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An Application of the Checklist for Health Economic Quality Evaluations in

a Systematic Review Setting
Stijntje W. Dijk, MD, MSc, Skander Essafi, MD, Myriam G.M. Hunink, MD, PhD

Objective: Quality assessment tools serve an important role in evaluating economic evaluations.
This article showcases the first application of the Checklist for Health Economic Quality Evaluations
(CHEQUE) tool in a systematic review setting and offers descriptive reflections on its use.

Methods: We applied CHEQUE to 21 diverse economic evaluations in a systematic review of
medical education. We visualized weighted CHEQUE scores, calculate correlations between
methods and reporting sections, and provided all data and R code for reuse in future applications.
Finally, we provided a detailed overview of our judgments and alternative considerations of the
checklist items, and suggestions for further development.

Results: Scores ranged from 18% to 94% depending on the applied weighting method, with a
positive correlation between the method and reporting quality. CHEQUE enables systematic and
standardized assessment but may benefit from refinement in scoring clarity and burden reduction.

Conclusion: Our study provides insights for future guidance on applying and developing CHEQUE or

e Our study provides the first

application of the Checklist for
Health Economic Quality
Evaluations (CHEQUE) tool in a
systematic review setting.

We demonstrated CHEQUE'’s utility,
challenged our interpretation and
decisions in assigning quality
scores, and provided suggestions for
the development of further

similar tools in economic evaluation quality assessment.

Keywords: economics, evidence-based medicine, healthcare economics and organizations,
healthcare evaluation mechanisms, medical education, medical faculty, medical students, organi-

zation and administration, systematic review as topic.

VALUE HEALTH. 2025; 28(2):250-259

Systematic reviews play an important role in synthesizing
evidence and informing decision-making processes in health
economic research. Systematic reviews of economic evaluations
are particularly useful as they allow readers to assess whether
interventions have been demonstrated to be cost-effective, and
also assess the uncertainty in the evidence base and key limita-
tions or gaps in the evidence base." Yet, a lack of standardization in
systematic reviews can lead to large variations in the quality and
use of economic data.” For readers, it is important that they can
read and compare the quality of included economic evaluations.
Quality assessment tools contribute to this process by providing a
structured framework to appraise various aspects of study design,
conduct, and reporting.

Several tools have been developed to evaluate the quality of
economic evaluations,>'® including the well-known Consolidated
Health Economic Evaluation Reporting Standards (CHEERS) state-
ment and the British Medical Journal (BM]) checklist. These tools
assess various aspects of study design, conduct, and reporting,
aiming to enhance transparency and rigor in economic evaluations.
However, they vary in their scope, criteria, and scoring methodol-
ogies. For instance, the CHEERS statement primarily serves as a
reporting tool, while the BMJ checklist and Quality of Health Eco-
nomic Studies instrument delve into methodological considerations

guidance to use this tool.

e Our reflections on using CHEQUE
provided a foundation for refining
quality assessment tools to further
enhance their application in
systematic reviews and beyond.

and may incorporate weighted scoring systems. Checklists have
commonalities; for instance, nearly all require a clear statement on
the study perspective as well as regarding sensitivity and un-
certainties, and only a few address items such as ethics and dis-
tribution of ethics or the independence of investigators.” These
differences highlight the ongoing evolution of quality assessment
tools and the need for careful selection based on the specific re-
quirements of a systematic review.

The latest quality assessment tool, the Checklist for Health
Economic Quality Evaluations (CHEQUE),'® was developed to
comprehensively assess the study quality of economic evaluations.
Originally piloted on a set of cost-effectiveness analyses, the tool
provides a standardized approach to evaluate the methodological
and reporting quality of individual studies.

In the context of improving decision sciences, the acceptance
of any new tool relies on a demonstration of its practical impact
through full real-world applications beyond theoretical discus-
sions.?° This article, therefore, provides an application of CHEQUE
in a systematic review of economic evaluations in medical edu-
cation. We aimed to provide insights into the challenges and op-
portunities that we encountered in applying the CHEQUE tool to a
systematic review setting alongside ideas for future development
of this guidance tool. We also provided the R code we developed
to calculate weighted scores based on varied assumptions and
generated summary figures.
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The systematic review of economic evaluations in medical
education was conducted between September and December
2023. The primary objective of this systematic review was to
explore and present the landscape and methodology of decision
analytic models and economic evaluations within the field of
undergraduate medical education. It focused specifically on in-
terventions that sought to improve medical curriculum content,
methodologies, student/faculty experiences, or other aspects of
medical education. The review analyzed the trade-offs between
incremental benefits (eg, improved student performance and pa-
tient quality of life) and incremental costs (eg, monetary expenses,
faculty time) in medical education interventions.

