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Psychometric Evaluation of a Self-Medication
Assessment Tool in an Elderly Population
Janice M Irvine-Meek and Odette N Gould

ABSTRACT
Background: Most community-dwelling older adults are engaged in
medication self-management activities. Deviation in these activities can
lead to adverse outcomes for patients and an increased burden on the
health care system. Successful medication self-management involves a
complex interaction among cognitive, functional, and psychosocial 
variables. Several assessment instruments have been developed, but there
remains a need for an effective and comprehensive tool.

Objective:To evaluate the psychometric properties (inter-rater reliability,
test–retest reliability, and validity), as well as the usability, of the 
Self-Medication Assessment Tool (SMAT), an instrument designed to
measure elderly patients’ ability to manage their medications.

Methods:The study enrolled patients 65 years of age or older who were
living independently and were admitted to family medicine beds in a
community hospital in eastern Canada. Three subsamples of the popu-
lation were identified. The inter-rater reliability group was videotaped
and scored independently by 2 pharmacists. The test–retest reliability
group was tested with the SMAT and was retested with the same tool a
week later. The usability group was interviewed after using the SMAT to
determine their satisfaction. Standard neuropsychological measures
(Cognitive Competency Test, clock-drawing test, and Mini Mental State
Examination [MMSE]) were used to determine convergent and divergent
validity. Pill counts, refill rates, and use of adherence aids or reminders
before study enrolment were used as measures of concurrent validity.

Results: A total of 121 patients (mean age 81.5 years) were enrolled. The
scales of the SMAT were determined to have good internal consistency
and high inter-rater and test–retest reliability. Convergent validity was
evidenced by the high positive correlation between the functional scale
of the SMAT and the results of the clock-drawing and Cognitive 
Competency tests (p < 0.01) and between the cognitive and recall scales
of the SMAT and the results of the clock-drawing test (p < 0.05), the
MMSE (p < 0.01), and the Cognitive Competency Test (p < 0.01).
Patients reported being highly satisfied with their experience. 

Conclusion: The SMAT is a practical, reliable, comprehensive 
instrument with demonstrated convergent validity, strong patient
acceptability, and various internally consistent scales that assess multiple
dimensions of elderly patients’ ability to self-manage their medications.
Further testing is required to show that the SMAT correlates with 
medication adherence.

Key words: medication therapy management, geriatric assessment, 
psychometrics, self-care, medication adherence

RÉSUMÉ
Contexte : La plupart des adultes âgés vivant dans la communauté gèrent
eux-mêmes les activités liées à la prise de leurs médicaments. Tout 
changement dans ces activités peut entraîner des résultats indésirables
pour les patients et un fardeau supplémentaire pour le système de santé.
La réussite de l’autogestion des médicaments fait appel à une interaction
complexe entre diverses variables cognitives, fonctionnelles et 
psychosociales. Aucun des nombreux outils mis au point pour évaluer le
degré de réussite de l’autogestion des médicaments chez ces personnes ne
s’est encore révélé efficace ni complet.

Objectif : Évaluer les propriétés psychométriques (la fidélité interévalua-
teurs, la constance et la validité) ainsi que la convivialité de l’outil 
d’évaluation de l’automédication (OEAM), conçu pour mesurer la 
capacité des patients âgés à autogérer la prise de leurs médicaments. 

Méthodes : On a mené une étude chez des patients âgés d’au moins 65
ans vivant de façon autonome qui ont été hospitalisés dans une unité de
médecine familiale d’un hôpital communautaire de l’Est du Canada. Trois
sous-échantillons de la population à l’étude ont été déterminés. Le groupe
fidélité interévaluateurs a été filmé puis évalué indépendamment par deux
pharmaciens. Le groupe constance a fait l’objet d’une première évaluation
au moyen de l’OEAM, puis d’une deuxième évaluation avec ce même
outil après une semaine. Pour mesurer la satisfaction des patients, le
groupe convivialité a été interviewé après l’évaluation au moyen de
l’OEAM. Des mesures neuropsychologiques standards (test d’évaluation
cognitive, test de l’horloge et le mini-examen de l’état mental [MEEM])
ont été utilisées pour déterminer la validité convergente et divergente. Le
comptage des comprimés, le taux de renouvellement des ordonnances et
l’emploi d’outils d’aide à l’observance ou de mémentos avant l’inscription
à l’étude ont été utilisés pour mesurer la validité concourante. 

