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THE ULTIMATE PURPOSE of ap-
plied health researchis to improve health
care. Summarizing the literature to ad-
duce recommendations for clinical prac-
tice is an important part of the process.
Recently, the health sciences commu-
nity has reduced the bias and impreci-
sion of traditional literature summaries
and their associated recommendations
through the development of rigorous cri-
teria for both literature overviews!® and
practice guidelines.*> Even when rec-
ommendations come from such rigorous
approaches, however, it is important to
differentiate between those based on
weak vs strong evidence. Recommen-
dations based on inadequate evidence
often require reversal when sufficient
data become available,® while timely
implementation of recommendations
based on strong evidence can savelives.
In this article, we suggest an approach
to classifying strength of recommen-
dations. We direct our discussion pri-
marily at clinicians who make treat-
ment recommendations that they hope
their colleagues will follow. However,
we believe that any clinician who at-
tends to such recommendations would
benefit from the increased understand-
ing they will gain through reading this
article.
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GRADING HEALTH CARE
RECOMMENDATIONS:
PREVIOUS CRITERIA

In 1979, the Canadian Task Force on
the Periodic Health Examination made
one of the first efforts to specify the
strength of practice recommendations.’
This group classified the quality of the
evidence regarding the benefit of inter-
ventions into one of four categories based
on the quality of the individual study de-
signs. Their classification of the strength
of their recommendations was consider-
ably less explicit, only labeling evidence
as “good,” “fair,” or “poor.” The original
Canadian Task Force approach, with mi-
nor modifications, has been reaffirmed
by the Canadian Task Force® and en-
dorsed by the US Preventive Services
Task Force.” Both task forces contrib-
uted to progress in developing ways of
grading the strength of health care rec-
ommendations that enhance both their
interpretability and validity.

ADVANCES IN METHODOLOGY

The classification system we present
in this article is driven by four advances
in translating evidence from original stud-
ies into clinical recommendations. First,
methodologists have developed standard-
ized approaches to the scientific conduct
of literature reviews, and reviewers are
increasingly using these approaches. This
methodology includes systematic proce-
dures and statistical techniques for com-
bining results from different studies to
minimize bias and increase precision.!®
Second, we have distinguished between
clinical importance and statistical signifi-
cance and realize that an intervention may
be beneficial, but the effect too small to
make the intervention worth administer-
ing."! The third advance is the more ex-
plicit acknowledgment that the strength
of health care recommendations should
depend on the precision of the estimated
intervention effects: in general, the
greater the sample size, the more precise
our estimates of intervention effects, the
narrower the confidence interval (CI)
around our estimate of those effects, and
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the greater our ability to make strong
recommendations. Finally, we are more
aware that we may serve individual pa-
tients or groups of patients best if we
withhold treatment for those at very low
risk of clinical events while at the same
time recommending treatment to those
at higher risk.’'® v

The Canadian and US Task Force cri-
teria do not incorporate these advances.
Members of our group have previously
developed and modified criteria that ad-
dressed systematic overviews, but we
failed either to clearly separate study de-
sign from the magnitude of the interven-
tion effect, or to consider the impact of
degree of patients’ risk on treatment rec-
ommendations.!®!” The approach we pre-
sent in this article builds on the extensive
work undertaken to date. We will focus
on situations where investigations pro-
vide data regarding the effect of inter-
ventions on clinically important outcomes,
whether the interventions are therapeu-
tic, preventative, or diagnostic.

Our approach begins with the iden-
tification of a systematic overview of
the existing evidence. By “systematic”
we mean one that meets the following
standards: the overview (1) addresses a
focused clinical question; (2) uses ap-
propriate criteria to select studies for
inclusion; (3) conducts a comprehensive
search; and (4) appraises the validity of
the individual studies in a reproducible
fashion. These standards are the same
as those we recommend that clinicians
use to identify an overview that is likely
to yield an unbiased estimate of treat-
ment effect.’® Recommendations in-
tended to influence clinical practice
should be based on a current overview
that meets these criteria.

