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Abstract
Background: Older people are commonly prescribed complex multi-drug regimens while also
experiencing declines in the cognitive and physical abilities required for medication management,
leading to increased risk of medication errors and need for assisted living. The purpose of this study
was to review published instruments designed to assess patients' capacity to self-administer
medications.

Methods: Searches of Medline, EMBASE, CINAHL, PsycINFO, International Pharmaceutical
Abstracts, Health and Psychosocial Instruments, Google, and reference lists of identified
publications were conducted to identify English-language articles describing development and
validation of instruments designed to assess patients' capacity to self-administer medications.
Methodological quality of validation studies was rated independently against published criteria by
two reviewers and reliability and validity data were reviewed.

Results: Thirty-two instruments were identified, of which 14 met pre-defined inclusion criteria.
Instruments fell into two categories: those that used patients' own medications as the basis for
assessment and those that used a simulated medication regimen. The quality of validation studies
was generally low to moderate and few instruments were subjected to reliability testing. Most
instruments had some evidence of construct validity, through associations with tests of cognitive
function, health literacy, activities of daily living or measures of medication management or
adherence. Only one instrument had sensitivity and specificity data with respect to prediction of
medication-related outcomes such as adherence to therapy. Only three instruments had validity
data from more than one independent research group.

Conclusion: A number of performance-based instruments exist to assess patients' capacity to
manage their own medications. These may be useful for identifying physical and cognitive barriers
to successful medication management, but further studies are needed to determine whether they
are able to accurately and reliably predict medication outcomes.
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Background
Older people are commonly prescribed complex multi-
drug regimens, while also experiencing declines in the
cognitive and physical abilities required for medication
management [1,2]. Reduced competence in medication
self-administration is associated with higher risk of hospi-
talisation and requirement for assisted living [3-5].

Health professionals are not good at predicting patients'
ability to perform instrumental activity of daily living
(IADL), and impaired functional ability may not be
detected in routine clinical examinations [6]. More accu-
rate and reliable assessment methods are required [6].
Because high-level IADLs such as medication manage-
ment are dependent on cognitive abilities, global meas-
ures of cognitive function such as the mini-mental state
examination (MMSE) are sometimes used to predict func-
tional ability. However, these measures have demon-
strated inconsistent relationships with functional
performance and lack sensitivity in discriminating compe-
tent from incompetent individuals [2,7]. Most measures
of IADL performance rely on self-report or informant
report, which is a reasonable starting point since it is rela-
tively quick and easy [2,6]. However, a limitation is that
these measures are subjective and prone to bias [6]. Some
older people have difficulty evaluating their own compe-
tence or are reluctant to admit their inability to cope, lead-
ing to over-estimation of performance [6,8]. Family
members or caregivers may under- or over-estimate per-
formance, or may be unable to make a determination
because of a lack of opportunity to observe the patient
[6,8]. Furthermore, IADL scales are usually limited by reli-
ance on a single item to assess functional ability within
complex domains such as medication management and
lack of well-defined definitions for the skill required [8].
They also provide little information as to the cause of the
incapacity. Sometimes health professionals judge IADL
performance based on informal observation of the
patient, but these unstructured assessments are of
unproven efficiency for predicting performance, and the
results are usually unquantified and therefore not amena-
ble to comparison across or within individual patients [9].

There has been increasing interest in recent years in devel-
oping standardised, structured, performance-based meas-
ures that address the high-level IADLs using materials that
patients actually encounter in their daily lives [8,10]. Such
instruments can provide useful information not only in
terms of a score but also in terms of qualitative data relat-
ing to the individual's specific deficits.

The ideal assessment instrument should be objective,
quantitative, reliable, readily administered with minimal
training, easily and immediately scorable, brief, small and
portable and non-threatening to the subject. It should

assess both cognitive and physical abilities, [2,11] and
demonstrate clinical utility by providing information to
guide planning, application and/or monitoring of medi-
cation management interventions. It should have better
(or more reliable) predictive validity than self-report,
informant report and non-standardised assessment, and
demonstrate sensitivity to changes in function over time
as cognitive or physical function deteriorates.

A recent review identified 16 instruments designed to
assess patients' capacity to manage medications [12].
However the review was limited by the omission of sev-
eral instruments and validation studies, and the absence
of critical appraisal of the methodological quality of vali-
dation studies. The objective of our study was to critically
review the reliability and validity of published instru-
ments designed to assess patients' capacity to self-admin-
ister medications and identify those that may be suitable
for use in clinical practice or research.

Methods
Search strategy
A search of Medline (1966–2007), EMBASE (1980–
2007), CINAHL (1982–2007), PsycINFO (1967–2007)
International Pharmaceutical Abstracts (IPA; 1970–2007)
and Health and Psychosocial Instruments (1985–2007)
was conducted using the following terms: self administra-
tion, medication, medicine or drug, and ability, capacity,
competence, skill or geriatric assessment (limited to Eng-
lish language). Relevant reference texts [13-15], and Inter-
net sites [16,17] were reviewed, and bibliographies of
identified papers were screened.

Inclusion and exclusion criteria
To be included, instruments had to meet the following cri-
teria:

1. Designed to assess cognitive and physical ability to
manage medications;

2. Utilised standardised, structured, quantitative, direct
observation of patients' medication management per-
formance;

3. Described in adequate detail to enable test to be repli-
cated (all items and instructions published or able to be
obtained from authors);

4. At least one published report of psychometric evalua-
tion of instrument performance.

Instruments were excluded if they relied on self-report or
informant-report or included non-medication domains
(e.g. financial management, cooking) without providing
separate psychometric data on the medication domain.
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When studies appeared to fulfil the inclusion criteria, or in
cases of doubt, full-text copies were obtained. The litera-
ture search was conducted by one author (RAE), but
before any instrument was excluded it was independently
reviewed against the inclusion criteria by the second
author.

To ensure that we had all available psychometric data, a
search of Medline, EMBASE, IPA and Google was per-
formed using the full and abbreviated name of each
instrument (May 2008), and the authors of studies that
described development of a novel tool were contacted by
email to request unpublished data, tool revisions and
instructions for use. Information on each instrument was
compiled using a standard template that included: instru-
ment purpose, components of assessment, administration
and scoring procedures, time to administer, validation
samples, reliability and validity data.

