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Abstract
Objectives: In this article, we describe how to include considerations about resource utilization when making recommendations accord-
ing to the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach.

Study Design and Settings: We focus on challenges with rating the confidence in effect estimates (quality of evidence) and incorpo-
rating resource use into evidence profiles and Summary of Findings (SoF) tables.

Results: GRADE recommends that important differences in resource use between alternative management strategies should be in-
cluded along with other important outcomes in the evidence profile and SoF table. Key steps in considering resources in making recom-
mendations with GRADE are the identification of items of resource use that may differ between alternative management strategies and that
are potentially important to decision makers, finding evidence for the differences in resource use, making judgments regarding confidence
in effect estimates using the same criteria used for health outcomes, and valuing the resource use in terms of costs for the specific setting for
which recommendations are being made.

Conclusions: With our framework, decision makers will have access to concise summaries of recommendations, including ratings of
the quality of economic evidence, and better understand the implications for clinical decision making. � 2013 Elsevier Inc. All rights
reserved.
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1. Introduction

In previous articles of this series, we described the Grad-
ing of Recommendations Assessment, Development, and
Evaluation (GRADE) approach to formulating a structured
clinical question and rating the confidence in effect esti-
mates (quality of evidence) for clinical outcomes. In this
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Box 1 Identifying changes in resource use

1. Changes in use of health care resources
� Intervention (e.g., drugs, surgery, counseling, phys-

ical therapy)

B Land, buildings, equipment

B Human resources/time

B Consumable supplies

� Laboratory tests

� Examinations

� Emergency transportation

� Emergency visits

� Hospitalisations

� Specialist visits
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What is new?

Key points
� Grading of Recommendations Assessment, Devel-

opment, and Evaluation (GRADE) offers a trans-
parent and structured process to include resource
use in the development of health care
recommendations.

� Important differences in resource use should be in-
cluded along with other important outcomes in ev-
idence profiles and Summary of Findings tables.

� Key steps in considering resource use are the iden-
tification of resource use that is potentially impor-
tant to decision makers, rating the confidence in
effect estimates for important effects on resource
use, and valuation of resource use in terms of costs
for the specific setting for which ecommendations
are being made.
� Primary care visits

� Home visits and nursing home visits by health care
personnel

2. Changes in use of non-health care resources
� Home adaptation

� Special diets

� Transportation to health care facilities

� Social services (e.g., housing, home assistance,
occupational training)
article, we highlight economic outcomes of alternative
management strategies or interventions and describe how
to include evidence on the impacts of interventions on
resource use and costs in the GRADE approach. We focus
on challenges with rating the confidence in effect estimates
and its reporting in evidence profiles and Summary of Find-
ings (SoF) tables.
� Crime (e.g., theft, fraud, violence, police investiga-
tion, court costs)

3. Changes in use of patient and informal care-
giver resources
� Visits

� Hospital admissions

� Patient time for self care

� Time of family or other informal caregivers

4. Changes in productivity
� Time off work because of illness, therapy, or care-

giving*

Adapted from Luce et al. [16].

*We suggest that changes in productivity should be captured in the value

or importance attached to health outcomes and should not be included as

items of resource use.
2. Resource use and economic evaluation

Health care resources include inputs used at any point in
a defined treatment management pathway (Box 1). Non-
health care resources include all those inputs provided by
other service sectors at any point in the treatment pathway,
such as social welfare services (e.g., home adaptation, for-
mal social care, housing) or crime and justice services. Pa-
tient and informal caregiver resources include all those
inputs provided by patients, their families, or caregivers [1].

What resource use measures to include and the impor-
tance placed on each measure depends on whose costs
are considered important in a given decision context (the
analytic perspective). As the magnitude of the resource
use and the value of these resources (i.e., their costs) may
vary across (and within) countries and over time, resource
use should be measured in natural units, such as the length
of inpatient hospital stay in days, or the number of outpa-
tient visits.

