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Abstract

Objective: To develop and validate a comprehensive Appropriateness of Prescribing Evaluation Questionnaire (APEQ) suitable for

human and computer use.

Study Design and Setting: This study was part of an ongoing research program examining the effectiveness and cost-effectiveness of
computerized prescribing decision support for providers, patients, and drug policy. A nominal group consensus process involved physicians,
both primary care physicians and specialists, pharmacists, drug plan managers, patients, patient advocates, and pharmaceutical industry.
Structured case scenarios of musculoskeletal problems were used to evaluate APEQ’s validity and responsiveness.

Results: Seventeen panelists evaluated 72 patient scenarios in two rounds. Their ratings of appropriateness, assessed by ANOVA,
showed significant agreement with the experts’ scores in the two rounds, which evaluated appropriateness and responsiveness, respectively.

Interrater and intrarater agreement was moderate to good.

Conclusion: This formal assessment suggests that APEQ has reasonable validity, reliability, and responsiveness. Such tools could be
very useful in e-prescribing and e-claims reimbursement environments and should be further explored. © 2007 Elsevier Inc. All rights

reserved.
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1. Background

Expenditures for pharmaceuticals continue to consume
proportionately more health care resources leading to an
unprecedented demand for evidence of value for money
[1]. “Value” implies tangible benefit to patients in terms
of quality or quantity of life, or to the system in terms of
decreased demand for resources or improved efficiency
of services. Improving the quality of prescribing relies
on a combination of accurate patient assessment, detailed
knowledge of current evidence on therapeutic options
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including their cost-effectiveness and limitations, and the
ability to negotiate the best advice with the patient’s
values and expectations. The measurement of appropriate-
ness of prescribing has largely been left to implicit judg-
ment by “experts” [2,3]. Based on consensus opinion,
a number of studies have concluded that the prevalence
of inappropriate drug prescribing is high, especially
among elderly people [4—6]. However, these judgments
have often proven to be flawed because of lack of explicit
consideration of evidence [7,8] or lack of consideration of
key details of the clinical situation [9,10]. For example,
the lack of consideration of a previous intolerance or lack
of response to a first-line medicine may lead to an errone-
ous conclusion of inappropriateness. Other key details in-
clude diagnoses, medical history, allergies, and laboratory
results, all of which require validation. Even when an
evaluation of drug appropriateness has been complete
and thorough, expert opinion is subject to individual bias
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What is new?

1. Evidence-based, comprehensive appropriateness of
prescribing rating tools that have algorithms suffi-
ciently explicit to be computerized are rare.

2. We developed a comprehensive appropriateness of
prescribing rating template (APEQ) and then
a drug-specific example (MAPEQ) that could be
computerized.

3. A formal nominal consensus validation process
confirmed the reliability and validity of this com-
prehensive appropriateness of prescribing rating
tool.

and cannot easily be applied or replicated across a wide
variety of patients.

Computerized drug utilization evaluation (eDUE) has
been embraced across Canada and internationally, primarily
as an efficient way to influence prescribing through auto-
mated reimbursement rules. However, as currently carried
out, eDUE uses administrative data, which have severe lim-
itations due to the lack of most of the key details outlined
above [11—14]. Electronic medical records that have struc-
tured charting entry, detailed longitudinal patient data, and
organization of the data into discrete fields for analysis are
an innovation with great potential as a platform for high-
quality eDUE and targeted, patient-specific interventions
to influence prescribing [12,15]. An electronic appropriate-
ness of prescribing rating scale that evaluates prescriptions
as they are being prescribed or claims as they are being pro-
cessed, with the additional information required to make an
expert evaluation, would be extremely useful both to
streamline intelligent adjudication of claims and to inter-
vene to suggest alternatives to the prescriber when neces-
sary. Not only would such a tool advance current eDUE,
which monitors more than 6 million claims daily (approx-
imately $120 billion worth annually) in Canada and the
United States [16,17], but it would form the necessary
foundation for real-time intervention at the point of care.
Furthermore, the uptake of e-prescribing and electronic
order entry depends on intelligent, patient-specific advice.
The translation of “‘expert judgment” into explicit algo-
rithms detailed enough to be programmable has not been
accomplished for a comprehensive, high-quality appropri-
ateness of prescribing tool. Explicit rules and algorithms
also have the advantage of allowing for reliability and val-
idity testing, an important methodologic confirmation of
quality.

