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BACKGROUND: Prescribing of potentially harmful medications has not been well
documented in hospitals.

OBJECTIVE: The objective of the study was to determine the rate of and factors
associated with potentially inappropriate medication (PIM) prescribing in a large
inpatient sample.

DESIGN: The study was a retrospective cohort of the period between September
1, 2002, and June 30, 2005. We used multivariable logistic regression to identify
patient, physician, and hospital characteristics associated with PIM prescribing.

SETTING: The study collected data from 384 US hospitals.
PATIENTS: The sample was composed of patients aged 65 years admitted with 1
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modified Beers list was measured. Multivariable-adjusted odds ratios for PIM use
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RESULTS: Of the 493,971 patients, 49% received at least 1 PIM, and 6% received 3
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or more, most commonly promethazine, diphenhydramine, and propoxyphene.
Patient, physician, and hospital characteristics were all associated with PIM use.
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MEASUREMENTS: The percentage of patients prescribed PIMs as defined using a
were computed.

Patients with myocardial infarction or heart failure were most likely (61% and
52% vs. 46% for pneumonia), men (47% vs. 49% for women) and those in managed care plans (44% vs. 49% for other plans) were less likely, and patients 85
years were least likely (42% vs. 53% for patients aged 65–74 years) to receive
PIMs (P < .0001 for all comparisons). For high-severity PIMs, internists and hospitalists had similar prescribing rates (33%), cardiologists had a higher rate
(48%), and geriatricians had the lowest rate (24%). The proportion of elders
receiving PIMs ranged from 34% in the Northeast to 55% in the South, and variation at the individual hospital level was extreme. At 7 hospitals, PIMs were never
prescribed.

CONCLUSIONS: Wide variation in the use of PIMs is associated with hospital and
physician characteristics. Care may be improved by minimizing this non-patientC 2008 Society
centered variation. Journal of Hospital Medicine 2008;3:91–102. V

of Hospital Medicine.
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edications can be considered inappropriate when their risk
outweighs their benefit. The Beers list1 identifies medications that should be avoided in persons 65 years or older
because they are ineffective or pose an unnecessarily high risk
or because a safer alternative is available. Initially developed in
1991, the list has gained wide acceptance and has been updated
twice.2,3 In July 1999 it was adopted by the Centers for Medicare
& Medicaid Services (CMS) for nursing home regulation, and in
2006 the National Committee on Quality Assurance adopted a
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modified version as a Health Plan Employer Data
and Information Set (HEDIS) measure of quality
of care for older Americans.4
A number of studies have demonstrated that
inappropriate prescribing is common in the ambulatory setting,5–7 in nursing homes,8,9 and in
emergency departments10,11 and that exposure to
inappropriate medications is associated with
increased risk of adverse drug reactions12 and hospitalization.13,14 Initial studies of hospitalized
patients15–17 suggest that potentially inappropriate
prescribing is also common among elderly inpatients and that reducing the misuse of psychotropic
medications can prevent falls.18 We report on the
incidence of and risk factors associated with
potentially inappropriate prescribing in a large
sample of hospitalized elders.

