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Systematic reviews summarize large amounts of informa-
tion and are more likely than individual trials to describe
the true clinical effect of an intervention. Traditional sta-
tistical outputs from systematic reviews cannot immedi-
ately be applied to clinical practice. The number needed to
treat (NNT) has that clinical immediacy. This number can be
calculated easily from raw data or from statistical outputs,
and the principle invelved in its calculation can be applied
to different outcomes: treatment efficacy, adverse events
{harm), or other end points. The NNT defines the treat-
ment-specific effect of an intervention, and we suggest it
as a currency for making decisions about individual pa-
tients. Knowing the NNT for different interventions that
have the same outcome for the same disorder can help
shape individual and institutional practice. Knowing or
estimating the number needed to harm is alse an impor-
tant part of the equation. Knowing or estimating an indi-
vidual patient’s risk can, with the NNT, be a guide to the
overall or net value of a prophylactic intervention, We
advocate an approach to systematic reviews that distills
information into, in effect, one number: the NNT. This is
simple to remember and directly supports efforts to work
with patients to make the best possible clinical decisions
for their care.
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s professionals, we want to use the best treat-
ents; as patients, we want to be given them.
Knowing whether an intervention works (or does
not work) is fundamental to clinical decision mak-
ing. However, clinical decision making involves
more than simply taking published results of re-
search directly to the bedside. Physicians need to
consider how similar their patients are to those in
the published studies, to take the values and pref-
erences of their patients into account, and to con-
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sider their own experience with a given test or treat-
ment.

Evidence from clinical research is becoming in-
creasingly important in medical-practice decisions as
more and better evidence is published. But when is
the evidence strong enough to justify changing a
practice? Individual studies that involve only small
numbers of patients may have results that are dis-
torted by the random play of chance and thus lead
to less than optimal decisions. As is clear from
other papers in this series, systematic reviews iden-
tify, critically appraise, and review all the relevant
studies on a clinical question and are more likely to
give a valid answer. They use explicit methods and
quality standards to reduce bias. Their results are
the closest we can come to reaching the truth given
our current state of knowledge.

The questions about an intervention that a sys-
tematic review should answer are the following:

1. Does it work?

2. If it works, how well does it work in general
and compared with placebo, no treatment, or other
interventions that are currently in use?

3. Is it safe?

4. Will it be safe and effective for my patients?

Whereas the critical appraisal and qualitative
synthesis provided by review articles can be inter-
preted directly, the numerical products of quantita-
tive reviews can be more difficult to understand and
apply in daily clinical practice. This paper provides
guidance on how to interpret the numerical and
statistical results of systematic reviews, translate
these results into more understandable terms, and
apply them directly to individual patients. Many of
these principles can also be used to interpret the
numerical results of individual clinical studies. They
are particularly relevant to systematic reviews, how-
ever, because such reviews contain more informa-
tion than do primary studies and often exert greater
influence than do individual studies.



Making Sense of the Numerical Results of
Clinical Studies

Although the results of clinical studies can be
expressed in intuitively meaningful ways, such re-
sults do not always easily translate into clinical de-
cision making. For example, results are frequently
expressed in terms of risk, which is an expression of
the frequency of a given outcome. (Risks are prob-
abilities, which can vary between 0.0 and 1.0, A
probability of 0.0 means that the event will never
happen, and a probability of 1.0 means that it al-
ways happens.)

Consider a hypothetical study of the recurrence
of migraine headaches in a control group receiving
placebo and a treatment group receiving a new an-
timigraine preparation, drug M (a secondary pre-
vention trial). Suppose that at the end of the trial,
migraines recurred in 30% of the control group (the
risk for recurrence was (.30) but in only 5% of the
drug M group (risk of 0.05) (Table 1).

The outcomes of the study are clear enough for
the two groups when they are examined separately.
But clinicians and patients are more interested in
the comparative results, that is, the outcome in one
group relative to the outcome in the other group.
This overall (comparative) result can be expressed
in various ways. For example, the relative risk,
which is the risk in the treatment group relative to
that in the control group, is simply the ratio of the
risks in the two groups. In other words, relative risk
is the risk in the treatment group divided by that in
the control group, 0.05 + 0.30, or 0.17. The compar-
ison can also be expressed as the reduction in rel-
ative risk, which is the ratio between the decrease in
risk (in the treatment group) and the risk in the
control group, 0.25 + 0.30, or 0.83 (Table 1). (The
relative risk reduction can also be calculated as
1 — relative risk).