COMPONENTS OF THE APPROACH
TO GRADES OF RECOMMENDATION

In our framework, making a recom-
mendation about a health care interven-
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Table 1.—Grades of Recommendations for a
Specified Level of Baseline Risk*
|

Al RCTs, no heterogeneity, Cls all on one
side of threshold NNT

A2 RCTs, no heterogeneity, Cls overlap
threshold NNT

B1 RCTs, heterogeneity, Cls all on one side
of threshold NNT

B2 RCTs, heterogeneity, Cls overlap
threshold NNT

(%3] Observational studies, Cls all on one
side of threshold NNT

c2 Observational studies, Cls overlap

threshold NNT
|

*RCT indicates randomized controlled triaf; Cl, con-
fidence interval; and NNT, number needed to treat to
avoid one unwanted outcome.

tion requires the integration of three
elements: the strength of the evidence
presented in the overview; the thresh-
old or magnitude of intervention effect
at which benefit exceeds the risks of
therapy, including both adverse effects
and costs; and the relationships between
the estimate of the magnitude of the
intervention effect, the precision of that
estimate, and the threshold. We will deal
with each of these components in turn.
In describing results of studies, we will
consider the effect of the intervention
on the clinical event that it is designed
to prevent, which we will call the “tar-
get event.” We will focus on the follow-
ing: (1) the relative risk (RR), which is
the ratio of the risk of target events in
treated patients to the risk of target
events in the untreated patients, and
the RR reduction, or (1 — RR)*; (2) the
absolute risk reduction, which is the dif-
ference in the absolute risk of the target
event between treatment and control
groups; and (3) the number needed to
treat (NNT), which is the number of
patients one needs to treat to prevent
one target event (arithmetically, the in-
verse of the absolute risk reduction).

Component 1:
The Strength of the Evidence

Randomized Controlled Trials.—Be-
cause no other study design can provide
the safeguards against bias associated
with randomization, randomized con-
trolled trials (RCTs) yield stronger evi-
dence than other study designs. Over-
views of RCTs, therefore, provide far
stronger evidence than do overviews of
cohort and case-control studies. The
strength of evidence from an otherwise
systematic overview of RCTs will, how-
ever, depend on the consistency of the
results from study to study. When dif-
ferent studies in the same overview yield
very different estimates of treatment
effect (a situation we refer to as “het-
erogeneity” of study results), one must
question why. Possibilities include dif-
ferences in patient populations, the way
the interventions were administered, the
way the outcomes were measured, the
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Table 2.—Number Needed to Treat.

No. Needed
Relative Absolute to Treat,
Bleeding Risk Bleeding Risk 1/(U-T),
Risk if Reduction, Risk if Reduction, to Prevent
Untreated, U (U-Tn Treated, T u-T a Bleed
Critically ill patient receiving
mechanical ventilation
and/or has a coagulopathy 0.037 58% 0.0155 0.0215 45
Critically ill patient breathing
spontaneously without a
coagulopathy 0.0014 58% 0.0006 0.0008 1250

way the studies were conducted, or the
play of chance?'” A statistical test of
the homogeneity of the intervention ef-
fect asks the question, “Are the differ-
ences in treatment effect from study to
study greater than one would expect
simply as a result of chance”?

Ifinvestigators conducting an overview
conclude that treatment has a different
effect depending on the population or the
way the intervention is administered, they
may conduct separate overviews for the
different populations or treatments.?*
When differences in treatment effect
across studies are greater than one would
expect by chance alone, and varying popu-
lations, interventions, outcomes, or study
methods cannot explain the differences,
inferences become weaker. We therefore
rank the strength of evidence from over-
views of RCTs according to the presence
or absence of unexplained differences in
results from study to study (Table 1). We
rank overviews with significant and im-
portant heterogeneity (level B) lower than
those without significant and important
heterogeneity (level A).

Before concluding that recommenda-
tions be classified as level B rather than
level A, we should be confident that the
degree of heterogeneity is clinically im-
portant. Heterogeneity can be consid-
ered clinically important if there is a
large difference in RR reduction across
studies. If the estimates from the indi-
vidual studies are imprecise, however,
an apparent large difference may be due
to the play of chance. We propose the
following eriteria for clinically impor-
tant heterogeneity:

1. The difference in the estimate of
RR reduction between the two most dis-
parate studies is greater than 20% (for
instance an RR reduction of 40% in one
study and less than 20% in another).

