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PURPOSE:To evaluate the effect of sustained
clinical pharmacist interventions involving elderly
outpatients with polypharmacy
and their primary
physicians.
PATIENTSAND METHODS:Randomized,
controlled
trial of 208 patients aged 65 years or older with
polypharmacy
(25 chronic medications) from a
general medicine clinic of a Veterans Affairs
Medical Center. A clinical pharmacist met with
intervention group patients during all scheduled
visits to evaluate their drug regimens and make
recommendations
to them and their physicians.
Outcome measures were prescribing
appropriateness,
health-related
quality of life,
adverse drug events, medication compliance and
knowledge, number of medications, patient
satisfaction, and physician receptivity.
RESULTS:Inappropriate
prescribing scores declined significantly more in the intervention group
than in the control group by 3 months (decrease
24% versus 6%, respectively; P = 0.0006) and was
sustained at 12 months (decrease 28% versus 5%,
respectively; P = 0.0002). There was no difference
between groups at closeout in heam-related
quality of life (P = 0.99). Fewer intervention than
control patients (30.2% versus 40.0%; P = 0.19)
experienced adverse drug events. Measures for
most other outcomes remained unchanged in both
groups. Physicians were receptive to the
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intervention and enacted changes recommended
by the clinical pharmacist more frequently than
they enacted changes independently for control
patients (55.1% versus 19.8%; P ~0.001).
CONCLUSIONS:This study demonstrates
that a
clinical pharmacist providing pharmaceutical
care for elderly primary care patients can reduce
inappropriate
prescribing and possibly adverse
drug effects without adversely affecting healthrelated quality of life.

I

nappropriate prescribing occurs commonly among
elderly patients.‘-l2 A recent critical evaluation of
the literature concluded that up to 51% of nledications
for the elderly were “overused” and up to 90% were
“misused.“11 Inappropriate prescribing for the elderly
has been associated with unnecessary medical expenditures and drug-related hospital admissions and
readmissions.7~8J2J3 Inappropriate prescribing leading
to drug-related problems has also been identified as
one of the five most important quality-of-care problems in the elderly.14
Since the majority of the elderly are not institutionalized and have a minimum of one physician visit per
year,15 the ambulatory care setting may be ideal for addressii the problem of inappropriate prescribing. In
addition, primary care physicians may be best able to
optimize drug regimens given their lmowledge of patient-specific information (eg, medical history, previous
experience with specific medications) and their ability
to coordinate these patients’ overall medical care.
Recently, several authors1618 have summarized the
literature regarding methods to improve medication
prescribing. One method known as “academic detailing” (ie, face-to-face educational outreach visits by
physicians or pharmacists supplemented
by brief
graphic print materials) has been shown to be effective in reducing the prescribing of inefficient or contraindicated drugs.1”18 However, these trials, which
targeted high volume Medicaid prescribers of a particular drug or drug class, did not provide these physicians with patient-specific
feedback. Importantly,
strategies to improve prescribing may be enhanced if
implemented
by a health care professional who
works directly with primary care physicians in caring
for patients. Clinical pharmacists in ambulatory care
settings may be ideally positioned to work with health

care professionals
to improve inappropriate
prescribing.1921 Moreover, these clinical pharmacists can
provide patients with pharmaceutical care to identify,
resolve, and prevent drug-related problems.22
There is a paucity of well-designed studies evaluating the impact of clinical pharmacists on inappropriate
prescribing in ambulatory elderly patients.lOJ”ls The effectiveness of such interventions may be enhanced by
targeting high-risk
groups, such as patients with
polypharmacy
(ie, multiple medication use), an important risk factor for inappropriate prescribing.gJ:‘24
Therefore, the purpose of this randomized, controlled trial was to evaluate the effect of sustained
clinical pharmacist
interventions
involving elderly
outpatients
with polyphannacy
and their primary
physicians. The outcomes of the study were prescribing appropriateness,
health-related quality of life
(HRQOL), adverse drug events, medication compliance and lmowledge, number of medications, patient
satisfaction, and physician receptivity.

PATIENTS AND METHODS
Study Setting
This randomized, controlled trial was conducted in
the General Medicine Clinic (GMC) at the Durham
Veterans Affairs Medical Center (VAMC). Board-certified internal medicine faculty or internal medicine
residents paired with faculty physicians provide longitudinal primary care to approximately
3,000 patients. During the study period, 17 residents and 13
attending faculty practiced in the GMC. The study was
approved by the Durham VAMC Research and Human
Subjects Committees.