Although the clinical meaning of relative rnisk
(and relative risk reduction) is reasonably clear, rel-
ative risk has the distinct disadvantage that a given
value (for example, 0.17) is the same whether the

risk with treatment decreases from 0.80 to 0.14,
from 0.30 to 0.05, from 0.001 to 0.00017, and so
forth. The clinical implications of these changes
clearly differ from one another enormously and de-
pend on the specific disease and intervention. An
important alternate expression of comparative re-
sults, therefore, is the absolute risk reduction. Ab-
solute risk reduction is determined by subtracting
the risk in one group from the risk in the other (for
example, the risk in the treatment group is sub-
tracted from the risk in the placebo group). In the
case of our migraine study, the absolute risk reduc-
tion would be 0.30 — 0,05, which equals 0.25, or 25
percentage points. In contrast, for a study in which
the risk decreased from 0.001 to 0.00017, the abso-
lute risk reduction would be only 0.00083, or 0,083
percentage points, which is a trivial change in com-
parison (Table 1).

This arithmetic emphasizes the difficulty of ex-
pressing the results of clinical studies in meaningful
ways. Relative risk and relative risk reduction
clearly give a quantitative sense of the effects of an
intervention in proportional terms but provide no
clue about the size of an effect on an absolute scale.
In contrast, although it tells less about proportional
effects, absolute risk says a great deal about whether
an effect is likely to be clinically meaningful. De-
spite this benefit, even absolute risk is problematic
because it is a dimensionless, abstract number; that
is, it lacks a direct connection with the clinical sit-
uvation in which the patient and physician exist.
However, another way of expressing clinical re-
search results can provide that clinical link: the
number needed to treat (NNT).

Number Needed To Treat

The NNT for a given therapy is simply the re-
ciprocal of the absolute risk reduction for that treat-
ment (1, 2). In the case of our hypothetical mi-
graine study (in which risk decreased from 0.30
without treatment with drug M to 0.05 with treat-

Table 1. Numerical Expression of Hypothetical Clinical Trial Results
Variable Trial of Drug M for Migraine Trial B __ Tral C
Treatment Group  Control Group  Treatment Group  Control Group  Treatment Group  Control Growp
Group size, n 100 100
Recurrences, n 5 30
Rk for recurrence* 0.05 {a) 0.30 (k) 0.14 {3 0.8 () 000017 {a) 0.001 (B
Relative risk: afb 017 (e 017 i 017 (e
Relative risk reduction; (b - aWbor 1 = ¢ 0.83 (d) 0.83 (of 0,83 {d)
Absolute risk reduction: b - 3 0.25 (&) 0.66 (#) 0.000E3 (e}
MNumber needed to treat: 1fe 4 15 1204
Odds 0.053 (f} 0.43 (g)
Odds ratio: i 0.12

* Can alwo be experessed as 3 percentage (% rsk = rak 0 100}
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ment with drug M, for a relative risk of 0.17, a
relative risk reduction of 0.83, and an absolute risk
reduction of 0.25), the NNT would be 1 + 0.25, or
4. In concrete clinical terms, an NNT of 4 means
that you would need to treat four patients with drug
M to prevent migraine from recurring in one pa-
tient. To emphasize the difference between the con-
cepts embodied in NNT and relative risk, recall the
various situations mentioned above, in all of which
the relative risk was 0.17 but in which the absolute
risk decreased from 0.80 to 0.14 in one case and
from 0.001 to 0.00017 in another. Note that the
corresponding NNTs in these two other cases are
1.5 and 1204, respectively: that is, you would need
to treat 1.5 and 1204 patients to obtain a therapeu-
tic result in these two situations compared with 4
patients with drug M (Table 1).