METHODS
Patients
We conducted a retrospective cohort study using
data from 384 hospitals participating in Perspective (Premier, Inc., Charlotte, NC), a database
developed for measuring quality and health care
utilization. Participating hospitals represent all
regions of the United States and are primarily
small- to medium-sized nonteaching hospitals
most of which are in urban areas. Premier collects
data elements from participating hospitals via a
custom data extract from hospitals’ decision support system. Hospitals aggregate the data elements into their decision support systems from
multiple information technology systems including billing, medical records, pharmacy, and laboratory systems. In addition to the information
contained in the standard hospital discharge file,
Perspective includes a date-stamped log of all
billed items, including medications with dose and
quantity, for individual patients.
We included patients at least 65 years old
admitted between September 1, 2002, and June
30, 2005, with a principal diagnosis of acute myocardial infarction, chronic obstructive pulmonary
disease, chest pain, community-acquired pneumonia, congestive heart failure, ischemic stroke, or
urinary tract infection. International Classification
of Diseases, Ninth Revision (ICD-9-CM) codes
were used to identify diagnoses. Patients cared for
by an attending physician with a surgical specialty
were excluded. The study protocol was approved
92
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by the institutional review board of Baystate Medical Center.
Data Elements
For each patient, Perspective contains fields for
age, sex, race, marital status, insurance status,
principal diagnosis, comorbidities, and specialty
of the attending physician. Comorbidities were
identified from ICD-9-CM secondary diagnosis
codes and APR-DRGs using Healthcare Cost and
Utilization Project Comorbidity Software, version
3.1, based on the work of Elixhauser.19 Because
almost all patients had Medicare coverage, plans
were classified according to managed care status.
Finally, for each patient we identified all medications administered, as well as discharge status,
readmission rate, total costs, and length of stay.
Hospitals were categorized by region (Northeast,
South, Midwest, or West), bed size, setting (urban
or rural), teaching status, and whether there were
geriatricians.
Potentially Inappropriate Prescribing
Using the 2002 updated Beers criteria3 for potentially inappropriate medication (PIM) use in older
adults, we identified the total number of PIMs
administered to each patient during his or her
hospital stay. We classified each PIM as either
high or low severity based on the expert consensus expressed in the 1997 update of the Beers criteria.2 The list contains 48 PIMs and an additional
20 that should be avoided in patients with certain
conditions. We did not include the second category of PIMs because we did not necessarily have
sufficient patient information to make this determination. In addition, some of the standard PIMs,
such as laxatives, although inappropriate for
chronic outpatient use, could be appropriate in
the hospital setting and were excluded from this
analysis. Finally, several medications were considered inappropriate only above a given threshold
(eg, lorazepam >3.0 mg/day) or for patients without a specific diagnosis (eg, digoxin >0.125 mg/
day for patients without atrial fibrillation). We
grouped PIMs that had similar side effects into 4
categories: sedatives, anticholinergics, causing
orthostasis, or causing bleeding (Fig. 1).
Statistical Analysis
Summary statistics at the patient, physician, and
hospital levels were constructed using frequencies

FIGURE 1. Beers list of potentially inappropriate medications modified for

FIGURE 1. (continued )

hospitalized patients >65 years old.

and proportions for categorical data and means,
standard deviations, medians, interquartile ranges,
and box plots for continuous-scale variables.
Patients were identified as receiving a PIM if the
drug was administered (above threshold dose
where applicable) on at least 1 hospital day. We
examined the association of each patient characteristic with use of any PIM, any high-severityrated PIM, and each side effect category using
chi-square statistics. Kruskal-Wallis analysis of variance was used to examine variation in hospital
use rates by each hospital characteristic, and phy-

sician use rates for high-severity PIMs by attending specialty. To examine whether it was feasible
to avoid PIMs altogether, we compared individual
hospitals as well as individual prescribers within
their specialty, limiting the comparison to hospitals that contributed at least 100 patients and to
physicians with at least 50 patients.
We developed a multivariable model for any
high-severity medication (HS-PIM) use that
included all patient, physician, and hospital characteristics except length of stay, mortality, cost,
discharge status, and readmission rate. A generalized estimating equation model (SAS PROC
Inappropriate Hospital Prescribing / Rothberg et al.
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because of missing data for key variables or
unclear principal diagnosis. An additional 25,318
were excluded because they were cared for by an
attending with a surgical specialty. A total of
493,971 patients were included in the study (Table 1).
Mean age was 78 years, and 24% of patients were
85 years or older. Forty-three percent were male,
71% were white, and 39% were currently married.
The most common principal diagnoses were community-acquired pneumonia, congestive heart failure, and acute myocardial infarction. The most
common comorbidities were hypertension, diabetes, and chronic pulmonary disease. Medicare was
the primary payer for 91% of subjects, and 13%
were in managed care plans. Most patients were
cared for by internists (49%), family practitioners
(18%), or cardiologists (17%). Only 1% of patients
had a geriatrician as attending.
Just under half of all patients (49%) received
at least 1 PIM, and 6% received 3 or more (Table 2).
Thirty-eight percent received at least 1 drug with a
high severity rating (HS-PIM). The most common
PIMs were promethazine, diphenhydramine, propoxyphene, clonidine, amiodarone, and lorazepam
(>3 mg/day).

FIGURE 1. (continued )
GENMOD) with a logit link and a subcluster correlation structure was used to account for clustering at the hospital, physician, and diagnosis levels,
adjusting for the clustering of primary diagnosis
within physician level, nested within hospital
level. Effects with P < .10 were retained in the
model, and interaction effects were also evaluated
for significance. Model fit was assessed using
deviance and Pearson chi-square statistics. All
analyses were performed with SAS statistical software, version 9.1 (SAS Institute, Cary, NC).

