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Discharge counseling by pharmacists reduces adverse medication events, emergency department visits,
and readmissions. Studies indicate that pharmacy students in advanced pharmacy practice experiences
(APPE) can deliver effective medication-related activities. An open label randomized controlled trial
was conducted in adults discharged on warfarin, insulin, or both. Pharmacy students performed medica-
tion reconciliation, structured medication counseling, and follow-up calls 72-hours post-discharge. The
usual care arm received traditional education. The primary outcome was the 30-day readmission rate
post-discharge. Ninety-eight patients on high-risk medications were randomized to intervention
(n = 51) or usual care (n = 47). The 30-day hospital readmission rate was lower in the intervention group
(8/51, 15% vs. 11/47, 23%); (p = 0.48). There was no statistical difference in the time to first unplanned
health care use (hazard ratio = 0.49 (95 %CI, 0.19–1.24), or the time-to-first clinic visit post-discharge
(p = 0.94) between the two arms. Students identified 26 drug-related problems during reconciliation.
Patients in the intervention arm reported high satisfaction with the service (mean 3.94; SD 0.11).
Involving APPE students in the transition of care activities presents an excellent opportunity to minimize
pharmacists’ workload while maintaining patient care services.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction among patients from simple transitions from the hospital to the
The transition of care is defined as ‘‘a set of actions designed to
ensure the coordination and continuity of health care as patients
transfer between different locations or different levels of care in
the same location” (Coleman 2003). The level of complexity varies
home to transitions involving multiple healthcare settings
(Oikonomou 2019). In addition to the various care settings, within
and between each setting, many critical levels of coordination and
communication exist. A single miscommunication or mistake can
lead to a fatal error. Excessive medication errors during transitions
of care occur primarily due to medication discrepancies and nearly
40% of these errors could possibly lead to moderate to severe clin-
ical outcomes (Rozich 2004, Cornish 2005). During this critical pro-
cess, patients are at high risk of 30-day readmission and adverse
medication events. Forster et al. reported that 19% of patients dis-
charged from a tertiary hospital to their homes experienced
adverse events (Forster 2003). Furthermore, Jencks et al. analyzed
Medicare claims data covering 15 months and 30-day readmission
rates were calculated as high as 20% (Jencks 2009). Notably,
researchers at Centers for Disease Control and Prevention and
Emory University demonstrated that hospitalizations related to
the ‘‘high-risk medications”, warfarin and insulin, were 33.3% and
13.9%, respectively among the elderly population (Budnitz 2011).
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There are many factors that potentially contribute toward
higher risk for care transition errors and/or miscommunication.
Black and Duval reported that complicated patient cases and sub-
optimal communication, patient education, and patient follow up
were the most common factors in Diabetes discharge planning
during transitions of care (Black 2019). Furthermore, poor handoff
communication between the hospital and the receiving care center
(outpatient provider, home care, caregiver, or patient), inadequate
provider patient assessment prior to discharge, poor discharge
planning, and a lack of multidisciplinary coordination may also
contribute to adverse events and lead to poor patient outcomes
(Gheorghiade 2013).

Pharmacists play a pivotal role within a collaborating TOC
healthcare team. Different models exist for integrating pharmacist
service into TOC programs (Rochester-Eyeguokan 2016). A typical
model involves the pharmacist conducting medication reconcilia-
tion, delivering patient-centered education, and resolving medica-
tion access issues during care transitions (Stroud 2019). Such a
model also involved pharmacist performing follow-up services to
ensure patients adherence to their medication regimens without
adverse outcomes upon returning to their homes. In a meta-
analysis, pharmacist-led medication reconciliation programs
reduced 67% of adverse event-related hospital visits, 28% of emer-
gency department visits, and 19% of hospital readmissions
(Mekonnen 2016). A prospective randomized longitudinal study
by Phatak et al. recorded a statistically significant difference in
emergency department visits and readmission favoring pharmacist
involvement in the TOC for high-risk patients (Phatak 2016).