Résultats : Un total de 121 patients (âge moyen de 81,5 ans) ont été
inscrits à l’étude. Les échelles de l’OEAM ont montré une bonne
cohérence interne ainsi qu’une fidélité interévaluateurs et une constance
élevées. La validité convergente a été attestée par une forte corrélation pos-
itive entre l’échelle fonctionnelle de l’OEAM et les résultats du test de
l’horloge et du test d’évaluation cognitive (p < 0,01) et entre les échelles
cognitives et d’évocation de l’OEAM et les résultats du test de l’horloge
(p < 0,05), du MEEM (p < 0,01) et du test d’évaluation cognitive 
(p < 0,01). Les patients ont déclaré être très satisfaits de leur expérience. 

Conclusion : L’OEAM est un outil pratique, fiable et complet avec une
validité convergente démontrée, une forte acceptabilité par les patients et
diverses échelles dotées de cohérence interne évaluant des aspects 
multiples de la capacité des patients âgés à autogérer leurs médicaments.
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INTRODUCTION

Aperson’s capacity for medication management is defined as
the “cognitive and functional ability to self-administer a

medication regimen as it has been prescribed”.1 The majority of
community-dwelling older adults are engaged in the self-care
activity of managing a medication regimen. There is consider-
able potential for deviations in this self-care activity, and the
consequences to the independence of older adults and to the
health-care system can be substantial. It has been estimated that
50% to 75% of people do not take their medications as 
prescribed,2 and drug-related problems are reported to be a
major or contributing cause for 19% to 28% of hospital admis-
sions among people over age 50 years.3-6 Furthermore, a change
in the capacity of older adults to self-administer a medication
regimen over 12 months was associated with an increase in the
frequency of visits to the emergency department and with a
move to an assisted living situation.7,8

Medication self-administration is a complex task that
involves cognitive, functional, and psychosocial variables.9,10

Several studies have employed various tests of cognitive capacity
and memory in an attempt to predict success in medication self-
administration.11-18 The Drug Regimen Unassisted Grading
Scale (DRUGS)7,8 and the Brief Medication Questionnaire19

were designed to measure various aspects of capacity for medi-
cation self-management. The DRUGS tool and the Medication
Management Ability Assessment were highly correlated with
each other and with cognitive function, but they lacked pre-
dictability.20 A comprehensive tool to evaluate elderly patients’
ability to manage their medications is still needed.21,22 The 
deficiencies in assessment tools published to date are the lack of
capacity for scoring or otherwise quantifying the results, poor
inter-rater reliability, undetermined reproducibility of the
results, and lack of data on their acceptability to patients.

The present report describes an evaluation of the Self-
Medication Assessment Tool (SMAT), a comprehensive instru-
ment that can be used to screen for deficits in medication self-
management and to facilitate targeted interventions in elderly
patient populations. An experienced pharmacist specializing in
geriatrics (J.I.-M.) and a cognitive psychologist specializing in
research about aging (O.N.G.) developed the SMAT at a 
community hospital in eastern Canada. The SMAT includes
functional, cognitive, recall, self-reported adherence, and pur-

poseful nonadherence items selected to quantify patients’ 
capacity for medication self-management. Thus, the instrument
combined elements from existing tools7,8,11,18,19 with new 
elements not previously used. The development of the SMAT
and preliminary testing for face validity and usability were
described in a previous report.23 The objectives of the present
study were to test the inter-rater reliability, test–retest reliability,
and validity of the SMAT. 

METHODS

The study was conducted at The Moncton Hospital (now
part of Horizon Health Network), a community hospital in 
eastern Canada. Ethics approval was obtained from both the
Southeast Regional Health Authority (now Horizon Health
Network) Research Ethics Board and the Mount Allison 
University Research Ethics Board. 

Participants

Patients were eligible for inclusion in the study if they had
been admitted to a family medicine bed at the hospital, were 65
years of age or older, spoke English, were taking 2 or more pre-
scribed medications before admission, had intact verbal com-
munication ability, were living independently in the communi-
ty before admission, and had undergone pharmacist-verified
medication reconciliation at the time of admission. 

Patients were excluded from the study if they were living in
a long-term care facility or had extensive assistance from family
members or caregivers in managing their medications. Patients
with a medical condition of high acuity that would have pre-
vented participation in the testing were also excluded. 

A trained research assistant screened the daily admission
records for patients who met the inclusion criteria and
approached eligible patients to invite them to participate in the
study. All participants provided written informed consent. The
study goal was to test a minimum of 120 patients. Patients were
initially asked to participate in the inter-rater reliability group.
Patients who refused to be videotaped but who agreed to partici -
pate in the study were enrolled in the general sample. The 
original goal was to include one-quarter of the study patients in
the inter-rater reliability group.24 However, preliminary analyses
indicated that given the large effect sizes, sufficient statistical

D’autres évaluations sont cependant nécessaires pour démontrer la 
corrélation entre l’OEAM et l’observance thérapeutique.

