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Cumulative number of deaths in 1995 from breast cancer, lung
cancer in smokers, heart disease in smokers, and heart disease in
non-smokers per 100 000 women in England and Wales. A risk ratio
of 12.5:1 for lung cancer and 2.3:1 for heart disease for smokers v
non-smokers was assumed'

the cumulative probability of dying of lung cancer
matches that of dying of breast cancer when women
reach their early 50s; this probability doubles by age 65
and triples by age 75 (figure). Although there has been a
modest fall in the number of women who smoke
(mainly among older women), there is little evidence
that the fear of developing lung cancer matches the fear
of developing breast cancer. Ironically, lung cancer has a
cure rate of <5% and can be almost entirely prevented
by avoiding tobacco but, on average, 70% of patients
treated for breast cancer can expect to survive for 10
years. In contrast to lung cancer there is comparatively
little that can be done to prevent breast cancer.

Conclusion

The statistic that 1 in 12 women will develop breast
cancer is thus correct only for women who have
escaped a number of equally serious but more likely
threats to life at an earlier age. For most women the
lifetime risk of dying of breast cancer is only 1 in 26;
the other 25 women will die of something else. Life
table analyses show that the incidence of breast cancer
and mortality from the disease are much lower among
younger women and these risks should be understood
in the context of other serious threats to life.
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Confidence intervals for the number needed to treat

Douglas G Altman

The number needed to treat (NNT) is a useful way of
reporting the results of randomised controlled trials.'
In a trial comparing a new treatment with a standard
one, the number needed to treat is the estimated
number of patients who need to be treated with the
new treatment rather than the standard treatment for
one additional patient to benefit. It can be obtained for
any trial that has reported a binary outcome.

Trials with binary end points yield a proportion of
patients in each group with the outcome of interest.
When the outcome event is an adverse one, the differ-
ence between the proportions with the outcome in the
new treatment (p,) and standard treatment (ps) groups
is called the absolute risk reduction (ARR =p,-ps).
The number needed to treat is simply the reciprocal of
the absolute risk difference, or 1/ARR (or 100/ARR if
percentages are used rather than proportions). A large
treatment effect, in the absolute scale, leads to a small
number needed to treat. A treatment that will lead to
one saved life for every 10 patients treated is clearly
better than a competing treatment that saves one life
for every 50 treated. Note that when there is no
treatment effect the absolute risk reduction is zero and
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Summary points

The number needed to treat is a useful way of
reporting results of randomised clinical trials

When the difference between the two treatments
is not statistically significant, the confidence
interval for the number needed to treat is difficult
to describe

Sensible confidence intervals can always be
constructed for the number needed to treat

Confidence intervals should be quoted whenever
a number needed to treat value is given

the number needed to treat is infinite. As we will see
below, this causes problems.

As with other estimates, it is important that the
uncertainty in the estimated number needed to treat is
accompanied by a confidence interval. A confidence
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interval for the number needed to treat is obtained
simply by taking reciprocals of the values defining the
confidence interval for the absolute risk reduction.' *
When the treatment effect is significant at the 5% level,
the 95% confidence interval for the absolute risk
reduction will not include zero, and thus the 95% con-
fidence interval for the number needed to treat will not
include infinity (o). To take an example, if the ARR is
10% with a 95% confidence interval of 5% to 15%, the
NNT is 10 (that is, 100/10) and the 95% confidence
interval for the NNT is 6.7 to 20 (that is, 100/15 to
100/5). The case of a treatment effect that is not
significant is more difficult. The same finding of
ARR = 10% with a wider 95% confidence interval for
the ARR of -5% to 25% gives a NNT =10 (-20 to 4).
There are two difficulties with this confidence interval.
Firstly, the number needed to treat can only be positive,
and, secondly, the confidence interval does not seem to
include the best estimate of 10. To avoid such perplex-
ing results, the number needed to treat is often given
without a confidence interval when the treatments are
not significantly different.

