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Objective. To evaluate a pharmacy student service focused on patient coronary heart disease (CHD)
risk assessment.
Design. Fourth-year pharmacy students offered a CHD risk assessment service at 5 physicians’ offices
as part of ambulatory care advanced pharmacy practice experience (APPE). Patient acceptance of the
service was assessed using a satisfaction survey instrument.
Assessment. Fifty-seven students educated 311 patients about CHD risk. Of the 258 patients who
completed the satisfaction survey, 245 (95%) reported that the service was helpful in understanding
CHD risk, and 79 (31%) learned of a personal CHD risk factor of which they were not previously
aware. Student knowledge was assessed using a multiple-choice pretest and posttest focused on CHD
knowledge recall. Students’ test scores improved from pretest to posttest (mean 51.6 % 6 1.1 vs. 64.
8% 6 1.0. respectively; p 5 0.01).
Conclusions. A CHD risk assessment service provided by APPE students in ambulatory care settings
was educational for both students and patients.
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INTRODUCTION
Advanced pharmacy practice experiences (APPEs) in

the ambulatory care setting are completed during the
fourth year of the doctor of pharmacy (PharmD) curric-
ulum at the Albany College of Pharmacy and Health
Sciences. Ambulatory care APPEs provide pharmacy stu-
dents with direct patient care opportunities, where stu-
dents participate in pharmaceutical care services such as
patient medication interviews, medication reviews, and
patient counseling. Pharmacy students have demonstrated
value as providers of clinical services.1 Pharmacy students,
working within a practice model where they function as
less-experienced colleagues, can offer services not rou-
tinely provided by pharmacy staff members.2 Although
time devoted to training pharmacy students may initially
decrease the pharmacist’s productivity, overall output of
the pharmacy service will increase as the students indepen-

dently provide services previously not offered. To best
facilitate this model of practice, care must be taken to select
services that previously had not been offered by the phar-
macy unit, with activities that are straightforward and
guideline or protocol driven, making them easier for a
less-experienced colleague or student pharmacist to pro-
vide.3 The coronary heart disease risk assessment service
described in this study was built around these premises.

Coronary heart disease (CHD) is the single leading
cause of death among both men and women in America
today, causing about 1 in every 6 deaths.4 In 2010, an
estimated 785, 000 American will suffer a new coronary
attack, and nearly 470,000 will have a recurrent attack.
About every 25 seconds in America, 1 person will have
a coronary event, and about every minute, 1 person will
die from a coronary event. This high prevalence of CHD
suggests that a significant number of patients seen in the
ambulatory care setting are likely to have coronary heart
disease or predisposing risk factors. Among those who
died suddenly of CHD in 2005, 50% of men and 64% of
women had no previous symptoms of the disease, under-
scoring the importance of CHD risk factor identification
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and management in at-risk adults. The potential economic
value of CHD risk reduction is real, considering the esti-
mated $177.1 billion in direct and indirect costs of CHD
in 2010.

A physician-implemented CHD risk-factor evalua-
tion and communication program to lower predicted
CHD risks has proven to be effective.5 Computer-based
educational software also may be acceptable to CHD pa-
tients of various ages, serving as an effective method
for increasing CHD knowledge among persons with the
disease.6

The 10-year risk for developing CHD can be predicted
using the Framingham risk algorithm which assesses car-
diovascular risk based on multiple risk factors including:
the patient’s age, gender, blood pressure, total cholesterol,
HDL cholesterol, history of diabetes, history of left ven-
tricular hypertrophy, and smoking history.7,8 Simple to
administer, the algorithm uses computer software requiring
specific laboratory and physical examination values read-
ily accessible in the ambulatory care setting.

The purpose of this study was to assess the educational
value of a clinical service provided to ambulatory care pa-
tients by pharmacy students. The CHD risk service was
developed to increase patient awareness and educate pa-
tients about modifiable and non-modifiable risk factors
using both paper and computerized presentations of patient-
specific CHD risk. The study assessed patient satisfaction
and pharmacy student learning associated with the service.

DESIGN
The study population consisted of adult patients pre-

senting for a scheduled physician or pharmacist visit at
medical practices specializing in internal medicine, fam-
ily practice, or diabetes. Eligibility requirements included
documentation of at least 1 Framingham CHD risk factor
(age .45 years for men, .55 years for women, hyperten-
sion, dyslipidemia, left ventricular hypertrophy, smoking,
diabetes), and a fasting lipid panel completed within the
past 2 years. Patients were excluded if they could not
speak or read English, had a medical or psychiatric dis-
order which required surrogate consent for office proce-
dures, or if their medical record was not available at the
time of the interview.