A search of MEDLINE and EMBASE (1950 to December
2006) revealed two published questionnaires designed
to comprehensively rate the quality of a prescription
[18—20]. However, the Medication Appropriateness Index

and Prescribing Appropriateness Index described do not
emphasize the use of high-quality evidence, have limited
generalizability (because they are meant to be applied by
clinical pharmacists rounding on hospital or nursing home
wards), and use implicit rather than explicit judgment to
score each of their questions. The implicitness makes them
unsuitable for electronic use. We therefore set out to
develop and validate the Appropriateness of Prescribing
Evaluation Questionnaire (APEQ) as an explicit, evidence-
based, programmable, patient-specific tool to measure the
appropriateness of prescriptions.

2. Methods

A core team of five experienced clinical pharmacologists
and pharmacists identified 10 different domains of appro-
priateness for a prescription. A series of prescriptions were
used to determine that each of the 10 items was suitably in-
dependent from each other and was recognizable as a crite-
rion. The criteria related to the following: indication based
on the diagnostic labels applied by the physician, indication
based on the patient’s previous therapy, optimal drug choice
in terms of benefit/risk evidence compared to the drug’s
peers, dose, duration of treatment, directions for use, dupli-
cation of medications prescribed, contraindications related
to comorbidity or concomitant medications, and compara-
tive cost-effectiveness. For each of these criteria, a score
of O (totally inappropriate), 1 (partially appropriate), 2 (to-
tally appropriate), or DK (don’t know, meaning insufficient
information available) could be assigned.

To apply and validate the APEQ approach, a disease-
specific, Musculoskeletal Appropriateness of Prescribing
Evaluation Questionnaire (MAPEQ) for nonsteroidal anti-
inflammatory drugs (NSAIDs) was developed. This in-
volved a systematic review of the literature for each
criterion, followed by development of a scoring grid, car-
ried out in consultation with a provincial musculoskeletal
guidelines expert panel [21], the coinvestigators, and the
core panel. At the completion of the systematic review
and consultation, it became clear that there was insufficient
evidence to score two of the 10 criteria—directions for
taking the medication and optimal drug choice based on
benefit/risk evidence. For the former, no good evidence
could be found to support the common nostrum to take
NSAIDs with food. For the latter, although expert opinion
provided many and often conflicting recommendations,
no high-quality evidence supported differences among
NSAIDs based on benefit/risk ratios.

The eight remaining criteria in MAPEQ were clustered
into three domains for analytic feasibility: Domain 1 in-
cluded indication based on the diagnosis, indication based
on the prior therapy, and duplication of medication, and
cost. Domain 2 included daily dosage prescribed and dura-
tion of treatment. Domain 3 included clinically important
drug—drug interactions and clinically important drug—
disease contraindications. Scoring of each domain was
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collapsed into three alternatives—totally appropriate
(score = 2), partially appropriate (score = 1), and totally
inappropriate (score = 0). With three possible scores per
domain, there were 27 (3 x 3 x 3) possible combinations
of scores. Total MAPEQ score could vary from O to 6 (three
domains, each with a possible score of 0—2).

In preparation for the validation consensus meeting, real-
istic primary care patient scenarios were created to represent
a variety of musculoskeletal disorders as well as the full gra-
dient of prescribing quality scoring, from totally inappropri-
ate (0) to totally appropriate (6). A sample case is shown in
Fig. 1. Intrarater reliability testing was built in by altering
minor details for nine of the cases and re-presenting them.
Thus, a total of 36 (27 plus nine) patient cases were con-
structed. Each of the 36 patient scenarios was scored by
two MAPEQ scoring experts (a senior clinical pharmacolo-
gist and a methodologist, both involved in MAPEQ develop-
ment), whose scores were labeled ‘““‘expert scores.” Because
we also wished to evaluate the responsiveness of MAPEQ,
a second set of 36 scenarios was constructed in which the
original 36 patient cases were presented again as the base-
line visit and, for each case, information on a 6-month
follow-up visit was added. A sample follow-up case is pre-
sented in Fig. 2. In this set, the scoring outcome was change
in prescribing quality—better, worse, or no change. These

Scenario 60A

Female, 53 y/o - New diagnosis of rheumatoid arthritis.

