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Abstract: Background and Objectives Telemedicine can expand healthcare access to populations, but
relying on technology risks a digital divide. Therefore, it is important to understand who utilizes
telemedicine. This study explores telemedicine usage across socio-demographic groups in the United
States during COVID-19. Methods Data came from the Household Pulse Survey (HPS) between
14 April 2021, to 11 April 2022. HPS is a rapid online response survey that assesses household
experiences during COVID-19. We calculated descriptive statistics and used cross-correlation to
test each pair of the time series curves. Results High school graduates used the least telemedicine
(20.58%), while those with some college (23.29%) or college graduates (22.61%) had similar levels, and
those with less than a high school education fluctuated over time. Black people had higher levels of
use (26.31%) than Asians (22.01%). Individuals with disabilities (35.40%) used telemedicine more than
individuals without disabilities (20.21%). Individuals 80 years or over (27.63%) used telemedicine
more than individuals 18 to 29 years old (18.44%). Cross-correlations for the time series pairs
across demographics revealed significant differences in telemedicine use for all demographic groups
over time. Conclusions Overall, elderly, Black people, individuals with some college, and persons
with disabilities report higher levels of telemedicine use. Telemedicine may improve healthcare
access post-pandemic, but more research is needed to understand factors that drive differences
among groups.

Keywords: telemedicine; telehealth; COVID-19; pandemic

1. Introduction

The American Telemedicine Association defines telemedicine as the “use of medical
information exchanged from one site to another via electronic communications to improve
a patient’s clinical health status” [1]. The term telemedicine is often confused and used
interchangeably with a related, though distinct, term telehealth. While telehealth may
include both clinical and non-clinical services, the American Academy of Family Physi-
cians classifies telemedicine as the use of technology to deliver care at a distance, over a
telecommunications infrastructure that enables the physical and virtual transmission of
components such as voice, video, and data between a patient at an originating (spoke)
site and a physician or other licensed healthcare providers and mental health therapists to
practice at a distance (hub) site. In contrast, telehealth refers to a broader term and includes
the use of an array of electronic and telecommunication technologies and services that
support distance health care delivery and services [2] such as phone, e-mail, and remote
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patient monitoring. This study focused on telemedicine or when providers use video
connections to conduct the equivalent of an in-person visit.

Telemedicine began in the United States (US) during the mid-twentieth century and by
the 1980s became a tool to improve access to remote, rural communities that lacked medical
services [3]. By the 1990s, the emergence of the internet created a platform that broadened
the application of telehealth to include the transmission of X-rays, electrocardiograms,
scans, and real-time audio and video interactions [4]. As more Americans accessed the
internet and used smartphones and/or computers, telemedicine continued to expand [4,5].
By 2017, about three-quarters of US hospitals interacted with patients through the use of
video and other technology [6].

The COVID-19 pandemic and lockdowns generated unparalleled economic and social
disruption. The Centers for Disease Control and Prevention recommended physical distanc-
ing to reduce coronavirus spread and telemedicine offered an opportunity to mitigate trans-
mission to patients, providers, and staff. As a result, it is not surprising that telemedicine
visits are about 40 times more frequent than before the pandemic [7]. Telemedicine use
which includes evaluation and management visits for general medicine, dental medicine,
and several other high-volume specialties spiked to 32% in April 2020 after COVID-19 was
declared a public health emergency [8]. After this initial spike, telemedicine use stabilized
to between 13 and 17% of office and outpatient visits across all specialties. Its expanded
use makes it important that health care providers become competent using telemedicine
to provide patient care [9], and as Hyder et al. noted, telemedicine is “critical to ensuring
public health and is poised to become a reliable and acceptable method of seeking care for
many conditions” [10].

Despite the growth and greater acceptance of telemedicine as a mainstream modality,
concerns about its use remain. Although telemedicine offers the promise of improving
access to rural communities and other populations facing access barriers, a reliance on
technology also creates a risk of a digital divide that potentially widens the gap in health
disparities rather than narrowing them. The absence of technology, digital literacy, and
reliable internet coverage are some of the barriers that prevent patients from accessing
some forms of telemedicine, such as video [11]. These barriers are more common among
low-income populations that have been disproportionately affected by COVID-19. In
the United States, a quarter of adults with incomes below $30,000 a year do not own a
smartphone [12]. Additionally, a large proportion of adults with lower incomes do not
have home broadband (43%) or a laptop (41%) [12]. There is evidence that low-income,
non-English-speaking, individuals with disabilities and older patients are more likely to
encounter barriers to accessing telemedicine care [13,14], which could exacerbate existing
inequities as telemedicine becomes more widespread [15]. In contrast, females may be
more likely to engage in electronic health activities [16] than males, with African American
males being among the least intense users of the internet [17].

