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Abstract
Telehealth utilization increased during the COVID-19 pandemic, yet few studies have documented associations of telehealth use with subsequent 
medical costs and health care utilization. We examined associations of telehealth use during the early COVID-19 public health emergency (March– 
June 2020) with subsequent total medical costs and health care utilization among people with heart disease (HD). We created a longitudinal cohort 
of individuals with HD using MarketScan Commercial Claims data (2018–2022). We used difference-in-differences methodology adjusting for 
patients’ characteristics, comorbidities, COVID-19 infection status, and number of in-person visits. We found that using telehealth during the 
stay-at-home order period was associated with a reduction in total medical costs (by −$1814 per person), number of emergency department 
visits (by −88.6 per 1000 persons), and number of inpatient admissions (by −32.4 per 1000 persons). Telehealth use increased per-person 
per-year pharmacy prescription claims (by 0.514) and average number of days’ drug supply (by 0.773 days). These associated benefits of 
telehealth use can inform decision makers, insurance companies, and health care professionals, especially in the context of disrupted health 
care access.
Key words: telehealth; heart disease; emergency department; inpatient admissions; total medical costs; difference-in-differences; reduction in 
medical costs.
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Introduction
Heart disease (HD) is a leading cause of morbidity and mortal-
ity in the United States. Over 20.5 million people have been di-
agnosed with chronic HD in 2017–2020,1 accounting for 
21% of total US deaths in 2020.2 Although most HD risk fac-
tors are preventable, HD results in millions of emergency de-
partment (ED) visits and inpatient admissions, costing the 
nation $4.6 billion in ED visits and $56.9 billion in hospital 
inpatient stays in 2018–2019.1 Strengthening HD prevention, 
managing HD risk factors, and curtailing costs of inpatient 
and ED visits is a public health priority that can be supported 
by addressing modifiable risk factors and preserving care 
continuity.3

Telehealth, the delivery of health-related services via remote 
technologies,4 is widely considered an effective strategy to pre-
vent and manage HD.5-7 The Centers for Disease Control and 
Prevention (CDC) Division for Heart Disease and Stroke 
Prevention refers to telehealth as a best practice,8 and the 
Community Preventive Services Task Force has found 
sufficient evidence to support a range of telehealth and com-
plementary telehealth and in-person interventions.5-7

Telehealth, when complementing in-person care, can leverage 
other evidence-based practices (eg, remote patient monitoring, 
implementing multidisciplinary teams), while reducing bar-
riers to care (eg, transportation, scheduling, costs).9 By im-
proving health outcomes, enhancing quality of care,9,10 and 
reducing disruptions in care,11,12 telehealth can reduce the 

use of emergency resources, especially during public health 
emergencies (PHEs) such as the COVID-19 pandemic.

Because COVID-19 prompted stay-at-home orders in 
March 2020,13 “nonessential” care—including preventive 
screenings and care and chronic disease management and 
treatment14—was delayed early in the pandemic. To mitigate 
care disruptions while following physical distancing guide-
lines, the Centers for Medicare and Medicaid Services relaxed 
telehealth restrictions in March 2020 and encouraged private 
health insurers to follow suit.15 Subsequently, telehealth use 
rapidly increased,16-19 representing approximately one-third 
of outpatient and primary care visits during the early 
COVID-19 PHE, March–June 2020.20 Several studies exam-
ined associations of telehealth with access to care, quality of 
care, health outcomes, and costs; however, its association 
with cost savings has been inconclusive, especially among in-
dividuals with HD.9,10,21

Some studies demonstrate cost savings with telehealth vs 
conventional in-person methods,22-24 while others demon-
strate no significant difference, or higher costs vs usual 
care.25-27 However, most studies are based on targeted pro-
grams or small patient cohorts before the COVID-19 pandem-
ic.28,29 Few studies examined whether telehealth reduced 
medical costs and health care utilization following its wide-
spread adoption in 2020.28,30,31

The American Heart Association found that stroke tele-
medicine, or telestroke, expands access to acute stroke care 
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and improves the accuracy of diagnosing acute ischemic stroke 
while being cost-effective.32 In the management of cardiac dis-
ease through patient monitoring and engagement, telehealth 
demonstrated favorable clinical outcomes.32 Furthermore, tel-
ehealth for peripheral artery disease management reduced 
costs and travel time while enhancing patient satisfaction.32

A meta-analysis and systematic review on the efficacy of tele-
health for cardiovascular disease (CVD) management found 
that remote monitoring and consultation for patients with 
heart failure reduced inpatient admissions, increased medica-
tion adherence, and lowered the risk of mortality in the short 
term.29

While this literature supports the potential of telehealth to 
enhance the prevention and management of CVD, it lacks 
examination on how these clinical outcomes translate into im-
pacts on health care utilization and costs, particularly among 
individuals diagnosed with HD. Therefore, we examined asso-
ciations of telehealth use during the early COVID-19 PHE 
when telehealth use increased most19 and almost all states im-
plemented stay-at-home orders13 with subsequent medical 
costs and health care utilization among patients with HD.

