
than in-person visits. When comparing low-value with high-value tests, there was a slightly larger
relative decrease for low-value tests from in-person to virtual visits for both test ordering and

Table 2. Differences in Test Ordering and Completion Between In-Person and Virtual Visits

% Of visits
with a test Adjusted relative %
%_ (_)f eli_gible A_djusted re:lative % comp_letion difference_ in test completion
o femiad  (omngnt  s(rmernonode) st st completon, medin (09

Test in-person visit  vs in-person visit in-person visit Vs in-person visit In-person visit Virtual visit
Composite test categories

High value® 54.8 -14.3(-15.5t0-13.2)° 87.7 -13.1(-14.1t0 -12.0)° 0(0to8) 21(5t087)

Low value® 27.8 -19.3(-21.0t0 -17.5)° 91.1 -17.3(-18.5t0 -16.1)° 0 16 (3to 63)

Point-of-care laboratory 37.7 -18.5(-19.9to -17.1)° 93.7 -16.3(-17.3to -15.3)® 0 15 (3to 59)

Scheduled 26.8 -11.6 (-13.6 t0 -9.6)° 63.0 -6.2 (-8.9to -3.4)¢ 62 (15 to 140) 86 (25 to 166)
High-value tests

Cervical cancer screening? 233 -99.6 (-99.9 to -97.5) 88.7 10.6 (3.5t018.2) 0 0

HbA, . 59.9 -16.1(-19.6t0 -12.4) 94.9 -13.4(-15.7 to -11.0) 0(0to1) 15 (3 to 65)

Lipid panel 73.3 -15.3(-18.2t0-12.2) 94.0 -14.7 (-17.0to -12.3) 0(0to1) 15 (3to 58)

CRC screening 46.7 -14.4(-21.7t0-6.3) 44.2 -4.1(-16.1t09.6) 67 (14 to 183) 98 (1510 178)

Mammography 30.5 -8.2 (-15.5t0 -0.27) 84.1 -11.9(-16.6 to -6.9) 51 (13to111) 74 (27 to 144)
Low-value tests

Cervical cancer screening® 2.4 -97.4(-99.6t0 -81.1) 85.2 -100.0 (-100.0t0 -100.0) O NA

Screening ECGY 2.1 -85.4(-92.0to -73.6) 72.2 -20.1(-53.0t0 35.7) 0 12 (0to 37)

Screening BMP 31.1 -18.5(-24.5t0-11.9) 92.4 -18.0(-21.9to -14.0) 0 14 (3 to 49)

Screening LFT 12.4 -13.2(-21.7 t0 -3.7) 91.6 -13.1(-17.5t0 -8.4) 0 16 (3to 63)

Screening CMP 26.0 -22.9(-29.5t0-15.8) 92.7 -18.9(-23.2to -14.4) 0 18 (4 to 64)

Screening CBC with or 42.8 -18.0 (-22.2t0-13.7) 93.5 -18.1 (-20.8 to -15.3) 0 14 (3to 55)

without differential

Prostate cancer screening 15.9 -2.0(-33.7t0 44.7) 95.7 -13.8(-27.5t02.6) 0(0to7) 16 (4 to 45)

Thyroid screening 26.3 -20.8 (-26.7 to -14.5) 93.7 -18.0(-21.7 to -14.2) 0 19 (3t0 62)

Screening urinalysis 5.4 -26.0 (-37.6t0-12.4) 92.9 -15.3(-22.1t0 -7.9) 0(0to2) 17 (1to 55)

CRC screening 12.1 -17.7 (-29.9t0 -3.3) 44.0 8.7 (-9.4t030.3) 145 (76 t0 212) 170 (113 to 253)
Abbreviations: BMP, basic metabolic panel; CBC, complete blood count; CMP, b P <001 after Holm-Bonferroni correction.

comprehensive metabolic panel; CRC, colorectal cancer; ECG, electrocardiogram;
HDbA,., hemoglobin A,; LFT, liver function test; NA, not applicable.

€ P < .05 after Holm-Bonferroni correction.

9 1Each of high-value and low-value cervical cancer screenings, and 11 low-value ECGs

2 High-value and low-value composite categories did not include examination room were ordered at virtual visits.

tests (cervical cancer screening and screening ECG) given the small number of
such tests ordered during virtual visits.
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completion. When comparing laboratory with scheduled tests, there was a larger relative decrease
for laboratory tests with virtual vs in-person visits for both test ordering and completion.