Patient Accession and Procedures
Patients were eligible for study if they were 65 years
or older, had evidence of polypharmacy (operationally
defined as a patient who was prescribed five or more
regularly scheduled medications by a VA physician),
and received primary care in the GMC. Patients were
ineligible if they resided in a nursing home. Patients
with cognitive impairment, as determined by the Mental
Status Questionnaire,25 were eligible only if a caregiver
was available to be involved in the intervention.
Computerized and manual chart audits were used to
identify 332 potential subjects who were approached
by the research assistant prior to their next scheduled
GMC visit. After excluding 6 patients who were ineligible and 38 who declined to participate, the remaining 288 patients gave informed consent, completed
comprehensive baseline interviews, and were scheduled for an interview with the clinical pharmacist 30
to 60 minutes prior to their next scheduled GMC visit
(randomization
visit). Separate enrollment and randomization visits were required because, given the
complexity of data collection, attempting to accom-

plish both in a single visit would have been disruptive
to the GMC operations. Patients who died (n = 4) or
otherwise did not have a scheduled GMC visit in the 7
months after the enrollment visit (n = 14) were subsequently excluded from the study.
Prior to the randomization visit, a clinical pharmacist (KU) reviewed each patient’s laboratory findings,
medication lists, hospital discharge summaries, clinic
notes, and procedure and test results from the previous 2 years. Using these data and the action profile
(a computer listing of the patient’s current VA medications), the clinical pharmacist prepared a list of
acute and chronic medical problems and assessed the
appropriateness
of each VA-prescribed,,
regularly
scheduled medicine (excluding dermatologicals)
using the Medication Appropriateness
Index (MAI) described below.26,27 For medications rated as inappropriate by any MAI criterion, the clinical pharmacist
prepared preliminary
written, prioritized drug therapy recommendations
for the primary physician.
During the randomization visit, but prior to randomization, the clinical pharmacist conducted a comprehensive medication assessment with patients and caregivers to verify study eligibility, identify drug-related
problems, and modify written drug therapy recommendations to physicians. The study protocol was designed so that if eminently dangerous drug therapy
problems were discovered, the pharmacist was to immediately inform the physician and the palient would
not be randomized into the study. At randomization,
patients were excluded if they were no longer eligible
(eg, took less than five prescribed medications; n = 30),
if 2 or more patients presented with the same appointment time (n = 23), or if they refused study participation (n = 9); the 208 remaining patients were randomized to either the control or intervention group using
a computer-generated
scheme.
Patients were followed up for 1 year. Six months
after randomization
took place, patients in both
groups were sent a letter of thanks with a pamphlet
on the safe use of medications
in the elderly and
were encouraged to continue involvement
in the
study. Closeout telephone interviews
were conducted 11.5 to 13 months after randomization
by another clinical pharmacist
blinded to group assignment. Two certified letters were sent to patients who
could not be reached by phone. Patients failing to
respond within 13 months of randomization
were
considered lost to follow-up.

Study Groups and Interventions
Patients randomized to the control group received
usual care. Usual care in the GMC consiste’d of a clinic
nurse reviewing patients’ current medications before
their visit, the physician visit, and a clinic nurse reviewing with patients any medications that. were modApril
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TABLE I
Medication

Appropriateness
Index Criteria
and Relative Weights
Relative Weight Applied
Criterion
to Inappropriate Ratings
Is there an indication for the drug?
3
Is the medication effective for the
3
condition?
Is the dosage correct?
2
Are the directions correct?
2
Are there clinically significant drug-drug
2
interactions?
Are there clinically significant drug-disease
2
interactions?
Are the directions practical?
1
Is this drug the least expensive alternative
1
compared with others of equal utility?
Is there unnecessary duplication with
1
other drugs?
1
Is the duration of therapy acceptable?