Mots clés : gestion du traitement médicamenteux, évaluation gériatrique,
psychométrie, autosoins, observance du traitement médicamenteux

[Traduction par l’éditeur]
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power would be obtained with a smaller sample. In the second
stage of enrolment, patients who met the inclusion criteria (and
who were not included in the inter-rater reliability subsample)
were asked to participate in the test–retest reliability group.
Patients who refused to be tested twice but agreed to participate
in the study were enrolled in the general sample. Again, prelim-
inary analyses indicated that sufficient statistical power was
achieved before the original goal of testing one-quarter of the
patients was reached. In the third stage of enrolment, a sample
of the study participants were asked to participate in the usability
group, with the goal of obtaining at least one-quarter of the
patients in this subsample.25 Finally, the rest of the sample served
as a comparison group for the reliability and usability subsamples.

Inter-rater Reliability Subsample

Inter-rater reliability was tested with the first subsample of
patients, as described above. This part of the study involved
videotaping of face-to-face interviews during which one of the
study pharmacists conducted the SMAT. This pharmacist then
scored the patient off-camera. A second study pharmacist subse-
quently and independently viewed and scored the videotaped
interview. The 2 pharmacists received the same training in
administration of the SMAT.

Test–Retest Subsample

Test–retest reliability was determined with the test–retest
subsample, described above. For each of these patients, a single
pharmacist administered the SMAT twice, with an interval of 1
week between testing. Participants’ responses during initial
administration of the SMAT were compared with their responses
on repeat administration. A total of 4 pharmacists participated
in the test–retest phase, all of whom had received standardized
training in administration of the instrument.

Usability Subsample

To determine the acceptability of the SMAT and to evaluate
both the potential for misinterpretation of the questions and the
potential that the questions were invalid for the target popula-
tion, brief face-to-face post-test interviews were carried out with
a number of patients. 

Measures
Pill Counts

Pill counts were conducted for patients whose medication
supplies from home were available. For each medication, the per-
cent adherence was calculated with the following equation: (no. of
tablets taken/no. of tablets that should have been taken, based on
prescription fill date and label instructions) × 100. Average percent
adherence was determined by dividing the sum of all calculated
percent adherence values by the total number of medications.26

Pharmacy Refill Rates

To determine pharmacy refill rates, the patient’s community
pharmacy was asked to provide a prescription dispensing profile
for the 6 months before admission. Self-reported home medica-
tions were matched with those documented in the profile. The
percent adherence with refills was calculated as follows: (no. of
days supply for each prescription/no. of days between refills) 
× 100. The average percent adherence was calculated as the sum
of all percent adherence scores divided by the total number 
of medications refilled.27

Absolute adherence scores were also calculated for both pill
counts and refill rates. For example, for a patient who took 20%
too many or too few doses, a score of 80% adherence was
recorded. 

Medication Complexity Index and Beers Criteria

A trained research assistant reviewed each patient’s medica-
tion regimen and calculated the Medication Complexity
Index.28 The research assistant also applied the Beers criteria3 and
identified the number and type of high-risk medications. The
total Beers score for each patient was calculated by summing
weighted scores, whereby high-severity medications were multi-
plied by 2 and low-severity medications by 1. 

Cognitive Assessment

Occupational therapists administered the Mini Mental
State Exam (MMSE),29 the clock-drawing test,30 and the 
Cognitive Competency Test (CCT),31 either just before or after
the SMAT was administered. A total of 3 occupational therapists
were involved in the study, and for each patient, a single thera-
pist performed all of the cognitive assessments. 

SMAT

The SMAT, which was developed as part of this project,
included scales measuring functional, cognitive, recall, self-
reported adherence, and purposeful nonadherence dimensions.23

A standard set of stimuli (pill bottles, labels, etc.) was used for all
patients. A percentage score was obtained for each dimension,
higher score indicating better performance. The functional scale
measured sensory, perceptual, and physical abilities by means of
items such as the ability to read pill-bottle labels in different font
sizes; to open different types of prescription vials; to remove
tablets from a vial, a dosette, and a bubble pack; and to identify
tablets by colour. The cognitive scale measured the ability to
make judgments, manipulate information, and interpret
instructions through tasks such as devising a plan of action for a
medication regimen based on one or multiple pill bottle labels,
correctly filling a weekly pill organizer using tablets from mul -
tiple vials, and locating the medication for a specific day and

