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S T A T I S T I C S  F O R  R E S E A R C H E R S

Introduction

When any patient is  treated 
with a drug, device, vaccine, or 
undergoes surgery or even an 
investigation with a diagnostic 
test in a clinical research setting, 
two broad outcomes are possible 
-the patient gets better[benefit] or 
the patient gets worse [harmed]. 
An important aspect of research 
is to meaningfully summate data 
obtained in terms of measures 
o f  e f f e c t  t h a t  c a n  r e a d i l y  b e 
understood and used by physicians 
and researchers alike. A measure 
that is a single number that can be 
used to compare both benefits1 and 
harms of two or more preventive, 
d i a g n o s t i c ,  t h e r a p e u t i c ,  o r 
rehabilitative approaches would be 
extremely useful. One such single 
number is the “Number Needed to 
Treat” (NNT) and is defined as 
the number of patients that need 
to be treated with an intervention 
[relative to another intervention] 
in order for it to have an impact 
[benefit or harm] on one patient.

Since the NNT applies in equal 
measure to both benefit (B) and 
harm (H), the terms NNT-B and 
NNT-H2 are used to indicate them. 
We have used this  convention 
throughout this article. However,in 
literature, the reader may find 
that  the  term “NNT” i s  used 

authors evaluated the efficacy of 
intravenous Zolendronic acid vs. 
placebo in preventing fractures 
in a double-blind, randomized 
controlled trial. They randomized 
n = 1199 men with primary or 
h y p o g o n a d i s m - a s s o c i a t e d 
osteoporosis who were between 50 
and 85 years of age to receive either 
5 mg of intravenous Zolendronic 
acid or placebo at the beginning 
of the study and at 12 months. 
The endpoint of interest was the 
proportion of patients with one or 
more new morphometric fractures 
over a period of 24 months. 

The results of the study were 
as follows – 28/574 [4.87%] men 
who received placebo developed 
fractures over 24 months compared 
t o  0 9 / 5 5 3  [ 1 . 6 8 % ]  m e n  w h o 
received Zolendronic acid, with 
the difference being statistically 
significant [p = 0.002].

What the authors have done here 
is really evaluate the association 
between the use [or lack thereof] of 
Zolendronic acid and the reduction 
in number of fractures. From a 
previous article on Measures of 
Association,6 you would remember 
the 2 x 2 table that we use to present 
this type of binary [fracture/no 
fracture] data. We will use the same 
table now to calculate the NNT- B 
[Table 1] in three steps.
Step 1

We first calculate the Absolute 
Risk [AR] of getting fracturesin 
b o t h  g r o u p s .  We  u s e  A R 1  t o 
indicate the risk of fractures with 
placebo and AR2 for the risk with 
Zolendronic acid. This measure 

synonymously for benefit (NNT 
–B) while the “Number Needed to 
Harm”(NNH)is used to indicate 
the NNT - H. We also discuss in 
this paper, a lesser-known metric, 
the Number Needed to Screen [NNS], 
one that is useful for policy makers 
for the use of screening tests in 
populations. 

History and Origins of the 
Number Needed to Treat 
[NNT]

The concept of NNT was first 
introduced in 1988 by Laupacis 
A et al,3 who defined it as “the 
number of  patients a cl inician 
should treat in order to prevent 
one adverse outcome”. Its original 
intended use was for benefit. The 
NNT concept is essentially one 
based on noting the frequency of 
occurrence of an outcome [benefit 
or harm] measured as a cumulative 
incidence of  that  outcome per 
number of patients followed up 
over a given time period of time.4 
This will result in a proportion of 
patients with the outcome over 
t ime [out  of  the total  number 
followed up], which we then write 
as a percentage. 

Understanding NNT- B, 
how it is Calculated and its 
Clinical Applications

Simply put,  NNT equals the 
reciprocal of the Absolute Risk 
Reduction [ARR]. Let us understand 
the calculation and application of 
NNT using the example of a paper 
by Boonen and colleagues.5 The 

Table 1:  The association between 
number of patients with 
fracture and treatment with 
either placebo or Zolendronic 
acid

Number 
of men 

with 
fractures

Number 
of men 
without 
fractures

Total

Placebo 28 546 574
Zolendronic 
acid

09 544 553
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would be calculated as a proportion 
(or a percentage) of the number of 
patients who developed fractures 
with either treatment.

Thus, Absolute Risk [AR1] for 
gett ing fractures with placebo 
would be

28/574  =  0.0487 or 4.87%
And the Absolute Risk [AR2] for 

getting fractures with zolendronic 
acid would be 

9/553 = 0.0168 or 1.68%
For the sake of simplicity, we 

round off these values to 5% and 
2% respectively in the subsequent 
calculations.
Step 2

It is obvious from the data that 
the Zolendronic acid group has a 
significant protective effect as it has 
fewer fractures relative to placebo. 
Thus,  there is  a  r isk  d i f f erence 
[RD] between the two groups and 
we calculate this next. The risk 
difference is simply the difference 
between the two absolute risks 
or AR1- AR2, and is also called 
Absolute Risk Reduction [ARR]

Thus, the ARR would be 5% - 2% 
or 3% (i.e. 3/100 = 0.03)
Step 3

The f inal  s tep is  the  actual 
calculation of NNT-B, which is 
given by the formula

NNT-B = 1/ARR
NNT-B = 1/0.03 =33 patients.  