2. The difference between the bound-
aries of the CIs between the two most
disparate studies is greater than 5% (for
instance, the lower boundary [the small-
est RR reduction compatible with the
data] in the first study is 30% and the
upper boundary of the CI [the largest
RR reduction compatible with the data]
in the second study is less than 25%).

Before heterogeneity bears on the
strength of treatment recommendations,
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it must be both clinically important and
statistically significant (P<.05).
Observational Studies.—Because the
potential for bias is much greater in co-
hort and case-control studies than in
RCTs, recommendations from overviews
combining observational studies will be
much weaker.”? Thus, we classify ob-
servational studies as providing weaker
evidence than RCTs (Table 1).

Component 2: How Big an Impact
of Treatment Warrants Its Use?

Any decision about initiating a pre-
ventive or therapeutic regimen repre-
sents a trade-off between patient or
public benefits, on the one hand, and
toxicity, cost, and administrative bur-
den to patients and providers on the
other. Clinicians do not, therefore, ad-
minister all effective treatments (effec-
tive in that they have a positive effect
on some important outcome) to all po-
tentially eligible patients. For example,
H, receptor antagonists reduce the RR
of serious bleeding in critically ill pa-
tients by approximately 58%.% However,
a patient who is breathing spontane-
ously without a coagulopathy has a risk
of serious bleeding of only 0.14% with-
out treatment.? This baseline risk is so
low that most clinicians would not con-
sider it worth treating to lower the RR
by another 58% (to 0.06%).

For administration of H, receptor an-
tagonists to critically ill patients, and
indeed for any treatment of any condi-
tion, it is useful to think of a threshold
effect, above which one would treat and
below which one would not. Moreover,
it is informative to think of the number
of patients one would need to treat to
prevent a single serious gastrointesti-
nal bleed.#* Consider a group of eriti-
cally ill patients who are receiving
mechanical ventilation or who have a
coagulopathy and whose risk of bleed-
ing is therefore increased to 3.7%.%%
Treating such patients with H, receptor
antagonists, one reduces their RR by
58%, to 1.55%. In absolute terms, their
risk has fallen 2.15% (Table 2). The re-
ciprocal of this absolute risk reduction is
the NNT. In this case, 45 patients must
receive prophylaxis to prevent an epi-
sode of serious bleeding.
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Table 3.—How to Calculate the Threshold Number Needed to Treat

This table outlines how we calculate the threshold number needed to treat
preparing for publication. In describing how to calculate a threshold NNT,
T-NNT: the threshold number needed to treat

CoStyeament: the cost of treating one patient

Costiga: the cost of treating one target event

(NNT), a complete description of which will appear in an article we are
we will use the following notation:

Costye: the cost of treating one adverse event, with a further subscript 1 or 2 denoting the first and second adverse effects
Ratese: the proportion of treated patients who suffer an adverse event (again, subscripts 1 and 2 denoting the two adverse events)
Valueyga: the dollar value we assign to preventing one target event
Value,e: the dollar value we assign to preventing one adverse event (again, subscripts 1 and 2 denoting the two adverse events)

The general approach for generating the threshold NNT is based on the concept that at this threshold the value of treatment inputs equals the value of

treatment outputs; that is, the net cost of treating
value of the adverse events prevented or caused

by treating that number of patients. The val

the cost of treating the number of patients that will comprise the threshold NNT: (CoStyeamen)(T-NNT)

plus

the cost of treating the adverse events attributable to treatment in the number of

minus

the cost of treating one target event: Costiarger
The value of the outputs includes the following:

the doflar value assigned to the one target event prevented: Valuearga

minus

the dollar value assigned tc adverse events attributable to treatment: (Valuexg)(Rateae)(T-NNT)

Thus, we have:

[{COStueumen) (T-NNT)] + [(Costae)(Ratere) (T-NNT)] — COStiarge = ValuBrager — [(Valueae)(Rateas)(T-NNT)]

Rearranging:

T-NNT [CoStyeatment + (COStag)(Ratess)] — COStiarger = Valuiarger — (T-NNT)[(Valueae)(Rateae)]

