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Abstract
Introduction: Avoidable hospital admissions put increased

pressure on already strained health care resources, causing

emotional and financial distress for patients and their families

while taxing thehealth system.Pharmacist involvement inpatient

care has been shown to improve health care outcomes. Tele-

pharmacy allows for personalized interaction and access to

pharmacy services in a flexible format. The primary aim of this

report is to explore the impact that access to a personalized tele-

pharmacy service has on the hospital admission rate in an out-

patient population before and during the COVID-19 pandemic.

Materials and Methods: A retrospective, double-arm cohort

study was performed. Hospital admission rates were analyzed

in two similarly aged groups; one group (n = 2,242) had ac-

cess to telepharmacy services through their primary care

provider and another group did not (n = 1,540), from 2019 to

2020. Statistical analysis was performed to explore hospi-

talization rates in both groups.

Results: An increase in hospitalization rates was observed in

both groups of patients from 2019 to 2020. The patient group

that had access to the telepharmacy service demonstrated a

reduced rise in hospitalization rates versus the group without

access to the telepharmacy service (access group +12.9% vs.

nonaccess group +40.2%, p < 0.05, Student’s t-test).

Discussion: The patient group with access to telepharmacy

services demonstrated a reduced increase in hospitalizations

versus the group without access in 2020. While this represents

a preliminary investigation into the potential impacts of tele-

pharmacy on hospitalization rates, telepharmacy services may

have a role in improving patient outcomes and cost savings.

Keywords: telepharmacy, hospital admission rates, outpa-

tient, telehealth, outcomes, medication therapy management

Introduction

P
REVENTABLE HOSPITALIZATIONS AND adverse drug reactions

(ADRs) are expensive events that can be taxing on the

health care system and patients alike. The COVID-19

pandemic has further strained the health care system.

The high cost of ADRs and associated hospitalizations has

been documented beyond the United States and remains a

global challenge.1

The cost of potentially preventable hospitalizations is

measured in billions of dollars, with current estimates ap-

proaching $15 billion annually in the United States, which can

be attributed to cardiovascular disease and diabetes mellitus

alone, according to a 2016 study.2 Beyond uncontrolled dis-

ease states, ADRs also contribute to preventable hospitaliza-

tions, increased length of hospital stay, and overall mortality.3

A 2012 study estimated that ADRs attributed to injectable

medications alone cost the U.S. taxpayer $2.7 to $5.1 billion

annually for hospitalized patients.4

According to a 2019 meta-analysis, drug-related hospital

admissions may constitute*15% of hospitalizations, many that

were avoidable.5 A recent 2021 study indicated that 13% of

preventable 30-day hospital readmissions were due to ADRs.6

Key ADRs that contribute to hospitalizations include inappro-

priate dosing, drug interactions, inaction on therapy modifica-

tion based on abnormal laboratory values, lack of therapeutic

drug monitoring, use of contraindicated drugs, and allergic re-

actions to medications.7,8 Among all ADR risk factors, those

related to patient disease state and medication characteristics are

among the most studied risk factors for experiencing an ADR.9

Pharmacists are members of the healthcare team who are

responsible for the safe and effective use of medications.

Pharmacists have been shown to reduce ADRs after hospi-

talization in outpatient patient populations.10,11 Pharmacists

are trained to perform medication therapy management,
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medication monitoring, and advocacy functions that involve