Methodological quality of validation studies
Validation studies were reviewed independently by both
authors and methodological quality was rated using crite-
ria based on the Standards for Reporting of Diagnostic
Accuracy [see Additional file 1] [18]. In cases of disagree-
ment studies were discussed and consensus reached.

Instrument validity
Because there is no accepted 'gold standard' measure of
medication management ability against which criterion
validity can be judged [8,10], we reviewed content valid-
ity, construct validity, and responsiveness to change [19].
Content validity was judged through a consensus process
involving both authors, by determining whether instru-
ments assessed each of the main skill-areas necessary for
medication management: 1) identify medications (e.g. by
reading the label or recognising packaging), 2) access
medications from packaging, 3) comprehend and explain
or demonstrate medication instructions, 4) recall infor-
mation, and 5) administer medications [1,20]. Construct
validity was judged by reviewing the strength of one or
more of the following: association between subjects' per-
formance on the instrument and tests of related constructs
(e.g. medication adherence, IADL performance, cognitive
function, health literacy), convergent validity (where per-
formance on the instrument was compared with another
measure of medication management ability such as a car-
ers' judgement or performance on a second medication
management instrument), discriminative or 'extreme
groups' validity (where the instrument was administered
to a group of subjects known to have problems with med-
ication management or cognitive performance and nor-
mal controls), or comparison of instrument performance
with subjects' self-reported medication management or
place of residence (i.e. independent living versus sup-
ported care).

Based on instruments' reliability, validity and quality of
validation studies, together with ease and practicality of
use (e.g. administration time), we selected instruments
that in our opinion showed most potential for use in clin-
ical practice.

Results
Forty-nine published reports describing development
and/or application of 32 instruments were identified.
Eighteen did not meet the inclusion criteria (Table 1) [21-
38].

The 14 instruments included in the review fell into two
broad categories: those that used the patients' own medi-
cations as the basis for assessment [39-41], and those that
used a simulated medication regimen [42-52]. Two tools
used a simulated regimen plus assessment of knowledge
of the patients' own medications [42,44]. A description of
the included instruments is provided in Additional file
2[53,54].

Content validity
The extent to which instruments assessed medication
management skills was variable [see Additional file 3].
The theoretical framework or method used to select or
develop test items was not reported in most cases. All
instruments apart from MedMaIDE [41] required the
patient to identify one or more medication either by read-
ing a label or some other method. All instruments
required the patient to open at least one type of medica-
tion packaging, and all except MAI [42] and MMPT [52]
required the patient to remove a dose. All instruments
except MMPT [52] required the patient to comprehend
and either explain or set-out at least one medication. Abil-
ity to administer medication (e.g. swallow an oral dose)
was assessed by two tools (MedMaIDE, PA) [41,44]. Six
instruments assessed ability to recall information [40-
42,44,46,49].

Administration time
Most instruments were reported to take between 5 and 15
minutes to administer [see Additional file 2]. Instruments
that included an assessment of medication knowledge in
addition to the medication-taking task required more
time (15–30 minutes) [40-42,44,47]. Administration
time may be longer in patients with cognitive impair-
ment, and more variable for instruments that use patients'
own medications because of the variable number of med-
ications [55]. Five instruments had a time limit or timed
component [42,45,49-51].

Quality of validation studies
The quality of validation studies was generally low to
moderate [see Additional file 4]. Most instruments were
tested in relatively small, homogenous samples recruited
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from a single setting. Some studies specifically excluded
cognitively impaired individuals [42,45,49,50,55], and
only one instrument was tested in a representative sample
of older people [52]. For 10 instruments the person
administering the assessment was not blinded to results of
the reference standard and other validation tests (e.g. cog-
nitive function, IADL scores), or this information was not
provided [40-45,47,50-52]. In other cases, the rater was
blinded to some, but usually not all, patient data
[39,46,48,49,56]. Most studies did not adequately
describe reasons for patient exclusion or their characteris-
tics relative to the study subjects [40-43,45-49,51], or
whether study subjects were currently managing their own
medications [42-44,46-51], making generalisation of
findings difficult and introducing potential spectrum bias
[13,18,57]. In six studies the reference standard was not
applied to all subjects [9,44,45,47-49]. Only one valida-
tion study (MedMaIDE) reported sensitivity and specifi-
city with respect to its ability to predict a medication-
related outcome [41].

Only three instruments were evaluated in multiple popu-
lations by more than one research group (MMEI, DRUGS,

MMAA) [see Additional file 4]. The MMAA has been most
widely used, but all except one study involved subjects
with schizophrenia or other mental health disorders, lim-
iting generalisability.

In many cases, inadequate information was provided to
allow the test to be replicated, so contact with the devel-
opers was necessary. Some instrument developers have
made modifications after publishing the instrument,
seemingly without further validation (e.g. MMAA, MMT-
R).

Reliability
Few instruments were subjected to reliability testing [see
Additional file 4]. Only three (DRUGS, MedMaIDE,
MMT) have inter-rater reliability data available
[39,41,47], and for two of these (DRUGS, MMT) the
methods by which the data was obtained was not ade-
quately described [39,47]. Three instruments have test-
retest reliability data (DRUGS, MedMaIDE, MMAA)
[39,41,49]. Internal consistency was reported for four
instruments (HMS, MedMaIDE, MMT, MM Test)

Table 1: Excluded medication management assessment instruments

Instrument Author Reason for exclusion

Assisted Living Facilities Medication Assessment Meade 2001 [21] • No psychometric evaluation
Dexterity Test Begley 1997 [22] • Insufficient detail*

• No psychometric evaluation
• Assessment of physical ability only

Everyday Cognitive Battery Allaire 1999 [23] • Multi-domain tool†
• Insufficient detail*
• Assessment of cognitive ability only

Everyday Problems Test Willis 1996 [24] • Multi-domain tool†
• Insufficient detail*
• Assessment of cognitive ability only

