International Journal of Technology Assessment in Health Care, 26:3 (2010), 323-329.

© Cambridge University Press 2010
doi:10.1017/S0266462310000371

METHODS

Are adverse effects incorporated
In economic models? A survey

of current practice

Dawn Craig, Catriona McDaid, Tiago Fonseca, Christian Stock,

Steven Duffy, Nerys Woolacott
University of York

Background: Clearly the benefits of a treatment must not be outweighed by the adverse
effects. If researchers fail to incorporate adverse effects adequately in models, this could
limit the validity of the results obtained. In the worst case, interventions that are
cost-effective may be shown not to be. The aim of this research was to review current
practice when incorporating adverse effects in economic models.

Methods: A survey of HTA reports commissioned by the National Institute for Health
Research (NIHR) Health Technology Assessment programme, published between 2004
and 2007 was conducted. All reports which investigated the clinical and cost-effectiveness
of a health technology using a systematic review and an economic model framework were

included.

Results: A total of eighty reports met the inclusion criteria. Of the models including
adverse effects (43/80), 67 percent used a clinical adverse effects parameter, 79 percent
a cost of adverse effects parameter, 86 percent used one of these, and 60 percent used
both. Of the thirty-seven models that did not include adverse effects, eighteen justified this
omission, most commonly lack of data; nineteen appeared to make no explicit

consideration of adverse effects in the model.

Conclusions: In many cases, poor reporting made it difficult to ascertain if there had
been any consideration of adverse effects. We suggest that the findings of this survey
support a call for much clearer and explicit reporting of adverse effects, or their exclusion,
in decision models and for explicit recognition in future guidelines that “all relevant
outcomes” should include some consideration of adverse events.

Keywords: Adverse effects/events, Economic models, Decision modeling, Decision
analytic models, Cost-effectiveness analysis, Health technology assessment research

Across countries the practice of health technology assess-
ment (HTA) varies, but often it comprises a systematic review
of the clinical effectiveness evidence and an economic evalu-
ation in the form of a decision model. Technology assessment
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reports are a key part of the decision-making process used
by policy makers such as the National Institute for Health
and Clinical Excellence (NICE) in England and Wales (17).
Evidence has shown that, although HTA reports are com-
missioned as one piece of work, often the evidence obtained
in the systematic review is not used fully in the decision
model (9).

Decision models are a useful tool, providing decision
makers with an explicit framework which can be used to help
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inform decision making under conditions of uncertainty, by
synthesizing available evidence and generating estimates of
clinical and cost-effectiveness. However, any results can only
be considered robust if all relevant inputs have been included.
A recent study found that the evidence used to inform de-
cision model parameter estimation was extremely variable
and obtained from a variety of sources which ranged from
randomised control trials to expert opinion. In addition to
concerns raised about bias due to confounding, patient se-
lection, and methods of analysis, as well as poor reporting
of how evidence (clinical effectiveness, adverse effects, re-
source use, utilities, etc.) was identified, there was also a lack
of justification for how evidence for the model was selected
and a lack of quality assessment of the evidence used (4).

In this study, we report the findings from a survey fo-
cusing on the inclusion of adverse effects in technology as-
sessment reports. It is clear that the benefits of a treatment
must not be outweighed by the adverse effects (1;6;10), and
although it is widely accepted that all drugs are associated
with potential adverse effects, it cannot be forgotten that
procedural interventions, psychosocial interventions, and di-
agnostic tests are not necessarily free of unwanted adverse
effects. If researchers fail to incorporate adverse effects ade-
quately in models, this could limit the validity of the results
obtained and diminish the recommendations made. In the
worst case, interventions found to be cost-effective may be
shown to be not cost-effective, or less cost-effective than
the relevant comparator. Research has found that adverse
effects are often underreported in journal articles (2) and
in systematic reviews, particularly in systematic reviews of
nondrug interventions (14). These facts may impact on re-
searchers attempting to identify and include adverse effects
in both systematic reviews and decision models. The com-
plex nature of dealing with adverse effect evidence makes
it extremely unlikely that a single framework could provide
adequate guidance. We believe that further work is required
to establish, if possible, what can be considered “best prac-
tice” for a variety of situations for the inclusion of adverse
effects. Currently, although there appears to be an implicit
assumption within modeling guidance that adverse effects
are very important, there appears to be a lack of clarity re-
garding how they should be dealt with and considered in
modeling (18). The aim of this research project was to re-
view current practice regarding the incorporation of adverse
effects in economic models.