Studies were eligible if they concerned aspects or stakeholders
of medical education, contained an intervention and comparator,
and reported both an effect and cost measure. Any type of eco-
nomic evaluation was eligible, including a statement of costs and
effects alongside trial cost-effectiveness analyses and decision
analytic modeling studies. We searched Medline, EMBASE, Web of
Science, Cochrane, ERIC, Google Scholar, and Center for the Eval-
uation of Value and Risk Cost-Effectiveness Analyses (CEA) data-
bases for eligible studies. Of the 6 559 identified studies, 21 met
the inclusion criteria.?!**'

The selected articles incorporated various study designs,
encompassing randomized controlled trials (RCTs) (n = 12), non-
RCTs (n = 4), and cross-sectional comparisons, case studies, or
cohort studies (n = 4). Notably, only 1 decision analytic model was
identified within the reviewed literature. The economic evaluation
methodologies used included CEAs, cost-minimization studies, a
case study combined with net benefit regression analysis, and a
cost-benefit analysis. Some studies, however, did not explicitly
explore cost-effectiveness but rather provided information on
costs and effects as 2 separate outcomes.

The full details of the systematic review can be found in the
International Prospective Register of Systematic Reviews (PROS-
PERO) database (ID: CRD42023478907).

We assessed the quality of studies for inclusion using the
CHEQUE tool. Our assessment focused on the methodological and
reporting quality of the economic evaluation within the selected
articles rather than increasing the risk of bias from original trials
and observational studies with inputs of economic evaluation,
which would be more appropriately investigated by tools such as
Risk-of-Bias (ROB) tool for randomized trials-2%? and ROB in Non-
randomized Studies.*> While multiple alternatives to CHEQUE
exist that aim to improve the quality of economic evaluations,
these were less suited for our purpose as they do not provide
criteria for methodological quality assessment and/or focus on
reporting.>!121416-18 Eor  example, the well-known CHEERS
checklist is aimed to be used as a reporting guideline, rather than
an assessment of quality, and does not provide quality scores for
individual articles that allow for their comparison.

All authors reviewed the CHEQUE checklist and discussed how
certain scenarios and items would be judged prior to data
extraction. Data extraction and quality assessment were per-
formed collaboratively by SD and SE. Judgments were carried out
non-independently to allow for case-by-case discussions while
using this new checklist. Any disagreements were resolved by
discussion with the research group. Final scores were decided
after a final research team discussion on remaining ambiguities
and uncertainties.
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We generated a visual representation of the assessment using
statistical software R** similar to the ROB visualizations from the
package robvis.*> The total scores were computed using CHEQUE’s
score weighting system. We provided both the weighted scores in
which we assigned a full score for items valued as not applicable
(NJA) (N/JA = NJA), and excluded N/A values from both the
numerator and denominator (N/A = 1). An attribute is not appli-
cable, for example, if a question addresses a modeling aspect but
the assessed study is not a decision analytic model. In addition, we
calculated a percentage score by dividing the weighted score by
the maximum attainable score, which, in our view, more appro-
priately reflects the quality of articles with many N/A items.

All articles that fulfilled the eligibility criteria were included in
the review, regardless of their quality assessment score.

Following the example from Figure 2 in an article by Kim
et al,' we compared the scores between methods (M) and
reporting (R) for both N/A equals 1 and N/A equals N/A. To make
this comparison, we calculated the Pearson’s correlation coeffi-
cient, a statistical measure of the linear relationship between 2
variables. This coefficient ranges from —1 to +1 and helps quantify
the strength and direction of the linear association between the
scores assigned to methods and reporting. A 2-tailed P value was
calculated to assess the significance of the correlation.

Figure 1 illustrates the individual (Fig. 1A) and summarized
scores (Fig. 1B) that were assigned to our included studies.

In Table 1,°"*! we calculated the weighted scores for the
methods and reporting sections. The mean weighted absolute
score quality assessment for “methods” was 72 (range: 55-81)
when assigning full scores to N/A-rated items and 36 (range: 18-
70) when excluding N/A-rated items. For “reporting,” these scores
were 82 (range: 63-94) and 48 (range: 28-72), respectively. None
of the studies obtained a full score.

The percentage quality score is the same for the N/A-full scored
items (as the maximum score adds up to 100), and was 55%
(range: 29%-72%) for methods, and 73% (range: 43%-90%) for
reporting when excluding N/A items from the maximum obtain-
able score.

