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ABSTRACT

Objective: To assess the reliability of two instruments
designed for critical appraisal of economic evaluations: the
Quality of Health Economic Studies (QHES) scale and the
Pediatric Quality Appraisal Questionnaire (PQAQ).
Methods: Thirty published articles were chosen at random
from a recent bibliography of economic evaluations in health
promotion. The quality of each of these studies was assessed
independently by two raters using each of the two instru-
ments. Inter-rater reliability and the agreement between the
instruments were measured using an intraclass correlation
coefficient (ICC). Cronbach’s generalizability theory was also
used to assess the sources of variation in quality scores of the
studies and to indicate where improvements in reliability
could best be made.
Results: Inter-rater reliability was excellent for both instru-
ments (ICC = 0.81 for the QHES and 0.80 for the PQAQ).

Agreement between the instruments varied (ICC = 0.77 for
rater 1 and 0.56 for rater 2). The biggest source of variation
in the scores assigned to the articles was the quality of the
study (56% of total variance). Conventional measurement
error explained 31% of the total variance. Variation due to
rater (<0.1%) and measurement instrument (1.8%) was very
low.
Conclusions: The results suggest that the two instruments
perform equally well. Choice of instrument can therefore be
based on other criteria—simplicity and speed of application
in the case of one, and detail in the information provided in
the case of the other. There is little improvement in reliability
to be gained from using more than one rater or more than
one assessment of quality.
Keywords: critical appraisal, economic evaluation, generaliz-
ability theory, reliability.

Introduction

As the number of published studies reporting the cost-
effectiveness or cost-utility of health interventions
increases, it becomes imperative that the eventual users
of this evidence have an easy way of assessing its
quality. Several checklists that facilitate the critical
appraisal of economic studies are available [1–7].
What is less well known is how well these instruments
perform in practice. Our aim in this article was to
assess the reliability of two methods of assessing the
quality of economic evaluations. Reliability is an
important attribute of any measurement instrument,
being necessary but not sufficient to ensure an instru-
ment’s validity [8,9]. It is commonly understood in
terms of agreement or stability, but this is not strictly
true and the concept is better understood as a measure
of an instrument’s ability to discriminate consistently
among the subjects of the measurement [8]. In the
context examined here, inter-rater reliability refers

to the ability of different raters to assess the quality
of studies consistently with each other. Agreement
between the instruments similarly refers to the ability
of the two instruments to discriminate consistently
among the studies being evaluated.

We examined two quality appraisal measures: the
Quality of Health Economic Studies (QHES) scale [7]
and the Pediatrics Quality Appraisal Questionnaire
(PQAQ) [5]. The QHES contains 16 questions, the
choice of which was based on an extensive literature
review and the opinions of a panel of international
experts in health economic analysis. Each question
or criterion carries a weighted point value that was
derived from a discrete choice experiment carried out
with a second group of international experts. The scale
was then validated prospectively using a third group
of health economists who compared their subjective
global assessment of a sample of studies (using a visual
analog scale) to scores obtained by the QHES. A study
either meets or fails to meet each criterion, thus scoring
either the full weighted value or zero for each question.
The perfect score for a study is 100 and the lowest
score is 0. The QHES was chosen for this study
because of its formal validation and its extensive appli-
cation [10–14].
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We chose the PQAQ for comparison because it
stands out among the remaining quality appraisal
checklists. It is longer and more detailed than other
checklists, and it too has been formally validated
[15]. The PQAQ instrument contains 57 items that
map into 14 domains. Of the 57 questions, 46 items
have response options that are scored: 0 if the article
fails the criterion or is impossible to judge; 0.5 if the
criterion is met partially; or 1 if the criterion is met
fully. Ten items refer to descriptive information about
the study. The final item is an overall assessment of
the quality of the study. This is scored on a 6-point
Likert scale, where 1 means excellent and 6 means
worthless [15]. A panel of seven experts in health
economic evaluation independently assessed potential
items for their importance, the clarity of the ques-
tions, and the appropriateness of the response catego-
ries. Although each of the 46 quantitative items is
given a numerical score, the experts involved in the
development of the PQAQ cautioned against comput-
ing a summary score. Their argument was that each
domain was important and a high score on one
domain should not be allowed to mask a low score
on other domains.