Data and methods
Data
We used the Merative MarketScan Commercial Database 
from March 1, 2016, to June 30, 2022.33 The MarketScan 
database relies upon administrative medical claims of a large 
subsample of employer-sponsored health insurance plans for 
employees aged younger than 65 years and their dependents. 
The data were provided by more than 300 large employers, 
30 health plans, and more than 500 hospitals in the United 
States, with 27.6 million enrollees in 2016 and 13.9 million 
in 2022. We accessed the data through Treatment Pathways, 
a MarketScan cloud-based tool allowing researchers to extract 
data using an online query system. This study used secondary 
data analysis using deidentified information. Therefore, a re-
view by CDC’s Institutional Review Board was unnecessary.

Analytic cohort
The analytic cohort included adults aged 18–64 years as of 
June 30, 2022 (day of last follow-up), with diagnosed HD dur-
ing March 1, 2016–February 28, 2018, enrolled in a commer-
cial health insurance plan (Appendix Figure S1). Individuals 
with diagnosed HD were identified as having 1 or more in-
patient admission or 2 or more outpatient visits (≥30 days 
apart) with an International Classification of Diseases, 10th 
Revision, Clinical Modification (ICD-10-CM), diagnosis 
code (ICD-10-CM = I00–I09, I11, I13, I20–I51) (Appendix 
Table S1). The HD conditions considered in this study encom-
pass various conditions, including coronary heart disease, 
acute myocardial infarction (AMI), cardiac dysrhythmia, at-
rial fibrillation, and heart failure. Persons were excluded if 
they were not continuously enrolled in a commercial health 
plan from March 1, 2016, to June 30, 2022; had a pregnancy 
diagnosis (Appendix Table S1)34; or had a capitated insurance 
plan (because medical costs are not fully captured in capitated 
plans) during March 1, 2016–June 30, 2022.

Telehealth use
A telehealth visit was identified as an outpatient encounter 
with a telehealth-related place of service or procedure- 

modifier code (Appendix Table S2).33 A non–telehealth visit 
was defined as an in-person outpatient encounter. Heart dis-
ease–related telehealth visits were defined as telehealth visits 
with an HD diagnosis code (Appendix Table S1). We assessed 
telehealth use and in-person outpatient encounters during the 
stay-at-home order period, when telehealth use increased the 
most.16-19 We defined the stay-at-home order period as 
March 1–June 30, 2020, when many state, county, and local 
jurisdictions issued stay-at-home orders.13

Outcome variables
For medical costs, we examined all-cause total medical costs 
and HD-related total medical costs, which are the sum of costs 
paid to providers and individuals’ out-of-pocket costs. For 
health care utilization, we examined numbers of ED visits 
and inpatient admissions (containing an HD diagnosis code; 
Appendix Table S1), number of pharmacy prescriptions, and 
average number of days of prescription supply. We further ex-
amined costs associated with ED visits, inpatient admissions, 
outpatient visits, and pharmacy prescriptions. All of the 
costs were adjusted to the 2022 Personal Consumption 
Expenditures Price Index for health from the Bureau of 
Economic Analysis.35 We measured the outcome variables 
during the pre–stay-at-home order period, which was the 2 
years before (March 2018–February 2020), as well as the 
post–stay-at-home order period, which was the 2 years after 
(July 2020–June 2022) the stay-at-home order period.

Patient characteristics
Patient characteristics included age group (18–34 [reference], 
35–44, 45–54, and 55– 64 years), sex (male [reference], fe-
male), patient’s geographic location (urban [reference], rural, 
per US Census Metropolitan Statistical Area [MSA] designa-
tion33,36: urban = MSA, rural = non-MSA), patient’s census 
region (Northeast [reference], Midwest, South, West), number 
of in-person outpatient visits during the stay-at-home order 
periods, telehealth use (only had telehealth or had both tele-
health and in-person outpatient visits during the stay-at-home 
order period) or no telehealth use (only had in-person out-
patient visits or had no outpatient encounters or telehealth 
or in-person visits during the stay-at-home order period), 
COVID-19 diagnosis (persons with ICD-10-CM of U07.1, 
identified before, during, and after the stay-at-home order 
periods), and Quan-Charlson comorbidity conditions37

(identified before and after the stay-at-home order period 
to account for potential time-varying confounders).38

Comorbidity conditions were identified as 1 or more inpatient 
admission or 2 or more outpatient encounters (≥30 days 
apart) with the ICD-10-CM codes documented in Quan 
et al.37 Acute myocardial infarction and congestive heart fail-
ure (CHF) were excluded as comorbidities because they were 
included in our HD definition (Appendix Table S1).37

However, we presented the results after including the 2 condi-
tions as a sensitivity analysis.