We identified a positive correlation between percentage and
absolute scores for methods and reporting quality. The Pearson’s
coefficient for the left plot in Figure 2, representing the situation
in which full scores were awarded to N/A scored items, was 0.765
(P < .001). The middle plot, in which N/A-scored items were
excluded and an absolute score was provided, had a coefficient of
0.886 (P < .001). Finally, the right plot, corresponding to the
percentage score after the exclusion of N/A-scored items from the
maximum obtainable score, had a correlation coefficient of 0.771
(P <.001).

Table 2 provides an overview of the considerations we had for
scoring items. We focused on examples that were outliers, partial
scores (“somewhat”), or that were assigned full (“yes”) or no score
(“no”) as we believed this may give an inaccurate impression of
the study quality. For conciseness, we only highlight 1 or a limited
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Figure 1. CHEQUE Quality assessment. (A) Individual study scores and (B) summary scores, separated across methods and reporting

attributes.
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number of studies per item even though the principle may be
applicable to multiple studies.

Discussion

In our study, we took an initial step in applying the recently
developed CHEQUE tool within the unique context of a systematic
review, by providing insights and experiences that can guide
future researchers. The tool, designed to assess the quality of
economic evaluations, demonstrated its utility as a systematic and
comprehensive instrument, encompassing both reporting and
methodological aspects. Our results suggest a consistent align-
ment between the assessments of methods and reporting quality,
signifying that higher scores in 1 domain tend to correspond with
elevated scores in the other. This wunderscores the

interconnectedness of evaluation criteria for methods and
reporting, which was also found in the study by Kim et al'® (0.837,
P =.003) who calculated this correlation based on absolute scores.

The development process of CHEQUE involved a best-worst
scaling approach among a large number of stakeholders, result-
ing in a well-rounded tool that assigns varying weights to
different items, reflecting their contribution to the overall score.
The tool offers the user flexibility, including the option to include
or exclude NJA scores. However, this flexibility, though offering
the user choices on the basis of what they believe is most
appropriate, may also lead to differential applications and dis-
cussions on the best decision. Whereas the original CHEQUE
article discusses the flexibility of handling NA scores, it does not
specifically address the potential bias this introduces when
comparing alongside trial CEAs to decision-analytic models. Our
percentage-based scoring system offers a solution to this issue by



CHEQUE weighted scores for methods (left) and reporting (right) items.

Allen et al*' 67 100 67 30 63 47.62
Isaranuwatchai 79 100 79 42 63 66.67
et al*’

Maloney et al*> 78 100 78 43 65 66.15
Bandla et al** 67 100 67 30 63 47.62
Chandrasekera 69 100 69 29 60 48.33
et al*

Bosse et al*® 77 100 77 40 63 63.49
Schreurs et al’® 76 100 76 41 65 63.08
Stefanidis et al’’ 73.5 100 735 335 60 55.83
Lemke et al*® 74 100 74 34 60 56.67
Taylor et al*® 72 100 72 32 60 53.33
Rosenthal et al*® 67 100 67 30 63 47.62
Ford et al*' 74 100 74 34 60 56.67
Janjua et al*? 81 100 81 44 63 69.84
Matsumoto 66.5 100 66,5 295 63 46.83
et al*®

Nathan et al®* 70 100 70 30 60 50
Hauer et al*® 67 100 67 30 63 47.62
McDougall 73 100 73 36 63 57.14
et al*®

De Giovanni 77.5 100 775 375 60 62.5
et al®*’

Smith et al®® 73 100 73 70 97 72.16
Nieuwenhuijzen- 55 100 55 18 63 28.57
Kruseman et al*°

Hasle et al*® 74 100 74 34 60 56.67
Mean 72 100 72 36 64 55
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Allen et al*' 81.5 100 815 46.5 65 71.54
Isaranuwatchai  84.5 100 84.5 52.5 68 77.21
et al*’

Maloney et al”>  89.5 100 895 575 68 84.56
Bandla et al*® 785 100 785 435 65 66.92
Chandrasekera 77 100 77 38 61 62.3
et al*

Bosse et al*® 88 100 88 53 65 81.54
Schreurs et al’® 93,5 100 935 615 68 90.44
Stefanidis et al”’ 83 100 83 44 61 7213
Lemke et al*® 83 100 83 44 61 7213
Taylor et al*® 77 100 77 38 61 62.3
Rosenthal et al*® 81 100 81 46 65 70.77
Ford et al*' 82.5 100 825 435 61 71.31
Janjua et al*? 85.5 100 855 535 68 78.68
Matsumoto 82 100 82 47 65 72.31
et al*®

Nathan et al®** 88 100 88 49 61 80.33
Hauer et al*® 81.5 100 815 46.5 65 71.54
McDougall 81.5 100 815 465 65 71.54
et al*®