A negative number needed to treat indicates that
the treatment has a harmful effect. An NNT= -20
indicates that if 20 patients are treated with the new
treatment, one fewer would have a good outcome than
if they all received the standard treatment. A negative
number needed to treat has been called the number
needed to harm (NNH).* *

As already noted, the number needed to treat is
infinity () when the absolute risk reduction is zero, so
the confidence interval calculated as —20 to 4 must
include . The confidence interval is therefore
peculiar, apparently encompassing two disjoint
regions—values of the NNT from 4 to « and values of
the NNT from -20 to —o (or NNH from 20 to ), as
shown in figure 1. This situation led McQuay and
Moore to observe that in the case of a non-significant
difference it is not possible to get a useful confidence
interval, and so only a point estimate is available.”

It is not satisfactory for the confidence interval to
be presented only when the result is significant. Indeed
this goes against advice that the confidence interval is
especially useful when the result of a trial is not signifi-
cant.” In this article I show how a sensible confidence
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interval can be quoted for any trial. I also consider the
use of the number needed to treat in meta-analysis. I
approach the problem initially from a graphical
perspective.

Rethinking the NNT scale

The number needed to treat is calculated by taking the
reciprocal of the absolute risk reduction. When we
obtain the confidence interval for the number needed
to treat, we take reciprocals of the values defining the
confidence interval for the absolute risk reduction and
we reverse their order. As noted, a difficulty arises when
the confidence interval for the absolute risk reduction
encompasses both positive and negative values, and
hence spans zero.

In the example, the 95% confidence interval for the
number needed to treat was — 20 to 4, or NNH =20 to
NNT =4. Before reconsidering the meaning of the
confidence interval, I wish to suggest that NNT and
NNH are not good abbreviations. It seems more
appropriate that the number of patients needed to be
treated for one additional patient to benefit or be
harmed are denoted NNTB and NNTH respectively, or
perhaps NNT(benefit) and NNT(harm). Using these
descriptors, the confidence interval can be rewritten as
NNTH 20 to NNTB 4. As already noted, this interval
does not seem to include the overall estimate of NNTB
10, although figure 1 shows that it does.

When transforming data that are all positive, the
effect of taking reciprocals is to reverse the order of the
observations. The reciprocal transformation can be
applied to negative values too, and the order of these is
also reversed, but they remain negative. The overall
effect of the transformation is thus quite strange when
applied to data with both positive and negative values,
as figure 1 illustrates. The confidence interval is
peculiar, apparently encompassing two disjoint
regions—values of the NNTB from 4 to e and values of
the NNTH from 20 to .1 say “apparently” because the
confidence interval is rather more logical than these
values suggest.

The 95% confidence interval for the absolute risk
reduction includes all values from -5% to 25%,

0o
5

Number needed to treat (NNT)
w

T

Fig 1 95% confidence interval for NNT=10
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Fig 2 Relation between the absolute risk reduction (ARR) and
number needed to treat and their confidence intervals
(NNTB=number needed to treat (benefit); NNTH=number needed to
treat (harm)) for the same example as in figure 1

including zero. As already noted, the number needed
to treat is infinity (o) when the absolute risk reduction
is zero, so the confidence interval calculated as NNTH
20 to NNTB 4 must include infinity. Figure 2 shows the
absolute risk reduction and 95% confidence interval
for the same example. The left hand axis shows the
absolute risk reduction and the right hand scale shows
the number needed to treat. Note that the number
needed to treat scale now goes from NNTH=1 to
NNTB =1 via infinity. It is clear that, rather unusually,
infinity is in the middle of the scale, not at the ends. We
should consider NNTB=1 as an extreme and
unattainable value—it corresponds to the situation in
which, say, all patients die if not given the new
treatment and all survive with it. The other extreme,
NNTH = 1, corresponds to the case in which everyone
lives unless given the treatment, in which case they all
die. The values NNTB=1 and NNTH =1 correspond
to ARR=100% and ARR= -100% respectively, and
are not shown. Conversely, the midpoint on the
number needed to treat scale is the case where the
treatment makes no difference (ARR=0 and
NNT=w). We need to remember the absolute risk
reduction scale when trying to interpret the number
needed to treat and its confidence interval.

