
The Department of Elder Af-
fairs (DOEA) operates the Long-
term Care Community Diversion
(LTCD) Program for the elderly.1

The LTCD Program is intended to
shift the emphasis from nursing
home care to community-based
care in a way that helps elderly pa-
tients maintain their independence
and quality of life.1 In addition, it
is anticipated that it will defer
costs associated with LTC facility
admission, as well as defer or pre-
vent iatrogenic issues associated

with such living environments.
Participation in the LTCD Pro-
gram is voluntary, but limited to
the very frail to ensure that those
served are truly at risk of nursing
home placement. 

One system-level strategy for di-
verting placement to a LTC facili-
ty may be to prospectively identify
patients at high risk for MRPs so
that physicians can consider the
patients’ risk level in their deci-
sions about prescribing, deliver-
ing, and monitoring subsequent

pharmacotherapy.2-4 If predictive
factors can be identified, they
might allow the healthcare team to
respond promptly and direct care
toward amending modifiable fac-
tors. Therefore, we performed a
cross-sectional study to assess
whether patient-level factors are
associated with MRPs among
Floridians (herein referred to as
patients) receiving home and com-
munity care services as an alterna-
tive to nursing home placement.

Goals and Objectives
The aim of the study was to deter-
mine the prevalence and predictors
of MRPs among elderly patients
enrolled in this Florida LTCD 
Program. Specifically, the objec-
tives were to: 
• determine demographic and

clinical characteristics of this
group of patients;

• describe the types of MRPs
present, and; 

• identify risk factors for and cor-
relates of MRPs.

Methods
Literature Search and Evaluation
Prior to our analysis, we conduct-
ed a search of the MEDLINE elec-
tronic database (1966 to 2004)
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Introduction

It is estimated that more than 12 million Americans need long-term care
(LTC) services.1 The elderly population (≥65 years of age) comprise an
overwhelming majority of these individuals. According to Congressional
Budget Office estimates, US expenditures for LTC services will
continue to increase each year through 2040, mainly due to the aging
of the nation’s population.1

Florida has a higher proportion of seniors than other states.
Although the rate of growth in the state’s elderly population has
temporarily slowed down, the projected 20-year growth in its
population >85 years of age exceeds that of other states by ≥15%.1

Thus, Florida is home to a greater proportion of the “oldest old.”1

These elderly patients are frail, frequently suffer from multiple physical
problems, and often are treated with numerous medications, which 
may place them at risk for medication-related problems (MRPs) and
subsequent LTC facility placement. 
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with the following key words or
phrases: medication-related prob-
lem, drug-related problem, under-
treatment, underutilization, and
polypharmacy. We also searched
the National Guideline Clearing-
house for evidence-based clinical
practice guidelines for chronic dis-
eases. Additional relevant litera-
ture was found by evaluating the
reference citations from retrieved
articles and hand search. 

To summarize the available lit-
erature, we created a database that
included reviews of MRPs and
principles of drug use in the elder-
ly,5-12 studies of specific drug-relat-
ed problems13-41 (including adverse
drug events42-49), and overviews of
evidence-based clinical guidelines
and standards of practice. Of the
15 most common chronic diseases
observed in the elderly population,
we focused on the management of
congestive heart failure (CHF),50-52

stroke,53-55 coronary heart disease
(CHD),56-59 chronic obstructive
pulmonary disease (COPD),60 and
diabetes mellitus (DM).61-63 The
purpose of this exercise was to be-
come familiar with the magnitude
of MRPs and assist in the evalua-
tion and identification of such
problems. We continued to obtain
references after the initial search in
order to keep abreast of the litera-
ture relevant to this topic. 

Sample
The study population consisted of
adults enrolled in Florida Medic-
aid and participating in the LTCD
Program with our pharmacy be-
tween April 2004 and April 2005.
This cross-sectional investigation
assessed patients and collected da-
ta over a 4-month period from
January through April 2005. Pa-

tient medication profiles and clini-
cal notations were screened as part
of a quality-assurance and per-
formance-improvement effort to
identify suboptimal prescribing
that might require supplemental
pharmaceutical care. 

Classification of MRPs
For the purpose of this study, we
used MRPs as a general term for
actual or potential MRPs. We clas-
sified MRPs into 9 categories: 
1. drug use without indication; 
2. untreated indication; 
3. potentially improper drug se-

lection; 
4. potentially low dose; 
5. potentially high dose; 
6. an actual or potential adverse

drug reaction; 
7. an actual or potential drug in-

teraction; 
8. failure to receive medication;

and 
9. duplicate therapy.64

A tool designed to identify and
classify MRPs for medically frail,
community-dwelling older adults
was empirically developed a priori,
using both explicit (eg, Beers crite-
ria65) and implicit criteria. For the
“untreated indication” category,
the investigators reviewed medica-
tion profiles for the omission of

drug therapy considered to be the
standard of care for specific diseases
and comorbidities (eg, angiotensin-
converting enzyme [ACE] in-
hibitors for CHF). For “potentially
improper drug selection,” a list of
“watch” medications was utilized,
which included therapies with a
narrow therapeutic index (eg, war-
farin), that required laboratory
monitoring (eg, aminoglycosides),
were considered to be potentially
inappropriate medication (PIM) in
older adults (considering diagnoses
or conditions using updated 2002
Beers criteria65), and had disease- or
age-specific contraindications or
precautions (eg, thiazolidinediones
in patients with CHF, metformin in
patients ≥80 years old). Pharma-
cists evaluated appropriate dosing
of medication on the basis of pa-
tient-specific characteristics, in-
cluding age, weight, and medical
condition, among other factors.
Other drugs, independent of diag-
noses or conditions, included in the
2002 Beers criteria65 were catego-
rized as “an actual or potential ad-
verse drug reaction” (eg, pro-
poxyphene, carisoprodol). The
presence of “an actual or potential
drug interaction” was determined
from clinical notes in the patient’s
profile, the reason for discontinua-
tion of drug therapy (which was al-
so captured in our database), and a
pharmacist-evaluated supplemental
electronic drug utilization review
computer program (ie, First Data-
Bank®). “Failure to receive medica-
tion” could not be assessed by re-
viewing electronic pharmacy
profiles, so this MRP was excluded
from the analysis. Similarly, be-
cause we required a medical indica-
tion for each drug on the patient’s
profile prior to its entry into the
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pharmacy database, “drug use
without indication” was not appli-
cable in our review. To evaluate
“duplicate therapy,” we devised a
list of agents and medication class-
es commonly used in the elderly,
and assessed patients’ medication
profiles for concomitant therapy
(eg, 2 different acetaminophen-
containing preparations used con-
currently). 

Identification of MRPs
A 4-step process was utilized 
to identify MRPs: 
1. evaluation of computerized

pharmacy-maintained patient
profiles for medical diagnoses
and comorbidities; 

2. analysis of clinical assessments
documented in the pharmacy
database; 

3. screening of past and present
medication profiles; and 

4. pharmacist review of prescribed
drug therapy for appropriateness. 