ified after the visit. The clinical pharmacist neither
spoke with, nor gave advice to, control patients or
their physicians during the study period. Written drug
therapy recommendations
for control patients prepared before randomization were not discussed or
given to their primary physician but were filed for review at the end of the study.
Patients randomized to the intervention group received usual and clinical pharmacist care. The clinical pharmacist intervention was based on the principles of pharmaceutical
care, “a process through
which pharmacists cooperate with patients and other
health care professionals in designing, implementing,
and monitoring a therapeutic plan that will produce
specific therapeutic outcomes for the patient.“22 As
described above, prior to all scheduled GMC visits,
the clinical pharmacist monitored drug therapy outcomes by reviewing each patient’s medical record and
medication list, ascertained current medication use,
identified drug-related problems by meeting with patients and caregivers, and evaluated patients’ medications by applying the MAI. The clinical pharmacist
then formulated prioritized
written recommendations. These recommendations
and their rationale,
along with any general drug information, were presented both orally and in writing to the patients’ primary physician. Discussions were designed to be
brief, to solicit physicians’ involvement, and to offer
published literature supporting the rationale for the
recommendations.
After the physician visit, the clinical pharmacist educated the patient regarding any
drug-related problems detected before the visit and
any medication changes made during the visit to reinforce and amplify the primary physician’s instructions. In addition, the clinical pharmacist encouraged
patients’ compliance with their medication regimens
430
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TABLE II
Example of Specific Instructions for
Medication Appropriateness
Index”
Criterion 2: Is the medication effective for the condition?
Definition:
Effective is defined as producing a beneficial re
suit. The question assesses whether the drug prescribed is efficacious for the indication in a pop
ulation of patients.
Instructions: Indication and efficacy are tightly, but lnot perfectly,
linked items. Physicians may prescribe a drug for
a given condition because of theoretical and stan
dard practice reasons (indication), but investigators may demonstrate in clinical trials that the drug
is ineffective (the antiplatelet effects of dipyridamole and stroke prophylaxis; ergoloid mesylates
and memory enhancement). Conver’sely, an indication may not be documented for a drug, yet the
drug may work well for the intended (effect(potassium chloride and diuretic-induced hiypokalemia).
In those cases, the reviewer must note the assumed indication in the comments.
Examples:
Hydrochlorothiazide and hypertension = “appropriate”; H, antagonist prophylaxis of gastritis induced by a nonsteroidal anti-inflammatory drug =
“inappropriate.”
‘Complete

set of instructions

is available on written request.

using both compliance-enhancing
strategies, such as
medication reminder packages or calendars (when
appropriate), and written patient educatio:n materials.
The clinical pharmacist also reviewed with patients
and caregivers general principles of safe m.edicine use
in the elderly and the importance of discussing their
medications with their physicians.

Outcome Measures
Prescribing appropriateness was determined for
each medication prescribed by a VA physician to be
taken on a regularly scheduled basis. We chose to f*
cus on regularly scheduled medications since they are
the most clinically relevant and because the use of asneeded medications was minimal. Prescribing appro
priateness was assessed by a blinded, research clinical pharmacist (IKL), using the same information
available to the intervention clinical pharmacist, at randomization and 3 and 12 months later applying the
MAI. The MAI rates each medication along 10 criteria
(Table I).Q,26,27
For each criterion, the index has operational definitions, explicit instructions, and examples
and the evaluator rates whether the pardcular medication is “appropriate, ” “marginally appropriate,” or
“inappropriate.” An example of the definition, instructions, and examples for the effectiveness criterion is
presented in Table II. Previously, MAI assessments
made by a clinical pharmacist and a physician (ie, interni&geriatrician)
demonstrated excellent inter-rater
(kappa = 0.83) and in&a-rater reliability (kappa =
0.92).26 These findings were recently replicated by an

independent group that dem0nstrate.d good agreement
for overall medication appropriateness between a geriatrician and a pharmacist.B Independent evidence of
the MAI’s face (ie, item suitability) and content validity (ie, item weighting) was determined by surveying
10 academic health care professionals (8 physicians
and 2 clinical pharmacists).27 An MAI medication score
was derived by applying weights to each inappropriate
rating for individual criteria and summing across the
10 individual criteria (medication scores could range
from 0 to 18; Table IJz7 The inter-rater reliability of the
2 clinical phaxmacists’ MAI medication scores for medications taken by a sample of patients eligible for randomization was good (intraclass correlation coefficient = 0.74).27 To assess the effect of the intervention
on prescribing appropriateness, patient MAI scores
were determined by summing MAI medication scores
across all evaluated medications9 Thus, this patient
MAI score depends on the number of medications
taken by the patient and the MAI score per medication.
The HRQOL was assessed by blinded interviewers
at enrollment and 12 months after randomization with
the SF36.2m The SF36 measures eight health concepts that are categorized into three major health attributes: (1) functional status (ie, physical functioning, social functioning, role limitations due to physical
problems, role limitations
due to emotional problems); (2) well-being (mental health, vitality, bodily
pain); and (3) general health perception (an overall
evaluation of health). We previously reported the results from a pilot study of patients meeting the eligibility criteria for this investigation and demonstrated
that the SF-36 correlated well with the Sickness
Impact Profile.%cores
for each of the eight health
concepts are standardized to range from 0 (poorest
well-being) to 100 (highest well-being).
Potential adverse drug events (ADE) were assessed
during closeout interviews by asking patients if in the
past year they had experienced any side effects, unwanted reactions, or other problems with their medications. 33 Those patients who answered yes to this
question were asked to name the medication involved
and to describe the problem that they experienced.
Further, they were asked whether they talked to a doctor about the reaction and what was advised, or, alternatively, whether the patient on his or her own
modified the use of the medication in question. Each
ADE-drug pair was assessed by a blinded clinical pharmacist who confirmed whether the patient’s symptom
was a known adverse effect of the implicated medication by its listing in current editions of either of two
standard pharmacological
t~xts.~~~ For purposes of
analysis, patients were categorized as having or not
having any possible ADEs. This approach was chosen
as it is likely to be a sensitive and valid method, as
demonstrated by a previous report involving these pa-

