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Abstract

Objectives Potentially inappropriate medication (PIM) use in older adults is a

prevalent problem associated with poor health outcomes. Understanding drivers of

PIM use is essential for targeting interventions. This study systematically reviews

the literature about the patient, clinician and environmental/system factors associ-

ated with PIM use in community-dwelling older adults in the United States.

Methods PRISMA guidelines were followed when completing this review.

PubMed and EMBASE were queried from January 2006 to September 2017. Our

search was limited to English-language studies conducted in the United States

that assessed factors associated with PIM use in adults ≥65 years who were com-

munity-dwelling. Two independent reviewers screened titles and abstracts.

Reviewers abstracted data sequentially and assessed risk of bias independently.

Key findings Twenty-two studies were included. Nineteen examined patient

factors associated with PIM use. The most common statistically significant fac-

tors associated with PIM use were taking more medications, female sex, and

higher outpatient and emergency department utilization. Only three studies

examined clinician factors, and few were statistically significant. Fifteen studies

examined system-level factors such as geographic region and health insurance.

The most common statistically significant association was the south and west

geographic region relative to the northeast United States.

Conclusions Amongst older adults, women and persons on more medications

are at higher risk of PIM use. There is evidence that increased healthcare use is

also associated with PIM use. Future studies are needed exploring clinician fac-

tors, such as specialty, and their association with PIM prescribing.

Introduction

Appropriate prescribing for older adults is challenging.

Community-dwelling older adults in high-income coun-

tries take on average two to nine prescription medications

a day with many studies estimating that over half of older

adults are taking at least one medication that is recog-

nized as a potentially inappropriate medication (PIM).[1]

A PIM is broadly defined as a medication where the risk

associated with its use likely exceeds its benefit.[2] This

definition is challenging to operationalize. There are sev-

eral published criteria including criterion-based measures

such as lists of specific drugs and drug classes to avoid

(i.e. Beers, Screening Tool of Older Persons

Prescriptions)[3] and judgement-based measures such as

the Medication Appropriateness Index[4] which asks a ser-

ies of questions about the appropriateness of the drug in

question. These drugs are considered inappropriate

because older adults who use PIMs are more likely to

experience adverse drug reactions,[5] falls,[6] hospitaliza-

tion[7] and increased healthcare costs.[8]

The population of older adults globally is projected to

more than double by 2050,[9] making it increasingly

important to address unsafe medication use in older

adults. Six of the 10 American Geriatrics Society’s ‘Things

Patients and Providers Should Question’[10] from the
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Choosing Wisely Initiative[11] caution against use of speci-

fic medications known to be overused in older adults.

There are several published systematic reviews on quan-

tification of PIM use,[12–14] but few have focused on syn-

thesizing the determinants of PIM use. Without knowing

what drives the use of potentially harmful medications, it

will be challenging to target interventions towards specific

factors to reduce this practice. Therefore, we sought to

systematically review the literature to identify the determi-

nants of PIM use in older community-dwelling adults in

the United States.

Methods

Data sources and searches

This manuscript describes results of one topic from a

broader systematic review on determinants of overuse of

health services. The protocol of the broader systematic

review was registered in Prospero (#42015029482). We

completed this systematic review following the guidelines

found in the PRISMA-P 2015 checklist (Table S1).

MEDLINE� and EMBASE� were searched from January

2006 through July 2016 for published literature about

overuse of healthcare services. A heterogeneous body of

literature was identified and divided into topics appropri-

ate for in-depth systematic reviews. Additional searches

were focused for each topic. An additional search from

January 2006 through September 2017 was completed

searching terms specific to PIM use. The search terms

used were based on MeSH terms and text keywords

derived from key articles identified a priori

(Appendix S1). The search results were limited to articles

about humans that were written in English. Relevant sys-

tematic reviews and the reference list from each included

article were hand-searched for additional studies.

Study selection

Two reviewers independently screened titles, abstracts and

full text for inclusion and came to agreement through

consensus adjudication. Articles were included if the

authors evaluated factors associated with the use of medi-

cations that are considered inappropriate or potentially

inappropriate based on defined criteria (i.e. Beers list).

The term ‘determinant’ is used in this article to refer to

those factors that were tested for their associations with

PIM use, although we recognize that they may not have

been tested for their causal associations. Studies included

were limited to those examining patients aged 65 and

older and those that were not exclusively describing care

outside of the United States. The latter geographical

restriction was included given the unique healthcare

environment in the United States including lack of a sin-

gle payer system and direct to consumer advertising of

pharmaceuticals. Articles were also restricted to those

which included data collected in 2006 and onward. This

was done given the substantial changes in the United

States healthcare system in the last decade including an

increased focus on quality of PIM prescribing following

publication of the landmark Institute of Medicine report

Crossing the Quality Chasm,[15] revision of the Beers cri-

teria[16] and an increasing focus on quality of care.[17]

Studies which exclusively evaluated older adults in the

hospital or nursing home were excluded as we have previ-

ously published a review of studies in these settings.[18]

Studies which used large claims or administrative data-

bases that included inpatient hospital care were included

as it was felt that the majority of the included claims were

generated by community-dwelling adults seeking ambula-

tory care. Articles testing interventions targeting medica-

tion use were also not included.

Data extraction, quality and applicability
assessment

Data extraction forms were created and pilot-tested in

Excel (Microsoft, Redmond, WA, USA). Reviewers

extracted information on the study characteristics, study

participant characteristics, the methods of data collection,

the criteria used to define PIM, the potential determinants

evaluated by the investigators and those identified as

being statistically significant (P ≤ 0.05) in their associa-

tion with PIM use. The determinants were classified as

being related to the patient (e.g. age, sex and comorbidi-

ties), the clinician (e.g. years in practice and specialty) or

the environment (e.g. region or payer). One reviewer

completed data extraction, and the second reviewer con-

firmed the first reviewer’s data extraction for complete-

ness and accuracy. Two reviewers independently assessed

the quality of individual studies. The Critical Appraisal

Checklist (Center for Evidence-Based Medicine) was used

for appraisal of the quality of included cohort studies and

surveys.[19] Differences were resolved between reviewer

pairs through discussion with the research team.

Data synthesis and analysis

Detailed evidence tables were created containing all infor-

mation abstracted from eligible studies. Results were syn-

thesized by the type of determinant and summarized in

tables. The results were not amenable to quantitative

pooling given the heterogeneity in design across studies.

Results from studies which used more restrictive PIM

criteria (n = 8) (i.e. limiting PIM to sedative hypnotics)

were analysed separately to determine whether factors
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associated with prescribing these agents differed from fac-

tors associated with more general PIM prescribing. There

was no appreciable change in trends of statistically signifi-

cant factors, and so results of studies with restrictive PIM

criteria were included.

Role of the funding source

The funders had no role in this project.

Results

A total of 12 768 titles were screened; 730 articles under-

went full-text review and 22 were included (Figure S1,

Table 1).

Risk of bias

The overall risk of bias was low in 18 studies[20–37] and

moderate in four studies (Table 2).[38–41] The deficiencies

in the studies that had more than a low risk of bias were

potential biases due to confounding, missing information

about participants at baseline, and low or unreported

response rates in surveys.