RESULTS
We identified 519,853 patients at least 65 years old
during the study period; 564 were excluded
94
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Patient, Physician, and Hospital Factors
Associated with PIMs
Patient, physician, and hospital characteristics
were all associated with use of PIMs (Table 3). In
univariate analyses, older patients were less likely
to receive any class of PIM, and this difference
was accentuated for HS-PIMs. Women, American
Indians, married people, and those not in managed care plans were slightly more likely to receive
PIMs, whereas patients admitted with acute myocardial infarction or congestive heart failure were
even more likely to receive PIMs (P < .0001 for all
comparisons).
The HS-PIM prescribing varied substantially
by attending specialty (Fig. 2). Internists, family
practitioners, and hospitalists all had similar median rates (33%), cardiologists had a higher median rate (48%), and geriatricians had a lower rate
(24%). The most common PIM also differed by
specialty: whereas promethazine was the most
commonly prescribed drug across most specialties, nephrologists and neurologists used clonidine, pulmonologists used lorazepam, and
cardiologists used diphenhydramine most often.
Among the 8% of physicians who saw at least 50

TABLE 1
Characteristics of 493,971 Older Patients Hospitalized with 1 of 7
Common Medical Conditions

TABLE 1
(continued )
Characteristic

Characteristic
Age group
65–74 years
75–84 years
851 years
Sex
Male
Female
Race
White
Black
Hispanic
American Indian
Asian/Pacific Islander
Other
Marital status
Married/partner
Widowed
Single/separated/divorced
Other
Primary diagnosis
Pneumonia
Heart failure
Acute MI
Ischemic stroke
Chest pain
COPD
Urinary tract infection
Comorbidities
Hypertension
Diabetes
Chronic pulmonary disease
Fluid and electrolyte disorders
Deficiency anemias
Congestive heart failure
Hypothyroidism
Peripheral vascular disease
Depression
Other neurological disorders
Renal failure
Obesity
Payer type
Not Managed care
Managed care
Attending physician specialty
Internal medicine (internist)
Family/general medicine
Cardiology
Pulmonology
Hospitalist
Nephrology
Neurology
Geriatrics
Other*

n (%)

n (%)

168,527 (34%)
206,407 (42%)
119,037 (24%)
212,358 (43%)
281,613 (57%)
351,331 (71%)
52,429 (11%)
18,057 (4%)
1876 (0%)
5926 (1%)
64,352 (13%)
194,496 (39%)
155,273 (31%)
75,964 (15%)
68,238 (14%)
122,732 (25%)
109,071 (22%)
70,581 (14%)
57,204 (12%)
50,404 (10%)
44,582 (9%)
39,397 (8%)
310,163 (63%)
151,755 (31%)
134,900 (27%)
128,703 (26%)
92,668 (19%)
69,201 (14%)
68,711 (14%)
47,244 (10%)
41,507 (8%)
40,200 (8%)
38,134 (8%)
25,143 (5%)
431,583 (87%)
62,388 (13%)
241,982 (49%)
90,827 (18%)
83,317 (17%)
21,163 (4%)
14,924 (3%)
8257 (2%)
5800 (1%)
3099 (1%)
24,602 (5%)
(continued )

Mortality
Expired
Alive
Discharge status, n (% of survivors)
Home
Nursing care
Transfer/short-term hospital
Hospice
14-Day readmission, n (% of survivors)
Yes
No
Length of stay (days), median (IQR)
Total cost (dollars)

28,321 (6%)
465,650 (94%)
323,629 (66%)
119,468 (24%)
13,531 (3%)
9022 (2%)
35,309 (8%)
430,334 (92%)
4 (2, 7)
$5513 ($3366, $9902)

* Other physician category includes 42 specialties.

patients, there was also great variation in each
specialty (Fig. 2). Among internists and cardiologists who saw at least 50 patients, the high-severity PIM usage rate ranged from 0% to more than
90%.
There was substantial variation in PIM usage
among hospitals, most notably by region. The
mean proportion of patients receiving PIMs ranged from 34% at hospitals in the Northeast to 55%
at hospitals in the South (Table 4). Smaller hospitals and those in urban settings had slightly lower
rates, as did those that had geriatricians on staff.
The teaching status of the hospital had little
effect. Variation at the individual hospital level
was extreme (Fig. 3). Although half of all hospitals
had rates between 43% and 58%, in 7 hospitals
with more than 300 encounters each, PIMs were
never prescribed for geriatric patients.
Multivariable Model
In a multivariable logit model that included all
patient, hospital, and physician characteristics
and that accounted for clustering at the hospital,
physician, and diagnosis levels, several characteristics were associated with HS-PIM prescribing
(Table 5). By far the most important predictor of
use was hospital region. Compared with patients
at hospitals in the Midwest, patients in the South
(OR 1.63, 95% CI 1.59–1.67) and West (OR 1.43,
95% CI 1.38–1.47) were more likely and those in
the Northeast were less likely (OR 0.85, 95% CI
0.83–0.88) to receive HS-PIMs. Larger hospitals
Inappropriate Hospital Prescribing / Rothberg et al.
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TABLE 2
Number and Type of Potentially Inappropriate Medications
(PIMs) Prescribed
Patients, n (%)
Number of PIMs
0
1
2
3
41
Number of high-severity-rated PIMs
0
1
2
3
41
Use of any PIM by side effect class
Sedatives
Anticholinergic effects
Causing orthostasis
Causing bleeding
Most commonly prescribed
Promethazine
Diphenhydramine
Propoxyphene
Clonidine
Amiodarone
Lorazepam (>3 mg/day)