Each potential MRP was identi-
fied and classified independently by
4 clinical pharmacists (KTB, DJW,
NB, SCN). Panel members tabulat-
ed only MRPs that they unani-
mously accepted during a round-
table discussion. 
Statistical Analysis
The initial step in the statistical
analysis was exploration of correla-
tive relationships between the de-
pendent variables (MRP/no MRP),
number of MRPs, and each of the
independent variables (age, gen-
der, primary diagnosis, number of
comorbid conditions, cognition,
number of medications prescribed,
and number of scheduled doses
per day). Because an insufficient
number of cases was revealed in
some categories to ensure the va-

lidity of statistical comparisons,
variables were grouped into sever-
al interval classes (bands)—num-
ber of MRPs (0 to 1, 2 to 3, 4+),
age class (65 to 69 years, 70 to 74
years, 75 to 79 years, 80 to 84
years, 85+ years), number of co-
morbid conditions (0 to 2, 3+),
number of medications prescribed
(0 to 4, 5 to 8, 9+), and number of
scheduled doses per day (0 to 2, 3
to 5, 6 to 8, 9 to 11, 12+)—and
then further analyzed. Various bi-
nary logistic regression models
were constructed using the “enter
and backward” likelihood ratio
methods in the SPSS 13.0 statisti-
cal package (SPSS, Chicago, IL).
Hypothesized logistic models were
constructed to minimize collineari-
ty of model coefficients and corre-
lations among independent regres-
sors. The significance of the overall
logistic model was assessed using
log-likelihood chi-square tests.
Model fit was determined using
pseudo r2 statistics along with pre-
dicted versus observed classifica-
tions. The statistical significance of
logistic model coefficients was test-
ed using the Wald statistic. 

Results
Characteristics of the 
Study Population
The clinical and demographic

characteristics of patients included
in the study are listed in Table 1. A
total of 142 patients were includ-
ed in this evaluation. Of these,
108 (76.1%) were female and 34
(23.9%) were male. The overall
average age ± standard deviation
was 82.7 ± 7.9 years (range 66 to
97 years), and most patients were
white (85.9%). Approximately
half (57.7%) of patients had some
form of cognitive impairment and
44.4% had ≥3 comorbidities. The
median number of medications
prescribed was 9.0; the median
number of scheduled doses per
day was 11.0. 

Medication-Related Problems
Altogether, 287 potential MRPs
were identified, of which the most
prevalent was an actual or poten-
tial adverse drug reaction (56.3%)
(Table 2). The 3 most frequent
MRP categories identified were:
an actual or potential adverse drug
reaction, potentially improper
drug selection, and untreated indi-
cation (Table 3). Propoxyphene
was prescribed for 18% of all pa-
tients evaluated and accounted for
nearly one-third (31.3%) of MRPs
categorized as an actual or poten-
tial adverse drug reaction. 

Considering diagnoses or condi-
tions using explicit criteria,65 PIM
accounted for approximately two-
thirds of MRPs categorized as po-
tentially improper drug selection.
Other therapies with disease- or
age-specific contraindications or
precautions most frequently iden-
tified were the prescribing of war-
farin to patients ≥65 years of age
(16.4%), metformin use in pa-
tients ≥80 years of age (9.0%),
and use of thiazolidinediones in
patients requiring insulin or who
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had CHF (4.5% and 3.0%, re-
spectively). 

A potentially untreated indica-
tion was found in 62 (43.7%) of
patients. In rank order, the most
common disease states involved
were COPD (30.7%), CHD
(29.0%), CHF (24.2%), DM
(11.3%), and cerebrovascular dis-
ease (4.8%). The most prevalent
untreated indications for specific
diagnoses included: missing bron-
chodilator therapy of any kind for
patients with COPD (79.2%), no
long-acting bronchodilator med-
ication for patients with COPD
(58.3%), absence of 3-hydroxy-3-
methylglutaryl coenzyme A reduc-
tase inhibitor (“statin”) therapy
for patients with CHD (53.8%),
missing an ACE inhibitor or an-
giotensin II receptor blocker
(ARB) for patients with CHF
(47.8%), and lack of immediate-
release nitrates for patients with
CHD (46.2%). Other potentially
untreated indications detected
were: missing aspirin or beta-
blocker therapy in patients with
CHD (38.5%), missing aspirin or
ACE inhibitor/ARB therapy in pa-
tients with DM (22.6%), no short-
acting bronchodilator on the med-
ication profile of patients with
COPD (20.8%), missing beta-
blocker therapy in patients with
CHF (17.4%), and missing aspirin
therapy in patients with cere-
brovascular disease (15.0%).

Figure 1 presents the observed
distribution of MRPs present for a
given primary diagnosis. Of the 20
patients with hypertension
(14.1% of the total patients in this
study), an MRP was observed
95% of the time. A similar pattern
was observed for patients with
cerebrovascular disease, DM, and

COPD. The opposite was true for
patients with dementia or
Alzheimer's disease, where a sig-
nificant fraction of patients
(43.2% and 57.1%, respectively)
had no MRP, making it difficult to
predict the presence of MRPs in
patients with these diagnoses.

Final results of logistic regres-
sion analysis, presented in Table 4,
show 3 statistically significant 
factors associated with the pres-

ence of MRPs: number of medica-
tions, presence/absence of demen-
tia, and age. The factor having the
greatest influence on MRPs was
the number of medications, with
an appreciably higher odds ratio
of 4.17. While dementia and age
were statistically significant overall
(P=0.003 and 0.016, respectively),
their contribution to MRPs was
small. The effect of the number of
medications on MRPs is shown in

Table 1.

Clinical and Demographic Patient Characteristics
(N=142)

Characteristic Corresponding Value

Age (years)
Mean ± SD 82.7 ± 7.9
Median 82.5
Distribution (n [%])

65 to 69 6 [4%]
70 to 74 21 [15%]
75 to 79 22 [15%]
80 to 84 33 [23%]
≥85 60 [42%]

Female (n [%]) 108 [76.1]
Male (n [%]) 34 [23.9]
Race (%)

White 85.9
Black 4.9
Other 2.8
Unknown 6.4

Primary diagnostic classification (n [%])
Cardiovascular 35 (25%)
Pulmonary 12 (8%)
Endocrine 8 (6%)
Neurologic 71 (50%)
Other 16 (11%)

Comorbidity
Mean no. ± SD 2.4 ± 1.4
≥3 comorbidities (n [%]) 63 [44.4%]

Cognitive impairment (n [%]) 82 [57.7%]

Medications prescribed
Total no. 1427
Mean ± SD 10.0 ± 5.3
Median 9.0
≥9 medications (n [%]) 83 [58.5%]

Scheduled doses of medication/day
Mean ± SD 11.3 ± 6.3
Median 11.0
≥12 doses/day (n [%]) 66 [46.5%]
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Figure 2. A slight linear relation-
ship between the number of MRPs
and the number of medications
was observed. However, the fre-
quencies of MRPs were highly
skewed at lower and higher num-
bers of medications, giving rise to
larger prediction errors when sin-
gle values of prescribed medica-
tions were used. 

