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Number Needed to Treat

The Number Needed to Treat and Related
Measures

Suppose that in a randomized controlled clinical
trial two treatments are administered and that the
probabilities of showing a positive response are π1

(new treatment) and π2 (control treatment), respec-
tively. The absolute risk reduction (AR) is defined as
π1 − π2 and expresses in absolute terms the benefit
(or the harm) of the new over the control treatment.
For example, when π1 = 0.10 and π2 = 0.05, then in
100 patients there are on average five more respon-
ders in the new treatment group. Other measures to
indicate the benefit of the new treatment are the rel-
ative risk (RR), the relative risk reduction(RRR)
and the odds-ratio (OR). On the other hand, Lau-
pacis et al.[3] suggested the number needed to treat
(NNT) as a measure to express the benefit of the new
treatment. The NNT is defined as the inverse of the
absolute risk reduction, that is, NNT = 1/AR. In our
example, NNT is equal to 20 and is interpreted that 20
patients need to be treated with the new treatment to
‘save’ one extra patient if these patients were treated
with the control treatment.

In practice, the true response rates π1 and π2

are estimated by pj = rj /nj (j = 1, 2), respectively
where nj (j = 1, 2) are the number of patients in the
new and control treatment, respectively with rj (j =
1, 2) responders. Replacing the true response rates
by their estimates in the expressions above yields an
estimated value for AR, NNT, RR, and OR, denoted
by ar, N̂NT, rr and or, respectively. However, in the
literature the notation NNT is used most often for the
estimated number needed to treat.

A Clinical Example

In a double-blind, placebo-controlled study, 23 epi-
leptic patients were randomly assigned to topiramate
400 mg/day treatment (as adjunctive therapy) and
24 patients to control treatment [4]. It is custom-
ary to measure the effect of an antiepileptic drug
by the percentage of patients who show at least
50% reduction in seizure rate at the end of the
treatment period. Two patients on placebo showed
at least 50% reduction in seizure rate, compared

to eight patients on topiramate (p = 0.036, Fisher’s
Exact test). The proportion of patients with at least
a 50% reduction is p2 = 2/24 = 0.083 for placebo
and p1 = 8/23 = 0.35 for topiramate. The abso-
lute risk reduction ar = p1 − p2 = 0.26 expresses
the absolute gain due to the administration of the
active (add-on) medication on epileptic patients.
The odds-ratio (0.35/0.65)/(0.083/0.917) = 5.87 is
more popular in epidemiology and has attractive
statistical properties [2], but is difficult to inter-
pret by clinicians. With the relative risk = 4.17,
we estimate that the probability of being a 50%
responder is about 4 times as high under top-
iramate as under placebo. The estimated NNT
equals 1/0.26 = 3.78, which is interpreted that about
four patients must receive topiramate if we are to
achieve one additional good outcome compared to
placebo.

Controversies on the Number Needed
to Treat

Proponents of the NNT (often, but not exclusively,
clinical researchers) argue that this measure is much
better understood by clinicians than the odds-ratio.
Further, they argue that relative measures like or and
rr cannot express the benefit of the new over the
control treatment in daily life. Initially, some false
claims were made such as that the NNT can give
a clearer picture of the difference between treatment
results, see for example [2] for an illustration.

Antagonists of the NNT state that it is not clear
whether clinicians indeed understand this measure
better than the other measures. Further, they point
out that clinicians neglect the statistical uncertainty
with which NNT is estimated in practice. The sta-
tistical properties of N̂NT have been investigated by
Lesaffre and Pledger [4]. They indicate the following
problems: (a) when ar = 0, N̂NT becomes infinite;
(b) the distribution of N̂NT is complicated because
its behavior around ar = 0; (c) the moments of N̂NT
do not exist; and (d) simple calculations with N̂NT
like addition can give nonsensical results. To take
the statistical uncertainty of estimating NNT into
account, one could calculate the 100(1 − α)% con-
fidence interval (CI) for NNT on the basis of N̂NT.
For the above example, the 95% C.I. is equal to
[2.01, 24.6]. However, when the 100(1 − α)% C.I.
for AR, [arun, arup], includes 0 the 100(1 − α)% C.I.
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for NNT splits up into two disjoint intervals ] − ∞,
1/arup] ∪ [1/arun, ∞[.

There is also the risk that N̂NT is only reported
when H0 : AR = 0 is rejected, or when N̂NT is
positive. Altman [1] suggested using the term number
needed to treat for harm (NNTH) when N̂NT < 0,
implying that it would represent the (average) number
of patients needed to treat with the new treatment to
harm one extra patient than when these patients were
treated with the control treatment. The NNTH has
been used for reporting adverse events in a clinical
trial. When N̂NT > 0, Altman called it the number
needed to treat for benefit (NNTB).

The Use of the Number Needed to Treat
in Evidence-based Medicine

Lesaffre and Pledger [4] showed that the number
needed to treat deduced from a meta-analysis should
definitely not be calculated on the NNT-scale, but
on the AR-scale if that scale shows homogeneity.
However, there is often heterogeneity on the AR-
scale and hence also for the NNT, because they both
depend on the baseline risk. This also implies that
one needs to be very careful when extrapolating the
estimated NNT to new patient populations. On the
other hand, there is more homogeneity on the OR-
and the RR-scale. Suppose that the meta-analysis has
been done on the relative risk scale then, because
NNT = 1/(1 − RR)π2, one can estimate the NNT
for a patient with baseline risk kπ2 by kN̂NT, where
N̂NT is obtained from the meta-analysis. This result
is the basis for developing nomograms for individual
patients with risks different from the risks observed
in the meta-analysis.

Furthermore, the literature clearly shows that NNT
has penetrated in all therapeutic areas and even more
importantly is a key tool for inference in Evidence-
based Medicine and even so for the authorities.

Conclusion

Despite the controversy between clinicians and statis-
ticians and the statistical deficiencies of NNT, the
number needed to treat is becoming increasingly pop-
ular in Evidence-based Medicine and is well appre-
ciated by the authorities. In a certain sense, this
popularity is surprising since 100AR is at least as
easy to interpret; namely, it is the average number
of extra patients that benefit from the new treatment
(over the control treatment) when 100 patients were
treated. Moreover, ar has better statistical properties
than N̂NT.
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