Unit costs, the value applicable to a single unit of resource
use are also likely to vary across (and within) jurisdictions
because of factors such as variations in market prices, econ-
omies of scale, and over time due to inflation [1,2].
Economic evaluation is defined as the comparative anal-
ysis of alternative interventions in terms of both their costs
and effects [1]. There are three main types of economic
evaluation in health care: cost-effectiveness analysis, cost-
utility analysis, and cost-benefit analysis.
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They differ primarily in the approach to the valuation of
health outcomes: a single natural or clinical measure in
cost-effectiveness analysis; a composite measure of quantity
and quality of life in cost-utility analysis (e.g., quality-
adjusted life years); and units commensurate with those used
to value resource use (usually monetary units) in a cost-
benefit analysis. Balance sheets are one way of helping deci-
sion makers to explicitly consider resource use along with
other outcomes when making recommendations. Box 2 sum-
marizes the advantages and disadvantages of using balance
sheets.

Economic evaluations may be conducted concurrently
within the framework of an empirical study such as a clini-
cal trial or using a decision model that typically uses sec-
ondary data collected from several different sources,
including (but not limited to) clinical trials. These two
approaches are not mutually exclusive and some level of
modeling is necessary, for example, to extrapolate from in-
termediate to final outcomes [3]. Development of a de novo
economic evaluation, alongside evidence profiles, may be
useful to move from an evidence summary to a recommen-
dation in a specific context.
Box 2 Balance sheets’ advantages and
disadvantages

Advantages:
- They condense the most important information to
allow efficient processing.

- It is a helpful mechanism for organizing thinking,
structuring the analysis of evidence, and focusing
debate.

- It explicit judgments about resource use in making
recommendations, and can explicit considerations
concerning equity.

- They provide the ‘‘raw information’’ to which deci-
sion makers can apply their own judgments about
the trade-offs between health benefits, harms, and
use of resources.

Disadvantages:
- When there are complicated trade-offs between
multiple outcomes, judgments may require a high
level of cognitive processing from the guideline
panel members or sometimes could remain im-
plicit, or at best qualitatively described.

- The implicit or qualitative nature of the trade-offs
means that it is not possible to ensure that hey
are consistent across questions or across guidelines.
In collectively funded health care systems, a decision to
treat one individual often entails a loss to other individuals:
either through diversion of limited health care resources or
increased costs for tax or premium payers. It has been ar-
gued that those making treatment and coverage decisions
should therefore weigh up evidence for resource use, costs,
and relative efficiency of interventions alongside (and incor-
porating) evidence for their beneficial and adverse effects,
and this is increasingly reflected in clinical guideline devel-
opment processes. However, while there is some evidence
of a relatively consistent preference in methods guidelines
for use of controlled experimental study designs (e.g., ran-
domized controlled trials [RCTs] or meta-analysis of RCTs)
to provide unbiased estimates of effects and resource use,
decision makers’ needs vary and there is more variability
in relation to other methodological components, such as
the analytic perspective for costs and the approach to valua-
tion of health and other outcomes [4].
3. The GRADE approach

The GRADE recommends that important differences in
resource use should be included along with other important
outcomes in evidence profiles and SoF tables. Key steps in
considering resources in making recommendations with
GRADE are as follows:

1. Identify items of resource use that may differ between
alternative management strategies and that are poten-
tially important to patients and decision makers;

2. Find evidence for the differences in resource use
between the options being compared;

3. Rate the confidence in estimates of effect; and
4. If the evidence profile and SoF table are being devel-

oped to inform recommendations in a specific setting,
value the resource use in terms of costs for the spe-
cific setting for which recommendations are being
made.

In the remaining sections of this article, we will address
each of these steps using the example of the opioid replace-
ment program (Tables 1 and 2). Key points in considering
resource implications using the GRADE approach are sum-
marized in Box 3.

We suggest that GRADE evidence profiles and SoF ta-
bles do not include evidence on relative efficiency derived
from previously published or unpublished economic evalu-
ations. This is because economic evaluations often make
assumptions that differ substantially from those of guide-
line developers and use evidence on effects and resource
use derived from primary research-based sources that are
already summarized in the evidence profile. This does not
preclude guideline developers from adapting GRADE evi-
dence profiles and SoF tables to include the results of de
novo economic models. However, guideline developers
should make clear that this represents a departure from
the standard GRADE system.



