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WHAT IS ALREADY KNOWN ABOUT

• Underuse of indicated medications is highly
prevalent among older adults across all
healthcare settings.

• Associations with distinct patient

suggest that efficiency of pharmaceutical
care interventions depend on those
contextual factors.

• Screening instruments allow for detection
of underuse and can be implemented as
part of pharmaceutical care interventions

WHAT THIS STUDY ADDS
• Pharmaceutical care interventions
significantly reduced medication underuse.

• The usage of (explicit) screening
instruments is significantly more effective
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THIS SUBJECT

AIMS
The aim of the present study was to conduct a meta-analysis of controlled
trials assessing the impact of pharmaceutical care interventions (e.g.
medication reviews) on medication underuse in older patients
(≥65 years).
characteristics such as age or drug numbers

METHODS
The databases MEDLINE and EMBASE were searched for controlled
studies, and data on interventions, patient characteristics and exposure,
and outcome assessment were extracted. Risk of bias was assessed using
the Cochrane Collaboration’s ‘risk of bias’ table. Results from reported
outcomes were synthesized in multivariate random effects meta-analysis,
subgroup meta-analysis and meta-regression.
such as medication reviews.

RESULTS
From 954 identified articles, nine controlled studies, mainly comprising a
medication review, were included (2542 patients). These interventions
were associated with significant reductions in the mean number of
omitted drugs per patient (estimate from six studies with 1469 patients:
– 0.44; 95% confidence interval –0.61, –0.26) and the proportion of
patients with ≥1 omitted drugs (odds ratio from eight studies with 1833
patients: 0.29; 95% confidence interval 0.13, 0.63). The only significant
influential factor for improving success was the utilization of explicit
screening instruments when conducting a medication review (P=0.033).
than interventions without such
instruments.
 CONCLUSION

Pharmaceutical care interventions, including medication reviews, can
significantly reduce medication underuse in older people. The use of
explicit screening instruments alone or in combination with implicit
reasoning is strongly recommendable for clinical practice.
015 The British Pharmacological Society
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Introduction

Over the last few decades, the proportions of older adults
have increased markedly in most populations [1, 2]. The
increased life expectancy of older adults can be partly
attributed to available pharmacological treatment op-
tions for acute and chronic diseases that help to alleviate
ailments and prevent critical illness [3]. However, poten-
tially inappropriate prescribing (PIP) is common in older
people, suggesting that this age group is especially
susceptible to drug-related problems [4, 5]. Among the
categories of PIP [4, 6], medication underuse relates to
potential prescribing omissions of drugs indicated for the
treatment or prevention of a disease [7, 8]. In comparison
with other forms of PIP (misuse, overuse), medication
underuse is also frequent [9] but still poorly understood in
its nature, and thus strategies to reduce it have not been
established.

Interventions to reduce inappropriate prescribing
are multifaceted [10, 11] and may consist of medication
reviews as part of a pharmaceutical care programme,
educational programmes (e.g. prescriber education
explaining pharmaceutical care) or clinical decision sup-
port systems. Medication reviews, defined as ‘the pro-
cess where a health professional reviews the patient,
the illnesses and the drug treatment’ [12], are most
common for the identification of unmet therapeutic
needs. Pharmaceutical care, including ‘the responsible
provision of drug therapy’ [12] is ideally provided by a
clinical pharmacist in the process of providing patient
care in multidisciplinary teams. This requires elements
from medication reconciliation, including the decisive
steps of verification (i.e. collection of the patient’s
medical and medication history) and clarification (i.e. deter-
mination of appropriateness) [13]. Determination of
appropriateness is generally facilitated by screening
instruments based on either implicit (i.e. judgment-based)
or explicit (i.e. criterion-based) criteria. Explicit screening
instruments for assessingmedication such as the Screening
Tool to Alert Doctors to Right Treatments (START) [14, 15]
and Assessing Care of Vulnerable Elderly (ACOVE) [16–18]
are commonly used, while implicit criteria such as the
‘Assessment of Underutilization’ (AOU) index are less
often applied [18].

