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Abstract
Purpose—The use of potentially inappropriate medications (PIMs) in older people is associated
with increased risk of adverse drug events and hospitalization. This study aimed to determine the
contribution of primary prescribers to variation in PIM use.

Methods—This was a retrospective cohort study using 2008 Medicare Part D event files and
claims data for a 100% sample of Texas beneficiaries. PIM use was defined as receiving any of 48
medications on the Beers 2003 list of PIMs. Patient characteristics associated with PIM use were
determined using a multivariable model. A multilevel model for the odds of PIM use was
constructed to evaluate the amount of variation in PIM use at the level of primary care prescriber,
controlling for patient characteristics.

Results—Of 677,580 patients receiving prescriptions through Part D in 2008, 31.9% received a
PIM. Sex, ethnicity, low-income subsidy eligibility, and hospitalization in 2007 were associated
with PIM use. The strongest associations with higher PIM use were increasing number of
prescribers and increasing number of medications. The odds ratio for PIM use was 1.50 (95% CI
1.47-1.53) for ≥4 prescribers versus only 1 prescriber. In the multilevel model, the adjusted
average percent of patients prescribed a PIM ranged from 17.5% for the lowest decile to 28.9% for
the highest decile of prescribers.

Conclusions—PIM use was prevalent in Part D beneficiaries and varied among individual
primary care prescribers. The association of PIM use with increasing numbers of prescribers
suggests the need to reduce fragmentation of care to reduce inappropriate prescribing.

Keywords
inappropriate medication; Beers criteria; Medicare Part D; elderly; pharmacotherapy;
polypharmacy

Corresponding author: Holly M. Holmes, MD, UT MD Anderson Cancer Center, 1400 Pressler, Unit 1465, Houston, Texas 77030,
phone 713-745-4516, fax 713-563-4491, hholmes@mdanderson.org.

Conflict of Interest: All authors report no conflicts of interest in relation to the work presented in this manuscript.

Prior Presentation: The research in this manuscript was presented in part at the CMS Symposium in Hunt Valley Maryland in March
2012.

NIH Public Access
Author Manuscript
Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2014 July 01.

Published in final edited form as:
Pharmacoepidemiol Drug Saf. 2013 July ; 22(7): 728–734. doi:10.1002/pds.3431.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



INTRODUCTION
Older persons are at high risk for polypharmacy, and particularly for the use of medications
that are harmful. Numerous tools have been developed to identify and reduce the use of
potentially inappropriate medications (PIMs) in older adults, including the Beers criteria,1,2

a list of medications and drug-disease combinations that should be avoided in older persons
due to a high risk to benefit ratio. The use of PIMs in older adults has been linked to an
increased risk of adverse drug reactions, falls, hospitalization, and mortality.3-5

The prevalence of PIM use in older outpatients in the United States ranges from 11.5% to
41.9%, with most studies finding rates between 20 and 25%.6 While there are individual
situations in which a PIM is a reasonable choice to treat a patient’s condition, reducing rates
of PIM use could be beneficial to patients.7 Improving medication appropriateness has been
associated with a decreased risk of adverse drug reactions.8

Educational interventions, decision support systems, and academic detailing targeted at
prescribers can decrease PIM use.9 However, there are few studies that have evaluated the
role of the prescriber in PIM use. PIM use has been associated with health system factors,
regional variation, and even prescriber characteristics.10-12 Primary care providers could
potentially reduce PIM use through careful medication review and patient education, which
is particularly important when patients see multiple providers.13,14 The purpose of our study
was to determine the variation among primary care prescribers in the use of PIMs by
Medicare Part D beneficiaries in the outpatient setting. We used Medicare Part D data linked
with Medicare claims for Texas, allowing for adequate sample size of beneficiaries per
prescriber to be able to examine prescriber level characteristics.