How did we arrive at this formula and 
thus the number?

I f  Zolendronic  acid were to 
be completely ineffective [which 
would be our null hypothesis], the 
fracture risk with both Zolendronic 
acid and placebo would be identical 
at 5%.  The ARR would then be 
zero [5%-5%].  Zolendronic acid 
is  however effect ive and only 
2% patients treated with it get 
fractures relative to the 5% treated 
with placebo. If we were to see the 
impact on 100 patients, 2/100 would 
get fractures with Zolendronic 
acid and 5/100 with placebo.Thus, 
every time that n = 100 patients 
are treated with Zolendronic acid 

[rather than placebo], 3 patients 
[5 minus 2] would be spared the 
adverse outcome [fractures in this 
case]. Thus, if 1 patient were to be 
spared the adverse outcome, how 
many patients would be needed to 
be treated with Zolendronic acid?

This would be 
100 x 1
3
Or 33 patients.
You will realize that we have 

already arrived at this number 
using the formula 1/ARR

Thus,  NNT- B is  that  s ingle 
number which tells the practicing 
cl inician about the number of 
patients he would need to treat 
with one intervention rather than 
another, to prevent one adverse 
outcome [for a defined period 
under defined conditions]. It can 
also be defined as the number of 
patients that would need to treated 
with one intervention rather than 
another, to prevent one additional 
adverse outcome.

In our example, we can interpret 
the NNT- B as follows – A total 
of 33 patients need to be treated 
with Zolendronic acid [rather than 
placebo] to prevent one patient from 
getting afracture [or additional 
fracture]over a 24-month period.

A perfect NNT-B would really be 
1! This means that every time one 
patient is treated, one patient is 
prevented from getting an adverse 
outcome. It  is intuitive that as 
the NNT-B increases, fewer and 
fewer patients would be helped. 
As a general rule of thumb, lower 
t h e  N N T - B ,  t h e  b e t t e r  i s  t h e 
treatment. For example, Quetiapine 
monotherapy has an NNT - B of 6 
and the combination of olanzapine 
and fluoxetine an NNT - B of 4, 
both single digit NNTs relative 
to their placebo comparators7 for 
the management of acute bipolar 
depression [approved by the US 
FDA]. 

On the other hand, Zolendronic 
acid [relative to placebo; the Pivotal 
Fracture Trial,],8 was approved for 

its anti-fracture use [also by the US 
FDA]for the management of post-
menopausal osteoporosis with a 
NNT of 14 for new morphometric 
vertebral fractures and a NNT of 
91 for hip fractures. A very low 
NNT thus  may not  a lways be 
possible or necessary to allow for 
marketing approval and would 
depend upon the disease, outcome 
and intervention being evaluated. 

Number Needed to Treat- 
harm [NNT-H]

The number needed to treat 
that  we have discussed above 
is for benefit. A similar metric is 
the number needed to treat to 
harm or NNT-H or NNH as it is 
frequently referred to in literature 
is defined as the number of patients 
who need to be treated with one 
intervention [rather than another] 
for one patient to be harmed or 
for one patient to have an adverse 
outcome. Let us understand this 
as well with a published example.

Montelescot G and colleagues9 
e v a l u a t e d  n = 4 0 3 3  p a t i e n t s 
with non-ST segment elevation 
[ N S T E M I ]  a c u t e  c o r o n a r y 
syndromes to assess the effect of 
the timing of administration of 
Prasugrel (a P2Y12 antagonist) vis 
à vis the angiography, on major 
ischaemic events within 30 days 
(Table 2). The patients were divided 
in a 1:1 ratio into two groups- one 
that received 30mg of Prasugrel 
pre-angiography followed by 30 
mg Prasugrel post angiography 
in the event that percutaneous 
intervention [PCI] was undertaken 
and the second group that received 
placebo initially followed by 60mg 
of  Prasugrel  in  the event  that 
percutaneous intervention [PCI] 
was needed. Safety was assessed 
according to the Thrombolysis 
in Myocardial Infarction [TIMI] 
criteria of major and minor bleeding 
episodes regardless of whether or 
not they were related to the PCI. 
The safety data of the two groups 
is described in Table 2. The group 
that received Placebo pre-treatment 
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followed by 60 mg of Prasugrel 
had fewer bleeding episodes and 
this difference was statistically 
significant [p = 0.003].

S imi lar  to  the  NNT -B ,  we 
calculate the NNT –H or NNH in 
3 steps
Step 1

The absolute risk of bleeding 
w i t h  P r a s u g r e l  ( 3 0 m g )  p r e -
angiography [AR1] followed by 30 
mg post intervention is 52/2037 or 
2.6%. The absolute risk of bleeding 
with Placebo pre-angiography 
followed by 60 mg Prasugrel post 
intervention is 27/1996 or 1.4%.
Step 2

We  n e x t  c a l c u l a t e  t h e  r i s k 
difference [RD] or Absolute risk 
reduction [ARR] as 

AR1-AR2 or 2.6 – 1.4 = 1.2% (i.e. 
1.2/100 = 0.012)
Step 3

T h e  N N T  – H  o r  N N H  i s 
calculated as 1/ARR or 1/0.012 or 
83 patients.