These results build on prior studies in various health systems and clinics showing fewer
laboratory and imaging orders at virtual visits in general.>'>® For instance, studies before the
COVID-19 pandemic' or those focused on neck or back pain,'® cardiology,'® and otolaryngology'®
found that virtual visits were associated with fewer test orders. Zeltzer et al° reported that early in
the pandemic in Israel, virtual visits had slightly less use of any laboratory testing than in-person
visits. Our study advances that literature by finding that, beyond decreased test ordering, virtual
visits were also associated with lower test completion on the order of 13.1% to 19.3%. This finding is
echoed in a study in 2 primary care practices, which reported that fewer colonoscopies and cardiac
stress tests were completed after virtual visits than in-person visits.” Why completion rates are
lower may vary by type of test. For laboratory tests, the reason may be the friction introduced by not
already being in the office. We found lower rates of completion of scheduled mammograms yet no
difference in completion of high- or low-value CRC screenings, which may reflect that these tests
have different scheduling workflows. For instance, front-desk clinic staff might routinely help
patients schedule their mammograms, but not their colonoscopies, when patients check out after
in-person annual visits.

Our findings on low-value tests build on prior claims-based studies showing that Medicare
patients in practices?® or health systems with greater telemedicine adoption were less likely to
receive low-value tests, to demonstrate that clinicians are less likely to order these tests during virtual
visits and patients are also less likely to complete them. While the magnitude of our findings on
low-value testing was relatively modest, care cascades that may follow from initial testing have the
potential to amplify the impact on total and out-of-pocket spending.’®"2® However, we found a
similar, and concerning, pattern for several high-value tests, in contrast to a prior study finding that
Medicare patients in health systems with greater vs lesser telemedicine adoption received high-value
breast, colorectal, and cervical cancer screening tests at equivalent rates.* This result is especially
important given suboptimal rates of high-value testing demonstrated in both studies and in many
other US settings.32” It suggests that telemedicine is a somewhat blunt instrument for reducing
testing for both clinicians and patients. More optimistically, it may reflect the possibility that, to some
extent, these high-value services—which often appear as care gaps that clinicians are prompted to
complete when they are viewing the patient’s medical record—may be ordered outside of the
context of the annual virtual visit.

The results of this study suggest an opportunity to harness the potential benefits of the virtual
modality in reducing low-value testing while protecting against its potential to diminish high-value
test ordering and completion. There may be a role for interventions aimed at clinicians and patients
to better address care gaps during virtual visits, such as through formalized front-desk follow-up
after virtual visits to help patients schedule or otherwise facilitate completion of high-value tests."
As care delivery models evolve, further work is needed to understand the extent to which high-value
tests are, or can be, completed outside of these visits (eg, prompted by patient portal
reminders).3839 These results also highlight the importance of appropriate clinical indications for
virtual visits within the context of primary care relationships.*°

Strengths and Limitations

The strengths of this study include the use of detailed EHR data, exact-matching visits on clinician
and visit year to control for differences in practice style*° and temporal trends, and propensity score
matching on key factors, such as patients’ distance to clinic and prior portal engagement. The study
also has limitations. There is uncertain generalizability beyond the large MGB health system, which
serves a predominantly White, English-speaking patient population, or beyond annual visits. We
acknowledge the potential misclassification of tests as high or low value due to clinician billing
inconsistencies. Although we accounted for many potential confounders and specified visits eligible
or relevant for a given high- or low-value test, there was likely residual bias by indication in patients
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and clinicians choosing to schedule a virtual visit vs an in-person visit. For example, patients who
select a virtual (vs in-person) annual visit may also have less desire or ability to follow through with
ordered tests in ways that study variables do not capture. Finally, we did not assess clinical outcomes
associated with test ordering and completion. Future research could examine other visit types and
health care settings and explore effective ways to selectively promote high-value testing.

Conclusions

In this cohort study, telemedicine was associated both with less ordering and less completion of both
low- and high-value tests, with slightly larger reductions in low-value testing and point-of-care
laboratory tests. These results suggest that, while telemedicine may have many advantages,
including potential spillover benefits for low-value testing, it should be balanced with targeted and
complementary efforts to ensure completion of high-value care.

ARTICLE INFORMATION
Accepted for Publication: December 20, 2025.

Published: February 25, 2026. doi:10.1001/jamanetworkopen.2026.0013

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2026 Ganguli |
et al. JAMA Network Open.

