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ABSTRACT
BACKGROUND:  The coronavirus 2019 (COVID-19) pan-
demic resulted in rapid implementation of telemedicine. 
Little is known about the impact of telemedicine on both 
no-show rates and healthcare disparities on the general 
primary care population during the pandemic.
OBJECTIVE:  To compare no-show rates between tel-
emedicine and office visits in the primary care setting, 
while controlling for the burden of COVID-19 cases, with 
focus on underserved populations.
DESIGN:  Retrospective cohort study.
SETTING:  Multi-center urban network of primary care 
clinics between April 2021 and December 2021.
PARTICIPANTS:  A total of 311,517 completed primary 
care physician visits across 164,647 patients.
MAIN MEASURES:  The primary outcome was risk ratio 
of no-show incidences (i.e., no-show rates) between tel-
emedicine and office visits across demographic sub-
groups including age, ethnicity, race, and payor type.
RESULTS:  Compared to in-office visits, the overall risk of 
no-showing favored telemedicine, adjusted risk ratio of 0.68 
(95% CI 0.65 to 0.71), absolute risk reduction (ARR) 4.0%. 
This favorability was most profound in several cohorts with 
racial/ethnic and socioeconomic differences with risk ratios 
in Black/African American 0.47 (95% CI 0.41 to 0.53), ARR 
9.0%; Hispanic/Latino 0.63 (95% CI 0.58 to 0.68), ARR 
4.6%; Medicaid 0.58 (95% CI 0.54 to 0.62) ARR 7.3%; Self-
Pay 0.64 (95% CI 0.58 to 0.70) ARR 11.3%.
LIMITATION:  The analysis was limited to physician-
only visits in a single setting and did not examine the 
reasons for visits.
CONCLUSION:  As compared to office visits, patients 
using telemedicine have a lower risk of no-showing to 
primary care appointments. This is one step towards 
improved access to care.
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INTRODUCTION
The coronavirus 2019 (COVID-19) pandemic served as a 
stark reminder of the systematic healthcare inequities that 
exist in the USA. The Centers of Disease Control and Pre-
vention (CDC) reported 146 million total infections and 
921,000 deaths as of October 2021, with underserved popu-
lations disproportionately affected. These patient popula-
tions generally are from minority groups and are prone to 
facing healthcare care inequities due to their racial/ethnic 
background or physical/mental disabilities.[1–3] Underserved 
populations suffer worse health outcomes due to a variety of 
factors, such as logistical and economic barriers, racism, and 
low representation of healthcare providers from the margin-
alized communities.[4–6]

The demand for telemedicine, which refers to remote 
delivery of medical care, during the COVID-19 pandemic 
irreversibly changed our healthcare system, ushering a tech-
nological revolution. Even before COVID, telemedicine was 
introduced as a potential solution for reducing disparities.[6,7] 
Telemedicine helps to save fuel, reduce costs, and prevent 
patients from missing days at work, especially those who 
live in rural areas.[8] Over the last few decades, Human 
Resources and Services Administration (HRSA) and Med-
icaid allowed state programs to provide reimbursement of 
telemedicine visits; however, widespread telemedicine use 
has remained limited due to need of in-person visits based 
on acuity or of physical examinations, and lack of comfort 
with technology.[9,10]. Then, in March of 2020, as COVID 
forced healthcare systems to find alternative methods of care 
delivery, Congress enacted the Coronavirus Aid, Relief, 
and Economic Security (CARES) Act to allow provision of 
widespread telemedicine care during the pandemic.[10]