Table 1. Example of resource use evidence profile

Studies (follow-up)

Quality assessment Summary of resources and costs

Overall qualityDesign Limitations Inconsistency Indirectness Imprecision Other factors No of patients

Resources costs per patient (1999 AU $)

Methadone Buprenorphine

Drugs (6 mo)
One study (Doran,
2003)a

RCT No No Some uncertaintyb No None 405 Resources (mean daily) Moderate
444B57 mg 11 mg

Costs (6 mo)

37 (33 SD) 459 (461 SD)

Other health care costs (6 mo)
One study (Doran,
2003)c

RCT No No Some uncertaintyb No None 405 Resources Moderate
444BNA NA

Costs (6 mo)
1,378 (NA) 1,270 (NA)

Crime costs
No information availabled

Question: Should buprenorphine maintenance flexible doses vs. methadone maintenance flexible doses be used for opioid maintenance treatment?
Patient or population: Opiate dependents.
Setting: Outpatients in United States, Australia, Austria, Switzerland, and UK.
Viewpoint: societal.
Abbreviations: RCT, randomized controlled trial; NA, not available; SD, standard deviation.
a Including dispensing fee.
b Includes staff time (i.e., face-to-face contact and preparation time), diagnostic procedures, and facility level (supplies, consumables, capital, equipment, ancillary support including ad-

ministration, management, security, etc.).
c The study was conducted within the Australia health system, while the recommendation was global.
d This information was provided only by Harris et al. [10], and it was not considered because the risk of bias was considered too large.
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Table 2. Example of summary of findings table

Outcomes

Illustrative comparative risks (95% CI)

Relative effect
(95% CI)

Nr. of participants
(studies)

Quality of the
evidence Comments

Assumed risk Corresponding risk

Methadone Buprenorphine

Clinical outcomes [13]
Retention in treatment (after
6e48 wk)

63 per 100a 52 per 100 (45e60) RR 0.82 (0.72e0.94) 976 (7) High
4444

Use of opiate during the
treatmentb

The average difference in SDs for
the mean number of morphine
positive urinalysis in the
intervention group was 0.12
lower (�0.26 to þ0.02).

837 (6) High
4444

Data based on morphine
urinanalysis; only SMD is
provided

Interpretation: little or no
difference

Use of cocaine during the
treatmentb

The average difference in SD for
the mean number of cocaine
positive urinalysis in the
intervention group was 0.11
lower (�0.03 to þ0.25).

d 779 (5) High
4444

Data based on urinanalysis; SMD
is provided

Interpretation: little or no
difference

Use of benzodiazepine during
the treatmentb

The average difference in SD for
the mean number of
benzodiazepine positive
urinalysis in the intervention
group was 0.11 lower (�0.04 to
þ0.26).

d 669 (4) High
4444

Data based on urinanalysis; SMD
is provided

Interpretation: little or no
difference

Criminal behaviorb,c The average difference in SD of the
mean criminal activity score in
the intervention group was 0.14
lower (�0.41 to þ0.14).

d 212 (1) Moderate
444B

Criminal activity as measured by
self-report.

Interpretation: little or no
difference

Resource used

Drugse 57 mg daily 37 AU $
every 6 mo

11 mg daily 422 AU $ more per
patient every 6 mo

405 (1) Moderate
444B

Drug and dispensing fee

Other health care costse 1,378 AU $ every 6 mo 108 AU $ less per patient every
6 mo

405 (1) Moderate
444B

Staff time, diagnostic and
facilities costs

Question: Should buprenorphine maintenance flexible doses vs. methadone maintenance flexible doses be used for opioid maintenance treatment?
Patient or population: Opiate dependants.
Setting: Outpatients in United States, Australia, Austria, Switzerland, and UK.
Intervention: maintenance flexible doses buprenorphine.
Comparison: maintenance flexible doses methadone.
Abbreviations: CI, confidence interval; RR, risk ratio; SD, standard deviation; SMD, standardized mean difference.
a Mean control group values.
b ‘‘A standardized mean difference was calculated for continuous outcomes (urine results, self-reported heroin use, and criminal activity). The urine data are presented as a continuous out-

come measure but are based on data requested directly from authors. This was necessary as urine results in the literature are routinely reported as the percentage of urine samples collected per
treatment group that were positive or negative for a given drug (e.g., heroin) across the study period. This ‘‘count data’’ is not compatible with the analyzable data fields in RevMan (i.e., con-
tinuous, dichotomous, individual patient data). Based on advice provided by Cochrane statisticians, we asked authors to calculate the number of positive urines for each patient in each treatment
group and derive a mean number of positive urines with SD, allowing for analysis of urine results as continuous data.’’

