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ABSTRACT

PURPOSE Potentially inappropriate prescribing (PIP) is @ common yet prevent-
able medical error among older persons in primary care. It is uncertain whether
PIP produces adverse outcomes in this population, however. We conducted a
systematic review with meta-analysis to pool the adverse outcomes of PIP specific
to primary care.

METHOD We searched PubMed, Embase, CINAHL, Web of Science, Scopus,
PsycINFO, and previous review articles for studies related to “older persons,”
"primary care,” and “inappropriate prescribing.” Two reviewers selected eligible
articles, extracted data, and evaluated the risk of bias. Meta-analysis was con-
ducted to pool studies with similar PIP criteria and outcome measures.

RESULTS Of the 2,804 articles identified, we included 8 articles with a total

of 77,624 participants. All included studies had cohort design and low risk of
bias. Although PIP did not affect mortality (risk ratio [RR] 0.98; 95% Cl, 0.93-
1.05), it was significantly associated with the other available outcomes, includ-
ing emergency room visits (RR 1.63; 95% Cl, 1.32-2.00), adverse drug events
(RR 1.34; 95% (I, 1.09-1.66), functional decline (RR 1.53; 95% Cl, 1.08-2.18),
health-related quality of life (standardized mean difference —0.26; 95% (I, -0.36
to —0.16), and hospitalizations (RR 1.25; 95% Cl, 1.09-1.44). A majority of the
pooled estimates had negligible heterogeneity.

CONCLUSIONS This meta-analysis provides consolidated evidence on the wide-
ranging impact of PIP among older persons in primary care. It highlights the
need to identify PIP in primary care, calls for further research on PIP interven-
tions in primary care, and points to the need to consider potential implications
when deciding on the operational criteria of PIP.

Ann Fam Med 2019;17:257-266. https://doi.org/10.1370/afm.2373.

INTRODUCTION

otentially inappropriate prescribing (PIP) is the prescribing, or

underprescribing, of medications for older persons that may cause

significant harm." It can be evaluated by holistic criteria to assess
older persons’ prescriptions in the context of multiple comorbidities, com-
plex medication regimes, functional and cognitive status, treatment goals,
and life expectancy.' In the literature, it has been often been operational-
ized with simpler screening criteria that can be further classified as implicit
(judgement based) or explicit (criterion based).! Implicit (judgment based)
tools are quality indicators that clinicians can apply to a prescription to
judge the prescribing appropriateness, and they include the Medication
Appropriateness Index. They can often be time consuming to use and rely
on each clinician's medical knowledge, which limits their use in clinical
practice.! Explicit (criterion based) tools comprise lists of drugs or drug
classes (developed from literature reviews, expert opinion, and consensus
techniques) that when prescribed or underprescribed can cause harm in
older persons. They have been more widely adopted in the literature?
because of the simplicity of their administration, and they include tools
such as the Beers Criteria for Potentially Inappropriate Medication Use
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POTENTIALLY INAPPROPRIATE PRESCRIBING

in Older Adults (Beers Criteria), Screening Tool of
Older Persons' Potentially Inappropriate Prescriptions
(STOPP), and Screening Tool to Alert Doctors to
Right Treatment (START).!*?

In the literature, the pooled prevalence of PIP
ranges from 22.6% for community-dwelling older per-
sons’ to 43.2% for nursing home residents.’ Previous
reviews®®” have highlighted the associations of PIP
with adverse drug events (ADEs), lower quality of life,
hospitalizations, and higher health care costs. There
has also been 1 meta-analysis® that demonstrated the
significant effects of PIP on mortality (risk ratio [RR]
1.59;, 95% CI, 1.45-1.75). The relationship between PIP
and adverse outcomes may be related to the changes
in pharmacokinetics and pharmacodynamics in older
persons, especially among those who are frail, where
there is limited physiologic reserve and lower tolerance
of inappropriate medication use.?

