Shields and Elvidge Systematic Reviews (2020) 9:289

https://doi.org/10.1186/513643-020-01536-x

Systematic Reviews

COMMENTARY Open Access

Challenges in synthesising cost-

effectiveness estimates

Gemma E. Shields''® and Jamie Elvidge?

Check for
updates

Abstract

systematic review of economic evidence.

Economic evaluations help decision-makers faced with tough decisions on how to allocate resources. Systematic
reviews of economic evaluations are useful as they allow readers to assess whether interventions have been
demonstrated to be cost effective, the uncertainty in the evidence base, and key limitations or gaps in the evidence
base. The synthesis of systematic reviews of economic evaluations commonly takes a narrative approach whereas a
meta-analysis is common step for reviews of clinical evidence (e.g. effectiveness or adverse event outcomes). As
they are common objectives in other reviews, readers may query why a synthesis has not been attempted for
economic outcomes. However, a meta-analysis of incremental cost-effectiveness ratios, costs, or health benefits
(including quality-adjusted life years) is fraught with issues largely due to heterogeneity across study designs and
methods and further practical challenges. Therefore, meta-analysis is rarely feasible or robust. This commentary
outlines these issues, supported by examples from the literature, to support researchers and reviewers considering
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Background

Cost-effectiveness analysis evaluates and compares the
expected costs and health benefits of two or more
healthcare interventions and supports decision-makers
in assessing value for money. With growing and ageing
populations, and an ever-expanding range of healthcare
interventions, decision-makers face growing pressure to
effectively distribute scarce resources.

Systematic reviews of economic evaluations allow
readers to consider whether healthcare interventions
have been demonstrated to be cost effective, uncertainty
in the evidence base and key limitations of the evidence.
The synthesis of economic evaluations in a systematic
review most commonly takes a narrative approach, and
subsequently, a query from non-health economists may
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be why a meta-analysis has not been considered or con-
ducted, as this is the norm in systematic reviews with
clinical outcomes. Version 5.1 of the Cochrane hand-
book for Systematic Reviews of Interventions discussed
that there are no agreed methods for pooling estimates
of cost effectiveness, but did not expand on the issues
[1]. The most recent version of the handbook (version
6.0) does not discuss meta-analysis in the context of eco-
nomic evidence [2]. A review found that out of 202 sys-
tematic reviews of health economic evaluations, only 3
used quantitative synthesis [3]. Although rare, there are
examples of systematic reviews of cost-effectiveness
studies in the recent literature that have conducted a
meta-analysis, so to non-health economists, it may not
be clear why meta-analysis is not routinely conducted.
This paper aims to briefly summarise why conducting
a meta-analysis of economic evaluation outcomes, focus-
ing on incremental cost-effectiveness ratios, costs, and
quality-adjusted life years, is usually inappropriate. Sys-
tematic reviews by the authors and the wider literature
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act as case studies to illustrate the discussed problems in
practice [4].

Key complications in synthesising cost-
effectiveness outcomes

In the sections below, we detail the key factors that con-
tribute to a synthesis of cost-effectiveness outcomes be-
ing inappropriate. Note that this is not a critique of
economic evaluation; the nature of cost-effectiveness
analysis, particularly decision-analytic modelling, often
necessitates combining data from different sources and
assumptions to be made by the analyst. This is often
done well, including a detailed exploration of the uncer-
tainty. However, it does create challenges when synthe-
sising across the wider evidence base.

Heterogeneity

A recent review published in this journal discussed the
substantial heterogeneity across identified economic
evaluations for stress urinary incontinence [5], which is
a common conclusion of systematic reviews of economic
evaluations. There are multiple sources of heterogeneity
across economic evaluations, which will limit the useful-
ness of a synthesis of the evidence. We discuss some of
the key problematic areas below. Note that some of
these areas will be familiar to researchers who conduct
meta-analysis of clinical outcomes, such as population
variability across populations, included interventions and
outcomes [2, 6]. However, the synthesis of multiple
sources of evidence and variation in methods used
across economic evaluation introduces further uncer-
tainty (such as structural heterogeneity).

