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Health Systems and Telemedicine Adoption for Diabetes and 
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MSb, John K. Cuddeback, MD, PhDb, Jeff T. Mohl, PhDb, Salma Bibi, MPHa, Stephen M. 
Shortell, PhDa

aUniversity of California, Berkeley, School of Public Health, Berkeley, CA, 2121 Berkeley Way, 
Berkeley, CA 94720-7360

bAMGA, One Prince Street, Alexandria, VA 22314-3318

Abstract

Background: The COVID-19 pandemic accelerated telemedicine use nationally, but differences 

across health systems are understudied. We examine telemedicine use for adults with diabetes 

and/or hypertension across ten health systems and analyze practice and patient characteristics 

associated with greater use.

Methods: Encounter-level data from the AMGA Optum™ Data Warehouse for March 13, 2020 

to December 31, 2020 were analyzed, which included 3,016,761 clinical encounters from 764,521 

adults with diabetes and/or hypertension attributed to one of 1,207 practice sites with ≥50 

system-attributed patients. Linear spline regression estimated whether practice size and ownership 

were associated with telemedicine during the adoption (Weeks 0–4), de-adoption (Weeks 5–

12), and maintenance (Week 13–42) periods, controlling for patient socioeconomic and clinical 

characteristics.

Results: Telemedicine use peaked at 11% to 42% of weekly encounters after 4 weeks. In 

adjusted analyses, small practices had lower use for adults with diabetes during the maintenance 

period compared to larger practices. Practice ownership was not associated with telemedicine use. 

Practices with higher shares of Black patients continued to expand telemedicine use during the 

de-adoption and maintenance periods.

Conclusion: Practice ownership was not associated with telemedicine use during first months of 

the pandemic. Small practices de-adopted telemedicine to a greater degree than medium and large 

sized practices. Technical support for small practices, irrespective of their ownership, could enable 

telemedicine use for adults with diabetes and/or hypertension.

Precis:

Small practices had lower telemedicine use than medium and large sized practices after the twelfth 

week of shelter-in-place ordinances, highlighting that telemedicine is operationally challenging for 

small practices to maintain. Technical support for small system-affiliated practices, irrespective 
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of their ownership, could help expand and maintain telemedicine use for adults with chronic 

conditions.

Keywords

telemedicine; diabetes; hypertension; health systems; practice ownership

Objectives/Introduction

Prior to the COVID-19 pandemic, only about 50 health systems in the United States had an 

existing infrastructure for delivering telemedicine.1 Health care systems and their affiliated 

medical practices faced challenges of implementing telemedicine, especially video-based 

clinical encounters, due to billing challenges, required technology and workflow changes, 

and unstable, low quality internet connections for some patients.2–4 Patient preferences for 

in-person communication, viewed as more trustworthy, also contributed to low telemedicine 

use before the pandemic.5

Evidence indicates that the pandemic rapidly accelerated telemedicine implementation 

nationally,6–11 supported by a temporary federal waiver that permitted multiple flexibilities, 

including permitting audio-only encounters for Medicare telemedicine services, requiring 

managed care plans to reimburse clinicians at the same rate for telemedicine and in-person 

encounters, and permitting use of widely available platforms, such as FaceTime and Skype, 

without enforcement of Health Insurance Portability and Accountability Act penalties.12 

Large-scale national studies during the pandemic indicate that telemedicine use peaked early 

in the pandemic, by April or May 2020, and quickly tapered off through the end of the 

year.4,7–9,13,14 To our knowledge, however, there is no evidence comparing health system 

maintenance of telemedicine after the first surge of the pandemic.

As a result of shelter-in-place ordinances, adults with diabetes and/or hypertension 

were vulnerable because their routine care involves close monitoring and medication 

management. These patients are not only likely to be at higher risk of COVID-19-related 

complications,15 but are at risk for exacerbations due to reduced access to care and 

utilization.16 Little research has compared telemedicine adoption and maintenance for adults 

with diabetes15,17 and/or hypertension across multiple health systems.