METHODS

Studies were included in the survey if they were HTA reports
commissioned by the National Institute for Health Research
(NIHR) Health Technology Assessment programme, pub-
lished between 2004 and 2007, and investigated the clinical
and cost-effectiveness of a health technology using a sys-
tematic review and an economic model framework. Searches
were conducted at the end of 2007. All HTA monographs

(total of 186) dated from 2004 to 2007 were identified from
the HTA Web site (http://www.hta.ac.uk/project/htapubs.
asp). Two researchers independently screened all reports
against the inclusion criteria. Any discrepancies were re-
solved by consensus, or where consensus could not be
reached, a third researcher was consulted.

Data were extracted by one researcher using a standard-
ized data extraction form in EPPI-Reviewer (22) and checked
by a second. Discrepancies were resolved by discussion and,
if necessary, a third opinion was sought. The topics investi-
gated by studies were categorized according to the Health Re-
search Classification System, developed by the UK Clinical
Research Classification System (http://www.hrcsonline.net).
For the purposes of this survey, adverse effects were defined
as an undesirable or unintended effect of the intervention. In-
formation pertaining to a failure to prevent “adverse events”
such as death or stroke, when prevention was the intended
effect of the intervention, were not extracted. The main fo-
cus of this survey was to identify and examine those reports
that explicitly reported on the inclusion of adverse effects in
the decision model. Whereas we acknowledge that in many
instances there is likely to be an implicit capturing of ad-
verse effects in the decision model, a decision model was
only scored as having incorporated adverse effects if the
report explicitly stated that adverse effects were included
in the model structure, through clinical parameters, costs,
health-related quality of life measure (by means of utili-
ties) or patient withdrawals. If a study had captured adverse
effects through the use of a clinical or cost parameter, no
attempt was made to ascertain if adverse effects had also
been captured by other means. Those models which did not
appear to include a clinical or cost parameter for adverse
effects were investigated to establish if adverse events had
been explicitly captured through withdrawals or utilities. As
a secondary analysis, to highlight the potential issue of im-
plicit incorporation of adverse effects, the use of utilities and
withdrawals were examined for all reports which met the
inclusion criteria. The data were summarized in a narrative
synthesis.

RESULTS

Of the 186 HTA reports published between 2004 and 2007,
80 met our inclusion criteria and were included in the survey.
Of the eighty HTA reports, forty-seven (59 percent) were
assessments conducted to inform NICE appraisals. Whereby
NICE make recommendations on the use of new and exist-
ing medicines and treatments within the NHS in England
and Wales. This differs from the role of other HTA reports
which are independent research about the effectiveness of
healthcare treatments and tests for those who use manage
and provide care in the NHS. Some reports encompassed
more than one research area, for example both diagnosis and
treatment. The majority of the reports (sixty-one of eighty,
76 percent) were evaluations of therapeutic interventions.
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Table 1. Inclusion of Adverse Effects as a Parameter in the
Model by Report Characteristics

Reports with
AEs not
included in
the model Total

Reports with
AEs included
in the model

Total reports 43 37 80
Commissioner

NICE 29 (67%) 18 (49%) 47 (59%)
Other 14 (33%) 20 (54%) 34 (43%)

Research activity area

Evaluation of treatments 34 (79%) 26 (710%) 60 (75%)
and therapeutic
interventions
Detection, screening, 8 (19%) 11 30%) 19 (24%)
and diagnosis
Prevention of disease 1 (3%) 0 1 (1%)
and conditions, and
promotion of
Well-being
Therapeutic area
Cardiovascular 12 (28%) 1 (3%) 13 (16%)
Cancer 11 (26%) 7(19%) 18 23%)
Other 20 (46%) 29 (78%) 49 (61%)
Research category
Prevention 0 0 2 (3%)
Diagnostic 8 (19%) 12 (32%) 20 (25%)
Therapeutic 35 (81%) 26 (70%) 61 (76%)
Year of publication
2007 (up to 3rd 10 23%) 10 27%) 20 (25%)
October)
2006 16 (37%) 12 (32%) 28 (35%)
2005 9 (21%) 4(11%) 13 (16%)
2004 8 (19%) 11 30%) 19 (24%
Type of model
Decision tree 13 (30%) 14 (38%) 27 (34%)
State transition model 27 (63%) 18 (49%) 45 (56%)
Other 2 (5%) 2 (5%) 4 (5%)
Unclear 1 (2%) 3 (8%) 4 (5%)
Time horizon*
Upto1lyr 2 (5%) 2 (5%) 4 (5%)
1to5yr 7 (16%) 10 27%) 17 (21%)
5t0 20 yr 11 (26%) 11 30%) 22 (28%)
20 yr plus® 22 (51%) 9 (24%) 31 (39%)
Unclear 3 (7%) 6 (16%) 9(11%)

2Totals >80 because some reports had more than time horizon.

bIncludes lifetime horizon.