c Criminal activity measured on a scale (Opiate treatment Index) from 0, no criminal activity, to 16, daily criminal activity in all items.
d Crime costs ere not presented because of very low quality.
e Costs expressed in AU $ (1999).
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Box 3 Key points in considering resource
implications using the GRADE approach

- Only important or critical resource use should be
included in an evidence profile.

- Evidence must be found providing an estimate of
the difference in resource use between the interven-
tion and the comparison group.

- Resource use should be presented in natural units
(e.g., days in hospital, minutes of clinician time).

- The quality of evidence should be appraised explic-
itly for each important or critical resource onse-
quence using the same criteria as for health
outcomes.
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4. Identifying potentially important resource use

The first step in identifying important resource use is to
clearly state the viewpoint (perspective) from which recom-
mendations are being made. One option is to adopt a socie-
tal perspective, that is, a broad viewpoint that includes all
important health care, non-health care, and patient and in-
formal caregiver resources, regardless of who pays for them
(e.g., third-party payers, patients, families) [5]. This has the
advantage of ensuring that who pays does not determine
whether an item of resource use is included, thus allowing
consideration of the impacts of alternative management
strategies on the use of resources across all relevant eco-
nomic sectors. In Table 1, we adopted a societal perspective
in a comparison of two opioid maintenance treatments.

Some guideline developers (e.g., NICE) have a remit to
limit considerations of resource use (and costs and relative
efficiency) to those resources that incur a cost to the health
and social care system. Adopting a health care system per-
spective implies that important health care resources will be
considered while non-health care resources and patient and
informal caregiver resources may not be considered. How-
ever, this does not preclude consideration of broader (non-
health) effects of interventions as outcomes in an evidence
profile.

In most health care systems, the costs of health care are
typically shared by the government, private insurers, em-
ployers, and patients and, even within a society, how costs
are shared may differ depending on a patient’s age (e.g.,
whether they are younger than or older than 65 years) or sit-
uation (e.g., whether the patient is receiving social welfare
assistance). Also, when health services are provided there
may be an expectation that any consequent resource use
or cost savings to other public bodies or private individuals
will result in the transfer of funds to ‘‘compensate’’ the
health care system for costs it incurs in providing such ser-
vices. These and other factors may influence the items of
resource use considered important when adopting a health
care system perspective.

To include an item of resource use in an evidence profile
or SoF table, evidence must be found that provides an
estimate of the difference in resource use resulting from
the implementation of the intervention between the inter-
vention and the comparison group. If no evidence is found,
we suggest to include a row stating this for this resource.

For each recommendation, only important items of
resource use should be included. We suggest doing this in
two steps:

1. Consider whether resource use is important (or criti-
cal) for making the recommendation.

2. Consider specific items of resource use and their
potential impact on different strategies.

It is also necessary to decide in advance on the period of
time over which health outcomes and resource use will be
considered (i.e., the time horizon). In Table 1 (an example
of an evidence profile), the available evidence only includes
outcomes up to 1 year. However, guideline developers are
likely to be concerned about longer-term outcomes, in
which case it may be appropriate to consider either the
short-term outcomes as indirect evidence for longer-term
outcomes, or to indicate in an evidence profile that no evi-
dence was found for longer-term outcomes. Because the
length of follow-up may vary from outcome to outcome,
this should be reported whenever relevant for both health
outcomes and resource use (Table 1).

Some outcomes, such as hospitalizations or days in hos-
pital, may be considered to be both important to patients
and an important component of resource use. For example,
an RCT evaluating the effectiveness of a humanized respi-
ratory syncytial virus monoclonal antibody on viral infec-
tions in high-risk infants used hospitalization as a primary
clinical outcome [6]. This outcome could also be consid-
ered in an evidence profile as a component of resource
use. Other patient-important outcomes, such as complica-
tions of treatment, do not provide direct measures of the
impact of the intervention on resource use, but can be re-
garded as informative proxies for changes in the use of re-
sources. These types of outcomes should also be considered
in an evidence profile as a component of resource use.