Statistical analysis
The Wilcoxon nonparametric rank-sum test was used to com-
pare differences in means for continuous variables, and 
Pearson’s chi-square test was used to compare differences in 
proportions for categorical variables by telehealth use status 
during the stay-at-home order period.
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We calculated difference-in-differences (DID) estimates to 
compare the difference in medical costs and health care utiliza-
tion before and after the stay-at-home order period among 
those who used telehealth (telehealth users) and those who 
did not use telehealth (telehealth nonusers). The DID method-
ology is widely used in public health to minimize potential 
confounding factors that potentially affect both the exposure 
(telehealth use) and outcome variables.39 We adjusted for pa-
tient characteristics, comorbidities, and COVID-19 diagnosis. 
We also controlled for the number of in-person outpatient vis-
its during the stay-at-home order period. Therefore, the DID 
estimates compare pre-post changes in outcomes between tele-
health users and telehealth nonusers for patients with either 
zero or the same number of in-person visits. The overall DID 
estimate is a weighted average of differences in pre-post differ-
ence in outcomes for several comparison group pairs, which 
can be broadly categorized into patients who only used tele-
health (compared with patients who had no outpatient en-
counters) and patients who had both telehealth and 
in-person visits (compared with patients who had the same 
number of in-person visits only).

We graphically examined unadjusted trends in the average 
values of the outcomes in the pre– and post–stay-at-home or-
der periods by telehealth use status to test the parallel trend as-
sumption for the DID method.

For sensitivity analysis, we repeated the DID analysis using a 
generalized linear model (GLM) with a gamma distribution and 
a log-link function for cost-related outcomes and a zero-inflated 
negative binomial (ZINB) model for health care utilization.

Our primary models incorporated a control for the number 
of in-person visits to accommodate variations in the use of in- 
person care and no care during the early PHE. This ensures 
that the interpretation of telehealth estimates is framed within 
the context of being complementary to in-person visits. To 
present a comprehensive view of the overall impacts of tele-
health use, we conducted a sensitivity analysis without con-
trolling for the number of in-person visits. These alternative 
estimates capture both complementary and substitution ef-
fects of telehealth use.

We also conducted additional sensitivity analyses to assess 
whether our results were influenced by the regression to the 
mean (RTM) hypothesis.40 Utilizing the Stata package 
“rtmci” (StataCorp LLC, College Station, TX),41 we esti-
mated the impacts of RTM using the mean values of the out-
come variables during the pre-period as the cutoff value. We 
focused on total medical costs, number of ED visits, inpatient 
admissions, and other cost outcomes, including ED, inpatient 
admissions, outpatient, and pharmacy costs. These were chos-
en as certain patterns in these outcomes appeared to differ be-
tween telehealth users and nonusers before and during the 
COVID-19 pandemic. Bootstrap resampling with 1000 repli-
cations was used to derive SEs and 95% CIs.

Last, we provided estimates from GLM (for cost-related 
outcomes) and negative binomial models (for health care util-
ization) without using the DID study design. This comparison 
allowed us to analyze the association of telehealth use with the 
same subsequent outcomes as used in the DID models. 
Comparing these models and the DID models sheds light on 
the significance of endogeneity issues—highlighting differen-
ces between individuals self-selecting whether or not to use 
telehealth.

The average marginal effects with 95% CIs were reported 
for the DID estimates from the linear, GLM, and ZINB 

models. Both adjusted and unadjusted DID estimates were re-
ported. All estimates are per patient per year. The coefficients 
of the DID models reflect relative changes (not absolute 
changes from the pre-period) for the telehealth user group 
when compared with the telehealth nonuser group.

P values less than .05 were used to indicate statistical signifi-
cance for 2-sided testing. All analyses were conducted using 
Stata/MP statistical software (version 17, StataCorp LLC) 
for December 2021–March 2023.