B “When there is no treatment effect the
absolute risk reduction is zero and the
number needed to treat is infinite ... this
causes problems”

There is an argument that one does not wish to
know the number needed to treat unless there is clear
evidence of effectiveness, which for convenience alone
is often taken as having achieved P <0.05. This advice
seems to be based, at least partly, on trying to avoid the
difficulty of an infinite number needed to treat rather
than statistical soundness. In fact, we might often wish
to quote a confidence interval for the number needed
to treat when the confidence interval for the absolute
risk reduction includes zero. Though this can be done
by quoting two separate intervals, such as NNTB 10
(NNTH 20 to o and NNTB 4 to ), I suggest that it is
done as, for example, NNTB 10 (NNTH 20 to o to
NNTB 4), which emphasises the continuity.
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Tramer et al quoted a NNT of -12.5 (-3.7 to »)
for a trial comparing the antiemetic efficacy of
intravenous ondansetron and intravenous droperidol.’
This negative number needed to treat implies that
ondansetron was less effective than droperidol and the
quoted 95% confidence interval was incomplete. The
ARR was—0.08 (-=0.27 to 0.11). We can convert this
finding to the number needed to treat scale as
NNTH =12.5 (NNTH 3.7 to « to NNTB 9.1). With this
presentation we can see that an NNTB less than (better
than) 9 is unlikely. Similarly incomplete confidence
intervals have been presented by other researchers.” ®

Number needed to treat in meta-analysis

In meta-analyses it is desirable to show graphically the
results of all the trials with their confidence intervals.
The usual type of plot is called a forest plot. When the
effect size has been summarised as the relative risk or
odds ratio the analysis is based on the logarithms of
these values, and the plot is best shown using a log
scale for the treatment effect. In this scale the
confidence intervals for each trial are symmetrical
around the estimate.

B “We need to remember the absolute risk
reduction scale when trying to interpret
the number needed to treat and its
confidence interval”

Much the same can be done with the number
needed to treat. Once we realise that the number
needed to treat should be plotted on the absolute risk
reduction scale, it is simple to plot numbers needed to
treat with confidence intervals for several trials, even
when (as is usual) some of the trials did not show
significant results. Figure 3 shows such a plot for eight
randomised trials comparing coronary angioplasty
with bypass surgery.’ The plot was produced using the
absolute risk reduction scale, and then relabelled. Both
scales could be shown in the figure. This analysis is
based on use of the absolute risk reduction as the effect
measure in the meta-analysis. Meta-analysis is often
more suitably performed using the relative risk or odds
ratio. The number needed to treat can be obtained

Study NNTB (95% Cl)

CABRI — 21.5 (1.2 to 260)
RTA —Jil— 10.0 (6.9 t0 18.3)
EAST ———— 10.6 (6.1 to 40.2)
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Other 29.3 (NNTB 13.0 to o to NNTH 119)
Overall <> 15.2 (11.210 24.2)

6 10 20 500050 20 10

NNT(Benefit) NNT(Harm)

Fig 3 Forest plot for meta-analysis of data from eight randomised
trials comparing bypass surgery with coronary angioplasty in relation
to angina in one year.” A number needed to treat (benefit) (NNTB) for
coronary artery bypass grafting and its 95% confidence interval for
each trial and for the overall estimate is shown
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Drug (dose indication)

Droperidol 10
Droperidol 20
Droperidol 50
Droperidol 75
Metoclopramide 0.10
Metoclopramide 0.15
Metoclopramide 0.25
Dixyrazine 0.25
Ondansetron 0.15
Atropine 10
Lorazepam 10