It is not clear what quantitative impact is attributable
to interventions, or on what quantitative and qualitative
population characteristics their effectiveness depends.
Therefore, we aimed to quantify the effect of pharmaceu-
tical care interventions on medication underuse and
identify indicators of success, such as the application of
explicit screening instruments in a multivariate random-
effects meta-analysis. In addition, we explored the
heterogeneity of factors that could potentially influence
the outcome of pharmaceutical care interventions to
reduce medication underuse by means of subgroup
analyses and meta-regression.
Methods

Data sources and literature search strategy
In November 2014, we searched the databaseMedline (1966
onwards) for pharmaceutical care interventions targeting
medication underuse, using terms that mapped to Medical
Subject Headings in combination with keywords for
nonmapping concepts (Supplementary Table 1). The search
strategy was adapted to the database EMBASE, which was
searched in December 2014. Additionally, we reviewed the
bibliographies of articles retrieved from the database search.

Study selection
Medication underuse was defined as failure to prescribe or
as absence of drugs that were indicated. Furthermore, med-
ication underuse had to be clearly distinguished from other
forms of PIP – i.e. overuse defined as prescribing or as the
presence of more drugs than are clinically needed, and mis-
use defined as incorrect prescribing of needed drugs or the
presence of potentially inappropriatemedications (PIMs) [4].
Based on this definition, we screened the titles and abstracts
of publications and, where deemed appropriate, reviewed
the full text to confirm that all of the following inclusion
criteria were met: (1) investigation of patients aged 65years
or older; (2) quantification of medication underuse for sev-
eral indications; (3) presentation of outcomes regarding
medication underuse as the proportion of patients or care
issues with ≥1 omitted drugs and/or the number of omitted
drugs per patient after a pharmaceutical care intervention
(e.g.medication review, drug utilization review); and (4) a
controlled study design, in which a control group receives
the usual care of the respective setting. Therefore, the con-
trol group either did not receive any medication review or
was treated by staff who had not received study-related
educational training. In these studies, the definition of an
omitted drug can be based on clinical reasoning, guidelines,
prescribing criteria or explicit screening lists. Studies were
included if necessary information could be retrieved for all
of these aspects. Studies were explicitly excluded if they
did not distinguish between the different forms of inappro-
priate prescribing and therefore did not specifically address
underuse. The search was limited to languages known by
the authors – i.e. English, German, French and Spanish.
Two investigators (AB and ADM) independently screened
all identified titles and abstracts and full texts according to
inclusion and exclusion criteria, which were predefined in
the review protocol. Discrepancies were resolved by
consulting a third reviewer (AL).

Data extraction and quality assessment
We extracted bibliographic details of the study and further
information on study design, patient population, exposure
assessment, type of intervention, reported outcomes,
outcomes assessment, inclusion criteria and additional com-
ments into a data extraction form. In cases of uncertainties
or missing information, authors were contacted by e-mail
Br J Clin Pharmacol / 80:4 / 769
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and asked for this information. Finally, all included studies
were assessed for risk of bias by two reviewers (ADM, AB)
using the Cochrane Collaboration’s ‘risk of bias’ table [19].
Accordingly, study results were assessed as being of low,
unclear or high risk of bias. In cases of disagreement, a third
reviewer (AL) was involved to reach consensus.
Data synthesis
Continuous measures and dichotomous outcomes were pri-
marily reported unchanged for better interpretation. Thus,
continuousmeasureswere reported asmeanswith their stan-
dard deviations, or changes from baseline in the case of base-
line imbalances between intervention and control groups.
Dichotomous outcomes were reported as odds ratios, or
Mantel–Haenszel odds ratios in the case of baseline imbal-
ances between intervention and control groups. Continuous
and dichotomous measures alike were converted into stan-
dardized mean differences and Hedges’ g in order to obtain
comparable effect sizes. Generally, point estimates and 95%
confidence intervals were reported for all effect measures.

Meta-analysis relied on the random-effects model for
combining studies to give pooled estimates of effect, with
P<0.05 (two-sided) considered statistically significant. Study
heterogeneity was evaluated qualitatively by assessing
differences in study populations, interventions, outcome
measures and study design, whereas statistical heterogene-
ity was assessed using the Cochrane Q, τ2 and I2 statistics.