METHODS
Data Sources

We used Medicare claims and Medicare Part D event files for a 100% sample of Texas
Medicare beneficiaries for 2007 and 2008. Medicare denominator files were used for
demographic factors. Inpatient claims files (MEDPAR) were used to determine
hospitalization. The Long Term Care Minimum Data Set was used to identify beneficiaries
with a nursing home stay. Diagnosis codes from outpatient visits were obtained from the
outpatient statistical analysis files for Part B claims and carrier files for physician claims.
Part D event files contained information on prescriptions, including medication name,
strength, date of prescription, and de-identified prescriber information. The Prescriber
Characteristics File linked to Part D files by a prescriber identifier was used to determine
different prescribers and their specialty and sub-specialty.

Study Subjects
We selected beneficiaries 66 years or older on January 1, 2008 (n=2,261,766). We included
beneficiaries with 12 months of continuous Part A and B coverage and 12 months of
continuous Part D enrollment without HMO enrollment for 2008 (n=760,703). We selected
beneficiaries who received at least one prescription from a physician prescriber in 2008
(n=708,838). We further narrowed our study sample only to beneficiaries who received a
prescription from a prescriber who wrote prescriptions for at least 10 beneficiaries in 2008
(n=677,580). Of 120,358 total prescribers, this step left 24,561 prescribers. We excluded
prescribers who wrote few prescriptions, because we were primarily interested in primary
care prescribers who saw adequate numbers of Medicare beneficiaries.

The University of Texas MD Anderson Institutional Review Board approved this study with
a waiver of informed consent.
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Outcome measures
We defined PIM use by beneficiaries as a beneficiary having received at least one
prescription for a PIM in 2008. We used the Beers criteria 2003 list of inappropriate
medications to define PIMs. We defined PIMs according to the list of 48 medications or
medication classes considered inappropriate, and we did not include the list of 20
inappropriate drug/disease combinations.2

Patient characteristics included age, sex, race/ethnicity, eligibility for low-income subsidy,
hospitalization in the year prior to PIM use (2007), nursing home stay in 2008, and
comorbidity. We defined comorbidity according to those comorbidities that are included in
Elixhauser’s index,15 using claims for the year prior to PIM use (2007). We determined the
number of different medications in 2008 from Part D files. We determined the number of
different physician prescribers using the unique prescriber identifier from Part D files.

Statistical methods
The primary outcome was whether a patient received a PIM. In univariate analysis, we
determined patient characteristics associated with PIM use. We used Chi-square tests to
compare the differences in proportion of PIM use across different patient characteristics. We
constructed a multivariable logistic regression model including beneficiaries’ characteristics
as predictors for the likelihood of receiving a PIM.

Next, we evaluated PIM use according to prescriber specialty. We constructed a cohort of
pairs between beneficiaries and prescribers, based on a prescriber writing a prescription for a
beneficiary (n=1,890,728). In this analysis, a beneficiary could have multiple prescribers.
We then evaluated PIM use for beneficiaries based on prescriptions prescribed by each
specialty.

Finally we assigned each patient to a predominant prescriber who wrote the most
prescriptions for him/her. In the case of a tie on the number of prescriptions prescribed
across multiple prescribers, the beneficiary was assigned to a predominant prescriber who
wrote the latest prescription in 2008. In the multilevel analysis, we included only
beneficiaries who had a predominant prescriber who was a primary care provider with the
specialty of family medicine, general internal medicine, geriatrics, or general practice.
Whether or not a patient received a PIM from their primary care prescriber was evaluated by
a hierarchical generalized linear model (HGLM) adjusted for the clustering of beneficiaries
within primary care prescribers. In the HGLM analysis, we adjusted for all significant
beneficiary characteristics. We also estimated the adjusted rate of patients receiving a PIM
for each primary care prescriber from the same model. We conducted a sensitivity analysis
including beneficiaries with a predominant primary care provider who wrote prescriptions
for at least 50 beneficiaries. We used SAS version 9.2 for all analyses (SAS Institute, Cary,
NC).