Guidelines for reporting economic evaluations [7]
recommend that quantities of resource use and unit costs
are reported separately (and in addition to measures of
costs) to facilitate judgments about the applicability of such
evidence. Where economic evaluations comply with this re-
porting standard, it should be possible to extract quantities
of resource use in natural units. GRADE recommends that
wherever it is possible to extract quantities of resource use
from published reports, these data should be presented in
evidence profiles and SoF tables in preference to extracting
and presenting data on costs.

However, if published economic evaluations report only
measures of costs (e.g., drug costs) or aggregated costs



Box 4 Presenting pooled estimates of resource use
and costs [13]

� It is important to distinguish between conditions
under which it may be considered appropriate to
present pooled estimates of resource use and costs,
respectively.

� In general, we can consider presenting pooled esti-
mates of resource use, generated using standard
meta-analysis techniques, if we are confident that
the ‘‘metric’’ in question has a common ‘‘mean-
ing’’ across studies (e.g., number of days in the
hospital).

� The appropriate conditions for presenting pooled
estimates of costs are more controversial and
should be considered carefully [14].

� Even in circumstances that the analyst has suffi-
cient information and is sufficiently confident to
generate pooled estimates, it is necessary for the
analyst to make prior adjustments for factors likely
to lead to geographical and temporal variations in
unit costs (e.g., purchasing power, inflation).

� In practice, the range of circumstances in which it
is considered feasible and useful to present pooled
estimates of costs is likely to be very limited.

� As for other outcomes, the criteria for pooling and
investigating heterogeneity should be pecified a pri-
ori, if possible.
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(e.g., health care costs) guideline developers may not find
evidence for all items of resource use that are considered
important. In circumstances where costs and/or aggregated
costs are clearly attributable to a specific item (or items) of
resource use that are considered important to include in
a SoF table, a pragmatic decision may be taken to include
such measures in the evidence profile, alongside measures
of other important items of resource use (if available). If
available, information on the unit costs applied in cost cal-
culations should be presented in evidence profiles and SoF
tables alongside measures of costs.

Costs and unit costs should be converted to the currency
appropriate to the relevant country. Such adjustments can
be made using exchange rates based on purchasing power
parities (PPPs) and inflation factors. Guidance on the use
of PPPs and inflation factors for this purpose and a Web-
based conversion tool are available [8].

In our example of an evidence profile comparing bupre-
norphine and methadone for opioid maintenance treatment
(Table 1), information about health outcomesdincluding
criminal behaviordcame from a systematic review [9].
Two studies provided evidence for the included outcomes
[10,11]. In considering the relative importance of outcomes,
resource use was considered to be important. In the next step,
drugs, other health care resources, and resource use relating
to rates and types of crime were identified as important items
of resource use. Travel was not considered important and was
excluded from the evidence profile. Criminal behavior was
considered both as a patient-important outcome and an infor-
mative proxy for resource use because although this outcome
does not provide a direct measurement (or valuation) of the
impact of the intervention on resource use (or costs), it does
provide a proxy indicator of potential changes in the use of
resources (e.g., resource use and cost savings resulting from
reduced incarceration, reduced victim costs, or redeployment
of police and other criminal justice system resources). In the
evidence profile (Table 1) and in the SoF table (Table 2),
one study [10] was rated as not fulfilling inclusion criteria
because it did not meet minimum criteria for avoiding risk
of bias.

In general, decisions about whether to generate and pres-
ent pooled estimates of measures of resource use and costs
should be governed by the same principles that apply to
health and other patient-important outcomes within the
GRADE system, particularly those that relate to consider-
ations of inconsistency [12]. Box 4 summarizes further con-
siderations that may be used to determine the conditions in
which it may be judged feasible and useful to present pooled
estimates for resources and costs in an evidence profile or
SoF table. Meta-analysis of resource use or cost data can
be conceptualized as an exploratory approach for synthesiz-
ing the results of published (or unpublished) economic anal-
yses as part of the systematic review process [13]. Some
analysts have suggested this type of approach as inappropri-
ate or unlikely, arguing that the pooled estimatewould not be
applicable to any specific decision-making context [14,15].
As with health outcomes, systematic review authors and
guideline developers may need to reassess their initial deci-
sions on both the overall importance of resource use and the
importance of specific items of resource use after summa-
rizing the available evidence.