DISCUSSION
254,200 (51%)
146,028 (30%)
61,445 (12%)
22,128 (4%)
10,170 (2%)
304,523 (62%)
129,588 (26%)
43,739 (9%)
12,213 (2%)
3908 (1%)
156,384 (32%)
109,293 (22%)
43,805 (9%)
14,744 (3%)
49,888 (10%)
45,458 (9%)
41,786 (8%)
34,765 (7%)
34,318 (7%)
25,147 (5%)

had higher HS-PIM rates than smaller ones, but
teaching status and rural or urban setting were
not associated with HS-PIM prescribing. The presence of geriatricians in a hospital was also associated with lower HS-PIM prescribing for the
entire hospital.
Physician specialty was also important.
Adjusting for diagnosis attenuated some of this
association, but compared with internists, cardiologists (OR 1.32, 95% CI 1.28–1.36) and pulmonologists (OR 1.10, 95% CI 1.05–1.15) were still more
likely, hospitalists (OR 0.90, 95% CI 0.84–0.96)
were less likely, and geriatricians (0.69, 95% CI
0.61–0.78) were least likely to prescribe any HSPIM.
Patient factors were also associated with HSPIM use. Compared with patients age 65–74 years,
patients older than 85 years were much less likely
to receive an HS-PIM (OR 0.59, CI 0.58–0.61), as
to a lesser extent were nonwhites compared with
whites and unmarried people compared with
those who were married. Compared with patients
with pneumonia, those with COPD, stroke, or
chest pain were less likely and those with myocar96

dial infarction and congestive heart failure were
more likely to receive HS-PIMs. Patients with a
secondary diagnosis of depression were also at
high risk (OR 1.38, CI 1.35–1.41).
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Although Americans age 65 years and older make
up less than 15% of the U.S. population, they consume about one third of all prescription drugs20
and account for one third of all hospital admissions.21 Using the Beers list, numerous studies
have documented high rates of potentially inappropriate prescribing for community-dwelling elderly and nursing home patients and, in some
studies, an attendant risk of falling,22–24 hip fracture,25,26 hospitalization,13 or death.14 Applying
these same criteria to a large sample of medical
inpatients, we found that almost half received a
potentially inappropriate drug, most of high severity. Moreover, the PIM prescribing rate varied
substantially by region, hospital, and attending
physician specialty. Although the use of PIMs was
associated with patient age, comorbidities, and
primary diagnosis, these patient factors explained
only a small portion of the variation in prescribing practices across groups of physicians and
hospitals.
Using consensus criteria, Beers originally
found that 40% of the residents in 12 nursing
homes received at least 1 PIM,8 and studies of
community-dwelling elderly demonstrated rates of
21% to 37%, with little change over time.6,27,28
Several small studies have examined inpatient
prescribing.16,17,29,30 The largest17 found that only
15% of elderly Italian inpatients received a PIM.
Our finding, that 49% of inpatients had received
at least 1 PIM, may partially reflect the high prevalence of use among elderly US patients in nursing homes and the community.
Regional variation has been demonstrated for
ambulatory patients in the US6 and Europe.31
Zhan et al. found slightly higher rates of PIM use
in the Midwest and the South (23%) than in the
Northeast and the West (19%). Variation in Europe
was greater, with 41% of patients in the Czech
Republic versus 5.8% of patients in Denmark
receiving at least 1 PIM. We found that region was
the strongest predictor of in-hospital HS-PIM use,
with patients in the South most likely and patients
in the Northeast least likely to receive HS-PIMs.
This variation persisted even after adjusting for
differences in other patient and hospital factors,

