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Abstract
Objectives: Missed appointments can lead to treatment delays and adverse outcomes. Telemedicine may improve appointment completion 
because it addresses barriers to in-person visits, such as childcare and transportation. This study compared appointment completion for appoint
ments using telemedicine versus in-person care in a large cohort of patients at an urban academic health sciences center.
Materials and Methods: We conducted a retrospective cohort study of electronic health record data to determine whether telemedicine 
appointments have higher odds of completion compared to in-person care appointments, January 1, 2021, and April 30, 2023. The data were 
obtained from the University of South Florida (USF), a large academic health sciences center serving Tampa, FL, and surrounding communities. 
We implemented 1:1 propensity score matching based on age, gender, race, visit type, and Charlson Comorbidity Index (CCI).
Results: The matched cohort included 87 376 appointments, with diverse patient demographics. The percentage of completed telemedicine 
appointments exceeded that of completed in-person care appointments by 9.2 points (73.4% vs 64.2%, P< .001). The adjusted odds ratio for 
telemedicine versus in-person care in relation to appointment completion was 1.64 (95% CI, 1.59-1.69, P< .001), indicating that telemedicine 
appointments are associated with 64% higher odds of completion than in-person care appointments when controlling for other factors.
Discussion: This cohort study indicated that telemedicine appointments are more likely to be completed than in-person care appointments, 
regardless of demographics, comorbidity, payment type, or distance.
Conclusion: Telemedicine appointments are more likely to be completed than in-person healthcare appointments.

Lay Summary
Missed healthcare appointments can lead to treatment delays and poor health outcomes. Telemedicine may improve appointment completion 
because it addresses barriers to in-person visits, such as a lack of childcare and transportation. This study compared appointment completion 
for appointments using telemedicine versus in-person care in a large group of patients at an urban academic health sciences center. We con
ducted a retrospective cohort study of electronic health record data to determine whether telemedicine appointments have higher odds of com
pletion compared to in-person care appointments, January 1, 2021, and April 30, 2023. The data were obtained from the University of South 
Florida (USF), a large academic health sciences center serving Tampa, FL, and surrounding communities. We used propensity score matching 
to reduce potential bias. The sample included 87 376 appointments, with diverse patient demographics. The percentage of completed telemedi
cine appointments exceeded that of completed in-person care appointments by 9.2 points (73.4% vs 64.2%, P<.001). We found that telemedi
cine appointments are associated with 64% higher odds of completion than in-person care appointments when controlling for other factors. 
This cohort study indicated that telemedicine appointments are more likely to be completed than in-person care appointments.
Key words: telemedicine; missed appointments; appointments and schedules; digital health; data science; informatics. 

Introduction
Missed appointments are a longstanding and common prob
lem in healthcare delivery. When appointments are scheduled 
but not attended, quality of care is adversely affected. Missed 

appointments can lead to downstream events and outcomes, 
including treatment delays, costly emergency department vis
its, poorer outcomes, and a higher risk of death.1 In England, 
the rate of missed mental health appointments has been 
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estimated at 19.1%, nearly 1 out of every 5 appointments, 
and is associated with subsequent treatment drop-out and 
other adverse outcomes that include relapse, re-admission, 
and completed suicide.2 Additionally, the wasted space, 
equipment, and personnel resources adversely affect the 
healthcare system.3–5 Researchers have estimated the cost of 
missed appointments in diverse settings, with annual clinic- 
level costs of millions of U.S. dollars.3–5

Patients miss appointments for a variety of reasons. Missed 
appointments have been attributed to socioeconomic factors, 
emotional factors such as fear and avoidance, demographics, 
family stability, a lack of awareness about the reason for an 
appointment, and incompatibility of appointment time.6,7

Among urban, low-income patients, patients may need more 
affordable and reliable transportation and miss appointments 
due to family and work commitments or poor health.8 In 
effect, economically disadvantaged patients may feel unwell 
to travel to an appointment, unable to pay for the appoint
ment, constrained by childcare responsibilities, unable to 
adjust their work schedule, or fear the appointment. They 
may also dislike the provider or not feel like going. Health
care systems and providers also miss appointments due to 
scheduling mistakes, emergencies, staffing, or other reasons.9

The reasons for missed appointments are complex and multi- 
factorial. Reminder systems such as phone calls and short 
message service (SMS) messages that address appointment 
awareness, some augmented with artificial intelligence, show 
some marginal benefit in mitigating missed appoint
ments.10,11 However, missed appointments largely persist. 
This suggests that factors other than appointment awareness 
more strongly influence appointment completion.