Characteristics of included studies

Twenty-two studies evaluated determinants of PIM use in

community-dwelling and ambulatory clinic patients.[20–41]

Most studies were either cross-sectional analyses of claims

data or analyses of large nationally representative surveys

such as the Medical Expenditure Panel Survey (MEPS) or

the National Ambulatory Medical Care Survey (NAMCS)

(Tables 1 and 2). The majority of participants were white

women in their 70s and 80s (Table 1). Most studies used

a broad definition, such as the Beers criteria, to define

PIM but eight included studies used a more restrictive

definition of PIM such as anticholinergics[30] or poten-

tially inappropriate medications in patients with cognitive

disorders (Table 1).[25,34] Fourteen of the included studies

examined actual dispensing data through claims, phar-

macy contact or review of actual pill bottles.[20,21,23–

25,27,28,30,31,35,37–39,41]

Determinants of PIM use in community-
dwelling and ambulatory clinic patients

Patient factors

Nineteen studies evaluated patient factors contributing to

PIM use in community-dwelling adults or those attending

ambulatory clinics (Table 3). Seventeen used multivariable

regression,[21–23,25–34,36–38,41] adjusting for a combination

of patient factors,[22,25,33,41] patient and system fac-

tors[21,23,26,28–31,34,36–38] or patient system and clinician

factors.[27,32] Two studies used bivariate analysis.[20,39]

Demographic characteristics

Being a woman was positively associated with PIM use in

10 studies[21,23,27–30,32–34,37] Among the six stud-

ies[20,22,31,36,38,39] which did not report a statistically sig-

nificant association between sex and PIM use were two

that used bivariate instead of multivariate analysis,[20,39] a

small (n = 82) study limited to Chinese American older

adults in a single city,[36] and two that had a sample that

was more than 80% women.[22,38] However, one study

using nationally representative MEPS data did not report

a statistically significant association with sex and PIM use

when their final multivariate model was adjusted for

number of medications.[31]

Other demographic factors such as age and race/ethnicity

were inconsistently associated with PIM use across studies.

Age was examined in 17 studies,[20–23,26–30,33,34,36–39,41] with

four reporting that older age[28,29,33,36] and four reporting

that younger age[27,30,31,37] were associated with PIM use.

Age was most frequently examined categorically with the

categories ranging in size from 5 to 20 years. Race and eth-

nicity were statistically significant in just five of the 13 stud-

ies that examined this.[21–23,26,27,30–34,37–39] The specific

racial and ethnic categories compared varied widely across

studies. No one race or ethnicity consistently was identified

as being at higher risk of PIM use. Marital status was exam-

ined in six studies[22,26,30,31,36,38] none of which found a sta-

tistically significant association with PIM use.

Clinical characteristics

The most consistently observed statistically significant fac-

tor associated with PIM use was a higher number of pre-

scribed medications, demonstrated in all 14 studies[20–

23,27,31–34,36–39,41] in which it was evaluated.

Two[23,27] of three[41] studies reported that older adults

with more prescribers had more PIM use. The study

which did not report this association had a moderate risk

of bias and small sample size. People who used more

health care, as measured by more outpatient visits[27,29,33]

or more emergency department visits,[27] were more likely

to receive a PIM. The association between hospital admis-

sion and PIM use, however, was variable.

Seven studies[22,23,26,28,37,39,41] examined the association

between medical comorbidities and PIM use. Assessment of

comorbidity varied across studies, with some studies using

a comorbidity count[22,23,39] and others using the hierarchi-

cal condition category[42] risk adjustment model,[28,37] the

Charlson Comorbidity Index[41] or number of organ
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Table 1 Study and participant characteristics by data source

Author Study populationa

Demographic

characteristics of

participants

Mean age (y � SD);

Sex and race (%)

PIM criteria used

Prevalence of

PIM use (%)Beers Zahn Other

Administrative data

Zhang (2010)[27] Medicare Part D beneficiaries, 2007 Not reported xb 11–44c

Woelfel (2011)[20] Medicare Part D beneficiaries in central and northern

California, 2008

76 � 9.3

40% women

51% white

x 18

Blackwell (2012)[29] Medicare Part D beneficiaries, 2007 Not reported

63% women

83% white

x 39

Holmes (2013)[31] Medicare Part D beneficiaries in Texas, 2007–2008 Not reported

65% women

69% white

x 32

Lund (2013)[32] Veterans with ≥1 outpatient visit, 2007 76 � 6.4

2% women

Not reported

x x x 4–18d

Jiron (2016)[35] Fee-for-service Medicare beneficiaries, 2007–2012 78 � 7.8

66% women

85% white

x 34–37e

Kester (2016)[36] Medicare MCO enrollees with dementia, 2008–2010 81 � 7.3

61% women

Not reported

xf 12

Chart review

Kester (2016)[36] Outpatients from one of two outpatient sites: Cleveland

Clinic and Intermountain Health System, 2006

76 � 7.2

60% women

84–96% white

x x 16–23g

Hu (2012)[28] Chinese American home care patients in New York City 82 � 7.3

55% women

0% white

x 24

Prithviraj (2012)[30] Newly diagnosed cancer patients at an oncology clinic,

2008–2009

75 � 6.9

83% women

Not reported

x 41

Nightingale (2015)[39] Newly diagnosed cancer patients at an oncology clinic

2011–2013

80 � 7.4

64% women

74% white

x xh 51

DiNapoli (2016)[34] Veterans with a new mental health diagnosis in

Pittsburgh 2007–2011

77 � 6.4

2% women

85% white

x 20

Ie (2017)[40] Family Medicine physicians >18 y and their patients at

five practices, 2016

36 � 10.6

50% women

Not reported

x Not reported

Nationally representative survey

Zhang (2011)[21] Community-dwelling adults who responded to the

Medical Expenditure Panel Survey, 2007

Not reported

58% women

80% white

x 14

Kachru (2015)[22] Community-dwelling adults who responded to the

Medical Expenditure Panel Survey,

2009–2010

Not reported

57% women

80% white

xi 10

Extavour (2016)[24] Community-dwelling adults from the National

Ambulatory Medical Care Survey, 2010

75 � not reported

62% women

95% white

xj 11

Miller (2016)[23] Community-dwelling adults who responded to the

Medical Expenditure Panel Survey, 2006–2010

Not reported

58% women

80% white

x 31

Swanoski (2017)[37] xk Not reported
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systems involved in chronic disease.[26] Only two studies

found that a higher comorbidity score was associated with

more risk.[37,39] Eight studies[22,26,28,30,32,34,38,39] specifically

examined psychiatric comorbidities and PIM use; seven

found that patients with one or more psychiatric comor-

bidities had more PIM use.[26,28,30,32,34,38,39] Individual

comorbidities other than dementia were not consistently

associated with PIM use.[27,30–32,34,39] The association of

dementia or cognitive impairment with PIM use was

assessed in five studies,[22,25,27,30,34] and worse cognition or

diagnosis of dementia was statistically significant in

two.[25,27] Four studies examined functional status of older

patients and risk of PIM use and found no statistically sig-

nificant association.[22,30,31,34,39]

Clinician factors

Only three studies evaluated clinician factors contributing

to PIM use in community-dwelling older adults or those

attending ambulatory clinics (Table 3).[27,32,40] Two[27,32]

of these studies used nationally representative samples,

and one[40] was a survey of five family practice clinics. All

three used multivariable analysis with the two nationally

representative studies adjusting for some combination of

patient, system and clinician factors[27,32] and the smaller

survey study adjusting for a combination of clinician fac-

tors.[40]

In NAMCS respondents, less time spent with patients

was associated with a statistically significant higher risk of

potentially inappropriate antidepressant exposure; being

seen by a neurologist or psychiatrist compared to some-

one of another specialty was associated with a statistically

significant higher risk PIM prescribing.[32] Amongst a

random sample of Medicare beneficiaries,[27] patients seen

by geriatricians were less likely to receive a PIM than if

they were not seen by a geriatrician.