This single copy is for your personal, non-commercial use only.
For permission to reprint multiple copies or to order presentation-ready copies for distribution, contact CJHP at cjhpedit@cshp.ca



19C JHP – Vol. 64, No. 1 – January–February 2011 Copyright ©2011 Canadian Society of Hospital Pharmacists

time in 2 types of compliance aid. The recall scale required the
patient to recall his or her own medications, including drug
names, indications, dosing, and descriptors such as colour,
shape, and strength. The self-reported adherence scale included
patients’ self-evaluation of their adherence in terms of medica-
tion timing, frequency, and dose. The purposeful nonadherence
scale combined self-reporting of whether a medication was prob-
lematic, whether a medication was helpful, and the frequency
and causes of purposeful nonadherence. 

Pharmacist’s Recommendations

For each patient tested, the study pharmacist assigned to
that patient was asked to record his or her clinical recommen-
dations on the degree of supervision and the use of adherence
aids needed to optimize future adherence to medication 
regimens. Supervision was ranked as 0 for no supervision
required, 1 for minimal supervision, 2 for moderate supervision,
and 3 for full supervision. 

Acceptability to Patients

The research assistant contacted a sample of participants up to
1 week after completion of the SMAT, according to availability
(i.e., not discharged from hospital), and administered a post-
assessment questionnaire. Items included satisfaction with the
length of the interview and the clarity of instructions, distress
evoked by the testing, and perceived usefulness in identifying
adherence concerns. A 7-point Likert scale was used for each
item.

Analyses

Descriptive analyses based on the demographic and 
neuropsychological measures were performed for the entire 
sample. The internal consistency of each scale of the SMAT was
calculated as Cronbach’s �. This value provides a measure of
whether each of a set of questions measures the same general
construct and thus whether the questions “belong together” to
form a scale within the test. Generally, internal consistency is
considered acceptable if Cronbach’s � is greater than 0.8. 

The inter-relationships between the scales were calculated
as Pearson’s correlation coefficient. This measure indicates
whether each scale is accessing different dimensions of perfor-
mance. This technique is used to show that the scales are not all
measuring the same construct and that it is reasonable to 
consider the tool as having multiple scales.

One-way analysis of variance (ANOVA) tests were carried
out on the inter-rater, test–retest, and main samples to establish
that the 3 samples did not differ in terms of demographic and
neuropsychological measures. 

Inter-rater reliability was determined for each scale of the
SMAT, by determining rates of agreement between the 2 

pharmacists who scored the videotaped assessments. Reliability
was expressed as percent agreement, correlations, and root mean
square deviations (RMSDs). The RMSD is the average value by
which the 2 scorers disagreed using each of the SMAT scales. For
example, an RMSD of 1 means that the 2 scorers differed, on
average, by 1 point.

Test–retest reliability was assessed with the same statistical
measures as inter-rater reliability and involved comparing
patients’ scores obtained during the first and second testing 
sessions.

The convergent and divergent validity of the SMAT were
tested by means of Pearson correlations. Convergent validity
measures whether the SMAT scores agreed with other estab-
lished relevant tests. Divergent validity is meant to show that the
SMAT scales are not redundant with other tests. Pearson corre-
lations were used to investigate the relationships between the
various scales of the SMAT and the Medication Complexity
Test, the clock-drawing test, the MMSE, the CCT, and the
patient’s age. Specifically, it was expected that the results for
scales of the test tapping into cognitive abilities would correlate
with the results of neuropsychological tests and that results 
for scales not tapping into cognitive skills (such as purposeful 
nonadherence) would not.

Concurrent validity, a measure of whether the SMAT
scores usefully predict patient behaviours, was evaluated by
examining the relationship between SMAT scores and pill
counts, refill history, and use of adherence aids or reminders
before study enrolment. The post-SMAT recommendations of
the pharmacist were also compared with behaviours such as use
of adherence aids and other assistance before study enrolment.
For this analysis, individual split-half groups were created for
each of the SMAT scales. Then, for each adherence aid used
before admission (i.e., dosette, medication calendar, blister pack,
routine, reminders from others), a ��2 test was used to determine
if a relationship existed between use of the aid and the score on
the SMAT scale. Pearson correlations were also used to establish
the relationships between scores on the SMAT scales and 
measures of validity.

Patients’ satisfaction with the assessment process was 
evaluated by comparing group means to the middle point on the
7-point Likert scale using 1-sample t tests. 