And solving for threshold NNT:

T-NNT = (CoOStager + ValUtarget) [COStrsatment + (Costae)(Rateae)] + [(Valueae)(Ratese)]
In the example we have used in the body of the article concerning the prevention of gastrointestinal bleeding, there are two adverse effects attributable to
treatment that we must consider. The equation therefore becomes the foliowing:

T-NNT = (COStiarges + Valueyager)/ [COStroament + (Costagi)(Rateser) + (Costags)(Rateass)] + [(Valueag;) + (Rateag) (Valueagy)(Rateae,)]
Substituting the figures from the body of the article yields the following:

T-NNT = (12000+3000)/[65+(10 000)(0.0006)+(500)(0.015)]+[(3000){0.0006)-+(300)(0.015)]

T-NNT = 15000/[65 + 6 + 7.5] + [18 + 4.5]
T-NNT = 15000/101
T-NNT = 1485

We believe that it is important to consider costs in decidin

for calculating the threshold NNT that neglects costs would use the following formula:
T-NNT = 1/[(Valuese:)(Rateaes) + (Valuese,)(Rateae.)]
In this equation the value of the adverse events is not the dollar value as in the mode! that includes costs, but the value of the adverse event in terms of

the target event. That is, if we decided that the negative conse

the target event, the value of that adverse event would be 0.1.

‘

Consider again the first group of criti-
cally ill patients we’ve mentioned, those
who are breathing spontaneously and
who don’t have a coagulopathy. Their
risk of bleeding without treatment,
which we call the “baseline” risk, is
0.14%, their risk with treatment is 0.06%,
and one must treat 1250 such patients to
prevent a serious bleed (Table 2).

Should we treat either, or both, of
these patients? This decision involves
generating a threshold NNT. If the pa-
tients’ risk without treatment is high
enough, and the NNT is below the
threshold, we administer treatment. If
the patient’s risk without treatment is
low enough, and the NNT is therefore
above the threshold, we would not treat.

Generating the threshold NNT in-
volves three steps. In the first step, we
identify two sorts of undesirable events.
One is the target event, and the other is
the adverse effects attributable to treat-
ment. To generate the threshold NNT,
we must specify the costs we incur when
we treat patients, the costs we save when
we prevent the occurrence of the target
event, costs that we might incur as a
result of preventing the target event,
and the costs we incur when we look
after patients who suffer adverse events
associated with treatment.

In considering the decision whether
to administer prophylaxis for gastroin-
testinal bleeding, some of the costs we

specify below are based on a detailed
economic analysis from a hospital’s point
of view (D. Heyland, A. Gafni, D. Cook,
G. H. Guyatt, unpublished data, 1995),
while others are much more approxi-
mate estimates. In this case, the cost of
administering ranitidine during a pa-
tient’s 10-day stay in the intensive care
unit (calculated, as are all our costs, based
on Canadian data) is approximately $65
(including drug costs and costs of ad-
minijstering the treatment) and the cost
of treating a gastrointestinal bleed is
$12000. Adverse effects of the H, re-
ceptor antagonist ranitidine include
hepatitis with hepatic failure (an inci-
dence of 0.06%,* with a treatment cost
of $10000 per episode) and central ner-
vous system toxicity (an incidence of
1.5%,% with a cost of $500 per episode).

The second step in generating the
threshold NNT is assigning relative val-
ues to the outcomes and relating them
to dollar costs. These values may come
from health workers, administrators, pa-
tients, or a large random sample of the
general public and might use one of a
number of approaches (such as individual
interviews or a group consensus pro-
cess) to assess utility.®® While there is
no consensus about either who should
be deciding values or the best method of
establishing that group’s values, we
would recommend individual interviews
with either patients or the general pub-
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the number of patients one needs to treat to prevent one patient having the target event equals the net
lue of the treatment inputs includes the following:

patients that will comprise the threshold NNT: (Costae)(Ratee)(T-NNT)

g on the threshold NNT. Some clinicians may be uncomfortable with including costs. A model

quences of an adverse event was only one-tenth as great as the negative consequences of