Corresponding Author: Ishani Ganguli, MD, MPH, Division of General Internal Medicine and Primary Care,
Brigham and Women's Hospital, 1620 Tremont St, 3rd Floor, Boston, MA 02120 (iganguli@bwh.harvard.edu).

Author Affiliations: Harvard University, Boston, Massachusetts (Ganguli, Rosenthal, Cutler); Division of General
Internal Medicine and Primary Care, Brigham and Women's Hospital, Boston, Massachusetts (Ganguli, Daley);
Department of Health Services, Policy and Practice, Brown University School of Public Health, Providence, Rhode
Island (Mehrotra); National Bureau of Economic Research, Cambridge, Massachusetts (Cutler).

Author Contributions: Dr Ganguli and Mr Daley 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: All authors.

Acquisition, analysis, or interpretation of data: Ganguli, Daley, Cutler.

Drafting of the manuscript: Ganguli, Cutler.

Critical review of the manuscript for important intellectual content: Daley, Mehrotra, Rosenthal, Cutler.
Statistical analysis: Ganguli, Daley, Cutler.

Obtained funding: Ganguli, Mehrotra.

Administrative, technical, or material support: Daley, Cutler.

Supervision: Ganguli, Cutler.

Conflict of Interest Disclosures: Dr Mehrotra reported receiving personal fees from Black Opal Ventures outside
the submitted work. No other disclosures were reported.

Funding/Support: This work was supported by grants from Arnold Ventures and The Commonwealth Fund (Dr
Ganguli). Dr Ganguli‘'s work was also supported by grant K23AG068240 from the National Institute on Aging.

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.

Data Sharing Statement: See Supplement 2.
Additional Contributions: We thank Matthew Wein, BS, Brigham and Women's Hospital, for his analytic work and

E. John Orav, PhD, Brigham and Women's Hospital, for his statistical advice. These individuals received no
additional compensation, outside of their usual salary, for their contributions.

REFERENCES
1. ChangE, Penfold RB, Berkman ND. Patient characteristics and telemedicine use in the US, 2022. JAMA Netw
Open. 2024,7(3):e243354. doi:10.1001/jamanetworkopen.2024.3354

[5 JAMA Network Open. 2026;9(2):e260013. doi:10.1001/jamanetworkopen.2026.0013 February 25,2026  10/12

Downloaded from jamanetwork.com by Partners Healthcare System user on 02/25/2026



JAMA Network Open | Health Policy Test Ordering and Completion During Virtual vs In-Person Visits

2. Lucas JW, Villarroel MA. Telemedicine use among adults: United States, 2021. NCHS Data Brief. 2022;(445):1-8.
doi:10.15620/cdc:121435

3. Gangulil, Lim C, Daley N, Cutler D, Rosenthal M, Mehrotra A. Telemedicine adoption and low-value care use and
spending among fee-for-service Medicare beneficiaries. JAMA Intern Med. 2025;185(4):440-449. doi:10.1001/
jamainternmed.2024.8354

4. Nakamoto CH, Cutler DM, Beaulieu ND, Uscher-Pines L, Mehrotra A. The impact of telemedicine on Medicare
utilization, spending, and quality, 2019-22. Health Aff (Millwood). 2024;43(5):691-700. doi:10.1377/hlthaff.
2023.01142

5. Zeltzer D, Einav L, Rashba J, Balicer RD. The impact of increased access to telemedicine. J Eur Econ Assoc.
2024;22(2):712-750. doi:10.1093/jeea/jvad 035

6. Patel KB, Turner K, Alishahi Tabriz A, et al. Estimated indirect cost savings of using telehealth among nonelderly
patients with cancer. JAMA Netw Open. 2023;6(1):e2250211. doi:10.1001/jamanetworkopen.2022.50211

7. Kiran T, Green ME, Strauss R, et al. Virtual care and emergency department use during the COVID-19 pandemic
among patients of family physicians in Ontario, Canada. JAMA Netw Open. 2023;6(4):€239602. doi:10.1001/
jamanetworkopen.2023.9602

8. Kruse CS, Krowski N, Rodriguez B, Tran L, Vela J, Brooks M. Telehealth and patient satisfaction: a systematic
review and narrative analysis. BMJ Open. 2017;7(8):e016242. doi:10.1136/bmjopen-2017-016242

9. Campbell K, Greenfield G, Li E, et al. The impact of virtual consultations on the quality of primary care:
systematic review. J Med Internet Res. 2023;25:e48920. doi:10.2196/48920