All analyses were carried out with SPSS (version 16.0) soft-
ware (IBM Corporation, Somers, New York), and a significance
level of p < 0.05 was applied.

RESULTS

The study sample of 121 patients is described in Table 1.
According to the 70–89 year norms for the clock-drawing test,
40 patients (33.1%) fell within normal limits, 34 (28.1%) had
mild deficits, 24 (19.8%) had moderate deficits, and 15
(12.4%) had severe deficits; data were missing for 8 (6.6%) of
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the patients. When normative values for the MMSE were
applied, 80 patients (66.1%) had MMSE in the range of 26–30
(normal), 36 patients (29.8%) had MMSE in the range of
20–25 (mild cognitive impairment), and 3 patients (2.5%) had
MMSE in the range of 10–19 (moderately impaired). An
MMSE value could not be obtained for 2 (1.7%) of the
patients. 

One-way ANOVA showed that the 2 subsamples (inter-
rater reliability group, n = 25; test–retest reliability group, 
n = 20) did not differ from each other or from the rest of the
sample in terms of age (F

2,118
= 0.61, p = 0.54, �2 = 0.01),

MMSE scores, (F
2,116

= 0.14, p = 0.87, �2 = 0.002), or the clock-
drawing test (F

2,110
= 1.5, p = 0.24, �2 = 0.03) (where �2 [eta-

squared] is a measure of effect size and indicates the 
proportion of the variance explained by the independent 
variable). The groups were also similar in terms of their 
distribution by sex (�2(2, n = 121) = 4.40, p = 0.11) and educa-
tion (�2(6, n = 110) = 6.17, p = 0.40).

An additional analysis was done to compare the SMAT
scores, the MMSE, clock-drawing, and CCT scores, and the
demographic characteristics of the 42 patients who underwent a
post-assessment interview with the balance of the study cohort,
who did not participate in this aspect of the study. No signifi-
cant differences were found between the groups.

Internal Consistency

The entire sample of 121 patients was used to establish the
internal consistency of the 5 scales of the SMAT, on the basis of

Cronbach’s �, although data were missing for some items (as
indicated by sample sizes provided here). The functional scale of
the SMAT comprised 22 items (� = 0.81, n = 121). Twelve items
were scored on a 3-point scale (able, difficulty, unable), and the
10 colour-recognition items were scored on a 2-point scale (able,
unable). All 22 cognitive scale items were scored on a 3-point
scale (able, difficulty, unable) (� = 0.92, n = 121). The recall score
was calculated from responses to 4 descriptors of medications
applied to each of a patient’s medications. For each descriptor
for each medication, the patient was scored as either able or
unable to recall (� = 0.95, n = 120). For each of the 4 questions in
the self-reported adherence section, the patient was scored as either
able or unable for each medication (� = 0.98, n = 119). The
purposeful nonadherence score was calculated from responses to
3 different descriptors of medication response (� = 0.51, n = 117). 

The inter-relationships among the scales are presented in
Table 2. There was a strong positive correlation between the 
cognitive scale and each of the functional, recall, and self-reported
adherence scales. There was also a strong correlation between the
recall and self-reported adherence scales.

Inter-Rater Reliability

The subsample used for determining inter-rater reliability
consisted of 25 patients. Correlations and RMSD values are
reported in Table 3. For the functional scale, there was 93.2%
agreement, and in all but one of the disagreements, the 2 raters
disagreed by only 1 point on the 3-point scale. For the cognitive
scale, there was 78.2% agreement, and in 8 of the disagreements,
the 2 raters disagreed by 2 points on the 3-point scale. For 
the remainder of the disagreements, they disagreed by 1 point.
For the recall scale, there was 87.4% agreement and for the 
self-reported adherence scale, there was 91.7% agreement. For

Table 1. Demographic Characteristics, Cognitive 
Status, and Medication Management Indicators 
of 121 Participants

Characteristic* Mean ± SD Range
or No. (%)

Age (years) 81.5 ± 7.3 (65–99)
No. of medications 9.1 ± 4.1 (2–23)

Measures of cognitive status
Medical Complexity Index 21.4 ± 12.1 (4–74)
Beers Index (n = 120) 2.3 ± 4.5 (0–39)
Mini Mental State 
Examination (n = 119) 26.1 ± 3.1 (12–30)

Clock-drawing test (n = 113) 9.2 ± 2.3 (4–13)
Cognitive Competency 
Test (n = 35) 68.6 ± 15.3 (25–96)

Sex
Men 19 (15.7) NA
Women 102 (84.3) NA

Education (n = 110)
Primary or less 34 (30.9) NA
High school 1 year or more) 49 (44.5) NA
Trade school 8 (7.3) NA
University (1 year or more) 19 (17.3) NA

NA = not applicable.
*Sample size is stated for those characteristics where n was
less than 121 (i.e., data missing for some patients).