being a liaison between prescribers and patients. There are

some mixed results when examining the primary literature

regarding the impact pharmacy interventions have on patient

outcomes. There are instances where pharmacist interventions

do not demonstrate significant impacts on all measured out-

comes in some patient populations.12,13

Pharmacist intervention and prescription review have been

demonstrated to save health care dollars by optimizing

medication regimens and preventing hospitalization in inpa-

tient populations.14 Various patient populations may be

benefited by pharmacist interventions and participation in

care delivery, including patients with asthma, depression, type

2 diabetes mellitus, and hypertension.12,15–18 This makes

pharmacists uniquely suited to address preventable hospital-

izations due to ADRs.19,20

Pharmacists remain the most accessible health care pro-

fessionals in the United States given the wide footprint of

retail pharmacies.21 This accessibility can also impact the

practical ability of pharmacists to personalize pharma-

cotherapeutic care for patients in need. Pharmacist accessi-

bility can be further increased through approaches utilizing

telepharmacy. Telepharmacy is the delivery of pharma-

ceutical care to patients using secured telecommunication

through the telephone or internet and is the core compo-

nent of telehealth. Telepharmacy allows for pharmacotherapy

to be patient focused and can be delivered in a more com-

fortable environment for the patient. Access to personalized

pharmacotherapy can be increased through telepharmacy

services.22

Telepharmacy has been advocated by numerous health care

and public health associations, including the American So-

ciety of Health-System Pharmacists.23 The COVID-19 pan-

demic has necessitated telepharmacy approaches to patient

care. Telepharmacy is a safe and effective alternative to in-

person pharmacotherapeutic care delivered by pharmacists.24

Preliminary studies have indicated that telepharmacy services

improve safety in drug dispensing and reduce health care

infrastructure burden.25

RxLive� is a novel, active intervention telepharmacy

service specifically developed to enhance the delivery

of pharmaceutical care by pharmacists using modern

Table 1. Possible Interventions That Can Be Documented by the Pharmacist for Each Medication

ADHERENCE ISSUES

FINANCIAL ISSUESSKILLS/UNDERSTANDING SOCIAL FACTORS COST/SIDE EFFECTS/ACCESS

A challenge managing

their multiple providers

A concern with the monitoring

of their treatment

A challenge with access to care Recommended a switch to a generic alternative

A health literacy issue A lack of motivation A challenge with continuity of care Recommended a switch to a 90-day supply

A lack of knowledge

about their illness

A relationship challenge

with their provider

A challenge with the availability

of health care professionals

Recommended a switch to a therapeutic alternative

A lack of knowledge

about their therapy

A social/family support

challenge

A problem with the intrusiveness

of their medication regimen

Recommended a prescription for an OTC medication

A challenge in using

their device

Limiting lifestyle factors A problem with the pill burden

of their medication regimen

Recommended an OTC medication

A communication

skills challenge

Negative beliefs about

the health care system

A problem with the specificity

of their medication regimen

Found the same medication cheaper

at an alternative pharmacy

A lack of confidence

in their own capabilities

Psychological problems A challenge with the cost

of their medication regimen

Identified a copay assistance card

A problem with forgetfulness A nonmanageable adverse

event/side effect

Discontinued the medication

Physical difficulties A potential prescribing error Recommended a switch to an alternative dose

Manageable adverse events/side effects Recommended a switch to an alternative frequency

A nonmanageable adverse event/side effect Recommended a switch to a combination therapy

OTC, over-the-counter.
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telecommunication technology, specifically through tele-

phone or televideo. RxLive pharmacists gather and utilize

unique data captured through direct patient interaction.

RxLive pharmacists can access and add to pertinent medical

records, communicate with prescribers, generate and update

medication lists, make recommendations to patients and

their prescribers, and support multiple population health

initiatives and prescribers’ value-based program participa-

tion through this direct line of communication between the

patient and the pharmacist.

Beyond serving as a platform to perform

medication therapy management and recon-

ciliation, the RxLive service also enables the

pharmacist to document specific adherence

challenges that a patient may report with a

medication, including not only clinical issues but

also the impact of pertinent social determinants

of health. These impediments to medication ad-

herence can include cost, access to care, burden

of the regimen, health literacy, skills, potential

and/or perceived side effects, and internal and

external social and behavioral factors.

In this manner, RxLive pharmacists can dis-

cover and resolve subtle drug complications and

interactions, flagging medications and issues for

the prescriber to address as well as for a phar-

macist to follow-up on later. The pharmacist can

flag each medication as having an issue (but no

change recommended), discontinuing the med-

ication, changing the medication, or doc-

umenting other interventions. Table 1 shows the

possible interventions that pharmacists can

make, which are also available to the provider

following the consultation.

The interventions were adapted from the

Health Level 7 working group clinical document

architecture codes selected from Systematized

Nomenclature of Medicine: Clinical Terms for

pharmacist interventions.26

Financial difficulty is a common reason for

nonadherence.27,28 The RxLive platform sup-

ports documentation of financial difficulties

and other impediments to adherence, enabling

the pharmacist to make recommendations for

more effective pharmacotherapeutic regimens.

This represents a patient-centered approach

to optimize pharmacotherapy and bridge po-

tential gaps that form between providers and

patients.

Currently, there is a paucity of published information re-

garding the impact telepharmacy has on outpatient outcomes

in general, including the impact on hospital admission rates.

At the present time, there are no studies that investigate the

impact of telepharmacy on hospitalization outcomes in an

outpatient population. The COVID-19 pandemic adds urgency

to investigating how telepharmacy can impact outcomes in

outpatient populations.