In the survey conducted in five family practice clin-

ics,[40] clinicians who prescribed fewer PIMs were more

Table 1 Continued

Author Study populationa

Demographic

characteristics of

participants

Mean age (y � SD);

Sex and race (%)

PIM criteria used

Prevalence of

PIM use (%)Beers Zahn Other

Community-dwelling adults with diabetes who take two

or more medications from the National Ambulatory

Medical Care Survey, 2012

Not reported

56% women

82% white

Other

Weston (2010)[26] Persons with mild cognitive impairment from Alzheimer’s

Disease Research Centers of California, 2008–2009

75 � 9.8

50% women

77% white

x l 21

Koyama (2013)[33] Women enrolled in the Study of Osteoporotic Fractures,

1997–2008

78 � 3.1

100% women

89% white

x l 24

Mattos (2016)[38] Pennsylvania pharmaceutical assistance programme

participants, 2010–2011

79 � 6.7

89% women

91% white

xm 18

Shade (2017)[41] Patients at a rural clinic who are on three or more

medications, 2015

78 � 7.3

44% women

98% white

x 49

PIM, potentially inappropriate medication; y, year.
aAll participants are age 65 years and older, unless otherwise stated.
bHealthcare Effectiveness Data and Information Set.
cPrevalence differed by region.
dPrevalence differed by PIM criteria used.
ePrevalence differed by year.
fAntipsychotics.
gPrevalence differed by PIM criteria used.
hHealthcare Effectiveness Data and Information Set, Screening Tool of Older Persons Prescriptions.
iAnticholinergics.
jAntidepressants and sedatives.
kMedications inappropriate in diabetes per Beers criteria.
lBeers Criteria 2003 inappropriate in cognitive impairment.
mBenzodiazepine receptor agonists.

© 2019 Royal Pharmaceutical Society International Journal of Pharmacy Practice 2019, 27, pp. 408--423

412 Potentially inappropriate medication use



T
a
b
le

2
St
u
d
y
d
es
ig
n
,
as
so
ci
at
io
n
s
o
f
in
ve
st
ig
at
ed

fa
ct
o
rs

w
it
h
o
f
p
o
te
n
ti
al
ly

in
ap

p
ro
p
ri
at
e
m
ed

ic
at
io
n
(P
IM

)
an

d
ri
sk

o
f
b
ia
sa

A
u
th
o
r,
ye
ar

St
u
d
y
d
es
ig
n

C
ri
te
ri
a
u
se
d
to

d
efi

n
e
PI
M

Pa
ti
en

t
fa
ct
o
rs

Sy
st
em

/E
n
vi
ro
n
m
en

t
fa
ct
o
rs

C
lin
ic
ia
n

fa
ct
o
rs

R
is
k
o
f

b
ia
s

A
d
m
in
is
tr
at
iv
e
d
at
a

Zh
an

g
(2
0
1
0
)[2

7
]

C
ro
ss
-s
ec
ti
o
n
al

H
ED

IS
m
ed

ic
at
io
n
s

co
n
si
d
er
ed

to
b
e
h
ig
h
ri
sk

an
d
p
o
te
n
ti
al

d
ru
g
–d

is
ea
se

in
te
ra
ct
io
n
s

N
o
n
e

A
d
ju
st
ed

an
n
u
al

g
ro
ss

d
ru
g
sp
en

d
in
g
p
er

b
en

efi
ci
ar
y
an

d
a
d
ju
st
e
d
a
n
n
u
a
l
g
ro
ss

n
o
n
-d
ru
g
m
e
d
ic
a
l
sp

e
n
d
in
g
[h
ig
h
e
r

n
o
n
-d
ru
g
sp

e
n
d
in
g
]

N
o
n
e

Lo
w

W
o
el
fe
l
(2
0
1
1
)[2

0
]

C
ro
ss
-s
ec
ti
o
n
al

B
ee
rs

C
ri
te
ri
a
1
9
9
7

A
g
e,

se
x,

se
lf
-r
ep

o
rt
ed

h
ea
lt
h
st
at
u
s,

n
u
m
b
e
r
o
f
m
e
d
ic
a
ti
o
n
s
p
e
r
p
a
ti
e
n
t

[h
ig
h
e
r]

N
o
n
e

N
o
n
e

Lo
w

B
la
ck
w
el
l
(2
0
1
2
)[2

9
]

C
ro
ss
-s
ec
ti
o
n
al

B
ee
rs

C
ri
te
ri
a
2
0
0
3
ex
cl
u
d
in
g

th
o
se

w
it
h
d
o
se

re
q
u
ir
em

en
ts

o
r
d
is
ea
se

re
q
u
ir
em

en
ts

A
g
e
[6
5
–7

4
,
re
f:

7
5
+
],
ra
ce
/e
th
n
ic
it
y

[w
h
it
e
,
re
f:

b
la
ck
/o
th
e
r]

se
x
[f
e
m
a
le
,

re
f:

m
a
le
],
d
is
e
a
se

b
u
rd
e
n
[l
o
w
,
re
f:

m
e
d
iu
m
-l
o
w
],
n
u
m
b
e
r
o
f
m
e
d
ic
a
ti
o
n
s

[h
ig
h
e
r]

G
e
o
g
ra
p
h
ic

re
g
io
n
[m

id
w
e
st
,
so

u
th
,

w
e
st
,
o
th
e
r,

re
f:
n
o
rt
h
e
a
st
],
d
u
a
l

e
n
ro
ll
e
e
st
a
tu
s
[r
e
f:
n
o
n
-d
u
a
l

e
n
ro
ll
e
e
]

N
o
n
e

Lo
w

H
o
lm

es
(2
0
1
3
)[3

1
]

C
ro
ss
-s
ec
ti
o
n
al

B
ee
rs

C
ri
te
ri
a
2
0
0
3
–

ex
cl
u
d
in
g
d
ru
g
-d
is
ea
se

co
m
b
in
at
io
n
s

A
g
e,

se
x
[f
e
m
a
le
,
re
f:

m
a
le
],
ra
ce
/

e
th
n
ic
it
y
[b
la
ck
,
re
f:

w
h
it
e
],

h
o
sp

it
a
li
za

ti
o
n
in

th
e
y
e
a
r
p
ri
o
r
to

P
IM

u
se

(2
0
0
7
)
[n
o
t
h
o
sp

it
a
li
ze

d
a
t

le
a
st

o
n
ce
,
re
f:

h
o
sp

it
a
li
ze

d
a
t
le
a
st

o
n
ce
]
n
u
rs
in
g
h
o
m
e
st
ay

in
2
0
0
8
,

co
m
o
rb
id
it
y
sc
o
re

(E
lix
h
au

se
r)
,
to
ta
l

n
u
m
b
e
r
o
f
m
e
d
ic
a
ti
o
n
s
in

2
0
0
8
[s
ix

o
r

m
o
re

m
e
d
ic
a
ti
o
n
s,

re
f:
<
5

m
e
d
ic
a
ti
o
n
s]
,
n
u
m
b
e
r
o
f
d
if
fe
re
n
t

p
re
sc
ri
b
e
rs

[t
w
o
o
r
m
o
re

p
re
sc
ri
b
e
rs
,

re
f:

1
p
re
sc
ri
b
e
r]

E
li
g
ib
il
it
y
fo
r
lo
w
-i
n
co

m
e
su

b
si
d
y

[e
li
g
ib
le
,
re
f:

n
o
t
e
li
g
ib
le
]

N
o
n
e

Lo
w

Lu
n
d
(2
0
1
3
)[3

2
]

C
ro
ss
-s
ec
ti
o
n
al

Fo
u
r
m
et
h
o
d
s:

Zh
an

C
ri
te
ri
a,

m
o
d
ifi
ed

Fi
ck

C
ri
te
ri
a,

th
er
ap

eu
ti
c
d
u
p
lic
at
io
n
,

d
ru
g
–d

ru
g
in
te
ra
ct
io
n
s

N
o
n
e

Zh
an

cr
it
er
ia
:
ru
ra
l
[r
e
f:

u
rb
a
n
],
m
id
w
e
st
,

w
e
st
,
so

u
th

[r
e
f:
n
o
rt
h
e
a
st
],
R
u
ra
l

n
o
rt
h
e
a
st

[r
e
f:
u
rb
a
n
n
o
rt
h
e
a
st
],

u
rb
a
n
m
id
w
e
st

[r
e
f:
ru
ra
l
m
id
w
e
st
],

u
rb
a
n
w
e
st

[r
e
f:
ru
ra
l
w
e
st
],
ru
ra
l

so
u
th

[r
e
f:

u
rb
a
n
so

u
th
]