Populations and samples

A key factor of heterogeneity in economic evaluations is
variation in the populations considered and samples
informing data. Economic evaluations imbedded into tri-
als or observational studies will focus on a sample of the
population meeting a specific inclusion criterion. Eco-
nomic models also concentrate on a specific patient
population but often rely on identifying a data from
multiple existing sources which will likely come from
different samples of patients. Therefore, economic evalu-
ations identified in a review are expected to have been
informed by data from samples with different character-
istics (e.g. demographics, aetiology). These characteris-
tics are likely to impact on the inputs (e.g. baseline risk)
and, potentially, the subsequent results. In a review of
economic evaluations for the population with schizo-
phrenia, the precise definition of schizophrenia differed
across studies, some patient characteristics varied, and
others were not presented consistently [4]. Overall, re-
searchers may struggle to restrict a meta-analysis to a
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specific and well-defined population group and may not
have enough information to do so confidently.

Alternatives

Economic evaluation typically compares an intervention
with current best practice or usual care, which may vary
by setting. Analyses will be less comparable if they in-
clude different comparators. If an analyst were interested
in synthesising all cost-effectiveness results for a disease
with more than two alternatives treatments, they may
identify economic evaluations making various compari-
sons which might necessitate a network meta-analysis.
Furthermore, a non-specific or multicomponent com-
parator like ‘best supportive care’ might look very differ-
ent across settings, in both the care provided and who
receives it. In a review of economic evaluations for
schizophrenia and bipolar disorder, the most common
comparator used was standard care; however, its defin-
ition and the level of detail provided varied greatly be-
tween studies, reducing comparability [4].

Structural and methodological

Many of the sources of heterogeneity are associated with
the synthesis of evidence and/or measurement and valu-
ation, but potential heterogeneity across the methods used
is equally important to consider. Structural heterogeneity
occurs when analysts make different decisions and as-
sumptions whilst developing their cost-effectiveness evalu-
ations [7]. Not only are there considerable differences
between modelling studies and analyses performed along-
side a trial (or observational study), but within each type
analysts have many design choices available to them.
Modelling studies can use different structures (e.g. deci-
sion trees, state-transition models, patient simulations)
which should theoretically yield the same conclusion
about the cost effectiveness of an intervention, however,
due to the diverging use of data and assumptions made re-
sults are likely to differ. For example, in oncology, pub-
lished examples have demonstrated that different model
structures estimate different durations spent in key health
states, impacting cost-effectiveness results [8—12]. Despite
this, in the same disease area, justification for the choice
of model structure is often minimal [13]. For cost-
effectiveness analyses alongside trials, there are many
methodological differences that may contribute to vari-
ation in results. These include, but are not limited to, ana-
lysis approach (e.g. intention-to-treat), methods to
account for missing data (e.g. imputation techniques) and
regression models used [14].

A further example of structural heterogeneity is the
choice of time horizon, which, for an economic model,
should be long enough to capture all-important differ-
ences in outcomes between the interventions being com-
pared [15]. This is open to interpretation which can lead
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to different models using different time horizons. Mod-
elling a ‘lifetime’ duration could yield very different cost-
effectiveness estimates to an analysis conducted along-
side a trial, which is likely to use a shorter timeframe. In
a published review of economic evaluations for cardiac
rehabilitation the modelled time horizons ranged from 5
months to lifetime [16].

Economic evaluations also typically use discount rates
to estimate the present-day value of costs incurred and
health accrued in the future. Higher discount rates place
less value on future costs and health gains, meaning
otherwise identical economic evaluations will generate
different results if they use different discount rates. Dif-
ferent settings require different discount rates. For ex-
ample, the National Institute for Health and Care
Excellence (NICE) in England requires future outcomes
to be discounted by 3.5% per year [17]. The Canadian
Agency for Drugs and Technologies in Health (CADTH)
uses a lower rate of 1.5% per year, whilst the Health In-
formation and Quality Authority (HIQA) in Ireland uses
4% [18, 19]. The discount rate used by an economic
evaluation is therefore often defined by the relevant
health technology assessment body for its setting. How-
ever, even when a discount rate is recommended in a
specific country, adherence varies [20].