De Giovanni 85.5 100 855 46.5 61 76.23
et al®’

Smith et al*® 78.5 100 785 715 93 76.88
Nieuwenhuijzen- 63 100 63 28 65 43.08
Kruseman et al*®

Hasle et al*® 81 100 81 42 61 68.85
Mean 82 100 82 48 68 73

Note: Within each table, we have provided the scores in a scenario where we assign a full score to items that were assessed as N/A (N/A = full score), and a scenario in

which we exclude the N/A score (N/A = N/A). The scores in the table are rounded, whereas scores were not rounded to calculate the mean.
CHEQUE indicates checklist for health economic quality evaluations; N/A, not applicable.

ensuring that articles are not penalized for non-applicable items
without having to provide both the numerator and denominator.
Furthermore, the tool's comprehensiveness also leads to a high
burden of reporting on many items, taking the authors on average
20 to 30 minutes per included study to judge 48 items.

In applying the tool, we encountered several ambiguities in
interpreting and answering questions. For instance, a question of
whether the "best possible option" is considered (M3), implies a
binary "yes" or "no" response. A rubric with examples for each
question could enhance consistency in judgments across articles
and reviewers. In addition, the applicability of certain questions
and domains, such as "data inputs and evidence synthesis,” to
non-modeling studies was unclear. Clarifying which items apply
to which analysis types, or whether CHEQUE is intended for use

with full or partial economic evaluations, model-based or non-
model-based analyses, could address this. Finally, some
questions, like M1 (whether the analysis answers an important
question for decision-making), could be interpreted on the basis of
reviewer judgment, or require specific evidence from the original
paper such as stakeholder analysis. Suggestions for specific evi-
dence or examples of questions to consider, without them
necessarily becoming separately scored items, could aid reviewers
in making judgments and not overlook important areas of
consideration.

This ambiguity extends to the deliberate omission of an item
on funding sources in CHEQUE, a factor that could significantly
impact the reliability of economic evaluations, especially in the
presence of conflicts of interest. In our context of medical
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Correlation between methods and reporting quality scores in absolute and percentages of maximum score. Left plot: Full
scores are awarded to items scored as N/A, and scores are expressed as absolute score (for N/A =1, the maximum obtainable score is
100, and thus the absolute score is the same as the percentage score). Middle plot: N/A-scored items were excluded from the score, and
scores are expressed as absolute scores. Right plot: N/A-scored items were excluded from the score, and scores are expressed as the

percentage of the maximum attainable score.
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education, companies developing high-cost simulators might have
avested interest in portraying their interventions as cost-effective.
Whereas CHEQUE’s authors argued that biases related to funding
sources might be indirectly captured through other quality attri-
butes,'” this leaves room for interpretation. Suggested specific
sources of evidence or triggers within items like M16 (on sources
of bias) could remind reviewers to consider funding as a potential
source of bias.

Despite its comprehensive nature, scoring 48 different items
could be perceived as time-consuming, and the absence of a
weighted final judgment might pose challenges for interpretation.
Unlike other tools, such as the risk of bias assessments, in which
multiple-item questions fall within 1 domain score, CHEQUE’s
subdomains such as “modeling- M9 to M13” or “data inputs and
evidence synthesis -M14 to M16” do not seem to play a specific
role in scoring or visualization, and neither does CHEQUE provide
an interpretation of the overall score. Subdomains could poten-
tially be assigned a more explicit role either by summarizing
multiple items into a smaller number of scores to allow for a faster
overview (for example, by using either the average or lowest score
of domain items as a domain-score) or by more explicitly stating
whether a subdomain applies to all economic evaluations or only
specific study types such as decision analytic models to remove
some of the scoring ambiguities described in Table 2.

The heterogeneity in study designs, settings, and methodo-
logical approaches inherent to health economic evaluations often
complicates the process of conducting a meaningful meta-
analysis.!

Nevertheless, while our review consisted of a qualitative syn-
thesis of included articles, such scores could be of interest if, for
example, a meta-analysis would want to weight individual studies
in the overall study or exclude studies based on low-quality as-
sessments. Future developments of the tool might benefit from
considering the functional role of domains to reduce the number
of scores to be interpreted, or recommendations on the interpre-
tation of score ranges.