With rapid aging of populations across the world,’
we can expect an increasing number of older persons
who have chronic diseases and need regular prescrip-
tions from primary care. Although a recent systematic
review reports the prevalence of PIP as 1 in 5 older
persons attending primary care,'® it remains unclear
whether such PIP produces adverse outcomes in this
population. Previous reviews®® have included a het-
erogeneous range of participants, with much of the
focus on specialized populations such as those from
tertiary health care settings or nursing homes. We are
uncertain whether the results from tertiary health care
settings or nursing homes can be generalized to pri-
mary health care settings, considering that the patients
in primary care can differ in their health profiles and
comorbidities.'"'> To this end, we sought to conduct
a systematic review with meta-analysis to pool the
adverse outcomes of PIP reported in the literature, spe-
cifically focusing on older persons in primary care.

METHODS

Search Strategy and Selection Criteria

This systematic review and meta-analysis was devel-
oped in accordance with the Preferred Reporting Items
for Systematic Review and Meta-analysis statement.'
The protocol was registered with the International
Prospective Register of Systematic Reviews (registra-
tion number CRD42016048874) and previously peer
reviewed and published in BMJ Open.'

We systematically searched PubMed, Embase,
CINAHL, Web of Science, Scopus, and PsycINFO
from inception to January 7, 2017, using keywords and
pri-
mary care,” and "inappropriate prescribing.” A sample

"o

controlled vocabulary related to “older persons,

of the search strategy based on PubMed is shown in

the Supplemental Appendix, available at http:/www.
AnnFamMed.org/content/17/3/257/suppl/DC1/.

Similar search strategies were used for the other
databases. We also hand searched the references of 6
review articles related to PIP34¢-81° to retrieve relevant
articles that were not captured through our search of
the electronic databases. Included studies met the fol-
lowing criteria: recruited participants from primary care
settings; either had >90% of the participants who were
aged 265 years or reported subgroup analyses based
on participants who were aged =65 years; were con-
ducted via observational study designs, such as cross-
sectional, case-control, or cohort studies; reported the
adverse outcomes related to PIP, such as accident and
emergency department (A&E) visits, ADEs, functional
decline, health-related quality of life (HRQoL), hospital-
izations, and mortality; and were reported in the English
language. Studies were excluded if they recruited partic-
ipants from non—primary care settings, such as tertiary
hospitals or nursing homes; did not assess PIP based on
published criteria; or focused only on PIP related to a
single class of drug, such as analgesics or antibiotics.

After retrieving potential articles, 2 reviewers
(S.K.L.G., ZY.C) independently selected eligible
articles, extracted the relevant data, and assessed the
risk of bias. Any discordance between the 2 review-
ers was resolved by discussion with a third indepen-
dent reviewer (C.S.L. or TM.L.). The extracted data
included information on participants, study charac-
teristics, criteria of PIP, measurement of adverse out-
comes, effect estimates, and their 95% CI. The risk of
bias was assessed with the original 8-item Newcastle-
Ottawa scale,'” which focuses on 3 key areas of
potential bias: selection of participants, comparability
of groups, and measurement of outcome. The exact
items in the Newcastle-Ottawa scale are shown in the
Supplemental Appendix.

Data Analysis

We conducted meta-analyses to pool the results

for available outcomes that had >1 included study:.

We used the fixed-effect model (Mantel-Haenszel
method)'® in the meta-analysis because the random
effects model would have been imprecise in its estima-
tions when <5 studies were included in the analysis.'”'®
For studies that reported >1 model of statistical adjust-
ment, we included only the result with the largest num-
ber of confounders adjusted for in the statistical model.
For continuous outcomes, we pooled the results based
on Cohen's standardized mean difference (SMD).

For binary outcomes, we log-transformed the effect
estimates before including them in the meta-analytic

models. Although the RR and odds ratio have been

used in different studies, we chose RR as a measure of
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POTENTIALLY INAPPROPRIATE PRESCRIBING

risk estimates in our meta-analyses because the odds ticipants. All of them were cohort studies, with a mean
ratio would have approximated the RR in the presence  follow-up duration of 2.0 years. The key characteristics
of low incidence rate of the outcomes.'” We used the of the included studies are presented in Table 1. All

Q test and the I? statistic to assess the extent of het- the included studies had low risk of bias and achieved

erogeneity among the pooled
studies, with Q test P value
<.10 or I* >75% indicating sig-
nificantly high heterogeneity.?
To minimize heterogeneity, we
pooled only studies with simi-
lar PIP criteria and outcome
measures. Although originally
planned, we were not able to
conduct meta-regression anal-
ysis or evaluate for publication
bias because these analyses
would not have been appro-
priate when there are <10
included studies.?" All analyses
were conducted in Stata ver-
sion 14 (StataCorp LP).