Leveraging electronic health record (EHR) and administrative data from ten members of 

AMGA (American Medical Group Association), we examine telemedicine adoption in 

health systems and analyze the physician practice and patient characteristics associated 

with rapid implementation through April 2020 and maintenance of telemedicine services 

through December 2020. Medical specialists tended to use telemedicine more than primary 

care physicians and surgical specialists during the pandemic,18 highlighting that practice 

ownership and specialty mix may contribute to telemedicine use. We hypothesized that 

independent practices would lag in telemedicine adoption compared to practices owned by 

systems because past evidence indicates that health system and medical group ownership 

of practices is associated with broader use of health information technology (IT) compared 

to independent physician practices, including disease registries, reminder systems, clinical 
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decision support, and patient portals.19,20 Past research also indicates that larger physician 

practices, as measured by total physicians, adopt more chronic care management processes 

and health IT functions compared to small practices,19,21,22 although the capabilities of 

small practices are improving over time.23 Given previously documented technical and 

cultural barriers associated with implementing telemedicine,24 we hypothesized that small 

practices would be less likely to adopt and maintain telemedicine for adults with diabetes 

and/or hypertension compared to medium and large-sized practices.

Methods

Data

Data are sourced from Optum data available to AMGA, a nonprofit trade association 

representing more than 400 multispecialty medical groups and health systems with a total of 

more than 175,000 physicians. Some AMGA members contributed data to a common data 

repository managed by Optum and through a partnership with AMGA provided access to 

their data. Because the data elements are derived from EHRs, practice management systems, 

disease registries, and population health software, data are mapped and normalized to allow 

valid and reliable comparisons across organizations. The 10 systems represent a diverse 

population of health care systems across urban, suburban, and rural locations in 9 U.S. states 

and range in size from 14 to 638 practice locations and from 70 to 2,100 physician full-time 

equivalents (Appendix, Table 1). Encounter-level data for the early pandemic period, March 

13, 2020 to December 31, 2020, were analyzed for patients with an established diagnosis of 

diabetes and/or hypertension. These encounter-level data documented telemedicine (remote 

video, audio only, or e-visit) use6 and patient characteristics.

We assigned clinicians to practice locations using National Provider Identifiers (NPIs) 

available in 2019 IQVIA OneKey data crosswalked with the AMGA Optum data. OneKey 

is a commercially available database of physician practice characteristics that integrates data 

from the American Medical Association, public sources, and proprietary data to describe 

medical practices, including information about practices such as practice ownership, size, 

addresses, and NPIs. Encounters without a practice site identifier were excluded (n=361,745, 

8.7%). Because we were interested in examining weekly practice-level trends, which 

required multiple patients per week for reliable estimates, we excluded encounters from 

practice sites with <50 patients (184,003 encounters, 4.4%) during the study period. 

Analytic sample exclusions are detailed in Appendix, Table A2.

The analytic sample includes 3,016,761 encounters from 764,521 adults with diabetes and/or 

hypertension. Because we were interested in telemedicine use among established patients 

of health care systems, we limited the analytic sample to patients with at least one visit 

and at least one diagnosis of diabetes and/or hypertension between January 1, 2019 and 

March 12, 2020. We transformed the data into a practice-week dataset and analyzed weekly 

practice-level volume of telemedicine versus in-person encounters. Weeks were defined in 

increments of seven days starting March 13, 2020, totaling 42 weeks through December 31, 

2020. Weekly visits were adjusted for weeks with holidays by dividing the total number of 

visits by the fraction of non-holiday days over seven days. For example, if one day of the 
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week is a holiday and there were 10 total visits during that week for a practice, the 10 visits 

would be normalized to 11.67 weekly visits.