Table 2. Inter-relationships among Scales of the 
Self-Medication Assessment Test

SMAT Scales Compared n* Pearson p Value
Correlation
Coefficient

Cognitive and functional 120 +0.52 < 0.001
Cognitive and recall 119 +0.30 0.001
Cognitive and SRAD 118 +0.19 0.04
Cognitive and PNAD 116 –0.16 0.80
Functional and recall 120 +0.05 0.62
Functional and SRAD 119 –0.03 0.77
Functional and PNAD 117 –0.07 0.44
Recall and SRAD 119 +0.76 < 0.001
Recall and PNAD 116 –0.10 0.29
SRAD and PNAD 115 +0.03 0.72
SRAD = self-reported adherence scale, PNAD = purposeful
nonadherence scale.
*Sample sizes differ from 121 because some patients did not
answer all test items.
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the purposeful nonadherence scale, it was not possible to calcu-
late an overall percent agreement because of variation in scoring
(2 items on the scale used a 4-point score and the third used a
5-point score, with each patient being scored in relation to his
or her own medication list). However, an overall percentage
score was calculated for the purposeful nonadherence scale using
each patient’s responses for each medication divided by the total
number of medications. Correlations based on the overall 
purposeful nonadherence score assigned to each patient were
used to calculate reliability.

Test–Retest Reliability 

The subsample used for determining test–retest reliability
consisted of 20 patients. Correlations and RMSD values are
reported in Table 3. For the functional scale, there was 82.3%
agreement between the initial test and the retest. Performance
improved (i.e., higher scores were obtained on retesting) for
37.2% of the scores that changed. For the cognitive scale, there
was 76.6% agreement, and performance improved for 63.0% of
the scores that changed. For the recall scale, there was 88.8%
agreement and for the self-reported adherence scale, 95.3%
agreement. As described above, agreement rates could not be
obtained for the purposeful nonadherence scale.

Convergent and Divergent Validity

The correlations between the various SMAT scales and
validity indices are provided in Table 4. There were significant

positive correlations between the functional scale and the results
of both the clock-drawing test and the CCT (p < 0.01). There
were also significant positive correlations between the cognitive
and recall scales and the MMSE, the clock-drawing test, and the
CCT. A significant negative correlation was found between
increasing age and performance on the functional and cognitive
scales.

Concurrent Validity

No patterns of relationship were statistically significant in
comparisons of the cognitive scale and the purposeful nonad-
herence scale with patient behaviours related to adherence.
Patients who scored lower on the recall scale were more likely to
have used a blister pack (�2 (1, n = 119) = 4.8, p = 0.03) and were
more likely to have been reminded by others to take their med-
ication (�2 (1, n = 120) = 4.3, p = 0.04). Patients who scored
lower on the functional scale (�2 (1, n = 121) = 4.8, p = 0.03)
and on the self-reported adherence scale (�2 (1, n = 119) = 4.8,
p = 0.03) were also more likely to have received reminders. 

Pill counts were obtained on admission to the study for the
55 patients whose medication supplies from home were 
available and for whom pill counts were feasible. Prescription
refill rates were available for 106 of the study participants. None
of the correlations between these adherence measures and
SMAT scores were statistically significant. There were also no
correlations between the adherence measures and the neuropsy-
chological measures (MMSE, clock-drawing test, CCT) or the
Medication Complexity Index.

Table 3. Reliability of Scales within the Self-Medication Assessment Test (SMAT)

SMAT Scale No. of Pearson RMSD‡ % of Scale in
Disagreements/ Correlation Disagreement§
No. of Decisions* Coefficient†