When comparing the difference
between full and final logistic
models, the final model with only
3 degrees of freedom was not sta-
tistically different than a full mod-
el with 10 degrees of freedom at

Table 2.

Description of MRPs

Proportion/ Proportion/
No. of Sample* Total MRPs

MRP Classification Occurrences (N=142) (N=287)

1) Drug use without indication NA NA NA

2) Untreated indication 62 43.7% 21.6%

3) Potentially improper drug selection 67 47.2% 23.3%

4) Potentially low dose 10 7.0% 3.5%

5) Potentially high dose 8 5.6% 2.8%

6) An actual or potential ADR 80 56.3% 27.9%

7) An actual or potential drug interaction 12 8.5% 4.2%

8) Failure to receive medication NA NA NA

9) Duplicate therapy 48 33.8% 16.7%

*Total does not add up to 100% as some patients had >1 reported medication-related problem (MRP).
ADR=adverse drug reaction; NA=not applicable.

Figure 1.
Relationship Between MRPs and Primary Diagnosis

Number of MRPs

ARF=acute renal failure; CHF=congestive heart failure; Chr-chronic; Hrt=heart; Dis=disease; COPD=chronic obstructive pulmonary disease; PVD=peripheral vascular disease
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the 0.05 level of significance. In
addition, the final logistic model
adequately fit MRP data with an
r2 value of >0.5. Table 5 demon-
strates that the model was good at
predicting the presence of an MRP
when an MRP was actually ob-
served. However, the model signif-
icantly overpredicted the presence
of an MRP when no MRP was ob-
served. 

The predicted probability of
MRPs was 80.7%, 94.5%, and
98.6% for the banded number of
medications prescribed (0 to 4, 5
to 8, and 9+, respectively). By in-
creasing the interval class of num-
ber of medications from 0 to 4 to
5 to 8, there was a corresponding
17.2% increase in the likelihood
of having an MRP. A much small-
er gain (4.3%) in the likelihood of
having an MRP was predicted by
an increase in the number of med-
ications from 5 to 8 to 9+. 

Discussion
Drug-related morbidities are a sig-
nificant healthcare problem, and a
great proportion are preventa-
ble.8,49,66,67 Increasingly, there have
been numerous reports of the inci-
dence, prevalence, and preventa-
bility of medication error-related
deaths,68-70 drug-related hospital
admissions,67,71-74 and adverse drug
events in the inpatient and outpa-
tient setting.42-49,75-77 The intent of
this study was to better define pa-
tient-level factors associated with
MRPs, with the goal of identifying
high-risk beneficiaries and sup-
porting interventions that may
prevent subsequent LTC facility
placement.

A major risk factor for MRPs
was the number of medications pre-
scribed. Previous studies3,4,71,73,74,78-81
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Table 3.

Details Associated with the 3 Most Frequent 
MRP Categories Identified

MRP Classification Number (n) Proportion/Classification

Actual or Potential Adverse Drug Reaction

Beers medication* + age 79 98.8%

ASA + history of GI bleed 1 1.3%

Total 80 100.1%

Potentially Improper Drug Selection

Warfarin + age 11 16.4%

Beers medication + cognitive impairment 10 15.0%

Beers medication + depression 10 15.0%

Beers medication + syncope or falls 10 15.0%

Metformin + age 6 9.0%

Beers medication + chronic constipation 5 7.5%

TZD + insulin 3 4.5%

TZD + CHF 2 3.0%

Beers medication + bladder outflow 2 3.0%

obstruction

Beers medication + COPD 2 3.0%

Metformin + CHF 1 1.5%

Methadone + age 1 1.5%

Beers medication + CHF 1 1.5%

Beers medication + insomnia 1 1.5%

Beers medication + anorexia and 1 1.5%

malnutrition

Beers medication + SIADH/hyponatremia 1 1.5%

Total 67 100.4%

Untreated Indication

COPD + no long-acting bronchodilator 14 22.6%

CHF + no ACE inhibitor/ARB 11 17.7%

CHD + no statin 7 11.3%

CHD + no IR NTG 6 9.7%

COPD + no short-acting bronchodilator 5 8.1%

DM + no ASA 5 8.1%

CHF + no beta-blocker 4 6.5%

CVA + no ASA 3 4.8%

CHD + no ASA 3 4.8%

CHD + no beta-blocker 2 3.2%

DM + no ACE inhibitor/ARB 2 3.2%

Total 62 100%

* Includes (number, %): propoxyphene (25, 31.3%), oxybutynin IR (10, 12.5%), cyclobenzaprine (5, 6.3%), fluoxetine (5,
6.3%), clonidine (5, 6.3%), hydroxyzine (4, 5.0%), naproxen (4, 5.0%), estrogen (4, 5.0%), diphenhydramine (3, 3.8%),
amiodarone (2, 2.5%), nitrofurantoin (2, 2.5%), and trimethobenzamide, methocarbamol, carisoprodol, metaxalone,
diazepam, cyproheptadine, promethazine, barbiturates, doxazosin, desiccated thyroid (1, 1.3% each).

ACE=angiotensin-converting enzyme; ARB=angiotensin II receptor blocker; ASA=aspirin; CHD=coronary heart disease;
CHF=congestive heart failure; COPD=chronic obstructive pulmonary disease; CVA=cerebrovascular accident;
DM=diabetes mellitus; GI=gastrointestinal; IR=immediate-release; NTG=nitroglycerin; SIADH=syndrome of inappropriate
antidiuretic hormone; TZD=thiazolidinedione.
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have found the number of drugs
prescribed to be a risk factor for
several MRPs in older adults, es-
pecially adverse drug events, and it
has been reported that the use of
larger numbers of medications is
associated with an increased likeli-
hood of inappropriate prescrib-
ing.12,82 A large national survey of
33,301 nursing facility residents
performed by Tobias and Sey83

found an average of 6.7 medica-
tions used per resident, with 27%
of residents taking ≥9 medications.
The trend of increasing drug use
continues through 80 years of age5

and appears to be highest among
older women.84 The average num-
ber of medications prescribed for
patients enrolled in the LTCD Pro-
gram was 10.0, and 59% were pre-
scribed ≥9 medications. These pa-
tients were mainly women who
were ≥80 years of age.

It is estimated that 20% of

Medicare beneficiaries have ≥5
chronic conditions, with 50% re-
ceiving ≥5 medications.85 In our

study, 17% and 87% of patients
had ≥5 chronic conditions and
were prescribed ≥5 medications,
respectively. While no specific
number of medications has been
established to define polypharma-
cy, some have arbitrarily suggested
a cut-point of 3 to 5 drugs per pa-
tient.8 We chose a cut-point of ≥9
medications, as this is a quality in-
dicator that has been established
by the Centers for Medicare and
Medicaid Services (formerly rec-
ognized as the Healthcare Finance
Administration) for residents in
LTC facilities.8 Although we did
not investigate nursing home pa-
tients specifically, a criterion for
enrollment in the LTCD Program
was a nursing home eligibility de-
termination. Our results appear to
confirm this cut-point, demon-
strating 98.6% predicted proba-
bility of MRPs with ≥9 prescribed
medications. In addition, the 

Table 4.