Fi
ck

cr
it
er
ia
:
ru
ra
l
[r
e
f:

u
rb
a
n
],
m
id
w
e
st
,

w
e
st
,
so

u
th

[r
e
f:
n
o
rt
h
e
a
st
],
R
u
ra
l

n
o
rt
h
e
a
st

[r
e
f:
u
rb
a
n
n
o
rt
h
e
a
st
],
ru
ra
l

m
id
w
e
st
,
u
rb
a
n
w
e
st

[r
e
f:

ru
ra
l
w
e
st
],

ru
ra
l
so

u
th

[r
e
f:

u
rb
a
n
so

u
th
]

N
o
n
e

Lo
w

Ji
ro
n
(2
0
1
6
)[3

5
]

R
et
ro
sp
ec
ti
ve

co
h
o
rt

B
ee
rs

C
ri
te
ri
a
2
0
1
2
–
al
l

m
ed

ic
at
io
n
s
in
ap

p
ro
p
ri
at
e

an
d
al
l
m
ed

ic
at
io
n
s
to

b
e

u
se
d
w
it
h
ca
u
ti
o
n

A
g
e
[6
6
–6

9
y
e
a
rs
,
re
f:

7
0
+
],
se
x
[f
e
m
a
le
,

re
f:

m
a
le
],
ra
ce

[w
h
it
e
,
re
f:
A
si
a
n
,

H
is
p
a
n
ic
],
m
y
o
ca
rd
ia
l
in
fa
rc
ti
o
n

[a
b
se
n
ce
,
re
f:

p
re
se
n
ce
],
C
H
F

[p
re
se
n
ce
,
re
f:

a
b
se
n
ce
],
p
er
ip
h
er
al

G
e
o
g
ra
p
h
ic

re
g
io
n
[s
o
u
th

o
r
w
e
st
,
re
f:

n
o
rt
h
e
a
st
]

P
re
sc
ri
b
e
r

is
a
g
e
ri
a
tr
ic
ia
n

[i
s
a
g
e
ri
a
tr
ic
ia
n
,

re
f:

p
ro
v
id
e
r
is

n
o
t
a

Lo
w

International Journal of Pharmacy Practice 2019, 27, pp. 408--423 © 2019 Royal Pharmaceutical Society

Stephanie K. Nothelle et al. 413



T
a
b
le

2
C
o
n
ti
n
u
ed

A
u
th
o
r,
ye
ar

St
u
d
y
d
es
ig
n

C
ri
te
ri
a
u
se
d
to

d
efi

n
e
PI
M

Pa
ti
en

t
fa
ct
o
rs

Sy
st
em

/E
n
vi
ro
n
m
en

t
fa
ct
o
rs

C
lin
ic
ia
n

fa
ct
o
rs

R
is
k
o
f

b
ia
s

va
sc
u
la
r
d
is
ea
se
,
ce
re
b
ro
v
a
sc
u
la
r

d
is
e
a
se

[p
re
se
n
ce
,
re
f:

a
b
se
n
ce
]

d
e
m
e
n
ti
a
[p
re
se
n
ce
,
re
f:
a
b
se
n
ce
],

ch
ro
n
ic

o
b
st
ru
ct
iv
e
p
u
lm

o
n
ar
y
d
is
ea
se
,

rh
eu

m
at
ic

d
is
ea
se
,
p
e
p
ti
c
u
lc
e
r
d
is
e
a
se

[p
re
se
n
ce
,
re
f:

a
b
se
n
ce
]
m
ild

liv
er

d
is
ea
se
,
d
ia
b
e
te
s
w
it
h
o
u
t

co
m
p
li
ca
ti
o
n
s
[p
re
se
n
ce
,
re
f:

a
b
se
n
ce
],
p
a
ra
p
le
g
ia

a
n
d
h
a
e
m
ip
le
g
ia

[p
re
se
n
ce
,
re
f:

a
b
se
n
ce
]
re
n
a
l
d
is
e
a
se

[a
b
se
n
ce
,
re
f:

p
re
se
n
ce
],
d
ia
b
et
es

w
it
h

ch
ro
n
ic

co
m
p
lic
at
io
n
s,

ca
n
ce
r
[a
b
se
n
ce
,

re
f:
p
re
se
n
ce
],
m
o
d
e
ra
te

o
r
se
v
e
re

li
v
e
r
d
is
e
a
se

[p
re
se
n
ce
,
re
f:
a
b
se
n
ce
],

m
et
as
ta
ti
c
ca
n
ce
r,
A
ID
S/
H
IV
,

p
o
ly
p
h
ar
m
ac
y,

n
u
m
b
e
r
o
f
p
re
sc
ri
p
ti
o
n

m
e
d
ic
a
ti
o
n
s
fi
ll
e
d
p
e
r
m
o
n
th

[3
o
r

m
o
re
,
re
f:

le
ss

th
a
n
3
],
n
u
m
b
e
r
o
f

o
u
tp
a
ti
e
n
t
v
is
it
s
[1
3
+
,
re
f:
>
1
3
],

n
u
m
b
e
r
o
f
E
D

v
is
it
s
[1

o
r
m
o
re
,
re
f:

n
o
n
e
],
n
u
m
b
er

o
f
h
o
sp
it
al

vi
si
ts
,
an

y

h
o
sp
it
al

ad
m
is
si
o
n
,
an

y
o
u
tp
at
ie
n
t
vi
si
ts
,

n
u
m
b
e
r
o
f
p
re
sc
ri
b
e
rs

p
e
r
m
o
n
th

[2

o
r
m
o
re
,
re
f:

le
ss

th
a
n
2
],
n
u
m
b
er

o
f

p
re
sc
ri
b
er

sp
ec
ia
lt
ie
s
p
er

m
o
n
th

g
e
ri
a
tr
ic
ia
n
],

g
en

er
al

p
ra
ct
it
io
n
er
/f
am

ily

p
ra
ct
ic
e/
in
te
rn
is
t,

o
th
er

sp
ec
ia
lt
y

K
es
te
r
(2
0
1
6
)[3

6
]

Pr
o
sp
ec
ti
ve

co
h
o
rt

A
n
ti
p
sy
ch
o
ti
c
m
ed

ic
at
io
n
s

(1
st

an
d
2
n
d
g
en

er
at
io
n
)

A
g
e
[h
ig
h
e
r]
,
se
x
[f
e
m
a
le
,
re
f:

m
a
le
],

h
ie
ra
rc
h
ic
al

co
n
d
it
io
n
ca
te
g
o
ry
,

d
ia
g
n
o
si
s
o
f
d
e
p
re
ss
iv
e
d
is
o
rd
e
r

[p
re
se
n
ce
,
re
f:

a
b
se
n
ce
],
d
ia
g
n
o
si
s
o
f

su
b
st
a
n
ce

u
se

d
is
o
rd
e
r
[p
re
se
n
ce
,
re
f:

a
b
se
n
ce
]

G
e
o
g
ra
p
h
ic

re
g
io
n
[s
o
u
th
,
re
f:

m
id
w
e
st
,
w
e
st
],
d
u
a
l
e
li
g
ib
le

st
a
tu
s

[r
e
f:

n
o
n
-d
u
a
l
e
li
g
ib
le
]

N
o
n
e

Lo
w

C
h
ar
t
re
vi
ew

B
u
ck

(2
0
0
8
)[2

5
]

C
ro
ss
-s
ec
ti
o
n
al

B
ee
rs

C
ri
te
ri
a
2
0
0
2
an

d
Zh

an

C
ri
te
ri
a
in
d
ep

en
d
en

t
o
f

d
ia
g
n
o
se
s

A
g
e
[o
ld
e
r]
,
se
x
[f
e
m
a
le
,
re
f:

m
a
le
],

p
o
ly
p
h
a
rm

a
cy

[>
6
m
e
d
ic
a
ti
o
n
s,

re
f:

<
6
],
ra
ce
,
n
u
m
b
e
r
o
f
p
ri
m
a
ry

ca
re

cl
in
ic

v
is
it
s
[m

o
re

v
is
it
s]

N
o
n
e

N
o
n
e

Lo
w

H
u
(2
0
1
2
)[2

8
]