As the choice of appropriate methods to measure and
value changes in productivity remains controversial [1],
along with others [16], we suggest that changes in produc-
tivity should not be included in evidence profiles as a mea-
sure of resource use, but only as a health outcome, as time
off work because of illness, therapy, or caregiving.
5. Making judgments regarding confidence in esti-
mates of effect for resource use

There are more than 20 published checklists and instru-
ments for assessing the quality of health economic analyses
[17]. However, none are specifically constructed to assess
the quality of a body of evidence as defined by GRADEd
that is, the confidence in estimates of effect [18].

The GRADE recommends that the confidence in effect
estimates for each important or critical economic outcome
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should be appraised explicitly using the same criteria as for
health outcomes. Judgemnts about the confidence in effect
estimates should be based, so far as possible, on estimates
of resource use, rather than on estimates of the costs of
those resources. As with health outcomes, only critical
items of resource use should be taken into account in deter-
mining the overall confidence across such outcomes.

As for health outcomes, randomized trials start at high
quality and observational studies start at low [19]. Observa-
tional data can be rated up using the same criteria as
for health outcomes [20], and evidence from randomized
trials can be rated down [12e21]. It should be noted, for
example, that estimates of resource use based on data col-
lected alongside or as part of randomized trials may be un-
representative of routine practice. This potential threat to
external validity occurs because of the influence of ‘‘proto-
col-prescribed resource use’’ (i.e., resource use mandated
by the clinical trial design) or ‘‘protocol-derived resource
use’’ (e.g., increased clinical investigations mandated by
trial protocols leading to atypical disease management)
[22]. In these circumstances, if the potential threat to the
external validity of estimates of resource use is judged to
be moderate or high (and assuming the impact cannot be
measured to allow it to be factored out of such estimates
before rating confidence in effect estimates), guideline de-
velopers will rate down the confidence in effect estimates
for directness.

As for important health outcomes for which no data are
available, lack of information for an important item of
resource use should be acknowledged.
5.1. Study limitations (risks of bias)

Risks of bias for estimates of resource use are similar to
those for estimates of health outcomes [23]. Nonrandom al-
location or inadequate allocation concealment can result in
selection bias and important differences, for example, in dis-
ease severity, requiring more use of resources. Effective
blinding ensures that the compared groups receive a similar
amount of attention, ancillary treatment, and diagnostic in-
vestigations. Knowledge of intervention assignments may
impact on resource use. For example, in a randomized trial
[24] comparing early discharge to a hospital at home scheme
with continued care in an acute hospital for elderly patients,
fewer resources were used by the early discharge group.
However, at least some of the difference could be explained
by the fact that early discharge patients received care from
a resource-focused hospital at home team, which would
not be the case in a regular home health care situation.

Incomplete outcome data can bias estimates of resource
use. However, if resource use data are missing, but reasons
for these are both reported and balanced across groups, the
risk of bias is likely to be low. For example, in the study
comparing buprenorphine to methadone [11], ‘‘at the pa-
tient level, clinical records were reviewed retrospectively
for every second patient randomized to each treatment.’’
As for health outcomes, adherence to the intention to treat
principle is generally necessary to maintain prognostic bal-
ance. Investigators violated this principle in the previous
study [11]. Patients who entered the study to gain access to
buprenorphine but were randomized to methadone either
did not commence treatment immediately or withdrew from
the study. In either case, they were omitted from the analysis.
If patients omitted from the analysis were prognostically dif-
ferent than those included this omission compromised prog-
nostic balance.

Resource use data can be collected directly from patients,
in which case there is a risk of recall bias, especially if the
recall period is relatively long and detailed information is
requested [25]. Validation of self-reported data can reduce
the risk of bias. For example, in a study of care for terminally
ill patients, data regarding the use of health services was
reported by patients and confirmed by providers [26].