Results
A total of 70 041 commercially insured individuals aged 18– 
64 years had a diagnosis of HD and received health care serv-
ices in an inpatient or outpatient setting between March 1, 
2016, and February 28, 2018 (Appendix Figure S1). Of these, 
21 598 (30.8%) had 1 or more telehealth visits and 5858 
(8.4%) had 1 or more HD-related telehealth visits during the 
stay-at-home order period. Telehealth users (mean age, 54.8 
years) were similar in age to non–telehealth users (mean, 
54.9 years; P = .28) but were more likely to be female 
(46.0% vs 37.8%; P < .001), live in an urban area (88.2% 
vs 83.4%; P < .001), and have a COVID-19 diagnosis during 
this period (1.6% vs 0.5%; P < .001) (Table 1). The average 
number of in-person outpatient visits during this period was 
higher for individuals who used telehealth than for those 
who did not (8.0 vs 5.4; P < .001). Those who used telehealth 
had a higher percentage of comorbidities (for most conditions 
assessed) vs those who did not. Appendix Table S3 outlines the 
frequency distributions of in-person visits categorized by tele-
health utilization status. The analysis revealed a notably high-
er number of in-person visits among individuals engaging with 
telehealth.

Pre–stay-at-home order trends were parallel for those who 
used telehealth during the stay-at-home order period and 
those who did not for the outcomes of numbers of ED 
visits and pharmacy prescriptions (Figure 1 and Appendix 
Table S4). Conversely, pre–stay-at-home order trends were 
not parallel for those who used telehealth and those who did 
not for the outcomes of total medical costs, number of in-
patient admissions, and HD-related outcomes. The pre– 
stay-at-home order trends were upward (ie, increased costs/ 
utilization) for those who used telehealth but downward (ie, 
decreased costs/utilization) for those who did not (Figure 1, 
Appendix Figure S2, and Appendix Tables S4 and S5). The 
post–stay-at-home order trends were downward for individu-
als who used telehealth and upward for those who did not.

Table 2 shows the adjusted DID estimates for the associa-
tions between telehealth use during the stay-at-home order pe-
riod and subsequent medical costs and health care utilization 
(see Appendix Table S6 for the unadjusted DID estimates 
and Appendix Table S7 for all coefficients). Compared with 
individuals with HD who did not use telehealth, individuals 
with HD who used telehealth had greater reductions in total 
medical costs by $1814 per patient per year (95% CI, 
−$2732 to −$895.8; P < .001), ED visit costs by $208.8 
(95% CI, −$272 to −$147), inpatient admission costs by 
$1574 (95% CI, −$2062 to −$1085), and outpatient costs 
by $816 (95% CI, −$1448 to −$183) (Table 2). Individuals 
with HD who are telehealth users had greater reduction in 
numbers of ED visits (−0.0886; 95% CI, −0.110 to 
−0.0675; P < .001) and inpatient admissions (−0.0324; 
95% CI, −0.0396 to −0.0252; P < .001) but an increase in 
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pharmacy prescriptions (0.514; 95% CI, 0.126–0.903; 
P < .01), average days of prescription supply (0.773; 
95% CI, 0.406–1.139; P < .001), and total pharmacy pre-
scription costs ($838.1; 95% CI, $520.3–$1156) (Table 2).

Table 3 presents the adjusted DID estimates for the associ-
ations of HD-related telehealth use with subsequent 
HD-related outcomes. Individuals with HD who used 
HD-related telehealth had a $2329 (95% CI, −$3159 to 
−$1499; P < .001) greater reduction in HD-related total med-
ical costs, HD-related ED visits (−0.0516; 95% CI, −0.0696 
to −0.0337; P < .001), and inpatient admissions (−0.0324; 
95% CI, −0.0416 to −0.0232; P < .001).

Tables 2 and 3 present the DID estimates for reduced costs 
associated with telehealth use for ED visits and inpatient ad-
missions. Telehealth users had a greater reduction in costs 
associated with ED visits ($208.8; 95% CI, −$272.0 to 
−$145.6; P < .001) and inpatient admissions ($1574; 
95% CI, −$2062 to −$1085; P < .001) per patient per year 

compared with telehealth nonusers. Individuals who used 
HD-related telehealth had a greater reduction in costs associ-
ated with HD-related ED visits ($125.0; 95% CI, −$190.3 to 
−$59.81; P < .001) and inpatient admissions ($1705; 95% CI, 
−$2452 to −$958.7; P < .001) compared with those who did 
not use telehealth.

Appendix Table S8 presents the average marginal effects for 
the DID estimates from our sensitivity analyses, extending to 
the GLM and ZINB models for total medical costs and health 
care utilization (overall and HD-related). All findings were 
consistent with our main results.

Appendix Table S9 shows the results without controlling 
for the number of in-person visits. Overall, the results closely 
mirrored our primary findings that controlled the number of 
in-person visits. For instance, individuals using telehealth 
had a $1914 relative reduction in total medical costs without 
controlling for the number of in-person visits, whereas after 
accounting for these visits, the reduction was $1814 in total 

Table 1. Patient characteristics and number of telehealth/in-person visits during the stay-at-home order period among individuals with heart disease.