We used the Grading of
Recommendations, Assess-
ment, Development and Evalu-
ation (GRADE) framework to
classify the overall certainty
of evidence into 1 of 4 levels
(high, moderate, low, or very
low) based on 7 key domains
that focused on risk of bias,
inconsistency, imprecision
of effect estimates, risk of
publication bias, indirectness
of evidence, large magnitude
of effect, and dose-response
gradient.?? Detailed descrip-
tions of the other domains
in GRADE are shown in the
Supplemental Appendix.

RESULTS

We identified 2,804 articles
from the 6 databases. After the
selection process, we included
8 articles that are related to
6 unique studies (2 pairs of

2326 reported different

articles
outcome measures originating
from the same studies). The
flowchart with details of the
selection process is shown in
Figure 1. The 6 included stud-

ies had a total of 77,624 par-

Figure 1. Flowchart of the study selection.

PubMed Embase PsycINFO CINAHL Scopus Web of Science
(n=1,486) (n =658) (n = 20) (n=220) (n = 243) (n=177)
Y

2,804 Articles identified

Y

625 Duplicates removed

Y

2,179 Abstracts screened

908 Abstracts excluded
120 Duplicates removed
39 Not related to potentially inap-
> propriate prescribing
250 Focused on specific drug
394 Intervention or qualitative studies
105 Review articles

Y

1,271 Full-Text articles
assessed for eligibility

1,264 Full-Text articles excluded
1 Duplicate removed
126 Non-English articles
90 Conference abstracts
245 Specific to tertiary care or nursing home

28 National database or insurance data
that were not specific to primary care

275 Studies where <90% of the participants
were aged =65 years

153 Not related to potentially inappropriate
prescribing
3 Focused on specific drug
4 Intervention or qualitative studies
326 No outcome data on potentially inap-
propriate prescribing
13 Review articles

Y

Y

7 Articles included, involving

6 unique studies

1 Additional article was included
after we hand-searched the references
of previous systematic reviews

A

Y

8 Articles included, involving

6 unique studies
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Table 1. Key Characteristics of the Studies Included in the Systematic Review

Follow-Up
Sample % Duration
Author (Year) Sampling Method Size Age, Years Female in Years Data Source of PIP
Barnett et al,?” 2011 Whole population 70,299 Mean 75.2 57.0 2.0 Dispensed prescribing
registry D 6.8 database
Cahir et al,*> 2014 Stratified random 931 Mean 78.0 54.0 0.5 Pharmacy claim database
Cahir et al,2* 2014 sampling SD 5.4
Hanlon et al, % 2002 Stratified probability 3,234 65-74 years: 49.1% 64.8 3.0 Structured interview
Fillenbaum et al, sampling 75-84 years: 41.1%
2004 >85 years: 9.8%
Moriarty et al,® 2016 Stratified random 1,753 Mean 76.5 54.4 1.0 Pharmacy claim database
sampling SD 6.0
Wallace et al,?® 2017 Stratified random 904 Median 77 54.0 2.0 Pharmacy claim databases
sampling IQR 74-81
Wauters et al,*® 2016 Whole GP registry and 503 Mean 84.4 61.2 1.5 Secured record

consecutive sampling

AGE = accident and emergency department; ADE = adverse drug event; ADL = activity of daily living; CASP-R12 = control, autonomy, self-realization, and pleasure
revised 12-item quality of life scale; DUR = drug utilization review; EQ-5D = health-related quality of life states consisting of 5 dimensions; GP = general practitioner;
HRQoL = health-related quality of life; IQR = interquartile range; OARS = Older American Resources and Service; PIP = potentially inappropriate prescribing;

START = Screening Tool to Alert Right Treatment; STOPP = Screening Tool of Older Persons’ Potentially Inappropriate Prescriptions; VES = Vulnerable Elders Survey.