Independent Risk Factors for MRPs

Model Odds Ratio 
Risk Factor Coefficient* (95% CI) P Value

No. of medications 1.428 4.17 (2.48 to 7.00) <0.0001

Dementia -1.445 0.24 (0.09 to 0.61) 0.003

Age -0.343 0.71 (0.54 to 0.94) 0.016

*Coefficients are significant at the 0.05 level of significance based on the Wald statistic.
CI=confidence interval.

Table 5.

Classification Table for Logistic Regression 
Predictions 

Observed Presence of an MRP Predicted Presence of an MRP

No Yes % Correct

No 20 20 50.0

Yes 7 95 93.1

Overall % correct 81.0

Figure 2.
Box Plot of Number of MRPs Versus Number 
of Medications

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 22 23 25 36

Number of Medications
Open circles represent patients with MRPs greater than two standard deviations from the mean. 
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patients included in this investiga-
tion had several risk factors for
polypharmacy, including older
age, white race, and poorer
health.8 Polypharmacy is problem-
atic for the elderly because it may
increase the risk of adverse drug
reactions, geriatric syndromes (eg,
falls and hip fractures, urinary in-
continence), and diminished func-
tional status.8 These sequelae of
multiple drug use also may in-
crease the utilization of healthcare
resources (including nursing home
placement) and concomitant
costs.8

Although we did not find an as-
sociation between multiple (≥3)
comorbid conditions and MRPs,
several larger studies in older
adults have demonstrated a corre-
lation between the number of
medical diagnoses and adverse
drug events.3,71,79,86,87 This is not sur-
prising, as many older people with
chronic conditions require multi-
ple medications. We did find,
however, that patients with hyper-
tension (specifically) were at high-
er risk of having an MRP identi-
fied. Previous reports have found
that several therapeutic agents and
classes of medications commonly
used in the elderly have been
linked to drug-related problems,
of which the most frequently cited
includes cardiovascular agents.48,49

This finding requires further inves-
tigation. The likelihood of an
MRP was decreased in patients
having dementia, which is consis-
tent with findings previously re-
ported by Onder et al.88 The num-
ber of medications does not

explain this relationship, as the
mean number of medications pre-
scribed for patients with dementia
was the same as for those without
dementia. 

In this investigation, we at-
tempted to address the full scope
of MRPs proposed by Hepler and
Strand.64 Although adverse drug
reactions are among the most
common types of MRPs that affect
a significant number of individuals
and account for increased health-
care expenditures, they represent
only 1 of the many types of MRPs.
In addition to evaluating the 8
MRP categories outlined by Hep-
ler and Strand,64 we also included
“duplicate therapy” in our crite-
ria, with a reported prevalence of
33.8%. Overall, our assessment of
the prevalence of MRPs in patients
enrolled in this LTCD Program
was approximately 2.0 MRPs per
patient.

We included PIM in older adults
independent of diagnoses or con-
ditions under the category of an
actual or potential adverse drug
reaction, whereas PIM that con-
sidered diagnoses or conditions
was classified as potentially im-
proper drug selection. The use of
PIM has been well documented
since Beers et al. developed a con-
sensus-based list in 1991.89 This
tool has since been updated,65,90

and similar tools have been devel-
oped for the same purpose.91,92

Common to all of these tools is the
criticism that they are derived
from consensus-based rather than
evidence-based guidelines. None-
theless, using updated 2002 Beers
criteria,65 the identification of PIM
was performed concurrently in
this population of LTCD patients.
In addition to using this explicit
criterion, we identified additional
agents and medication classes that
are used frequently in the elderly
population and are associated
with a significant risk of toxicity,
morbidity, and mortality. In some
cases, the drug therapy may in-
deed be appropriate. However, it
was decided that some of these
agents (eg, warfarin) require a
manual drug regimen review de-
spite their potential appropriate-
ness. In this subset of agents, we
identified warfarin use to be the
most common potentially improp-
er drug selection (16.4%), fol-
lowed by metformin (9.0%) and
thiazolidinedione contraindica-
tions or precautions (7.5%).
While a drug utilization review
computer program detects some of
these warnings, others may not be
identified, such as age-associated
warnings in particular. These find-
ings provide insight into the po-
tentially inappropriate use of the
newer anti-diabetic therapies and
justify their inclusion in our elder-
ly-specific medication tool.

There is also widespread under-
use of beneficial therapies in older
adults.12 Underutilization has been
defined as “the omission of drug
therapy that is indicated for the
treatment or prevention of a dis-
ease or condition,”8,93 the conse-
quences of which may include 
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Prevalence and Predictors of
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decreased quality of life,7,94 in-
creased morbidity and mortali-
ty,24,95-97 and increased healthcare
resource use and cost.8,98 For in-
stance, Soumerai et al. demon-
strated that limiting Medicaid pa-
tients’ access to medications more
than doubled their risk of admis-
sion to a nursing home.99 “Re-
quires therapy but not receiving”
has been shown to be among the
most common MPRs identified by
community pharmacists.100,101 We
found that 43.7% of 142 patients
had potentially untreated indica-
tions, accounting for 21.6% of the
MRPs detected. Similarly, Lipton
et al. demonstrated that 55% of
236 ambulatory older patients had
≥1 necessary drug therapy omit-
ted.93 In the LTC setting, using the
Assessment of Underutilization of
Medication measure, Jeffery et al.
found that 17.4% of 23 residents
had evidence of medication 
underutilization.102 However, this
marked difference in prevalence
might have been attributable to
sample selection and size.102

Several studies focused on med-
ication underutilization have inves-
tigated individual drug therapies,
such as the underprescribing of
ACE inhibitors in patients with
CHF, with rates of use ranging
from 33% to 75%.8,19,20,22,103 Our
study found a similar rate of under-
utilization, with 47.8% of patients
diagnosed with CHF missing an
ACE inhibitor on their pharmacy
profile. Particularly surprising was
the lack of bronchodilator therapy
(either short- or long-acting) in pa-
tients with COPD. Although bron-
chodilators are a key component in
the management of COPD, their
absence may be due to the presence
of comorbidities that are negatively

affected by therapy with beta-ago-
nists (eg, CHF, hypokalemia). The
absence of statin therapy in pa-
tients with CHD may be due to in-
tolerance or abnormal liver func-
tion tests, among other reasons.
However, we do not have a hy-
pothesis for the reason(s) associat-
ed with missing sublingual nitrate
therapy in patients with CHD oth-
er than these medications not being
reported when reviewing the pa-
tient’s medication profile. Sloan et
al. described the prevalence and
predictors of nonprescribing of se-
lected medications, whose value for
decreasing morbidity has been es-
tablished in clinical trials in 2014
residents of residential care/assisted
living facilities.41 The authors con-
cluded that undertreatment of old-
er persons is a problem of equiva-
lent magnitude to that of
medication overuse.41 However,
despite the validation and support
of other methods that have used a
combination of explicit criteria
and implicit instructions to quan-
tify medication appropriateness,104-