We presented both the scores in which N/A was assigned a
full score and the score in which N/A’s were excluded, as we had

Absolute scores for Methods (M)
Correlation Coefficient: 0.886, p-value: <0.001

25 75 100
% of max scores for Methods (M)
Corelation Coefficient: 0.771, p-value: <0.001

50 75 100

specified in our protocol. In hindsight, we may have made a
deliberate choice to count N/A as a N/A score rather than a full
score, as full scores would unintentionally favor the many trials
with CEAs above decision analytic models in our review, as all
modeling questions were not applicable. In addition, we
believed that expressing scores as a percentage, factoring in the
maximum attainable score under the N/A equals N/A condition
proved more fitting than relying on the absolute scores calcu-
lated by the original CHEQUE framework. Using a percentage-
based system ensures that articles are not penalized for
non-applicable items.

Our study also had limitations. The scope was limited to 1
application within a specific systematic review, with only 2 re-
viewers assessing the included articles for quality. Our field,
medical education, presented unique characteristics that might
differ from the more common health outcome-related health
economic evaluations. Our review additionally included only 1
model-based study, whereas the CHEQUE questions seem to be
primarily aimed at model-based economic evaluations. Finally,
because we assessed the studies collaboratively, we were unable
to report independent interrater reliability.

Future research directions could explore cross-tool compari-
sons. This could be across economic evaluation tools using the
Grading System for the Quality of Cost-Effectiveness Studies by
Chiou et al® (as this tool also assesses the reporting aspects), or
across fields by comparing the CHEQUE assessment of the eco-
nomic evaluation to a ROB score of the underlying trial for those
alongside trial CEAs. Investigating interrater kappa statistics could
provide further insight into the tool’s interrater reliability across
various types of evaluations. A diverse group of stakeholders,
including (systematic review) researchers, patient organizations,
health technology organizations, policymakers, and decision
modelers, could provide valuable perspectives in further refining
and validating the CHEQUE tool. While recognizing that guidance
cannot and should not be exhaustive, given the many context-
specific situations, additional examples or tutorials could
enhance the tool’s usability and applicability across diverse set-
tings. The experience gained in our study contributes to the



Considerations, examples and dilemmas.

Modeling

Decision problem
and scope

Intervention and
comparator(s)

Perspective

Population

Outcome measures

Time horizon

Discounting

Modeling

M1. The analysis answers an
important question for
decision making.

M2. The study objective
(decision problem) is
measurable.

M3. The comparator(s) is/are
the best possible option that
appropriately measures the
opportunity cost of using the
new treatment.

M4. The analytic perspective(s)
is/are appropriate to answer
the research question posed.

M5. The scope of the study
encompasses all populations
affected by the intervention.

M6. Health outcomes are
measured in health metrics
that aggregate survival and
health-related quality of life or
disability (eg, QALY or DALY).

M7. The analytic time horizon
is sufficiently long enough to
reflect all important
differences between
intervention(s) and
comparator(s).

M8. Costs and health effects
that occur in the future are
discounted to their present
value using a recommended
discount rate.

M9. The chosen model type is
appropriate to address study
questions.

M10. The structure of the
model reflects the underlying
health condition and the
impact of the interventions.
M11. Modeling assumptions
are reasonable, given the
underlying data.

M12. The need for
extrapolation or integrating
multiple data sources is
considered.

M13. Model validation is
conducted, including an
assessment of the model
structure, assumptions, data,
and results.
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We awarded full scores to all articles. While this question is an essential aspect of
study quality, whether or not the question is important depends on context. Had
we taken a stricter view we could have required evidence by the authors for a
stakeholder need and priority for the research to be conducted.

We awarded full scores to all articles. As inclusion criteria were a quantitatively
expressed cost and effect, all objectives were measurable. A stricter view could
have assessed whether the stated overall study objective was measurable and
corresponded to the CEA outcomes.

Only one study®® was assigned a “no” score. The authors set out to compare a PBL
curriculum to curricula which had “less” PBL. They did so by comparing student
performance and satisfaction in their own university to other universities, without
quantifying the extent to which PBL was applied, or potential other differences. As
M3 asks for the “best possible” option, this question could be interpreted as only
allowing a “yes” or "no” response.

Only 1 study>® which applied a societal perspective, received full score. Remaining
studies were graded as “somewhat.” The second panel on cost-effectiveness in
health and medicine“® recommends that each CEA should at least contain a health
and societal perspective. In the field of education, ideally consequences to the
university, student and patients would be incorporated where appropriate. An
alternative grading system would have considered the chosen perspectives as still
appropriate, however incomplete.

Similar to item M4, most scores were partial as they did not address consequences
to students or patients. Two studies were outliers and graded as “no” as they
reviewed the cost-effectiveness of skills trainings in medical students whereas the
conclusions were intended for medical residents.?’

Most studies were graded N/A as their questions did not answer questions on
health-related problems, but rather for example the cost-effectiveness of a high-
fidelity simulation versus a cardboard structure to teach surgical skills. The choice
in assigning full N/A score or excluding N/As influences whether an article is
automatically penalized by not including a health-related outcome.