One potentially important strategy for improving appoint
ment completion is telemedicine, which appears to address 
common barriers to obtaining healthcare, including lack of 
transportation or childcare and conflicts with work or per
sonal commitments.12–14 Telemedicine also addresses bar
riers posed by a lack of access to local healthcare providers, 
disasters, and environmental hazards such as extreme heat or 
poor air quality that are linked to climate change.15–19 How
ever, we need to better understand the effect of telemedicine 
on appointment completion to optimize its use within care 
delivery models and to inform policy governing its use and 
reimbursement.20,21

Objective
This study aimed to compare overall rates and characteristics 
of appointment completion between appointments conducted 
using telemedicine versus in-person care in a large, cohort of 
patients at an urban academic health sciences center.

Methods
In this retrospective cohort study of electronic health record 
(EHR) data, we examined whether telemedicine appoint
ments had a higher completion rate than in-person care 
appointments between January 1, 2021, and April 30, 2023. 
Furthermore, we examined the crude and adjusted odds of 
appointment completion using multivariate Generalized Lin
ear Models (GLM). The University of South Florida (USF) 
Institutional Review Board reviewed and approved the study 
(USF IRB STUDY005197).

Setting, data, and sample
Data were obtained from EHRs of USF patients who received 
medical care between January 1, 2021, and April 30, 2023. 
USF is a large academic health sciences center serving Tampa, 
FL, and surrounding communities. Tampa, FL, has a racially 
and ethnically diverse population.22 USF offers inpatient and 
outpatient services across numerous medical specialties, serv
ing approximately 1.2 million patients.

Through preliminary analyses, we identified specialties and 
visit types offered using both in-person care and telemedicine. 
We used the visit type field in the EHR to identify telemedi
cine visits. In the study setting, visits with “telemedicine” or 
“telehealth” in the visit type description are telemedicine vis
its. We limited encounters to USF visit types with equivalent 
labels for both in-person care and telemedicine. Furthermore, 
to mitigate potential bias related to the multiplicate presence 
of individual patients, we limited the sample to one appoint
ment per patient, including the first occurrence associated 
with a unique patient during the study dates. Then, we cate
gorized visit types as new patient visits (NPV) or established 
patient visit types (EPV). A summary of inclusion and exclu
sion criteria for appointments follows.

The inclusion criteria for appointments were as follows: (1) 
appointment scheduled between January 1, 2021, and April 
30, 2023; (2) appointment with visit type actively used for 
both telemedicine and standard (in-person) care; and (3) 
appointment is the first appointment associated with a 
unique patient during the study time period. The exclusion 
criteria for the study were as follows: (1) appointment visit 
type not actively used for both telemedicine or standard (in- 
person) care, and (2) telephone-only appointments. We 
focused the analysis on each patient’s first visit during the 
study window to reduce imbalances related to the heteroge
neity in the number of visits per patient in both cohorts and 
to keep the cohorts as similar as possible.

We defined missed appointments as appointments that 
were canceled, no show, or left without being seen. 
“Cancellation” indicated an appointment was canceled in 
advance of the appointment date/time, without re-scheduling. 
“No show” indicated appointments that were not canceled in 
advance, and not attended by the patient. “Left without being 
seen” appointments indicated that the patient checked in, 
connected to the call, or arrived at a previously scheduled 
appointment, and exited before being seen by a provider. We 
calculated the Charlson Comorbidity Index (CCI) for each 
patient as a general indicator of patient health, which could 
potentially influence appointment completion.23 Travel dis
tance was the distance in miles between a patient’s ZIP code 
and the ZIP code of the clinic for which the appointment was 
made.

Analysis
All statistical analyses were performed using R version 4.3.0. 
Differences between the telemedicine and in-person care 
groups were assessed using independent sample t-tests, for 
continuous variables, and Chi-square tests, for categorical 
variables. Because the in-person care group was significantly 
larger than the telemedicine group, we matched the 2 groups 
based on 1:1 propensity score matching using the K-nearest 
neighbor method, implemented using the MatchIt package.24

We matched on age, gender, race, visit type, and CCI. Travel 
distance was calculated using the zipcodeR package.25 To 
calculate the adjusted odds ratios, we developed a GLM 
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model26 of visit completion with the following variables as 
inputs: appointment modality (ie, telemedicine vs in-person 
care), age, gender, race, CCI, and the variables that remained 
unbalanced after matching. Visit completion was constructed 
as a binary variable where 1 indicated a visit with a 
“Complete” status and 0 indicated a visit with a “Canceled,” 
“Left without seen,” or “No show” status. We used maxi
mum likelihood as the estimation method and assumed a 
binomial probability distribution.