3 month history morning stiffness (1.5 hours duration),
decreased appetite, fatigue, generalized muscle/ joint pain.
Bilateral, symmetrical swelling, tenderness and warmth of MCP
and PIP joints of hands and MTP joints of feet.

Current Med. Problems Duration | Current Medications Duration
Menopause/hot flashes ly Estrogen 0.625 mg/d ly
Medroxyprogesterone ly
2.5 mg/d
Vit C 3y
VitE 3y

Past Med. History Start/Duration |Past Meds Start/Duration

Nil

Labs. Ref. Ranges Prescribed Therapy:

RF pos Ibuprofen 600 mg tid

ESR 52 <30mm/h (F) | 1 msupply, 5 repeats.

Cr 52 50-110 umol/L

ANA  neg Rest, ice, compression, exercise.
Hgb 106 110 - 180 g/L (F)

Plt 480 150-450 x 10°/L

APPROPRIATENESS (please check only one box)

APPROPRIATE NOT APPROPRIATE CAN’T TELL
AFTER DISCUSSION, DO YOU WANT TO RE-EVALUATE?
APPROPRIATE NOT APPROPRIATE CAN’T TELL

follow-up visit scenarios were constructed to represent
a breadth of scores from much worse to much better.

The APEQ validation exercise used a nominal group
technique [22—24]. This process consisted of two rounds
of a face-to-face daylong meeting during which panel
members rated, discussed, and rated again each case. The
consensus panelists were chosen to represent all stake-
holders in the domain of appropriateness of prescribing:
medical specialists, family physicians, clinical pharmacolo-
gists, pharmacists, drug programs administrators, the phar-
maceutical industry, and consumers. A total of 17 panelists
were recruited and allocated to two groups, each group with
a representative of each stakeholder group. Two facilitators,
experts in nominal group process, conducted the meeting.
The panelists were told that they were rating appropriate-
ness of prescribing, but were given no details about rating
scales, the scoring criteria, domains, or repeat cases. The
results of the appropriateness of prescribing session (first
session) were to confirm the face and construct validity
of the MAPEQ tool by comparing the results of panelists
with scores assigned by the expert raters. Each panelist
individually rated prescribing for each scenario as appropri-
ate, inappropriate, or indeterminate. After this first round of
scoring was completed, each group’s facilitator summa-
rized responses for each case. Agreement was defined as

Scenario 60B SIX MONTHS LATER
Female, 53 y/o. -RA — Warm, swollen, tender joints: PIP, MTP,
ankles over last 3 days. Recently started Piroxicam but hasn’t
taken for last 3 days.

Morning stiffness 1.5 h — relieved by hot shower.
Diagnosed with NSAID — ulcer in walk-in clinic 3 days ago.

Current Med. Problems Duration | Current Medications Duration
6m Piroxicam 20 mg po daily 1w

NSAID-induced ulcer 3dago |Omeprazole 20 mg po bid 3d

HTN 3m Atenolol 50 mg/d 3m

Menopause/hot flashes 15y

Past Med. History ~ Start/Duration Past Meds Start/Duration

Ibuprofen 600 mg po tid 6 mago X 5m

Labs. Ref. ranges Prescribed Therapy:
BP  138/32 D/C Piroxicam
ESR 41 <30mmh - (F) Naproxen 500 mg po bid

Hgb 114 (2mago) 110 — 180 g/L (F)
Cr 82 50-110 umol/L
Alb 37 35-50 g/L

Plt 295 (2 mago) 150-450 x 10%/L]

Imsupply, 10repeats.
Aerobic pool, theumatology referral.