Despite considerable evidence indicating the successes of TOC
services, many barriers hinder the implementation of TOC pro-
grams. Limited staff resources, the need for additional support,
and lack of a standardized discharge order times are among some
of these barriers (Scott 2017). An alternative solution to overcome
these challenges is by involving various pharmacy providers (resi-
dents, interns, students or pharmacy technicians). Pharmacy
interns in the advanced pharmacy practice experience (APPE) pro-
gram can assist during their internship year while practicing their
knowledge and skills learned during the theoretical and
introductory practical pharmacy courses. Several studies have
demonstrated that APPE students can deliver effective medica-
tion-related education at levels comparable to certified pharma-
cists (Dalal 2010, Lai 2011, Dang et al., 2012, Shiyanbola et al.,
2012, Hayes 2013, Stebbins 2013, Szkiladz 2013, Vanderwielen
2014, Adams 2015, Beggs 2016, Church 2016, Albano 2018,
Hertig 2017, Rogers 2017, Plakogiannis 2019, O’Reilly 2020).

Although published literature has demonstrated that pharma-
cist interventions in TOC programs have been successful, to our
knowledge, there have not been any studies assessing the impact
of a student-led TOC program specifically involving high-risk med-
ications. This pilot project aimed to evaluate student-led TOC inter-
ventions on several outcome measures, including 30-day hospital
readmission rates and relevant disease-state metrics. We hypothe-
sized that patients enrolled in this program would have a lower
hospital readmission rate and better clinical outcomes than those
who are not. The objectives were to determine whether a
student-led TOC program for patients discharged with high-risk
medications, warfarin and/or insulin, reduces the rate of
unplanned healthcare utilization at 30 days.
2. Methods

2.1. Study design and setting

A randomized controlled study was conducted in an academic
medical center (King Saud Khalid University Hospital (KKUH).
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KKUH is a tertiary teaching hospital that primarily serves the
employees of King Saud University and their dependents; however,
a portion of the hospital’s patrons are Saudi nationals not affiliated
with the university. The majority of patients are native Arabic
speakers. The study period ran from October 2016 to April 2017.
Participants were randomly assigned to either the standard of care
or intervention groups and were followed for 30-days after dis-
charge. King Saud University Institutional Review Board approved
the study (Project number E-16–1957). The study was guided by
the Consolidated Standards of Reporting Trials (CONSORT) check-
list (Boutron 2017)

2.2. Participants and enrollment

Patients aged 18 years and older, discharged on either insulin,
warfarin, or both, and were eligible for outpatient follow-up at
KKUH were recruited. The following patients were excluded:
patients diagnosed with a psychiatric disorder; patients with
dementia; pregnant patients; patients with short life expectancy
(<6 months); patients unable to self-manage their medications;
patients who were discharged to a location other than their place
of residence; patients who were discharged on pass; patients
who were admitted for fewer than two days (e.g. receiving
chemotherapy cycles or dialysis); patients without access to a tele-
phone, and those discharged within 3 h of the receipt of the dis-
charge order. During the study period, all insulin or warfarin
orders were identified through the Cerner Millennium-based elec-
tronic health record, the Electronic System for Integrated Health
Information. The insulin and warfarin orders were screened to
identify eligible patients by two pharmacy interns.

2.3. Randomization and allocation

Patients were randomly assigned to standard of care or inter-
vention groups using sequentially numbered, opaque sealed envel-
opes. The randomization sequence was generated by a member of
the research team (HK) who did not have any direct clinical contact
with the patients. The envelopes were placed in a secure locker and
the key was only accessible to two members of the research team
(AA and GB). Before opening the envelope, patient’s file number
was recorded on the envelope, and group assignment was then
allocated.

2.4. Standard of care

At the time of the study, there were no clearly established dis-
charge counselling services. At a minimum, patients with diabetes
were often seen by a health educator and/or a dietitian to receive
advice on their insulin regimen and/or diet. Some specialized units
such as cardiology wards occasionally benefited from having clin-
ical pharmacists who provided discharge counselling, however,
staff workload and time constraints did not allow the delivery of
discharge counselling to every patient.

2.5. Intervention

APPE pharmacy interns in their last professional year were
involved in delivering student-led TOC interventions which con-
sisted of four phases: medication reconciliation at the time of dis-
charge before entering the patient room, a patient interview and
counselling, a 72-hour follow-up phone call, and a 30-day follow-
up phone call.

During medication reconciliation student interns compared
patients’ discharge medications to those documented on their
admission medication lists. In case of discrepancies, students con-
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tacted the discharge pharmacist to initiate communication with
the attending physician before patient discharge.