Results
A total of 236 502 appointments corresponded to visit types 
available as both telemedicine and in-person care at the USF 
between January 1, 2021, and April 30, 2023. The character
istics of the baseline cohort are described in Tables 1 and 2. 
Overall, 62.6% (148 054) appointments were completed and 
37.4% (86 439) were missed appointments (cancelled, no- 
show, or left without being seen). The specialties with the 
highest number and percentage of telemedicine visits included 
Internal Medicine (18 881, 8%), Neurology (18 656, 7.9%), 
Neurosurgery (19 180, 8.1%), and Obstetrics & Gynecology 
(20 574, 8.7%). After applying inclusion and exclusion crite
ria, then implementing propensity score matching, 87 376 
appointments remained eligible for the study (see matched 
cohort, Table 1). After matching, statistically significant dif
ferences were identified in patient ethnicity, insurance type, 
and travel distance between the telemedicine and in-person 
care groups.

Results for telemedicine versus in-person care
Figure 1 depicts the distribution of appointment status out
comes within the in-person care and telemedicine groups. In 
the matched cohort, the percentage of completed telemedicine 
appointments exceeded that of completed in-person care 
appointments by 9.2 points (73.4% vs 64.2%, P< .001). 
Within the not completed appointments, canceled appoint
ments occurred less frequently in the telemedicine group than 
in the in-person care group (21.3% vs 29.2%, P< .001) and 
no-show appointments occurred less frequently in the teleme
dicine group than in the in-person care group (5.2% vs 
6.6%).

The unadjusted odds ratio for appointment completion 
with telemedicine versus in-person care appointments was 
1.54 (95% CI, 1.50-1.59, P< .001), as seen in Table 3. The 
multivariate model of appointment completion resulted in a 
Hosmer-Lemeshow Chi-squared 723, df¼8, P< .001. Multi
ple variables reached statistical significance as predictors of 
appointment completion including age, gender, race, ethnic
ity, insurance type, visit type, and comorbidities (see Table 4). 
Upon adjustment, the odds ratio for telemedicine versus in- 
person care in relation to appointment completion was 1.64 
(95% CI, 1.59-1.69, P< .001), indicating that telemedicine 
appointments were associated with 64% higher odds of com
pletion than in-person care appointments when controlling 
for other factors. We created an additional multivariate 
model incorporating specialty as a covariate, detailed in Sup
plementary Material, Appendix A. In this model, the adjusted 
odds ratio for telemedicine versus in-person care was 1.71 
(95% CI, 1.65-1.77, P< .001).

Discussion
This large cohort study compared the effect of telemedicine 
versus in-person care upon outpatient appointment comple
tion across diverse specialties within an academic health sci
ences center. We found that telemedicine appointments are 
associated with a 64% increase in the odds of completion 
and are less likely to result in cancellations or no-shows after 
adjusting for demographics, payment type, comorbidity, and 
distance. These findings suggest that telemedicine appoint
ments are more likely to be completed than in-person care 
appointments. Additional factors may also influence appoint
ment completion and should be considered in efforts to 
implement telemedicine and optimize healthcare access for a 
community.

Completing scheduled healthcare appointments is funda
mental to quality care delivery and continuity of care. Missed 
appointments, whether initial or follow-up visits, may dimin
ish continuity of care for an individual, adversely affecting 
patient outcomes.27 For patients with a history of missed 
appointments and those receiving mental healthcare, particu
larly those at risk of suicide, the availability of telemedicine 
may be critical for accomplishing care and mitigating adverse 
outcomes.2 It may be equally important for any patient expe
riencing barriers such as transportation, childcare responsi
bilities, or conflicts with work. A break in care continuity 
may be especially consequential when patient outcomes 
depend on close monitoring or specific timing of treatments. 
Additionally, missed preventative care appointments could 
impact both individual and public health outcomes.28 Con
versely, appointment completion may foster subsequent 
adherence. In a 2017 study, initial appointment completion 
for patients with HIV was associated with an increased rate 
of overall visits attended and fewer gaps in care.27

To deliver high-quality care, we must find solutions that 
address the underlying reasons for missed appointments. 
Currently, common strategies to prevent “no-shows” include 
telephone and SMS reminders, patient portal messages, and 
overbooking.29 While simple appointment reminders can 
counteract forgetfulness, there is a need to address other, 
more complex factors, including transportation and socioeco
nomic difficulties affecting an individual’s ability to adhere to 
an appointment.28 Our findings indicate that the availability 
of telemedicine services could be an important strategy for 
preventing “no-shows” and improving appointment comple
tion in the post-pandemic era. However, current evidence 
suggests that telemedicine is more satisfying and accessible 
for some patients than others.15,30–32 In-person care appoint
ments may be more appropriate for patients who indicate 
they do not have access to appropriate telemedicine technol
ogy, are uncomfortable with telemedicine, or simply prefer 
in-person care appointments.