Data collection methods

Inconsistent data collection methods, for data that in-
form costs and health outcomes, may also limit the com-
parability of cost-effectiveness estimates. For example, if
one study followed up its participants regularly and over
a long time, it would inform the change in outcomes
from baseline more accurately than a study with few or
infrequent follow-up points. Service use data can be col-
lected using self-report questionnaires or routinely col-
lected data, which vary in terms of reliability and
completeness [21]. This applies directly to economic
evaluations conducted alongside effectiveness studies,
and indirectly to modelling analyses if the primary evi-
dence sources used different data collection methods.

Effectiveness evidence

Economic evaluations across a range of countries may
be informed by limited effectiveness data. In an example
cost-effectiveness review of influenza vaccination for the
older population, some studies reported using effective-
ness evidence data from other countries to estimate the
health outcomes associated with vaccination in their
own setting [22]. Synthesising these studies may mean
the common, limited evidence base has a disproportion-
ate influence on the final results [23]. This problem may
be likely in the case of cost-effectiveness analysis, where
it is common to develop one model and adapt it to a
range of countries using similar data. Where evidence is
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specific to one setting or point in time, synthesising
across studies will ignore issues with external validity.

Health outcomes
A widely used summary measure used in health econom-
ics is the quality-adjusted life year (QALY) which com-
bines morbidity and mortality into a single measure and
has the advantage of being used across a range of treat-
ments and settings [24]. Its common use increases the
likelihood of identifying comparable cost-effectiveness
analyses. However, variation in the methods used to derive
QALYs may still make different studies unsuitable for syn-
thesising. Firstly, to generate QALYs, studies need health
utilities, which represent strength of preferences for a
health state. There is substantial variation in the available
methods to calculate utilities, including direct and indirect
measurements. Direct approaches include preference-
based standard gamble and time trade-off methods and
the non-preference-based visual analogue scale. Indirect
methods involve the collection of data from generic or
disease-specific health status measures, and the applica-
tion of preference weights indicating the relative import-
ance of each aspect of health status. There is considerable
variation in health status measures (e.g. the Short Form
36, the Health Utilities Index, or EuroQoL-5D question-
naires) in the amount and depth of information they elicit
to establish a person’s state of health [25]. Further, prefer-
ence weights differ according to whose preferences are
measured (e.g. which country, patients, general public)
and the methods used to generate them (e.g. time-trade
off or discrete choice experiment). The literature compar-
ing these methods has demonstrated that the method used
affects the utility values [26-31]. QALYs also account for
length of life, incorporating mortality estimates, which
vary by setting and over time. All these factors reduce the
comparability of QALY estimates. In an example review of
the cost effectiveness of cardiac rehabilitation, heterogen-
eity in utilities is demonstrated as across the identified
cost-utility studies, three use generic indirect question-
naires, one uses a disease-specific indirect questionnaire
and two studies used direct methods (time trade-off) [16].
Away from the QALY, there are many disease-specific
health outcomes that can be used in cost-effectiveness
analysis, but if evaluations use different measures of ef-
fectiveness their results cannot be meta-analysed. For
example, a review of psychological interventions for
schizophrenia identified some outcomes that were only
used in a single study (e.g. vocational recovery) [4].

Costs and resource use: perspective used

Significant heterogeneity can exist in the resource use
and unit cost inputs used in economic evaluations. Dif-
ferent analyses may use different perspectives for costs,
which dictate what resources should and should not be
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compared to evaluate cost-effectiveness. For example,
analyses considered by NICE take a payer perspective,
focusing on costs incurred by the NHS and social care
system [17, 32]. Other perspectives may include different
categories of resource use that capture broader effects.
For example, the National Health Care Institute (ZIN) in
The Netherlands requires that evaluations use a societal
perspective, including costs associated with employment,
informal care and other sectors such as education [33].
Other settings may use more limited societal approaches
that require only a few, specific additional resource use
items [34]. Any societal perspective will almost certainly
lead to different total cost estimates compared with a
payer perspective, and potentially different incremental
costs and cost-effectiveness results.