lic. Whatever population and approach
to eliciting values one chooses, the
process would involve (in this case) de-
termining the degree of satisfaction,
distress, or desirability that people as-
sociate with having an episode of gas-
trointestinal bleeding relative to an
episode of liver toxicity or central ner-
vous system toxicity. The process then
involves deciding how much money
should be allocated to prevent a single
episode of gastrointestinal bleeding,
which in turn sets the money we would
be willing to spend to avoid the adverse
events attributable to treatment.?
For purposes of the present discus-
sion, we have not actually obtained val-
ues from a random sample of the popu-
lation, but have guessed at what the
population might say. In this case, we
would be willing to spend $3000 to pre-
vent one gastrointestinal bleed. We have
equated one episode of liver toxicity and
10 episodes of central nervous system
toxicity to a serious gastrointestinal
bleed. Thus, we would be willing to spend
$3000 to avoid one episode of liver tox-
icity and $300 to avoid one episode of
central nervous system toxicity. We ex-
plain the algebra involved in calculating
the threshold NNT in Table 3; as it turns
out, the figures above generate a thresh-
old NNT of approximately 150.
Figure 1 presents the relationship be-
tween the treatment NNT, the thresh-
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Figure 1.—Relationship between number needed
to treat (NNT) associated with treatment, threshold
NNT (horizontal line), and risk of bleeding without
treatment for critically ill patients.
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Figure 2.—Levels of baseline risk and threshold
number needed to treat (NNT). Vertical lines repre-
sent the 95% confidence intervals around the treat-
ment NNT at baseline risks of 0.14%, 0.9%, 2%, and
3.7%.

old NNT, and the risk of bleeding with-
out treatment for critically ill patients.
In constructing Figure 1, we have used
the RR reduction we can expect with
administration of H, receptor antago-
nists (58%), and the threshold NNT of
150 that we have generated. The hori-
zontal line at an NNT of 150 represents
this threshold NNT. The decreasing
curve represents the NNT for any given
risk of bleeding without treatment,
which we will call the “treatment NNT
line.” Points on this line include the
groups of patients from Table 2: patients
with a risk of serious bleeding without
treatment of 3.7%, for whom the NNT
is 45, and patients with a risk of serious
bleeding without treatment of 0.14%,
for whom the NNT is 1250. The treat-
ment NNT line crosses the threshold
NNT at a risk without treatment of
1.15%. Therefore, our judgment is that
treatment is warranted in patients
whose risk of serious bleeding without
treatment is greater than 1.15%, and
not warranted for those whose risk is
less than 1.15%.

The threshold NNT will vary depend-
ing on the values the clinician and pa-
tient place on its components. Some cli-
nicians may be uncomfortable including
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costs as a consideration in the decision
to treat. The strength of the threshold
approach is that those recommending
policy can, in generating a threshold
NNT, make explicit the values they place
on avoiding clinical events, adverse ef-
fects, and costs incurred or avoided, or
omit costs from the consideration. In
Table 3, we provide a method of calcu-
lating the threshold NNT without eon-
sidering costs. Clinicians can examine
the basis for the decision regarding
threshold NNT, and the implications of
differences in values, and the lower or
higher threshold generated as a result
of different values.

Component 3: How Much Does
the Treatment Work?

A meta-analysisis a quantitative over-
view that yields the best estimate of the
treatment effect by pooling results from
different trials. This estimate is called a
“point estimate” to remind us that al-
though the true value lies somewhere in
its neighborhood, it is unlikely to be ex-
actly correct. Confidence intervals tell
us the range within which the true treat-
ment effect likely lies.®*3* We usually
(though arbitrarily) use the 95% CI,
which can be interpreted as defining the
range that would include the true treat-
ment effect 95% of the time on repeti-
tion of the experiment.

Given a specified risk of a clinical event
without treatment, we can use the re-
duction in RR of clinical events with
treatment and the CI around that re-
duction in RR, to calculate not only the
NNT, but also the CI around the NNT.
The relationship between that CI and
the threshold NNT will have a profound
effect on the strength of any recommen-
dation to treat or not to treat. There are
four possible relationships between the
threshold NNT, the point estimate of
the treatment effect, and the CI around
the point estimate. We will examine each
of these four in turn.