The NNT can be calculated easily and kept as a
single numerical reminder of the effectiveness (or,
as we will see, the potential for harm) of a partic-
ular therapy. As we suggested, the NNT has the
crucial advantage of direct applicability to clinical
practice because it shows the effort that is required
to achieve a particular therapeutic target. The NNT
has the additional advantage that it can be applied
to any beneficial outcome or any adverse event
(when it becomes the number needed to harm
[NNH]). The concept of NNT always refers to a
comparison group (in which patients receive pla-
cebo, no treatment, or some other treatment), a
particular treatment outcome, and a defined period
of treatment. In other words, the NNT is the num-
ber of patients that you will need to treat with drug
or treatment A to achieve an improvement in out-
come compared with drug or treatment B for a
treatment period of C weeks (or other unit of time).
To be fully specified, NNT and NNH must always
specify the comparator, the therapeutic outcome,
and the duration of treatment that is necessary to
achieve the outcome.

Important Qualities of the Number Needed To
Treat

The NNT is treatment specific. It describes the
difference between treatment and control in achiev-
ing a particular clinical outcome. Table 2 shows
NNTs from a selection of systematic reviews and
large randomized, controlled trials.

A very small NNT (that is, one that approaches
1) means that a favorable outcome occurs in nearly
every patient who receives the treatment and in few
patients in a comparison group. Although NNTs
close to 1 are theoretically possible, they are almost
never found in practice. However, small NNTs do
occur in some therapeutic trials, such as those com-
paring antibiotics with placebo in the eradication of
Helicobacter pylori infection or those examining the

use of insecticide for head lice (Table 2). An NNT
of 2 or 3 indicates that a treatment is quite effective.
In contrast, such prophylactic interventions as add-
ing aspirin to streptokinase to reduce 5-week vascu-
lar mortality rates after myocardial infarction may
have NNTs as high as 20 to 40 and still be considered
clinically effective.

Limitations of the Number Needed To Treat

Although NNTs are powerful instruments for in-
terpreting clinical effects, they also have important
limitations. First, an NNT is generally expressed as
a single number, which is known as its point esti-
mate. As with all experimental measurements, how-
ever, the true value of the NNT can be higher or
lower than the point estimate determined through
clinical studies. The 95% Cls of the NNT are useful
in this regard because they provide an indication
that, 19 times out of 20, the true value of the NNT
falls within the specified range. An NNT with an
infinite CI is only a point estimate; it includes the
possibility of no benefit or harm. Such a point es-
timate may still have clinical importance as a bench-
mark until further data permit the determination of
a finite CI, but clinical decisions must take this large
degree of uncertainty into account.

Second, it is inappropriate to compare NNTs
across disease conditions, particularly when the out-
comes of interest differ. For example, an NNT of 30
for preventing deep venous thrombosis may be val-
ued differently from an NNT of 30 for preventing a
disabling stroke or for preventing death. The con-
cept expressed by the NNT is thus one of frequency,
not of utility; its numerical value is a function of the
disease, the intervention, and the outcome. If we
have NNTs for different interventions for the same
condition (and severity) with the same outcome,
then, and only then, is it appropriate to directly
compare NNTs.

Third, NNTs are not fixed quantities. The NNT
for a specified intervention in an individual patient
depends not only on the nature of the treatment but
also on the risk at baseline (that is, the probability
at baseline that the patient being considered will
experience the outcome of interest). Because that
risk may not be the same for all patients, an NNT
that is provided by the literature may have to be
adjusted to compensate for your patient’s risk at
baseline, as described below. Moreover, the concept
of NNT assumes that a given intervention produces
the same relative risk reduction whether the pa-
tient’s risk at baseline is low, intermediate, or high.
This assumption may not always hold because, for
example, a disease may be more difficult to treat
when it is severe than when it is mild.

Finally, an NNT is always based on an outcome

714 1 May 1997 - Annals of fnternal Medicine » Volume 126 + Number @



Table 2. Numbers Needed To Treat from Systematic Reviews and Randomized, Controlled Trials