Table 2. Covariates That Were Adjusted for in the Statistical Models of the Included Studies

Adjusted Covariate

Socioeconomic Number of Medication
Author (Year) Age Sex status Comorbidities Medications Adherence Education
Barnett et al,?” 2011 v v v — v — _
Cahir et al, > 2014 v v v v v v —
Cahir et al,?* 2014 v v v v v v _
Hanlon et al, > 2002 v v v v v — v
Fillenbaum et al,?® 2004 v v v v — — v
Moriarty et al,?® 2016 v v — v v — v
Wallace et al,?® 2017 v v v v v v v
Wauters et al,*® 2016 — — — — v — _

maximum or near-maximum scores on the Newcastle-
Ottawa Scale (the summary results are shown in Table
1, and the detailed results are shown in the Supple-
mental Appendix. All included studies reported results
based on adjusted estimates. The covariates that were
adjusted for in the statistical models are presented in
Table 2. They include key confounders such as age,
socioeconomic status, disease comorbidities, and num-
ber of medications.

We conducted meta-analyses only when there were
>2 studies with results based on similar PIP criteria and
outcome measures; results that could not be pooled in
the meta-analysis are separately shown in the Supple-

mental Appendix. The PIP criteria commonly used in
the included studies were the Beers Criteria and the
STOPP criteria. Six outcome measures were consis-
tently reported in >2 studies and could be subjected to
meta-analysis, including A&E visits, ADEs, functional
decline, HRQoL, hospitalizations, and mortality. Fig-
ure 2 shows the forest plots for the adverse outcomes
of PIP based on the Beers Criteria, with PIP signifi-
cantly associated with functional decline (pooled RR
1.38; 95% CI, 1.06-1.80) and hospitalizations (pooled
RR 1.14; 95% CI, 1.01-1.29) but not with mortality
(pooled RR 0.98; 95% CI, 0.93-1.05). Figure 3 shows
the forest plots for the adverse outcomes of PIP based
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Risk of Bias (Newcastle-Ottawa Scale)?

Selection Comparability Outcome

Criteria of PIP Data Source of Outcomes (Max 4%) (Max 2%) (Max 3%)
Beers Criteria 2003 Mortality: Death certification database X ok ok ok * % * ok K
Beers Criteria 2012 ADEs, hospitalizations, and AGE visits: Structured interview and ok kK * % * ok %
STOPP medical records

Functional decline: VES scale

HRQoL: EQ-5D scale
Beers Criteria 1997 Mortality: National Death Index ok ok ok * X * kK
DUR Functional decline: Combination of Katz ADL, OARS Instrumental

ADLs, and abbreviated Rosow-Breslau scale

Hospitalizations: Medicare and Medicaid database

Outpatient visits and nursing home entry: self- or proxy report
STOPP AGE visits, GP visits: Structured interview ok kK * % * K X
START Functional decline: Difficulty in doing 6 named ADLs

HRQoL: CASP-R12 scale
Beers Criteria 2012 ADEs: Patient interview and medical records ok kK * % * % %
STOPP AGE visits and hospitalizations: Medical records

HRQoL: EQ-5D scale
STOPP Mortality: Secured record Xk kK * * % %
START Hospitalizations: Secured record

2 A star (%) is awarded if a specific criterion in the Newcastle-Ottawa Scale was met, indicating low risk of bias in that criterion. Further details on the Newcastle-Ottawa
Scale are available in the supplemental appendix, available at http://www.AnnFamMed.org/content/17/3/257/suppl/DC1/.