tients in which 84Ohof ADEs resulted in Ihealth care
utilization and 68% of implicated medications were
modified.= Moreover, this app roach replicates the
methods used in a previous study of adverse drug reactions in ambulatory elderly.36
Patient medication
compliance and knowledge
were assessed by patient self-report.37 During the baseline and closeout interviews, patients were asked how
they took each analyzed medication and what the medication was for, or, alternatively, how this medicine
helped them. Compliance was defined as the proportion of medications for which the patients’ response
agreed with the directions for their use on the action
profile. This approach was chosen since a preliminary
study comparing this approach with one that considered the timeliness of medications refills as indicated
on their VA action profile found them to be comparable.37 Moreover, this approach replicates the methods
used in a previous medication compliance study in ambulatory elderly.% Knowledge was calculated as proportion of medications for which a medically correct
response was given, based upon the patient’s medical
problems and accepted medical indications for prescribing the particular medication.37 This approach
was chosen as it replicates the method used in a previous study involving community dwelling elderly.%
The number of current, VA regularly scheduled medications were determined at randomization and again
at 12 months from action proiiles.
Patient satisfaction at closeout was assessed by a
blinded interviewer using four questions from the
Health Care Attitude Questionnaire.40 Patients used
5-point Likert scales (1, very satisfied; to 5, very dissatisfied) to rate four questions. One question regarded general health care satisfaction -with GMC
care and three regarded pharmacy-related
health
care satisfaction: (1) directions received for taking
medications; (2) explanation of side effects associated with the medications; and (3) number and types
of drugs they were taking.
Physician receptivity for the clinical pharmacist intervention was assessed by two methods. First, for both
study groups, an internist with fellowship training in
geriatrics, blinded to group assignment, assessed
whether each written recommendation
developed at
the randomization visit was enacted or not enacted at
3 months after randomization.4l For the intervention
group, enactment rate was defined as the number of
recommendations
with which the primary physician
complied over the total number of recommendations
made. For the co&ol group, whose prim~q physician
did not receive these recommendations,
enactment
rate was defined as the number of concealed recommendations that the physician implemented independently over the total number of concealed recommendations developed. This methodology replicates that
April 1996 The American Journal of MedicineD Volume 100
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TABLE III
Characteristics

of Patients by Group Status
at Randomization
Intervention
Control
Characteristic
(n = 105)
(n = 103)
Sex (% male)
98.1
100.0
Race f% white)
79.0
74.8
Marital status f% married)
65.7
85.4’
Cognitive impairment (%I
7.6
12.6
Medication compliance (%I
73.0
74.0
Medication knowledge (%)
80.0
81.0
Mean age fy)
69.7 f 3.5
69.9 f 4.1
Mean education (y)
10.2 + 3.8
9.9 + 4.2
Mean number of chronic
9.2 f 3.7
9.0 * 3.0
medical conditions
Mean number of VA
7.6 + 2.8
8.2 A 2.7’
prescribed medications
Mean number of medications
3.0 i 1.6
3.4 + 1.5’
for which recommendations
were developed

Mean values reported as f standard deviation.
‘Comparison of groups using chi-square tests for categorical variables
and Wilcoxon rank sum tests for continuous variables; P ~0.05.
VA = Veterans Affairs Medical Center.

used in a previous randomized, controlled trial that
evaluated the effect of an inpatient geriatric consultation team.& Physician receptiveness to the clinical
pharmacist interventions was also determined by asking a series of questions during telephone interviews
conducted at the conclusion of the study.

Statistical Analysis
We used Student’s t-tests (or Wilcoxon rank sum
tests for non-normally distributed variables) and chisquare or Fisher’s exact tests to assess the comparability of study groups at randomization.~
To examine the effect of the intervention on the
prescribing appropriateness outcome measure, our