Functional Limitations Assessment Hurd 1986 [25] • No psychometric evaluation
Medication Management Test Corrigan 1994 [26] • Insufficient detail*
Medication Regimen Adherence Capacity Test Fitten 1995 [27] • Psychometric evaluation of only part of the test
Observed Tasks of Daily Living (OTDL) Diehl 1995 [28] • Multi-domain tool†
Occupational Therapy Assessment Scale (OTAS) Fairbrother 1997 [29] • Multi-domain tool†

• Insufficient detail*
Occupational Therapy Assessment of Performance and 
Support (OTAPS)

Nadler 1993 [30] • Multi-domain tool†
• Insufficient detail*

Reading/Comprehension and Task Performance Tool Bailey 1995 [31] • Insufficient detail*
Regimen Comprehension Scale Yamada 2001 [32] • Assessment of cognitive ability only

• Insufficient detail*
Structured Assessment of Independent Living Skills (SAILS) Mahurin 1991 [33] • Multi-domain tool†
Self-Administration of Medication tool Manias 2006 [34] • No standardised structured observation of task 

performance
Self-Medication Risk Assessment Instrument Fuller 2005 [35] • No standardised structured observation of task 

performance
Structured Home Interview Sedgeworth 1990 [36] • Insufficient detail*
Timed Activities of Daily Living (TIADL) Owsley 2002 [37] • Multi-domain tool†

• Assessment of cognitive ability only
Virtual Reality Apartment Medication Management Assessment Kurtz 2007 [38] • Assessment of cognitive ability only

* insufficient detail to enable tool to be replicated
† multi-domain tool with no separate psychometric evaluation of the medication component
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[41,46,47,50]. No instrument has had its reliability con-
firmed independently by a second research group.

Construct validity
Cognitive function
The association between medication management per-
formance and measures of cognitive function was investi-
gated for 11 instruments, and an association was found
with 10 of these [see Additional file 4]. The association in
most cases was moderate (correlation coefficient 0.4–0.6)
(DRUGS, MedTake, MedMaIDE, MMAA, MAT) [39-
41,49,51,58-60]. For one instrument (MM Test), which
was originally developed as a screening tool for dementia,
the association was stronger (r = 0.66, p < 0.001) [46]. For
four instruments no correlation coefficient was provided
(MMEI, MMT, MMT-R, HMS) [43,47,48,50,61-63]. Lack
of association with SM Task may have been due to the
small homogenous sample (n = 20, MMSE >25/30) [45].

Health literacy
The association between medication management per-
formance and validated measures of health literacy was
reported for two instruments [see Additional file 4]. Med-
Take scores were associated with performance on the
Rapid Estimate of Adult Literacy in Medicine (REALM) (r
= 0.344; p < 0.01) [64]. In multiple regression analysis,
REALM was the strongest predictor of MedTake score,
accounting for 27% of variance. In another study, DRUGS
scores increased with increasing literacy (p = 0.001) [65].

Activities of daily living
Self-reported basic ADL performance was included in val-
idation studies for three instruments [see Additional file
4] [39,41,61], and a positive association with medication
management was found in only one (MMEI) [61]. This is
not surprising since medication management is a high-
level ADL and participants in most studies were relatively
high functioning. In the study where an association was
reported, 46% of subjects were dependent for at least one
basic ADL [61].

Self-reported IADL performance was assessed in studies
with five instruments, and an association was reported
with three of these (HMS, MAT, MMT-R) [see Additional
file 4] [48,50,51]. There was no association between
DRUGS scores and self-reported IADL performance [39],
while in the MedMaIDE validation study IADL data was
collected but not reported [41]. Given the limitations of
self-reported functioning, observed IADL performance
would be a more valid comparator [6,8]. This was availa-
ble for two instruments, and a moderate association was
found in both cases. The MMAA instrument was associ-
ated with scores on the Direct Assessment of Functional
Status instrument, a multi-domain functional perform-
ance measure (r = 0.51, p < 0.001) [49]. The MAT instru-

ment was associated with performance on the food
preparation item of the Naturalistic Action Test (r = 0.46,
p < 0.001) [51].

Medication adherence
Self-reported adherence was assessed in studies with four
instruments [see Additional file 4]. Although there was an
association with two items on the MAI, overall test per-
formance was not reported [42]. There was no association
with instrument performance in a study using DRUGS
and MMAA [55], and another using MMT [47]. There was
an association between MMAA total-score and self-
reported adherence (r = 0.37, p < 0.01) in a subgroup
analysis of independent-living older patients with mental
illness, but validity of this association is questionable
because there was no association with pill count adher-
ence in the same study [66].

Objective measures (e.g. pill count, medication refills)
may provide a more accurate estimate of medication
adherence, and these were included in studies with five
instruments [see Additional file 4]. The primary valida-
tion study for the MMAA included a subgroup analysis of
22 subjects with schizophrenia for whom 12 months of
medication refill data was available, and reported 67%
agreement (p < 0.001) in classification of patients into
adherent versus nonadherent using medication refill and
MMAA pill-count score (not MMAA total score) [49].
However >50% of subjects resided in supported care and
may not have been responsible for managing their own
medications. In another study, there was no association
between MMAA total score and pill count adherence in
older patients with mental illness, but in a post-hoc sub-
group analysis of subjects who lived independently there
was a weak association with the MMAA pills-under score
(r = 0.3, p < 0.05) [66]. There was a moderate association
between 30-day pill count adherence and MedMaIDE
scores (r = -0.52, p-value not reported) [41]; in a regres-
sion analysis, 27% of the variance in pill count adherence
was accounted for by the MedMaIDE score (p < 0.001),
and using a score of >1 as the cut-off, sensitivity was 68%
and specificity 83% [41]. No association was found
between adherence and instrument scores in studies using
the MMEI, SM Task and PA [45,62,67], but in two studies
adherence was assessed for only 16 and 14 subjects
respectively [45,62], while interpretation of the third
study is limited by poor description of the methodology
[67].