111 medication underuse, which is
an important component in the

practice of pharmaceutical care, is
often not addressed with these in-
struments.101 

Study Limitations
The present study has several lim-
itations. Because it was a cross-
sectional study, we were unable to
account for patient outcomes and
prevalence of admissions to LTC
settings. However, as a previous
report from the Institute of Medi-
cine suggested69 and a more recent
study confirmed,67 preventable
medication-related morbidity in
ambulatory care is at least as sig-
nificant and prevalent as it is with-
in inpatient care environments. To
that end, the prevalence of pre-
ventable drug-related hospital ad-
missions in older patients (mean
age >70 years) has been estimated
to be twice as high as that of their
younger counterparts.67 Future di-
rections at our institution may en-
tail a longitudinal approach to de-
termine whether inappropriate
management of drug therapy may
be a leading cause of admissions
to LTC facilities. 

In addition, the investigation
evaluated only a single LTCD Pro-
gram in a specific geographic area.
It is possible that prescribing prac-
tices and patient characteristics
specific to this region could have
skewed our results. The approach
we used to identify and classify
MRPs was based on pharmacy
profile record reviews and explicit
and implicit criteria carried out by
a panel of clinical pharmacists.
This limited detection to MRPs
with a high probability, based on
patient-specific information im-
ported into our database, and un-
doubtedly excluded many actual,
rather than potential, MRPs. For

UUnderutilization

has been defined as

“the omission of

drug therapy that is

indicated for the

treatment or

prevention of a

disease or condition.”
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instance, we were unable to identi-
fy patient adherence to prescribed
therapy (ie, “failure to receive
medication”), we could not vali-
date the presence of a medical 
condition (eg, depression) or de-
termine whether certain con-
traindications to therapy were
present, we could not account for
over-the-counter medications or
supplements other than those re-
ported to us, and we had limited
ability to detect actual adverse
drug events. Likewise, we focused
on regularly scheduled medica-
tions rather than on as-needed
drugs. Previous reports have eval-
uated the use of as-needed therapy
in the LTC setting;112 however,
clinimetric testing was not done to
establish reliability.101 Thus, our
findings may be biased toward
risk factors for easily identifiable
MRPs. Nonetheless, the absence
of treatment and detection of oth-
er MRPs in such high percentages
of patients raises the specter of an
important quality problem in the
care of older patients. 

Lastly, we have not prospective-
ly validated the tool used in this
evaluation or tested the inter- and

intra-rater reliability of our crite-
ria. We are proposing a larger
study that will further examine the
demographic-, behavioral-, and
pharmacotherapy-related corre-
lates of MRPs and describe valid
and reliable clinical decision rules
for classifying medically frail,
community-dwelling, older adults
for the risk of MRPs.

Conclusion
Medication-related problems were
common among frail elderly peo-
ple enrolled in a LTCD Program.
Although the care of older individ-
uals presents formidable challenges

to healthcare professionals, it is
possible to identify patients at high
risk of experiencing MRPs. Pre-
vention efforts to divert placement
of persons into LTC facilities
should be targeted toward older
adults with multiple medical con-
ditions and those taking multiple
medications. Despite strong scien-
tific evidence supporting the effec-
tiveness of certain medications in
preventing disease progression,
preserving function, and reducing
mortality, there is a paucity of data
related to the management of old-
er patients, particularly the frailest
of the elderly with multiple chron-
ic conditions. This study adds to
existing reports from community,
hospital, nursing home, and assist-
ed living settings, which demon-
strate that elderly persons who
would likely benefit from evi-
dence-based medical therapies of-
ten do not receive them. Based on
our findings, we recommend that
future research be directed toward
improving the quality of medica-
tion use in elderly people at risk for
nursing home placement. MPM

Kevin T. Bain, PharmD, BCPS, CGP, FASCP, is
a Research Associate, Douglas J. Weschules,
PharmD, BCPS, is Vice President of Clinical
Services, and Patti Tillotson, PhD, is Director
of Data Mining and Analytics at excelleRx,
Inc., an Omnicare company, located in
Philadelphia, PA.

The authors would like to acknowledge
Nicole Balent, PharmD, and Stephen C. Now-
mos, PharmD, BCPS, for their assistance with
the identification of medication-related prob-
lems. The following persons are acknowl-
edged for reviewing and submitting com-
ments on drafts: JoAnne Reifsnyder, PhD,
APRN, BC-PCM, Terri Maxwell, PhDc, APRN,
and Hillary S. Magee, BS.

References
1. Long-term care alternatives to nursing homes, Florida
Senate Interim Project Report 2002-136, November 2001
[cited March 1, 2004]. Available at http://www.flsenate.gov.
Accessed December 16, 2005.

Take-Away Message
• Medication-related problems (MRPs) place frail elderly patients at

risk for injury and loss of independence.
• One of the most common MRPs is “untreated indication.”
• MRPs can be addressed through Medication Therapy Management

Services (MTMS), which are provided through Medicare prescription
drug plans and available to all targeted beneficiaries.

ROI
• MTMS may help prevent or defer nursing home placement through

clinician practices that identify MRPs, thus improving outcomes and
providing a source of practice revenue.

• Pay for performance systems can provide justification for investment
in MTMS and related systems, such as electronic 
health records and e-Prescribing.

EElderly persons

who would likely

benefit from

evidence-based

medical therapies

often do not 

receive them.



26 Medicare Patient Management

2. Bates DW, Miller EB, Cullen DJ, et al. Patient risk fac-
tors for adverse drug events in hospitalized patients. Arch
Intern Med. 1999;159:2553-2560.

3. Field TS, Gurwitz JH, Avorn J, et al. Risk factors for
adverse drug events among nursing home residents. Arch
Intern Med. 2001;161:1629-1634.

4. Field TS, Gurwitz JH, Harrold LR, et al. Risk factors for
adverse drug events among older adults in the ambulatory
setting. J Am Geriatr Soc. 2004;52:1349-1354.

5. Stewart RB, Cooper JW. Polypharmacy in the aged.
Practical solutions. Drugs Aging. 1994;4:449-461.

6. Rochon PA, Gurwitz JH. Optimising drug treatment for
elderly people: the prescribing cascade. BMJ. 1997;315:
1096-1099.

7. Rochon PA, Gurwitz JH. Prescribing for seniors: nei-
ther too much nor too little. JAMA. 1999;282:113-115.

8. Hanlon JT, Schmader KE, Ruby CM, et al. Suboptimal
prescribing in older inpatients and outpatients. J Am Geri-
atr Soc. 2001;49:200-209.

9. Gurwitz JH. Improving the quality of medication use in
elderly patients: a not-so-simple prescription [editorial].
Arch Intern Med. 2002;162:1670-1672.