Fig. 1. Study designed to analyze the impact of access to RxLive on the hospitali-
zation rate in an outpatient population. The experimental architecture. The equivalent
time period—a year before the RxLive provider enrollment—was 2019, which was
compared with the 2020 period when the providers had access to RxLive enrollment.
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The primary aim of this pilot study

was to measure the impact that access

to the novel telepharmacy platform,

RxLive, has on hospital admission rates

in a large outpatient population. Ob-

servations of this outcome took place

before and during the COVID-19 pan-

demic. Elucidating the impact of tele-

pharmacy services on hospitalization

rates in outpatient populations may

guide the efficient use of pharmacists as force multipliers in

health care cost control and clinical outcome improvement.

Materials and Methods
STUDY DESIGN AND APPROACH

This study utilized deidentified data for analysis and does

not constitute human research. This research was IRB ap-

proved as exempt from human research requirements. A ret-

rospective, double-arm cohort study was performed to

investigate the potential impact that the ability to participate

in the remote telepharmacy service, RxLive, had on hospi-

talization rates in an outpatient population. Figure 1 sum-

marizes the study architecture.

Patients of a primary care medical practice in Chester

County, Pennsylvania, were selected for this study. The medical

practice is preformed at six locations that provide primary care

services to patients. A total of 28 primary care providers at this

practice had the option of opting into the RxLive program or

opting out. The 16 providers who opted into the RxLive pro-

gram would prompt their patients to participate in the RxLive

telepharmacy program based on inclusion criteria.

Inclusion criteria included patients who were prescribed six

or more medications and had a primary care provider at the

medical practice, and patients were eligible for this study

throughout the study period. Patients who opted in would

then be contacted and scheduled to meet with a pharmacist for

comprehensive medication therapy management. The patients

of the 12 nonparticipating providers were not prompted to

participate in the RxLive program. These patients constituted

the opt-out group for analysis purposes.

There were 2,242 patients in the opt-in group who had the

ability to receive the RxLive service, starting at the ‘‘go-live’’

date of April 1, 2020, through the conclusion of the pilot

period ending November 30, 2020. The hospitalization rate

was analyzed and compared with the hospitalization rate

observed during the same time period 1 year prior (April 1,

2019, to November 30, 2019) when the patients did not have

the ability to utilize the RxLive service. There were 76 deaths

recorded (3.4%) in the opt-in group.

There were 1,540 patients in the opt-out group who did not

receive any RxLive services during the 2019 and 2020 ob-

servation periods and met the same inclusion criteria as the

opt-in group. They were also assessed for hospitalizations in

parallel with the opt-in group at the same interval. Changes in

hospitalization rates in both groups could be compared for

2019 versus 2020 to measure the impact of RxLive services.

There were 45 deaths recorded in the opt-out group (2.92%) in

the observed time periods.

STATISTICAL APPROACH
Data were analyzed using Microsoft Excel. Data are ex-

pressed as the mean – standard deviation (SD). Two-tailed

Student’s t-tests were utilized to compare the hospitalization

rates in both groups. Differences between means were con-

sidered to be significant at p < 0.05.

PATIENT POPULATION AND DETERMINATION
OF THE HOSPITALIZATION RATE

The mean age of patients in the opt-in group was 75.0 years

(range = 22–103 years, SD = 9.52), and the mean age of the

opt-out group was 74.0 years (range = 21–96 years, SD = 11.7).

The mean age of each group was not only similar but also

significantly different ( p = 0.015, Student’s t-test). The four

most prevalent patient diagnoses in the opt-in and opt-out

groups are shown in Table 2. A total of 830 patients in the opt-

in group (37%) completed at least one consultation.

A hospitalization is defined as any hospital admission in the

observation period. Patients with multiple hospitalizations

had each of their hospitalizations counted as an individual

occurrence. The hospitalization rate was calculated as the total

number of hospitalizations per patient in each respective

group during the observation period.

Results
A total of 1,083 consultations were performed in the opt-in

group. From that total, 843 consultations were completed

telephonically, while 183 consultations were completed using

Table 2. Most Prevalent Comorbidities Present in the Opt-In and Opt-Out Groups

COHORT
TOTAL

PATIENTS

CARDIOVASCULAR
DISEASE

[PERCENTAGE
OF TOTAL]

DIABETES
MELLITUS

[PERCENTAGE
OF TOTAL]

HYPERTENSIVE
DISEASE

[PERCENTAGE
OF TOTAL]

MOOD
DISORDERS

[PERCENTAGE
OF TOTAL]

Opt-in group 2,242 1,499 [66.9] 766 [34.2] 1,607 [71.7] 872 [38.9]

Opt-out group 1,540 604 [39.2] 406 [26.4] 702 [45.6] 367 [23.9]
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televideo. There were 57 consults where the communication

method was not documented. A total of 14,657 medications

were reviewed in the opt-in group and 1,773 interventions

were documented. The hospitalization rates of the opt-in

group versus the opt-out group during each assessment period

are summarized in Table 3.