Telemedicine refers to delivery of digital care via tele-
phone and video visits.[11] It comes with its own challenges. 
For example, video-based visits are dependent on access to 
quality internet, and poor broadband coverage, lack of digital 
access, and inadequate digital literacy can limit the delivery 
of virtual care which creates problems for patients of lower 
socioeconomic class who lack access to technology.[11–14] 
Telemedicine can hinder the interpretation of physical exam 
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findings such as assessment of skin rashes, signs of cardiac 
diseases murmurs, and limb swelling. It can affect patient-
physician relationships particularly in first time or complex 
encounters, can create language barriers for less proficient 
in English language, and perhaps is less personable com-
pared to in-office visits.[15–17] Apart from lack of familiarity 
with technology, older patients and those with disabilities 
may suffer from chronic medical conditions such as reduced 
hearing and vision as well as cognitive and motor decline 
which impair telehealth use.[12,15,17] Given such challenges 
of telemedicine, the implications on access to care remain 
uncertain, but several steps have been taken to ensure proper 
integration of telemedicine into healthcare systems which 
would improve access to care.[18] For example, Health Insur-
ance Portability and Accountability Act (HIPPA) compliant 
virtual platforms promote privacy and interpersonal connec-
tion between the patient and physician.[19] In addition, as part 
of the emergency use authorization (EUA), patients can get 
assistance for their internet coverage.[20]

One important marker of access to care to a certain degree 
is when appointments in the primary care setting are missed, 
in other words, when patients “no-show” to their appoint-
ments. No-shows create interference in a patient’s care plan 
such as reduced age-appropriate preventative screening and 
delayed disease detection, contributing to poor control and 
outcomes of chronic conditions. Simply put, any interaction 
with the patient is an opportunity to provide care and thus 
address potential healthcare disparities and outcomes, but 
only if the interaction happens.[21,22] In addition, no-shows 
cause missed opportunities for other patients who could have 
filled the spot.[23] Before the pandemic, no-show rates were 
higher in socio-economically underprivileged patient popu-
lations (17.5%)[21] (i.e., Black, Hispanic), and patients on 
Medicaid due to unaffordability of healthcare, lack of trans-
port and health insurance, etc.[22,24] Much of the available 
literature on telemedicine utilization during the pandemic 
has been limited by narrow time intervals and small sam-
ples of convenience, or otherwise are less generalizable to 
non-specialty clinic populations.[25–30] Furthermore, while 
telemedicine was a prominent healthcare delivery method 
early in the pandemic, by late 2020, many patients were pro-
vided the opportunity to complete either virtual or in-office 
visits.[31] This serves as an opportunity to compare differ-
ences in the no-show rates between the two encounter types.

Given the impact of telemedicine on our healthcare sys-
tem, despite its challenges and initial barriers to uptake in 
historically underserved and underserved patient popula-
tions, a key question remains: can widespread implementa-
tion of telemedicine affect healthcare disparities by improv-
ing access to care? In this study, we aim to assess this impact 
by examining the risk of no-showing to appointments with 
telemedicine as compared to office visits in these patient 
populations.

METHODS

Study Setting
This retrospective cohort study was approved by the Honor-
Health Institutional Review Board [1710381–1] and grant 
funding was supported by the Federation of State Medical 
Boards Foundation.

We examined visits conducted between January 2019 
through December 2021 at both HonorHealth Medical Group 
(HHMG) primary care clinics and Neighborhood Outreach 
Access to Health (NOAH) primary care clinics. HonorHealth 
Medical Group (HHMG) comprised 27 primary care clin-
ics with  > 150 primary care providers serving the greater 
Scottsdale/Phoenix, Arizona, area. There are 8 NOAH clin-
ics affiliated with HonorHealth that are Federally Qualified 
Health Centers (FQHC). Both HHMG and NOAH are non-
profitable organizations. Both networks send out telephone 
reminders to patients about the time, date, and provider 
names at least 24 h before the actual appointment. Medical 
assistants also provide easy to follow instructions to operate 
telemedicine services to patients with virtual appointments.