The appropriateness of prescribing for the SCENARIO SIX MONTHS LATER...

IMPROVED WORSE NO CHANGE CAN'T TELL
AFTER DISCUSSION, DO YOU WANT TO RE-EVALUATE?
IMPROVED WORSE NO CHANGE CAN'T TELL

Fig. 1. Sample case: evaluating appropriateness.

Fig. 2. Sample case in follow-up: evaluating responsiveness.
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at least 70% of participants applying the same rating (ap-
propriate, inappropriate, or indeterminate) for the case.
Cases for which agreement was not reached were then
the topic of discussion for as much time as panelists
needed. The facilitators ensured that each panelist had
a chance to discuss his or her views. After the discussion,
panelists were allowed to reconsider their ratings for any
case, and this second round produced the final scores. Inter-
rater reliability was calculated based on these final ratings.

In the second session, each of the 36 cases used in the
morning session was presented again, this time with a 6-
month “follow-up note” that represented the patient’s sub-
sequent visit. Panelists rated each of these case summaries
as improved, no change, worse, or indeterminate. Again,
once the scoring was completed, discussion was encour-
aged for cases for which agreement was not reached fol-
lowing which the panel members had the opportunity to
score these cases again. The intent was to evaluate the re-
sponsiveness of MAPEQ by examining whether case sce-
narios illustrating a clinically important change according
to the expert scores yielded similar patterns when scored
by the panel.

The overall results that determined the validity of the
MAPEQ were analyzed using ANOVA examining the main
effects and two-factor interactions. Associations between
MAPEQ criterion (expert) scores and panelists’ scoring
for responsiveness were analyzed with Pearson’s correla-
tion and the Spearman rank correlation coefficient. Interrat-
er reliability was estimated using an intraclass correlation
coefficient (ICC) with a general linear model procedure
and two-way random effects design with interactions; intra-
rater reliability was estimated using kappa. All of the statis-
tical procedures were performed with SPSS, version 10.0
(SPSS, Chicago, IL, USA).

3. Results

The analysis was based on 1,224 ratings (17 raters,
36 patient scenarios, two rounds). No problems were

encountered with the nominal group process, either with
the discussion, the timelines, or the clarity of process.

3.1. MAPEQ validation—appropriateness

Table 1 shows the mean proportion of 36 patient scenar-
ios that were scored ‘“‘appropriate” by the panelists, com-
pared to the expert scores. Despite having no knowledge
of the scoring system, panelists’ ratings of the patient sce-
narios generally correlated with the expert scores. The re-
sults of the ANOVA of the panelist ratings compared to
the expert scores show a statistically significant correlation
(Table 1). In addition, there is a highly significant interac-
tion between Domain 1 and Domain 2, demonstrating that
the panel members took indications, duplication, and cost
into consideration when rating dosing and duration and vice
versa. Domain 3 remained independent, and the other inter-
actions were not statistically significant at the 5% level.

Table 2 shows the mean proportion of scenarios scored
as “appropriate” for total MAPEQ score.

The higher the expert scores, the more frequently the
prescribing was viewed as appropriate by the panelists.
However, the panelists were more critical in their ratings
as relatively high expert scores were required before the
prescribing was judged as appropriate by the panelists.
The ANOVA (F = 6.65, P < 0.001) confirmed that the pat-
tern of panelist scoring was significantly similar to that of
the experts’ scoring. Correlation between MAPEQ total
score and the proportion judged ‘“‘appropriate” by the pan-
elists was further analyzed. Pearson’s correlation coeffi-
cient was 0.53 (P < 0.001), showing moderate positive
association.