AEs, adverse effects; NICE, National Institute for Health and Clinical
Excellence.

Adverse Effects in the HTA Reports

Sixty-eight of eighty (85 percent) reports explicitly included
adverse effects as an outcome of interest in the clinical review
and forty-three of eighty (54 percent) included adverse effects
in the economic model (see Table 1). Overall, thirty-nine
(49 percent) included adverse effects in both the clinical
review and the model, whereas eight (10 percent) did neither.
Twenty-nine reports (36 percent) included adverse effects in
the clinical review alone and four reports (5 percent) included

Are adverse effects incorporated in economic models?

Table 2. Summary of Type of Clinical or Cost Pa-
rameter by Number of Reports Used in Models
That Did Include Adverse Effects

n %
Total reports 43
Clinical AE parameter 29 67
Therapeutic 25
Diagnostic 4
Cost/resources of AE 34 79
Therapeutic 28
Diagnostic 6
Clinical parameter or cost of AE 37 86
Clinical parameter and cost of AE 26 60

AE, adverse effect.

adverse effects in the decision model alone (8;11;12;23). All
four of these reports were of diagnostic interventions: two
cardiovascular, one cancer, and one metabolic.

Comparison of the forty-three reports which included
adverse effects in the economic model, found that slightly
more of those that did include adverse effects in the model
were assessments conducted for the NICE appraisal program
(67 percent compared with 59 percent), were of therapeutic
technologies (79 percent versus 70 percent), and used a 20-
year-plus time horizon (51 percent compared with 24 per-
cent). In addition, many more models of interventions for
cardiovascular indications included adverse effects than did
not (28 percent compared with 3 percent) (Table 1) Only a
limited number were diagnostic technologies. These differ-
ences may reflect a greater experience of decision modeling
in cardiovascular medicine as well as the decision maker fo-
cus of assessments for NICE and the more comprehensive
nature of long-term models respectively.

Explicit Consideration of Adverse Effects

Those reports that included clinical or cost parameters as
explicit indicators that adverse effects had been captured in
the model are summarized in Table 2.

A total of 67 percent of the decision models that included
adverse effects incorporated them through the use of a clinical
parameter, and 79 percent incorporated them through the use
of a cost parameter.

Further investigation found that three models appear to
include a clinical parameter and no cost/resource parameter,
suggesting that the clinical effect had no impact on resource
use; and eight appear to incorporate cost parameters but no
clinical parameter, suggesting that although the adverse effect
had little clinical impact, it did affect the resource use, which
has been accounted for in the cost.

In total, there were six models that explicitly captured
adverse effects by neither a cost nor clinical parameter. Two
of these six reports were classified as having captured ad-
verse effects solely through the use of utilities (8;20), three
explicitly through the use of withdrawals (3;15;25), and one
through both utilities and withdrawals (26).
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Of the two decision models that explicitly included ad-
verse effects solely through the utility, one (25) appears to
have derived utilities directly from patients on treatment and
it is likely that some, if not all, of the relevant adverse effects
may have been captured. The second report (8) is less clear.
The utilities appear to have been derived using the authors’
or expert judgment. This method was used due to a lack of
available empirical evidence.

Further Investigation of Utilities

In total, 66 of 80 (83 percent) of the decision models in-
corporated a utility. An attempt was made to classify the
utilities used in the models by their source. The most com-
mon method used in the HTA assessments (53 percent) was
to derive utilities from patients on treatment, either directly
as part of the analysis or through the use of a published study
which appeared to have elicited utilities from the appropriate
patient population. If one can infer that utilities derived from
patients on treatment are likely to encompass adverse effects,
then one could surmise that almost 53 percent of models in-
corporated adverse effects through utilities. However, due to
the lack of detailed reporting on the derivation of utilities, it
was not possible to be sure that in every case, or even in the
majority of cases, that the utilities were derived in a manner
that would ensure that all of the relevant adverse effects had
been captured. A further 29 percent of the reports used utility
estimates based on judgment or opinion and 32 percent of the
reports used secondary sources, which we also considered to
include utilities elicited through public preferences. This was
in the belief that a utility elicited from a patient on treatment
might capture adverse effects; however, utilities elicited from
individuals representing the patients are less likely to.