general analytic strategy involved analysis of covariante (ANCOVA), with the dependent variables being
the difference between scores at baseline and the 3month and 12-month measures.44 An ‘mtention to
treat” approach was utilized and thus all patients were
retained in the analyses. For patients for whom close
out telephone interviews were not completed, their
prescribing appropriateness score at the date at which
patients stopped receiving primary care from the
GMC (ie, death, institutionalization,
or change to nonVA primary care) was determined and carried forward
as their 3-month (n = 5) or 12-month (n = 31) values.
Moreover, we adjusted for two covariates: baseline
number of medications9 and hospital admission during the study period.45 We also controlled for any variables that were significantly different between groups
at baseline. To examine whether the effect of the intervention differed across physicians, we calculated a
physician score by summarizing MAI change scores
across each patient seen by that physician and tested
the assumption of homogeneity.‘s~46~47 Resident physicians were combined into a single group because of
the small number of patients per resident. In addition,
descriptive analyses of the proportion of medications
with inappropriate ratings for each of the 10 individual MAI criteria were conducted for each group at randomization and 3 and 12 months later.
For the HRQOL measure, because the SF-36 does
not produce a single overall measure and because of
our concern regarding multiple comparisons, multivariate analysis of covariance (MANCOVA) was used
to simultaneously estimate the effect of the intervention on the eight SF36 health concepts. We adjusted
for two covariates: baseline number of medications9
and hospital admission during the study period.45 We
also controlled for any variables that were signilicantiy different between groups at baseline.

TABLE IV
Change in Prescribing

Physician Status
Faculty member A
Faculty member B
Faculty member C
Faculty member D
Faculty member E
Faculty member F
Faculty member G
Faculty member H
Faculty member I
Residents tn = 14)

Appropriateness
by Group and Physician Status at Randomization and 3 Months
Randomization
Difference at 3 Months’
Intervention
Control
Intervention--Control
Mean Prescribing
Mean Prescribing
Prescribing
Number of
Appropriateness
Number of
Appropriateness
Appropriateness
Patients
Score t SD
Patients
Score 2 SD
Score
95% Cl
8
15.8 + 5.3
7
17.3 f 7.7
-2.9
-11.7, 5.9
10
18.4 f 7.3
9
20.9 f 5.4
-2.7
-10.0, 4.6
6
17.2 * 6.9
8
21.0 zt 6.3
1.9
-5.0, 8.8
5
12.4 i 6.8
5
20.2 f 9.0
-5.0
-8.8, -1.2
17
18.1 * 9.9
12
17.7 + 5.7
-5.6
-11 .o, -0.2
16
16.8 + 9.8
12
16.9 * 9.3
0.6
-4.6, 5.8
15
19.9 + 11.4
27
19.9 f 10.0
-4.1
-7.6, -0.6
9
16.2 i 10.5
4
14.0 f 9.7
4.8
-15.8, 6.2
6
14.2 i 6.1
6
15.2 f 5.3
-3.7
-12.2, 4.8
13
13.4 + 7.5
13
18.4 + 10.8
-1.3
-5.4, 2.8

‘Test for heterogeneity comparing mean differences
Cl = confidence interval; SD = standard deviation.
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among physicians at 3 months fchi-square
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11.7; df = 9; P = 0.23).

were required to obtain 80% power to detect an effect
size of 0.4. Similarly, 84 subjects per group were required to obtain 80% power to detect an effect size of
0.5. These power calculations are conservative, as
they do not reflect the contribution of the covariates.

RESULTS

Figure. In the intervention group (n = 1051, adjusted Medication
Appropriateness Index (MAI) scores per person (mean * standard
error of the mean) changed from 17.7 * 0.6 before randomization to
13.4 it 0.6 at 3 months, and to 12.8 * 0.7 at 12 months after
randomization. In the control group (n = 1031, adjusted MAI scores
per person (mean f standard error of the mean1 changed from
17.6 f 0.6 before randomization to 16.5 f 0.6 at 3 months, and to
16.7 rt 0.7 at 12 months after randomization. The analysis of
covariance on the MAI score adjusted for group assignment, baseline
MAI score, number of baseline medications, hospitalization during the
study period, marital status, and number of medications for which the
clinical pharmacist developed recommendations
prior to
randomization was significant at 3 months (P = 0.0006) and at 12
months (P = 0.0002) after randomization.

To examine the effect of the intervention on other
outcome measures, we conducted bivariate analyses
(&i-square tests for categorical variables and student’s t-tests or Wilcoxon rank sum tests for continuous variables), intending to supplement these with
multivariate
analyses (ie, analysis of covariance), as
appropriate. SAS software (SAS Institute, Cary, North
Carolina) was utilized for all analyses.@
Power calculations for the prescribing appropriateness measure assumed a two-sided Student’s t-test
with an a = 0.05. One hundred subjects per group