C
ro
ss
-s
ec
ti
o
n
al

B
ee
rs

C
ri
te
ri
a
2
0
0
2
ex
cl
u
d
in
g

d
is
ea
se

d
ep

en
d
en

t

A
g
e
[8
1
+
,
re
f:
<
8
1
],
se
x,

ed
u
ca
ti
o
n
,
m
ar
it
al

st
at
u
s,
p
o
st
-h
o
sp
it
al

re
si
d
en

ce
,
p
ri
m
ar
y

la
n
g
u
ag

e,
En

g
lis
h
p
ro
fi
ci
en

cy
,
C
h
in
es
e

p
ro
fi
ci
en

cy
,
n
u
m
b
e
r
o
f
m
e
d
ic
a
ti
o
n
s
a
t

d
is
ch

a
rg
e
[≥

8
m
e
d
ic
a
ti
o
n
s,

re
f:
<
8
],

H
o
sp
it
al
iz
ed

o
n
m
ed

ic
al

u
n
it

N
o
n
e

Lo
w

© 2019 Royal Pharmaceutical Society International Journal of Pharmacy Practice 2019, 27, pp. 408--423

414 Potentially inappropriate medication use



T
a
b
le

2
C
o
n
ti
n
u
ed

A
u
th
o
r,
ye
ar

St
u
d
y
d
es
ig
n

C
ri
te
ri
a
u
se
d
to

d
efi

n
e
PI
M

Pa
ti
en

t
fa
ct
o
rs

Sy
st
em

/E
n
vi
ro
n
m
en

t
fa
ct
o
rs

C
lin
ic
ia
n

fa
ct
o
rs

R
is
k
o
f

b
ia
s

n
u
m
b
er

o
f
m
ed

ic
at
io
n
s
at

h
o
m
e
ca
re

ad
m
is
si
o
n
,
le
n
g
th

o
f
h
o
sp

it
a
l
st
a
y

[≥
6
d
a
y
s,

<
6
d
a
y
s]

Pr
it
h
vi
ra
j
(2
0
1
2
)[3

0
]

C
ro
ss
-s
ec
ti
o
n
al

B
ee
rs

C
ri
te
ri
a
2
0
0
3
ex
cl
u
d
in
g

d
ru
g
–d

is
ea
se

in
te
ra
ct
io
n
s

A
g
e,

se
x,

ra
ce
,
m
ar
it
al

st
at
u
s,

ed
u
ca
ti
o
n
,

liv
in
g
si
tu
at
io
n
,
b
o
d
y
m
a
ss

in
d
e
x
[≥
1
9
,

re
f:
b
o
d
y
m
a
ss

in
d
e
x
<
1
9
],
ca
n
ce
r
ty
p
e,

ca
n
ce
r
st
ag

e,
re
ce
ip
t
o
f
su
rg
er
y,

co
m
o
rb
id
it
y
co
u
n
t,
C
h
ar
ls
o
n
co
m
o
rb
id
it
y

in
d
ex
,
Ea
st
er
n
C
o
o
p
er
at
iv
e
O
n
co
lo
g
y

G
ro
u
p
(E
C
O
G
)
sc
o
re
,
h
ea
ri
n
g
an

d
vi
si
o
n

im
p
ai
rm

en
t
o
n
5
-p
o
in
t
sc
al
e,

p
at
ie
n
t
se
lf
-

re
p
o
rt
ed

fa
lls

in
th
e
la
st

6
m
o
n
th
s,

M
M
SE
,
n
u
m
b
e
r
o
f
m
e
d
ic
a
ti
o
n
s
[≥
5

m
e
d
ic
a
ti
o
n
s,

re
f:
<
5
m
e
d
ic
a
ti
o
n
s]
,

G
er
ia
tr
ic

d
ep

re
ss
io
n
sc
al
e,

m
ed

ic
al

o
u
tc
o
m
es

st
u
d
y
so
ci
al

su
p
p
o
rt

su
rv
ey
,

co
m
p
o
si
te

va
ri
ab

le
‘g
er
ia
tr
ic

d
efi

ci
ts
’
(≥
1

d
efi

ci
t
in

M
M
SE
,
g
er
ia
tr
ic

d
ep

re
ss
io
n

sc
al
e,

h
ea
ri
n
g
an

d
vi
si
o
n
q
u
es
ti
o
n
n
ai
re
,

so
ci
al

su
p
p
o
rt

su
rv
ey
)

N
o
n
e

N
o
n
e

Lo
w

N
ig
h
ti
n
g
al
e
(2
0
1
5
)[3

9
]

C
ro
ss
-s
ec
ti
o
n
al

B
ee
rs

2
0
1
2
,
ST
O
PP

2
0
0
8
an

d

H
ED

IS
2
0
1
1

A
g
e,

se
x,

ra
ce
,
ca
n
ce
r
ty
p
e
an

d
st
ag

e,

n
u
m
b
e
r
o
f
co

m
o
rb
id
it
ie
s
[h
ig
h
e
r]
,

Ea
st
er
n
C
o
o
p
er
at
iv
e
O
n
co
lo
g
y
G
ro
u
p

(E
C
O
G
)
p
er
fo
rm

an
ce

st
at
u
s,
fu
n
ct
io
n
al

st
at
u
s
(fi
t,
vu
ln
er
ab

le
,
fr
ai
l),

m
o
d
e
ra
te

p
o
ly
p
h
a
rm

a
cy

[5
–9

m
e
d
ic
a
ti
o
n
s,

re
f:

<
5
m
e
d
ic
a
ti
o
n
s]
,
e
x
ce
ss
iv
e

p
o
ly
p
h
a
rm

a
cy

[1
0
+
m
e
d
ic
a
ti
o
n
s,

re
f:

<
5
m
e
d
ic
a
ti
o
n
s]
,
p
re
se
n
ce

o
f

co
m
o
rb
id
it
ie
s
[c
a
rd
io
v
a
sc
u
la
r,

n
e
u
ro
lo
g
ic
,
p
sy
ch

ia
tr
ic
,

g
a
st
ro
in
te
st
in
a
l]

N
o
n
e

N
o
n
e

M
o
d
er
at
e

D
iN
ap

o
li
(2
0
1
6
)[3

4
]

Pr
o
sp
ec
ti
ve

co
h
o
rt

O
n
lin
e
d
ru
g
d
at
ab

as
e

(c
lin
ic
al
p
h
ar
m
ac
o
lo
g
y.
co
m

El
se
vi
er

G
o
ld

St
an

d
ar
d
)

an
d
V
A

p
ro
vi
d
er

in
p
u
t

A
g
e,

ra
ce
,
m
ar
it
al

st
at
u
s,

tw
o
o
r
m
o
re

m
e
n
ta
l
h
e
a
lt
h
d
ia
g
n
o
se
s
[r
e
f:

1
],

n
u
m
b
er

o
f
ch
ro
n
ic

o
rg
an

sy
st
em

d
is
ea
se
s

V
A

se
rv
ic
e
co
n
n
ec
ti
o
n
st
at
u
s

N
o
n
e

Lo
w

Ie
(2
0
1
7
)[4

0
]

C
ro
ss
-s
ec
ti
o
n
al

B
ee
rs

C
ri
te
ri
a,

2
0
1
5

N
o
n
e

N
o
n
e

La
ck

o
f
b
e
n
e
fi
t/
ri
sk

in
fo
rm

a
ti
o
n

a
b
o
u
t

d
e
p
re
sc
ri
b
in
g
is

a

b
a
rr
ie
r
to

M
o
d
er
at
e

International Journal of Pharmacy Practice 2019, 27, pp. 408--423 © 2019 Royal Pharmaceutical Society