Only 1 study® used a lifetime horizon. All except 3 studies only looked at
immediate outcomes which we deemed insufficient to reflect all differences, for
example to patient care. However, one could argue that in, for instance, cost-
minimization studies the effect outcomes are assumed to be negligible and the
immediate cost reduction (assuming no maintenance costs) would be sufficient to
reflect all differences.

As most costs and outcomes were immediate, this item was not applicable in most
cases. As the insufficient follow-up was addressed in M7 we decided not to also

deduct scores in M8 for this reason alone, however, in such cases an alternative
score that could be considered was “no.”

Only 1 study®® concerned a modeling study. This study concerned an investigation
on the effects of serological testing versus universal hepatitis A vaccination which
they investigated through a state-transition cohort model. While a dynamic model
or agent-based model allowing interaction between individuals could have been
considered more appropriate and the authors make no explicit assumptions on
lack of interaction, we still awarded full score as the assumptions needed seemed
reasonable.

We awarded full score for the susceptible, immune, acute hepatitis A infection or
dead model structure of our included modeling study.*®

We awarded full score for the explicitly stated assumptions in the one modeling
study.*® However, this judgement requires topic knowledge.

We awarded full score for the one modeling study which used data from multiple
sources to inform their model, and extrapolated findings to broader contexts and
the future.*®

We awarded a “no” score to the 1 modeling study since it did not conduct model
validation. Remaining studies were assigned N/A as this item is a subheading of the
modeling domain. Alternatively, we could have demanded some form of
verification or validation in other settings.

continued on next page
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Continued

Data inputs and
evidence synthesis

Consequences

Utilities (preference
measures)

Costs and resource
use

Analysis

Equity
considerations

M14. A “best available
evidence” approach is used to
select data sources for model
parameters (eg, conducted or
references systematic reviews/
meta-analyses).

M15. Data inputs are
generated by appropriate
statistical and epidemiological
techniques.

M16. The quality of the data,
including sources of bias, is
assessed appropriately.

M17. Major consequences
affected by the choice of
interventions being compared
are identified.

M18. Health preferences
reflect those of the
jurisdiction(s) of interest (as
specified in the decision
problem).

M19. Resource use that is
nontrivial in magnitude is
included in the reference case
analysis.

M20. Incremental analyses are
conducted (i.e., the additional
costs generated by one
alternative over another are
compared with the additional
effects generated).

M21. ICERs are obtained by
comparing each intervention
with the next most effective
option after eliminating
dominated options.

M22. Probabilistic sensitivity
analysis is conducted to
account for uncertainty in input
parameters simultaneously.
M23. Alternative modeling
choices and assumptions
(structural uncertainty) are
explored through additional
sensitivity analysis (ie, scenario
analysis).

M24. Relevant equity or

distributional considerations
are taken into account.
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Most articles received a partial score. These studies used data from their own
trials, which we assume in their case could be the best available evidence to their
situation, even if authors do not systematically search for other evidence on costs
or effects to supplement their economic evaluation. A literal read of this question
could also have led to a “no” score if no best available evidence approach was
explicitly applied.

An alternative interpretation to the questions under subdomain “data inputs and
evidence synthesis” (M14-M16) would be to view these strictly as model inputs, in
which case all articles except® would be scored as N/A.

We awarded full scores to all but 1 study®? which compared a universities
performance to other universities and assumed the difference was owing to the
difference in focus on PBL (as also described in item M3), which we consider to be
an inappropriate comparison). However, there is room for nuance in this item.
Many studies did not report any uncertainty surrounding their cost outcomes and
sometimes their effects. Additionally, we noticed that in the manner in which we
filled out the CHEQUE tool, no item distinguished whether data originated from a
cohort or RCT, or whether a trial contained 10 or 1000 students. We considered
subtracting points under this item owing to the nature of the item but felt that it
was not entirely in line with the question asked.

We expected authors to explicitly address the quality of the data, and in the case of
a trial, their own study in light of sources of bias or alternative data resources.
Nearly all studies were awarded less than full score.

We awarded nearly all partial scores as studies looked at direct and immediate
consequences of interventions such as an increase in student performance but
neglected to consider other consequences to students (for example, their well-
being or time spent in practicing the intervention), faculty or patients. We
considered whether we were deducting scores for the same issue twice within
studies that did not adopt a broader societal perspective under item M4 but
decided that even from a payer/university perspective we would expect
consequences to faculty to be included.

Only 1%8 study reported QALYs as an outcome. They assumed the quality of life in
the hepatitis A state was 11/12th of a year, as 1 month of work would be missed.
We did not consider this a reflection of the population’s preferences.