It may sometimes be reasonable to assume that there is
a high-quality evidence based on assumptions, in particular
for use of the intervention. For example in the trial of mag-
nesium sulfate for preeclampsia [27], it is reasonable to
assume that patients in the intervention group received
magnesium sulfate, whereas those in the comparison group
did not.
5.2. Consistency of results

As for health outcomes, consistency of results is likely
to be important for resource use. Consistency should be as-
sessed in terms of variations in the magnitude and direction
of the difference in resource use across studies. Inconsis-
tencies in results can be expected if there are different pat-
terns of resource use in the settings where studies were
conducted, or differences in populations or interventions.
When variability exists and investigators fail to identify
a plausible explanation, the confidence in the effect esti-
mate decreases. Judgments about the consistency of esti-
mates of resource use can be difficult because of poor
reporting of study methods and results, including lack of
discussion of study results in the context of the results of
previous studies.
5.3. Directness of evidence

Generally, directness of the evidence is likely to be a key
consideration in rating the confidence in effect estimates for
resource use (and costs). Specifically, it is important to as-
sess the extent to which the available evidence reflects
levels and combinations of resource use that are applicable
to the setting and population in which the guideline is being
developed. As noted above, features of the intervention
context may substantially influence the levels and particular
combinations of resources needed to provide interventions
in different health and social systems and/or service set-
tings. Similarly, it is important to assess whether unit costs
underlying estimates of costs are applicable to the decision
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makers’ setting and, if not, whether they can be adjusted to
the target setting to allow the re-estimation of costs.

Ideally, there should be comparable resource use data for
an adequate follow-up period for the groups being com-
pared. As discussed above, however, sometimes resource
use is not measured for the entire time horizon deemed rel-
evant, but extrapolated from more time-limited measure-
ments. For example, in the trial of antiepileptic drugs for
partial epilepsy [27], resources were not collected for the
entire 2-year follow-up period and extrapolations were
made. ‘‘To estimate year 1 costs, the costs in months
10e12 were multiplied by three and added to the costs for
months 1e3. Year 2 costs were estimated by multiplying
the cost in months 22e24 by four.’’ As with sampling pa-
tients, sampling time periods will introduce a risk of bias un-
less there is a reason to believe that resource use will stable
between sampled time points (e.g., for long-term chronic
diseases). In this example, this might occur as the quantities
of resources used during a specific follow-up time period
may be influenced by how long after the initial intervention
resource use was measured. For example, the resource use in
months 10e12 might have underestimated resources used
earlier and overestimated resource use occurring later.

Evidence for resource use and costs from older studies
may be indirect because of changes in the use of technologies
or innovations in the organization and delivery of care. For
example, changes in the way care is delivered because of in-
creased experience (e.g., decreased operating times or sys-
tematic reductions in length of stay) or decreasing prices
for generic drugs could change prescribing patterns. Indirect-
ness of evidence of costs may also result from differences in
providers. For example, teaching and research-based hospi-
tals have higher costs relative to nonteaching hospitals [28].

As a consequence of variations in patterns of resource
use (and costs) across settings, guideline developers will
frequently choose to focus on the evidence for resource
use (and costs) that is most direct, rather than on an average
estimate of differences in resource use (and costs) based on
pooled evidence derived from studies conducted in several
different settings.

5.4. Imprecision

Because of variability in resource use between patients
(e.g., some patients use exceptional amounts of costly ser-
vices), larger sample sizes may be required to ensure that
studies are adequately powered to detect differences in re-
source use between treatment groups compared with health
outcomes [29]. Thus, clinical trials may be underpowered
to detect differences in resource use [30]. Moreover, studies
may not always report confidence intervals or P-values for
economic estimates [31,32].

5.5. Publication bias

Lastly, as for clinical outcomes [33] economic evalua-
tions are at risk of publication bias [13].
6. Attaching monetary values to resource use

When a recommendation is made in a specific context,
attaching appropriate monetary values to quantities of re-
source use can aid consistent and appropriate valuation of
these outcomes by decision makers. In principle, the values
should reflect opportunity costs.