We know that system-related factors, patient-related fac
tors, socioeconomic characteristics, and the nature of medical 
care all influence patient preferences related to telemedicine 
versus in-person care.33 Brief assessment of these factors may 
enable better scheduling decisions where options exist for 
either telemedicine or in-person care appointments. If offered 
the option of telemedicine versus in-person care, patients can 
choose the modality that best supports their ability to attend 
the appointment. After initial scheduling, the capability 
to adapt the appointment type to the patient’s current 
circumstances may also support appointment completion. 
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When in-person care appointments are necessary and pre
ferred, planning to address barriers such as transportation 
and childcare may be helpful in promoting appointment 
completion.

Limitations
This study included a large and diverse population but also 
reflects the system, provider, and patient characteristics of a 
single academic healthcare system in the southeastern Unites 
States. Patterns of appointment completion with telemedicine 
could differ with local or regional variation in the quality and 
stability of telemedicine services, the travel distance of 
patients from healthcare facilities, policy governing reim
bursement for telemedicine services, access to appropriate 
devices, internet connection quality, and preferences for 
obtaining care via telemedicine and in-person. We limited 
this study to first telemedicine visits and appointment com
pletion may have differed for subsequent appointments, given 
increased telemedicine familiarity. We did not consider indi
vidual providers as a confounding variable. We note that this 
was a large-scale, EHR-based study, and individual provider 
and clinic documentation practices in classifying missed 

appointment outcomes may have varied. Additionally, we 
did not include telephone-only appointments in the analysis. 
However, telemedicine appointments may have taken place 
via telephone-only if patient or provider experience difficul
ties with their connection. Additionally, while telemedicine 
was associated with higher odds of appointment completion 
overall, there could be differences among population sub- 
groups with different perspectives and barriers related to 
healthcare services. We plan to explore these nuances in 
future mixed-methods research. While the completion of a 
scheduled healthcare appointment is desirable, and 

Figure 1. Distribution of appointment completion outcomes for telemedicine and standard (in-person) care (matched cohort).

Table 3. Univariate model, effect of telemedicine on appointment 
completion (N¼104 698).

Predictors Odds ratio 95% confidence intervals P

(Intercept) 1.79 1.76-1.83 <.001
Telemedicine 1.54 1.50-1.59 <.001
Observations 87 376
R2 Tjura 0.01

a Tjur’s R2 coefficient of determination.

Table 4. Multivariate model, effect of telemedicine on appointment 
completion (N¼ 104 698).

Predictors Odds 
ratio

95% confidence 
intervals

P

(Intercept) 9.74 9.06-10.48 <.001
Telemedicine 1.64 1.59-1.69 <.001
Age 0.95 0.94-0.95 <.001
Gender [Male] 0.93 0.90-0.96 <.001
Race [ref: White/Caucasian]

Black or African American 0.84 0.80-0.88 <.001
Other/Unknown 0.95 0.91-1.00 .041

Ethnicity [Not Hispanic/Latino] 1.11 1.07-1.16 <.001
Insurance Type [ref: Private]

Medicaid 0.55 0.53-0.58 <.001
Medicare 0.49 0.47-0.52 <.001
Other 0.98 0.90-1.07 .625

Visit type [Established patient] 0.94 0.91-0.97 <.001
Travel distance 1 1.00-1.00 .751
Charlson Comorbidity Index 2.47 2.42-2.53 <.001
Observations 87 376
R2 Tjura 0.112

a Tjur’s R2 coefficient of determination.
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appointment completion has found to be associated with bet
ter overall health outcomes, there are numerous individual-, 
system-, and treatment-related factors that contribute to 
health commons. Certainly, when telemedicine is inappropri
ate given a patient’s healthcare needs, quality could be dimin
ished, and additional healthcare resources may be needed for 
appropriate care.34

Conclusions
This retrospective cohort study conducted at a large academic 
health sciences center indicates that telemedicine appoint
ments are more likely to be completed than in-person care 
appointments, regardless of demographics, comorbidity, pay
ment type, or distance. Telemedicine appointments are more 
likely to be completed, potentially enhancing quality of care 
and avoiding adverse outcomes, including missed or delayed 
care, emergency department visits, poor clinical outcomes, 
and wasted resources. However, there is a need to consider 
patient preferences and barriers when selecting an appropri
ate modality for care delivery, whether in-person care or tele
medicine, and these should be assessed to optimize 
scheduling. Given this finding, telemedicine services should 
be considered a key strategy in improving care quality and 
mitigating the adverse effects of missed appointments. Future 
research should more closely examine the experience and out
comes of telemedicine care delivery within specific clinical 
sub-populations and geographically diverse settings.
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