herpetic neuralgia
at & months

Topic of Study (Reference) Intervention Duration of Comparator Outcome Odds Ratio Number
Intenvention {95% CI) MNeeded to
Treat (95% CI)
Treatmant
Head lice (4) Permethrin 14 days Placebo Cure L1(1.0=-1.2)*
Peptic ulcer (5) Triple therapy 6-10 weeks Histamine Eradication of Heli- 44 (34-56) 1.1{1.08-1.15)
antagonist cobacter pylart
Peptic ulcer (5) Triple therapy 6-10 weeks Histamine Ulgers remaining 940631400 1.B{1.6-2.1)
antagonist cured at 1 year
Migraine (6} Subcutaneous One dose Placebo Headache refieved 2001822
sumatriptan at 2 hours
Migraine {6} Oral sumatriptan  Cne dose Placebo Headache releved 26(2.3-3.2y
at 2 hours
Fungal nail infection (7} Terbinafine 12 of 24 weeks  Griseofuhan Cured at 48 weeks  45(23-88  27{1.9-45)*
Moderate or severe post-
operative pain (8) Acetaminophen,  One dose Placebo Pain relief =50% 36(3.0-4.4)
1000 mg
Esophageal variceal
bleeding (3} Endoscopic Intervention Sclerotherapy Prevention of one 4
ligation additional epsode
of bleeding
Peptic ulcer (5} Triple therapy 6=-10 weeks Hestamane Ulcer healing at 5.0(3.3-7.7) 49({4.0-6.4)
antagonist 6=10 weeks com-
pared with hista-
mine antagonist
Acute otitis meda (10) Antibiotics Short course No antibiotics or Absonce of present- 2.9(1.8-4.1) 7
tympanocentesis ing signs and
symptoms at
7-14 days
Perspheral artery disease (11) MNaftideafund 3 or & months Placeba Pain-free walking 1.5(1.2-2.00  10.3{6.3-29)*
distance improved
by 50% at 1 year
Childhood depression (12} Antidepressants Not stated Placebo Improvement 1.1005-2.2) Mot effective
Prophylaxis
Postoperative vomiting (13) Droperidol One dose Placebo Prevention for 48 2.5(1.7-3.8) 4.4(3.1=7.1)
howrs in children
undergeang squint
cormection
Venous thromboembalism (14) Graduated com-  Not stated No stockings Episodes of venous 0.3 (0.2-0.4) {713
pression stock- thrombeembolism
il
Anticipated preterm e
dedivery (15) Corticosteroids Before delvery Mo treatment Risk for fetal respira- 11{8-16)*
tary distress syne
drome
Deg bite (16) Antibictics Short course Placebo Infection 0.6 (0.4-0.8) 16 (9-92)*
Hypertension in the
elderty (17) Drug treatments =1 year Mo treatmient Owerall prevention 18 (14-25)
of cardsovascular
event for 5 years
Myocardial infarction (18) Aspinn plus strep=  1-hour intrave-  No treatment Prevention of one 20
tokinase nous infusion S-week vascular
of streptoki- death
nase and 1
month of
oral asparin
Perspheral arery disease (11) MNaftideafungd 3 or & months  Placebo Prevention of critical 0.6 (0.4-0.96) 24 {13-266)*
cardiac events at
1 year compared
with placebo
Major gastrointestinal bleeding
and wse of nonsteraidal anti-
inflammatory drugs (19)
Misoprostol & months Placebo Prevention of any 0.6(0.4-0.85) 166{97-578)*
gastromtestinal
complication
Herpes zaster (20} Agyclovie 5-10 days Placebo Prevention of post- 0.7 (0.5-1.1) Mot effective

* Calcuiated from data in the repoet.

How Should Numbers Needed To Treat Derived
from Systematic Reviews Be Used?

for a specified period. Imagine a disease that is treated
by one injection or by regular daily tablets; the NNTs
for the two treatments cannot be directly compared.
Only when the outcome is the same and is mea-
sured during the same period is a comparison valid.