We awarded most studies that investigated the immediate costs with full scores. In
a study considering a high-cost heart simulator the study included the purchase
cost but not maintenance cost in their assessment, this study received a partial
score. One could interpret this question as only answerable with yes/no, in this
case the awarded score would be “no.”

Approximately half of included studies provided information on incremental costs
and effects, the remaining studies only report the costs and effects for each group.
It was unclear in which situations a score of “somewhat” would be assigned. This
could have been done if only incremental costs or only incremental effects were
reported, however, we still assigned a “no” in such cases.

While the question asks to eliminate dominated options, it was not immediately
clear whether we should assign full scores or N/A scores in studies which had
dominated options but did not explicitly identify them as such. We scored these as
N/A.

The modeling study®® in our review did not include a probabilistic sensitivity
analysis and was awarded a “no” score. Two other studies used bootstrapping to
construct a PSA?"? and cost-effectiveness acceptability curve and were awarded a
“yes" score.

We interpreted this question more broadly beyond only “models” by reviewing
whether any alternative assumptions or scenarios were explored. Only a few
studies did so and received partial or full scores. For example, one study®?
investigated what happened to the ICER if staff time was increased or if IT support
was added.

No study discussed equity or distributional considerations. This question in
CHEQUE helps highlight the fact that these considerations are too often
overlooked. Especially in areas of student assessment and selection and the
involvement of patient educators, equity concerns have become more prominent
in the overall discourse of the field, but these discussions were not reflected in
CEAs on these topics.

continued on next page



Continued

Reporting

Decision problem
and scope

Intervention and
comparator(s)

Perspective

Population

Outcome measures

Time Horizon

Discounting

Modeling

Data inputs and
evidence synthesis

Consequences

Utilities (preference
measures)

R1. The study objectives (or
decision problems) are clearly
stated.

R2. All aspects of the
interventions that may affect
their cost-effectiveness are
clearly defined (eg, frequency
of delivery, setting of delivery,
and specific technologies
used).

R3. The comparator(s) is/are
clearly stated.

R4. The analytic perspective(s)
is/are clearly stated.

R5. The target population is
clearly stated.

R6. Primary outcome measures
are clearly stated.

R7. ICERs are reported.

R8. The analytic time horizon is
clearly stated.

R9. The discount rate is clearly
stated.

R10. The type of model used is
clearly stated.

R11. Justification of modeling
choices and assumptions is
provided.

R12. Model descriptions are
detailed enough to allow for
replication.

R13. The description of how
the model was validated is
provided.

R14. The software used to
develop the model is clearly
stated.

R15. All data sources are clearly
referenced.

R16. Comprehensive
identification of potential
consequences is summarized
(eg, using an Impact Inventory
table in Second Panel's report).

R17. Sources for the utility
weights are clearly stated.
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The study objectives were clearly stated in all articles.

Nearly all articles clearly defined the interventions, except a study that set out to
identify the effect of PBL®® but did not quantify the differences between the
intervention and comparator groups in PBL exposure or other factors that could
influence the outcomes (previously described in item M3 and M15). This article
received a “somewhat” score. Alternatively, if one were to consider this as a “yes or
no” question, since either “all aspects” are or are not defined, we could have
considered awarding a “no” instead.

A study on the effect of PBL>® was assigned a “somewhat” score as no information
was provided on the quantity of intervention exposure in the comparator, or other
differences with the intervention group that could cause the outcome (as also
listed in items R2, M3, and M15).

Only 2 studies®®>® explicitly stated the perspective taken, the other studies were

awarded a “no”. However, from the information in the paper we could infer that
these were all from a payer (university) perspective.

We awarded all articles full scores.

The outcome measures were stated in all articles, but not always clearly defined as
primary outcome. If there was only 1 outcome in the article, we still awarded full
scores if this was the case. If multiple outcomes were well defined but no primary
outcome was assigned, we assigned a partial score. The item could be interpreted
as requiring a clear definition of outcome measures, or the primary outcome
identification specifically.

We assigned full score if ICERs were reported. If there was a dominant situation but
this was not explicitly reported as one, we assigned an “N/A" score

In most cases no time horizon was clearly specified. One study®? only did so in the
supplementary materials, and because the question asks whether the time horizon
was “clearly” stated, was still awarded a “no” score. Alternatively, as the horizon is
still stated in materials related to the paper, we could have also awarded a “yes”.

In most cases, the discount rate was not clearly specified. One study®? only did so
in the supplementary materials and because the question asks whether the rate
was “clearly” stated was still awarded a “no” score. Alternatively, as the discount

rate is still stated in materials related to the paper, we could have also awarded a

7

yes."