Other measures of medication management ability
The PA instrument was compared with success in an inpa-
tient self-medication program or self-medication at home.
Although the authors reported 69% predictive accuracy,
neither the cut-score for the instrument nor the criteria for
successful self-medication was reported [44]. Also, treat-
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ing physicians' and nurses' opinions had similar predic-
tive accuracy without using the instrument (62% and 58%
respectively) [44]. There was a moderate correlation
between MMAA and DRUGS scores in 52 independently
living patients (r = 0.56, p = 0.000) [55].

Discriminative (extreme groups) validity
In a study where MMAA performance in older schizo-
phrenic patients and normal controls was compared,
patients scored significantly lower than controls [49].
When MMT-R performance in HIV-positive subjects with
and without cognitive impairment was compared, those
with impaired cognition were more likely to fail [48].
Similarly, when Fulmer et al split their sample of older
people into normal cognitive status and cognitively
impaired, poor scores on the MM Test were obtained sig-
nificantly more often in subjects with cognitive impair-
ment [9]. In cross-sectional studies both DRUGS and MAT
scores were significantly lower in assisted living subjects
compared with independent living subjects [39,51],
although it is possible that this finding is confounded by
lack of medication familiarity and recent practice among
assisted living subjects.

Independent medication management
The relationship between medication management task
performance and whether or not patients were independ-
ently managing their medications at home was reported
for four instruments (DRUGS, MMEI, MMTest, MMPT)
[39,43,46,52]. Although performance was related to self-
reported or caregiver-reported medication management
in all four studies, again this could be confounded by lack
of medication familiarity or practice for those not manag-
ing their own medications.

Place of residence
In a prospective study, baseline DRUGS scores predicted
residence in assisted living at 6 months but not 12 months
[56]. Change in DRUGS scores between baseline and 12
months was associated with residence in assisted living at
12 months [56].

Responsiveness to change
Only two instruments were evaluated in longitudinal
studies. The DRUGS instrument demonstrated respon-
siveness to changes in cognitive function over 12 months
in 52 highly functioning older people [56], and over six
months in an interim analysis of an unpublished study
with a more diverse group of 58 older people [68]. MMAA
scores increased following a 12 week group medication
skills training program in an uncontrolled pilot study
involving 16 patients with bipolar disorder [69].

Head-to-head comparisons
Only one study has been published in which two medica-
tion management instruments (MMAA and DRUGS) were
administered to the same population [55]. As noted
above, there was an association between the two instru-
ments' scores, suggesting they were measuring the same
construct. Patients performed better on DRUGS than
MMAA, with 87% and 18% attaining the maximum pos-
sible score, and mean scores of 92% and 78% respectively
[55]. Better performance on the DRUGS instrument may
be partially explained by medication familiarity since
DRUGS uses the patients' own medications. It may also be
a result of the different scoring systems. Six patients (11%)
refused to take the DRUGS test, usually because they did
not want to bring their medications to the clinic. In con-
trast only three patients refused to take the MMAA test:
two felt they would be unable to do it (both had MMSE
20/30) and one cited 'lack of time' [55].

Discussion
There have been many attempts to develop a standard-
ised, objective, quantitative measure of patients' ability to
manage their own medications, but no published instru-
ment currently has sufficient evidence of reliability and
validity to allow it to be recommended for routine use in
clinical practice to predict outcomes such as medication
adherence or errors. Most instruments have had limited
evaluation of reliability, and although most have demon-
strated an association with at least one related construct
there is limited evidence of ability to predict successful
independent medication management in the real world. A
wide variety of reference standards and comparators has
been used for validity assessment, making it difficult to
compare instruments. All validation studies had method-
ological shortcomings and most were conducted in small
homogenous populations, which can lead to overestima-
tion of instrument validity [13,70]. Therefore the data for
most instruments needs to be regarded as preliminary,
until confirmed in larger, well-designed studies. The pos-
sibility of publication bias leading to over-estimation of
instrument validity also needs to be considered.

Based on current evidence, the instruments that in our
opinion show most promise and may warrant further
investigation are: DRUGS, MAT, MedMaIDE, MMAA, MM
Test and MMEI.

DRUGS [39] and MedMaIDE [41], which both use
patients' own medications, are the only instruments with
evidence of both inter-rater and test-retest reliability,
although this needs to be confirmed by researchers other
than the instruments' developers. The MedMaIDE instru-
ment demonstrated construct validity through moderate
correlations with pill-count medication adherence and
cognitive function, albeit in a single small study. A disad-
Page 6 of 10
(page number not for citation purposes)



BMC Geriatrics 2009, 9:27 http://www.biomedcentral.com/1471-2318/9/27
vantage is that it requires 30 minutes for administration.
The DRUGS instrument demonstrated construct validity
through its associations with cognitive function, health
literacy, independent medication management and
MMAA performance. It has also been shown to be respon-
sive to change, and has the advantage that it has been val-
idated in several patient groups by three different research
groups. It requires up to 15 minutes for administration.

The MAT [51] and MMAA [49] both require patients to
set-out 24 hours of a simulated medication regimen. They
take around 15 minutes to administer, but the MMAA
requires an additional 45–60 minute delay between
explaining the regimen to the patient and task comple-
tion. Validity of both instruments is supported by moder-
ate correlations with cognitive function and observed
IADL performance. MAT performance has also been asso-
ciated with level of supported care, and MMAA perform-
ance has been associated with DRUGS scores. MAT has no
reliability data, and has only been validated in one small
study. A strength of the MMAA is that it has been validated
by multiple research groups in large numbers of patients,
although mostly patients with mental health disorders.
Despite its widespread use, it has never been subjected to
inter-rater reliability testing. MAT uses more medications
but has a simpler scoring method that incorporates task
completion time, which may improve discriminative
validity [11].

MM Test [46] and MMEI [43] also use simulated medica-
tions but have the advantage of being faster to administer,
requiring approximately 5 minutes. MM Test is strongly
associated with cognitive function and moderately associ-
ated with independent medication management. It has
good internal consistency, but inter-rater and test-retest
reliability is unknown. MMEI has shown weaker associa-
tion with these two variables but has been evaluated by
three research groups. It has not been subjected to reliabil-
ity testing.