In univariate and multivariate approaches, restricted
maximum likelihood was used as the variance estimator.
Concerning multivariate analyses, the biserial correlation co-
efficient between continuous and dichotomous outcomes
Figure 1
PRISMA flow chart
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has been empirically determined as 0.66 in a cohort using
START criteria [20]. Based upon this estimate, within-study
covariances were calculated according to Wei and Higgins
[21], to be applied for multivariate random-effects meta-
analysis [22, 23]. Sensitivity analyses included approaches
assuming unknown within-study correlations using the
method proposed by Riley and colleagues [24] and a
Bayesian approach using non-informative priors based upon
a uniform distribution for within-study covariances and a
Wishart distribution for between-study covariances [25].

The identification of indicators of success of pharma-
ceutical care interventions was based on the outcomes of
all studies. Upon conversion of odds ratios and mean num-
ber of omitted drugs, the common Hedges’ g adjusted
standardized mean difference was applied using univariate
random-effects models in order to allow for comparison of
study effects in dependence of variables at the study level.
Exploration of sources of heterogeneity included subgroup
analyses for categorical factors indicating outpatient or in-
patient outcome assessment, and use of explicit screening
instruments as part of the intervention or not. Meta-
regression was applied to investigate heterogeneity in
terms of continuous factors (e.g. age, number of baseline
omissions, follow-up time and number of drugs).
Results

Our broad search strategy (Supplementary Table 1) initially
yielded 1108 records from the databases MEDLINE
(Pubmed) and EMBASE (Figure 1) and eight records through
bibliographic search. After removing duplicates, 954 titles
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and abstracts were screened for indications of medi-
cation underuse. The remaining 39 records were
examined for eligibility according to the predefined
inclusion criteria. Thirty full-text records were excluded,
mainly because of the lack of a control group or
inadequately reported results (Figure 1). Of the
included nine studies [26–34], study characteristics
were described (Supplementary Table 2) and assessed
for their risk of bias (Supplementary Table 3). The most
notable aspects contributing to risk of bias were
unclear allocation concealment and absent blinding
of personnel or outcome assessment, which can be
partly attributed to the study design.

After extraction of the reported results, six studies [28–30,
32–34], two of which were based on the same data source
[29, 30], reported the outcome as a mean number of omit-
ted drugs, while seven studies [26–28, 30, 31, 33, 34]
presented the outcome as a proportion of patients or
pharmaceutical care issues with ≥1 omission of indicated
drugs. Given the fact that studies were heterogeneous
regarding the setting and statistics, pooled estimates from
a random-effects meta-analysis are provided in Figure 2.
Because four studies [28, 30, 33, 34] reported both
Figure 2
Forest plots of intervention effects on the continuous mean of omitted drugs pe
changes from baseline or Mantel–Haenszel odds ratio were calculated, accounti
(PPOs) was used instead of number of patients unavailable). CI, confidence int
outcomes (i.e.mean number of omitted drugs and the pro-
portion of patients or pharmaceutical care issues with ≥1
omission of indicated drugs), we analysed the effects in a
multivariate meta-analysis. The multivariate pooled estimate
of the mean number of omitted drugs revealed a significant
reduction of 0.44 omitted drugs per patient (95% confidence
interval 0.61, 0.20) (Figure 2A). The pooled estimate of odds
ratios calculated from proportions was significant in the
univariate and the multivariate approach (Figure 2B). In
sensitivity analyses, multivariate point estimates calculated
by the alternative Riley model [24] and the Bayesian
approach with unknown within-study correlations revealed
an odds ratio of 0.32 (95% confidence interval 0.14, 0.73;
Bayesian 95% credible interval 0.12, 0.71). A mean
reduction in omitted drugs per patient by –0.36 (95%
confidence interval–0.62, –0.11) was found in the Riley
model and 0.44 in the Bayesian approach (Bayesian 95%
credible interval –0.93, 0.04). Of note, the multivariate
estimate might be less precise due to the uncertainty
imposed by studies not reporting both outcomes.