Under the supervision of two clinical pharmacists (GB and IS),
who are members of the research team, the students then deliv-
ered structured, personalized discharge counselling on warfarin,
insulin or both in the Arabic language to the patient and/or the
caregiver. Students used the teach-back method to ensure each
patient understood the instructions. At the end of the counselling
session, the student provided the patient with printed educational
materials from the hospital outpatient clinics about insulin and/or
warfarin and an updated list of the patient’s medications that was
reviewed and approved by the pharmacist.

Following discharge, student interns conducted follow-up
phone calls at 72-hour post-discharge to all intervention group
patients. During the phone call, students assessed the patient’s
understanding of medication use, proper medication use, problems
with accessing their medications, the effectiveness of therapy, and
the presence of any potential adverse effects. Students also asked
about any scheduled post-discharge appointments with their pri-
mary care provider or anticoagulation clinic. Based on the patient’s
individual needs, the students facilitated interventions by collabo-
rating with the patient’s physician and the attending clinical phar-
macist to resolve any identified drug related problems (DRPs).
Students contacted each patient 30 days after the initial follow-
up call to ascertain study outcomes, i.e. rate of readmission, emer-
gency department visits and utilization of any other health care
services within the hospital, and patient satisfaction with the pro-
vided service. All phone calls were scripted and approved by the
research team to ensure uniformity of questions asked and data
collected (Appendix A: Scripted calls for the 72 hrs (A-1) and
30 days follow up (A-2).
2.6. Students’ preparation and the delivery of the discharge counseling:

All students were required to complete reading assignments
and attend a half-day training workshop to ensure a sufficient
competency level. The workshop covered interviewing techniques,
insulin types and administration technique, and medication-
specific educational material. Student readiness was assessed
against a competency checklist and an objective assessment exam
with a required passing score of 100%. Students used an iPad pre-
loaded with visual PowerPoint presentation on insulin and war-
farin to ensure consistent delivery of critical counselling
information for all patients and across participating students. The
counseling covered the following: name and strength of the med-
ication, the indication of the drug, expected benefits of treatment,
expected duration of treatment, how much and how often to take
the medication, possible medication, or dietary interactions, what
to do in case of a missed dose, when to seek medical attention,
any possible side effects and how to manage, storage recommen-
dations and special monitoring requirements and dose adjustment
(when appropriate).
2.7. Data collection

Data was collected from the electronic hospital records, the
patient interview, and follow-up phone calls for participants in
the intervention group between October 2016 and May 2017. For
control participants, data was collected only from the electronic
hospital record. The research team developed a data collection
sheet to capture relevant information, including patient demo-
graphics, contact information, medical status, medications, type
of interventions during the reconciliation, outcome measures,
and the time spent on counseling and follow up encounters.
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2.8. Outcomes

The primary outcome of this study was the readmission rate
within thirty days of discharge. Secondary outcomes included time
to first unplanned health care utilization, time to the first outpa-
tient clinic visit, disease-specific parameters (glycosylated hemo-
globin (HbA1C) and International normalization ratio (INR)), and
the number and type of medication-related problems identified
during the reconciliation stage. Additionally, in the intervention
group, students assessed patient satisfaction with the service using
a validated 20-item questionnaire known as the Patient Satisfac-
tion with Pharmacist Services Questionnaire (PSPS.Q.20)
(Sakharkar 2015).

2.9. Statistical analysis

2.9.1. Sample size calculation
The study used independent cases and controls where one con-

trol was assigned per case. Existing evidence indicated that the
readmission rate among controls (usual care) was 0.3. If the true
relative risk of readmission for intervention subjects compared to
usual care was 0.6, the minimum sample size necessary to capture
a medium effect size with a power of 0.80 and a of 0.05 was 214
intervention and 214 control subjects. However, due to study logis-
tics, we opted for a pilot study design.