Although further research is needed before any of these
instruments could be used to reliably predict medication
outcomes, they could be used to qualitatively identify bar-
riers to successful medication management. Used in this
way they could assist health professionals to identify indi-
vidual patients' need for education, regimen simplifica-
tion, medication assistance or medication aids [44]. In
this context, the DRUGS, MedMaIDE, MedTake, MAI,
MMEI and PA instruments may provide the most infor-
mation about physical barriers and medication knowl-
edge, while the MM Test, MMAA and MAT instruments
may provide the best assessment of medication-related
cognitive abilities. A limitation of most instruments in the
assessment of physical barriers is that they assess ability to
access medications from vials only, whilst increasingly

medications are supplied in foil or blister-packs which can
also be difficult for patients to manage [1], and no instru-
ment assesses ability to self-administer complex dose-
forms such as inhalers and eye drops.

Our choice of instruments warranting further study differs
from recommendations made in an earlier review by Far-
ris and Phillips [12]. Consistent with our recommenda-
tions they selected DRUGS, MedMaIDE and MMAA,
however they also selected MMPT and HMS. We did not
recommend MMPT because, although it is a brief test, it
assesses a limited range of medication management skills
and it has limited construct validity data and no reliability
data.

The HMS also has limited construct validity and reliability
data and seems to offer no advantage over similar, better-
validated simulated medication regimen instruments
such as MMAA or MAT.

Although the choice of instruments is somewhat subjec-
tive, a strength of our review compared with that of Farris
and Phillips is that methodological quality of validation
studies was formally assessed and, together with psycho-
metric data, considered in the selection process. We also
considered instruments' applicability in all settings, not
just primary care. A limitation of both reviews is that
searches were limited to English language publications,
possibly leading to some instruments being overlooked.

Farris and Phillips suggested that instruments using
patient's own medications may be preferable due to
greater test authenticity and ability to assess patients'
medication knowledge [12]. These instruments also have
the advantage of not requiring special materials or props.
However they also have potential disadvantages: patients'
own medications need to be available, which may be
problematic in inpatient and clinic settings, and patients
may be reluctant to provide their medications for the test
[55]. These instruments may be best suited to situations
where assessment occurs in patients' homes or as part of a
'brown bag medication review'. Instruments using simu-
lated medications provide a higher level of test standardi-
sation, allowing comparisons to be made between
patients and within patients over time. They may be suited
to settings where patients' own medications are unavaila-
ble or medications are being newly commenced, such as
clinics or hospital wards. Because these tests use a medica-
tion regimen that is not familiar to the patient, they are
able to assess capacity to manage new medications (e.g.
after discharge from hospital). To avoid bias due to med-
ication familiarity, it may be preferable that simulated reg-
imens contain mock medications (e.g. as in MMAA),
rather than real medications.
Page 7 of 10
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No study has reported on the acceptability of medication
management assessment instruments to patients. Admin-
istration of these instruments in clinical practice could
potentially be stressful for frail elderly patients, especially
if they believe that poor performance may lead to loss of
independence (e.g. placement in residential care). It is
possible that instruments using patients' own medica-
tions may be less threatening compared to unfamiliar
simulated regimens, but this has not been studied and is
not supported by a finding that fewer patients declined to
take the MMAA test than the DRUGS test in the only study
that has compared two instruments [55].

Instrument development is ongoing. We are aware of
three additional instruments that were not included in
this review, all using simulated medications. Two had
only been published in abstract or thesis form [71,72],
while the third was published after this review was com-
pleted and assessed cognitive medication management
abilities only [73]. There is a need for further research to
confirm the reliability and validity of published standard-
ised medication management assessment instruments.
The quality of validation studies needs to be improved, for
example by blinding testers to results of reference stand-
ard assessments. When medication adherence is used for
instrument validation, objective adherence measures
should be used, and only patients who are responsible for
managing their own medications included. However, it
may be unrealistic to expect any of the current instru-
ments to predict medication adherence with a high level
of accuracy. Since most instruments assess only the cogni-
tive and physical abilities required to manage medica-
tions, their results reflect subjects' capacity to accomplish
the tasks, and performance in real life may not fulfil the
potential indicated by capacity [6,10,46]. A range of addi-
tional factors contribute to whether or not a patient will
adhere to a medication regimen, including: motivation,
belief that the therapy is necessary and effective, self-effi-
cacy, relationship with healthcare providers, lifestyle and
cultural factors and financial capacity [8,10,20]. The Med-
MaIDE instrument, which had a moderate association
with pill-count adherence included items related to
accessing ongoing medication supplies, in addition to
physical and cognitive abilities [41]. Inclusion of items
addressing additional adherence-related factors could
potentially increase predictive accuracy. Novel validation
methods may be required in future studies, due to the lack
of a 'gold standard' for medication management ability.
For example, the instrument could be administered to
hospital patients entering an inpatient self-administration
of medication program, allowing performance on the
instrument to be compared with performance on the pro-
gram.

Conclusion
A number of performance-based instruments exist to
assess older patients' ability to manage their own medica-
tions. These instruments may be useful for identifying
physical and cognitive barriers to successful medication
management, but further studies are needed to determine
whether they are able to reliably predict medication out-
comes such as adherence or errors.

Abbreviations
DRUGS: Drug Regimen Unassisted Grading Scale, HMS:
Hopkins Medication Schedule, MAI: Medication Assess-
ment Instrument, MAT: Medication Administration Test,
MedMaIDE: Medication Management Instrument for
Deficiencies in the Elderly, MMAA: Medication Manage-
ment Ability Assessment, MMEI: Medication Manage-
ment Evaluation Instrument, MMPT: Medication
management performance tests, MMT: Albert's Medica-
tion Management Test, MMT-R: Albert's Medication Man-
agement Test-Revised, MM Test: Gurland's Medication
Management Test, PA: Pharmacy Assessment, SM Task:
Self-Medication Task.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
RAE conceived and designed the study, conducted the lit-
erature search, data extraction and analysis, and prepared
the manuscript. JLM contributed to study design and data
analysis, and reviewed drafts of the manuscript.

Authors' information
RAE is a senior clinical pharmacist at Austin Health and
clinical senior lecturer in aged care pharmacy practice at
Monash University. JLM is a senior lecturer in clinical
pharmacy at Monash University.