Further Investigation of Withdrawals

A total of sixteen of eighty reports (20 percent) had a model
which incorporated withdrawals into the structure. Three ex-
plicitly incorporated withdrawals in this manner to reflect
compliance with screening or monitoring rather than adverse
effects. The remaining thirteen reports were technology as-
sessments of therapeutic interventions and as is usually the
case, the withdrawals appear to be due at least in part to tox-
icity. In addition, four explicitly incorporated adverse effects
through a cost/resource parameter, and five explicitly incor-
porated both a cost and a clinical adverse effect parameter.
The remaining four all included an explicit statement to say
that adverse effects had been captured in the utility valuation
(21) or through the use of withdrawals (3;15;25).

Source of Adverse Effect Data

To allow the link between the treatment of adverse effects
in the systematic review and in the decision model to be
evaluated the sources of the clinical parameters for adverse
effects in the model were examined (Table 3).

Table 3. Sources Used to Obtain the Adverse Effect Param-
eter Data Used in the Decision Model

Reports where
clinical review

All reports includes a
where model ~ meta-analysis
Sources included AEs of AE data
The accompanying systematic 9 3
review
Both systematic review and 9 1
other sources
Other sources, e.g., ad hoc 21 5
selection or systematic
searches
Expert opinion 2 1
Unclear 2 0
Source not reported or adverse 0 4
effects not included
Total 43 14

AE, adverse effect.

Eighteen models (42 percent) used some adverse ef-
fects data from the accompanying review. Most of the rest
used other literature-based sources; very few relied solely
on expert opinion. Fourteen reports had clinical reviews that
reported a meta-analysis of adverse effects data, but of these,
eight included a clinical parameter in the model, and only
three of the models took their model input parameter for ad-
verse effects from the accompanying review. However, even
for these three models, the link with the clinical review’s
meta-analysis of adverse effects data was not without some
complication: in one (13), the differentiation between what
was an efficacy outcome and what could be considered an
adverse effect was blurred; in another (16), the data were
derived from the systematic review but the method of meta-
analysis was different for the model; and in the third (7),
the results of the meta-analysis comprised only some of the
model input for adverse effects.

Reported Rationale for not Including
Adverse Effects in the Model

Of the thirty-seven reports that did not include adverse ef-
fects in the decision model, eighteen reported a rationale
for this approach. These fell into six main categories (Ta-
ble 4). Most commonly these were the lack of relevant ad-
verse effect data and researcher knowledge that adverse ef-
fects had only a minimal effect of health-related quality of
life. Therefore, of the eighty HTA reports included, forty-
three explicitly included adverse effects, eighteen provided
justification for not including them, therefore, only nine-
teen of eighty (24 percent) HTA technology assessments had
no explicit consideration of adverse effects in the decision
model.
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Table 4. Summary of Rationale for not Including Adverse Ef-
fect Parameters in the Decision Model

Justification/explanation No. of reports

Lack of data on the relevant AEs, in the 7
clinical review or generally

AEs known to have only a minimal effect on 5
HRQoL or costs/resources so no need to
model

Difficult to distinguish between AEs and 1

efficacy for this intervention, therefore,
implicit assumption that AEs would be
captured in main efficacy parameters

No difference between the comparators for 4
AEs, therefore, no need to model
The intervention was found to be cost-effective 1

without the inclusion of AEs, and the
inclusion of AEs would only make it more so

AE, adverse effect; HRQoL, health-related quality of life.

DISCUSSION

It is clear from available guidance relating to decision
modeling and widely accepted that all relevant clinical out-
comes should be included in any decision model. There also
appears to be a general, if not as clearly stated, consen-
sus that this should include adverse effects (18;19;24). Our
research has systematically mapped the variety of ways in
which adverse effects data have been explicitly incorporated
into decision modeling.

Our survey may be limited in that it focused on NIHR
HTA funded health technology assessments and the findings
may not be generalizable to the broader HTA field. Further-
more, to make the work manageable and to avoid duplication
of earlier research, we limited the sample of HTA reports in-
cluded to those published from 2004 onward. This decision
was based on three factors: 2004 onward would reflect cur-
rent practice; 2004 was the year the NICE Methods Guide
was first issued (17); and Cooper et al. (5) had published
a study appraising the use of evidence in decision models,
including adverse effects, in reports published up to and in-
cluding 2003.