For regression analyses, we segmented the pandemic period into sub-periods using splines 

and analyzed weekly practice-level telemedicine use as a proportion of total encounters 

for three periods separately for the two patient subgroups: 1) adults diagnosed with 

diabetes (with or without hypertension), and 2) adults diagnosed with hypertension (without 

diabetes). We examined the two subgroups separately because compared to hypertension 

(without diabetes), managing diabetes entails addressing more standards of care25 and 

primary care practices were more likely to have established diabetes care management 

processes in place before the pandemic.26,27 Appendix Table A3 summarizes encounter and 

patient counts for these two subgroups by practice ownership.

We identified two time cut points with marked changes in telemedicine volumes: 1) week 

5 as the onset of a telemedicine de-adoption period, and 2) week 13 when de-adoption 

slows down as the telemedicine maintenance period. We confirmed these cut points by 

piecewise linear regression and spline analyses, given the nonlinearity of data as assessed 

by the Shapiro-Wilk test (p < 0.0001). Based on these analyses, we defined week 1 to 

week 4 as the telemedicine adoption period, week 5 to week 12 as the telemedicine 

de-adoption period, and week 13 to week 42 as the telemedicine maintenance period. 

Appendix, Figure A1 summarizes temporal patterns in telemedicine use across the health 

care systems. The University of California, Berkeley Office for the Protection of Human 

Subjects approved reliance on Dartmouth College’s Committee for the Protection of Human 

Subjects institutional review board for study approval (#28763).

Outcome Measure

The study outcome measure is weekly practice-level telemedicine encounters as a proportion 

of all clinical encounters. Telemedicine encounters include encounters that occurred through 

remote video, audio, or an e-visit.

Main Independent Variables

The main independent variables are practice ownership and practice size. Practice ownership 

is a categorical variable of 1) independent practices, 2) medical group owned practices, and 

3) hospital and/or health care system owned practices. Practices were categorized by size 

based on quartiles of the distribution of total physicians: 1) 0 to 1 physician, which includes 

advanced practice clinician-only practices (0 physicians) and solo physician practices (1 

physician), 2) 2–3 physicians, 3) 4–6 physicians, and 4) 7 physicians or more.

Control Variables

Regression analyses control for practice and patient characteristics potentially associated 

with practice ownership, size, and telemedicine encounters. Practice characteristics included 

the number of advanced practice clinicians and specialty physician mix, as measured by 

the specialist-to-primary care physician ratio. Practices without specialists were categorized 

into one group and practice locations with specialists were categorized based on terciles 

of the distribution, resulting in a four-part categorical variable consisting of specialty mix: 
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no specialists (72.5%), low specialty (9.2%), moderate specialty (9.1%), and high specialty 

(9.2%) mix.

Socio-demographic and clinical characteristics of patients were measured at the practice 

level and included the proportion of each practice’s eligible patients who are from each sex, 

race/ethnicity, marital status, urbanicity category, health insurance category, and proportions 

of patients with diagnoses of mental health conditions, atherosclerotic cardiovascular 

disease, chronic kidney disease, heart failure, obesity, and opioid use disorder. The median 

household income and Charlson comorbidity score28 of a practice’s patients were also 

included as covariates. We controlled for the proportion of patients with prescriptions for 

diabetes and hypertension medications in each practice. For the regression models for adults 

with diabetes (with or without hypertension), we controlled for the proportion of each 

practice’s patients with diabetes who were prescribed: 1) no glucose-lowering medications, 

2) non-insulin glucose-lowering medications only, 3) insulin (with or without other glucose-

lowering medications). For the hypertension (without diabetes) regression models, instead of 

diabetes medications, we account for the proportion of patients prescribed anti-hypertensive 

medications. Table 1 notes in detail the medications included.