Additional material

Additional file 1
Supplemental table S1. Criteria used to assess methodological quality of 
validation studies.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2318-9-27-S1.doc]

Additional file 2
Supplemental table S2. Description of medication management assess-
ment instruments included in the review.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2318-9-27-S2.doc]
Page 8 of 10
(page number not for citation purposes)

http://www.biomedcentral.com/content/supplementary/1471-2318-9-27-S1.doc
http://www.biomedcentral.com/content/supplementary/1471-2318-9-27-S2.doc


BMC Geriatrics 2009, 9:27 http://www.biomedcentral.com/1471-2318/9/27
Acknowledgements
This review was part-funded by a research grant from the Society of Hos-
pital Pharmacists of Australia's DBL Development Fund.

References
1. Beckman A, Bernsten C, Parker MG, Thorslund M, Fastbom J: The

difficulty of opening medicine containers in old age: a popu-
lation-based study.  Pharm World Sci 2005, 76:393-398.

2. Barbas NR, Wilde EA: Competency issues in dementia: medical
decision making, driving and independent living.  J Geriatr Psy-
chiatry Neurol 2001, 14:199-212.

3. Kuzuya M, Hirakawa Y, Suzuki Y, Iwata M, Enoki H, Hasegawa J, Iguchi
A: Association between unmet needs for medication support
and all-cause hospitalization in community-dwelling disabled
elderly people.  J Am Geriatr Soc 2008, 56:881-886.

4. Field TS, Mazor KM, Briesacher B, DeBellis KR, Gurwitz JH: Adverse
drug events resulting from patient errors in older adults.  J
Am Geriatr Soc 2007, 55:271-276.

5. Lieto JM, Schmidt KS: Reduced ability to self-administer medi-
cation is associated with assisted living placement in a con-
tinuing care retirement community.  J Am Med Dir Assoc 2005,
6(4):246-249.

6. Applegate WB, Blass JP, Williams TF: Instruments for functional
assessment of older patients.  N Engl J Med 1990,
322(17):1207-1214.

7. Royall DR, Chiodo LK, Polk MJ: Correlates of disability among
elderly retirees with "subclinical" cognitive impairment.  J
Gerontol A Biol Sci Med Sci 2000, 55:M541-546.

8. Diehl M: Everyday competence in later life.  Gerontologist 1998,
38(4):422-433.

9. Fulmer T, Gurland B: Evaluating the caregiver's intervention in
the elder's task performance: capacity versus actual behav-
ior.  Int J Geriatr Psychiatry 1997, 12(9):920-925.

10. Moore DJ, Palmer BW, Patterson TL, Jeste DV: A review of per-
formance-based measures of functional living skills.  J Psychiatr
Res 2007, 41:97-118.

11. Willams ME, Hadler NM, Earp JL: Manual ability as a marker of
dependency in geriatric women.  J Chronic Dis 1982, 35:115-122.

12. Farris KB, Phillips BB: Instruments assessing capacity to man-
age medications.  Ann Pharmacother 2008, 42:1026-1036.

13. McDowell I: Measuring health: a guide to rating scales and
questionnaires.  3rd edition. New York: Oxford University Press;
2006. 

14. Bowling A: Measuring disease: a review of disease-specific
quality of life measurement scales.  2nd edition. Buckingham:
Open University Press; 2001. 

15. Bowling A: Measuring health: a review of disease-specific qual-
ity of life measurement scales.  3rd edition. New York: Open
University Press; 2005. 

16. TestLink: Educational Testing Service. TestLink database.
[http://www.ets.org].

17. Buros Institute of Mental Measurement: Test Reviews Online.
[http://www.unl.edu/buros].

18. Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig
LM, Moher D, Rennie D, de Vet HCW, Lijmer JG: The STARD
statement for reporting studies of diagnostic accuracy:
explanation and elaboration.  Ann Intern Med 2003, 138:W1-12.

19. Streiner DL, Norman GR: Health measurement scales: a prac-
tical guide to their development and use.  3rd edition. Oxford:
Oxford University Press; 2003. 

20. Murray MD, Morrow DG, Weiner M, Clark DO, Tu W, Deer MM,
Brater DC, Weinberger M: A conceptual framework to study
medication adherence in older adults.  Am J Geriatr Pharmacother
2004, 2:36-43.

21. Meade V: A new comprehensive model for assisted living
medication management and wellness care.  Consultant Phar-
macist 2001, 16(7):9-17.

22. Begley S, Livingstone C, Hodges N, Williamson V: Impact of domi-
ciliary pharmacy visits on medication management in an eld-
erly population.  Int J Pharm Pract 1997, 5:111-121.

23. Allaire JC, Marsiske M: Everyday cognition: age and intellectual
ability correlates.  Psychol Aging 1999, 14(4):627-644.

24. Willis SL: Everyday cognitive competence in elderly persons:
conceptual issues and empirical findings.  Gerontologist 1996,
36:595-601.

25. Hurd PD, Butkovich SL: Compliance problems and the older
patient: assessing functional limitations.  Drug Intell Clin Pharm
1986, 20:228-231.

26. Corrigan PW, Wallace CJ, Schade ML, Green MF: Learning medi-
cation self-management skills in schizophrenia: relationships
with cognitive deficits and psychiatric symptoms.  Behav Ther
1994, 25:5-15.

27. Fitten LJ, Coleman L, Siembieda DW, Yu M, Ganzell S: Assessment
of capacity to comply with medication regimens in older
patients.  J Am Geriatr Soc 1995, 43(4):361-367.

28. Diehl M, Willis SL, Schaie KW: Everyday problem solving in
older adults: observational assessment and cognitive corre-
lates.  Psychol Aging 1995, 10(3):478-491.

29. Fairbrother G, Burke D, Fell K, Schwartz R, Schuld W: Studies on
measurement: development of the St. George Hospital
memory disorders clinic occupational therapy assessment
scale.  Int Psychogeriatr 1997, 9(2):115-122.

30. Nadler JD, Richardson ED, Malloy PF: The ability of the Dementia
Rating Scale to predict everyday functioning.  Arch Clin Neu-
ropsychol 1993, 8:449-460.