Adjusted Covariate

Functional Cognitive Social Prior Healthcare Mental Health
Race Status Impairment Support Utilization Condition Other
_ — — v — — Sex of the general practitioner
— — — v — — Sex of the general practitioner
v v v — — — Body mass index
v v v — 4 — Marital status, insurance coverage
_ _ — v v v Insurance coverage
_ _ — — v v —

on the STOPP criteria, with PIP significantly associated
with A&E visits (pooled RR 1.63; 95% CI, 1.32-2.00),
ADE:s (pooled RR 1.34; 95% CI, 1.09-1.66), functional
decline (pooled RR 1.53; 95% CI, 1.08-2.18), HRQoL
(pooled SMD —0.26; 95% CI, —0.36 to —0.16), and hos-
pitalizations (pooled RR 1.25; 95% CI, 1.09-1.44).

A majority of the pooled estimates had negligible
heterogeneity. Notwithstanding that, 1 of the out-
comes, HRQoL, showed significantly high heterogene-
ity (I 82.3% and P =0.003) because of the different
scales used in measuring HRQoL (2 studies**?° used
the EQ-5D, and 1 study?® used the Control, Autonomy,
Self-realization, and Pleasure Revised 12-item Qual-

ity of Life scale). The GRADE assessment of overall
certainty of evidence is shown in Table 3. Apart from
HRQoL, the rest of the outcomes maintained “low”
certainty of evidence consistent with meta-analytic
results based on observational studies, with no further
downgrades or upgrades in the GRADE assessment.
HRQoL was downgraded to “very low” certainty of
evidence because of the high heterogeneity.

DISCUSSION

This is the first systematic review and meta-analysis of
observational studies on the adverse outcomes of PIP
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among older persons in primary
care. Although PIP is not associ-
ated with mortality in this study,

Figure 2. Forest plots for the adverse outcomes of potentially
inappropriate prescribing based on the Beers Criteria.

it is significantly associated with

A. Functional decline

the other available outcomes, Relative Risk
including A&E visits, ADEs, func- Study (95% <) Weight, %
tional decline, HRQoL, and hos- Cahir et al,”» 2014 ———  1.80(1.08:3.01) 27.10
pitalizations. The meta-analytic ;
Hanlon et al,?> 2002 e 1.25 (0.91-1.70) 72.90
results were based on cohort stud- :
ies with ]arge numbers of partici- Overall (I-squared = 29.5%, P =0.234 <> 1.38 (1.06-1.80) 100.00
pants, samples representative of |
the primary health care settings, . .
and low risk of bias. Moreover, 332 1 3.01
most of the pooled estimates had | = - - - .
low heterogeneity, which suggests B. Hospitalizations
consistency of results across the Relative Risk
included studies. Study (95% CI) Weight, %
) . Cahir et al,”> 2014 —‘.'_ 1.08 (0.85-1.38) 25.18
gohmpas"s%r" With Fillenbaum et al, 2004 - 1.20 (1.04-1.39) 70.26
r 1 '
ther Studies Wallace et al,?® 2017 —_— 0.72 (0.41-1.28) 4.56
To date' Only I other meta- O IN( d =37.0%, P=0.204 < I > 1.14 (1.01-1.29 100.00
analysis has reported on the verall (I-squared = 37.0%, P =0. : 14(1.01-1.29) '
adverse outcomes of PIP.® This
meta-analysis by Muhlack et al® 7 : e
included a heterogeneous range | - S
of populations (with a large
pop i [ ( tici tgf C. Mortality
prOPor ton ot par lClpar? s from Relative Risk ~ Weight,
tertiary health care settings or Study (95% CI) %
nursing homes) and focused :
main]y on the outcome of mor- Barnett et al,?” 2011 —.— — 0.98 (0.92-1.05) 88.66
tality, however. Our result on Hanlon et al,” 2002 Y 1.02 (0.85-1.23) 11.34
mortality showed both similar- Overall (I-squared = 0.0%, <:>
ity and dissimilarity to that of P=0.689 3 0.98 (0.93-1.05)  100.00
Mubhlack et al.® In the current
meta-analysis, we found that PIP ' i
.813 1 1.23

(assessed at a single time point,

also known as the prevalent-user

design) is not associated with mortality longitudinally
(pooled RR 0.98; 95% CI, 0.93-1.05). This is similar
to the result by Muhlack et al,® where the pooled RR
based on prevalent-user design of PIP is 1.01 (95%