139,941 (40%)
18,655 (36%)
6370 (35%)
849 (45%)
1896 (32%)
21,737 (34%)
77,803 (40%)
58,012 (37%)
28,799 (38%)
24,834 (36%)
46,271 (38%)
42,231 (39%)
37,849 (54%)
17,613 (31%)
16,363 (32%)
14,626 (33%)
14,495 (37%)
168,013 (39%)
21,435 (34%)
86,907 (36%)
32,338 (36%)
40,752 (49%)
8105 (38%)
5443 (36%)
3388 (41%)
1789 (31%)
785 (25%)

173,481 (49%)
26,793 (51%)
8509 (47%)
1091 (58%)
2386 (40%)
27,511 (43%)
96,874 (50%)
74,622 (48%)
36,583 (48%)
31,692 (46%)
56,845 (46%)
56,460 (52%)
43,046 (61%)
25,763 (45%)
20,655 (41%)
18,876 (42%)
18,126 (46%)
212,150 (49%)
27,621 (44%)
112,664 (47%)
41,303 (45%)
48,485 (58%)
10,231 (48%)
7003 (47%)
4508 (55%)
2420 (42%)
1020 (33%)

* An additional 24,602 patients (5%) seen by 42 additional physician specialties were excluded from this analysis.
Chi-square tests indicated all differences by patient characteristics were significant at P < .0001 except there was no significant difference by managed care status for use rates of drugs potentially causing orthostasis or drugs potentially causing bleeding.

71,382 (30%)
25,653 (28%)
34,859 (42%)
6746 (32%)
4447 (30%)
3132 (38%)
1625 (28%)
596 (19%)

138,679 (32%)
17,705 (28%)

35,353 (29%)
34,340 (31%)
32,560 (46%)
18,500 (32%)
13,536 (27%)
12,087 (27%)
10,008 (25%)

63,303 (33%)
48,367 (31%)
24,251 (32%)
20,463 (30%)

112,556 (32%)
18,720 (36%)
5549 (31%)
818 (44%)
1420 (24%)
17,321 (27%)

63,591 (30%)
92,793 (33%)

48,746 (20%)
18,274 (20%)
25,792 (31%)
4064 (19%)
3179 (21%)
2054 (25%)
851 (15%)
404 (13%)

97,776 (23%)
11,517 (18%)

25,484 (21%)
22,093 (20%)
25,568 (36%)
8742 (15%)
10,520 (21%)
8096 (18%)
8790 (22%)

45,042 (23%)
33,516 (22%)
16,115 (21%)
14,620 (21%)

81,097 (23%)
11,263 (21%)
3505 (19%)
563 (30%)
1023 (17%)
11,842 (18%)

42,754 (20%)
66,539 (24%)

23,221 (10%)
7660 (8%)
5455 (7%)
1739 (8%)
1471 (10%)
1326 (16%)
699 (12%)
196 (6%)

38,341 (9%)
5464 (9%)

9184 (7%)
10,117 (9%)
4738 (7%)
9644 (17%)
3474 (7%)
3209 (7%)
3439 (9%)

16,765 (9%)
13,865 (9%)
7229 (10%)
5946 (9%)

27,555 (8%)
8925 (17%)
2047 (11%)
190 (10%)
519 (9%)
4569 (7%)

17,885 (8%)
25,920 (9%)

15,799 (9%)
18,519 (9%)
9487 (8%)

7086 (3%)
2852 (3%)
2542 (3%)
574 (3%)
463 (3%)
198 (2%)
174 (3%)
41 (1%)

12,868 (3%)
1876 (3%)

4155 (3%)
1945 (2%)
2549 (4%)
1384 (2%)
2027 (4%)
1139 (3%)
1545 (4%)

5969 (3%)
4354 (3%)
2399 (3%)
2022 (3%)

10,590 (3%)
1536 (3%)
648 (4%)
76 (4%)
127 (2%)
1767 (3%)

5771 (3%)
8973 (3%)

6655 (4%)
5727 (3%)
2362 (2%)

14,744 (3%)

79,535 (37%)
109,913 (39%)

44,792 (27%)
45,121 (22%)
19,380 (16%)

43,805 (9%)

100,824 (47%)
138,947 (49%)

61,399 (36%)
65,034 (32%)
29,951 (25%)

109,293 (22%)
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156,384 (32%)

72,573 (43%)
79,595 (39%)
37,280 (31%)

Causing bleeding
n (row %)

89,168 (53%)
100,787 (49%)
49,816 (42%)

Causing orthostasis
n (row %)

189,448 (38%)

Anticholinergic
effects n (row %)

239,771 (49%)

Sedatives
n (row %)