31. Bailey A, Ferguson E, Voss S: Factors affecting an individual's
ability to administer medication.  Home Healthc Nurse 1995,
13(5):57-63.

32. Yamada H, Sugiyama T, Ashida T, Ohwaki H, Fuji J: Medication
management skill and regimen compliance are deteriorated
in the elderly even without obvious dementia.  Yakugaku Zasshi
2001, 121(2):187-190.

33. Mahurin RK, DeBettignies BH, Pirozzolo FJ: Structured assess-
ment of independent living skills: preliminary report of a per-
formance measure of functional abilities in dementia.  J
Gerontol 1991, 46:P58-66.

34. Manias E, Beanland CJ, Riley RG, Hutchinson AM: Development
and validation of the self-administration of medication tool.
Ann Pharmacother 2006, 40:1064-1073.

35. Fuller D, Watson R: Validating a self-medication risk assess-
ment instrument.  Clin Eff Nurs 2005, 9:78-83.

36. Sedgeworth CH, Hudson SA, Jefferson GC, MacLennan WJ: Phar-
macist assessment of very elderly patients' ability to self-
medicate: (1) a structured home interview.  Pharmaceutical Jour-
nal 1990:R24-27.

37. Owsley C, Sloane M, McGwin G, Karlene B: Timed instrumental
activities of daily living tasks: relationship to cognitive func-
tion and everyday performance assessments in older adults.
Gerontology 2002, 48(4):254-265.

38. Kurtz MM, Baker E, Pearlson GD, Astur RS: A virtual reality apart-
ment as a measure of medication management skills in
patients with schizophrenia: a pilot study.  Schizophr Bull 2007,
33(5):1162-1170.

39. Edelberg HK, Shallenberger E, Wei JY: Medication management
capacity in highly functioning community-living older adults:
detection of early deficits.  J Am Geriatr Soc 1999, 47(5):592-596.

40. Raehl CL, Bond CA, Woods T, Patry RA, Sleeper RB: Individualized
drug use assessment in the elderly.  Pharmacotherapy 2002,
22(10):1239-1248.

Additional file 3
Supplemental table S3. Medication management skills assessed by 
included instruments.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2318-9-27-S3.doc]

Additional file 4
Supplemental table S4. Reliability and validity of medication manage-
ment assessment instruments.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2318-9-27-S4.doc]
Page 9 of 10
(page number not for citation purposes)

http://www.biomedcentral.com/content/supplementary/1471-2318-9-27-S3.doc
http://www.biomedcentral.com/content/supplementary/1471-2318-9-27-S4.doc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11794448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11794448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18384585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18384585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18384585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17302666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17302666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16005410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16005410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16005410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2183053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2183053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10995053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10995053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9726129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9309470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9309470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9309470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16360706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16360706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7056836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7056836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18594054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18594054
http://www.ets.org
http://www.unl.edu/buros
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12513067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12513067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12513067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15555477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15555477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10632150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10632150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8942103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8942103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3956383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3956383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7706624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7706624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7706624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8527068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8527068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8527068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9309485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9309485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9309485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14589714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14589714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7591825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7591825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11218734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11218734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11218734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1997577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1997577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1997577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16735654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16735654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12053117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12053117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16956984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16956984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16956984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10323653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10323653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10323653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12389875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12389875


BMC Geriatrics 2009, 9:27 http://www.biomedcentral.com/1471-2318/9/27
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

41. Orwig D, Brandt N, Gruber-Baldini AL: Medication management
assessment for older adults in the community.  Gerontologist
2006, 46(5):661-668.

42. Murray MD, Darnell J, Weinberger M, Martz BL: Factors contrib-
uting to medication noncompliance in elderly public housing
tenants.  Drug Intell Clin Pharm 1986, 20:146-152.

43. Meyer ME, Schuna AA: Assessment of geriatric patients' func-
tional ability to take medication.  DICP 1989, 23(2):171-174.

44. Romonko L, Pereles L: An evaluation of pharmacy assessment
for geriatric patients.  Canadian Journal of Hospital Pharmacy 1992,
45(1):15-20.

45. Isaac LM, Tamblyn RM: Compliance and cognitive function: a
methodological approach to measuring unintentional errors
in medication compliance in the elderly. McGill-Calgary
Drug Research Team.  Gerontologist 1993, 33(6):772-781.

46. Gurland BJ, Cross P, Chen J, Wilder DE, Pine ZM, Lantigua RA, Ful-
mer T: A new performance test of adaptive cognitive func-
tioning: the Medication Management (MM) Test.  Int J Geriatr
Psychiatry 1994, 9:875-885.

47. Albert SM, Weber CM, Todak G, Polanco C, Clouse R, McElhiney M,
Rabkin J, Stern Y, Marder K: An observed performance test of
medication management ability in HIV: relation to neu-
ropsychological status and medication adherence outcomes.
AIDS Behav 1999, 3(2):121-128.

48. Heaton RK, Marcotte TD, Mindt MR, Sadek J, Moore DJ, Bentley H,
Mccutchan JA, Reicks C, Grant I: The impact of HIV-associated
neuropsychological impairment on everyday functioning.  J
Int Neuropsychol Soc 2004, 10:317-331.

49. Patterson TL, Lacro J, McKibbin CL, Moscona S, Hughs T, Jeste DV:
Medication management ability assessment: results from a
performance-based measure in older outpatients with schiz-
ophrenia.  J Clin Psychopharmacol 2002, 22(1):11-19.

50. Carlson MC, Fried LP, Xue Q, Tekwe C, Brandt J: Validation of the
Hopkins Medication Schedule to identify difficulties in taking
medications.  J Gerontol A Biol Sci Med Sci 2005, 60(2):217-223.

51. Schmidt KS, Lieto JM: Validity of the Medication Administration
Test among older adults with and without dementia.  Am J
Geriatr Pharmacother 2005, 3(4):255-261.

52. Beckman AGK, Parker MG, Thorslund M: Can elderly people take
their medicine?  Patient Educ Couns 2005, 59(2):186-191.