The opt-out group exhibited a higher baseline hospitali-

zation rate versus the opt-in group. Hospitalization rates were

elevated in both the opt-in and opt-out groups in the 2020

assessment period versus the 2019 period. The opt-in group

experienced a significantly lower elevation of hospitalizations

from 2019 to 2020 compared with patients not enrolled in the

program in the same periods (12.86% increase in the opt-in

group vs. 40.23% increase in the opt-out group, Student’s

t-test, p = 0.001) (Fig. 2). This represents a (difference of

30.44%) lower rise in the hospitalization rate in the opt-in

patient group with access to the RxLive service from 2019 to

2020.

Fig. 2. Time-adjusted hospital admissions per patient by provider cohort. The hospitalization rates for the opt-in and opt-out groups in the
2019 and 2020 observation periods. The error bars indicate 95% confidence intervals. There was a significantly higher rise in the
hospitalization rate in the opt-out group from 2019 to 2020, as indicated by the asterisk (*).

Table 3. Hospitalization Rates in the Opt-In and Opt-Out Groups During the 2019 and 2020 Assessment Periods

TOTAL
PATIENTS

HOSPITAL
ADMISSIONS,
NOVEMBER

TO APRIL 2019

HOSPITALIZATIONS
PER PATIENT,
NOVEMBER

TO APRIL 2019
[95% CI]

HOSPITAL
ADMISSIONS,
NOVEMBER

TO APRIL 2020

HOSPITALIZATIONS
PER PATIENT,
NOVEMBER

TO APRIL 2020
[95% CI]

CHANGE IN
HOSPITALIZATION

RATE FROM
2019 TO 2020

Opt-in group 2,242 482 0.21 [0.20–0.23] 544 0.24 [0.23–0.26] +12.86%

Opt-out group 1,540 865 0.56 [0.54–0.59] 1213 0.79 [0.77–0.81] +40.23%
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Discussion
Accessibility of RxLive services in outpatient populations

was associated with a lower hospitalization rate, although

both study groups displayed increased hospitalization rates in

2020 compared with 2019. These preliminary findings are

consistent with other reports showing the benefit that tele-

pharmacy can have on the overall well-being of various pa-

tient populations.29,30 Beyond the physical and emotional toll

that hospitalizations have on patients, there is also a financial

toll on the health care system and patient alike.

According to the Healthcare Cost and Utilization Project,

the average cost of a hospitalization in the United States for

adults over 65 years of age is*$12,000.31,32 The cost can vary

based on the length of stay and nature of the admission di-

agnoses. The high cost of hospitalizations in the United States

makes minimizing these events a critical marker of utility

associated with a specific health care approach. In theory, if

the hospitalization rate of the opt-out group in the 2020 as-

sessment period was observed in the opt-in group, 675 total

hospitalizations may have occurred.

The opt-in group only experienced a total of 544 hospitali-

zations in actuality. This results in a hypothetical avoidance of

131 hospitalizations in the opt-in group. Using the average of

$12,000 per hospitalization, an estimated $1.57 million may

have been avoided in the opt-in group. At the current stage, this

conservative estimate not only represents a theoretical savings

and needs to be further explored but also represents a future

direction to quantify the value of this telepharmacy service.

While not specifically accounted for in the current study,

there are numerous potential reasons the group of patients

with access to the RxLive program experienced lower hospi-

talization rates. Pharmacist-provided pharmacotherapeutic

care has been shown to reduce ADRs, improve patient edu-

cation, and improve medication adherence.33,34 Delivering

these aspects of pharmacotherapeutic care has been reported

to reduce hospitalizations.35

It is reasonable to postulate that the RxLive program re-

duces hospitalization because it facilitates the delivery of

pharmacotherapeutic care by pharmacists. The RxLive plat-

form specifically prompts the pharmacist to address these key

components of pharmacotherapeutic care for every patient.

This reduces the likelihood of unaddressed medication prob-

lems that persist and could ultimately lead to hospitalization.

The COVID-19 pandemic has brought remote technology to

the forefront of the health care discussion. The current study

demonstrates a potential benefit of access to remote delivery

of pharmaceutical care. Telehealth may allow for more effi-

cient utilization of health care professionals’ time and re-

sources.36,37 Technology can act as a force multiplier for

health care professionals to efficiently care for more patients

who may not be able to travel for care.