The subgroup analysis revealed no significant difference
between the inpatient (including long-term care) and out-
patient setting (P=0.877) (Figure 3A). However, grouping
r patient (A) and the proportion of patients with ≥1 omission (B). (* mean
ng for baseline imbalances; † number of potential prescribing omissions
erval
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Figure 3
Subgroup meta-analysis of different outcomes converted into a common effect size (Hedges’ g). Studies are stratified according to the setting of out-
come assessment (i.e. inpatient setting, including long-term care and outpatient setting) (A) and the application of explicit screening instruments (B).
ACOVE, Assessing Care of Vulnerable Elderly; CI, confidence interval; START, Screening Tool to Alert Doctors to Right Treatments; RE, random-effects
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the studies according to the application of explicit screening
instruments as part of the intervention yielded significantly
different pooled subgroup estimates (P=0.033) (Figure 3B).
Thus, the application of explicit screening instruments
(i.e. START, ACOVE) is more effective than an unstructured
intervention without a screening instrument. Concerning
continuous predictors in meta-regression analyses, the num-
ber of drugs at baseline, the time until outcome assessment
(follow-up duration), the mean age of the patients and the
number of omitted drugs at baseline did not significantly
influence the outcome of pharmaceutical care interventions
targeting medication underuse (Figure 4). However, a trend
of increased effectiveness of the interventions could be
assumed for patients with fewer baseline omissions
(Figure 4A) and younger age (Figure 4B).
Discussion

In the present meta-analysis, we identified, assessed and
summarized evidence supporting the effectiveness of phar-
maceutical care interventions such asmedication reviews in
combination with screening instruments to reduce medica-
tion underuse in older patients. Our results emphasize the
value of pharmaceutical care interventions for reducing
inappropriate prescribing, particularly if explicit screening
tools are used. In explicit screening tools, medication
underusemainly relates to regularly prescribed prescription
772 / 80:4 / Br J Clin Pharmacol
medicines (e.g. beta-blockers with ischaemic heart disease).
Nonprescription medicines are also included as far as suffi-
cient evidence exists for their use (e.g., vitamin D and
calcium supplements in patients with known osteoporosis).

Considering the diversity of clinical practice, we included
studies conducted in older outpatients, hospitalized older
people and nursing home residents. The corresponding in-
terventions consisted of unstructured medication reviews
(i.e. not using a screening instrument such as START), medi-
cation reviews based on screening instruments or an educa-
tional intervention that included exemplary use of screening
instruments. A successful intervention may also depend on
the clinical setting. Educational interventions can be useful
in settings such as nursing homes, but can be less effective
if decision makers do not consider them to be important,
or when the change is complex and requires the coordi-
nated interaction of many individuals [35]. Medication
reviews are usually conducted by physicians or (clinical)
pharmacists. The role of pharmacists can vary from (pas-
sively) recommending changes to active involvement in
multidisciplinary teams of healthcare professionals. Similarly,
the responsibility of the person conducting the medication
review and the acceptance rate of recommendations may
differ in primary care, hospital care or long-term care settings
of older inpatients.

Our results confirm the expected benefit of pharmaceu-
tical care interventions targeting medication underuse. We
did not restrict inclusion to a specific clinical setting but



Figure 4
Meta-regression of different outcomes converted into a common effect size (Hedges’ g). Study-level covariates include the mean number of baseline
omission per patient (A), patients’mean age (B), the mean number of drugs per patient (C) and the follow-up duration (D). Regression lines are visualized
as solid lines with 95% confidence regions (dotted lines). Studies were weighted according to their sample sizes as indicated by different spot sizes.

Medication underuse in older people
rather included all, and even diverse, populations as they
are encountered in clinical practice and accounted for the
heterogeneity in the random-effects meta-analyses. Clinical
implications can easily be deduced; given our pooled odds
ratio of 0.29 and prevalence of medication underuse bet-
ween 0.55 and 0.73 [36], the number needed to treat
(NNT) is approximately 3. A similar NNT of between 2 and
3 is obtained by the pooled estimate of –0.44 in the mean
Br J Clin Pharmacol / 80:4 / 773
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reduction in omitted drugs per patient. Because explicit
screening instruments such as the START criteria are fast
and cheap to apply [26, 37], this is a reasonable number
to justify the implementation of such instruments into
clinical practice.