All (n = 70 041) 
(100%)

Telehealth = no (n = 48 443) 
(69.2%)

Telehealth = yes (n = 21 598) 
(30.8%)

Pa

Age, mean (SD), y 54.8 (9.1) 54.9 (9.2) 54.8 (8.9) .28
Age groups, n (%)

18–34 y 2942 (4.20%) 2083 (4.30%) 859 (3.98%) .049
35–44 y 4579 (6.54%) 3089 (6.38%) 1490 (6.90%) .010
45–54 y 17 579 (25.10%) 11 967 (24.70%) 5612 (25.98%) <.001
55–64 y 44 941 (64.16%) 31 304 (64.62%) 13 637 (63.14%) <.001

Female, n (%) 28 237 (40.31%) 18 302 (37.78%) 9935 (46.00%) <.001
Urban residency, n (%) 59 428 (84.85%) 40 380 (83.36%) 19 048 (88.19%) <.001
Census region, n (%)

Northeast 9846 (14.06%) 5818 (12.01%) 4028 (18.65%) <.001
Midwest 13 629 (19.46%) 9896 (20.43%) 3733 (17.28%) <.001
South 35 597 (50.82%) 25 388 (52.41%) 10 209 (47.27%) <.001
West 6694 (9.56%) 4448 (9.18%) 2246 (10.40%) <.001

COVID-19 diagnosis, n (%)
Stay-at-home order period: March 1,  
2020–June 30, 2020

601 (0.86%) 262 (0.54%) 339 (1.57%) <.001

July 1, 2020–June 30, 2021 6412 (9.15%) 4214 (8.70%) 2198 (10.18%) <.001
July 1, 2021–June 30, 2022 10 114 (14.44%) 6563 (13.55%) 3551 (16.44%) <.001

Number of telehealth/in-person visits during 
stay-at-home order, mean (SD)
Telehealth visits 0.6 (1.6) 0.0 (0.0) 2.0 (2.4) <.001
In-person visits 4.1 (6.4) 3.4 (5.4) 5.7 (8.0) <.001
HD-related telehealth visits 0.1 (0.4) 0.0 (0.0) 0.3 (0.6) <.001
HD-related in-person visits 0.5 (1.6) 0.5 (1.5) 0.7 (1.8) <.001

Charlson comorbidities,b n (%)
Peripheral vascular disease 3173 (4.53%) 1894 (3.91%) 1279 (5.92%) <.001
Cerebrovascular disease 589 (0.84%) 318 (0.66%) 271 (1.25%) <.001
Dementia 31 (0.04%) 23 (0.05%) 8 (0.04%) .54
Chronic pulmonary disease 5176 (7.39%) 2835 (5.85%) 2341 (10.84%) <.001
Rheumatic disease 1498 (2.14%) 630 (1.30%) 868 (4.02%) <.001
Peptic ulcer disease 206 (0.29%) 106 (0.22%) 100 (0.46%) <.001
Mild liver disease 1338 (1.91%) 709 (1.46%) 629 (2.91%) <.001
Diabetes without chronic complication 12 651 (18.06%) 7774 (16.05%) 4877 (22.58%) <.001
Diabetes with chronic complication 3934 (5.62%) 2162 (4.46%) 1772 (8.20%) <.001
Hemiplegia or paraplegia 273 (0.39%) 117 (0.24%) 156 (0.72%) <.001
Renal disease 2669 (3.81%) 1373 (2.83%) 1296 (6.00%) <.001
Any malignancyc 3027 (4.32%) 1722 (3.55%) 1305 (6.04%) <.001
Moderate or severe liver disease 157 (0.22%) 69 (0.14%) 88 (0.41%) <.001
Metastatic solid tumor 346 (0.49%) 182 (0.38%) 164 (0.76%) <.001
AIDS/HIV 158 (0.23%) 83 (0.17%) 75 (0.35%) <.001

Abbreviation: HD, heart disease. 
aThe Wilcoxon nonparametric rank-sum test was used to compare differences in means for continuous variables, and the Pearson’s chi-square test was used to 
compare differences in proportions for categorical variables by telehealth use status during the stay-at-home order period. 
bComorbidities were identified from March 1, 2019, to February 28, 2020. Myocardial infarction and congestive heart failure were excluded as comorbidities 
because they are included in our definition for HD. 
cIncludes lymphoma and leukemia, except for malignant neoplasm of skin.
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medical costs (Table 2). Similarly, other health care utilization 
and HD-related results remained highly consistent.

Appendix Table S10 showed the results after controlling for 
AMI and CHF, both being sub-diseases of the broader HD cat-
egory. Notably, the results were quite similar and did not alter 
the findings of our main results that did not control AMI and 
CHF.