Costs and resource use: values used

Even if a common perspective is used between studies,
there may be differences in what resources different
health systems provide, or authors may make different
decisions about including or excluding specific costs
[34]. If different types of resource use are included, cost
results will not be comparable. Furthermore, there may
be differences in the unit costs used to value resources
due to how and when they are collected. For example, to
identify a unit cost for a procedure, one study may use a
nationally available average value whilst another uses de-
tailed cost data collected by centres participating in a
trial. These approaches are unlikely to generate the same
cost estimate. In an example review, focusing on the cost
effectiveness of interventions for postnatal anxiety and
depression, of the 8 studies identified, only half had the
same perspective (health and social care) [35]. In the
same studies, price years ranged from 1992 to 2014,
meaning an analyst would need to standardise to ac-
count for inflation. Additionally, a clear source of cost
heterogeneity occurs when economic evaluations do not
use a common currency. To synthesise cost results, an
analyst would need to apply a conversion, using an ap-
propriate exchange rate.

Practical issues
Even if the myriad sources of heterogeneity between
modelling studies are not expected to have a significant
impact on the comparability of cost-effectiveness esti-
mates, an analyst seeking to synthesise results would
face further practical obstacles. Firstly, whilst the sample
size is often used to weight the impact of each study in-
cluded in a meta-analysis, there is no obvious equivalent
to assign weights to modelling studies. This may rely on
a subjective assessment of study quality, and how that
would translate to a numeric weight is unclear.

It is good practice for economic evaluations to investi-
gate uncertainty [7, 36]. Modelling studies frequently
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report probabilistic results, reflecting parameter uncer-
tainty. Likewise, trial analyses will often be bootstrapped
to generate thousands of net pairs of costs and health out-
comes. Both approaches help to embed parameter uncer-
tainty in an average measure of cost effectiveness. Some
studies may report only deterministic results; however, a
deterministic incremental cost-effectiveness ratio (ICER)
may be an inaccurate estimate of the ‘true’ ICER [37], and
would therefore be inappropriate for meta-analysing. If
‘one-way’ sensitivity analyses are reported, the determinis-
tic results may not be comparable, as different distribu-
tions or ranges may have been used to vary the parameter
values. When probabilistic results are reported, it is un-
common for modellers to provide evidence that the model
has been simulated enough times for the average ICER to
approximately converge on its asymptote. If convergence
has not been demonstrated, random noise (i.e. Monte
Carlo error) might not have been minimised; therefore,
the probabilistic ICER may still be an inaccurate estimate
[38]. These variations in how final ICERs are reported to
add to the challenge of choosing which (if any) results can
be synthesised robustly.

The ICER itself can be challenging to interpret. Being a
ratio, an ICER can be very high when the denominator
(e.g. incremental QALYs) is small, and thus is highly sen-
sitive to small changes in the denominator. This can lead
to spurious conclusions about strategies that are essen-
tially equally effective. Further, a synthesis of cost-
effectiveness results may be disproportionately influenced
by a study that happens to produce a very high ICER. A
negative ICER is even more problematic because they are
ambiguous; it could mean an intervention is cheaper and
more effective than its comparator, or more expensive and
less effective. Therefore, negative ICERs should not rou-
tinely be presented [39]. Furthermore, if an intervention is
less effective but less costly than its comparator, the ICER
represents the cost saving per QALY lost by using the less
effective intervention. Here, counterintuitively, a higher
ICER indicates that the intervention of interest is more
cost effective. These inconsistencies can make ICERs in-
appropriate for synthesis. Net benefits are easier to inter-
pret, but introduce a new issue; they cannot be calculated
without defining a specific cost-effectiveness threshold, or
maximum allowable cost per QALY gained, whereas an
ICER can be calculated independently of the threshold.
All else equal, the net benefit (cost-effectiveness) of an ef-
fective intervention will be higher if the threshold is
higher. Net benefit results using a common cost-
effectiveness threshold could be synthesised, though this
may be complicated by different currencies and price
years as discussed above.