Statistical Analyses

Weekly patient encounters were analyzed from March 13 to December 31, 2020. Linear 

spline regression models were estimated to assess whether practice size and ownership 

were associated with telemedicine adoption and total encounter volume, controlling for 

patient sociodemographic and clinical characteristics, in each of the three periods (adoption, 

de-adoption, and maintenance). System fixed effects accounted for idiosyncratic effects of 

the ten health systems, and standard errors were clustered at the practice level. Models were 

estimated separately for: 1) adults with diabetes (with or without hypertension) and 2) adults 

with hypertension (without diabetes). We examined variance inflation factors (VIFs) and 

considered VIF of > 2.0 as an indication of potential collinearity among model covariates.29

Results

Of the 1,207 practice locations included in the analytic sample, most (76.9%) were owned 

by the health system that contributed data, while 5.2% were owned by a medical group 

affiliated with the health system, and 17.9% were independent practices with a system 

affiliation (Appendix, Table A4). The average patient age was 64.1 years (SD=14.0), and 

most patients were insured by Medicare (55.2%) or a commercial health plan (36.0%). Table 

1 summarizes patient characteristics.

The average number of encounters per patient during the study period was 3.9 with 

a standard deviation (SD) of 3.4 encounters. Adults with diabetes (with or without 

hypertension) had an average of 4.4 total encounters (SD=3.7), while adults with 

hypertension (without diabetes) had an average of 3.6 total encounters (SD=3.1). Overall, 

in-person visits averaged 3.1 encounters (SD=3.0), telemedicine video visits averaged 0.5 

encounters (SD=1.1), and telemedicine audio-only visits averaged 0.2 (SD=0.5) encounters 

during the study period.
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Analyses of weekly trends revealed that telemedicine accounted for a high of 25% of weekly 

encounters in weeks 3 through week 5 of shelter-in-place ordinances, declined starting in 

week 6 through week 12, and stabilized from week 13 through the end of the calendar 

year or the maintenance period, when telemedicine accounted for 14% of weekly encounters 

(Figure 1). There was high variation in telemedicine use across the 10 health systems over 

time (Figure 2), with peak telemedicine use ranging from 11% to 42% of weekly encounters 

across the health systems, leveling off during the maintenance period at 6% to 32% of 

weekly encounters. Total encounter volume stabilized by week 12 (Appendix, Figure A2).

Results from regression analyses of adults with diabetes indicate that small practice 

size, practices with only advanced practice clinicians (0 physicians) and solo practices 

(1 physician) had 2% lower telemedicine use compared to larger practices during the 

maintenance period (Table 2). Practice ownership was not associated with telemedicine use 

in any period for adults with diabetes.

Several practice characteristics were associated with telemedicine use among the diabetes 

patient sample (Table 2). Practices with greater shares of patients from rural and isolated 

areas had lower telemedicine use compared to practices with relatively more patients from 

metropolitan areas across periods. For a 1% increase in the proportion of female patients, 

practices had 3–4% higher telemedicine use. For a 1% increase in the proportion of Black 

patients, practices had 9% and 6% greater telemedicine use during the de-adoption and 

maintenance periods, respectively. To illustrate the effect size, the mean telemedicine use 

rate was 19% and an average of 9% of patients are Black; an absolute increase of 1% in 

Black patients (to 10% of patients) increases the practice telemedicine use rates to 21% and 

20% during the de-adoption and maintenance periods, respectively.

Practice size and ownership were not associated with telemedicine use for hypertension 

(without diabetes) samples in any of the 3 periods (Table 3). High specialty mix compared 

to practices with no specialists at the practice level was associated with 4% greater 

telemedicine use as a percentage of total encounters for hypertension patients during the 

telemedicine adoption period.

Patient characteristics associated with telemedicine use were similar for hypertension 

patients compared to diabetes patients, with the notable exception of insurance type. Among 

hypertension patients, Medicare and Medicaid insurance were significantly associated with 

less telemedicine use compared to commercially-insured patients.

The low VIFs among all the variables (VIF < 2.0) across all models indicate that collinearity 

among covariates is not a significant concern.