Appendix Table S11 presents the RTM results testing 
whether the outcomes were influenced by the RTM hypoth-
esis. These findings indicate no evidence of RTM effects. The 
observed coefficients above and below the cutoff points dif-
fered, and their 95% CIs overlapped for all outcomes, except 
for the number of inpatient visits, where the inpatient admis-
sion costs showed no evidence of RTM. These results affirm 
that our findings were not influenced by the RTM 
phenomenon.

Last, Appendix Tables S12 and S13 present additional re-
gression analyses examining the association between tele-
health use and subsequent outcomes without implementing 
the DID study design. In Appendix Table S12 panel A, the 
results showed that individuals utilizing telehealth had an in-
crease in total medical costs by $14 017 (95% CI, $12 498– 
$15 536), the number of ED visits by 0.095 (95% CI, 
0.084–0.107), and the number of inpatient admissions by 
0.024 (95% CI, 0.018–0.031) compared with non–telehealth 
users. Panel B of Appendix Table S12 shows that individuals 
using HD-related telehealth had an increase in HD-related to-
tal medical costs by $5318 (95% CI, $4243–$6392), the num-
ber of ED visits by 0.065 (95% CI, 0.055–0.075), and 
the number of inpatient admissions by 0.034 (95% CI, 
0.032–0.047). These results notably differ from the results 
from the DID models, emphasizing the significance of address-
ing endogeneity issues.

Discussion
This study was one of the first to examine the association of 
widespread COVID-19–related telehealth adoption with sub-
sequent medical costs and health care utilization among indi-
viduals diagnosed with HD. We found that telehealth was 
associated with a relative reduction in ED visits, inpatient ad-
missions, and medical costs. Telehealth users had a greater re-
duction in total medical costs (−$1814 per patient per year), 
ED visits (88.6 fewer per 1000 persons per year), and inpatient 
admissions (32.4 fewer per 1000 people per year) compared 
with telehealth nonusers. There was a corresponding reduc-
tion in costs (−$209 for ED visits and −$1574 for inpatient 
admissions per patient per year). Telehealth users had a great-
er increase in the number of prescription fills and a slightly 
higher average number of days of drug supply. The results 
were similar with and without controlling for patient charac-
teristics, in the sensitivity analyses, and when extended to 
the associations between HD-related telehealth use and 
HD-related outcomes.

While pre–stay-at-home order trends of numbers of ED vis-
its, pharmacy prescriptions, and average number of days of 
drug supply were parallel among telehealth users and nonus-
ers, pre–stay-at-home order trends for total medical costs, 
number of inpatient admissions, and HD-related outcomes 
were not parallel—the outcomes were increasing for telehealth 
users and were slightly decreasing for telehealth nonusers (ie, 
the differences were increasing in pre–stay-at-home order 
trends). These trends reversed after telehealth use during the 
stay-at-home period (ie, the differences were decreasing in 
post–stay-at-home order trends). This reversal may imply 
that our findings on the costs and utilization associated with 
telehealth were conservative, compared with if we had 

Figure 1. Trends in medical costs and health care utilization among telehealth users and nonusers before and after the stay-at-home order period 
(unadjusted). (A) Total medical costs. (B) Number of ED visits. (C) Number of inpatient admissions. (D) Number of pharmacy prescriptions. (E) Average 
number of days of drug supply. The vertical shaded area indicates telehealth use during the stay-at-home order periods (March–June 2020). We provided 
pre– and post–stay-at-home order trends of the outcomes among individuals who used and did not use telehealth during the stay-at-home order periods. 
Pre and Post indicate pre– and post–stay-at-home order periods. All estimates are per patient per year. The corresponding estimates are available in 
Appendix Table S4. Abbreviations: Avg, average; ED, emergency department; yr, year.
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extrapolated the differences in pre–stay-at-home order 
trends.42 If the differences in pre–stay-at-home order trends 
persisted, the estimated associations of telehealth with medical 
costs and health care utilization may have been much higher 
than our estimates.42,43

During the COVID-19 pandemic, hospital visits, including 
ED visits and inpatient admissions, notably declined.44-46

Patients hesitated to seek in-person care due to concerns about 
COVID-19 exposure, resulting in altered health care–seeking 
patterns.47 This decrease in hospital encounters was consist-
ently observed in ED visits among both telehealth users and 
nonusers. Compared with pre–COVID-19 periods, there was 
a reduction in the number of ED visits for telehealth users (a 
decrease of 120 visits per 1000 individuals) and for telehealth 
nonusers (a decrease of 30 visits per 1000 individuals) after the 
widespread adoption of telehealth during the early COVID-19 
pandemic. Understanding these changes in hospital utilization 
during the pandemic is crucial for interpreting the evolving 
health care–seeking behaviors relevant to this study’s post- 
period analysis.