10. Simon SR, Gurwitz JH. Drug therapy in the elderly: im-
proving quality and access. Clin Pharmacol Ther. 2003;
73:387-893.

11. Bressler R, Bahl JJ. Principles of drug therapy for the
elderly patient. Mayo Clin Proc. 2003;78:1564-1577.

12. Gurwitz JH. Polypharmacy: a new paradigm for quality
drug therapy in the elderly? [editorial] Arch Intern Med.
2004;164:1957-1959.

13. Gurwitz JH, Goldberg RJ, Chen Z, et al. Beta-blocker
therapy in acute myocardial infarction: evidence for under-
utilization in the elderly. Am J Med. 1992;93:605-610. 

14. Shorr RI, Ray WA, Daugherty JR, et al. Concurrent
use of nonsteroidal anti-inflammatory drugs and oral antico-
agulants places elderly persons at high risk for hemorrhag-
ic peptic ulcer disease. Arch Intern Med. 1993;153:
1665-1670.

15. Pashos CL, Normand SL, Garfinkle JB, et al. Trends in
the use of drug therapies in patients with acute myocardial
infarction: 1988 to 1992. J Am Coll Cardiol.
1994;23:1023-1030.

16. Brand DA, Newcomer LN, Freiburger A, et al. Cardiol-
ogists’ practices compared with practice guidelines: use of
beta-blockade after acute myocardial infarction. J Am Coll
Cardiol. 1995;26:1432-1436.

17. Krumholz HM, Radford MJ, Ellerbeck EF, et al. Aspirin
for secondary prevention after acute myocardial infarction
in the elderly: prescribed use and outcomes. Ann Intern
Med. 1996;124:292-298.

18. McLaughlin TJ, Soumerai SB, Willison DJ, et al. Adher-
ence to national guidelines for drug treatment of suspected
acute myocardial infarction: evidence for undertreatment in
women and the elderly. Arch Intern Med. 1996;156:799-805.

19. Chin MH, Wang JC, Zhang JX, et al. Utilization and
dosing of angiotensin-converting enzyme inhibitors for
heart failure: effect of physician specialty and patient char-
acteristics. J Gen Intern Med. 1997;12:563-566.

20. Simko RJ, Stanek EJ. Treatment patterns for heart fail-
ure in a primary care environment. Am J Manag Care.
1997;3:1779-1780.

21. Mendelson G, Aronow WS. Underutilization of beta-
blockers in older patients with prior myocardial infarction or
coronary artery disease in an academic, hospital-based geri-
atrics practice. J Am Geriatr Soc. 1997:45:1360-1361.

22. Mendelson G, Aronow WS. Underutilization of an-
giotensin-converting enzyme inhibitors in older patients with
Q-wave anterior myocardial infarction in an academic hospi-
tal-based geriatrics practice. J Am Geriatr Soc. 1998;
46:751-752.

23. Krumholz HM, Radford MJ, Wang Y, et al. National use
and effectiveness of [small beta]-blockers for the treatment
of elderly patients after acute myocardial infarction: Nation-
al Cooperative Cardiovascular Project. JAMA. 1998;
280:623-629.

24. Havranek EP, Abrams F, Stevens E, et al. Determinants
of mortality in elderly patients with heart failure. The role of
angiotensin-converting enzyme inhibitors. Arch Intern Med.
1998;158:2024-2028.

25. Mendelson G, Aronow WS. Underutilization of war-
farin in older persons with chronic nonvalvular atrial fibrilla-
tion at high risk for developing stroke. J Am Geriatr Soc.
1998;46:1423-1424.

26. Berlowitz DR, Ash AS, Hickey EC, et al. Inadequate
management of blood pressure in a hypertensive popula-
tion. N Engl J Med. 1998;339:1957-1963.

27. Ganz DA, Lamas GA, Orav EJ, et al. Age-related differ-
ences in management of heart disease: a study of cardiac
medication use in an older cohort. J Am Geriatr Soc.
1999;47:145-50.

28. Glynn RJ, Monane M, Gurwitz JH, et al. Aging, comor-
bidity, and reduced rates of drug treatment for diabetes
mellitus. J Clin Epidemiol. 1999;52:781-790.

29. McCormick D, Gurwitz JH, Lessard D, et al. Use of as-
pirin, ‚-blockers, and lipid-lowering medications before re-
current acute myocardial infarction. Missed opportunities
for prevention? Arch Intern Med. 1999;159:561-567.

30. Sueta CA, Chowdhury M, Boccuzzi SJ, et al. Analysis
of the degree of undertreatment of hyperlipidemia and con-
gestive heart failure secondary to coronary artery disease.
Am J Cardiol. 1999;83:1303-1307.

31. Moroney JT, Tseng C, Paik MC, et al. Treatment for the
secondary prevention of stroke in older patients: the influ-
ence of dementia status. J Am Geriatr Soc. 1999;47:
824-829.

32. Gambassi G, Forman DE, Lapane KL, et al. Manage-
ment of heart failure among very old persons living in long-
term care: has the voice of trials spread? Am Heart J.
2000;139:85-93.

33. Kamel HK, Hussain MS, Tariq S, et al. Failure to diag-
nose and treat osteoporosis in elderly patients hospitalized
with hip fracture. Am J Med. 2000;109:326-328.

34. McCormick D, Gurwitz JH, Goldberg RJ, et al. Preva-
lence and quality of warfarin use for patients with atrial fib-
rillation in the long-term care setting. Arch Intern Med.
2001;161:2458-63.

35. Bungard TJ, McAlister FA, Johnson JA, et al. Underutili-
sation of ACE inhibitors in patients with congestive heart
failure. Drugs. 2001;61:2021-2033.

36. Kiebzak GM, Beinart GA, Perser K, et al. Undertreat-
ment of osteoporosis in men with hip fracture. Arch Intern
Med. 2002;162:2217-2222.

37. Ahmed A, Allman RM, DeLong JF, et al. Age-related
underutilization of angiotensin-converting enzyme inhibitors
in older hospitalized heart failure patients. South Med. J.
2002;95:703-710.

38. Stafford RS, Radley DC. The underutilization of car-
diac medications of proven benefit, 1990 to 2002. J Am
Coll Cardiol. 2003;41:56-61.

39. Frilling B, Schiele R, Gitt AK, et al. Too little aspirin for
secondary prevention after acute myocardial infarction in

patients at high risk for cardiovascular events: results from
the MITRA study. Am Heart J. 2004;148:306-311.

40. Malone DC, Abarca J, Hansten PD, et al. Identification
of serious drug-drug interactions: results of the partnership
to prevent drug-drug interactions. J Am Pharm Assoc.
2004;44:142-151.

41. Sloane PD, Gruber-Baldini AL, Zimmerman S, et al.
Medication undertreatment in assisted living settings. Arch
Intern Med. 2004;164;2031-2037.

42. Bates DW, Leape LL, Petrycki S. Incidence and pre-
ventability of adverse drug events in hospitalized adults. 
J Gen Intern Med. 1993;8:289-294.