Stephanie K. Nothelle et al. 415



T
a
b
le

2
C
o
n
ti
n
u
ed

A
u
th
o
r,
ye
ar

St
u
d
y
d
es
ig
n

C
ri
te
ri
a
u
se
d
to

d
efi

n
e
PI
M

Pa
ti
en

t
fa
ct
o
rs

Sy
st
em

/E
n
vi
ro
n
m
en

t
fa
ct
o
rs

C
lin
ic
ia
n

fa
ct
o
rs

R
is
k
o
f

b
ia
s

d
e
p
re
sc
ri
b
in
g
,

n
u
m
b
er

o
f

m
ed

ic
at
io
n
s,

p
ro
p
o
rt
io
n
o
f

m
in
o
ri
ty

p
a
ti
e
n
ts

[l
o
w
,
re
f:
h
ig
h
],

p
ro
p
o
rt
io
n
o
f

p
a
ti
e
n
ts

≥7
5
[l
o
w
,

re
f:
h
ig
h
],
u
se

o
f

th
e
b
ee
rs

lis
t

N
at
io
n
al
ly

re
p
re
se
n
ta
ti
ve

su
rv
ey

Zh
an

g
(2
0
1
1
)[2

1
]

C
ro
ss
-s
ec
ti
o
n
al

Zh
an

cr
it
er
ia

A
g
e,

se
x
[f
e
m
a
le
,
re
f:
m
a
le
],
ra
ce
/

et
h
n
ic
it
y,

fa
m
il
y
in
co

m
e
[m

id
d
le
,
re
f:

h
ig
h
],
ed

u
ca
ti
o
n
le
ve
l,
se
lf
-r
a
te
d
h
e
a
lt
h

[f
a
ir
,
p
o
o
r,

re
f:
e
x
ce
ll
e
n
t]
,
n
u
m
b
e
r
o
f

p
re
sc
ri
p
ti
o
n
s
[h
ig
h
e
r]

M
ed

ic
ar
e
st
at
u
s,

M
ed

ic
ar
e
p
ar
t
D

co
ve
ra
g
e,

m
et
ro
p
o
lit
an

st
at
is
ti
ca
l
ar
ea
,
g
e
o
g
ra
p
h
ic

re
g
io
n
[s
o
u
th
,
re
f:

n
o
rt
h
e
a
st
]

N
o
n
e

Lo
w

K
ac
h
ru

(2
0
1
5
)[2

2
]

C
ro
ss
-s
ec
ti
o
n
al

B
ee
rs

C
ri
te
ri
a
2
0
1
2
,

an
ti
ch
o
lin
er
g
ic
s
o
n
ly

A
g
e
[<
7
4
,
re
f:

a
g
e
>
7
5
],
se
x
[f
e
m
a
le
],

ra
ce
,
m
ar
it
al

st
at
u
s,

e
d
u
ca
ti
o
n

[<
1
2
y
e
a
rs

o
f
e
d
u
ca
ti
o
n
,
re
f:

>
1
5
y
e
a
rs
],
fa
m
ily

in
co
m
e,

u
su
al

so
u
rc
e

o
f
ca
re
,
n
ee
d
s
h
el
p
w
it
h
A
D
Ls
,
n
ee
d
s

h
el
p
w
it
h
iA
D
Ls
,
se
lf
-r
ep

o
rt
ed

h
ea
lt
h
,

m
en

ta
l
h
ea
lt
h
st
at
u
s,
co
m
o
rb
id
it
ie
s:

ep
ile
p
sy
,
d
em

en
ti
a,

fr
ac
tu
re
s,

Pa
rk
in
so
n
’s
,

b
en

ig
n
p
ro
st
at
ic

h
yp
er
p
la
si
a,

C
H
F,

ar
rh
yt
h
m
ia
,
m
o
o
d
d
is
o
rd
er
,
a
n
x
ie
ty

[p
re
se
n
ce
,
re
f:
a
b
se
n
ce
],
u
ri
n
ar
y

in
co
n
ti
n
en

ce

M
et
ro
p
o
lit
an

st
at
is
ti
ca
l
ar
ea
,
g
e
o
g
ra
p
h
ic

re
g
io
n
,
[s
o
u
th
,
re
f:

n
o
rt
h
e
a
st
]

N
o
n
e

Lo
w

Ex
ta
vo
u
r
(2
0
1
6
)[2

4
]

C
ro
ss
-s
ec
ti
o
n
al

B
ee
rs

C
ri
te
ri
a
2
0
1
2
/2
0
1
5

Se
d
at
iv
es

o
r

A
n
ti
d
ep

re
ss
an

ts

S
e
d
a
ti
v
e
h
y
p
n
o
ti
cs
:
se
x
[f
e
m
a
le
,
re
f:

m
a
le
],
ra
ce

[w
h
it
e
,
re
f:
o
th
e
r]
,

et
h
n
ic
it
y,

ch
ro
n
ic

re
n
a
l
fa
il
u
re

[a
b
se
n
ce
,
re
f:
p
re
se
n
ce
],
d
e
p
re
ss
io
n

[p
re
se
n
ce
,
re
f:
a
b
se
n
ce
],
d
ia
b
e
te
s

[a
b
se
n
ce
,
re
f:
p
re
se
n
ce
],
o
b
e
si
ty

[a
b
se
n
ce
,
re
f:
p
re
se
n
ce
],
ch
ro
n
ic

o
b
st
ru
ct
iv
e
p
u
lm

o
n
ar
y
d
is
ea
se
,
n
u
m
b
e
r

o
f
m
e
d
ic
a
ti
o
n
s
[h
ig
h
e
r]
,
h
o
u
se
h
o
ld

in
co

m
e
[4
0
,6
2
7
–5

2
,3
8
7
,
re
f:

h
ig
h
e
st

in
co

m
e
]

A
n
ti
d
e
p
re
ss
a
n
ts
:
ra
ce

[o
th
e
r,

re
f:

w
h
it
e
],
d
e
p
re
ss
io
n
[a
b
se
n
ce
,
re
f:

S
e
d
a
ti
v
e
h
y
p
n
o
ti
cs
:
p
ra
ct
ic
e
o
w
n
er
sh
ip
,

u
se

o
f
el
ec
tr
o
n
ic

h
ea
lt
h
re
co
rd

A
n
ti
d
e
p
re
ss
a
n
ts
:
m
et
ro
p
o
lit
an

st
at
is
ti
ca
l

ar
ea
,
co

m
p
u
te
r
sy
st
e
m

fe
a
tu
re
s

p
re
sc
ri
b
in
g
[n
o
,
re
f:

y
e
s]

p
a
y
m
e
n
t
ty
p
e
[p
ri
v
a
te

se
lf
-p
a
y
,
re
f:

o
th
e
r]
,
p
ay
m
en

t
ty
p
e
(M

ed
ic
ar
e

M
ed

ic
ai
d
)

S
e
d
a
ti
v
e
h
y
p
n
o
ti
cs
:

sp
e
ci
a
lt
y

[n
e
u
ro
lo
g
y
,
re
f:

o
th
e
r]
,

[p
sy
ch

ia
tr
y
,
re
f:

o
th
e
r]
,
p
h
ys
ic
ia
n

as
si
st
an

t

in
vo
lv
em

en
t

A
n
ti
d
e
p
re
ss
a
n
ts
:

ti
m
e
sp

e
n
t
w
it
h

p
a
ti
e
n
t
[l
e
ss

ti
m
e
],
p
h
ys
ic
ia
n

sp
ec
ia
lt
y

Lo
w

© 2019 Royal Pharmaceutical Society International Journal of Pharmacy Practice 2019, 27, pp. 408--423

416 Potentially inappropriate medication use



T
a
b
le

2
C
o
n
ti
n
u
ed

A
u
th
o
r,
ye
ar

St
u
d
y
d
es
ig
n

C
ri
te
ri
a
u
se
d
to

d
efi

n
e
PI
M

Pa
ti
en

t
fa
ct
o
rs

Sy
st
em

/E
n
vi
ro
n
m
en

t
fa
ct
o
rs

C
lin
ic
ia
n

fa
ct
o
rs

R
is
k
o
f

b
ia
s

p
re
se
n
ce
],
a
st
h
m
a
[a
b
se
n
ce
,
re
f:

p
re
se
n
ce
],
o
st
e
o
p
o
ro
si
s
[a
b
se
n
ce
,
re
f:

p
re
se
n
ce
],
an

n
u
al

h
o
u
se
h
o
ld

in
co
m
e

M
ill
er

(2
0
1
6
)[2

3
]