Our findings highlight that telehealth utilization during the 
early PHE was associated with a relative reduction in total med-
ical costs and health care utilization, alongside an increase in 
pharmacy prescriptions. All results were derived after control-
ling for the number of in-person outpatient visits, reflecting a 
narrative of telehealth as a “complementary” aspect. The de-
bate over whether telehealth acts as a complement or substitute 
to in-person visits remains varied.48-50 Notably, our supple-
mentary analysis, which omitted control for in-person visits, 
yielded outcomes consistent with our primary findings. For in-
stance, telehealth utilization showed a relative reduction in to-
tal medical costs by $1814 when controlling for the number of 
in-person outpatient visits. Conversely, without controlling for 
these visits, the reduction was slightly higher at $1914. These 
findings may suggest that the dominant effects of telehealth 
use are complementary rather than substitutionary.

There is mixed evidence regarding the impacts of telehealth 
use on subsequent outcomes. Some studies have documented 
an increase in total medical costs51,52 and health care utiliza-
tion after telehealth use,51,53 while others have shown a 
reduction in costs30 and health care utilization.29,54 Several 
factors may explain these differences. First, self-selection 
into telehealth use presents a significant endogeneity issue. 
Individuals who self-select into telehealth use during the early 
PHE might represent a sicker and systematically different 
group compared with those who did not use telehealth. Our 
estimates compared those who used telehealth with those 
who did not during both pre– and post–stay-at-home order pe-
riods (ie, DID settings), which aimed to consider some of the 
time-invariant characteristics that could impact this decision. 
Additionally, we controlled for time-varying individual co-
morbidities that might affect the decision to use telehealth 
and subsequent outcomes. Our supplementary results from 
non-DID models indicated an increase in total medical costs 
and health care utilization. This underscores the significance 
of self-selection and endogeneity issues within the model. 
Second, our study concentrated on individuals with HD en-
rolled in a commercial insurance plan, and the advantages of 
telehealth might vary among different population groups 
and individuals with specific conditions. For instance, while 
a systematic review28 highlighted the benefits of telehealth, 
these advantages may not uniformly apply to individuals 
with other medical conditions.T
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Despite the differences in prior studies’ findings, our find-
ings are consistent with those from other studies—prior to 
COVID-19, in small patient cohorts—investigating the associ-
ations of telehealth among patients diagnosed with chronic 
and cardiovascular conditions other than HD.28,30,31 When 
leveraged as a complementary modality to in-person care, tele-
health has the potential to support the triple aim of better care, 
improved population health, and reduced health care 
costs.9,21,55,56 Telehealth can improve care experiences by 
supporting continuity of care and engaging patients regularly 
to help manage chronic conditions. The rise of telehealth mi-
tigated the initial drop in outpatient visit volume during the 
stay-at-home period19,20 and may have facilitated timely ac-
cess to care.10,12 This, in turn, may have prevented the exacer-
bation of chronic conditions, and improved health 
outcomes.10,29,57,58 Furthermore, telehealth can increase 
health provider efficiency, can reduce burden on EDs,10,57

and has been shown to reduce hospitalization.9,10,28,29,31,59

Telehealth users had increased pharmacy prescriptions and 
days of drug supply—variables used in the proportion of days 
covered and medication possession ratio, 2 common measures 
of medication adherence60,61—and might imply that tele-
health improved chronic disease management through in-
creased medication intensification, medication access, and/or 
medication adherence. Studies before and after the 
stay-at-home order found that telehealth interventions suc-
cessfully improved medication use and adherence among indi-
viduals diagnosed with hypertension, heart failure, and 
CVD.5-7,62 Increased health care utilization and reduced med-
ical costs for telehealth users may have been driven by in-
creased patient engagement, enabling providers to address 
barriers to medication adherence.63 Improved medication ad-
herence can address the modifiable risk factors for chronic 
conditions and reduce health care utilization, related costs, 
and morbidity and mortality.63

Although this study did not evaluate the associations of tele-
health with health disparities, results showed that people liv-
ing in urban areas were more likely to use telehealth, 
aligning with concerns over growing disparities in telehealth 
access, also known as the digital divide.20,55,64 Our analysis 
highlighted that telehealth users were also more likely to use 
in-person care and more likely to have comorbidities. A poten-
tial explanation could be the effectiveness of telehealth inter-
ventions for the prevention, assessment,8,28,29 and access to 
specialty health care services between in-person appoint-
ments, thereby meeting the more intensive treatment needs 
of those with chronic conditions and comorbidities.