Given this, we sought to further investigate for the possible presence of inequities
in telemedicine use more broadly across the US. To identify the possible presence and
scope of a telemedicine digital divide, a first step is a better understanding of who utilizes
telemedicine. Using a national database, this study sought to describe telemedicine use and
explore what differences, if any, exist among different demographic groups. A second aim
was to examine trends in use over a year. Understanding whether differences in groups
exist can guide strategies to avoid digital disparities in telemedicine treatment delivery.

2. Methods
2.1. Data Source

The data for this study came from the Household Pulse Survey (HPS) adult sample
from 14 April 2021 to 11 April 2022 [18]. HPS is a 20 minute rapid-on-line response survey of
adults aged >18 years old led by the US Census Bureau in collaboration with the National
Center for Health Statistics, the Health Resources and Services Administration’s Maternal
and Child Health Bureau and other federal agencies to assess household experiences
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during the COVID-19 pandemic. The survey was administered online and measures core
demographic characteristics and includes questions related to COVID-19 vaccinations,
food sufficiency, household spending, household energy expenditures and consumption,
housing security, physical and mental health, and rental assistance from state and local
governments that are designed to provide data about the impact of COVID-19. In addition,
the survey contained questions about telemedicine use.

HPS data collection began on 23 April 2020, and is collected in different time periods.
This study assessed measures at monthly intervals from April 2021 to April 2022 with a
total sample size of 989,712 over the entire time. To develop a nationally representative
survey sample, HPS uses the US Census Bureau’s Master Address File to obtain a nationally
representative sample of over one million housing units to yield about 70,000 respondents
who answered the online questionnaire [19]. It also employs weighting procedures to account
for differential nonresponse and to match Census Bureau estimates of the population by
demographics at three different geographical levels. The first level of geography is for the
15 largest Metropolitan Statistical Areas in the US. The second level is state-level estimates
for each of the 50 states plus the District of Columbia, and the final level is national-level
estimates [19]. The HPS survey was conducted via an internet questionnaire, with invitations
for individuals to participate sent via email and text message using email addresses and cell
phone numbers obtained from the Census Bureau Master Address File Data. More details
about the HPS can be found at: https:/ /www.census.gov/data/experimental-data-products/
household-pulse-survey.html (accessed on 21 April 2023).

2.2. Ethics Statement

HPS was a voluntary survey study conducted by the US Census Bureau under the
authority of Title 13, United States Code, Sections 8(b), 182 and 193, and approved by
the US Office of Management of Budget (OMB approval number 0607-1013). A Waiver
of Documentation of Informed Consent from the participants was approved by OMB. It
is allowed by 45 CFR 46.117. Waivers can be approved for minimal risk research such
as surveys/interviews conducted via telephone or online [20,21]. By using the United
States Government computer network, participants consent to the collection, monitoring,
recording, and use of their information for any lawful government purpose [22].

2.3. Study Variables

HPS adult respondents’ demographic characteristics were the independent variables,
and included education level (Less Than High School, High School Diploma or General
Education Development, Some College or Associate Degree, Bachelor Degree or Higher),
state residence (individual states in the US), disability status (Disability, No Disability), age
(18-29 years, 30-39 years, 4049 years, 50-59 years, 60-69 years, 70-79 years, 80 years and
above), self-identified gender (Male, Female), and race/ethnicity (Non-Hispanic Asian,
Non-Hispanic Black, Non-Hispanic White, Non-Hispanic Other Races or Multiple Races).
The dependent variable was telemedicine use, which was represented by the following
question—At any time in the last 4 weeks, did you have an appointment with a doctor,
nurse, or other health professional by video or by phone? (Yes, No). Please only include
appointments for yourself and not others in your household.

Educational level and age were coded as ordinal variables and all other variables were
coded as nominal variables.

2.4. Statistical Analyses

The percentages of telemedicine use for each demographic variable were calculated
and a time series graph was plotted for the demographic variables. To examine the trends
in telemedicine use across demographic groups, cross-correlation to test each pair of the
time series curves was used. Cross-correlation measures similarity between two time series
and allows the identification of lags to assess the degree that one time series correlates with
another time series. It is appropriate for testing the trends of a variable across time among
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groups. Cross-correlations and their associated 95% confidence level were calculated and
reported for the time series of each demographic variable. The results from the cross-
correlation functions of the time series determine whether two time series are connected
and whether the movement in one time series precedes or follows the movement of another
time series at various lags. When the correlation coefficient of two time series is within the
95% confidence limit, the correlation is deemed non-statistically significant.