10. Gangulil, Lupo C, Mainor AJ, et al. Prevalence and cost of care cascades after low-value preoperative
electrocardiogram for cataract surgery in fee-for-service Medicare beneficiaries. JAMA Intern Med. 2019;179(9):
1211-1219. d0i:10.1001/jamainternmed.2019.1739

11. Gangulil, Simpkin AL, Lupo C, et al. Cascades of care after incidental findings in a US national survey of
physicians. JAMA Netw Open. 2019;2(10):e1913325. doi:10.1001/jamanetworkopen.2019.13325

12. Ganguli |, Simpkin AL, Colla CH, et al. Why do physicians pursue cascades of care after incidental findings? A
national survey. J Gen Intern Med. 2020;35(4):1352-1354. doi:10.1007/s11606-019-05213-1

13. Gangulil, CuiJ, Thakore N, et al. Downstream cascades of care following high-sensitivity troponin test
implementation. J Am Coll Cardiol. 2021;77(25):3171-3179. doi:10.1016/j.jacc.2021.04.049

14. Gangulil, Lupo C, Mainor AJ, et al. Assessment of prevalence and cost of care cascades after routine testing
during the Medicare annual wellness visit. JAMA Netw Open. 2020;3(12):e2029891. doi:10.1001/
jamanetworkopen.2020.29891

15. Zhong A, Amat MJ, Anderson TS, et al. Completion of recommended tests and referrals in telehealth vs
in-person visits. JAMA Netw Open. 2023;6(11):e2343417. doi:10.1001/jamanetworkopen.2023.43417

16. Roblin DW, Goodrich GK, Davis TL, et al. Management of neck or back pain in ambulatory care: did visit mode
or the COVID-19 pandemic affect provider practice or patient adherence? Med Care. 2023;61(suppl 1):530-538.
doi:10.1097/MLR.O000000000001833

17. Norden JG, Wang JX, Desai SA, Cheung L. Utilizing a novel unified healthcare model to compare practice
patterns between telemedicine and in-person visits. Digit Health. 2020;6:2055207620958528. doi:10.1177/
2055207620958528

18. Shehan JN, Agarwal P, Danis DO Ill, et al. Effects of COVID-19 on telemedicine practice patterns in outpatient
otolaryngology. Am J Otolaryngol. 2021;42(6):103044. doi:10.1016/j.amjot0.2021.103044

19. Yuan N, Pevnick JM, Botting PG, et al. Patient use and clinical practice patterns of remote cardiology clinic
visits in the era of COVID-19. JAMA Netw Open. 2021;4(4):e214157. doi:10.1001/jamanetworkopen.2021.4157

20. LiuT, Zhu Z, Thompson MP, et al. Primary care practice telehealth use and low-value care services. JAMA Netw
Open. 2024;7(11):e2445436. doi:10.1001/jamanetworkopen.2024.45436

21. Uscher-Pines L, Mulcahy A, Cowling D, Hunter G, Burns R, Mehrotra A. Antibiotic prescribing for acute
respiratory infections in direct-to-consumer telemedicine visits. JAMA Intern Med. 2015;175(7):1234-1235. doi:10.
1001/jamainternmed.2015.2024

22. Gerend MA, Bradbury R, Harman JS, Rust G. Characteristics associated with low-value cancer screening among
office-based physician visits by older adults in the USA. J Gen Intern Med. 2022;37(10):2475-2481. doi:10.1007/
s11606-021-07072-1

23. Gangulil, Souza J, McWilliams JM, Mehrotra A. Association of Medicare’s annual wellness visit with cancer
screening, referrals, utilization, and spending. Health Aff (Millwood). 2019;38(11):1927-1935. doi:10.1377/hlthaff.
2019.00304

[5 JAMA Network Open. 2026;9(2):e260013. doi:10.1001/jamanetworkopen.2026.0013 February 25,2026  11/12

Downloaded from jamanetwork.com by Partners Healthcare System user on 02/25/2026



JAMA Network Open | Health Policy Test Ordering and Completion During Virtual vs In-Person Visits

24. Porter J, Boyd C, Skandari MR, Laiteerapong N. Revisiting the time needed to provide adult primary care. J Gen
Intern Med. 2023;38(1):147-155. doi:10.1007/s11606-022-07707-x

25. Bhatia RS, Levinson W, Shortt S, et al. Measuring the effect of Choosing Wisely: an integrated framework to
assess campaign impact on low-value care. BMJ Qual Saf. 2015;24(8):523-531. doi:10.1136/bmjgs-2015-004070