C
ro
ss
-s
ec
ti
o
n
al

B
ee
rs

C
ri
te
ri
a
2
0
1
2

A
g
e
[6
5
–7

4
re
f:

7
5
–8

4
,
8
5
+
],
se
x,

ra
ce
,

m
ar
it
al

st
at
u
s,
e
d
u
ca
ti
o
n
[l
e
ss

th
a
n

h
ig
h
sc
h
o
o
l,
re
f:

h
ig
h
sc
h
o
o
l
g
ra
d
u
a
te

o
r
p
o
st
-g
ra
d
u
a
te

e
d
u
ca
ti
o
n
],
in
co
m
e,

ri
sk

ta
ki
n
g
,
u
su
al

so
u
rc
e
o
f
ca
re
,
se
lf
-

ra
te
d
h
ea
lt
h
st
at
u
s,

se
lf
-r
at
ed

m
en

ta
l

h
ea
lt
h
st
at
u
s,
A
D
L
lim

it
at
io
n
s,

iA
D
L

lim
it
at
io
n
s,

ca
rd
io
v
a
sc
u
la
r
co

n
d
it
io
n

[a
b
se
n
ce
,
re
f:

p
re
se
n
ce
],
ce
n
tr
al

n
er
vo
u
s
sy
st
em

co
n
d
it
io
n
,
m
en

ta
l
h
ea
lt
h

d
is
o
rd
er
,
a
rt
h
ri
ti
s
[p
re
se
n
ce
,
re
f:

a
b
se
n
ce
],
d
ia
b
et
es
;
n
u
m
b
e
r
o
f

m
e
d
ic
a
ti
o
n
s
[h
ig
h
e
r]

g
eo

g
ra
p
h
ic

re
g
io
n
,
m
et
ro
p
o
lit
an

st
at
is
ti
ca
l

ar
ea
,
h
ea
lt
h
in
su
ra
n
ce

st
at
u
s

N
o
n
e

Lo
w

Sw
an

o
sk
i
(2
0
1
7
)[3

7
]

Su
rv
ey

B
ee
rs

2
0
1
2
cr
it
er
ia
,
d
ru
g
s

in
ap

p
ro
p
ri
at
e
in

d
ia
b
et
es

A
g
e
[7
5
+
,
re
f:

6
5
–7

4
],
se
x
[f
e
m
a
le
,
re
f:

m
a
le
],
ra
ce
/e
th
n
ic
it
y
[a
ll
o
th
e
r
ra
ce
s/

e
th
n
ic
it
ie
s,

re
f:

n
o
n
-H

is
p
a
n
ic

C
a
u
ca
si
a
n
],
v
is
it

re
a
so

n
[o
th
e
r,

re
f:

n
e
w

p
ro
b
le
m
],
v
is
it

re
a
so

n
[c
h
ro
n
ic

p
ro
b
le
m
,
ro
u
ti
n
e
,
re
f:

o
th
e
r]
,
v
is
it

re
a
so

n
[c
h
ro
n
ic

p
ro
b
le
m
,
fl
a
re
-u
p
,
re
f:

o
th
e
r]
,
v
is
it

re
a
so

n
[p
re
v
e
n
ti
v
e
ca
re
,

re
f:

o
th
e
r]
,
tw

o
o
r
m
o
re

v
is
it
s
in

y
e
a
r

[r
e
f:

o
n
e
o
r
fe
w
e
r]

G
e
o
g
ra
p
h
ic

re
g
io
n
o
f
p
h
y
si
ci
a
n
[r
u
ra
l,

re
f:

u
rb
a
n
]

N
o
n
e

Lo
w

O
th
er

W
es
to
n
(2
0
1
0
)[2

6
]

C
ro
ss
-s
ec
ti
o
n
al

B
ee
rs

C
ri
te
ri
a
2
0
0
3

in
ap

p
ro
p
ri
at
e
in

co
g
n
it
iv
e

im
p
ai
rm

en
t,
ad

d
it
io
n
al

m
ed

ic
at
io
n
s
p
er

au
th
o
rs
’

d
is
cr
et
io
n

A
g
e,

ra
ce
/e
th
n
ic
it
y,

se
x
[f
e
m
a
le
,
re
f:

m
a
le
],
ed

u
ca
ti
o
n
,
liv
in
g
si
tu
at
io
n
,

n
u
m
b
e
r
o
f
m
e
d
ic
a
ti
o
n
s
[h
ig
h
e
r]
,

fu
n
ct
io
n
al

st
at
u
s,

M
M
SE

sc
o
re
,
h
is
to
ry

o
f

h
yp
er
te
n
si
o
n
,
u
ri
n
ar
y
in
co
n
ti
n
en

ce
,

h
is
to
ry

o
f
d
ia
b
et
es
,
an

ti
-d
em

en
ti
a
d
ru
g

u
se
,
h
is
to
ry

o
f
st
ro
ke
,
h
is
to
ry

o
f

m
yo
ca
rd
ia
l
in
fa
rc
ti
o
n
,
h
is
to
ry

o
f

d
e
p
re
ss
io
n
[p
re
se
n
ce
,
re
f:

a
b
se
n
ce
]

In
su
ra
n
ce

st
at
u
s

N
o
n
e

Lo
w

K
o
ya
m
a
(2
0
1
3
)[3

3
]

Pr
o
sp
ec
ti
ve

co
h
o
rt

B
ee
rs

C
ri
te
ri
a
2
0
0
3

in
ap

p
ro
p
ri
at
e
in

co
g
n
it
iv
e

im
p
ai
rm

en
t,
ad

d
it
io
n
al

m
ed

ic
at
io
n
s
p
er

au
th
o
rs
’

d
is
cr
et
io
n

C
o
g
n
it
iv
e
st
a
tu
s
(d
e
m
e
n
ti
a
v
e
rs
u
s
m
il
d

co
g
n
it
iv
e
im

p
a
ir
m
e
n
t
v
e
rs
u
s
n
o
rm

a
l)

[a
t
1
0
-y
e
a
r
fo
ll
o
w
-u
p
,
d
e
m
e
n
ti
a
>
m
il
d

co
g
n
it
iv
e
im

p
a
ir
m
e
n
t>

n
o
rm

a
l

co
g
n
it
io
n
]

N
o
n
e

N
o
n
e

Lo
w

International Journal of Pharmacy Practice 2019, 27, pp. 408--423 © 2019 Royal Pharmaceutical Society

Stephanie K. Nothelle et al. 417



likely to consider risks and benefits of deprescribing and

the number of medications on the medication list when

making prescribing decisions. Physicians who had a

higher proportion of patients >75 years or a higher pro-

portion of minority patients were also less likely to pre-

scribe PIMs. The associations of physician sex, years of

clinical experience and prescribing confidence with PIM

prescribing were not statistically significant.

System/Environmental factors

Fifteen studies evaluated system-level factors contributing

to PIM use (Table 3); all 15 used multivariable analy-

ses.[21,23,24,26–32,34–38]

Geographic region

Seven studies examined the association between geo-

graphic region and PIM use with nationally representative

data including Medicare claims,[27,28,37] MEPS[21,30,31] and

national Veterans Affairs data.[24] The association between

geographic region of the United States with PIM use was

statistically significant in six studies.[21,24,27,28,30,37] The

south was associated with more PIM use in all six, the

west in three[24,27,37] and the midwest in two.[24,37] Each

used the northeast as a reference group, except for one[28]

where the west and midwest were the reference groups.