2.9.2. Data analysis
The participants were described using descriptive statistics.

Chi-squared or Fisher exact tests were used to compare categorical
data, and the Student t-test was used to compare continuous data.
Independent Students t-test was also used to test the differences in
index HbA1C and follow-up HbA1C, percentage INR test in range
and percentage days within therapeutic range among the indepen-
dent groups (control vs intervention). The Kaplan–Meier survival
analysis and the Cox proportional-hazards model were employed
to investigate the free survival of readmissions in both groups.
The crude associations of survival between the two groups were
evaluated with the Kaplan–Meier analysis. The Cox proportional-
hazards model was used to estimate the hazard ratios (HR) and
95% confidence intervals (CI). For all statistical analysis, results
were assumed to be significant when p was < 0.05. The tests were
conducted using R software, version 4.0.3.
3. Results

During the study period, 107-patients were discharged with the
medications of interest (Fig. 1). After randomization, 56 patients
were allocated to the intervention arm, and 51 were allocated to
the control arm. Nine patients were excluded after randomization
for the following reasons: death, do not resuscitate (DNR) status,
discontinuation of insulin or warfarin upon discharge, discharge
against medical advice, discharged after the working hours, dis-
charged to another hospital, pregnancy, and dementia. A total of
98 patients (usual care = 47 and intervention = 51) were included
in the study, and the final analysis. Participant baseline character-
istics were similar between the two groups (Table 1). The mean
(SD) age was 52.92 (15.9) for the intervention arm and 53.83
(15.41) for the control arm. Most patients were Saudi national
and were females. The length of stay, acuity of admission, comor-
bidities, and previous 6-months emergency visits (LACE index) was
similar between the two groups (p = 0.78). Per hospital practice,
74% of patients in the standard of care group received usual care
discharge education, while 61% of patients in the intervention
group received such education. In the intervention group, the mean
time spent on discharge counselling sessions varied according to
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Fig. 1. Participants Flowchart.

Table 1
Participants Baseline Characteristics.

Control
N = 47

Intervention
N = 51

P-value

Age, mean (SD) 53.83 (15.41) 52.92 (15.9) 0.78
Saudi National 46 (98%) 50 (98%)
Gender (n,%) 0.93
Male 18 (38%) 21 (41%)
Female 29 (62%) 30 (59%)

Education Status (n,%) 0.42
Illiterate 7 (15%) 13 (25%)
Primary or middle school 15 (32%) 16 (31%)
High school 12 (26%) 10 (20%)
University and above 11 (23%) 12 (24%)
Missing 2 (4.3) 0 (0.0)

Marital status (n,%) 0.49
Single 6 (13%) 8 (16%)
Married 26 (55%) 38 (75%)
Other 3 (6%) 5 (10%)

Smoking Status (n,%) 0.74
Currently Smoker 5 (11%) 6 (12%)
Non-smoker 40 (85%) 41 (80%)
Ex-smoker 2 (4%) 4 (8%)

LACE Index* n,% 0.78
Low risk 2 (4%) 1 (2%)
Moderate risk 15 (32%) 17 (33%)
High risk 17 (36%) 22 (43%)
Very high risk 13 (28%) 11 (22%)

Baseline HgA1c (%), mean (SD) 9.14 (2.17) 9.42 (2.61) 0.59
Baseline INR, mean (SD) 1.64 (0.88) 1.59 (0.68) 0.77
No. of Medications upon discharge mean (SD) 9.32 (4.14) 8.39 (3.53) 0.24
High risk medication (n,%) 0.66
Insulin 30 (64%) 31 (61%) 0.77
Warfarin 13 (28%) 17 (33%)
Both 4 (9%) 3 (6%)

Discharge Education as per standard of care in the hospital (n,%) 47 (74%) 51 (61%) 0.08
Diabetic educator 12 (26%) 14 (27%)
Health educator 3 (6%) 8 (16%)
Nurse education 13 (28%) 6 (12%)
More than one type of education 7 (15%) 3 (6%)
Not discharge education provided 12 (26%) 20 (39%)

SD = Standard deviation; INR = international normalizing ratio; HgA1C = hemoglobin A1c
Chi-squared or Fisher exact tests were used to compare categorical data, and the Student t-test was used to compare continuous data
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the medication involved; warfarin (23.89 ± 7.59 min), insulin
(27.89 ± 8.92 min) and both drugs (34 ± 21.70 min) (Table 2). At
the end of the counselling session, the percentage of information
1132
recall for insulin, warfarin, or both, was 79.62 ± 25.38,
77.29 ± 23.19 and 71.42 ± 18.89, respectively. In addition to coun-
selling patients on insulin and warfarin, students performed coun-



Table 2
Summary of the Discharge Counseling Sessions in the Intervention Group.