Discussion

Weekly practice-level telemedicine use for adults with diabetes and hypertension varied 

widely across ten health systems during the early COVID-19 pandemic. The wide range 

of 11% to 42% of telemedicine visits as a share of total weekly encounter volume during 

the adoption period (Weeks 1–4), the peak of telemedicine utilization, demonstrates that 

health systems had a strong influence on remote diabetes and hypertension care management 
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during the early pandemic. We found that many systems institutionalized telemedicine, with 

use at levels upwards of one-third of total encounter volume during the maintenance period, 

while other systems did not scale up telemedicine beyond 15% of weekly encounters at any 

point in 2020.

Our results highlight that small practices face difficulty maintaining telemedicine for 

adults with diabetes or intentionally choose to de-adopt telemedicine over time. This 

finding is consistent with past research highlighting the challenges small practices face 

when attempting to implement care delivery and payment reforms.23,30 Importantly, this 

relationship did not extend to adults with hypertension (without diabetes), potentially 

because managing diabetes entails addressing more standards of care25 compared to 

hypertension (without diabetes) and primary care practices were more likely to have 

established care management processes in place for diabetes compared to hypertension 

before the pandemic.26,27

Small practices may need technical assistance and resources from health systems, payers, 

and governments to help them maintain telemedicine for their patients with diabetes and 

other chronic conditions. HI-TECH Act infrastructural investments in small practices to 

expand health IT functionality31 might be leveraged to support telemedicine as a patient-

centered option that could reduce treatment burden for adults with chronic conditions.32

We anticipated that health system-owned practices would have higher telemedicine use 

compared to independent practices with health system affiliations, but found no such 

relationship in our main analyses. The study results suggest that health systems can 

influence telemedicine adoption and implementation equally for their owned and affiliated 

practices. Comparable telemedicine use for system owned and independent practices 

within the ten health care systems we examined stands in stark contrast to past evidence 

about independent practices that document their deficiencies in chronic care management 

capabilities.19,20 Our results highlight the potential chronic care management benefits of 

health care system affiliation for independent practices.

We also found that practices with relatively higher proportions of Black patients continued 

to expand telemedicine use through the end of 2020, at a time when practices with 

lower shares of Black patients were de-adopting or maintaining telemedicine use levels. 

Practices with high shares of Black patients may have more extensively redesigned care to 

accommodate patients during the pandemic. This finding is in contrast to evidence outside of 

health systems and in single health systems which found that Black patients were less likely 

to use telemedicine compared to White patients.33,34 Increased telemedicine use among 

practices with relatively high shares of Black patients may also reflect Black patients’ 

perceptions of the pandemic as a greater health threat, perhaps due to the consequences of 

systemic racism, than White patients.35

The study results should be considered in light of some limitations. First, we focused 

on practice size and ownership because extensive research highlights their association 

with practice capabilities,19,21,22 including health IT. We did not assess practice-level 

health IT or organizational culture because data are not available to assess these factors. 
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These factors may, however, help to explain differences in telemedicine use and should 

be assessed in future research. Second, although practices with relatively high shares 

of Black patients increased telemedicine use relative to practices with lower shares of 

Black patients, unmeasured social and economic factors could account for this relationship. 

Moreover, Black patients may not have been the higher telemedicine users within these 

practices; evidence is needed to clarify why and how practices with high concentrations 

of Black patients accelerated telemedicine implementation. Finally, the analyses are cross-

sectional, so temporal ordering and causal relationships cannot be assessed. Future research 

could examine the impact of practice ownership changes36 and telemedicine use to further 

elucidate the causal effect of practice ownership changes on telemedicine use.

Conclusion

Telemedicine use for adults with diabetes and hypertension varied widely across ten health 

systems during the early pandemic period. Solo physician and advanced practice clinician 

only practices had significantly lower telemedicine use among adults with diabetes with 

or without hypertension, highlighting that technical support for small practices, irrespective 

of their ownership, could support more extensive telemedicine use for adults with diabetes 

and/or hypertension.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Takeaway Points:

This study of ten health systems examines whether practice size and ownership are 

associated with more extensive adoption and maintenance of telemedicine for adults with 

diabetes and/or hypertension during the early pandemic.