Study Population
All outpatient primary care adult (age 18 +) visits record 
from within HHMG and NOAH were queried on January 
4, 2022, from our shared Electronic Health Record, EPIC™ 
(Epic Systems Corporation; Verona, Wisconsin). In total, 
2.2 million visits were initially extracted and de-identified 
to include variables of interest: ethnicity/race, payer type, 
age, sex, visit type (telehealth vs. office), and no-show data. 
Ethnicity/race included White, Hispanic/Latino, Black, 
Other (Pacific Islander, Native Hawaiian, American Indian), 
and Asian. Data on payor types included Medicaid, Medi-
care, managed care (private managed care), and self-pay 
(surrogate for uninsured patients) which primarily repre-
sents the underprivileged patient population. Telemedicine 
appointments included video and phone visits, with video 
visits being conducted using HIPPA-compliant software. 
We excluded “Cancelled visits” (comprising appointments 
that were rescheduled or otherwise cancelled ahead of 
time), such that the only visit statuses were “completed” 
or “no-show.” Pre-COVID data was excluded since there 
were minimal to no telemedicine visits. Additionally, visits 
from non-physicians (i.e., advanced practice practitioners) 
were excluded because in our organization they generally 
have lower rates of continuity of care and higher rates of 
same day add-ons or sick visits, and we felt this would skew 
the results. Finally, our result showed a final inclusion of 
311,517 visits across 164,647 patients. Out of 311,517 vis-
its, 56,725 were telemedicine visits with 5.2% no-show rate 
while 254.792 were office visits with 7.3% no-show rate. 
This progression is depicted in Fig. 1.
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Statistical Analysis: Controlling for Effects of 
COVID‑19 with Stability in Time Trends
To account for the variable impact of COVID-19 upon no-
show rate behaviors, we used Statistical Process Control 
(SPC) software (QI Macros version 2018.01) to analyze 
monthly no-show time-trends to identify periods of stabil-
ity/steady state (April 2021 through December 2021) in rate 
ratios against background variations. This steady state was 
less affected by the wide no-show fluctuations seen related 
to COVID-19 surges over time, refining any subsequent sta-
tistical analysis.

Statistical Analysis
Counts, incidence rates, and relative risk ratios were calcu-
lated, along with 95% confidence intervals, where appropri-
ate. Relative risks were calculated using a Poisson distribu-
tion with robust confidence intervals,[32] and an exchangeable 
working correlation matrix.

Incidence rates for no-shows were calculated for demo-
graphic predictor sub-categories (e.g., self-pay, Medicare, 
Medicaid, Managed care within payor type), stratified by 
telemedicine and office visits. Then, relative risk ratios for 
no-shows were estimated for telemedicine vs. office visits for 
each of these categories.

Finally, a multivariable analysis, including age, sex, race, 
ethnicity, and financial class, along with visit type (i.e., office 
visit or telemedicine visit), was used to estimate the overall 
impact of visit type on no-show rates, while controlling for 
demographic attributes.
p-values are not reported in this manuscript because 

the sample size is so large that even very small effect 
sizes reflecting no meaningful differences yield statis-
tically significant results. Further, the many statistical 
tests performed increase the probability of type I error 
(falsely rejecting a null hypothesis based on p < 0.05). 
Instead, we have relied on 95% confidence intervals to 
communicate the precision of our statistical estimates. 
Analyses were conducted using SPSS v. 28 (IBM Corp., 
Armonk, NY, USA).

RESULTS
Examination of monthly no-show time-trends identified two 
process change points (October 2020 and April 2021), cor-
responding to the nadirs of COVID-19 cases in our com-
munity (Fig. 2a).

The time-period from April of 2021 through December 
of 2021 displayed substantial stability with narrow control 
limits (3 Sigma or 3 standard deviations), indicating that 
this period of 8 months displayed consistent relative risk 
in all relevant subgroups despite meaningful increases in 
Delta-variant COVID-19 cases during fall of 2021 (Fig. 2b).

