
Use of the Number Needed to Treat in
Neuromodulation

• Number needed to treat (NNT) represents how many "extra" patients would benefit
from a treatment

• NNT compares the benefit of one treatment to another, or a control, in absolute terms

• The steps for calculating NNT and interpreting its statistical significance are presented

by ALEXANDER THORPE & GARSTON LIANG

1 Treatment Planning and Evaluation

Treatment effectiveness can be difficult to conceptualise. Proportions or probabilities, e.g., "a
25% reduction in symptom x", or effect sizes such as Cohen’s d, do not lend themselves well to
real-world outcomes or like-for-like comparisons. When choosing a treatment as a practitioner
or administrator, it would be helpful to know how many patients would be expected to have
their condition improve from the treatment. This would not simply be the number or proportion
of positive outcomes; some patients could be expected to improve without any treatment, while
others would not improve no matter which treatment was chosen. Instead, we would like to know
about those patients whose otherwise bad outcome was changed to a good one due to a specific
treatment as opposed to another. This would serve as a comparison of outcomes in absolute terms,
and distill the difficult concept of effectiveness into a simple, humanistic unit, i.e., patients. The
number needed to treat (NNT) is a measure that seeks to solve this problem.

2 Number Needed to Treat

Put simply, NNT is "the number of patients who must be treated in order to prevent one adverse
event" (Laupacis, Sackett, & Roberts, 1988). For example, if a treatment has an NNT of 7, then
we would expect a patient to have an otherwise negative outcome changed to a positive one after
seven patients have received the treatment. The ideal treatment would have an NNT of 1, i.e.,
every patient who received the treatment would improve, and none of the patients who received
another treatment would improve. We can only calculate NNT if we have some contextual infor-
mation about our data. First, how NNT is calculated depends on what kind of study was used to
estimate the treatment’s effectiveness. The measure was originally devised for use in randomised
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control trials, but it can be also used to compare the effectiveness of two candidate treatments.
We also need to define what a "positive" or "negative" outcome is, and the time frame in which it
might happen. The outcomes must be binary, such as reaching a threshold for pain reduction, or
a time-to-event outcome, such as survival rates over a given time frame.

Let us could consider a hypothetical study comparing the benefit of a novel pain medication
to a placebo in a randomised control trial, where "benefit" is defined as a 50% reduction in pain
over the course of 3 months. We can first estimate the absolute risk (AR) of not responding to
treatment, which is the proportion of participants in each group who did not benefit:

AR =
NNoBenefit

NTotal

We can then calculate absolute risk reduction (ARR), which is the difference between the two
groups’ absolute risk (each term is colour-coded for both the equations and examples):

ARR = ARControl − ARTreatment

We can now calculate NNT, as it is simply the inverse of ARR:

NNT =
1

ARR

We can also estimate the standard error of the ARR for each group:

SEARR =

√
ARControl (1− ARControl )

NControl

+
ARTreatment (1− ARTreatment )

NTreatment

which allows us to calculate a 95% confidence interval for the ARR:

95%CIARR : [ ARR − 1.96 ∗ SEARR , ARR + 1.96 ∗ SEARR ]

Let us assume that, in our hypothetical study, 140 out of 200 participants in the treatment
group reported a benefit (60 reported no benefit), while 90 out of 200 participants in the control
group reported a benefit (110 reported no benefit). Our AR estimates would be:

ARControl =
110

200
= 0.55

ARTreatment =
60

200
= 0.3

The ARR for this treatment would be 0.55 − 0.3 = 0.25 , so NNT would therefore be:

NNT =
1

0.25
= 4

This number on its own does not tell us if the reduction in risk is statistically significant, so we
need to consider the 95% confidence interval. First we calculate the SEARR:

SEARR =

√
0.55 (1− 0.55 )

200
+

0.3 (1− 0.3 )

200
= 0.049

Now we can calculate a 95% confidence interval for ARR, which in this case is:
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95%CIARR : [ 0.25 − 1.96 ∗ 0.049 , 0.25 + 1.96 ∗ 0.049 ] = [0.154, 0.346]

Because the 95% CI does not include zero, this absolute risk reduction is statistically signif-
icant. We can therefore conclude that, for every four patients who are treated with the novel
medication, one patient will benefit when a placebo would not have helped. In other words, the
treatment will produce one "extra" benefit for every four patients.

3 What NNT Does and Does Not Tell You

NNT can help practitioners to weigh up the relative benefits of potential treatments against one
another. NNT can also help inform decisions about resource allocation such as funding, as it
provides information about expected benefit in real-world terms. However, it is important to
consider the limits within which NNT can be interpreted. NNT does not represent the overall
benefit of a treatment to a clinical population, but rather the increased benefit compared to
another treatment, such as a placebo. It also does not tell us how many people will certainly
benefit, or how many have benefited, as it is a probabilistic estimate.

3.1 Applications in Neuromodulation

NNT has been used as a measure of treatment effectiveness in neuromodulation literature, as
shown in Bailey-Classen, et al.’s (2022) systematic review. In each of the control trials they iden-
tified, the threshold for "benefit" was based on 50% pain relief. The NNT estimate would therefore
differ had another threshold been chosen. As neuromodulation research is very likely to focus on
pain reduction as an outcome, and to focus on treatment benefit rather than harm, NNT presented
in neuromodulation studies will be heavily influenced by design decisions such as outcome thresh-
old, baseline risk estimation, and time frame. Researchers should justify these design decisions
in a principled way, and readers should be aware of these decisions when they interpret results
including NNT.

4 Further Reading

Below are some open-source resources that go into more detail about calculating and interpreting
NNT in clinical studies.

• Bailey-Classen, A., Parikh, A., Adimi, N., Edgar, D., Yan, A., Rotte, A., Caraway, D. (2022). Concept
of the number needed to treat for the analysis of pain relief outcomes in patients treated with spinal
cord stimulation. Biomedicines, 10(497). https://doi.org/10.3390/biomedicines10020497

• Ganesh, V., Sahni, N., & Garg, R. Understanding number needed to treat (NNT): A practical guide
for anaesthesia and critical care clinicians. Indian Journal of Anaesthesia, 69(10), 969-974.
https://doi.org/10.4103/ija.ija_1000_25

• Mendes, D., Alves, C., & Batel-Marques, F. (2017). Number needed to treat (NNT) in clinical litera-
ture: an appraisal. BMC Medicine, 15(1):112. https://doi.org/10.1186/s12916-017-0875-8
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