43. Bates DW, Cullen DJ, Laird N, et al. Incidence of ad-
verse drug events and potential adverse drug events: impli-
cations for prevention. ADE Prevention Study Group. 
JAMA. 1995;274:29-34.

44. Leape LL, Bates DW, Cullen DJ, et al. Systems analy-
sis of adverse drug events. ADE Prevention Study Group.
JAMA. 1995;274:35-43.

45. Hanlon JT, Schmader KE, Koronkowski MJ, et al. Ad-
verse drug events in high risk older outpatients. J Am Geri-
atr Soc. 1997;45:945-948.

46. Lazarou J, Pomeranz BH, Corey PN. Incidence of ad-
verse drug reactions in hospitalized patients: a meta-analy-
sis of prospective studies. JAMA. 1998;279:1200-1205.

47. Gurwitz JH, Field TS, Avorn J, et al. Incidence and pre-
ventability of adverse drug events in nursing homes. Am J
Med. 2000;109:87-94.

48. Gurwitz JH, Field TS, Harrold LR, et al. Incidence and
preventability of adverse drug events among older persons
in the ambulatory setting. JAMA. 2003;289:1107-1116.

49. Gandhi TK, Weingart SN, Borus J, et al. Adverse drug
events in ambulatory care. N Engl J Med. 2003;348:
1556-1564.

50. Garg R, Yusuf S. Overview of randomized trials of 
angiotensin-converting enzyme inhibitors on mortality and
morbidity in patients with heart failure. The Collaborative
Group on ACE Inhibitor Trials. JAMA. 1995;273:1450-1456.

51. Hunt SA, Baker DW, Chin MH, et al. ACC/AHA guide-
lines for the evaluation and management of chronic heart
failure in the adult: executive summary: a report of the
American College of Cardiology/American Heart Associa-
tion Task Force on Practice Guidelines (Committee to Re-
vise the 1995 Guidelines for the Evaluation and Manage-
ment of Heart Failure). Circulation. 2001;104:2996-3007.

52. Jessup M, Brozena S. Heart failure. N Engl J Med.
2003;348:2007-2018.

53. American College of Chest Physicians. Proceedings
of the American College of Chest Physicians 5th Consen-
sus on Antithrombotic Therapy. 1998. Chest. 1998;114
(suppl):439S-769S.

54. Sacco RL, Elkind MS. Update on antiplatelet therapy for
stroke prevention. Arch Intern Med. 2000;160:1579-1582.

55. Hirsh J, Dalen JE, Guyatt G. The sixth (2000) ACCP
guidelines for antithrombotic therapy for prevention and
treatment of thrombosis. Chest. 2001;119(suppl):1S-2S.

56. Gottlieb SS, McCarter RJ, Vogel RA. Effect of beta-
blockade on mortality among high-risk and low-risk patients
after myocardial infarction. N Engl J Med. 1998;339:
489-497.

57. National Cholesterol Education Program. Third report
of the National Cholesterol Education Program (NCEP) Ex-
pert Panel on detection, evaluation, and treatment of high
blood cholesterol in adults (Adult Treatment Panel III). Cir-
culation. 2002;106:3143-3421.



January/February 2006 27

58. Gibbons RJ, Abrams J, Chatterjee K, et al. ACC/AHA
2002 guideline update for the management of patients
with chronic stable angina: a report of the American Col-
lege of Cardiology/American Heart Association Task Force
on Practice Guidelines (Committee to Update the 1999
Guidelines for the Management of Patients with Chronic
Stable Angina). 2002 update. Available at: http://www.
acc.org/clinical/guidelines/stable/stable.pdf. Accessed 
December 16, 2005.

59. Harrington RA, Becker RC, Ezekowitz M, et al. An-
tithrombotic therapy for coronary artery disease: the sev-
enth ACCP conference on antithrombotic and thrombolytic
therapy. Chest. 2004;126(suppl):513S-548S.

60. Global Initiative for Chronic Obstructive Lung Disease
(GOLD). Global Strategy for the Diagnosis, Management,
and Prevention of Chronic Obstructive Pulmonary Disease.
Updated 2005. Available at: http://www.goldcopd.com.
Accessed December 16, 2005.

61. Clark CM, Lee DA. Prevention and treatment of the
complications of diabetes mellitus. N Engl J Med. 1995;
332:1210-1217.

62. Chobanian AV, Bakris GL, Black HR, et al. National
High Blood Pressure Education Program. Seventh report
of the Joint National Committee on prevention, detection,
evaluation, and treatment of high blood pressure. Hyper-
tension. 2003;42:1206-1252.

63. American Diabetes Association. Clinical practice rec-
ommendations 2005. Diabetes Care. 2005;28(suppl
1):S1-S79. Available at: http://www.diabetes.org/dia-
betescare. Accessed December 16, 2005.

64. Hepler CD, Strand LM. Opportunities and responsibilities
in pharmaceutical care. Am J Hosp Pharm. 1990;47:533-543.

65. Fick DM, Cooper JW, Wade WE, et al. Updating the
Beers criteria for potentially inappropriate medication use
in older adults. Arch Intern Med. 2003;163:2716-24.

66. Rothschild JM, Bates DW, Leape LL. Preventable
medical injuries in older patients. Arch Intern Med.
2000;160:2717-2728.

67. Winterstein AG, Sauer BC, Hepler CD, et al. Pre-
ventable drug-related hospital admissions. Ann Pharma-
cother. 2002;36:1238-1248.

68. Phillips DP, Christenfeld N, Glynn LM. Increase in US
medication-error deaths between 1983 and 1993. Lancet.
1998;351:643-644.

69. Kohn LT, Corrigan JM, Donaldson MS, eds. To Err Is
Human: Building a Safer Health System. Washington, DC:
National Academy Press; 2000.

70. Phillips DP, Jarvinen JR, Phillips RR. A spike in fatal
medication errors at the beginning of each month. Pharma-
cotherapy. 2005;25:1-9.

71. Grymonpre RE, Mitenko PA, Sitar DS, et al. Drug-as-
sociated hospital admissions in older medical patients. J
Am Geriatr Soc. 1988;36:1092-1098.

72. Col N, Fanale JE, Kronholm P. The role of medication
noncompliance and adverse drug reactions in hospitaliza-
tions of the elderly. Arch Intern Med. 1990;150:841-845.

73. Chrischilles EA, Segar ET, Wallace RB. Self-reported
adverse drug reactions and related resource use. A study
of community-dwelling persons 65 years of age and older.
Ann Intern Med. 1992;117:634-640.

74. Nelson KM, Talbert RL. Drug-related hospital admis-
sions. Pharmacotherapy. 1996;16:701-707.

75. Gurwitz JH, Field TS, Judge J, et al. The incidence of
adverse drug events in two large academic long-term care
facilities. Am J Med. 2005;118:251-258.

76. Classen DC, Pestotnik SL, Evans RS, et al. Adverse
drug events in hospitalized patients: excess length of stay,
extra costs, and attributable mortality. JAMA. 1997;
277:301-306.