At randomization,
the intervention
and control
groups were comparable, except that control patients
were more likely (P ~0.05) to have been married, to
take more medications, and to have moire medications for which the clinical pharmacist developed
recommendations
(Table III). Analyses evaluating
the impact of the intervention controlled for these
baseline differences.
Overall, closeout interviews were completed for 172
(88 intervention and 84 control) of the 208 randomized
patients (83%). Thirty-six patients were not interviewed because they were institutionalized
(5 per
group), deceased (7 intervention and 10 control), lost
to follow-up (5 intervention and 1 control), refused (1
control), or were no longer in GMC care (2 control).
There were no differences between groups in closeout
status (P = 0.28). The mean time between randomization and closeout was also similar (P = 0.89) for the intervention (349 days) and control (338 days) groups.
Table IV shows the unadjusted baseline MAI scores
for intervention and control groups for each of the 9
individual faculty physicians and the resident physician group (n = 14) and their mean difference scores
and 95% confidence intervals between baseline and 3
months. Across physician groups, most confidence intervals overlapped and included the null. Tests for heterogeneity revealed no statistical evidence for interphysician variation in the standard difference for
prescribing appropriateness between baseline and 3
months (Table Iv>. Similar findings were apparent
between baseline and 12 months (chi-square 14.3;

1 TABLEV
Inappropriate

MAI Dimension
Indication
Effectiveness
Dosage
Correct directions
Practical directions
Drugdrug interaction
Drug-disease interaction
Duplication
Duration
Expense

Prescribing

of Medications by Group Status at Randomization, 3, and 12 Months’
control
Intervention
Before
3 Months
12 Months
Before
3 Months
121 Months
(n =?6)
(n =;21)
(II =;17)
(n =<98)
(n =;43)
(n =;34)
10.5
4.6
17.4
32.7
20.7
0.0
1.9
4.9
15.4
29.2

‘Descriptive medicationlevel data are reported
MAI = Medication Appropriateness Index.

8.1
3.6
13.1
28.1
15.8
0.0
2.0
3.0
11.8
25.6

6.0
3.4
15.0
27.5
15.3
0.0
1.9
4.9
10.1
25.3

12.4
4.9
17.3
32.2
20.0
0.0
1.0
6.4
17.5
30.3

10.5
4.9
18.2
32.6
18.9
0.1
0.7
5.9
14.9
27.7

9.7
4.9
20.4
29.9
21.2
0.1
1.1
8.2
14.9
28.2

as number and percent inappropriate.
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TABLE VI
Health-Related

Category
Physical functioning
Social functioning
Physical role function
Emotional role function
Mental health
Energy
Pain
General health perception

Quality of Life by Group Status at Enrollment
Intervention
Enrollment
12 Months
(n = 104)
(n = 86)
48.0 zt 2.7
44.1 + 2.0
56.4 YIZ3.0
57.4 + 2.6
38.3 zt 3.2
38.6 * 3.6
73.0 f 4.1
66.4 zt 1.8
61.0 zt 2.5
61.1 LIZ1.8
31.7 f 2.2
36.5 * 2.0
45.0 f 2.8
43.6 + 2.7
34.9 f 2.1
37.4 i 1.6

and at 12 Months After Randomization’
Control
Enrollment
12 Mcmths
(n = 103)
(n = 83)
45.3 + 2.7
42.2 2. 2.0
59.4 + 3.0
55.1 2 2.7
36.5 2 3.2
32.3 A 3.7
68.1 f 4.1
67.0 i 3.9
63.5 2 2.5
60.4 3 1.8
32.9 + 2.2
36.1 A 2.0
42.2 * 2.8
41.7 * 2.7
34.2 2 2.1
35.2 + 1.7

‘One intervention patient did not complete the SF-36 at enrollment, and 2 intervention patients and 1 control patient did not complete the SF-36 at
closeout. The difference between groups in SF-36 change scores (mean f standard error of the mean), adjusted for number of baseline medications,
hospitalization during the study period, marital status, and number of medications for which the clinical pharmacist developed recommendations
Prior
to randomization, was not significant (MANCOVA, P = 0.99).

TABLE VII
Other Outcome Measures by Group Status
at 12 Months After Randomization
Intervention
Control
Outcome’
(n = 86)
(n = 83)
P Value+
Adverse drug events (%I
30.2
40.0
0.19
Medication compliance (%I
77.4
76.1
0.88
Medication knowledge 1%)
89.4
90.6
0.29
VA prescribed medications 6.9 * 2.6 7.9 it 3.3
0.83
General health care
1.5 + 0.7 1.6 i 0.8
0.70
satisfaction
Pharmacy-related health
5.2 + 1.5 5.4 + 1.7
0.52
care satisfaction
‘See text for descriptions of patient-level variables.
+Compar+son of groups using chi-ouare tests for categorical variables and
Wilcoxon rank sum test for conbnuous variables, controlkng for baseline
scores when available.
VA = Veterans Affairs Medical Center.