Bivariate modeling of relative risk ratios of no-show 
incidence from April 2021 to December 2021 revealed 
significant differences between telemedicine no-show risk 
and office visit no-show risk (risk ratio 0.71 [95% CI 0.68 
to 0.74], as seen in Table 1. The adjusted risk ratio which 
adjusted for all variables and visit types again confirmed 
lower no-show risk as shown in Table 1 with telemedicine 
compared to office visits (0.68 [95% CI 0.65 to 0.71]), i.e., 
32% relative risk reduction, 4% absolute risk reduction 
(ARR). Relative risk ratios universally favored telemedicine 
in most subgroups analyzed (see Table 2, Fig. 3). Table 2 
displays the no-show incidence rates of both telemedicine 
and office visits for each demographic variable with further 
distinction of risk ratios, and absolute risk reduction. There 
was significant benefit of telehealth on no-show risk with 
respect to socioeconomic status, age, and race/ ethnicity. For 
example, Self-pay was associated with the greatest benefits 
(risk ratio 0.64 [95%CI 0.58 to 0.70]; ARR 11.3%) followed 
by Blacks/African Americans (risk ratio 0.47 [95% CI 0.41 
to 0.53]; ARR 9.0%). The third group that benefitted from 
telemedicine was patients with Medicaid (risk ratios of 0.58 
[95% CI 0.54 to 0.62]; ARR 7.3%). Younger age overall 
was associated with net positive effects of telemedicine on 
no-show risk, with the greatest benefits within 35–44 cohort 
(risk ratio 0.52 [95%CI 0.48 to 0.58]; ARR 5.2%).

All remaining cohorts examined also showed lower risk 
of no-showing with telemedicine except for those patients 
who were 65 + (risk ratio 1.06 [95%CI 0.96 to 1.17] − 0.2%). 
Those with Medicare had equivalent no-show risk between 
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Fig. 1   Inclusion criteria from initial grant-funded data pull down to steady-state statistical process control (SPC) analysis. The first arrow 
shows the initial data pull from January 2019 to December 2021. Data were refined by removing cancelled visits and visits conducted by 
non-MD/DO providers. The final timeline analyzed in this study was the steady state from April 2021 to December 2021 as shown in the 

last arrow.
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telehealth and office visits (risk ratio 0.95 [95%CI 0.86 to 
1.05]). These patients had parity of no-show risk between 
telehealth and office visits.

DISCUSSION
This large, longitudinal, retrospective study addresses an 
important gap which is scarcity of available literature on the 
effects of telemedicine on adult ambulatory primary care 

no-show rates. From April to December 2021, we found 
lower no-show rates with telemedicine than office visits in 
all racial/ethnic groups, patients younger than 65, and those 
with Managed Cared, Medicaid, or Self-pay. There was not 
a difference in the no-show risk for telemedicine or office 
visits for those 65 and older and those with Medicare. To 
the best of our knowledge, this is the first paper that uses a 
longitudinal approach to review a large dataset on the risk 
or incidence of no-showing in adult primary care settings to 
identify a mid-pandemic steady state.

Fig. 2   a Daily ambulatory  visits  (HHMG and NOAH) with COVID as chief complaint over time. b Risk ratios over time (X-chart) for 
all visits (points of special cause variation identified with diamond markers). Upper and lower control limits (UCL/LCL) set at 3 standard 

deviations (99% CI). The two figures are used to compare the trend of the overall risk ratio of no-showing between telehealth and office 
visits superimposed with the burden of COVID cases during that time. The risk of no-showing via telehealth was higher immediately after 

the implementation of telehealth, but eventually declined and reached a statistically significant steady state by April 2021.  