The PQAQ was developed specifically to evaluate
the quality of economic appraisals in pediatrics
[15–17]. The authors claim that 9 of the 47 questions
are unique to the pediatric population [18]. Scrutiny of
these questions suggests this is not the case, however,
because it is easy to generalize many of these sup-
posedly unique questions to other populations. For
example, one of the questions identified by the devel-
opers of the PQAQ as referring only to pediatric
studies asks about costs incurred by agencies other
than the health-care sector, and refers specifically to
identifying and valuing “school and community
resources when necessary” (emphasis added). The ref-
erence to school resources does make the question
specific to children, but the inclusion of community
resources gives the question relevance to a wider popu-
lation. Other questions are equally generalizable,
albeit with some liberal interpretation. For example,
question 19 asks whether future changes in the pro-
ductivity of the child and his or her salary are taken
into account. The broader relevance of the question is
ensured by interpreting “for the child” to refer to
whatever population group was the subject of the eco-
nomic evaluation under scrutiny. One question was
specific to children (are school/day-care absences taken
into account), but by regarding this question as not
applicable for all adult populations, the question can
be ignored without affecting the domain score. Finally,
for one question (whose quality of life was being mea-
sured) it was the response categories, but not the ques-
tion itself, that were specific to children (was it the
child, his or her parent, teacher, carer, or “other” who
completed the questionnaire). In this instance, the

question is rendered relevant by extensive use of
“other.”

Methods

We applied the two critical appraisal instruments to a
sample of 30 articles drawn at random from a census
of all economic evaluations of health promotion that
were published in English between 1990 and 2003
[19]. Each article in the census had been assigned a
unique identifier, and a random number generator was
used without replacement to select the 30 studies. We
did not carry out a formal calculation of sample size,
but with two raters, a sample of 30 “subjects” is
sufficient to detect a difference in reliability of 0.3 or
greater (with a = 0.05 and b = 0.20) [20].

All 30 articles were evaluated independently by two
of the authors (F.A. and S.P.) using each of the two
instruments. We thus have four scores for each article
and four comparisons (two sets of scores for inter-rater
reliability—one for each instrument, and two sets
of scores for inter-instrument, or parallel forms
agreement—one for each rater). Each rater’s second
evaluation of the same article (using the alternate
instrument) occurred 12 months after the first evalua-
tion to reduce contamination from memory effects.

The two instruments are each scored differently,
and so some manipulation of the scores was required
to facilitate their comparison. The QHES provides a
single weighted score out of 100. The PQAQ provides
separate domain scores but not a single summary
score. Nevertheless, the developers of the PQAQ did
sum the 46 quantitative items to assess the test–retest
reliability of the instrument [5], and following their
lead, we have performed the same, transforming the
result into a score out of 100 to match the QHES scale.
As a further check, we also transformed the QHES
score into a six-category Likert score (where a score
0–17 was recoded as 6, 18–33 was recoded as 5, and
so on), and compared this to the results of the global
rating taken from the last item on the PQAQ checklist
(question 57).

An intraclass correlation coefficient (ICC) was used
to examine the inter-rater reliability of both instru-
ments, as well as the agreement between the instru-
ments. ICC estimates were derived from an ANOVA
[21]. This follows the “classical” concept of reliability
and reflects the amount of error, random, and system-
atic, inherent in any measurement. In each case, a
two-way random-effects model was used, with rater
and articles regarded as random effects when testing
inter-rater reliability, and instruments and articles
being regarded as random in the comparison of the
two appraisal instruments [22,23]. A weighted kappa
score (using quadratic weights) was used to test for
differences between the PQAQ overall score and the
transformed (categorical) QHES score.
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Finally, we also used Cronbach’s generalizability
theory to apportion the variation in the quality scores
to its sources: articles (a), raters (r), measurement
instrument (i), and measurement error [24]. Because
each rater evaluated each article using both instru-
ments, we have a fully crossed (a ¥ r ¥ i) design. Cron-
bach’s approach has the advantage over the classical
approach to reliability assessment using the ICC, in
that it considers all sources of measurement error at
the same time.

The analysis was conducted using SPSS version 14.0
and STATA version 8.

Results

For inter-rater reliability, the ICC was 0.81 (95% con-
fidence interval [CI] 0.64–0.91) for the QHES instru-
ment and 0.80 for the PQAQ (95% CI 0.63–0.90)
(Table 1). The ICC between the two instruments was
0.77 for rater 1 (95% CI 0.57–0.88) and 0.56 for rater
2 (95% CI 0.26–0.76) (Table 2). Weighted kappa
scores for agreement between the overall scores pro-
vided by each instrument were 0.74 for rater 1 and
0.83 for rater 2 (Table 2).

Turning to the generalizability assessment, the
biggest source of variation in the scores assigned to
each article was systematic differences in the quality
of the articles themselves, representing 56% of the
variance (Table 3). The proportion of the variance
explained by the use of two raters (<0.1%) or by the
use of two instruments (1.8%) is very small. So too is
the share of the variance explained by the two-way
interaction terms: article and rater (a ¥ r); article and
instrument (a ¥ i); and rater and instrument (r ¥ i).
Thus, each rater scores the different articles consis-
tently, each rater uses each instrument consistently, and
the performance of each instrument is not affected by
the type of article being appraised. This suggests that
studies vary in their quality, and that the two instru-
ments pick up the differences.