degrees of freedom = 9; P = 0.11) thus demonstrating
the “combinability” of the data47
The F’igure shows that covariateadjusted MAI
scores were comparable between the intervention and
control groups at randomization (17.7 versus 17.6, respectively; P = 0.90). A 24% improvement in inappro
priate prescribing was observed at 3 months in the
intervention
group compared with a 6Ohimprovement
in the control group (adjusted change score -4.3 versus
-1.1, respectively; ANCOVA, P = 0.0006). These group
differences were sustainedat 12 months with a 28%improvement (adjusted change score - 4.9) in the intervention group versus a 5% improvement (adjusted change
score - 0.9) in the control group (ANCOVA P = 0.0002).
Table V presents the proportion of medications with
inappropriate ratings for each MAI criterion at each of
the three tune points by group status. Due to problems
associated with multiple comparisons, these data are
intended for descriptive purposes only. In the intervention group, by closeout, the percentage of inap
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propriak ratings decreased in seven of the ten MAI dimensions. By contrast, inappropriate ratings increased
in five of the ten dimensions in the control group.
With respect to HRQOL (Table VI), multivariate
analyses revealed that the two groups were comparable at enrollment (P = 0.69). Controlling for the above
mentioned covariates, we observed no between-group
differences in SF-36 change scores at closeout (MANCOVA, P = 0.99).
Table VII outlines the analyses of the other outcomes. There were no signiticant differences between
groups at closeout with regard to medication compliance or knowledge, number of medications, or patient
health care satisfaction. Fewer interventi’on patients
than control patients (30.2%versus 40.00/o;
1’ = 0.19) experienced adverse drug events. For both groups, cardiovascular and central nervous system medications
were the most commonly implicated and digestive and
cardiac symptoms were most commonly reported.
Written recommendations were enacted more frequently for the intervention group compared with the
control group (55.1% versus 19.8??,P <O.OOl). Moreover, enactment rates of recommendations were
higher for the intervention group than the control
group for both faculty (55.8% versus 18.!3%,respectively; P <O.OOl) and resident physicians (50% versus
28.5 %, respectively; P = 0.07). Physicians who had intervention patients and therefore contact with the
clinical pharmacist (n = 21) indicated that they were
highly satisfied with their interactions. All stated that
they thought the clinical pharmacist was competent,
95.2%thought the advice given was helpful, and 85.7%
thought they were provided with information about
which they were previously unaware.