3. Results

Table 1 displays the sample size for each data collection period and response rate
over each period. Sample sizes ranged from 49,230 to 71,848 representing response rates
from 5.4% to 7.9%. From April 2021 to April 2022, the average daily level of telemedicine
usage in the US ranged from 19.6% to 25.7% (mean = 22.31%, std. dev. = 2.43%) with
a steady decrease in use over the study period (Figure 1). Among the 50 states and
the District of Columbia, North Dakota utilized telemedicine the least (mean = 12.80%,
std. dev. = 2.47%) while District of Columbia residents accessed telemedicine services
the most (mean = 30.55%, std. dev. = 6.70%). Figure 2 shows a map of telemedicine
use across the US, where states with darker colors experienced a higher percentage of
telemedicine usage.

Table 1. Sample sizes and response rates across data collection periods.

Data Collection Period Sample Size Response Rate
30 March-11 April 2022 54,830 6.0%
2-14 March 2022 71,848 7.9%
26 January—-7 February 2022 66,542 7.2%
29 December 2021-10 January 2022 67,259 7.2%
1-13 December 2021 53,078 5.8%
29 September-11 October 2021 49,230 5.4%
15-27 September 2021 51,652 5.6%
1-13 September 2021 54,950 6.0%
18-30 August 2021 59,705 6.5%
4-16 August 2021 59,362 6.5%
21 July—2 August 2021 55,699 6.1%
23 June->5 July 2021 52,838 6.3%
9-21 June 2021 54,267 6.4%
26 May-7 June 2021 56,436 6.7%
12-24 May 2021 58,286 6.8%
28 April-10 May 2021 62,895 7.4%
14-26 April 2021 54,835 6.6%

In general, females used more telemedicine services than males (Figure 3), with
average use of 24.77% (std. dev. = 2.66%) and 20.56% (std. dev. = 2.35%), respectively.
Across educational levels, individuals who had a high school diploma or general education
development (GED) used telemedicine the least (mean = 20.58%, std. dev. = 2.39%)
compared to other educational groups. Those with less than a high school education
exhibited the largest fluctuation in telemedicine utilization over the time period (Figure 4)
ranging from a high of 30.8% between 12 May and 24 May 2021 to a low of 18.5% between
August 4 and August 16, 2021. Figure 5 shows that Black people used telemedicine
more (mean = 26.31%, std. dev. = 4.99%) than other ethnic groups, and Figure 6 reveals
persons with disabilities (PWDS) used telemedicine substantially more (mean = 35.40%,
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Percent Telemedicine Use

std. dev. = 4.58%) than individuals without disability (mean = 20.21%, std. dev. = 2.25%)
throughout the study period. Usage for PWDS peaked at nearly 42% early in the study
period but leveled off to 32% by 1 April 2022. Additionally, older individuals aged 80 years
or over used telemedicine (mean = 27.63%, std. dev. = 2.53%) more often than younger

individuals aged 18 to 29 years old (mean = 18.44%, std. dev. = 2.42%) (Figure 7).
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Figure 1. Trends of telemedicine use from 2021-2022 in the United States.

North Dakota

‘South Dakota

Percent Telemedicine Use

12.80 [ [NG— :o.55

Figure 2. Telemedicine use across the United States.
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Percent Telemedicine Use

:'.n-
. Female

Male

Date

Figure 3. Trends of telemedicine use from 2021-2022 across gender.

Cross-correlations were computed for all of the time series pairs across demographics
(such as female versus male, with a disability versus without disability, 80 years or over
versus 18 to 29 years old, etc.); however, none of the time series pairs were within the
95% confidence intervals, indicating that there were significant differences in telemedicine
use between all of the demographic groups over time. For instance, in Figure 8, the male
and female time series were not strongly correlated since the cross-correlation was not
statistically significant at most of the lag numbers; only lag numbers —1, 0 and 1 were
statistically significant (i.e., falling outside of the 95% confidence interval), supporting the
results that females’ usage of telemedicine was indeed more than males’” usage (Figure 3).
Figure 9 also reveals weak correlation between the with disability and without disability
time series, with only lag numbers —1, 0 and 1 being statistically significantly related,
confirming that persons with disability used more telemedicine than persons without
disability (Figure 6). In examining time series of individuals aged 18 to 29 years old
versus individuals aged 80 years or over, it was found that only one lag number (at 0) had
significant correlation, but the rest did not (Figure 10), demonstrating that the younger
individuals used less telemedicine than older individuals at one of point in time (Figure 7).