77. Cohen JS. Avoiding adverse reactions – effective low-
er-dose drug therapies for older patients. Geriatrics. 2000;
55:54-64.

78. Carbonin P, Pahor M, Bernabei R, et al. Is age an inde-
pendent risk factor of adverse drug reactions in hospitalized
medical patients? J Am Geriatr Soc. 1991;39:1093-1099.

79. Gerety MB, Cornell JE, Plichta DT, et al. Adverse
events related to drugs and drug withdrawal in nursing
home residents. J Am Geriatr Soc. 1993;41:1326-1332. 

80. Cooper JW. Probable adverse drug reactions in a rural
geriatric nursing home population: a four-year study. J Am
Geriatr Soc. 1996;44:194-197.

81. Mannesse CK, Derkx FH, de Ridder MA, et al. Ad-
verse drug reactions in elderly patients as contributing fac-
tor for hospital admission: cross sectional study. BMJ.
1997;315:1057-1058.

82. Goulding MR. Inappropriate medication prescribing for
elderly ambulatory care patients. Arch Intern Med. 2004;
164:305-312.

83. Tobias DE, Sey M. General and psychotherapeutic
medication use in 328 nursing facilities: a year 2000 na-
tional survey. Consult Pharm. 2001;15:34-42.

84. Kaufman DW, Kelly JP, Rosenberg L, et al. Recent pat-
terns of medication use in the ambulatory adult population
of the United States: The Slone Survey. JAMA. 2002:
287:337-344.

85. Tinetti ME, Bogardus ST, Agostini JV. Potential pitfalls
of disease-specific guidelines for patients with multiple
conditions. N Engl J Med. 2004;351:2870-2874.

86. Evans RS, Lloyd JF, Stoddard GJ, et al. Risk factors
for adverse drug events: a 10-year analysis. Ann Pharma-
cother. 2005;39:1161-1168.

87. Thomas EJ, Brennan TA. Incidence and types of pre-
ventable adverse events in elderly patients: population
based review of medical records. BMJ. 2000;320:741-744.

88. Onder G, Gambassi G, Scales CJ, et al. Adverse drug
reactions and cognitive function among hospitalized older
adults. Eur J Clin Pharmacol. 2002;58:371-377.

89. Beers MH, Ouslander JG, Rollingher I, et al. Explicit
criteria for determining inappropriate medication use in
nursing home residents. Arch Intern Med. 1991;151:
1825-1832.

90. Beers MH. Explicit criteria for determining potentially
inappropriate medication use by the elderly: an update.
Arch Intern Med. 1997;157:1531-1536.

91. McLeod PJ, Huang AR, Tamblyn RM, et al. Defining inap-
propriate practices in prescribing for elderly people: a national
consensus panel. Can Med Assoc J. 1997;156:385-391.

92. Zhan C, Sangl J, Bierman AS, et al. Potentially inap-
propriate medication use in the community-dwelling elderly:
findings from the 1996 Medical Expenditure Panel Survey.
JAMA. 2001;286:2823-2829.

93. Lipton HL, Bero LA, Bird JA, et al. Undermedication
among geriatric outpatients: results of a randomized con-
trolled trial. Annu Rev Gerontol Geriatr. 1992;12:95-108.

94. Cleeland CS, Gonin R, Hatfield AK, et al. Pain and its
treatment in outpatients with metastatic cancer. N Engl J
Med. 1994;330:592-596.

95. Soumerai SB, McLaughlin TJ, Spiegelman D, et al. Adverse
outcomes of underuse of beta-blockers in elderly survivors of
acute myocardial infarction. JAMA. 1997;277:115-121.

96. Tamblyn R, Laprise R, Hanley JA, et al. Adverse events
associated with prescription drug cost-sharing among poor
and elderly persons. JAMA. 2001;285:421-429.

97. Heisler M, Langa KM, Eby EL, et al. The health effects
of restricting prescription medication use because of cost.
Med Care. 2004;42:626-634.

98. Soumerai SB, McLaughlin TJ, Ross-Degnan D, et al.
Effects of limiting Medicaid drug-reimbursement benefits
on the use of psychotropic agents and acute mental health
services by patients with schizophrenia. N Engl J Med.
1994;331:650-655.

99. Soumerai SB, Ross-Degnan D, Avorn J, et al. Effects
of Medicaid drug-payment limits on admission to hospitals
and nursing homes. N Engl J Med. 1991;325:1099-1100.

100. Kassam R, Farris KB, Burback L, et al. Pharmaceutical
care research and education project: pharmacist’ interven-
tions. J Am Pharm Assoc. 2001;41:401-410.

101. Kassam R, Martin LG, Farris KB. Reliability of a modi-
fied medication appropriateness index in community phar-
macies. Ann Pharmacother. 2003;37:40-46.

102. Jeffery S, Ruby C, Twersky J, et al. Effect of an inter-
disciplinary team on suboptimal prescribing in a long-term
care facility. Consult Pharm. 1999;14:1386-1391.

103. Croft JB, Giles WH, Roegner RH, et al. Pharmacolog-
ic management of heart failure among older adults by of-
fice-based physicians in the United States. J Fam Pract.
1997;44:382-390.

104.Hanlon JT, Schmader KE, Samsa GP, et al. A method
for assessing drug therapy appropriateness. J Clin Epi-
demiol. 1992;45:1045-1051. 

105. Samsa GP, Hanlon JT, Schmader KE, et al. A summat-
ed score for the medication appropriateness index: devel-
opment and assessment of clinimetric properties including
content validity. J Clin Epidemiol. 1994;47:891-896. 

106.Schmader K, Hanlon JT, Weinberger M, et al. Appro-
priateness of medication prescribing in ambulatory elderly
patients. J Am Geriatr Soc. 1994;42:1241-7. 

107. Schmader KE, Hanlon JT, Landsman PB, et al. Inap-
propriate prescribing and health outcomes in elderly veter-
an outpatients. Ann Pharmacother. 1997;31:529-533. 

108.Fitzgerald LS, Hanlon JT, Shelton PS, et al. Reliability
of a modified medication appropriateness index in ambula-
tory older persons. Ann Pharmacother. 1997;31:543-548. 

109.Shelton PS, Fritsch MA, Scott MA. Assessing medica-
tion appropriateness in the elderly: a review of available
measures. Drugs Aging. 2000;16:437-450.

110. Taylor CT, Stewart LM, Byrd DC, et al. Reliability of an in-
strument for evaluating antimicrobial appropriateness in hospi-
talized patients. Am J Health Syst Pharm. 2001;58:242-246.

111. Talerico KA. A critique of research measures used to
assess inappropriate psychoactive drug use in older adults.
J Am Geriatr Soc. 2002;50:374-377.

112. Kelly MW, Swegle JM, Clarke C, et al. Appropriate-
ness of medication use in Iowa Medicaid recipients resid-
ing in long-term care facilities and receiving 15 or more
medications. Consult Pharm. 2000;15:1184-1191.