During the COVID-19 pandemic, state and federal govern-
ments implemented various measures to promote the rapid 
adoption of telehealth. Some of these telehealth flexibilities 
have become permanent. Others are temporary, suspended 
with the lifting of the PHE.65 Among the primary obstacles 
to ongoing policy flexibility is the assumption by policymakers 
and providers that expanding telehealth access will result in in-
creased utilization and higher costs66 through supply-induced 
demand.67 Our key findings—including reductions in total 
medical costs, inpatient admissions, and ED utilization— 
challenge some of these assumptions, and point toward 
telehealth as a potentially effective and financially viable alter-
native to in-person care in a post-pandemic setting.

The Consolidated Appropriations Act, which extended 
telehealth flexibilities for Medicare enrollees post-PHE, 
became law on March 15, 2022. This law was designed to 

prevent a “telehealth cliff” in Medicare post-PHE and to 
enable Congress to review future telehealth-related data. 
These changes may include restrictions related to provider 
and patient geography, Health Insurance Portability and 
Accountability Act compliance, and reimbursements for 
both video and audio-only telehealth.65 Amid this changing 
landscape, our findings contribute evidence that could inform 
decisions regarding the continuation of reimbursement parity 
post-PHE.68,69

Future research can investigate optimal workflows of tele-
health and in-person care delivery to meet quality-of-care 
standards, address concerns about disparities in accessing tele-
health among patients with HD, and identify circumstances in 
which telehealth is an appropriate modality.64 More research 
on the association between telehealth and medication adher-
ence could contribute to evidence regarding risk factor man-
agement for HD. Additionally, future analysis of total 
medical costs may consider other reimbursement mechanisms 
beyond noncapitated insurance.59 In addition, costs related to 
transportation, logistics, and scheduling can be considered 
when assessing total medical costs and costs incurred by pa-
tients. Also, this study primarily focused on evaluating the ef-
fects of both general and HD-related telehealth visits on 
subsequent outcomes. Given the varied purposes of telehealth, 
including tele-mental health and other behavioral telehealth 
visits, future studies might benefit from further analysis by dis-
aggregating the results based on different telehealth modal-
ities. Finally, our study focused on individuals with HD, 
who may have been sicker than individuals in the general 
population enrolled in a commercial plan. The benefits of tele-
health use might vary depending on the population groups, 
and future studies may consider examining outcomes among 
all commercially insured enrollees, publicly insured individu-
als, and those without health insurance.

Limitations
Our analysis had several limitations. First, our study did not 
examine programmatic and other costs associated with setting 
up telehealth technology and did not account for other types 
of nonmedical cost reductions often associated with telehealth 
use, such as reduced transportation time and costs.70 Second, 
although we controlled for time-varying COVID-19 diagnoses 
and individuals’ comorbidities to adjust for potential observ-
able confounders, if time-varying unobservable covariates 
(such as patients’ income, wealth, and willingness to access 
preventive care independent of their underlying health status) 
differed between those who used telehealth and those who did 
not, the DID telehealth estimates might be underestimated.38

Third, our results are not generalizable to those without con-
tinuous enrollment, with public insurance (eg, Medicare, 
Medicaid), or with no insurance.70 Telehealth use during the 
stay-at-home order period might differ among individuals 
with public health insurance or without insurance. There 
might also be differences between those without and those 
with continuous commercial insurance enrollment during 
the stay-at-home order period. Fourth, our findings are based 
on telehealth use during March–June 2020, when telehealth 
use increased most19 and most states implemented 
stay-at-home orders.13 Our findings may not be generalizable 
to telehealth use in other time frames. Fifth, because the DID 
estimate is a weighted average, the analysis cannot infer 
whether and by how much each comparison group’s 
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contribution to the overall relative reduction in outcomes can 
be attributed to telehealth use. Sixth, because the DID analysis 
is applied to a pre-post (and not a quasi-experimental) study 
design, the findings are only interpreted as associative, and 
no causal inferences are drawn. Seventh, recording errors in 
the MarketScan database may exist due to the imperfect na-
ture of claims data. Our results might be an underestimate if 
health care providers were unfamiliar with telehealth-related 
claims during the stay-at-home order period.

Conclusion
Our analysis of commercial insurance claims reflecting tele-
health use during the stay-at-home order period (March– 
June 2020) indicated that telehealth use was associated with 
(1) a significant decrease in medical costs and numbers of 
ED visits and inpatient admissions and (2) an increase in phar-
macy prescriptions and length of drug supply. As the pandem-
ic strained hospital and ED resources, telehealth use is 
associated with reduced ED and inpatient admissions among 
populations at the highest risk of contracting a serious 
COVID-19 infection. This may be due to telehealth’s ability 
to promote communication between patients and providers, 
improve access to continuous care, and manage chronic condi-
tions more effectively. Our findings align with evidence of tele-
health’s effectiveness in the prevention and management of 
chronic disease. As medical costs and health care utilization 
grow, our findings suggest the value of telehealth in reducing 
medical costs and health care utilization in ED and inpatient 
settings.
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