Consider critically ill patients who are
receiving mechanical ventilation or have
a coagulopathy. We have already de-
cided that since their NNT lies below
the threshold, they should be treated
with H, receptor antagonists (or some
equivalent treatment) (Table 2, Figure
1). We must remember, however, the up-
per boundary of the CI around the NNT.
This boundary represents the smallest
reduction in risk and thus the largest
NNT, which s likely to be consistent with
the data. In this case, the 95% CI around
the RR reduction of 58% ranges from
79% to 21%, and the corresponding CI
around the NNT, given the risk without
treatment of 3.7%, ranges from 34 to 129.
Here, the boundary of the CI that rep-
resents the highest NNT consistent with

Users’ Guides to Medical Literature—Guyatt et al

the data is still less than the threshold
NNT of 150. We can be confident that the
treatment for patients whose risk of bleed-
ing is 8.7% does more good than harm, on
average, given the relative values and
costs we have specified.

Consider critically ill patients who are
neither receiving mechanical ventilation
nor have a coagulopathy and whose risk
of bleeding is therefore 0.14%. Given the
58% RR reduction, we must treat 1250
such patients to prevent a bleed (Table
2). The 95% CI around this NNT ranges
from 904 to 3401. The boundary of the CI
that represents the largest plausible treat-
ment effect, and thus the smallest NNT
(904), is greater than the threshold NNT
of 150. We can therefore be confident that
the risks and costs of treatment outweigh
the benefits.

If the risk of bleeding without treat-
ment is intermediate, the recommenda-
tion is less clear. Take, for instance, a
critically ill patient with a bleeding risk
of 2%. Given an RR reduction of 58%,
we must treat 86 such patients to pre-
vent a bleed. Given the range of the 95%
CI around the RR reduction (79% to
21%), the true NNT may lie between 63
and 238. The boundary of the 95% CI
that represents the smallest plausible
treatment effect, and thus the greatest
NNT, 238, is greater than the threshold
NNT. While the overall recommenda-
tion will still be to treat patients with
thislevel of risk of bleeding, our strength
of inferences will be weaker.

Similarly, if one considers a patient
with a risk of serious bleeding without
treatment of 0.9%, the most likely NNT
is 192, but the 95% CI ranges from 141
to 529. Since the most likely NNT is
above the threshold, the recommenda-
tion will be to withhold treatment, but
because the 95% CI overlaps the thresh-
old NNT of 150, the strength of infer-
ence is relatively weak.

We present results from all four lev-
els of baseline risk (0.14%, 0.9%, 2%, and
3.7%) together with the threshold NNT
in Figure 2.

THE FINAL PRODUCT:
RECOMMENDATIONS

If one combines the strength and het-
erogeneity of the primary studies with
the magnitude and precision of the treat-
ment effect as it relates to the threshold
NNT, one can decide on the strength of
the recommendation to treat or not to
treat (Table 1). As we have demon-
strated, the recommendation may
change from “offer the intervention”
when the baseline risk is high, to “don’t
offer the intervention” when the base-
line risk is low. We believe that within
RCTs, whether the CI onthe NNT over-
laps the threshold NNT is more impor-
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tant than the presence of heterogene-
ity. However, RCT evidence is always
stronger than evidence from observa-
tional studies. Thus, for any given
baseline risk, Al and B1 designate the
strongest recommendations, A2 and B2
represent intermediate-strength recom-
mendations, and C1 and C2 are the weak-
est recommendations.

COMMENT

There are many issues in arriving at
recommendations that remain to be fully
explored. The .05 threshold for deciding
whether or not heterogeneity is statisti-
cally significant, the proposed criteria for
deciding whether heterogeneity is clini-
cally important, and the choice of 95% for
the CI around the treatment NNT are all
arbitrary. Our choice of the 95% CI is
based on tradition. Less stringent values
would lead to narrower Cls (and thus
more level 1 recommendations) and may
ultimately be judged more appropriate.

The decision regarding the threshold
NNT requires data both on costs and on
the relative values we place on varying
outcomes, data that will often not be
available. Limitations in the data will
emphasize the need to conduct additional
rigorous studies. In the meanwhile, we
must make treatment decisions and
these decisions imply estimates of costs
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