Int. |. Environ. Res. Public Health 2023, 20, 5680 7 of 16

Percent Telemadicine Use

-\

ion
[l Bachelor’s degree or higher
B High school diploma or GED
I Less than a high school diploma
B some college/Associate’s degree

Date

Figure 4. Trends of telemedicine use from 20212022 across education levels.
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Figure 5. Trends of telemedicine use from 2021-2022 across race and ethnicity.
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Figure 6. Trends of telemedicine use from 2021-2022 across disability status.
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Figure 7. Trends of telemedicine use from 2021-2022 across age groups.
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Figure 10. Cross-correlation as a function of lag number in individuals aged 18 to 29 years old versus
aged 80 years or over’s time series.

4. Discussion

Telemedicine became a frontline strategy to mitigate the COVID-19 pandemic’s impact
on the health of individuals and the country [23]. It offered a treatment option that provided
access to care and by avoiding in-person visits reduced the risk of disease transmission for
both patients and providers. This study explored adults’ usage of telemedicine across socio-
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demographic groups in the US during the COVID-19 pandemic. It revealed significant
variations in telemedicine use based on demographic characteristics with the groups who
reported the greatest use consisting of those with some college education or less than a
high school diploma, disabled individuals, the elderly, non-Hispanic Black peopleand non-
Hispanic other races. Since HPS collects data weekly and the survey results fluctuated over
the study period, a time series cross correlation was used to examine patterns and trends in
the data over the study period. This analysis demonstrated that females, PWDS and older
adults used telemedicine significantly more than males, persons without disabilities and
younger adults, respectively.

Before COVID-19, the use of telemedicine grew rapidly and from 2010 to 2017 the
percentage of hospitals using telehealth increased from 35% to 76% [6]. Even so, a 2019 study
found that only about 1 in 10 individuals reported using telehealth, and less than one in
five were aware that their health system offered telehealth as an alternative to an in-person
visit [24]. However, with lockdowns and social distancing, telemedicine (or telehealth in
general) sometimes became the most viable option for non-emergency care. The results of
our study showed that more than one in five adults reported using telemedicine within the
past four weeks which suggests a broader awareness and acceptance by both providers
and patients, consistent with other studies reporting an expansion and overall acceptance
of telemedicine during the COVID-19 pandemic [25-28].

Encounters declined by about 5% over the study period, which may reflect individuals
becoming vaccinated and an easing of restrictions, facilitating better access to in-person
visits. Nonetheless, telemedicine usage remained much higher than before COVID-19.
While the desire to mitigate SARS-CoV-2 spread and protect patients stimulated wider
use of telemedicine [29], its expanded use offers post-pandemic opportunities to improve
access, reduce costs and improve outcomes [30].

The shift to telemedicine during the pandemic raised expectations that telemedicine
could narrow gaps in health inequities but with this hope came concerns that barriers to
access and utilization of telemedicine among vulnerable groups might increase disparities.
Those at greatest risk for falling behind included older adults who might have less access
and less familiarity with technology, PWDS, minorities, and those with less education.

The results from HPS survey data suggest that telemedicine may help to bridge gaps
by easing barriers such as travel, missing work or school, the need to arrange for childcare,
and accessing specialty services. PWDS exhibited the highest usage, but similar to other
groups the usage decreased over time. Since PWDS are among the groups disproportionally
affected by COVID-19, the finding that about 40% answered yes to using telemedicine
was reassuring. However, the study did not explore how different types of disability
affected telemedicine use. Those with certain types of disabilities might have benefited
greatly, while others with disabilities such as hearing or cognitive impairment that make
telemedicine access more challenging than an in-person visit [31,32] might report different
levels of utilization. The high level of usage highlights the importance of research that
explores the effectiveness and satisfaction with telemedicine among PWDS.

Older adults are often associated with telemedicine inequality because of limited
internet access, poorer internet skills, issues with computer literacy, and lower acceptance
of technology. A 2020 retrospective medical record review at a large academic health
system found that older age was independently linked to lower telemedicine use [33].
In contrast, our results found that older adults were more likely to have engaged in a
telemedicine visit than younger adults. One reason may be that older adults are more
likely to seek care because they have more chronic conditions than younger individuals
who might view their health issues as less urgent. However, elderly patients, who engage
in telemedicine report they value the convenience and express high levels of patient
satisfaction and acceptance [34]. It may be after experiencing a telemedicine visit older
adults felt comfortable continuing to schedule telemedicine visits.