Inter-rater reliability
Functional 35/515 0.99 0.98 3.5% of 28
Cognitive 120/550 0.92 4.37 9.9% of 44
Recall 103/820 0.83 13.8 13.8% of 100
SRAD 64/768 0.85 13.2 13.2% of 100
PNAD NA 0.90 0.25–0.43 8.7% of 4
Test–retest reliability
Functional 78/440 0.83 1.95 6.96% of 28
Cognitive 103/550 0.79 6.14 13.9% of 44
Recall 78/700 0.92 10.58 10.58% of 100
SRAD 33/700 0.96 8.5 8.5% of 100
PNAD NA 0.79 0.36–0.44 10% of 4
NA = not applicable, RMSD = root mean square difference, SRAD = self-reported adherence scale, 
PNAD = purposeful nonadherence scale.
*Number of disagreements between the 2 scores divided by number of decisions made by the pharmacist. The number of decisions
was calculated by multiplying the number of patients tested by the number of items on the SMAT scale.
†For all correlations reported in this table, p < 0.001.
‡RMSD measures how much difference, on average, separates the scores on the scale used. For example, if one rater assigns scores
that are on average 2 points higher than the second rater, the RMSD would be equal to 2.
§Percentage of the scale separating the 2 scores. For example, if the scores differ by 10 points on a 20-point scale, this value would
be reported as “50% of 20”.
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The pharmacists’ recommendations were compared to the
amount of supervision that the patients reported having before
hospital admission. Specifically, patients were asked if anyone
routinely reminded them to take their medications. Of the 53
patients rated as needing no supervision, 1 (2%) had been
receiving reminders at home. Of the 16 patients rated as need-
ing minimal supervision, 3 (19%) had been receiving reminders.
Of the 32 patients judged to need moderate supervision, 4
(12%) were already receiving reminders. Finally, for the 20
patients judged to need full supervision, 8 (40%) were already
receiving reminders. 

Acceptability of SMAT to Patients

During post-assessment interviews conducted with 42 
participants across the 3 subsamples, a 7-point Likert scale was
used to code responses, and mean responses (± standard devia-
tion) were compared to the midpoint on the scale by means of
1-sample t tests. Patients disagreed that the testing took too long
(1.8 ± 1.7, t

41
= –8.0, p < 0.001). They felt that the instructions

were clear (6.26 ± 1.5, t
41
= 9.5, p < 0.001) and that the test was

useful for identifying areas of difficulty in managing their med-
ications (5.8 ± 1.81, t

41
= 6.58, p < 0.001). Finally, patients

reported experiencing low rates of distress as a result of the
SMAT assessment (1.69 ± 1.45, t

41
= –10.28, p < 0.001). 

DISCUSSION

The goal of this study was to test a new instrument for
assessing elderly patients’ ability to manage their medications.
An important aspect of developing a new test is showing that
different users of the test will be able to use the test effectively
and similarly (i.e., inter-rater reliability) and that scores will be
relatively stable over time (i.e., test–retest reliability). Both forms
of reliability were quite strong for the SMAT. Moreover, the
internal validity of the instrument was also high, even though

the sample was relatively small. The purposeful nonadherence
scale had a relatively low consistency score (Cronbach’s � =
0.51), but this scale has only 3 items, and it is well established
that it is difficult to obtain high levels of consistency with so few
test items. However, we concluded that this scale did not show
internal consistency and that each of the 3 items should be con-
sidered independently during interpretation of SMAT results.

The validity of an instrument indicates whether it is 
accurately measuring what it is meant to measure. In terms of
convergent validity, we were able to show that the scales with a
stronger cognitive aspect related well to neuropsychological
measures that address cognitive function. The potential utility of
the SMAT to predict patients’ outcomes was partly demonstrated
when the medication-related behaviours that patients used at
home were compared with their SMAT scores. Even more 
compelling was the relationship between lower scores on the
recall, functional, and self-reported adherence scales and
reminders from others. This suggests that persons close to the
patient had recognized the adherence deficits identified by the
SMAT. 

We were not able to establish that a relationship existed
between scores on the SMAT scales and the adherence measures
chosen to support concurrent validity of the instrument (pill
counts and pharmacy refill rates). These adherence measures
reflected performance in the months preceding admission to
hospital, whereas the SMAT testing was carried out after the
medical event leading to the admission. As such, patients’ status
at the time of testing might have been quite different from their
status before entry into hospital. 

Another issue is the use of pill counts and refill rates as 
indicators of adherence. In a recent Canadian study that used
pill counts and home visits to determine adherence in a 
community population, pill counts were either not feasible or
were considered inaccurate for 34.7% of the participants and
47.5% of eligible drugs.26 Factors affecting the accuracy or 

Table 4. Correlations between Scales of the Self-Medication Assessment Test (SMAT) and Validity Indices 

SMAT Scale; Pearson Correlation Coefficient*
Validity Index Functional Cognitive Recall SRAD Scale PNAD Scale
Age –0.39† –0.28‡ –0.10 0.01 0.01

(n = 121) (n = 120) (n = 120) (n = 119) (n = 118)
Medical Complexity Index 0.21† 0.15 –0.05 –0.07 –0.06