Each study clinic provided an APPE site for fourth-
year pharmacy students, managed by faculty investigators
from Albany College of Pharmacy and Health Sciences.
Students assigned to an ambulatory care APPE partici-
pated in the study, with 2 students scheduled at each
site during each APPE module. As part of the PharmD-
required curriculum, CHD risk assessment was introduced
briefly and practiced in the second-year pharmacotherapy
curriculum.

Pharmacy students were trained about study proce-
dures in group sessions on the second day of each sched-
uled 5-week APPE. The training session included a
discussion of the assessment of cardiovascular risk by
use of multiple-risk-factor assessment equations (ie, Fra-
mingham risk score estimates), training on the computer
software program, reviewing the patient survey instrument,
and becoming familiar with general study procedures.7

Software training included a discussion of the desired
values for each of the risk factor variables and a demonstra-
tion of the effect of changing modifiable risk factors on the
overall risk value. The Coronary Heart Disease (CHD)
Risk Calculator, version 8.0, software program (Pfizer,
Inc., New York, NY) was used for the study and training.9

As part of APPE activities, pharmacy students eval-
uated the medical records of patients scheduled for a phy-
sician or pharmacist visit to determine patient eligibility
based upon the study inclusion/exclusion criteria. Eligi-
ble patients were approached to obtain consent for partic-
ipation in the study. Students informed the patients that
the study would include use of medical records to estimate
CHD risk, along with a computerized counseling session
to discuss the findings. If the patient agreed to participate,
the student documented the response and assigned the
patient a random number in the database.

Pharmacy students used medical record information
to complete each patient-specific CHD risk assessment.
The 10-year CHD risk estimate was calculated for pa-
tients without known CHD; a short-term (ie, 1- to 4-year)
risk estimate was calculated for patients with a history of
CHD. Students presented personalized CHD risk esti-
mates to individual patients using the Coronary Heart
Disease Risk Calculator with patient-specific data. The
patient counseling session included a demonstration of
how changing modifiable risk factors could potentially
decrease overall CHD risk. For example, students dem-
onstrated to current or past smokers how tobacco use
influenced the overall estimate for CHD risk. Patients
were provided with a printed copy of the CHD risk as-
sessment to keep for their records and as a reminder to
discuss personal CHD risk with their medical provider.
Students asked patients to complete an anonymous satis-
faction survey instrument at the conclusion of each coun-
seling session. The survey used was a modified version of
a published satisfaction survey instrument written on a 7th
grade reading level.10 Two of the survey questions were
modified to include reference to patient satisfaction with
the computer presentation of CHD risk (survey available
from author upon request). Patients placed the completed
1-page survey form in a secure locked box prior to leaving
the counseling room or practice location. At regular in-
tervals during the study, faculty investigators removed the
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forms from the box and gave them to the primary inves-
tigator for data entry.

EVALUATION AND ASSESSMENT
Between July 2006 and April 2007, 57 students edu-

cated 311 patients at 4 practice sites on individual CHD
risk factors and overall CHD risk (Table 1). The average
patient age was 55 6 12 years (range 25 to 86 years).
Fifty-one percent of patients were female. One hundred
sixty-four (53%) patients had a diagnosis of diabetes and
61 (19.6%) were smokers. The mean and median patient
10-year CHD risks were 11.8% 6 7.8% and 10.3%, re-
spectively. The minimum and maximum CHD risk esti-
mates reported were 0.08% and 44%, respectively.

The patient satisfaction survey instrument was com-
pleted by 258 (83%) patients enrolled in the study. The
completed survey forms represented each of the partici-
pating sites (Table 1); however, 1% of the survey forms
did not include a site name. Two hundred forty-five (95%)
patients found the CHD risk assessment helpful. Thirty-
five percent of the patients indicated that the last time
a health care provider reviewed CHD risk factors was
more than 1 year ago or never. Forty-one percent of pa-
tients indicated that the last time a health care provider
reviewed CHD risk factors with them was within the last
12 months, while 22% reported that a review had been
completed that day. Two percent of the patients did not
answer this question on the survey instrument. Seventy-
nine (31%) patients reported that the service had identi-
fied a CHD risk factor previously unknown to them.
Forty-one percent indicated that they planned to follow
up with their primary care physician regarding the find-
ings. Sixty-one percent of patients found the service
useful for understanding heart disease risk, and 96% in-
dicated they would recommend this type of assessment to
a friend or family member.