3.2. MAPEQ validation—responsiveness

The results from the responsiveness session assessed
whether the panelists’ ratings agreed with the MAPEQ ex-
pert scores of predesigned changes in each scenario. Sce-
nario changes were designed to represent the full
spectrum of changes in appropriateness of prescribing from

Table 1
Panelist versus expert scores for appropriateness domains
Domain 1 Domain 2 Domain 3
Mean Mean Mean
proportion proportion proportion
MAPEQ Number of judged Number of judged Number of judged
expert patient appropriate by patient appropriate by patient appropriate by
score® scenarios panelists scenarios panelists scenarios panelists
0 10 0.05 14 0.06 11 0.03
1 11 0.05 11 0.04 12 0.10
2 15 0.12 11 0.15 13 0.11

Notes: Domain 1 = diagnosis and therapy indications, duplication, cost; ANOVA F-value = 5.85, P-value = 0.008.

Domain 2 = dosing, duration; ANOVA F-value = 5.36, P-value = 0.012.

Domain 3 = drug interactions, contraindications; ANOVA F-value = 3.60, P-value = 0.042.
Interaction between Domain 1 and Domain 2: ANOVA F-value = 8.88, P-value = < 0.001.

# 0 = totally inappropriate, 1 = partially appropriate, 2 = totally appropriate.
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Table 2

Panelist versus expert scores for total MAPEQ score

Total MAPEQ Number of patient Proportion judged
score—expert scenarios appropriate by panelists
0 2 0.04

1 3 0.05

2 8 0.04

3 7 0.06

4 10 0.06

5 4 0.17

6 2 0.36

much better to much worse. Table 3 shows the pattern of
scoring of change by the panelists.

In general, the panelists’ scoring patterns did follow the
predesigned changes of MAPEQ total scores. ANOVAs for
each panelist’s scores are presented in Table 4.

These show a highly significant association between
panelist ratings of change and the expert scores, best de-
scribed by a straight line (slope). For expert scores of
“no change,” the panelists still were detecting change,
which may represent a type of expectation bias. Pearson’s
correlation coefficients for proportion of cases with im-
proved appropriateness scores (0.455, P = 0.005) and pro-
portion with worse scores (—0.682, P < 0.0001) showed
highly significant correlations with the expert scores.

3.3. MAPEQ reliability: interrater and intrarater

The interrater reliability of the panelists’ scoring for the
appropriateness of prescribing session was estimated using
ICC. The ICC was 0.62 (95% confidence interval [CI]:
0.55, 0.70), representing moderate to substantial agreement
[25]. The intrarater reliability of the panelist scoring for
both sessions was estimated using kappa (k). For the scor-
ing of appropriateness, the estimated x = 0.58 (95% CI:
0.45, 0.72). For the scoring of responsiveness (rating of
change in appropriateness), the estimated k = 0.42 (95%
CI: 0.30, 0.53). These estimated kappa values represent
moderate agreement.

Table 3
Panelist versus expert scores for MAPEQ responsiveness

4. Discussion

A questionnaire for application in clinical settings
should be valid, reliable, and able to detect clinically im-
portant changes [26—28]. The main goal of this study
was to validate our comprehensive prescribing evaluation
tool, utilizing the disease-specific MAPEQ as an example.
The results of the validation exercise demonstrated ade-
quate face and content validity of the MAPEQ. Indeed, al-
though the panelists were not aware of our appropriateness
criteria or analytic algorithm, they implicitly applied the
concept of domains while scoring the appropriateness of
prescribing. Furthermore, the scoring of the panelists was
in general agreement with the experts’ ratings, thus provid-
ing acceptable construct validity. All three analytic domains
were important to the overall score. Domains 1 and 2 had
significant interactions, whereas Domain 3 was perceived
independently. The comparisons of panelist ratings with
the total MAPEQ score provided further evidence of the
instrument’s validity.

The evaluation of responsiveness demonstrated the good
ability of MAPEQ to capture the underlying change in pre-
scribing, varying from substantial deterioration to impor-
tant improvement. The correct assessment of patients
whose condition remained unchanged proved to be a more
difficult task probably due to expectations for change by the
panel members. Finally, some of the analyses of panelists’
reliability showed only moderate agreement, a common
finding in the clinical reasoning literature [29—31].