The distinction between therapy and prophylaxis
is not always clear (for example, drugs for the treat-
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Table 3. Summary of Four Systematic Reviews of Drug Treatments for Painful Diabetic Neuropathy

Wariable Onghena and Zhang and Li Wan Po MicQuay et al. (24) MicQuay et al. (25)
‘Van Houdenhowve (22)* (23)

‘ear published 1992 1944 1945 19896

Therapy Antidepressant Topical capsalcin Anticonvulsant Antidepressant

Randomized, controlled trials reviewed, n 1 4 3 13

Qutcome measure Nat specfically stated Analgesic effectianess >50% pain relief =50% pain rebef

Patients recenving active therapy who
improved/all patients recenving active

thecag Al Tt
Patients receiing placebo who

improved/all patients receiving

placebia, nin o012t
Effect size 1N
Odds ratio (95% CI)

Number needed 1o treat (35% CI)

Number needed 10 harm for minor
adverse events (95% CN

Number needed to harm for magor
adverse events {(95% CI

{ascertained by {ascertained by patient) (ascertained by patient)
physician)
1055144 56/68 18V260
811165 29/68 TA205
27(1.7-49) 6.2 (3.0-10.8) 36(2.55.2)
4.2 (29-7.5)t 2.501.8-4.0) 29(24-40)
31(2.3-48) 2.B(2.0-4.7)
20 (10-446) 19(11-74)

* Review of anbdepressant agents i all chronic pan conditans
t Calcudated from information in the revsisw bt not incduded m the ariginal review.

ment of hypertension). Because NNTs may be used
differently in the two circumstances, however, it is
often useful to distinguish therapy from prophylaxis.
Thus, in situations that call for therapeutic interven-
tion (treatment), some form of therapy will almost
always be used, and the key issue therefore is the
relative effectiveness of different interventions. For
prophylaxis we more often have the choice of doing
nothing; the issue then becomes a decision of
whether doing something to prevent a bad outcome
will be more successful than doing nothing. In con-
trast, in the case of treatment, the therapeutic equa-
tion for most patients consists of weighing the risks
and benefits for each of the possible treatments.
Under most circumstances, the equation for prophy-
laxis also includes the possibility of harm without
benefit for a considerable number of the patients.
For simplicity, therefore, we will separate treatment
and prophylaxis and take a few examples from each.

Treatment

The NNT is particularly useful for treatments if
several treatments are assessed for the same out-
come measure in patients with similar conditions,
Using the NNTs, we can rank these treatments rel-
ative to one another; this ranking is particularly
helpful in making a choice on the basis of effective-
ness. However, the resulting NNT league tables are
not decision-making aids themselves because NNTs
need to be balanced against adverse events; costs;
and patient characteristics, expectations, and prefer-
ences. It is also important to keep in mind that
favorable outcomes can occur without treatment
and that the frequency at which this happens affects
the NNT.

An example of the relative ranking of treatments

716

can be seen in a comparison of studies of subcuta-
neous sumatriptan compared with placebo (NNT,
2.0) and oral sumatriptan compared with placebo
(NNT, 2.6) for the relief (at 2 hours) of migraine
headaches (Table 2). Because subcutaneous suma-
triptan is more expensive than oral sumatriptan and
the NNTSs for the two treatments are similar, patient
preference may be the deciding factor in choosing
between formulations. An appropriate prescription
for a woman in her mid-30s who has relatively fre-
quent headaches and a high-powered position that
involves a considerable amount of travel might be
subcutaneous sumatriptan, but a retired biochemist
who is troubled only by an occasional migraine
might be more comfortable with oral sumatriptan.
Knowledge about relative effectiveness can be accu-
mulated as additional evidence appears, often from
large randomized, controlled trials. If several studies
show that aspirin plus metoclopramide for migraine
had an NNT of 3 (21), for example, patients and
clinicians might elect to change to this alternate
therapy because of its lower cost and similar effec-
tiveness when compared with the other two.

Another example of NNT ranking can be seen in
reviews of treatments of diabetic neuropathy. Pain-
ful diabetic neuropathy affects about 3% of all dia-
betic patients after 20 years with diabetes. Four
systematic reviews of drug treatments have used
different approaches (Table 3).

The NNTs for antidepressant agents as a class
(NNT, 2.5) were similar to those for anticonvulsant
agents as a class (NNT, 2.9) in diabetic neuropathy
(Table 3). but these systematic reviews do not tell
us which individual drug was best in either class.
Moreover, although the NNT for capsaicin was
higher (NNT, 4.2), the overlap of the Cls for the
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NNTs of all three treatments suggests that we do
not have definitive information with which to decide
whether capsaicin is the least effective. We may,
however, be prepared to make a judgment about
whether the effectiveness as determined by the phy-
sician (the outcome measure used in the studies of
capsaicin) is better or worse than pain relief of
more than 50% as judged by the patient (the out-
come measure used for the other two drug classes)
(Table 2). Physician judgments are less sensitive than
patient scoring (26). For minor and major harm, no
data were available on capsaicin. For minor harm
(adverse effects) and major harm (withdrawal from
the study because of drug-related toxicity), however,
we know that anticonvulsant agents and antidepres-
sant agents carry the same risk.