DISCUSSION

--

This is one of the few studies, to our knowledge, to
demonstrate that a clinical pharmacist providing phar-
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maceutical care can contribute to improving and sustaining prescribing
appropriateness
for elderly primary care patients with polypharmacy. By 1 year, we
observed a 23% difference between groups in the reduction of inappropriate prescribing. The magnitude
of this reduction is equivalent to the improvement in
prescribed psychoactive drug scores for nursing home
patients reported by a study utilizing an “academic detailing” program. 4gThe observed improvement in prescribing observed may be a conservative estimate of
the effectiveness of the intervention for several reasons. First, there was the potential for contamination
since physicians had patients in both the intervention
and control groups. Second, the study was conducted
at an academically-oriented
VAMC setting where
more attention may be paid to the appropriateness
of
prescribing.g Despite these factors, improvement was
evidenced across most MAI dimensions, including the
two major criteria: indication and effectiveness.
Moreover, our findings are consistent with previous
studies of ambulatory elderly patients with polypharmacy that document few serious problems with drug
interactions and therapeutic duplications.10,50
The change in prescribing
appropriateness
occurred as a result of the physician enacting the recommendations
made by the clinical pharmacist. The
enactment rate is consistent with that reported by
Kroenke and Pinholt50 and suggests that physicians
are receptive to recommendations
regarding their
prescribing.
Additional evidence of physicians’
receptivity to the clinical pharmacist is provided from
their interview responses. This is encouraging given
that prior to the study, the GMC staff had not routinely worked with a clinical pharmacist. It is also encouraging that busy primary care physicians appreciated their interactions with the clinical pharmacist,
since physicians may not always find adequate time
to review elderly patients’ complicat,ed drug regimens, evaluate and resolve drug-related problems,
and thoroughly counsel patients regarding their medications. Further, anecdotal evidence of receptivity is
that over the course of the study physicians asked the
clinical pharmacist to provide drug information services, co-precept
internal medicine residents, and
counsel
non-study
patients
about medications.
Whether other organized health care settings would
benefit from the addition of a clinical pharmacist is
unknown. The GMC’s positive experience likely contributed to their decision to hire a full-time clinical
pharmacist, subsequent to this study.
We are aware of no other intervention study addressing prescribing
appropriateness
that also formally evaluated its impact upon the patient outcomes
of HRQOL and ADEs. The intervention’s
inability to
alter HRQOL may be related to several factors. First,
veterans receiving care at VAMCs appear to have a
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greater disease burden than their non-veteran counterparts. 51,52In such patients, overall chronic disease
activity and comorbidity may be only partially influenced by medication use. Second, the effects of the
intervention in such patients may require more than 1
year before they are manifested as HRQOL improvements. Finally, the lack of improvement in HRQOL
may be related to the properties of the instrument itself. The SF-36 was designed as a discriminative health
status index.% However, its ability to be used as an
evaluative instrument (ie, to measure the magnitude
of longitudinal change in an individual or group) remains to be determined, particularly with respect to
its responsiveness
within randomized trials.
With regard to a second patient outcome, the intervention may have decreased ADEs, given that the
intervention group was 25% less likely (odds ratio =
0.75) to experience one or more ADEs compared with
the control group. This difference is unlikely to be
due to a Hawthorne
effect between groups as supported by data from a recent clinical trial in which intervention patients informed of potential ;side effects
were as likely to report targeted side effects as control patients.”
Although the difference
between
groups in the present study was not statistically significant (95% CI, 0.50 to 1.15) post-hoc calculations
revealed that we had only 25% power to detect, a difference of this magnitude. We would have required
approximately
400 patients per group (a = 0.05,
f3 = 0.80) to detect this difference.
The modest, nonsignificant
reduction in the number of medications per patient was of a magnitude similar to another intervention study with elderly outpatients with polypharmacy.“’
In part, this modest
reduction may be attributed to our focus on clinically
relevant, chronic, regularly scheduled medications
rather than discontinuation of medications used on asneeded or intermittent basis. More likely, hlowever, although the regularly scheduled medications of medically ill, ambulatory elderly patients can be optimized,
the absolute number of medications required to manage their complex chronic diseases is less moditiable.% This a priori judgment led. us to select prescribing
appropriateness
as a primary
outcome.
However, it was encouraging that those in the intervention group were significantly
more likely than
those in the control group to have medications discontinued.“6 While other randomized, controlled trials
of ambulatory elderly have demonstrated the positive
effect of a pharmacist
intervention
on medication
knowledge and compliance,57,68 the lack of improvement in the present study may be attributable to the
high level of attention given to control patients whose
usual care consisted of a nurse reviewing and counseling patients about their medications before and after their physician visit.
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The current study extends prior research involving clinical pharmacist interventions
to alter prescribing behaviors in several ways. First, we used a
rigorous experimental design to evaluate a sustained
ambulatory
care clinical pharmacist intervention
based on the principles of pharmaceutical
care.
Previous welldesigned
ambulatory care studies in
HMOs have been limited to evaluating the impact of
clinical pharmacist services on improving physician
prescribing of a particular drug class and associated
costs,59 or on reducing the number of prescriptions
and associated costs per patient encounterW
Second, this study used a reliable and valid assessment tool to measure multiple aspects of prescribing appropriateness
for elderly patients. Only the
study by Lipton et allo that evaluated a clinical pharmacist intervention
on physician’s prescribing for
elderly patients discharged from a community hospital used a standardized tool that considered six individual components of inappropriate
prescribing.
Finally, we measured two meaningful patient outcomes that may be related to the provision of pharmaceutical care: HRQOL and ADEs. Previous clinical pharmacist services intervention studies did not
measure the effect that their interventions had on
these patient outcomes.10,5g,60
There are several potential limitations to the current study. First, patients and not physicians were
randomized due to the small number of physicians
practicing in the GMC. While this has the potential to
inflate the statistical significance of study findings
when patients have been differentially influenced by
specific physicians, 46 it does not appear to be an important factor affecting the present study (Table IV).
Second, the clinical importance of the observed difference in MAI scores remains to be determined, and
we are conducting further research in this area. Third,
the study involved elderly male veterans receiving
their primary care from university-affiliated
physicians. While we cannot determine the extent to which
interventions
directed at improving
prescribing
would be generahzable and effective in other health
care settings where higher levels of inappropriate prescribing may be present, it is encouraging that
Kroenke and Pinholt50 observed similar results.
Finally, the intervention was delivered by one clinical pharmacist, which may limit our generahzability.
To minimize the effect of personal characteristics, the
intervention protocol focused on content, was evidence-based, and was purposefully designed to engage physicians rather than be critical of prescribing.
Despite these potential limitations,
this study
demonstrated that a clinical pharmacist providing
pharmaceutical
care can improve and sustain prescribing appropriateness for high-risk elderly primary
care patients with polypharmacy, with the suggestion
436
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of a possible reduction in adverse drug events and no
alteration of HRQOL. Future studies are needed to
more fully evaluate the effectiveness of su.ch clinical
pharmacist interventions
in nonacademic settings
and should be targeted at larger elderly patient subgroups, be longer, be directed toward improving specific prescribing problems (eg, dosage, directions,
and expense), and utilize more sensitive adverse drug
reaction and disease-specific HRQOL measures.
Moreover, the economic implications of such future
programs need to be studied using either formal costeffectiveness or cost-benefit methodology.‘*
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