NNTB (95% Cl)
e 15.8 (NNTB 4.0 to o to NNTH 8.0)
—_—— 6.2 (NNTB 2.5 to o to NNTH 13.9)
— O 9.5 (NNTB 3.5 to o to NNTH 13.0)
e 35 (2.8104.8)
—— 7.2 (NNTB 3.3 to o to NNTH 44.0)
—i— 4.0 (2.7 10 7.6)
—— 2.5 (1.8104.3)
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- 2.5(1.6105.2)
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Fig 4 Summaries of meta-analyses of trials of prophylactic antiemetics in surgery for
strabismus in children, showing the number needed to treat (benefit) (NNTB) value (95%
confidence interval, NNTB to « to number needed to harm (NNTH)) for each drug. (From

Tramer et al )

from the pooled estimates from such analyses if one
specifies the control group event rate."

A similar approach can be used for comparing
numbers needed to treat derived for different interven-
tions (as in fig 4) or for showing treatment effects in
subgroups within a large randomised trial. The
number needed to treat (benefit) (NNTB) values are
shown to the left and number needed to treat (harm)
(NNTH) values on the right as it has become more
usual to show beneficial effects on the left.

Comment

The valuable concept of the number need to treat was
introduced about 10 years ago.” Its use has increased
in recent years, especially in systematic reviews and in
journals of secondary publication such as ACP Journal
Club and Evidence-Based Medicine. Confidence intervals
are usually quoted for the results of clinical trials, and
this is widely recommended.” ** An exception has been

when the number needed to treat is quoted for trials
where the treatment effect was not significant. Here
confidence intervals have either been omitted or
reported incompletely. In this paper I have shown how
to produce sensible confidence intervals for the
number needed to treat in all cases, both for numerical
summary and graphical display. These should be
quoted whenever a number needed to treat value is
presented.

I am grateful to Henry McQuay, Andrew Moore, and David
Sackett for helpful discussions about these ideas. I thank the
reviewer for suggesting figure 1.
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One hundred years ago
Exercise and over-exercise

Dr Lauder Brunton opened the session of the York Medical
Society last week by an address on Exercise and Over-exercise, in
which, as was to be expected, he said a great many wise things with
which every physician will agree. He said, for instance, that
exercise which put into action every muscle of the body, but did
not put any one into action for too great a length of time at once,
or in too violent a manner, was exceedingly beneficial, but in
applying this excellent principle he had the temerity to compare
unfavourably with lawn tennis the three most popular physical
recreations of the day—cricket, golf, and cycling. Moreover, he
classed together croquet, cricket, and golf—rather a curious
collocation—on the ground that in playing them there was not the
same general movement of the whole body that was necessary in
lawn tennis or polo. As to croquet all will probably be ready to
agree, but as to cricket and golf, it is not likely that their devotees
will be disposed to accept Dr Brunton’s rather sweeping assertion.
What muscles of the body are brought into play in lawn tennis

which are not brought into play by, say, a fast bowler, we should be
rather curious to know; and as to golf, the distribution of the
stiffness after a day’s play in a man out of condition and practice
leads at least to the suspicion that very few muscles in the body
have not been called into action. As to cycling, Dr Lauder Brunton
said that it tended to narrow the chest and to cause more or less a
permanent stoop. He added that, as it had become so very general
an amusement, its effects on the body as compared with those of
other physical exercises must be very carefully watched. Like most
of us, Dr Brunton has been struck by the fact that the girl of the
period tends to be most divinely tall, and he seems disposed to put
this down to the great popularity of lawn tennis a few years ago. It
is certainly a pity that this very excellent game appears to be going
out of fashion owing to the great popularity of cycling, which we
should be disposed to agree with Dr Brunton is not an exercise so
well calculated to produce an all-round development of the
muscular system. (BMJ 1898;ii:1272)
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