So far as possible, monetary valuation of resource use
should be made by applying up-to-date and locally relevant
unit costs (i.e., applicable to the context of the guideline) to
the measured quantity (i.e., number of units) of each item
of resource use. Analysis of reliable administrative databases
or published data sources for the same jurisdiction are pro-
posed as the most reliable source of data on unit costs [34].

However, if these preferred sources are not available, it
may be necessary to use unit costs obtained from previ-
ously published studies or other sources. As discussed
above, these may need to be adjusted for differences in cur-
rency and price year.

Discounting is used in economic evaluations to adjust for
social or individual preferences over the timing of costs and
health benefits [1]. This means that less weight is given to
costs or benefits that occur further in the future than to those
expected imminently. For example, in a trial of antiepileptic
drugs for partial epilepsy [35], presenting a follow-up of
2 years, the authors discounted costs incurred in the second
year. Recommended discount rates differ between countries,
and are often varied in sensitivity analyses. It is possible to
explicitly discount costs and health outcomes in evidence
profiles but this would limit the applicability of the evidence
profile to contexts using the same discount rates. We there-
fore recommend that costs and health outcomes should be
reported in evidence profiles in their undiscounted form.
However, when costs are presented, these should be reported
using the appropriate discount rate for the recommendation
context (because costs are already context specific). The
data used to calculate these discounted costsdincluding
quantities of all resource items, unit costs, and the discount
ratedshould be reported. This will enable guideline devel-
opers to adapt the cost estimates for their locality.

Similar to other outcomes, it may be appropriate to aggre-
gate different items of resource use. This can be achieved by
summing the costs of all included items of resource use, once
adjustments for currency and/or price year have been made.
7. Resource use and costs in SoF tables

Table 2 represents a SoF table for the comparison of bu-
prenorphine and methadone for opioid maintenance treat-
ment summarizing the effect estimates and the confidence
in those estimates, including resource use and costs. The
availability of the evidence profile makes all of the evidence
considered for inclusion in the SoF table available to those
who want it. In our example, there was little or no differ-
ence in health outcomes between buprenorphine and
methadone, and buprenorphine cost more. For interventions
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that both cost more and are more effective, a SoF table, such
as Table 2, does not provide any guidance on whether the
net health benefits are worth the additional costs. Such
trade-offs must either be made implicitly based on the value
judgments of guideline developers, or explicitly based on
the outputs of a de novo economic evaluation.
8. Finding economic evidence

Evidence for resource use may be found in a range of
research-based sources, including clinical trials, observa-
tional studies, technology appraisals, and economic evalua-
tions. It may be published concurrently with, or separately
from, reports of clinical studies. Methods for locating pre-
viously published and unpublished economic evaluations
are summarized elsewhere [36]. Evidence for resource
use in a specific setting may be also retrieved from national
or local databases, such as drug use from prescription data-
bases or hospitalizations from hospital databases.
9. Conclusions

We described the GRADE approach to rating the quality
of economic evidence and how the standard GRADE profile
can capture both clinical evidence and data on the resource
impact of interventions. Guidelines and recommendations
have the potential to help decisionmakers, clinicians, and pa-
tients to improve the quality of care, ensuring the best use of
limited resources. Although some guideline developers do
not consider resource use and cost explicitly, resource use
and costs are just other potential outcomes, such as mortality,
morbidity, and quality of life, associated with alternative
ways of managing patient problems. It is important that
guidelines are built on the best available evidence and that
guideline panels use systematic and transparent processes
tomake judgments about their confidence in effect estimates,
moving from the evidence to a recommendation, incorporat-
ing considerations of how resources are used. Evidence pro-
files represent a useful tool to include evidence on the
impacts of interventions on resource use and costs in recom-
mendations, focusing on challenges with rating quality of
evidence. Although not a requirement for use of the GRADE
approach, SoF tables provide succinct, accessible, evidence
summary on the important health outcomes and resource
consequences, and their quality of evidence. To consider
all the relevant resources and costs, it is important that guide-
line developers include the relevant stakeholders and not
just clinicians. With our framework, decision makers will
have access to concise summaries of recommendations, in-
cluding ratings of the quality of economic evidence, and bet-
ter understand the implications for clinical decision making.
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