To assess pharmacy student learning, a 5-question
case-based, multiple-choice test of CHD risk assessment

knowledge was administered at the start (pretest) and
completion (posttest) of the 5-week APPE. Ten test ques-
tions were originally developed and tested by faculty in-
vestigators, who subsequently agreed on the final 5
questions to be included on the identical pretest and post-
test, and on the answer key. Pretests and posttests were
administered and collected by the faculty investigators,
with the pretest completed before study training and the
posttest completed within a few days before or after the
APPE ended. Students were not aware that the pretests
and posttests would be identical. The pretest was com-
pleted in print format only, while faculty members had the
option of providing students with either electronic or
printed versions of the posttest. Students were asked to
sign a consent form which authorized the use of summary
test results for publication of the study data. Study results
were not reviewed with the students nor included in the
students’ APPE evaluation or grade.

Statistix, Version 8 (2003 Analytical Software, Tal-
lahassee, Fl), was used to conduct the statistical analysis,
and a Wilcoxon signed-rank test was used to determine
the difference between the students’ pretest and posttest
scores. A p less than 0.05 was considered significant. The
institutional review boards at the Albany College of Phar-
macy and Health Sciences and Albany Medical Center
approved the study.

Forty-five (79%) students completed both the pre-
APPE and post-APPE knowledge tests. The reasons stu-
dents did not complete either the pre-APPE or post-APPE
test were failure to complete the APPE (1 student) and
failure to submit the posttest to faculty investigators after
the APPE (11 students). Students who failed to submit
posttests to faculty investigators were allowed to submit
the posttest electronically after completing the 5-week
APPE. Only the completed test pairs were included in
the statistical analysis. There was a significant (p 5 0.01)
increase in the students’ CHD knowledge posttest score
compared with pretest scores (Table 2). Students’ CHD
knowledge scores on the posttest were significantly higher
(p 5 0.01) than their scores on the pretest (Table 2).

Table 1. Patient Enrollment and Survey Completion for
a Coronary Heart Disease Risk Assessment Service

Site # Practice Type

Patient
Enrollment,

No. (%)

Patient
Satisfaction

Survey
Completion,

No. (%)

1 Family Practice 54 (17) 50 (19)
2 Endocrine Specialty 75 (24) 57 (22)
3 Internal Medicine 123 (40) 111 (43)
4 Internal Medicine 59 (19) 40 (15)
Total 311 (100) 258 (99)

Table 2. Pharmacy Students’ Coronary Heart Disease
Knowledge Test Scores Before and After Providing a Heart
Disease Risk Assessment Service to Patients (N 5 45)

Pretest
Score a

Posttest
Score a

Percentage Grade 51.6b 64.8b

Score, Mean (SD) 2.6 (1.1) 3.2 (1.0)
Median 2.0 3.0
a Score is based on a total possible score of 5
b p value 5 0.01 (Wilcoxon signed-rank test)
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DISCUSSION
The patient satisfaction survey response rate in this

study was 83%. The high response rate was probably due
to the survey being administered to patients at the same
time the service was provided, and included a mechanism
for anonymous submission. Response rates to mailed sat-
isfaction survey instruments assessing clinical pharmacy
services related to asthma, antibiotic education, and ve-
nous thromboembolic disease have ranged from 35% to
76%.11-13

Patient responses on the satisfaction surveys were pos-
itive, with 95% considering the assessment useful. These
results were obtained despite the wide range in study pa-
tients’ ages (25 to 86 years) and CHD risk (0.08% to 44%).
A large number of enrolled patients had not been educated
on CHD risk by a health care provider recently, including
35% who reported never or more than 1 year ago. These
data indicate the usefulness of the CHD risk assessment as
part of a daily service that pharmacy students can provide.
The educational service resulted in the identification of
a previously unappreciated risk factor for 31% of the par-
ticipating patients, thereby improving their knowledge
base related to CHD risk. In comparison, Cerulli and col-
leagues, using the same survey instrument for assessing
cardiac risk when promoting women’s health in a com-
munity pharmacy, identified a previously unrecognized
cardiac risk factor in 17% of female patients.10 Our partic-
ipants included both genders and had a higher average
CHD risk than Cerulli’s participants.