RESULTS
Among 677,580 Texas Medicare beneficiaries age 66 and older who filled a prescription in
2008 through the Part D benefit, 216,364 (31.9%) were prescribed at least one potentially
inappropriate medication (PIM) according to the Beers criteria 2003 list. Of all beneficiaries,
24.1% were prescribed one PIM, 6.3% were prescribed 2 different PIMs, and 1.6% were
prescribed 3 or more different PIMs. The characteristics of the study population and percent
receiving PIMs in each category are shown in Table 1. Higher PIM use was seen in women,
in people hospitalized in 2007, in those with an increased number of comorbidities, and
those with higher total number of medications. PIM use differed among different ethnic
categories. Having increasing numbers of prescribers was also associated with higher PIM
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use. Table 1 also presents the results from the multivariable model for predictors of whether
a beneficiary received a PIM. The multivariable model includes all beneficiaries in the study
population and all prescribers. Sex, ethnicity, eligibility for low-income subsidy, and
hospitalization in 2007 were significantly associated with increased odds of PIM use. Age
was not associated with PIM use. The odds of receiving a PIM increased with increasing
number of different prescribers. The strongest independent predictor of PIM use was
increasing number of different medications.

Table 2 shows the results for PIM use by prescriber specialty, based on pairs between
beneficiaries and prescribers who wrote prescriptions for a beneficiary. Among all 24,561
prescribers, 84.9% prescribed at least one PIM. The beneficiaries with PIM prescriptions
written by prescribers varied by specialty, with low rates for subspecialties like
ophthalmology and otolaryngology, and higher rates for primary care specialties, surgery,
and pain medicine specialists.

Table 3 shows the most commonly prescribed PIMs according to the number of
beneficiaries receiving at least one prescription for the PIM. Propoxyphene, taken off the
market in 2010, was the PIM prescribed to the highest number of beneficiaries. The other
most commonly prescribed categories among PIMs were tricyclic antidepressants,
antihypertensives, and antispasmodics.

The multilevel analysis included 6,498 primary care providers who were assigned as
predominant prescribers to a total of 469,505 patients. Of these patients, 25.5% were
prescribed at least one PIM. From the HGLM analysis, the adjusted average percent of
patients who received a PIM among all patients assigned to a predominant primary care
prescriber was 22.9%, ranging from 17.5% for the lowest 10th percentile to 28.9% for the
90th percentile among primary care prescribers. The prescriber level accounted for 4% of the
variation in PIM use among patients. Figure 1 shows the distribution of adjusted percent of
PIM use among primary care prescribers. These are cumulative distributions among primary
care prescribers, showing the mean value of percent of PIM use among patients assigned to
that prescriber, derived from the two-level HGLM model. Red vertical lines indicate
primary care prescribers whose patients have a significantly different percent of PIM use
from the mean. Compared to all 6,498 primary care prescribers, patients of 391 primary care
prescribers (6.0%) had significantly higher PIM use, while the patients of 299 primary care
prescribers (4.6%) had significantly lower PIM use.

In a sensitivity analysis, we conducted the multilevel HGLM analysis using primary care
prescribers who wrote prescriptions for at least 50 beneficiaries. This analysis included
386,839 patients and 3259 primary care prescribers. The adjusted mean percent of patients
who received a PIM was 23.8%, ranging from 17.2% for the 10th percentile to 30.7% for the
90th percentile; 10.0% of prescribers were significantly below the mean adjusted percent of
PIMs, and 9.6% of prescribers were significantly above the mean. The odds ratios for
patient-level predictors of PIM use were similar in this population compared to the results
obtained for the 469,505 patients and 6498 prescribers included in the original analysis.

DISCUSSION
We found a high prevalence of PIM use among fee-for-service Medicare beneficiaries who
received prescriptions through the Medicare Part D program in Texas in 2008. Increased
numbers of prescribers and higher number of medications were independently and strongly
associated with increased odds of PIM use. PIM prescribing varied by prescriber specialty
and among individual primary care prescribers.
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The relatively high prevalence of PIM use in our study is partly due to our sample selection.
We evaluated PIM use among Medicare beneficiaries who actually received a prescription,
rather than among all Medicare beneficiaries. The number of Texas Medicare beneficiaries
in 2008 who had Parts A, B, and D enrollment without HMO enrollment was 765,398,
giving a rate of PIM use of 28.3% among those eligible to receive prescriptions in the Part D
plan. Among Medicare beneficiaries in the Medical Expenditures Panel Survey in 2006, an
adjusted 16% received a PIM.16 However, only 45% of the sample study was enrolled in
Part D.