Despite these limitations, the results of our survey were,
at face value, reassuring, with just over three-quarters of all
models including an explicit consideration of adverse effects.
However, there are several areas within a decision analytic
framework where adverse effects might be incorporated or
captured. When they are included and how they are incorpo-
rated is heavily dependent on the intervention being evalu-
ated, the impact of the adverse effect, and the scope of the
decision problem. The inclusion of adverse effects through
a clinical parameter may seem the most obvious and easily
verifiable method, and our survey found that in practice, 67
percent of models used a clinical parameter. However, use of
a clinical parameter does not guarantee that all the relevant
adverse effects have been captured, nor that the clinical pa-

Are adverse effects incorporated in economic models?

rameter used was a relevant one. Detailed analysis of these
issues was beyond the scope of the present survey, but further
research into this important area is warranted.

Our survey found that 79 percent of models incorporated
a cost parameter for adverse effects, but only 10 percent in-
corporated cost parameters without explicit inclusion of a
clinical parameter. This latter may be justifiable, as some ad-
verse effects may have no significant or measurable impact
on quality of life or health benefit, but may lead to an increase
in cost. Regardless, a justification should be included in the
report. Similarly, the nature of withdrawals and whether or
not the reports’ authors anticipated that they captured adverse
effects in the decision model was not explicitly reported in
all of the HTAs. Although in the evaluation of some, partic-
ularly pharmaceutical interventions, adverse effects may be
incorporated into the model structure through withdrawals,
our survey found that few reports explicitly stated that with-
drawals captured adverse effects.

A high proportion of the reports surveyed derived a util-
ity outcome. This is not surprising given that this is recom-
mended within the current NICE Methods Guide (17). How-
ever, very few reports made any explicit statement to suggest
that the utility valuation captured adverse effects. This may
in some part be due to the assumption on the modelers’ part
that readers will understand what a utility comprises, what
it captures, and what it reflects. It may well be that in many
cases modelers assume that adverse effects are captured as
part of health-related quality of life (21). Where such an
assumption is correct, then there is simply a need, as with
cost and withdrawals, for more explicit reporting. However,
in many cases such an assumption is not correct, and there
needs to be careful consideration of how adverse effects are
to be captured. An expectation that consideration of adverse
effects in models will be explicit is one way to promote this.
How best to ensure that any adverse effects of interventions
are captured within the utility needs further investigation and
itis likely that more rigorous methods will need to be adhered
to.

The results of the survey show that the links between the
review and modeling components were not strong for adverse
effects: the source of the adverse effects parameter was often
informed by the results of the systematic review, but only 21
percent of models including adverse effects relied solely on
the accompanying review for the required data. Our survey
did not investigate in detail the other sources of adverse ef-
fects data, although it is clear that nonsystematically derived
literature-based data were the most commonly used. In their
2003 study Cooper et al. (5) found that at best only 14 per-
cent of adverse effects outcome data were sourced from the
best quality sources, that is, a meta-analysis of randomized
controlled trials.

It is accepted in the health economics community that
more formal, transparent, and replicable approaches to the
identification and assessment of the quality of model inputs
may reduce the “black box” nature of decision models and
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lead to less skepticism regarding model outputs (5). It was
essential to the reliability of the present survey that the de-
termination of whether a model had included adverse effects
in the decision or not was made correctly. This proved to
be more difficult than had been anticipated and raises im-
portant issues regarding the transparency of the reporting
of models. In particular, there was often a lack of explicit
reporting with regard to which adverse effects had been con-
sidered in the model and how they had been captured and
evaluated. As the target audience of these reports is likely
to comprise nonhealth economists, it is important that con-
sideration of all parameters should be explicit. With spe-
cific reference to adverse effects, this includes reporting in
sufficient detail to allow a reader to understand why ad-
verse effects are important to the decision problem, how and
where those adverse effects included were identified, and
what methods were used to incorporate the relevant adverse
effects into the model. We suggest that where appropriate
clear justification for the noninclusion of adverse effects
should be provided. There are legitimate justifications for
not including adverse effects, such as their having a negli-
gible impact on health outcomes, or no impact on costs and
resources, and we recommend that these should be explicitly
reported. As a minimum, we would advocate that separate
sections on adverse effects could be included in the clini-
cal effectiveness and modeling chapters of every technology
assessment report.

CONCLUSIONS

The survey found that most HTAs commissioned by the Na-
tional Institute for Health Research (NIHR) HTA Programme
do include, or at least consider, adverse effects in the deci-
sion model. The inclusion of adverse effects in the decision
model did not appear to be dictated by the therapeutic area,
type of intervention or type of model, nor how adverse ef-
fects were dealt with in the clinical review. In most cases, the
link between the adverse effects data used in the model and
that presented in the systematic review appeared to be weak.
Clearer and more explicit reporting of how adverse effects
are considered in decision models is required.
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