This study has several limitations. Although the nominal
group technique represents a well-recognized qualitative
methodology for generation, prioritization, and evaluation
of ideas [24,32], it can only capture the thoughts of the
experts involved in the group decision-making process.
As well, although the patient scenarios utilized in the vali-
dation exercise presented a variety of musculoskeletal dis-
orders and a broad spectrum of quality scores, and were
clinically realistic, their representation of the entire spec-
trum of appropriateness of prescribing would be difficult
to prove. A larger sample of cases might well have

Mean proportion “‘no change/

Actual change Mean proportion “‘improved” cannot Mean proportion “worse” as
in MAPEQ total as judged tell” as judged judged
score” Number of patient scenarios by panelists by panelists by panelists
-3 6 0.02 0.29 0.70

-2 5 0.23 0.45 0.33

-1 5 0.06 0.32 0.63

0 2 0.10 0.47 0.44

1 4 0.27 0.58 0.16

2 5 0.34 0.39 0.28

3 6 0.27 0.58 0.16

4 3 0.40 0.52 0.10
Overall 36 0.204 0.439 0.367

? As assessed by expert scorers.
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Table 4
ANOVA of panelist versus expert scores for MAPEQ responsiveness
Degree of freedom F-value P-value
For proportion “improved”
All 7 1.79 0.1292
Slope 1 8.37 0.0073
Other 6 0.69 0.6578
For proportion “no change/cannot tell”
All 7 1.94 0.1005
Slope 1 7.07 0.0128
Other 6 1.09 0.3936
For proportion “worse”
All 7 7.88 <0.0001
Slope 1 38.73 <0.0001
Other 6 2.74 0.0318

improved the representativeness or comprehensiveness of
the cases, but it would have hampered the feasibility of
the validation exercise in a practical sense due to increased
complexity and time constraints. Finally, to obtain the
evidence of APEQ’s general robustness, it should be for-
mally tested for other important disease and therapeutics
areas, such as diabetes or cardiovascular pathologies. This
would require other disease-specific or drug-specific
questionnaires.

Although expert judgment of the quality of prescribing
may be subjective, nonexplicit, and expensive in terms of
the personnel required, alternatives such as computerized
appropriateness of prescribing evaluation tools remain a rar-
ity. There are several good reasons for this. First, sophisti-
cated computerized decision support as an emerging health
technology is still in its infancy in terms of programming,
use in practice, and evaluation of impact [33,34].

Second, the explicit algorithms required for computers
often cannot cope with the multiple exceptions and clinical
variations required to make them clinically applicable, nor
can their creators cope with the constant vigilance required
to keep them up to date. Third, attempts to remain faithful
to the evidence supporting prescribing are always frustrated
by the lack of evidence for key domains. For example,
although a plethora of advice on directions for how to take
medications is available through package inserts and
pharmacies, almost none of this is based on high-quality
(or moderate-quality) evidence. Fourth, because appropri-
ateness is often disease specific and always medication spe-
cific, multiple APEQs would be required to evaluate most
patient drug—disease situations followed by, perhaps,
a “meta-APEQ” to handle the overall patient profile. Drug
interactions, for example, are almost always reported as
a duad—one drug interacts with another, rather than inter-
actions among multiple drugs in the patient’s profile. This
development and testing process is laborious and time
consuming. Fifth, anchoring a medication on a diagnosis
(indication by diagnosis) is often problematic. Much of
medicine, in primary care in particular, is about shaping
symptoms and signs into diagnoses. Patients are often

treated, particularly with symptomatic therapies, before
a firm diagnosis is made. Furthermore, many conditions
such as “‘arthritis” or ‘“‘heart failure” are not specific diag-
noses but syndromes and require further clarification in
patient work-up to properly evaluate appropriateness of
prescribing.

5. Conclusions

The APEQ, as illustrated by the MAPEQ, represents a
reliable, responsive, and valid instrument that provides
a comprehensive, evidence-based, and explicit measure of
prescribing appropriateness. The fact that it is sufficiently
explicit to be automated makes it unique and worthy of fur-
ther investigation in electronic clinical decision support or
automated reimbursement review environments.
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