The COVID-19 pandemic prevented many from accessing

health care at a physical location. Telehealth approaches al-

lowed clinicians to provide care in a safe accessible way to

mitigate the limitations put in place during the pandemic.38

RxLive has the potential to positively impact patients’ access to

pharmaceutical care when access to physical locations is lim-

ited. Access to RxLive services during the COVID-19 pandemic

also allowed for patients to self-isolate, decreasing potential

direct interactions and exposure to the virus. It has been pos-

tulated by others that this aspect of telehealth has the potential

to reduce morbidity and mortality in COVID-19 patients.39

During the pandemic, pharmacists received weekly con-

tinuing education on COVID-19 best practices. Furthermore,

pharmacists disseminated up-to-date information regarding

the status of the pandemic and ways to avoid infection to

patients in the opt-in group. This information was based on

recommendations from the Centers for Disease Control and

Prevention (Supplementary File S1.) Whether this dissemi-

nated information regarding the COVID-19 pandemic played

a role in the hospitalization trends observed is not currently

known and further exploration into specific outcomes is a

future aim.

It is possible that COVID-19 impacted hospitalization rates

in both patient populations during the 2020 observation time

frame. While COVID-19 may have been responsible for the

overall rise in hospitalization rates seen in both groups, there

are no indications that the opt-in and opt-out groups had any

differences in risk factors that impacted acquiring the illness

or its severity.

While telepharmacy platforms such as RxLive can increase

patients’ access to pharmaceutical care, there are limits that

should be considered. RxLive is optimized for either tele-

phonic or webcam-based patient interactions. This requires

patients to have access to a telephone at a minimum. Gen-

erally, technology can act as a barrier to accessing telehealth

services. A patient’s socioeconomic status, age, geographic

residence, mental health history, and technologic literacy can

act as barriers to accessing telehealth services.40 This can also

contribute to the overall health care disparities that telehealth

seeks to alleviate.

The providers’ practice methods and how state-of-the-art

their approach to healthcare is may impact the patient out-

comes. Currently, it is not possible to track adherence trends or

provider acceptance of recommendations or interventions

made by pharmacists, making longitudinal analysis of these

TELEPHARMACY IMPACT ON HOSPITALIZATIONS

M A R Y A N N L I E B E R T , I N C . � VOL. 28 NO. 9 � SEPTEMBER 2022 TELEMEDICINE and e-HEALTH 1329



variables absent from the current study. The impact of pro-

viders on hospitalization rates cannot be fully controlled for in

the current study.

Patient involvement and participation in the delivery of

health care have been shown to improve various clinical

outcomes.41,42 As 37% of patients in the opt-in group chose to

participate and receive a consultation, the opportunity to

actively participate in health care processes may have con-

tributed to the trends observed. The degree of involvement

that patients in both groups have in their health care delivery

was not assessed outside of utilization of RxLive services.

It should be noted that the current study is retrospective in

approach and design. This makes prospective follow-up

studies necessary to confirm any causal relationship between

access to RxLive services and hospitalizations. In addition,

being a retrospective study, there are potential clinical con-

founders in the patient population that may be impacting the

hospitalization rate.

Comorbid disease states such as diabetes mellitus, conges-

tive heart failure, renal failure, hypertension, and others may

have impacted hospitalization rates and could not be con-

trolled for in this pilot study. While comorbid conditions were

recorded, they were not controlled for. Selection bias is also

another potential confounder in the present study. Individuals

who participate in telehealth consultations may be more en-

gaged in their health care.

Accounting for age in the comparative groups does not

replace accounting for other potential confounders that may

impact hospitalization rates. Beyond comorbidities, patient

engagement may be contributing to the results observed.

Participation in telehealth consultations presents an addi-

tional opportunity for patient engagement. Patient engage-

ment may also impact health care outcomes and may be

contributing to the results seen in the present study.42,43

The opt-in group exhibited a lower hospitalization rate

despite higher reported rates of cardiovascular disease, hy-

pertensive disorders, diabetes mellitus, and mood disorders

(Table 2). A future prospective approach that considers pa-

tients who were matched based on provider, sex, overall en-

gagement, and clinical diagnoses could help reduce clinical

confounders that may be present in the current study.

Conclusions
This preliminary study showed the potential impact of effi-

cient remote delivery of medication therapy management on

hospitalization rates in an outpatient population during the

COVID-19 pandemic. While additional prospective analysis is

needed to corroborate these findings, telepharmacy services may

benefit outpatient populations and health care infrastructure.
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