ClI, 0.97-1.04). However, Muhlack et al® also identified
a subset of studies that evaluated PIP based on the
new-user design (which also captures those with new
onset of PIP) and showed that the risk of mortality is
higher (RR 1.59;, 95% CI, 1.45-1.75) when PIP is based
on evaluations at multiple time points. The discrep-
ancy in findings is consistent with our understanding
of the prevalent-user design and its association with
healthy-user/sick-stopper bias, which can underesti-
mate the true effect.®?"3? At any specific time point,
those found to have PIP according to the prevalent-
user design are more likely to be healthier people
who have better physiologic reserve and can adhere

to the treatment regimen even in the presence of PIP.
They may be less affected by PIP and are less likely
to die from PIP. In contrast, those who have poorer
health would be more likely to have discontinued PIP
because of poor tolerance and may not be captured
by the prevalent-user design at a specific time point.
Although these people may have a higher risk of
dying from PIP, the exclusion of them in a prevalent-
user design can bias the result toward null effect,
which may possibly explain the nonsignificant finding
on mortality in the current meta-analysis.

Limitations

Several limitations should be noted before the implica-
tions of the current findings are considered. First, we
included only studies reported in the English language
and may have missed other relevant evidence in the
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Figure 3. Forest plots for the adverse outcomes of potentially
inappropriate prescribing based on the STOPP (Screening Tool of
Older Persons’ Potentially Inappropriate Prescriptions) criteria.

A. Accident and emergency visits

Relative Risk
Study (95% Cl) % Weight
Cahir et al, 2014 — 1.85 (1.32-2.58) 37.66
Wallace et al,?® 2017 —_— 1.85 (1.06-3.24) 13.55
Moriarty et al,?® 2016 — 1.42 (1.06-1.91) 48.79
Overall (12 =0.0%, P =0.452) <> 1.63 (1.32-2.00) 100.00
T ‘ T
.309 1 3.24
B. Adverse drug events
Relative Risk
Study (95% CI) % Weight
Cahir et al,? 2014 e 2.21(1.02:4.83) 7.43
Wallace et al,? 2017 —.— 1.29 (1.03-1.60) 92.57
Overall (12 = 41.3%, P = 0.192) <> 1.34 (1.09-1.66) 100.00
T : T
.207 1 4.83
C. Functional decline
Relative Risk
Study (95% CI) % Weight
Cahir et al,? 2014 e 1.86 (1.13-3.04) 51.04
Moriarty et al,?® 2016 — 1.25 (0.75-2.06) 48.96
Overall (12 = 17.6%, P = 0.271) <> 1.53 (1.08-2.18) 100.00
T : T
329 1 3.04
D. Health-related quality of life
Relative Risk
Study (95% CI) % Weight
Cahir et al,» 2014 —-—— -0.38 (-0.55 to —-0.21)  32.16
Wallace et al,?® 2017 —-— -0.47 (-0.69 to -0.25)  20.33
Moriarty et al,?® 2016 —— -0.09 (-0.23 to0 0.05) 47.51
Overall (12 =82.3%, P = 0.003) <> -0.26 (-0.36 to -0.16)  100.00
T T T T T
-8 -6 -4 -2 1 2
Lower Quality of Life Higher Quality of Life
E. Hospitalizations
Relative Risk
Study (95% C1) % Weight
Cahir et al,?® 2014 —- 1.32(1.14-154) 85.79
Wallace et al, 2017 3+ 1.00 (0.63-1.61) 8.81
Wauters et al,*® 2016 4%4% 0.74 (0.41-1.36) 5.40
Overall (1 = 53.6%, P = 0.116) <> 1.25 (1.09-1.44) 100.00
T ; T

41

1 2.44

AGE = accident and emergency department; HRQoL = health-related quality of life.