The high prevalence of PIM use could also be due to real differences in prescribing quality
across different regions of the United States. In a study by Zhang, et al, of a 5% national
sample of Medicare Part D beneficiaries, PIM rates varied substantially by geographic
region.17 The overall mean prevalence of high risk medication use according to measures
from the Healthcare Effectiveness Data and Information Set in 2007 was 25.8%, with rates
as high as 44%. The highest rates were seen in the southern United States, including Texas.
Another study in the Veteran’s Administration system found that average PIM use ranged
from 13.3 to 18.9%, and was 54% higher in the South relative to the Northeast, adjusted for
age and sex.18

Another reason for the high PIM rate in our study could be that we included beneficiaries
residing in nursing homes. A high proportion of persons residing in long-term care are
enrolled in Part D,19 and long-term care patients may have higher rates of medication and
PIM use.20 Variation in PIM use across nursing homes has also been described,21 although a
study of PIM use in Scotland showed no difference in rates between patients residing at
home or in nursing homes.22

Increasing numbers of different prescribers strongly predicted PIM use, suggesting a lack of
continuity of care and increased fragmentation in care.23 Higher continuity of care was
associated with a 56% lower odds use of PIM use in elderly outpatients in Taiwan, although
provider specialty was not included in their analysis.24 In a study of PIM use among
hospitalized elderly patients, prescriber specialty was a significant factor increasing the
likelihood of PIMs, with cardiologists having higher PIM rates.12 The fact that increasing
medication number was the strongest predictor of PIM use suggests the importance of the
primary care provider in reconciling all medications and reducing medication-related
problems.

A strength of this study is the use of Texas Medicare Part D data, allowing for adequate
sample size to include the prescriber level in our analysis. However, this limits
generalizability to the Part D population and to the Medicare population as a whole. We
evaluated only the primary care prescribers in our multilevel analysis, based on assumptions
that primary care providers would have the most ability to detect and reduce PIM use. This
may have resulted in attributing PIM us by patients to prescribers who were unaware of their
patient’s PIM use. Another limitation is the fact that we could not link prescriber
characteristics files with other files, such as Medicare A and B and American Medical
Association provider files. We thus could not determine whether additional prescriber
characteristics like academic affiliation or patient volume were related to PIM use. This
limitation also prevented us from further comparing the 6% of primary care prescribers
whose patients had the highest PIM use and the 4.6% of primary care prescribers whose
patients had the lowest PIM use with other prescribers. Because we were unable to
determine the true indication for each medication, we were unable to evaluate whether
medications on the Beers list may have been prescribed for appropriate reasons. Since
Medicare Part D does not cover over-the-counter medications, we were unable to include
PIMs sold without a prescription.
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Our results suggest that PIM use is high in the Part D population. Given the recent release of
updated Beers criteria for inappropriate prescribing,7 the policy implications of our study are
that the Part D program may benefit from regular medication therapy management targeted
specifically at PIM use. Further study is needed to determine whether PIM use is associated
with increased healthcare utilization or negative outcomes such as adverse drug reactions.

Increasing medication use and increasing numbers of prescribers are strongly associated
with increased use of PIMs in Medicare Part D beneficiaries. We found a high prevalence of
PIM use, with variation among primary care prescribers. Interventions could be directed to
reduce variation in care and to reduce the overall level of PIM use in Part D beneficiaries.
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Key Points

• Inappropriate medication use continues to be a common problem in older
persons.

• Multiple patient-level factors are associated with inappropriate medication use,
including having higher numbers of different prescribers.

• While PIM use by patients varied among physicians, this study suggests the
need to improve fragmentation of care to improve PIM use.
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Figure 1.
Difference among primary care prescribers in adjusted percent of patients getting a PIM, by
rank from lowest to highest. These rates were estimated by HGLM, adjusted for patient
characteristics. The horizontal line at 22.9% represents the overall mean adjusted percent of
patients getting a PIM. The curved line represents the estimated percent of PIM use for
individual primary care prescribers. Error bars represent 95% confidence intervals for the
primary care prescribers who have significantly higher or lower estimates from the mean.
Circles on the curved line and numbers listed above show the values for the adjusted percent
of patients getting a PIM for each 10th percentile of prescriber. Primary care prescribers
included family medicine, general internal medicine, geriatrics, and general practice.
Patients were assigned to a predominant prescriber who wrote the most prescriptions for
him/her. In the case of a tie on the number of prescriptions prescribed across multiple
prescribers, the patient was assigned to a predominant prescriber who wrote the latest
prescription in 2008.
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Table 1