Overall
Age group
65–74 years
75–84 years
851 years
Sex
Male
Female
Race
White
Black
Hispanic
American Indian
Asian/Pacific Islander
Other
Marital status
Married/partner
Widowed
Single/separated/divorced
Other
Primary diagnosis
Pneumonia
Heart failure
Acute MI
Ischemic stroke
Chest pain
COPD
Urinary tract infection
Payer type
Nonmanaged care
Managed care
Attending physician specialty*
Internal medicine (internist%)
Family/general medicine
Cardiology
Pulmonology
Hospitalist
Nephrology
Neurology
Geriatrics

Any high-severity
PIM n (row %)

Any PIM n
(row %)

Patient
characteristic

TABLE 3
Potentially Inappropriate Medication Use by Patient Characteristic

Inappropriate Hospital Prescribing / Rothberg et al.

FIGURE 2. Distribution of physician prescribing rates for high-severityrated PIM by specialty for physicians treating at least 50 hospitalized
patients during the study period (N, number of physicians in each specialty).
The line in the middle of each box represents the median use rate across
physicians, and the box extends to the interquartile range (IQR). The lines
emerging from the box extend to the adjacent values. The upper adjacent
value is defined as the largest data point less than or equal to the 75th percentile plus 1.5 times the IQR; the lower adjacent value is defined as the
smallest data point greater than or equal to the 25th percentile minus 1.5
IQR. Observed points more extreme than the adjacent values are individually
plotted.

suggesting that local custom played a large role in
the decision to prescribe HS-PIMs. Moreover,
because outpatient rates are more uniform, these
large differences seem limited to inpatient practice.
Patient factors have also been examined.
Advanced age was associated with decreased PIM
use in some studies17,28,31 but not in others.6,27 We
found increasing age to be strongly associated
with decreased PIM use, suggesting that in the
hospital, at least, doctors take care to avoid prescribing certain drugs to the frail elderly. Women
appear to be consistently at higher risk than
men,6,27,28,31 and white patients are more at risk
than those of other races.6 Our finding that certain
diagnoses were associated with higher or lower
rates has not been reported previously. The lower
rates associated with stroke and COPD suggest
that prescribers were aware that these patients
were at increased risk of delirium and respiratory
depression. The higher rates associated with myocardial infarction may have to do with the use of
standardized order sets (eg, cath lab orders) that
do not consider the age of the patient going for
the procedure.
98
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Admission to a geriatric service32 and intervention by a clinical pharmacist33 have been
shown to decrease PIM prescribing at discharge.
We noted that patients cared for by a geriatrician
had the lowest rates of PIM prescribing during
hospitalization as well and that hospitals with geriatricians had lower rates overall, possibly demonstrating that geriatricians had a ‘‘ripple effect’’ on
their colleagues. Hospitalists also had lower rates
than internists, supporting the notion that hospitalists provide higher-quality inpatient care.
Our study had some important limitations.
First, we only had access to inpatient administrative records. Thus, we could not identify which
medications were continued from home and
which were begun in the hospital, nor could we
know the indications for which specific drugs
were prescribed or who prescribed them. Based
on published outpatient rates, however, we could
assume that many of the drugs were started in the
hospital and that others could have been discontinued but were not. Second, the Beers list was
developed by the modified Delphi method; there
was little empirical evidence of the danger of specific drugs, although some classes, such as benzodiazepines, opiates and digoxin, have been
associated with inpatient falls.18,34–36 Furthermore,
our administrative database did not allow us to
balance the risks and benefits for particular
patients; hence, the medications were only
‘‘potentially inappropriate,’’ and our study did not
address the consequences of such prescribing.
Although some of these drugs may be appropriate
under certain circumstances, it is unlikely that
these circumstances would vary by 60% across geographic regions or that internists would encounter these circumstances more often than do
hospitalists. Thus, although we could not identify
specific patients who received inappropriate medications, we did identify certain hospitals and even
whole regions of the country in which the rate of
inappropriate prescribing was high. Third, the
Beers list, which was developed for outpatient use,
may be less relevant in the inpatient setting. However, given that inpatients have more organ dysfunction and are at higher risk of delirium and
falls, it may actually be more applicable to hospitalized patients. We similarly did not distinguish
between single and multiple doses because the
Beers list does not make such a distinction, and
there is no empirical evidence that a single dose is
safe. Indeed, patients are often at highest risk of

TABLE 4
Percentage of Patients Prescribed Potentially Inappropriate Medication (PIM) by Hospital Characteristic