Discharged on Insulin
(N = 31)

Discharged on warfarin
(N = 17)

Discharged on both
(N = 3)

Mean time for the counseling session (in minutes) 27.89 ± 8.92 23.89 ± 7.59 34 ± 21.70
Mean time for the 72-hr follow-up phone call (in minutes) 5.81 ± 2.57 4.44 ± 0.96 5 ± 1.0

Score of percentage of information recall at the end of counseling session
(mean, SD)

79.62 ± 25.38 77.29 ± 23.19 71.42 ± 18.89

Number of other medications counseled on (mean, SD) 5.27 ± 3.83

Table 3
Effect of Student-Led TOC program on 30-day readmission rate, post-discharge clinic visits and clinical parameters.

Usual careN = 47 InterventionN = 51 p-value*

Primary Outcome
Readmission rate within 30 days 11 (23%) 8 (15%) 0.48
Secondary Outcomes
Time to 1st unplanned HC utilization post discharge
Pos-discharge clinic visits (n,%) 0.94
- Discharge on insulin 25 (76%) 27 (84%)
- Discharge on warfarin 14 (88%) 18 (90%)

Time to First Clinic visit post discharge (days, mean (SD) 17.90 (18.98) 16.23 (15.99) 0.67
- Discharge on insulin 17 (28) 17 (25)
- Discharge on warfarin 4.5 (5.75) 7 (12.5)

HgA1C on follow-up (mean, SD) 8.92 (1.98) 9.26 (2.13) 0.53
Percentage INR test in range (mean, SD) 45.21 (28.07) 28.09 (29.77) 0.09
Percentage days within therapeutic range (mean, SD) 45.89 (33.32) 37.45 (34.49) 0.46

* Chi-squared or Fisher exact tests were used to compare categorical data, and the Student t-test was used to compare continuous data. HbA1C: Hemoglobin A1c. INR:
International Standardized ratio. SD = standard deviation.

Fig. 2. Survival curve to first unplanned healthcare utilization*

Table 4
Drug-related problems identified during medication reconciliation by students.

Drug-related Problem Frequency (Total = 26)

Indication DRPs (n = 10) Total = 10
� Unnecessary medication 4
� Duplicate Therapy 4
� Need Additional Drug therapy 2

Drug Dosage Regimen DRPs (n = 8)
� Inappropriate Dose 2
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selling on other discharge medications (mean (SD) = 5.27 ± 3.83
drugs). The mean time to the 72-hr follow-up calls in the interven-
tion group was 4.94 (2.4) days, and the mean (SD) time spent on
these was 5 ± 1.0 min.

3.1. Primary outcome

Eight patients in the intervention and 11 patients in the stan-
dard of care arms were readmitted within 30 days post-
discharge. There was no difference in this primary outcome
between the intervention (8/51;15%) and the standard of care
groups (11/47; 23%), p = 0.48 (Table 3).

3.2. Secondary outcomes

The mean time (in days) to the first unplanned health care uti-
lization was not statistically significant; the hazard ratio was 0.49
(95% CI, 0.19–1.24); p = 0.12 (Fig. 2). The time-to-first clinic visit
post-discharge was earlier in the intervention group; however, this
was not statistically significant (16.23 ± 15.99 days vs.
17.9 ± 18.95 days; p = 0.94) (Table 3). Also, the impact of the
student-led intervention did not reflect on any significant improve-
ment in INR or HbA1C at follow up (p = 0.088 and p = 0.525 respec-
tively) between the two groups. Students identified 26 DRPs during
the reconciliation with most DRPs related to indication (n = 10),
drug dosage regimen (n = 8) and miscellaneous DRP related to
missed medications(n = 5) and additional lab before discharge
(n = 3) (Table 4). Patients in the intervention arm reported high
satisfaction with the service on the PSPS.Q.20 survey (mean 3.94
[SD 0.11]).
� Inappropriate dosing interval 1
� Inappropriate duration of therapy 1
� Drug Interaction 3
� Drug-Disease interaction 1
Other Miscellaneous DRPs (n = 8)
� Missed Medication 5
� Need lab 3
4. Discussion