The residual variance (a ¥ r ¥ i, e) contributes
nearly 31% of the total variation and is the second
biggest source of variation behind differences in the
quality of the studies. The residual is made up of two
things: first, a three-way interaction effect between
article, rater, and instrument (ari); and second, conven-
tional measurement error or unidentified sources of
variation (e). Generalizability theory is unable to dis-
tinguish between these [25].

Discussion

There is no objective way of interpreting the ICCs,
thereby assessing the degree of reliability. Landis and
Koch have suggested arbitrary thresholds, with an ICC
(or kappa coefficient) above 0.8 indicating excellent
agreement [26]. By this convention, our results for the
full questionnaires show excellent levels of inter-rater
reliability and acceptable to high levels of agreement
between the two instruments. Results for the overall
assessment (the PQAQ question 57 vs. the transformed
QHES scores) were similar.

For the PQAQ, inter-rater reliability was higher
than that reported by the developers of the instrument
(0.85 vs. 0.75) [5]. The confidence intervals are quite
wide though, and in no case does the lower bound
exceed the minimum threshold of 0.75 suggested by
Lee and colleagues [27]. The intervals we report here
are those generated by the SPSS program and are based
on the method of Shrout and Fleiss [21]. This method
has a tendency to produce liberal confidence intervals,
especially at the lower bound [28]. Nevertheless, we
reworked the intervals using the method suggested
by Rousson and colleagues [28] and found no
improvement.

Most of the observed variance in the critical
appraisal scores arises from differences in the quality
of the studies. There is very little systematic variation
in the assessment of quality arising from either choice
of rater or choice of quality appraisal instrument. The
residual variation is high, which is indicative of mea-
surement error or a three-way interactive effect. An
interaction between articles, raters, and instrument is
unlikely, however, given the absence of any two-way
interaction effects, and so this is most likely simple
measurement error. (One source of measurement error
is the number of items in each scale. With only 16
items in the QHES, each question carries an average of
6% of the total score. For the PQAQ, each question
carries 2% of the total score. A small misclassification
by one or other rater therefore has a bigger effect on
measurement error for the QHES.)

A more substantive criticism can be made of our use
of an unweighted sum of the scored items on the
PQAQ to compare it to the QHES. This ignores the
summary rating (question 57) and treats each domain
of the PQAQ as being of equal importance. The

Table 1 Inter-rater reliability

Instrument
Intraclass correlations

(95% confidence intervals)

QHES 0.81 (0.64–0.91)
PQAQ 0.80 (0.63–0.90)

QHES, Quality of Health Economic Studies; PQAQ, Pediatric Quality Appraisal
Questionnaire.

Table 2 Agreement between instruments

Rater

Whole scale
Intraclass correlations

(95% confidence intervals)

Summary question
Weighted Kappa

(95% confidence intervals)

Rater 1 0.77 (0.57–0.88) 0.74 (0.59–0.77)
Rater 2 0.56 (0.28–0.76) 0.83 (0.82–0.85)
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developers of the PQAQ warn against summing items
across domains. They did not explore the conse-
quences of this empirically however, and so we cannot
tell whether their concerns are well founded. They did
find that the evaluations were better in some domains
relative to others and there was variation in the
strength of the relationship between each domain score
and the summary assessment of quality (question 57).
The developers of the QHES did examine this issue by
comparing the generic rating given to a subsample of
studies by their expert panel with both weighted and
unweighted scores on the QHES. Correlations between
all three methods were very high, suggesting that
weighting and/or summing items did not make a large
difference to the overall assessment of quality. Our
own results support this. Agreement between the
instruments was high and remained so whether we
compared the weighted QHES to the summed PQAQ
or the transformed categorical QHES to the global
PQAQ question.

Our results show that both instruments perform
well in terms of inter-rater reliability. Choice between
them can therefore be made according to their other
qualities. The QHES is shorter, and is easier and
quicker to use. It contains less information about each
study than the PQAQ, however. Thus, if speed is of
the essence and only a summary score is needed, then
the QHES is adequate. If there is more time for the
appraisal, and the value of the extra information that
will be documented justifies the extra cost, then
the PQAQ may be a better choice. There is, of course,
nothing to stop one scoring the quality of the study
with the QHES and recording any additional descrip-
tive information about each study separately using the
types of additional questions featured in the PQAQ.
The disaggregated, domain scores on the PQAQ point
more precisely to where there are problems with a
particular study, and so the PQAQ will be more useful
when such a detailed critique is necessary. This may be
important in helping the end user to interpret the
quality score and in preventing premature dismissal of
studies that do not score highly but contain useful
information [13].
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