Table 1.   Transition from Bivariate to Multivariate Analysis for No-Show Rates
BIVARIATE ANALYSIS MULTIVARIATE ANALYSIS*

N (total visits) No-Show Rate Risk Ra�o Adjusted No-Show Rate Adjusted Risk Ra�o
Telemedicine 56,725 5.2% (5.0% to 5.4%) 0.71 (0.68 to 0.74) 8.5% (7.9% to 9.1%) 0.68 (0.65 to 0.71)

Office* 254,792 7.3% (7.2% to 7.4%) *reference group 12.4% (11.8% to 13.1%) *reference group

The adjusted risk ratio represents the “true” effect of telehealth (when controlling for the other variables in Table 2)
* Adjusted for age, sex, race, ethnicity, and financial class
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Fig. 3   Forest plot of relative risk ratios (telehealth NSR/office visit NSR) by variable of interest. A forest plot of the primary outcome 
(relative risk ratio of no-show rates between telehealth and office visits). The effect measure used was RR, where values less than 1 favor 

telehealth and values greater than 1 favor office visits. The dotted vertical line at RR= 1 indicates equivalent risk of no-show between visit 
types. Dot represents point estimates; bars represent 95% confidence intervals.

Table 2.   Bivariate Analyses with Interaction of Telehealth on Characteristics Affecting No-Showing

The total number of visits, telehealth utilization, incidence rates of no-shows with telehealth and office visits, and relative risk ratio, absolute reduc-
tion risk, and the number needed to treat, stratified by age, financial/payor type, race, and ethnicity, as well sex. Except for patients older than 65 or 
those with Medicare where risk was equivalent, the no-show rate was lower with telehealth than office visits in all other cohorts
* Risk ratio defined  as ratio of telehealth no-show incidence rate/office visit no-show incidence rate
† Absolute risk reduction (ARR) defined as raw difference between office visit and telehealth no-show incidence rates
‡ Other includes payers which could not be classified into available categories by EMR
§ Other includes Pacific Islander, Native Hawaiian, and American Indian/Alaska Native
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Prior studies during the initial months of the pandemic 
showed reduced telemedicine utilization in similar groups to 
those analyzed in our study, such as older/Medicare patients 
or those of lower socioeconomic status due to lower literacy 
rate, high cost and unavailability of broadband services, lack 
of skills, assistance and comfort with telehealth services, 
etc.[28,33,34] Although there was an initial rise of no-showing 
with telemedicine visits, we start to see a gradual decline 
from late 2020 onwards (see Appendix) in the risk of no-
showing which suggests that patients and providers may have 
experienced a learning curve as mentioned above in acquir-
ing the skills necessary to operate telemedicine visits. Over 
time, we found parity of telemedicine to in-office visits in 
all subgroups, and superiority in most cohorts. Thus, with 
appropriate time and training, telemedicine visits can be suc-
cessfully implemented and completed.

As shown in Fig. 3, there was a significant reduction in 
the risk of no-showing with telemedicine in historically 
underserved patient groups such as African American, 
Hispanic/Latino, and Asian patients. There is conflicting 
evidence on these racial/ethnic groups in the literature. For 
example, some studies noted minimal benefits of telemedi-
cine in underserved patients when compared to in-office or 
emergency visits[26,35–37] or White patients.[37,38] Some of 
the potential barriers to telemedicine usage include lack of 
already established primary care providers, economic vul-
nerability, linguistic barriers, and lack of access, skills, or 
digital education.[39–42] Despite such barriers, other studies 
have shown comparable[43,44] or superior rates of telemedi-
cine usage compared to White patients[45], or overall increase 
in visit completion in underserved patients compared to 
before the pandemic.[46] As these groups have previously 
been shown to suffer worse healthcare outcomes,[26,35,37] our 
results support the assertion that telemedicine should be seen 
as an important method for reducing barriers to care in such 
potentially underserved populations.