Individuals with higher education usually have more access to technology and in-
ternet services [35] and our finding that those with a high school diploma or a GED used
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telemedicine less than those with more education is not surprising. One interesting finding
was that those with less than a high school education exhibited the largest fluctuation in
telemedicine utilization showing the highest peak in usage. The reason for this fluctuation
is not clear but even though this group might face technology related issues these may be
less of a barrier than in the past. According to the Pew Research Center, 90% of Americans
use the internet, 85% of Americans own a smartphone, and about 75% own desktop or
laptop computers. South Dakota and several other midwestern states reported less use of
telemedicine than other states and this may be due to fewer pandemic related restrictions in
many of these states. Several of these states also have higher percentages of rural residents
and lower rates of telemedicine may be related to internet access barriers for those living in
rural communities.

Another key finding was that Black people used telemedicine more than other groups.
Since minorities may experience a digital divide, this finding is reassuring. While some
have found less use by individuals of color [36,37], our results align with other studies
such as a study exploring telemedicine use in California elementary schools which also
found that Black students exhibited the highest rate of use and a Pew Research Survey
which similarly found that Black individuals exhibited higher usage [38,39]. Our study did
not explore why Black people used telemedicine more, but one reason may be that they
perceived COVID-19 as a greater threat [40] because of its disproportionate impact on their
communities. African Americans also experience more chronic health conditions [41]; thus,
pandemic restrictions might have led them to use telehealth more to maintain their ongoing
care. One potentially positive consequence is that the greater use of telemedicine during
the pandemic may create an opportunity for reducing health disparities post-pandemic.

Even though women tend to adopt new technological applications later than men,
our study found that women accessed telemedicine services more than men [42], a finding
consistent with other studies [43]. This is not surprising since females tend to have more
medical visits than males and were more likely to use telemedicine pre-pandemic [44].
Women are more likely to rate telemedicine care as excellent compared to men [45] and
they may be more likely to be repeat users of telemedicine than men.

Limitations

There are several limitations to this study. One is that this study is based in the US and
may not be applicable to other countries, especially those with less access to broadband
and communication technologies. HPS only recruits households that have an email address
or a cell phone number which could bias results. Despite using weighted data to mitigate
non-response bias, internet-based surveys can introduce bias since individuals who are
more comfortable with technology are more likely to respond to online surveys which
can limit its generalizability to other populations. Additionally, HPS does not control for
baseline differences in health status or overall rates of health care use and some differences
among groups with more telemedicine use may simply reflect groups that are more likely
to use any health care. Additionally, the response rate for HPS is lower than other federal
databases, and it ranges from about 1 to 10% depending on the week [46]. Responses are
self-reported and are subject to recall bias. However, direct feedback may capture data that
other sources such as claims data miss and while the rapid response of HPS is a strength,
the real-time nature of the survey provides limited time to identify and fix processing errors.
Finally, telemedicine use peaked in 2020 and this study used data from 2021 and 2022.

5. Future Research

The COVID-19 pandemic stimulated the growth of telemedicine but also raised ethical
and legal concerns [47]. While this study identified disparities in telemedicine use, it
also suggests the need for further research to identify the cause for these disparities, their
impact on patient outcomes, effect on equitable access, and how inequalities may affect
patient satisfaction and safety. It will also be important to examine how provider type may
affect demographic disparities. Post-pandemic changes in telemedicine regulations [48]
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and reimbursement [49] post-pandemic may also affect demographic disparities and merit
future investigation. As Christie [50] notes a “One Size Fits All” approach to telemedicine
may not serve those less tech savvy or patients with multiple co-morbid conditions.

Implications for Practice

The pandemic created a natural experiment to explore the expansion of telemedicine.
Our findings suggest that in addition to its role to help manage a healthcare crisis it could
potentially become a mainstream tool to overcome barriers to care for vulnerable groups
such older adults, minorities, and PWDS provided that issues such as reimbursement and
regulatory and technological challenges can be adequately addressed.

6. Conclusions

Our results show differences in telemedicine utilization with older adults, Black people
and females, and persons with disabilities reporting higher levels of use. These findings
suggest that telemedicine may not exacerbate inequalities in care among certain vulnerable
groups and may offer an opportunity to improve healthcare access post-pandemic. How-
ever, more research is needed to understand the factors that drive differences among groups.
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