This pilot randomized controlled trial evaluated two aspects of
implementing a student-led TOC program. The first aspect investi-
gated the impact on unplanned health care utilization within
1133
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30 days following hospital discharge. Although the 30-day read-
mission rate was lower in the intervention group (15%) than the
standard of care group (23%), this difference was not statistically
significant, as with the time for the first unplanned visit; however,
the hazard ratio confidence interval did not rule out a potential
clinical benefit of the intervention. This preliminary non statisti-
cally significant result can be attributed to the pilot study design
and the short study duration (over seven months) to detect signif-
icance. In particular, the impact on improvement on clinical
parameters (TTR and HbA1C) was not ascertained due to the short
follow up period of these outcomes (Suen et al., 2020). Addition-
ally, we found a non-significant difference in education and coun-
seling as per hospital practice between the two groups; we
associated such observation to the physical presence of students
on the ward, which may have influenced the nurses’ behavior to
perform more discharge counseling for patients not visited by
the APPE students (nurse education in the control group = 28% vs.
12% in the intervention arm). Correspondingly, fewer patients in
the intervention group received any type of per hospital practice
education compared to the standard of care group (26% vs. 39%).
In the present pilot study, APPE students identified additional DRPs
and discrepancies during discharge reconciliation (n = 26), which is
an expected finding that agrees with the literature. A systematic
review and meta-analysis demonstrated a significant reduction in
medication discrepancies (RR 0�34; 95% CI: 0�23-0�50) in
pharmacy-led medication reconciliation programs compared to
usual care with a consequent reduction in medication-related
events (Mekonnen 2016).

Moreover, although we did not assess patient medication
adherence, the level of knowledge recalled by patients at the 72-
hr phone call was satisfactory (>70%). The PSQSP survey results
clearly showed patient satisfaction with the pharmacy services
resulting in a mean score of 3.94 out of 4. Both high recall rate
and satisfaction with care may boost patient’s adherence to their
medications (Gu 2008, Stroud 2019). Furthermore, Stroud et al.
demonstrated the importance of follow up phone call on improving
patient adherence in pharmacist-led TOC program (Stroud 2019).
In a study by Mills et al., patients with heart failure received verbal
and written medication education by pharmacy students, and the
impact on 30-day all-cause readmission rate and satisfaction with
service at one week post-discharge was compared with historical
patients who received medication education by nurses (Mills
2019). The study showed no difference in satisfaction between
the two groups because the program was stopped early due to
logistic constraints and a high rate of unanswered calls. In the pre-
sent study, all patients in the intervention group responded to the
satisfaction survey, which was delivered 30 days post-discharge
and patients were highly satisfied with care provided. However,
we did not assess patient satisfaction among the control group.

The second aspect of this pilot study is to assess the feasibility
of utilizing APPE pharmacy students in performing transition of
care activities, hence improve and sustain pharmacy patient care
services. Several literature and organizations voiced concern about
resources limitation when extending pharmacy services, especially
for clinical activities such as medication reconciliation, the transi-
tion of care, patient education, care coordination (Hume 2012,
Couture 2016, Scott 2017) Abundance of studies described success-
ful experiences in employing Pharmacy extenders such as resi-
dents, APPE and IPPE students and pharmacy technicians to
deliver discrete functions that match their level of knowledge
and training (Dalal 2010, Dang 2012, Hayes 2013, Stebbins 2013,
Szkiladz 2013, Adams 2015, Beggs 2016, Church 2016, Albano
2017, Hertig 2017, Rogers 2017, Vavra 2018, Plakogiannis 2019,
O’Reilly 2020, Suen et al., 2020). Indeed, students in this study
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were able to implement a simple and structured transition of care
program at no excess cost while ensuring such service is offered to
patients at high risk of readmission. Vavra et al., described a pilot
student-operated TOC that demonstrated APPE students ability to
be highly engaged in broadening clinical pharmacy services
(Vavra 2018). The study described a TOC pilot service that required
APPE students to perform, under preceptor supervision, a checklist
of activities that included medication reconciliation on admission,
during the hospital stay, and upon discharge, assess adherence,
provide discharge counseling, and prepare care document for the
primary care provider. Study findings highlighted the multiple
benefits to students, patients, pharmacy services and the hospital.
Kelsh et al., described a 3-step TOC service led by student pharma-
cists and covered activities during the inpatient stay, upon dis-
charge, and at follow-up (Kelsh 2021). The study concluded that
appropriately trained APPE students are well-positioned to deliver
TOC activities and contribute effectively to address medication
concerns and provide education. Likewise, in the present study,
APPE students were able to implement structured TOC activities,
although the checklist of list activities is slightly different in our
model that included medication reconciliation upon discharge,
resolving DRP, discharge counseling, patient education, and follow
up phone call. The program demonstrated the feasibility of utiliz-
ing APPE students to operate the service hence reducing the load
on pharmacists, improving and optimizing patient care and poten-
tially propose cost savings to the hospital. Mos importantly, expos-
ing students to TOC activities during APPE offer them real-world
experience helping reinforce the didactic aspects of the curriculum,
expand their own learning, and boost their confidence and engage-
ment in such activities in the future. (Lancaster 2013, Taylor 2019,
Blakely 2021).