(n = 121) (n = 120) (n = 120) (n = 119) (n = 118)
MMSE 0.07 0.36‡ 0.27† 0.23‡ 0.06

(n = 119) (n = 118) (n = 118) (n = 117) (n = 116)
Clock-drawing test 0.38† 0.34‡ 0.20‡ 0.13 0.01

(n = 113) (n = 112) (n = 112) (n = 111) (n = 110)
CCT 0.46† 0.73† 0.35‡ 0.25 –0.11

(n = 35) (n = 35) (n = 34) (n = 34) (n = 35)
SRAD = self-reported adherence scale, PNAD = purposeful nonadherence scale,
MMSE = Mini Mental State Examination, CCT = Cognitive Competency Test.
*Sample size is reported for each correlation.
†p < 0.01.
‡p < 0.05.
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feasibility of these pill counts included information missing
from labels, variability between dispensing and start dates, and
the combining of old and new supplies. These issues were also
present in our study, and they help to explain the limited num-
ber of patients for whom pill counts were feasible. Additional
factors affecting the feasibility of pill counts were the hospital’s
policy to use patients’ home medication supplies, prepackaging
in blister packages by community pharmacists, and supplies left
at home in other compliance aids such as weekly pill organizers. 

In exploratory analyses, we investigated the relationships
between these presumed measures of adherence and factors
found to affect adherence in past research.32 Surprisingly, there
was no relationship between a patient’s adherence scores as 
measured by pill counts and refill rates (r < 0.01). Similarly,
patients’ medication complexity (as indicated by the Medication
Complexity Index) did not relate to either pill counts (r = –0.16,
p = 24) or refill rates (r = –0.02, p = 0.87), despite the relatively
high scores for medication complexity in this sample. Thus, the
lack of expected relationships between these variables suggests
that the measures of adherence obtained here may be inaccurate. 

The prescription refill rates from community pharmacies
were also problematic. The refill rates used in this study were
obtained from a heterogeneous group of community pharma-
cies that used inconsistent report designs. Although refill rates
have been used to successfully predict adherence, this success
occurred primarily in studies that used central databases (such as
those for prescription claims payment), which provide greater
standardization of data. Ultimately, the acquisition of medica-
tions as identified by refill records does not reflect patients’ 
consumption of medication. Other concepts such as medication
possession ratio and persistence (average number of days per
month on therapy) may be superior indicators of adherence.33,34

Prospective measures of clinical outcomes associated with good
medication adherence (e.g., blood pressure control or lipid
reduction)35 may better establish predictive validity of the
SMAT. Overall, the present data do not permit the conclusion
that the SMAT yields strong concurrent validity. Future research
is needed to address this issue.

A relatively small sample was used for measuring the 
psychometric properties of the instrument, such that norms for
the scale scores could not be established. The study location is a
tertiary care community hospital (with about 16 000 admissions
per year) that serves a catchment area of 122 000, with both
inpatient and outpatient services. The nature of the study design
(taped interviews and assessment by occupational therapists and
pharmacists) sometimes presented challenges for obtaining 
consent from participants. However, the hospital-based sample
arguably reflects the reality of the elderly population better than
would a volunteer community sample. The patients in our 
sample were relatively older, had more underlying illnesses, and
varied widely in terms of cognitive status. These factors also
made it difficult to obtain a large sample in a timely manner. 

It was encouraging to learn that the acceptability of the
SMAT to patients was high. Despite relatively thorough testing
of multiple dimensions of medication self-management, patients
generally felt that the time taken for testing was acceptable. More-
over, they found the test useful for identifying problems. These
findings, along with previous reports that the SMAT has high
face validity among pharmacists,23 support future clinical use of
the tool. 

CONCLUSIONS

The SMAT builds upon and extends well-established find-
ings of elements that relate to medication management. The use
of videotaped interviews for measuring inter-rater agreement,
along with a test–retest method for measuring the stability of the
scale, provided strong measures of reliability. Validity was
demonstrated by the significant correlations obtained with 
relevant neuropsychological and clinical indicators. The 
pharmacists participating in the testing noted that use of the
instrument was particularly beneficial for establishing patient-
specific targeted interventions. 

Further research should use a prospective approach for
establishing the relationship between adherence levels and scores
on the SMAT scale. The usefulness of the SMAT in community
pharmacies was not addressed but would also be of interest for
future research. 

The SMAT is a practical, reliable, and comprehensive
instrument with demonstrated acceptability to patients. The
strong internal consistency of the multiple scales indicates that
the SMAT measures the multiple dimensions that are known to
influence medication self-management ability in elderly
patients. 
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