• Health systems varied widely in their use of telemedicine; use peaked at 

11% to 42% of weekly clinical encounters after 4 weeks of shelter-in-place 

ordinances, leveling off to 6% to 32% of weekly encounters after 13 weeks.

• Small practices (solo physicians and advanced practice clinician only 

practices) had 1–2% lower telemedicine use compared to larger practices after 

Week 13.

• Practices with higher shares of Black patients continued to expand 

telemedicine use through the end of 2020, when practices with lower shares 

of Black patients were de-adopting or maintaining telemedicine use levels.
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Figure 1. 
COVID-19 Era Weekly Composition of Telemedicine Visits among Adults with Diabetes 

and/or Hypertension Across 10 Health Care Systems

Analyses of weekly practice-level telemedicine visits as a proportion of overall visits 

among adults with diabetes and/or hypertension. Overall visits include in-person visits and 

telemedicine visits (video, audio, and e-visits).
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Figure 2. 
Weekly Telemedicine Use Trends for Adults with Diabetes and/or Hypertension, by Health 

System, March 15-December 31, 2020

Analyses of weekly health care system-level telemedicine visits as a proportion of overall 

visits among adults with diabetes and/or hypertension. Overall visits include in-person visits 

and telemedicine visits (video, audio, and e-visits). The ten trend lines depict the weekly 

telemedicine use pattern for each of the ten health care systems.

Rodriguez et al. Page 13

Am J Manag Care. Author manuscript; available in PMC 2023 February 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rodriguez et al. Page 14

Table 1.

Descriptive Summary of Patient Characteristics

Overall Hypertension (without 
diabetes)

Diabetes (with or without 
hypertension)

Number of Patients 764,521 484,845 279,676

(100%) (63.4%) (36.6%)

Mean (SD) Mean (SD) Mean (SD)

Patient Characteristics

Age 64.1 (14.0) 63.8 (14.5) 64.6 (13.2)

Female (%) 52.6 54.2 49.6

Race/Ethnicity (%)

 White 79.3 81.2 75.9

 Hispanic 3.7 2.8 5.4

 Black 5.0 4.4 6.0

 Asian 1.1 0.9 1.5

 Other race 10.9 10.7 11.1

Marital Status (%)

 Married or Domestic Partnership 60.9 61.4 60.1

 Divorced 8.6 8.4 8.9

 Never married 13.2 12.9 13.9

 Widowed 10.3 10.2 10.4

 Other marital status 7.0 7.1 6.7

Median household income (US$; mean, SD) 62,189.5 (20,464.7) 63,123.9 (20,851.7) 60,569.5 (19,671.2)

Encounter types

 Total encounters 3.9 (3.4) 3.6 (3.1) 4.4 (3.7)

 Total in-person encounters 3.1 (3.0) 2.9 (2.7) 3.5 (3.3)

 Total telemedicine audio encounters 0.2 (0.5) 0.1 (0.5) 0.2 (0.6)

 Total telemedicine video encounters 0.5 (1.1) 0.5 (1.0) 0.6 (1.2)

 Total e-visit encounters 0.0 (0.2) 0.0 (0.2) 0.0 (0.3)

 Telemedicine exposed (%) 39.4 37.4 42.6

Urbanicity (%)

 Metropolitan 77.0 77.6 75.9

 Isolated 4.5 4.4 4.8

 Rural (large) 10.4 10.0 11.0

 Rural (small) 7.0 6.9 7.3

Insurance Class (%)

 Commercial 36.0 38.3 32.0

 Dual Medicare/Medicaid 1.3 1.2 1.3

 Medicaid 3.2 2.7 3.9

 Medicare 55.2 53.3 58.5
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Overall Hypertension (without 
diabetes)

Diabetes (with or without 
hypertension)

 Others 4.4 4.4 4.3

Comorbidities (%)

 Charlson score (mean, SD) 1.9 (2.2) 1.5 (1.9) 2.6 (2.4)