It may be more appropriate to meta-analyse incremen-
tal cost and incremental QALY results separately, then
calculate the synthesised cost-effectiveness estimate from



Shields and Elvidge Systematic Reviews (2020) 9:289

those results. However, even when doing so, an analyst
should be mindful of different approaches to reporting
such results. Incremental costs and QALYs are often re-
ported per patient, but it is not uncommon to see aggre-
gate results presented for the full trial or modelled
population, the size of which may be unclear. For an
ICER calculation, this distinction does not matter, but
for synthesising incremental outcomes separately a com-
mon denominator should be used. Further, the baseline
strategy (e.g. standard care or no intervention) against
which incremental costs and QALYs are estimated
should be common. Studies might do this, or they might
present ‘fully incremental’ results, comparing all options
with each other simultaneously, such that an analyst
may need to calculate the incremental results of interest
needed for synthesis [40, 41]. Furthermore, others might
present neither the incremental results of interest nor
sufficient detail for an analyst to do so [42].

Conclusions

The text and examples above present an overview of
some of the significant heterogeneity and practical chal-
lenges that mean a meta-analysis following a systematic
review of economic evaluations is rarely feasible or ro-
bust. It is the opinion of the authors that the large num-
ber of challenges described will almost always be
insurmountable, such that a meta-analysis of cost-
effectiveness estimates would not provide meaningful re-
sults. The sections above will help researchers conduct-
ing reviews of economic evaluations to explain why it is
unsuitable to conduct a meta-analysis, as well as assist-
ing students and reviewers in understanding the issues.
Note, there are four key types of economic evaluation;
cost-benefit, cost-effectiveness, cost-utility and cost-
minimisation analyses [43]. Due to the predominance of
cost-effectiveness analysis (of which cost-utility is a sub-
set) we have focused on outcomes related to these types
of analysis [44]. If other types of analysis are included in
a review, the challenges (in particular, heterogeneity) will
grow further.

There are some tentative suggestions for when synthe-
sis may be plausible, such as studies with similar designs,
settings, perspectives and time horizons. However, com-
parable economic evaluations are rarely conducted in
the same setting. Further, reviewers considering the het-
erogeneity and practical challenges likely to impact a
synthesis will be restricted by the quality of reporting
and the information presented in a paper. For some is-
sues (e.g. related to the source of the effectiveness evi-
dence), this may mean going back to original studies for
further details. If synthesis is attempted, careful consid-
eration should be given to which results are synthesised;
it may be the case that probabilistic (and converged) in-
cremental costs and health outcomes should be meta-
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analysed separately, if reported, and then used to calcu-
late a synthesised cost-effectiveness estimate. Future re-
search could consider producing a framework (or
checklist) for when a synthesis might be robustly per-
formed and useful to decision-makers. However, it is
recognised that heterogeneity is likely to always limit the
usefulness of a synthesis as differing settings, objectives
and audiences for cost-effectiveness analysis will result
in justifiable differences between studies. In general, the
authors consider that for the purpose of informing
health care resource allocation, decision-makers should
focus on the most applicable studies to their setting. The
generalisability of economic evidence to the specific
decision-making context has been regarded as even
more important than the methodological validity of the
analysis [45]. In the absence of generalisable results, the
possibility of conducting further economic evaluation
should be explored, rather than synthesising less applic-
able results and increasing the risk of decision error.

As noted in the introduction, there are existing publi-
cations that have conducted a meta-analysis following a
systematic review of economic evaluations. This paper is
not suggesting that they were wrong to do so; rather,
that there are extremely limited circumstances where it
is appropriate and informative. We do note that novel
methods are being explored in this area [46, 47]. Fur-
thermore, more consistent methodologies (e.g. through
researchers following best practice guidelines) and ad-
herence to reporting standards may make it easier in the
future to judge whether synthesis is feasible.

Finally, it should be noted that narrative reviews of
economic evaluations remain a very useful undertaking
for a range of audiences; for example, they can help re-
searchers who aim to identify evidence or inform ap-
proaches to analysis, and decision-makers to identify
evidence most relevant to their objective and setting [3].
This commentary may support narrative synthesis by
helping reviewers to identify why cost-effectiveness esti-
mates may differ between studies and to provide a useful
guide of key features to compare.
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