The modelling study®® clearly identified itself as a Markov-Model.

The modelling study>* provided justification for some modeling choices but not all
and received a “somewhat” score.

Sufficient information was provided to allow for replication of the modelling
study.*®

As no article performed validation, all received an N/A score.

The software was not clearly stated in the modelling study. While the item falls
under the modelling domain, we would argue that clearly stating software used for
any type of analysis—including non-model-based studies—is relevant.
Nevertheless, as the item falls under modelling the remaining studies received an
N/A score.

All articles except 1 (Nieuwehuijzen-Kruseman)*? stated their data sources.

No paper created an explicit impact inventory of all consequences, including those
outside of the formal healthcare sector/perspective.

The study using utility weights®® does provide a reference. Nevertheless, it is
unclear why the authors use a source that states health workers lose 1 month of
work if in the hepatitis A state as a source for a utility weight. We therefore
assigned a “somewhat” score.

continued on next page
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Continued

Costs and resource
use

Analysis

Equity
considerations

Transparency and
reporting

R18. Quantities of resources
are reported separately from
the prices (unit costs) of those
resources.

R19. The approach to
secondary analyses (eg,
sensitivity, scenario, or
subgroup analysis) is
sufficiently described.

R20. Discussion section
includes a description of any
significant ethical implications
of the CEA results.

R21. Results are presented in a
disaggregated format for
transparency.

R22. The relevance of study
results to specific decision
problems is discussed.

R23. Implications of
uncertainty for decision
making, including the need for
future research, are explored.
R24. Potential bias and
limitations are discussed.
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The majority of studies reported quantities of resources separate from prices.
Some only provided a lump sum, for example, a study on laparoscopic skill
training®* stated that the conventional simulation training was 30 000 € more
expensive than the cardboard box, without further specification.

The majority of articles conducted no secondary analyses. When no such analyses
were conducted, we scored reporting as N/A. Some articles provided a partial
explanation and partial results of a sensitivity analysis and received a “somewhat”
score. For example, a study on the selection of students discusses a supplemental
hypothetical additional cohort of students and how this would affect cost-benefits,
but do not provide further details, and do not describe sensitivity analyses in the
methods section.”®

While none of the articles took ethical considerations into account in their analyses
(item M24), we still assigned a “no” score to all articles. This could be considered
deducting points twice for the same issue by assigning “no” instead of N/A,
however, even if the analysis itself does not consider ethical implications in the
methodology, discussion can still address potential considerations for the future.

Most studies received full scores. We assigned partial scores if for example effects
were described for each intervention and incrementally, but costs were only
described incrementally.?* The phrasing of the item however does leave room for
interpretation on what is required to be considered disaggregated.

All articles discussed the relevance of their findings.

Most articles discussed areas for future research, although not all did. However,
many studies did not incorporate uncertainty in cost-effectiveness, and not all
specifically related to uncertainties in decision making. If they did not reflect on the
uncertainty of their conclusion, they were awarded a “no” score.

Most articles did discuss limitations and to a lesser extent specific forms of bias.
One study did discuss bias but concluded that there was none because it was a
randomized controlled trial. We awarded this paper with a “somewhat” score,
while they technically do discuss bias, they did not capture major sources of bias in
their study. As the CHEQUE tool does not specifically ask for industry
sponsorship® and conflicts of interests, we considered that this item might still
reflect part of such bias. Nevertheless, no conflicts of interest of this nature were
listed in our included articles.

CEA indicates cost-effective analysis; CHEQUE indicates checklist for health economic quality evaluations; DALY, disability-adjusted life year; ICER, incremental cost-
effectiveness ratio; IT, information technology; N/A, not applicable; PBL, problem-based-learning; PSA, probabilistic sensitivity analyses; QALY, quality-adjusted life
year; RCT, randomized control studies.

ongoing dialogue on refining and advancing tools for quality
assessment in economic evaluations.

Supplementary data associated with this article can be found in the
online version at https://doi.org/10.1016/j.jval.2024.10.3853.

Our application of the CHEQUE tool in a systematic review

setting on economic evaluations in medical education highlights
its adaptability and comprehensive nature. While acknowl-
edging its strengths, such as systematic and standardized
assessment, our insights suggest potential areas for refinement,
including scoring ambiguities and scoring burdens that need
addressing. We foresee ongoing collaboration and improve-
ments in health economic research methodology, aiming to
enhance the utility of CHEQUE across diverse applications. This
article contributes to the dialogue on refining assessment tools,
urging continued development to meet the evolving needs of
the field.
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