 Atherosclerotic Cardiovascular Disease 24.0 21.3 28.7

 Chronic Kidney Disease 16.2 11.2 24.7

 Heart Failure 8.1 6.2 11.4

 Mental health diagnosis 34.0 34.0 33.9

 Obesity 26.6 22.0 34.7

 Opioid Use Disorder 1.3 1.2 1.3

Diagnoses (%)

 Diabetes only 6.6 - 18.0

 Hypertension only 63.4 100.0 -

 Diabetes and Hypertension 30.0 - 82.0

Prescriptions (%)

Diabetes Medication

 Diabetes with no drugs - - 20.9

 Diabetes with non-insulin drugs only - - 44.9

 Diabetes with insulin - - 34.2

Anti-hypertensive Medication 84.2 86.4 80.4

Note: Diagnoses are obtained from the US National Library of Medicine Value Set Authority Center (NLM-VSAC) and we included all code 
classified as mental health conditions by NLM-VSAC. Insulin included prescriptions classified as insulin (basal), insulin (bolus), or insulin 
combination (basal and bolus). Non-insulin glucose-lowering medications included: biguanides, sulfonylureas, TZD, A-G inhibitors (<1%), 
meglitinides (<1%), DPP-4, SGLT2, amylin (<1%), and GLP-1. Anti-hypertensive medications include one or more of the following prescriptions: 
diuretics, beta-blockers, angiotensin converting enzyme inhibitors, angiotensin-receptor blockers, calcium channel blockers, alpha blockers, alpha-2 
receptor agonists, combined alpha and beta-blockers, central agonists, peripheral adrenergic inhibitors, and vasodilators.
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Table 2.

Practice and Patient Characteristics Associated with Telemedicine Use for Adults with Diabetes

Patient n=279,676

Adoption Period De-Adoption Period Maintenance Period

Week 0.05*** −0.02*** −0.00*

Practice Characteristics

Total advanced practice clinicians (standardized) 0.00 −0.00 0.00

Size

Small, 0 to 1 physician (reference) - - -

Medium, 2 to 3 physicians 0.01 0.02 0.02**

Medium, 4 to 6 physicians 0.01 0.01 0.02**

Large, 7 or more physicians 0.01 0.01 0.02*

Specialty Mix

No specialists (reference) - - -

Low specialty 0.02 0.02 0.01

Moderate specialty 0.01 0.02 0.02*

High specialty 0.01 0.02 0.00

Ownership

System (reference) - - -

Medical group −0.00 −0.01 −0.01

Independent −0.00 −0.01 −0.01

Patient Characteristics

Age (standardized) −0.00 −0.01* −0.02***

Female 0.04** 0.03** 0.03***

Race/Ethnicity

White (reference) - - -

Hispanic −0.02 0.01 0.04

Black 0.03 0.09*** 0.06***

Asian −0.04 −0.02 0.02

Other race −0.02 0.00 −0.00

Marital Status

Married or domestic partnership (reference) - - -

Divorced −0.02 0.01 −0.01

Never married 0.02 0.01 0.01

Widowed −0.02 0.01 −0.00

Other marital status 0.05* 0.04 0.04**

Median household income (standardized) 0.03*** 0.04*** 0.02***

Urbanicity
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Patient n=279,676

Adoption Period De-Adoption Period Maintenance Period

Metropolitan (reference) - - -

Isolated −0.03 −0.04* −0.03***

Rural (large) −0.03 −0.06*** −0.04***

Rural (small) −0.06*** −0.06*** −0.04***

Insurance Class

Medicare (reference) - - -

Commercial 0.02 −0.00 0.00

Dual Medicare/Medicaid 0.06 0.04 0.04

Medicaid 0.00 −0.06** −0.03*

Other insurance 0.02 0.01 −0.02

Charlson score (standardized) −0.01 −0.02*** −0.00

Comorbidities

Atherosclerotic Cardiovascular Disease −0.02 −0.03* 0.01

Chronic Kidney Disease 0.01 0.05*** 0.04***

Heart Failure 0.00 0.01 −0.00

Mental Health Diagnosis 0.02 −0.00 0.03***

Obesity −0.02 −0.05*** 0.01

Hypertension 0.02 0.02 0.02

Diabetes Medication

No prescriptions (reference) - - -

Non-insulin only 0.01 −0.00 0.02*

Insulin w/ or w/out non-insulin medications 0.02 0.02 0.02*

Constant −0.08 0.24*** 0.10***

Observations 4,297 9,018 33,963

Notes: Practices with ≥ 50 attributed patients included.