Characteristics of 677,580 Texas Medicare Part D Beneficiaries and Adjusted Odds Ratios for PIM Use

Characteristic Category Total
Number

% Getting a
PIMa

Adjusted Odds Ratio
for PIM Use (95% CI)b

Age 66-69
70-74
75-79
80-84
85+

157,530
171,984
142,225
107,999
97,842

29.6
30.9
32.7
33.8
34.4

Ref
1.00 (0.99-1.02)
1.00 (0.98-1.02)
0.99 (0.97-1.01)
0.98 (0.96-1.00)

Sex Male
Female

235,923
441,657

26.2
35.0

Ref
1.33 (1.32-1.35)

Race/Ethnicity White
Black
Hispanic
Asian
Other

465,680
52,611

139,223
16,797
3,269

32.2
34.2
31.3
22.9
28.3

Ref
1.07 (1.05-1.10)
0.87 (0.86-0.89)
0.60 (0.58-0.63)
0.88 (0.81-0.95)

Eligible for Low-
Income Subsidy
in 2008

No
Yes

471,467
206,113

30.6
35.0

Ref
1.03 (1.02-1.05)

Number of

Comorbiditiesc
0
1
2+

61,477
110,815
505,288

20.0
23.8
35.2

Ref
0.99 (0.96-1.01)
0.89 (0.87-0.91)

Hospitalized at
Least Once in
2007

No
Yes

533,839
143,741

29.4
41.5

Ref
1.10 (1.08-1.11)

Nursing Home
Stay in 2008

No
Yes

608,205
69,375

30.7
43.2

Ref
0.93 (0.91-0.95)

Total Number of
Different
Medications in
2008

1-5
6-8
9-12
13+

209,281
158,718
154,913
154,668

11.4
25.7
39.3
58.8

Ref
2.48 (2.43-2.52)
4.37 (4.29-4.54)
9.11 (8.93-9.29)

Number of
Different
Prescribers in
2008

1
2
3
4+

182,884
178,487
130,779
185,430

19.2
26.6
34.1
48.1

Ref
1.18 (1.16-1.20)
1.29 (1.27-1.32)
1.50 (1.47-1.53)

a
All proportions of PIM use by category were significantly different with P < 0.001.

b
Adjusted for all other variables in Table 1 (age, sex, race/ethnicity, eligibility for low income subsidy, number of comorbidities, hospitalization,

nursing home stay, number of different medications, and number of different prescribers).

c
Number of comorbidities that are included in Elixhauser’s index .
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Table 2

Percent of PIM Use among Beneficiaries with Prescriptions Prescribed by Physician Specialty

Physician Specialty Number of Beneficiaries Getting
Prescriptions from Each Specialty

Percent Getting a
PIM

Anesthesiology 7528 20.3

Emergency Medicine 70,906 17.5

Family Medicine 438,185 19.3

General Internal Medicine 355,262 19.0

General Practice 20,730 19.7

Geriatrics 30,767 18.7

Gynecology 27,021 11.4

Hospitalist 1816 8.0

Internal Medicine Subspecialties 364,597 8.0

Ophthalmology 93,036 1.4

Otolaryngology 23,809 3.3

Pain Medicine 5375 18.9

Psychiatry and Neurology 49,743 7.1

Surgery 129,403 21.5

All other 272,550 13.0
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Table 3

The 10 Most Frequently Prescribed PIMs According to Number of Beneficiaries Receiving the PIM

Medication Name Number of Beneficiaries
Taking PIM

Propoxyphene 83,415

Nitrofurantoin 37,908

Clonidine 28,496

Cyclobenzaprine 27,893

Amitriptyline 19,390

Doxazosin 11,941

Amiodarone 10,906

Dicyclomine 9753

Carisoprodol 8475

Methocarbamol 7958
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