non-English literature. Second, the
limited number of included studies
did not allow further investigations
of individual- or study-level asso-
ciations. Third, we did not include
studies of PIP that are specific to
certain drug classes (eg, analge-
sics or antibiotics) and therefore
may not draw conclusions about
the outcomes associated with
specific classes of drugs. Fourth,
although we also identified studies
of PIP related to underprescrib-
ing (eg, those using the START
criteria), we could not pool results
in the meta-analysis because of
the limited number of available
studies related to underprescrib-
ing (Supplementary Appendix),
which remains an area for further
research in future. Fifth, there were
some variations in the magnitude
of pooled estimates between the
Beers and STOPP criteria, which
were probably related to the differ-
ent drugs included in the respec-
tive criteria (some of which do not
necessarily apply to the different
populations).! Sixth, the meta-
analytic results were based on
observational studies, which may
not have sufficiently controlled for
all relevant confounders. There-
fore, the findings may not allow
definitive conclusions about the
causal role between PIP and the
adverse outcomes.

Clinical Implications

This study demonstrated the asso-
ciations between PIP and a wide
range of adverse outcomes and
highlighted the relevance of PIP
among older persons in primary
care. Essentially, the findings
showed that the construct of PIP
is more than just a consensus of
good clinical practice, and they
underscored the need to focus on
PIP in primary care to improve
patient outcomes. A variety of
interventions have been evaluated
to address PIP among community-
dwelling older persons in previous
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Table 3. Summary of Key Findings and GRADE Assessment

GRADE Assessment

A D
LS. N\
8 > e Qe ? L &8
o Ce &€ s & RN E&
“Oé ’DQ& QOO & & “\?\. “’90 Q,"b" ’&Q Q& bo‘:’_é& ‘2;\‘300
S8 SN SN 3 & % S
L AN NS & & & N
Outcomes ] Q
PIP based on the Beers Criteria
Functipnal 4,165 RR 1.38 0000 No downgrade  No downgrade  No downgrade  No upgrade
decline (1.06-1.80) Low (NOS=9) (2 = 29.5%,
P=.234)
Hospitalizations 5,069 RR 1.14 [ 1 Jejele) No downgrade  No downgrade  No downgrade  No upgrade
(1.01-1.29) Low (NOs =9) (12 = 37.0%,
P=.204)
Mortality 73,533 RR 0.98 ®0000 No downgrade  No downgrade  No downgrade  No upgrade
(0.93-1.05) Low (NOS =9) (2 = 0.0%,
P=.689)
PIP based on the STOPP criteria
AGE visits 3,588 RR 1.63 [ 1 Jejele) No downgrade  No downgrade  No downgrade  No upgrade
(1.32-2.00) Low (NOS =9) (2 = 0.0%,
P = .452)
ADEs 1,835 RR 1.34 ®0000 No downgrade  No downgrade  No downgrade  No upgrade
(1.09-1.66) Low (NOS =9) (2 = 41.3%,
P=.192)
Functional 2,684 RR 1.53 [ 1 lejele) No downgrade  No downgrade  No downgrade  No upgrade
decline (1.08-2.18) Low (NOS =09 (2 = 17.6%,
P=.271)
HRQoL 3,588 SMD -0.26 [ lelelele) No downgrade Downgrade No downgrade  No upgrade
(-0.36 t0 -0.16)  Very low (NOS=9) (2 = 82.3%,
P =.003)
Hospitalizations 2,338 RR 1.25 [ I lejele) No downgrade  No downgrade  No downgrade  No upgrade
(1.09-1.44) Low (NOS =8) (12 = 53.6%,
P=.116)

>0.20.
due to publication bias.

fWe upgraded the GRADE assessment if the RR is >2 or <0.5.

AGE = accident and emergency department; ADE = adverse drug event; GRADE = Grading of Recommendations, Assessment, Development and Evaluations;

HRQoL = health-related quality of life; NOS = Newcastle-Ottawa Scale; PIP = potentially inappropriate prescribing; RR = relative risk; SMD = standardized mean differ-
ence; STOPP = Screening Tool of Older Persons’ Potentially Inappropriate Prescriptions.

2 \We downgraded the GRADE assessment if the risk of bias assessment based on the NOS is <8 in at least one of the studies, suggesting the presence of risk of bias.

b We downgraded the GRADE assessment if the Q test P < 0.10 or the > > 75%, indicating significantly high levels of heterogeneity in the results.