Ensuring APPE students’ preparedness and competency to deli-
ver high-quality TOC is important. Therefore, in the present study a
formal training was provided to students before they embark on
providing TOC program. Dunkley et al, described a REWARD train-
ing program to prepare APPE students to deliver medication educa-
tion targeting four classes of high-risk medications
(anticoagulants, inhalers, insulin, and naloxone) (Dunkley 2020).
The REWARD system included six distinct steps, which incorpo-
rated student self-directed and pharmacist-facilitated learning
(Read handbook, Electronic learning, Workshop, Assessment,
Review of checklist, Direct observation, and Sign-off). Successful
completion was measured when students achieved a 100% on
medication education criteria checklist. Similarly, APPE students
in this pilot study underwent a half-day workshop that covered
interviewing techniques, insulin types and administration tech-
nique, and medication-specific educational material. Student
readiness was assessed against a competency checklist and an
objective assessment exam with a required passing score of
100%. Although we did not have a Sign-off step that focuses on
the logistics, we provided a flowchart for our student to follow
from the point of identifying the patient until providing the final
education to the patient.

Our study has several strengths. Firstly, the study was a ran-
domized controlled trial with a structured intervention. Secondly,
the intervention implemented was of high fidelity and included
pre-discharge elements (medication reconciliation and discharge
counseling) with a post-discharge intervention that consisted of a
follow-up phone call that provided additional support for the
patients in the post-discharge period. Thirdly, the active participa-
tion of students in patient education provided an opportunity for
the students to improve the initiation of pharmacy TOC services
at the hospital. As demonstrated by this study, involving pharmacy
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student interns is a feasible and viable option to improve the
infrastructure in care delivery (Fig. 3).

The limitations of this study include a small sample size; there-
fore, a more extended study with sufficient sample size and dura-
tion is recommended. The TOC program was conducted in a single
academic medical center, and the results may not be generalizable
beyond this setting. There were a limited number of students
involved due to time restraints and may have impeded the pro-
gress of the program and additional recruitment of patients.
Finally, the lack of confirmation of healthcare utilization of health-
care services from outside KKUH in the usual care group may have
led to an underestimation of their 30-day readmission rates.
5. Conclusion

Integrating APPE students in TOC activities is feasible and pro-
vided an excellent opportunity to reduce pharmacists’ workload,
maintain patient care services, improve patient satisfaction while
providing learning opportunities for students. Pharmacy programs,
especially those affiliated with a teaching hospital, may consider
offering a required TOC rotation during the APPE; this will help
alleviate time conflicts with other rotational activities and ensure
service coverage throughout the internship year. In addition, future
studies should emphasize TOC in an interprofessional health care
approach.
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Appendix A

Appendix A-1. Scripted follow-up call at 72 h (intervention group only)

1. What medications are you currently taking?
2. Explain to me when and how you should take your

medications (mention the name of the drug: warfarin or
insulin)?

3. Have you missed any doses of your medications?
4. How do you feel since taking your medications?
5. Are you having any unwanted effects from your

medications? (specifically mention bleeding for warfarin
and hypoglycemia for insulin)

6. What questions do you have about your medications?
7. Has anything changed with your health or medications

since we last met?
8. What date/when is your appointment with your primary

care doctor?
9. What other questions do you have?
Appendix A-2. Scripted follow-up call 30-days post-discharge (for both
intervention and control)

1. How have you been since your discharge?
2. Can you tell if you had to go to ER or got admitted during

this past month?
3. If yes, ask: what was your main complaint for seeking

healthcare?
If hospitalized, ask about the length of stay in days.

4. Where did you receive the unplanned care? (KKUH, or other
facilities)

5. Were there any changes to your medications? Document
the changes.

6. Have you seen your care provider in the outpatient clinic?
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