Hospital region
Midwest
Northeast
South
West
Teaching status
Nonteaching
Teaching
Staffed beds
22–200
200–400
4001
Population serviced
Rural
Urban
Geriatrician presence
No
Yes

Hospitals
Total 5 384
n (%)

Patients
N 5 49,3971
n (%)

Any PIM
Mean 5 48.2
Mean (SD)

Any high-severity
PIM Mean 5 38.7
Mean (SD)

Sedatives
Mean 5 30.2
Mean (SD)

Anticholinergic
effects Mean 5 21.5
Mean (SD)

Causing orthostasis
Mean 5 8.5
Mean (SD)

Causing bleeding
Mean 5 3.1
Mean (SD)

76 (20%)
47 (12%)
199 (52%)
62 (16%)

95,791 (19%)
79,138 (16%)
260,870 (53%)
58,172 (12%)

***
38.8 (19.7)
34.1 (12.6)
54.5 (10.1)
45.8 (8.1)

***
30.0 (16.4)
26.2 (11.2)
42.7 (9.6)
37.4 (7.1)

***
24.3 (13.8)
19.0 (9.2)
36.0 (10.8)
27.3 (7.7)

***
15.1 (9.9)
13.5 (8.1)
26.4 (8.6)
19.5 (5.7)

***
6.9 (6.3)
4.9 (2.3)
10.4 (4.6)
7.4 (4.8)

**
3.1 (2.3)
2.1 (1.6)
3.6 (2.5)
2.7 (1.3)

297 (77%)
87 (23%)

324,948 (66%)
169,023 (34%)

47.3 (14.6)
48.2 (16.0)

8.7 (5.4)
7.8 (4.4)

3.3 (2.4)
2.7 (1.5)

80,741 (16%)
177,286 (36%)
235944 (48%)

45.5 (16.9)
47.7 (14.2)
50.1 (12.4)

29.8 (12.0)
31.6 (14.5)
**
27.5 (14.0)
30.5 (11.6)
33.5 (10.9)

21.3 (9.9)
22.1 (10.2)

143 (37%)
137 (36%)
104 (27%)

36.9 (12.3)
38.8 (14.2)
*
35.2 (14.6)
37.8 (12.0)
39.6 (10.6)

8.0 (6.2)
8.4 (4.7)
9.3 (4.2)

119 (31%)
265 (69%)

102,799 (21%)
391,172 (79%)

48.4 (13.0)
47.1 (15.7)

38.3 (10.6)
36.9 (13.7)

29.2 (11.0)
30.6 (13.2)

20.1 (10.3)
22.0 (10.0)
22.7 (9.3)
*
23.2 (9.3)
20.7 (10.2)

7.5 (4.0)
9.0 (5.6)

3.5 (3.1)
3.0 (1.6)
2.9 (1.4)
**
3.7 (3.0)
2.9 (1.8)

340 (89%)
44 (11%)

409,281 (83%)
84,690 (17%)

47.7 (15.3)
45.8 (11.4)

37.6 (13.0)
35.5 (10.6)

30.3 (12.8)
29.4 (10.8)

21.7 (10.0)
19.6 (9.4)

8.4 (5.3)
9.3 (4.3)

3.2 (2.3)
2.9 (1.6)

*

Note: P values from analysis of variance of hospital use rates for each hospital characteristic.
*P < .05, ** P < .001, *** P < .0001.

falls immediately after initiation of therapy.37–39
We did, however, exclude drugs such as laxatives,
which may be appropriate for brief inpatient use
but not for chronic use.
Our study also had a number of strengths.
The large sample size, representing approximately
5% of annual inpatient admissions in the US over
2 years, offered an instructive look at the recent
prescribing patterns of thousands of US physicians. We were able to identify many patient, physician, and hospital factors associated with PIM
prescribing that have not previously been
reported. Some of these factors, such as advanced
age and comorbid diagnoses, suggest that physicians do tailor their treatment to individual
patients. Nevertheless, patient factors accounted
for only a small portion of the variation in prescribing. The largest variation, associated with regional, hospital, and physician factors, highlights
the opportunity for improvement.
At the same time, our findings are encouraging
for 2 reasons. First, most inappropriate prescribing
involved only a handful of medications, so small
changes in prescribing patterns could have a tre-

FIGURE 3. Distribution of hospital use rates for each category of PIM
among hospitals with at least 100 eligible patients during the study period.
Thirteen hospitals (3%) and 324 patients (<0.1%) were excluded. For interpretation of the box plots, see Figure 2.