Other underserved populations benefitted from the avail-
ability of telemedicine, as shown by the significant no-show 
risk reduction in Medicaid and Self-pay patients (used as a 
surrogate for patients from lower socioeconomic status). Prior 
early research has also been conflicting in these populations, 
with some studies showing favorability of telemedicine which 
overcomes barriers of long distance and costly commute, 
finding transportation, challenging parking, spending long 
in waiting room, and time away from work and home[46,47], 
and others showing less favorability, particularly with video 
visits due to challenges with technology.[35,47,48] Therefore, 
telemedicine may be of particular benefit in this population 
with respect to cost and time savings.

Unsurprisingly, younger patients had less risk of no-
showing with telemedicine, as this population may be more 
facile with technology and prefer visits that limit time away 
from home and work. However, an important finding from 
our work is that there was no significant difference in the 

no-show rate with telemedicine compared to in-office visits 
in those older than 65 or with Medicare—in other words, 
that the two visit types were equivalent with respect to visit 
completion. This contrasts with prior work in this population 
which has shown unfavorability towards telemedicine during 
the early pandemic[14,15,49,50], possibly due to lack of access 
to technology or skills to manage virtual visits.[51] Telemedi-
cine improves medication adherence and alleviates logistical 
barriers in elderly patients with chronic medical conditions 
and restricted physical mobility.[46,52–55] While the decision 
to offer telemedicine visits to such patients needs to be indi-
vidualized, our results suggest that telemedicine is an impor-
tant option for this patient population.

This study has important policy and financial implica-
tions. First, the CARES Act, instituted during the pandemic, 
increased Medicare reimbursement to medical providers and 
allowed provision of telehealth services to patients across 
different state lines if permitted by the state or interstate 
policies.[56,57] Such conveniences may facilitate telemedicine 
usage for all patient groups but particularly in the under-
served patient population during and after the pandemic. 
As coverage and continued expansion of telemedicine ser-
vices is currently in flux as the pandemic lessens, our results 
should offer support to policymakers to at minimum con-
tinue current practices. Second the US healthcare system 
loses $150 billion on missed appointments every year, with 
a loss of $150,000 annually per physician.[23] In the era of 
severe shortage of primary care physicians and higher cost 
of healthcare, telemedicine may help to mitigate the finan-
cial waste caused by no-show visits and has the potential to 
reduce overhead expenses. Further study is needed to explore 
the benefits of telemedicine based on chief complaint/visit 
type, patient location (i.e., rural vs. urban), provider type, 
and the ways in which baseline patient characteristics inter-
act (i.e., multivariable analyses) to contribute to risk of 
no-showing.

Limitations
This study has several limitations. First, we conducted the 
study within two networks of clinics, in one medical sys-
tem, and did not account for nuances in workflows among 
individual clinics, but largely these were similar among all 
clinics. Similarly, we did not examine specialty clinic visits 
or primary care visits with an advanced practice practitioner 
(APP). It is possible that our trends in telemedicine usage 
which is limited to the urban setting do not reflect the trends 
of the larger US population, rural population, or those seek-
ing care from specialty clinics or from an APP. Second, we 
performed our analysis prior to the Omicron wave of COVID 
cases. Third, we aggregated three ethnic groups in “Other” 
due to the small sample size. It is possible that larger trends 
in these groups do not mirror the trends we describe in our 
study populations. Fourth, we did not examine visits by chief 
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complaint. It is possible that certain types of visits (i.e., sick 
versus preventative care visits) lend themselves better to 
telemedicine, and this might then impact the likelihood of 
no-showing to a telemedicine visit. Lastly, we did not ana-
lyze phone visits and video visits separately as this data was 
not reliably available. Thus, it remains unclear whether one 
particular modality lends itself better to visit completion.

CONCLUSIONS
Our study supports continued use of telemedicine in an 
urban primary care setting. Although initially introduced 
as a disruptive innovation, our study suggests telemedicine 
helps to improve access to care in primary care settings 
through increased appointment attendance. It is a viable 
step to addressing healthcare disparities, recognizing that 
a provider-patient interaction is only one of many factors 
relating to healthcare outcomes.
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