In all subgroup analyses, the only significant influen-
tial factor for improving success was the utilization of
explicit screening instruments when conducting a medica-
tion review, although other factors, such as the patient’s
age or the number of already omitted drugs, might
become significant when larger data sets are analysed. A
prescriber may be more inclined to prescribe an indicated
preventive medicine to a younger patient with fewer
comorbidities and longer life expectancy. Likewise, it is
probably easier to achieve a reduction in omitted drugs if
fewer drugs at baseline are indicated for a patient.

Although we conducted our literature search in
conformity with the criteria for a systematic review, we
cannot rule out the possibility of missing relevant studies
owing to the intrinsic weaknesses of any search strategy.
We based our search on the most relevant databases, but
did not search grey literature. Publication bias was not
assessed owing to the small number of studies and the
fact that underuse was most often not the primary study
outcome. Conceptually, we addressed the problem of
medication underuse from a pharmacological perspe-
ctive. Looking at the process of a successful drug ther-
apy, it should be evident that therapeutic failure is not
solely caused by the mere omission of indicated
pharmacotherapy, but may also be due to poor pre-
scribing (e.g. under-dosing), patient non-adherence or
drug–drug interactions interfering with the exposure
to or effectiveness of the drug of interest [38–40]. It
thus remains the question of appropriateness: good
prescribing is a multifaceted task that accounts for
the benefits and the risks of a specific medication
and also considers treatment goals, quality of life,
patient preferences, life expectancy and time until
benefit [41, 42]. Therefore, the evaluation of appropriate-
ness as part of the prescription process requires wide-
spread evaluation not only focused on pharmacological
appropriateness, but also considering the requirements
and needs of the individual patient. Whereas explicit
screening instruments are efficient, the use of combina-
tions of implicit and explicit instruments may be evenmore
powerful and probably the only strategy to tailor treat-
ments comprehensively to patients’ needs [43]. Hence,
explicit prescribing criteria are not substitutes for careful
clinical decision making but can focus the attention of the
healthcare professional on the potential flaws of a current
medication. The caring physician or pharmacist will still
have to assess whether a certain intervention is feasible in
the given situation and whether all clinically important
aspects are considered.

Regarding the implications for further research [44],
several suggestions can be made based on our results.
774 / 80:4 / Br J Clin Pharmacol
The current evidence for the efficacy of pharmaceutical
care interventions targeting medication underuse is mainly
limited to medication appropriateness as opposed to the
clinical value of preventing underuse in a specific popula-
tion. While it appears intuitive that the absence of indicated
medicines may be detrimental, indiscriminate addition of
medicines may also pose risks due to (unconsidered)
drug–drug interactions or drug–disease interactions.
Therefore, the value of an intervention targeting medica-
tion underuse has to be properly evaluated, and ultimately
such studies should provide evidence on clinical outcomes.
As there will be considerable heterogeneity in the effects
based on clinical or social differences between different pa-
tients, a precise definition of the study population is equally
as important as the definition of the intervention in terms
of type, frequency and duration, among others. Because
contextual factors [19] may influence the effectiveness
of an intervention, a detailed description of the settings
is strongly recommended. Our findings indicate that: (i)
explicit criteria should be applied as an integral part of
any intervention addressing medication underuse; (ii)
their combination with implicit criteria should be exam-
ined to assess whether patient requirements are better
met; and (iii) most importantly, outcomes should include
patient-relevant endpoints (e.g. clinical endpoints, quality
of life and patient satisfaction) rather than omitted
medicines only.
Conclusion

Although medication underuse is a frequent finding in
older people, studies aimed at reducing it are sparse,
heterogeneous and of variable quality. The limited body
of published evidence suggests that pharmaceutical care
interventions such as medication reviews are effective in
reducing medication underuse, and substantially more
effective if explicit screening instruments are applied.
The magnitude of pooled-effect estimates on prescribing
outcomes is considerable, suggesting a potentially
relevant impact on clinical endpoints.
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