< For RR, we considered a clinically meaningful threshold to be 0.90 or 1.10 and downgraded the GRADE assessment if the RR point estimate is >1 and the lower limit
of its Cl is <0.90, or if the RR point estimate is <1 and the upper limit of its Cl is >1.10. For SMD, we considered a clinically meaningful threshold to be +0.20 and
downgraded the GRADE assessment if the point estimate is >0 and the lower limit of its Cl is <-0.20, or if the point estimate is <O and the upper limit of its Cl is

9 We could not assess for publication bias because there were <10 studies for each of the outcomes. Therefore, we did not downgrade any of the GRADE assessments
¢ We downgraded the GRADE assessment if the recruited participants were not representative of older persons in the primary care settings.

9 We upgraded the GRADE assessment in the presence of dose-response gradient, which provides stronger evidence of the cause-effect relationship.

randomized controlled trials (RCTs), some of which
may be adopted in routine practice. These interven-
tions can be broadly classified into organizational,
professional, or multifaceted interventions.** Organi-
zational interventions focus on changing the delivery
of health care services (eg, by including medication
reviews by pharmacists), professional interventions aim
to improve the practice of health care professionals (eg,
with the use of computerized clinical decision support
systems [CCDSSs]), and multifaceted interventions
may involve combinations of organizational or profes-

sional interventions. Most of the interventions have
been shown to be useful in the literature, with some of
them (eg, medication reviews, CCDSSs, and multifac-
eted interventions) having had consistent evidence of
effectiveness in reducing PIP.*?

Implications for Future Research
Notwithstanding the promising benefits of interven-
tions, more research is needed to evaluate the effects
of interventions on clinically relevant outcomes. Prior
RCTs have infrequently reported on the clinical out-
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comes of interventions, and the few that have done
so had mixed results for HRQoL, hospitalizations,
A&E visits, and medication costs.?* Such research is
especially relevant in light of the current meta-analytic
findings, to further confirm that the reduction of
PIP can have a direct effect in improving outcomes
and that PIP has a direct causal relationship with the
adverse outcomes. Ideally, future RCTs should be ade-
quately powered and have a sufficiently long follow-up
period so that any difference in the outcomes can be
captured sensitively.?* Inasmuch as intervention studies
are relevant, further research is also needed in the area
of implementation science, to evaluate how PIP inter-
ventions can be optimally integrated into routine clini-
cal practice, especially in primary health care settings
where the patient load can be high and changes can be
difficult to implement or sustain.

In conducting future studies, researchers should
be mindful of how PIP is operationalized and of the
potential implications associated with the choice of PIP
criteria. Researchers may consider capturing PIP based
on the new-user design (which includes those with new
onset of PIP)—instead of the conventional approach
of PIP based on prevalent-user design (which identi-
fies those with PIP only at a single time point)—to
improve the predictive validity of PIP and to identify
patients who can receive a greater benefit from PIP
interventions. When selecting a screening tool for PIP,
researchers may need to consider the applicability of
individual drugs within the tool and possibly adapt
the tool to fit the local prescribing practice. Research-
ers may also need to be aware that different tools may
capture different aspects of PIP. Although most avail-
able tools focus on overprescribing or misprescribing
of medications, it may be equally important to include
tools related to underprescribing of medications (such
as the START) to capture the whole spectrum of PIP.

CONCLUSION

This is the first meta-analysis to consolidate the quan-
titative evidence on the wide-ranging impact of PIP
among older persons in primary care. The outcome of
mortality was the only nonsignificant finding, possibly
explained by the recruitment of healthier participants,
which may have biased the results toward null effect.
The findings highlight the need to address PIP in
primary care and call for further research on PIP inter-
ventions in primary care. They also point to the need
for researchers to consider the potential implications
of how PIP is operationalized when designing future
research on PIP.

To read or post commentaries in response to this article, see it
online at http:/lwww.AnnFamMed.orgl/content/17/3/257.

Key words: primary health care; general practice; general practitioners;
family practice; family physicians; inappropriate prescribing; medication
errors; aged; adverse outcomes; systematic review; meta-analysis
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