*, **, and *** represents p < 0.05, p < 0.01, and p < 0.001, respectively. The regression models are linear spline models from weeks 1 to 4, weeks 
5 to 12, and weeks 13 to 42. The models include system fixed effects, but these effects are omitted in the regression outputs above for brevity. The 
models also include standard errors clustered at the practice level.
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Table 3.

Practice/Patient Characteristics Associated with Telemedicine Use for Adults with Hypertension

Patient n=484,845

Adoption Period De-Adoption Period Maintenance Period

Week 0.05*** −0.02 0.00

Practice Characteristics

Total advanced practice clinicians (standardized) 0.01*** −0.00 0.00

Size

Small, 0 to 1 physician (reference) - - -

Medium, 2 to 3 physicians 0.00 0.01 0.01

Medium, 4 to 6 physicians 0.01 0.01 0.01

Large, 7 or more physicians −0.01 −0.01 0.00

Specialty Mix

No specialty(reference) - - -

Low specialty 0.02 0.01 0.01

Moderate specialty 0.02 0.01 0.01

High specialty 0.04* 0.02 0.01

Ownership

System (reference) - - -

Medical group 0.02 0.01 −0.01

Independent −0.01 0.00 −0.00

Patient Characteristics

Age (standardized) 0.00 −0.02** −0.02**

Female 0.03* 0.02 0.01

Race/Ethnicity

White (reference) - - -

Hispanic −0.01 0.05 0.05*

Black 0.02 0.11*** 0.06***

Asian 0.16* −0.02 −0.02

Other race −0.00 0.02 0.00

Marital Status

Married or domestic partnership (reference) - - -

Divorced −0.00 −0.02 −0.01

Never married 0.00 −0.01 0.00

Widowed −0.01 0.02 0.00

Other marital status 0.05* 0.05* 0.04**

Median household income (standardized) 0.03*** 0.04*** 0.02***

Urbanicity
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Patient n=484,845

Adoption Period De-Adoption Period Maintenance Period

Metropolitan (reference) - - -

Isolated −0.04 −0.06** −0.03**

Rural (large) −0.04** −0.07*** −0.05***

Rural (small) −0.03 −0.06*** −0.03***

Insurance Class

Medicare (reference) - - -

Commercial 0.04* −0.02 0.01

Dual Medicare/Medicaid 0.01 0.02 0.02

Medicaid −0.01 −0.06* −0.05***

Other insurance 0.09* −0.02 0.01

Charlson score (standardized) −0.02*** −0.02*** 0.00

Comorbidities

Atherosclerotic Cardiovascular Disease −0.05** −0.00 −0.01*

Chronic Kidney Disease 0.05 0.01 0.04*

Heart Failure 0.02 0.03 −0.01

Mental Health Illness 0.05** 0.02 0.06***

Obesity −0.05** −0.03* −0.00

Anti-hypertensive Medication −0.02 −0.02 0.01

Constant −0.03 0.34*** 0.13***

Observations 4,445 9,260 35,034

Notes: Practices with ≥50 attributed patients included.

*, **, and *** represents p < 0.05, p < 0.01, and p < 0.001, respectively. The regression models are linear spline models from weeks 1 to 4, weeks 
5 to 12, and weeks 13 to 42. The models include system fixed effects, but these effects are omitted in the regression outputs above for brevity. The 
models also include standard errors clustered at the practice level.
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