Choice of treatment for an individual patient de-
pends on several issues. For example, this choice
may be determined primarily by whether any of
these drugs is licensed for the treatment of diabetic
neuropathy (an external rule or constraint), by fa-
miliarity with a particular drug (physician knowl-
edge and experience), by patient idiosyncrasy (pa-
tient factors), and so on. The point is that
systematic reviews can provide valuable information
that helps patient and physician to know with rea-
sonable assurance what to expect from treatment.

Prophylaxis

With prophylaxis, the issue is the risk for an
event occurring without prophylaxis compared with
the risk with prophylaxis. Whether the medical con-
dition is of major public health importance, such as
heart attack or stroke, or less threatening, such as
animal bites and the risk for subsequent infection,
more people at risk will actually be unaffected than
affected. The NNTSs for prophylaxis tell us about the
effectiveness for a population but are more difficult
to use when deciding how to manage an individual
patient.

As is the case for therapeutic interventions, part
of the process of using information from systematic
reviews of prophylaxis is to assess the risk at base-
line (the risk for a bad outcome without treatment)
for a particular patient, but this assessment is even
more important in prophylaxis because a very low
risk for a bad outcome at baseline makes prophy-
laxis difficult to justify. We must sometimes make
that judgment ourselves and subsequently adjust
risks and balance benefits and potential harms on
the basis of experience, although we can often use
evidence from other sources. In assessing the risk
for gastrointestinal bleeding from nonsteroidal anti-
inflammatory drugs, for example, a large random-
ized study (19) tells us that elderly persons who
have a history of peptic ulcer, gastrointestinal dis-
case, or heart disease are at the highest risk. The

decision of whether to use prophylactic gastric pro-
tection will be guided by this information. Figure 1
shows some of the issues that are involved in mak-
ing choices in prophylaxis.

An example for prophylaxis can be seen by a
woman presenting to your office with a dog bite.
Because she has been receiving long-term, moder-
ately high-dose systemic steroid therapy for inflam-
matory bowel disease, you strongly suspect that the
patient is immunocompromised. You are therefore
concerned that she may be at increased risk for
infection from the bite wound. The question is
whether to give the patient prophylactic antibiotics
to prevent such an infection. We know from a quan-
titative systematic review of randomized, controlled
trials that has studied this question that evidence of
benefit exists, with an overall NNT of 16 (Table 1).

How can this information be applied to your
patient? Because she is immunocompromised, the
patient’s risk for developing an infection if she is
not treated with antibiotics (sometimes referred to
as the patient’s expected event rate [3]) is consid-
erably higher than that of the patients who were not
immunocompromised in the systematic review. The
patient's expected event rate might be estimated to
be about five times greater than the 16% average
rate of infection in the review (although the risk
varied between 3% and 46% in individual studies).
Assuming that the relative risk reduction is the
same for high and low untreated risk, the estimated
NNT that corresponds to the patient’s estimated
event rate is 16 + 5, or 3. Thus, although antibiotic
prophylaxis against subsequent infection in dog bites
may not be worthwhile in all patients (NNT of 16
for patients who were not immunocompromised), it
may be appropriate for this particular patient
(NNT, 3). As an aside, if infection rates from dog
bites in our area were much higher than the 16% in
the review and approached the highest value that
was found among the individual studies (50%), then
we might be likely to give all patients prophylaxis
with antibiotics.