Information on the types of newly identified CHD
risk factors was not collected in this study. Whether the
identified CHD risks were modifiable or not would likely
have influenced the patients’ plans to seek further medical
provider visits or provider counseling sessions. Only 41%
of the participants in the study with a newly identified risk
factor indicated they planned to follow up with their pri-
mary care physician. The student counseling session fo-
cused on personal CHD risk and demonstrated the impact
of modifiable risk factors to patients. The pharmacy stu-
dents were responsible for emphasizing to patients the
importance of following up with a medical provider to
address identified CHD risk. The study protocol did not
include assessment of patient follow-up visits with their
medical providers, although students may have done this
as part of their usual APPE activities. Assessing the im-
pact of CHD risk factor counseling on the occurrence of
related follow-up visits with medical providers, particu-
larly among patients with newly-identified risk factors,
would have documented the value of the service.

Students at some sites were not able to enroll as many
patients as students at other sites, and even among sites
with greater enrollment, enrollment was sporadic during

some months (eg, summer). The level of enrollment may
have been related to several factors including, but not
limited to, students’ comfort level with the study proce-
dures, their familiarity with the workflow and staff mem-
bers at the practice sites, and the varying pace of different
practice sites during different times of the year. As a result,
our sample of patients was a convenience sample that may
not be representative of a broad patient population.

The student CHD risk assessment service was effec-
tive at educating fourth-year PharmD students about cor-
onary heart disease risk during APPEs. PharmD student
participation in the CHD risk assessment service provided
direct patient interaction, chart review experience, and
CHD risk assessment knowledge and skills. Student post-
test scores were significantly higher compared to pretest
scores that were recorded before service involvement,
suggesting that student knowledge of CHD risk assess-
ment increased as they provided the service.

The primary outcome measurement of pharmacy stu-
dent pretest and posttest comparison was chosen because
of its consistency with previous studies of educational
methodology. Cobaugh and colleagues evaluated the util-
ity of a poison center clinical APPE in improving phar-
macy students’ knowledge.14 They demonstrated that
learning occurred by displaying a significant 26.9% im-
provement in posttest scores on average compared to pre-
test results. In another study by Gordon and colleagues,
medical students were given pretests prior to randomiza-
tion to either simulator-based learning or traditional lec-
ture learning for the same topics.15 An 8.8% improvement
in posttest scores with traditional lectures and 11.3% with
simulators was shown. In our study, the mean test score
improvement of 13.2% was a significant indicator that the
CHD risk assessment service provided effective educa-
tion for participating students. Since experiential teaching
more actively engages students in the learning process
than lectures or simulators, it was surprising that students
did not achieve much higher posttest scores after 5 weeks
of providing the CHD risk assessment service. The expla-
nation may be that 5 posttest questions in a multiple-
choice format may not have been an adequate method
of capturing the students’ skill development and acquisi-
tion of CHD risk knowledge. Improved assessment might
be achieved by asking a larger number of multiple-choice
questions, using other written assessment methods (eg,
memory matrix or directed paraphrasing), or using a stan-
dardized observational method of student learning.16 In
addition, although faculty investigators provided students
with informal feedback and suggestions when starting
each APPE, documenting the perceived educational value
of the CHD risk assessment service would have been
useful, including formal faculty evaluations of student
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knowledge and skills pre- and post-intervention, and ask-
ing students to assess their own learning and satisfaction
with the service.

Using multiple-choice questions on the assessments
further limited the study. Although students did not know
that the same questions would appear on the posttest, they
had time during the APPEs to discuss pretest questions
with other APPE students or use resources to look up
answers to the questions for their own knowledge. To
reduce this potential confounder, students were not pro-
vided with copies of the pretest, nor were they made aware
that the pretest and posttest were identical. In addition, the
completion rate for both pretests and posttests was 79%.
The major cause of failure to obtain posttests was pro-
viding students with an option to submit them on paper or
electronically after the completion of the APPE. In future
studies, faculty investigators should require a single
method of posttest collection prior to completion of the
APPE.

CONCLUSIONS
This study demonstrated that, in the ambulatory care

setting, a pharmacy student service focused on personal-
ized patient CHD risk assessment was valuable for both
patients and students. The service was well-received
by patients and led to the identification of previously
unappreciated CHD risk factors. Involvement in the
study resulted in significant improvement in pharmacy
student CHD risk knowledge during experiential educa-
tion. This valuable service was easily incorporated into
the existing clinical pharmacy services in physicians’
offices.
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