mendous impact. Second, observing the practice of
individual physicians and hospitals reveals what is
possible. We found that in most specialties there
were physicians who rarely or never used PIMs. We
also found 7 hospitals, each with at least 300 cases,
where no PIMs were ever prescribed.
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TABLE 5
Adjusted Odds Ratio Estimates for High-Severity PIM Use
Effect (reference)
Age
65–74 years
75–84 years
851 years
Sex
Female
Male
Race
White
Black
Hispanic
American Indian
Asian/Pacific Islander
Other
Marital Status
Married/partner
Single/separated/divorced
Widowed
Other
Primary diagnosis
Pneumonia
COPD
Heart failure
Ischemic stroke
Acute MI
Urinary tract infection
Chest pain
Comorbidities (yes or no)
Hypertension
Diabetes
Chronic lung disease
Fluid and electrolyte disorders
Anemia deficiencies
Congestive heart failure
Hypothyroidism
Peripheral vascular disease
Depression
Neurological disorders
Renal failure
Obesity
Payer type
Managed care
Not managed care
Attending physician specialty
Internal medicine
Cardiology
Family/general medicine
Geriatrics
Hospitalist
Nephrology
Neurology
Pulmonology
Setting
Rural
Urban

TABLE 5
(continued )

Odds ratio

95% Confidence
limits

1.00
0.83
0.59

—
0.82
0.58

—
0.84
0.61

1.00
0.85

—
0.83

—
0.86

1.00
0.78
0.84
0.97
0.74
0.94

—
0.76
0.81
0.88
0.70
0.92

—
0.80
0.87
1.07
0.79
0.97

1.00
0.96
0.96
0.93

—
0.94
0.95
0.90

—
0.98
0.98
0.95

1.00
0.83
1.14
0.84
1.95
1.06
0.87

—
0.81
1.12
0.82
1.90
1.03
0.84

—
0.85
1.16
0.86
2.01
1.09
0.89

0.98
0.98
1.11
1.26
1.17
1.34
1.13
1.09
1.38
0.89
1.23
1.11

0.97
0.97
1.10
1.24
1.15
1.32
1.11
1.06
1.35
0.87
1.20
1.08

0.99
1.00
1.13
1.27
1.18
1.37
1.15
1.11
1.41
0.91
1.26
1.14

1.00
1.04

—
1.02

—
1.06

1.00
1.32
0.99
0.69
0.90
1.02
0.93
1.10

—
1.28
0.97
0.61
0.84
0.96
0.86
1.05

—
1.36
1.01
0.78
0.96
1.08
1.00
1.15

1.00
1.02

—
1.00

—
1.05
(continued )
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Effect (reference)
Teaching status
Nonteaching
Teaching
Number of beds
22–200
200–400
4001
Region
Midwest
Northeast
South
West
Geriatrician presence
No
Yes

Odds ratio

95% Confidence
limits

1.00
1.01

—
0.98

—
1.03

1.00
1.08
1.12

—
1.05
1.09

—
1.11
1.16

1.00
0.85
1.63
1.43

—
0.83
1.59
1.38

—
0.88
1.67
1.47

1.00
0.93

—
0.90

—
0.95

Where should hospitals focus their efforts to
prevent inappropriate prescribing? Our data highlight the complexity of the problem, which seems
daunting. PIM prescribing is spread across all specialties, including geriatrics, and although cardiologists had the highest rate of prescribing,
internists, who were more numerous, accounted
for a much higher overall number of potentially
inappropriate prescriptions. It would be instructive to study the 7 hospitals where PIMs were
never prescribed or to interview those physicians
who never prescribed PIMs, but the anonymous
nature of our data would not allow for this. However, our data do suggest some directions. First,
hospitals should become aware of their own rates
of PIM use because measurement is the first step
in quality improvement. Next, hospitals should
focus efforts on reducing the use of the most
common drugs. Eliminating just 3 drugs—
promethazine, diphenhydramine, and propoxyphene—would reduce the use of PIMs in 24% of
elderly patients. Enlisting hospital pharmacists
and electronic health records and reviewing standard order sets for elderly patients are potentially
effective strategies. Finally, increasing the presence
of geriatricians and hospitalists would be expected
to have a modest impact.
In a representative sample of elderly inpatients, we found that almost half received a potentially inappropriate medication and that the rate
of inappropriate prescribing varied widely among
doctors and hospitals. Additional research is

needed to distinguish which of the Beers drugs
are most harmful and which patients are at highest risk. Research should also focus on understanding differences in prescribing patterns,
perhaps by studying the outliers at both ends of
the quality spectrum, and on techniques to minimize non-patient-centered variation.
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