Bias toward
prophylaxis

Bias against
prophylaxis

Could you easily treat the

"2 _ | eventyou are trying to Yos
prevent if it happened?
.8 Is it a "serious" event? LB
. Does the prophylaxis yes
have adverse effects? i
o LT hylaxis effective? | ———w-
(low NNT}\f e prophylaxis vv[high T

Figure 1. Issues involved in making choices in prophylaxis. NNT =
number needed to treat
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Odds Ratio

Figure 2. Calculation of the number
needed to treat (NNT) from odds ra-
tios. Table for estimating the NNT when
the odds ratio (OR) and contral event rate

Preventive Intervention Treatment (CER) are known, published for preventive
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Adverse and Other Events

The concepts that are captured by the NNT can
also be used to express adverse events such as tox-
icity, side effects, or other harms. For minor adverse
effects that are reported in randomized clinical tri-
als, the NNH can be calculated in much the same
way as the NNT. When the incidence of adverse
events is low, it is likely that meaningful Cls will not
be available (that is, the Cls may be infinite); there-
fore, only point estimates of harm will be available.
Major harm may best be identified in randomized
clinical trials through intervention-related withdrawal
from the study; the NNH can be calculated from
those numbers. Precise estimates of major harm
often require a much wider literature search to find
case reports or series, partly because these events
are uncommon and partly because investigators may
not report them in the full study, if they report
them at all. The absence of information on adverse
events in systematic reviews reduces the usefulness
of such reviews (as in the case of topical capsaicin
in Table 3).

Systematic reviews may also consider other con-
sequences of treatment that may or may not be
defined as adverse. A systematic review of the in-
fluence of epidural anesthesia during labor (27), for
example, asked this question: If a woman is given
epidural anesthesia, how much higher is her risk for
having a cesarean section? In that review, a consis-
tent increase in the rate of cesarean sections was
noted in women who had epidural anesthesia. Six-
teen percent of the women who had epidural anes-
thesia underwent cesarean sections compared with
6% of the women who did not have epidural anes-
thesia. The absolute risk increase was 109%, the
relative risk increase was 1619, the NNT was 10
(CI, 8.4 to 13), and the odds ratio (see below) was
2.6 (CI, 2.1 to 3.2). This means that for every 10
women in labor who are given epidural analgesia, 1
will have a cesarean section who otherwise would
not have had the operation if she had received
another form of analgesia. The NNT of 10 provides
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a figure that can be used by women and their care-
givers in making choices about their labor.

Calculating Numbers Needed To Treat If They Are
Not Provided

For statistical reasons, event rates in two groups
are often compared in terms of odds ratios rather
than relative risks (or absolute risk reductions).
Thus, whereas the risk for an event (probability) is
expressed relative to a total universe of fixed size
(for example, when 22 events occur in a population
of 100 persons, the risk for that event is 0.22), the
odds of that same event in that same population are
calculated as the number of events relative to the
number of non-events (for example, 22 to 78, or
(.28). An odds ratio, then, is simply the odds of an
event in a treatment group divided by the odds of
the event in the comparison group. If a quantitative
systematic review produces odds ratios but no
NNTs, the NNT can be derived from the data in
Figure 2.

The easiest way to use Figure 2 is first to choose
the column nearest the published odds ratio and the
row closest to the event rate expected and then to
read the corresponding NNT. Note that the odds
ratios in the left section of Figure 2 are less than
1.0, meaning that the outcome of interest in the
active treatment group is less common than in the
comparison group; this is the situation in prophy-
laxis (in which the outcome is onsei, recurrence, or
worsening of disease). In contrast, the odds ratios in
the right section are greater than 1.0, meaning that
the outcome of interest is more common in the
treatment group; this is the usual situation in stud-
ies of disease treatment (in which the outcome is
cure, remission, or control of disease).

Figure 2 can also be used to determine how
different values for event rate affect the NNT at a
given odds ratio. Thus, if the rate of infection from
dog bites in our area was 50%, then the NNT
declines to 7 instead of 16 at an event rate of 16%.
In such circumstances, as noted above, we might
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wish to use prophylactic antibiotics even for patients
who are not immunocompromised.

As another example, the risk for cesarean section
after epidural anesthesia, as noted above, has an
odds ratio of 2.6; the event rate without epidural
anesthesia is 6%. Using the odds ratios column of
2.5 and the event rate rows of 0.05 and 0.01 in
Figure 2 yields an NNT somewhere between 9 and
15. This is close to the calculated figure of 10.