53. Hope C, Wu J, Tu W, Young J, Murray M: Association of medica-
tion adherence, knowledge, and skills with emergency
department visits by adults 50 years or older with congestive
heart failure.  Am J Health-Syst Pharm 2004, 61(19):2043-2049.

54. Windham B, Griswold M, Fried L, Rubin G, Xue Q, Carlson M:
Impaired vision and the ability to take medications.  J Am Ger-
iatr Soc 2005, 53(7):1179-1190.

55. Hutchison LC, Jones SK, West DS, Wei JY: Assessment of medi-
cation management by community-living elderly persons
with two standardized assessment tools: a cross-sectional
study.  Am J Geriatr Pharmacother 2006, 4(2):144-153.

56. Edelberg HK, Shallenberger E, Hausdorff JM, Wei JY: One-year fol-
low-up of medication management capacity in highly func-
tioning older adults[see comment].  J Gerontol A Biol Sci Med Sci
2000, 55(10):M550-553.

57. Jaeschke R, Guyatt G, Sackett DL: Users' guide to the medical lit-
erature: III. How to use an article about a diagnostic test: A.
Are the results of the study valid?  JAMA 1994, 271:389-391.

58. Heinrichs RW, Goldberg JO, Miles AA, Vaz SM: Predictors of med-
ication competence in schizophrenia patients.  Psychiatry Res
2008, 157:47-52.

59. Depp CA, Cain AE, Palmer BW, Moore DJ, Eyler LT, Lebowitza BD,
Patterson TL, Jeste DV: Assessment of medication manage-
ment ability in middle-aged and older adults with bipolar dis-
order.  J Clin Psychopharmacol 2008, 28:225-229.

60. Jeste SD, Patterson TL, Palmer BW, Dolder CR, Goldman S, Jeste DV:
Cognitive predictors of medication adherence among mid-
dle-aged and older outpatients with schizophrenia.  Schizophr
Res 2003, 63:49-58.

61. Ruscin JM, Semla TP: Assessment of medication management
skills in older outpatients.  Ann Pharmacother 1996,
30(10):1083-1088.

62. Fritsch MA, Gray CD: Correlation of the medication manage-
ment evaluation instrument with compliance in geriatric
patients.  Journal of Pharmacy Technology 1998, 14(1):18-21.

63. Albert SM, Flater SR, Clouse R, Todak G, Stern Y, Marder K: Medi-
cation management skill in HIV: I. Evidence for adaptation of
medication management strategies in people with cognitive
impairment. II. Evidence for a pervasive lay model of medi-
cation efficacy.  AIDS Behav 2003, 7(3):329-338.

64. Raehl CL, Bond CA, Woods TJ, Patry RA, Sleeper RB: Screening
tests for intended medication adherence among the elderly.
Ann Pharmacother 2006, 40(5):888-893.

65. Kripalani S, Henderson LE, Chiu EY, Robertson R, Kolm P, Jacobson
TA: Predictors of medication self-management skill in a low-
literacy population.  J General Intern Med 2006, 21(8):852-856.

66. Pratt SI, Mueser KT, Driscoll M, Wolfe R, Bartels SJ: Medication
nonadherence in older people with serious mental illness:
prevalence and correlates.  Psychiatr Rehabil J 2006,
29(4):299-310.

67. Johnson M, Griffiths R, Piper M, Langdon R: Risk factors for an
untoward medication event among elders in community-
based nursing caseloads in Australia.  Public Health Nurs 2005,
22(1):36-44.

68. Edelberg HK, Rubin RN, Heller DM, Dadiomova Y: Does DRUGS
predict functional loss in a diverse population of ambulatory
older adults?: preliminary results [abstract].  J Am Geriatr Soc
2002, 50:S37.

69. Depp CA, Lebowitza BD, Patterson TL, Lacro JP, Jeste DV: Medica-
tion adherence skills training for middle-aged and elderly
adults with bipolar disorder: development and pilot study.
Bipolar Disord 2007, 9:636-645.

70. Lijmer JG, Mol BW, Heisterkamp S, Bonsel GJ, Prins MH, Meulen JHP
van der, Bossuyt PM: Empirical evidence of design-related bias
in studies of diagnostic tests.  JAMA 1999, 282:1061-1066.

71. Jandok B, Power A, Hudson S, Reeves I, Wallace P: Development
of a scored assessment tool to test older patients' ability to
self-medicate [abstract].  Age Ageing 2004, 33(Suppl 2):ii21.

72. Caffery DM: Components of medication management: psy-
chometric properties of the cognitive screen for medication
self-management (CSMS) test in older adults.  In A thesis sub-
mitted in partial fulfillment of the requirement for the degree of Doctor of
Philosophy Philadelphia: Drexel University; 2007. 

73. Anderson K, Jue SG, Madaras-Kelly KJ: Identifying patients at risk
for medication mismanagement: using cognitive screens to
predict a patient's accuracy in filling a pillbox.  Consultant Phar-
macist 2008, 23(6):459-472.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2318/9/27/prepub
Page 10 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17050757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17050757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3948692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3948692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3948692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2728508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2728508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10117358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10117358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8314104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8314104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8314104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15147590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15147590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11799337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11799337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11799337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15814866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15814866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15814866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16503321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16503321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16257624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16257624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15509127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15509127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15509127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16108936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16108936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16860261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16860261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16860261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11034226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11034226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11034226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8283589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8283589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8283589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17897721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17897721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18344736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18344736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18344736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12892857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12892857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12892857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8893112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8893112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14586194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14586194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14586194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16595567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16595567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16689041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16689041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16689041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15670323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15670323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15670323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17845279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17845279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10493205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10493205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18764676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18764676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18764676
http://www.biomedcentral.com/1471-2318/9/27/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Methodological quality of validation studies
	Instrument validity

	Results
	Content validity
	Administration time
	Quality of validation studies
	Reliability
	Construct validity
	Cognitive function
	Health literacy
	Activities of daily living
	Medication adherence
	Other measures of medication management ability
	Discriminative (extreme groups) validity
	Independent medication management
	Place of residence

	Responsiveness to change
	Head-to-head comparisons

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Authors' information
	Additional material
	Acknowledgements
	References
	Pre-publication history