26. Gangulil, Thakore N, Rosenthal MB, Korenstein D. Longitudinal content analysis of the characteristics and
expected impact of low-value services identified in US Choosing Wisely recommendations. JAMA Intern Med.
2022;182(2):127-133. doi:10.1001/jamainternmed.2021.6911

27. US Preventive Services Task Force. Accessed October 21, 2024. https://www.uspreventiveservicestaskforce.
org/uspstf/

28. MafiJN, Russell K, Bortz BA, Dachary M, Hazel WA Jr, Fendrick AM. Low-cost, high-volume health services
contribute the most to unnecessary health spending. Health Aff (Millwood). 2017;36(10):1701-1704. doi:10.1377/
hithaff.2017.0385

29. Ma X, WangR, Long JB, et al. The cost implications of prostate cancer screening in the Medicare population.
Cancer. 2014;120(1):96-102. doi:10.1002/cncr.28373

30. Rodriguez JA, Betancourt JR, Sequist TD, Ganguli I. Differences in the use of telephone and video
telemedicine visits during the COVID-19 pandemic. Am J Manag Care. 2021;27(1):21-26. doi:10.37765/ajmc.
2021.88573

31. Zou G. A modified Poisson regression approach to prospective studies with binary data. Am J Epidemiol.
2004:159(7):702-706. doi:10.1093/aje/kwh090

32. Hsiang EY, Mehta SJ, Small DS, et al. Association of primary care clinic appointment time with clinician ordering
and patient completion of breast and colorectal cancer screening. JAMA Netw Open. 2019;2(5):e193403. doi:10.
1001/jamanetworkopen.2019.3403

33. Amat MJ, Anderson TS, Shafiq U, et al. Low rate of completion of recommended tests and referrals in an
academic primary care practice with resident trainees. Jt Comm J Qual Patient Saf. 2024;50(3):177-184. doi:10.
1016/j.jcjq.2023.10.005

34. Haas CB, Phipps Al, Hajat A, Chubak J, Wernli KJ. Time to fecal immunochemical test completion for colorectal
cancer screening. Am J Manag Care. 2019;25(4):174-180.

35. Bonafede MM, Miller JD, Pohlman SK, et al. Breast, cervical, and colorectal cancer screening: patterns among
women with Medicaid and commercial insurance. Am J Prev Med. 2019;57(3):394-402. doi:10.1016/j.amepre.
2019.04.010

36. Sabatino SA, Thompson TD, Croswell JM, et al. Use of cancer screening tests, United States, 2023. Prev
Chronic Dis. 2025;22:E52. doi:10.5888/pcd22.250139

37. Star J, Bandi P, Siegel RL, et al. Cancer screening in the United States during the second year of the COVID-19
pandemic. J Clin Oncol. 2023;41(27):4352-4359. doi:10.1200/JC0.22.02170

38. Mehta SJ, Rhodes C, Linn KA, et al. Behavioral interventions to improve breast cancer screening outreach: two
randomized clinical trials. JAMA Intern Med. 2024,184(7):761-768. doi:10.1001/jamainternmed.2024.0495

39. Azulay R, Valinsky L, Hershkowitz F, Magnezi R. Repeated automated mobile text messaging reminders for
follow-up of positive fecal occult blood tests: randomized controlled trial. JMIR Mhealth Uhealth. 2019;7(2):11114.
doi:10.2196/11114

40. Graetz |, Huang J, Gopalan A, Muelly E, Millman A, Reed ME. Primary care telemedicine and care continuity:
implications for timeliness and short-term follow-up healthcare. J Gen Intern Med. 2024;39(13):2454-2460. doi:
10.1007/s11606-024-08914-4

SUPPLEMENT 1.

eMethods. Supplemental Definitions and Methods

eTable 1. Procedure Codes and Labels Used to Identify Tests

eTable 2. Definitions of High- and Low-Value Tests

eFigure. Consort Diagram of Sample Creation

eTable 3. Ordering and Completion of Tests for In-person and Virtual Visits, by Test Category
eTable 4. Adjusted Hazard Ratio for Time to Test Completion

SUPPLEMENT 2.
Data Sharing Statement

[5 JAMA Network Open. 2026;9(2):e260013. doi:10.1001/jamanetworkopen.2026.0013 February 25,2026  12/12

Downloaded from jamanetwork.com by Partners Healthcare System user on 02/25/2026