Odds ratios should be interpreted with caution
when particular outcomes occur commonly, as in
treatments for disease; odds ratios may then over-
estimate the effect of a treatment. Odds ratios are
therefore likely to be replaced by relative risk re-
duction because relative risk reduction is more ro-
bust when event rates are high (3, 29). If relative
risk reduction is provided in a review, NNT can be
estimated from a useful nomogram (30).

Variation in Occurrence of Events

The incidence of events in a comparison group
can and does vary, often widely, from study to
study. For example, in trials of droperidol to pre-
vent vomiting after surgery for correction of strabis-
mus, the incidence of postoperative vomiting varied
enormously (13) (Table 2). In some trials, almost no
postoperative vomiting occurred; in others, the in-
cidence was greater than 50% with the same oper-
ation and nearly identical anesthetics. Wide varia-
tion in event rates occurs with treatment and with
prophylaxis. In six trials of natural surfactant for
preterm infants, the event rate for bronchopulmo-
nary dysplasia was 24% to 69% (31). Under other
circumstances, the variation in event rate may be
narrower. For example, the rate of ulcer healing
without antibiotic treatment ranged from 0% to
17% in 11 randomized, controlled trials that studied
the therapeutic effect of eradicating H. pylori infec-
tion with antibiotics on ulcer healing (5).

The effectiveness of prophylaxis and treatment
depends on the risk for the event without the active
intervention. Thus, if patients do not vomit at base-
line, then prophylaxis is not necessary; if most of
them vomit, then prophylaxis may be particularly
useful. If patients rarely recover from a disease
without treatment, then treatment may be highly
appropriate; if most patients recover on their own,
then treatment may or may not be useful. The
patient’s expected event rate thus becomes impor-
tant for the therapeutic or preventive decision, even
when an intervention is proven to be effective.

Comments

A systematic review that is done properly can
locate most of the useful information that has been

published on a medical intervention. Such a com-
pendium of information provides much more power
than is often available from single trials because
trials, particularly those that evaluate treatments,
are often conducted with few patients in the exper-
imental and comparison groups. During use of the
results from systematic reviews, however, it is im-
portant to be able to shift from the numbers that
are generally used to express the amount of benefit
or harm from an intervention to a number that
captures the effort that is necessary to achieve that
benefit (or avoid that harm) in a given patient.
Distilling the results of systematic reviews into, in
effect, one number (the NNT or NNH) provides a
measure of that effort and is therefore a clinically
relevant approach. Physicians and patients can use
this approach to rapidly, quantitatively, and accu-
rately estimate the amount of benefit and any ac-
companying harm for a given intervention. These
calculations are simple to remember and use in
personal or institutional practice; they should help
us to make the best possible clinical decisions with
our patients.

Like all research results, however, NNTs are only
one element of decision making and need to be
integrated with patient preferences, caregiver expe-
rience and judgment, and local constraints and con-
ditions. It is also worth noting that when clinicians
and policymakers were presented with research re-
sults in different formats (NNT and absolute and
relative risk reduction, among others), they made
more conservative decisions when they received
treatment effects expressed as NNTs than when they
received them as relative risk reductions or absolute
risk reductions (32-34).

Key Points To Remember

Systermnatic reviews have the ability to produce the best evidence-based
estimates of the true clinical effect of an intervention

As with indridual clinscal research studies, the vanious forms of numerical
results from systematic reviews can easily be converted into a common
currency, the number needed 1o treat

The number needed to treat is a dinically useful measure of the effort
required 1o obtam a beneficial outcome with an interventon

The same concept can be applied 1o adverse outcomes, in which it becomes
the number needed to harm

The number needed to treat is particularty useful for expressing the relatve
effectiveness of several different interventions

Glossary

Relative risk: Risk for achieving an event (with treat-
ment) or preventing an event (with prophylaxis) in the
treatment group relative to that in the control group.

Relative risk reduction or increase: Increase in events
with treatment compared with control (treatment) or reduc-
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tion in events with treatment compared with control {pro-
phylaxis); this number is often expressed as a percentage.

Absolute risk reduction: Difference in event rates for
two groups, usually treatment and control.

Number needed to trear: Number of persons who must
be treated for a given period to achieve an event (treat-
ment) or to prevent an event (prophylaxis). The NNT is
the reciprocal of the absolute risk reduction,

For more information, see references 1 to 3.
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