Rural rather than urban site of care was statistically signif-

icant in three studies.[24,29,38] Two of the studies that

found a statistically significant result used a more restric-

tive definition of PIM, such as medications inappropriate

to use in patients with diabetes,[29] or benzodiazepines

and non-benzodiazepine sleep aids.[38] However, one

study that reported no statistically significant association

between rural site of care and PIM use limited the evalua-

tion to medications inappropriate to use in patients with

cognitive impairment or dementia.[30]

Health insurance

Two studies that explored whether dual Medicare–Medi-

caid enrollee status was associated with PIM use reported

that dual enrollees were at higher risk.[28,37] Two[21,34]

studies examining insurance type did not report a statisti-

cally significant association with PIM use.

Discussion

Potentially inappropriate medication use is heterogeneous

across older community-dwelling adults and those attend-

ing ambulatory clinics. Based on studies in this review, PIM

use is higher in those taking more medications. Women

and older adults with more psychiatric comorbidities orT
a
b
le
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more outpatient and emergency department visits may also

be at higher risk. Living in the south is associated with

higher PIM use in several studies. The clinician determi-

nants of PIM use have not been well studied.

The association between an increased number of outpa-

tient and emergency department visits and PIM use, as

well as the association between receipt of more medica-

tions and PIM use, suggests that more frequent contact

with the healthcare system may be a risk factor for PIM

use. Indeed, a number of the other statistically significant

associations identified in our review are associated with

increased healthcare utilization. Women are known to be

higher utilizers of health care than men[43] as are persons

with more psychiatric comorbidities.[44] More frequent

interaction with the healthcare system results in more

care, which may also result in care that is inappropri-

ate.[45] Although the associations described in our

included studies do not prove causality, there is addi-

tional evidence to support this hypothesis.[46]

Relatedly, care that is fragmented across providers has

been associated with overuse of health care.[47] In this

review, we included articles that reported statistically

significant associations between having multiple pre-

scribers and higher risk of PIM use. Indeed, older adults

frequently receive fragmented care.[48,49] A study from

2007 reported that a Medicare beneficiary will consult

two primary care physicians and five specialists working

in four different practices in a year.[48] It is plausible that

when a patient consults multiple prescribers, no single

prescriber feels responsible for review and management of

the patient’s medication list.

Clinician factors were rarely studied, which seems to be

an important omission preventing a full understanding of

the phenomenon of PIM use. One study in this review

that examined clinician specialty found that geriatricians

were less likely to prescribe a PIM than non-geriatri-

cians,[27] while another study found that psychiatrists and

neurologists were more likely to prescribe inappropriate

sedatives.[32] The latter study did not specifically examine

prescribing by geriatricians. Only one study in this review

examined individual physician characteristics such as

demographics, number of years in practice and confidence

in prescribing, but this was not statistically significant.[40]

Although our study was limited to the United States,

our findings are consistent with systematic reviews in

other high-income countries.[50,51] For example, a system-

atic review of potentially inappropriate prescribing in

community-dwelling elderly in Europe also reported that

polypharmacy and depression were risk factors for receiv-

ing inappropriate medications.[52] Similarly, a systematic

review of risk factors for PIM use amongst community-

dwelling elderly from numerous countries, including the

United States, reported that female sex and a greater

number of medications were most commonly associated

with increased risk of PIM use.[50] However, that review

was limited to studies that used administrative data to

identify PIM use. In addition to confirming those find-

ings, our review expands upon this by including studies

which use other sources of data such as survey data and

chart review. These data sources provide evidence about

clinician- and system-level determinants, in addition to

patient-level determinants.

Thinking about these findings in the context of the beha-

vioural model of healthcare use,[53] we can identify poten-

tial targets for intervention. This model posits that

healthcare use is determined by predisposing factors (e.g.

age and gender), enabling factors (e.g. health insurance)

and need (e.g. perceived or evaluated need for a treatment).

Many of the studies included in this review examined pre-

disposing factors of patients, which are often not modifi-

able. Similarly, the finding that a higher count of

medications is associated with PIM use may reflect that

these individuals have high healthcare needs, which also

may not be easily modifiable. These determinants, how-

ever, might be addressed by educating providers about

higher risk of PIM use in certain patient populations.

Enabling factors, such as census region and number of

healthcare visits, may present opportunities for interven-

tion. Census region is probably capturing variation in

provider availability and provider practice patterns that

might respond to locally targeted interventions; the

number of healthcare visits may be capturing fragmenta-

tion of care that might improve with care coordination.

Further research is needed to identify precise targets and

interventions.

Our review has limitations. Only studies of persons in

the United States were included, so our findings may not

be transferrable to other countries. However, as noted

above our findings are consistent with previous studies in

other high-income countries. Although a broad search

strategy including a hand search of references was used,

studies that focused on a single inappropriate medication

or a single class of medications may have been missed.

Additionally, included studies focus on potentially inap-

propriate medications, not certainly inappropriate medica-

tion use. Considering the heterogeneity in ageing, there

are patient circumstances where the benefits of a medica-

tion classified as a PIM outweigh the risks of that individ-

ual. The data sources (large surveys and claims) are

typically unable to capture this subjective decision-mak-

ing, and thus, some of the medication use classified as

PIM use may be a misclassification. Additionally, these

data sources often fail to capture over the counter medi-

cation use, another important source of PIMs. Impor-

tantly, most of the studies cannot make strong causal

inferences about the studied risk factors and PIM use
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given limitations in their methods – these reported ‘deter-

minants’ might best be considered to be associations.

A number of potential risk factors for PIM use in com-

munity-dwelling older adults and those seeking ambula-

tory care are reported in this review. Our findings add to

the literature regarding the risks associated with multiple

medications. Studies designed to rigorously assess the cau-

sal relationship between multiple medication use and PIM

use are needed to determine which factors directly lead to

increased PIM use, so these factors can be targeted with

an intervention. Similarly, the potential link between

increased contact with the healthcare system and risk of

PIM use warrants targeted analysis to determine whether

the appropriate target of an intervention to curb PIM use

is care coordination, continuity or a different point of

intervention.

Conclusion

This review supports that the risk of PIM exposure varies

amongst community-dwelling older adults and those seen

in ambulatory clinics. Patient factors such as sex and the

number of medications have been well described; how-

ever, more research is needed focusing on prescriber char-

acteristics and the causal relationship between these

factors and PIM use.

Table 3 Associations of commonly investigated factors with potentially inappropriate medication (PIM) use

Patient factors

No. of

medicationsa
Increasing

ageb
Female

sexc
Race and

ethnicityd
Level of

education

Marital

status

No.

outpatient/

ED

visits

No. of

hospital

admissions

No. of

prescribers

Administrative data

Zhang (2010)[27]g

Woelfel (2011)[20] + 0 0

Blackwell (2012)[29] + � + +

Holmes (2013)[31] + 0 + + + +

Lund (2013)[32]

Jiron (2016)[35] + � + + 0 0 +

Kester, 2016)[36] + +

Chart review

Buck (2008)[25] + + + 0 +

Hu (2012)[28] + � 0 0

Prithviraj (2012)[30] + 0 0 0 0 0

Nightingale (2015)[39] + 0 0 0

DiNapoli (2016)[34] 0 0

Ie (2017)[40]

Nationally representative survey

Zhang (2011)[21] + 0 + 0 0

Kachru (2015)[22] � + 0 � 0

Extavour (2016)[24] + + 0

Miller (2016)[23] + � 0 0 0

Swanoski (2017)[37] � + + +

Other

Weston (2010)[26] + 0 + 0

Koyama (2013)[33]

Mattos (2016)[38] + 0 0 0 0 0

Shade (2017)[41] + 0 0

No., number; +, positive association with risk of PIM use; �, negative association with risk of PIM use; 0, no statistically significant association

with risk of PIM use.
aNumber of medications examined as a continuous and categorical variable across studies.
bAge was examined as a continuous and categorical variable with categories ranging from 5 to 20 years.
cMale sex was examined in all 16 studies and was significant in 0 studies.
dResults were conflicted with varying reference groups.
eSpecialties examined varied.
fResults were conflicting with studies comparing varying payer types. Two studies, which looked specifically at Medicare–Medicaid dual eligibility,

found a significant positive association.
gThis study did not examine any of the listed characteristics, it examined adjusted gross spending, see Table 1.
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