This  is  interpreted to  mean 
that  everytime 83 patients are 
treated with Prasugrel [30 mg] 
pre angiography followed by 30 
mg post intervention rather than 
placebo followed by Prasugrel 
[60 mg],  one additional  patient 
will experience a major or minor 
b leeding episode [harm].  The 
authors of the paper concluded 
that pre – treatment with Prasugrel 
increased the rate of  bleeding 
complicat ions .  The study was 
also stopped by the Data Safety 
Monitoring Committee for safety 
concerns. 

Unlike the NNT-B, the NNT-H or 
NNH should be high as this indicates 
lesser likelihood of harm relative to 

the comparator. For example, the 
NNT- H of Valbenazine, a newly 
approved drug for the management 
of Tardive Dyskinesia is 76 [for 
discontinuation due to an adverse 
event] compared to a NNT - B of 
4 [both NNT-B and NNT-H  being 
relative to placebo comparator ] 
over a six-week period.10

Likelihood to be Helped or 
Harmed [LHH] – the Ratio 
of NNH to NNT

Since interventions can produce 
b o t h  b e n e f i t s  a n d  h a r m ,  a n y 
comparison of two interventions 
will produce two NNTs – one for 
benefit [NNT-B] and one for harm 
[NNT-H]. A lesser-used metric 
called the “Likelihood to be helped / 
harmed” [LHH] is calculated as the 
ratio of NNT-H to NNT-B since 
treatment decisions are almost 
always a trade-off between harm 
and benefit. Intuitively, the value of 
LHH should be greater than 1 and 
the further away from 1 that the 
value is, greater is the likelihood 
that the intervention produces 
more benefit than harm. Let us 
understand this with an example.

S r i v a s t a v a  a n d  K e t t e r 7 i n 
their eloquent narrative review 
e va l u a t e d  R C Ts  t h a t  s t u d i e d 
q u e t i a p i n e ,  o l a n z a p i n e  a n d 
lamotrigine among other drugs 
for  the  management  o f  acute 
bipolar depression [all studies with 
placebo comparators]; a difficult 
to treat disorder. Quetiapine [a 
second-generation anti-psychotic] 
had a NNT-B of 6 and a NNT-H 
of 6 for sedation giving a LHH for 
efficacy: sedation of 1. Olanzapine 
[also a second-generation anti-
psychotic] had a NNT-B of 12, and 

a NNT-H for sedation of 7 giving 
a LHH value of 0.58. Lamotrigine, 
a mood stabilizer had a NNT-B 
similar to olanzapine of 12, but a 
NNT-H for sedation of 42, giving 
an efficacy: sedation LHH value of 
3.5. The LHH values thus indicate 
superiority of Lamotrigine over 
quetiapine and quetiapine over 
olanzapine [in that order] in terms 
of risk vs. benefits, thus enabling 
the clinician to make an informed 
choice.

The Number Needed to 
Screen [NNS]

National strategies for disease 
screening to  ident i fy  pat ients 
a t  r i sk  of  developing  disease 
or with yet undetected disease 
[for example, use of the Prostate 
Specific  Antigen (PSA) for the 
diagnosis of prostate cancer or 
mammography for the detection of 
breast cancer] require evidence that 
measures the value addition that 
any screening test provides. The 
Number Needed to Screen [NNS] 
is one such metric and was first 
developed by Rembold in 199811 
as a metric to define the number 
of people that are needed to be 
screened to prevent one death or 
one adverse event or one life-year 
gained.While it is conceptually 
similar to the metrics of NNT- B 
and NNT- H, its calculation differs 
slightly. 

We require the knowledge of 
two elements before beginning the 
calculation of NNS
• T h e  b a c k g r o u n d  r i s k  o r 

prevalenceof the disease in 
the population 

• Knowledge of mortality or an 
adverse outcome in screened 
and unscreened cases

Let us now understand the steps 
in the calculations of NNS with an 
example. 
Step 1- Calculate the cumulative rate of 
deathsin the two groups 

Unscreened group- The Cancer 
Intervent ion and Survei l lance 
ModelingNetwork (CISNET) USA, 

Table 2:  The association major and minor bleeding episodes in patient with NSTE 
with differential timings of Prasugrel

Number of patients  
with major or minor 
bleeding episodes

Number of patients  
without major or minor 

bleeding episodes

Total

Prasugrel 30 mg pre angiography 
followed by 30 mg in the event of PCI 
[ n = 2037]

52 1985 2037

Placebo pre-angiography followed by 
60 mg Prasugrel in the event of PCI 
[n= 1996]

27 1969 1996
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estimates that the mortality from 
breast cancer in the absence of any 
screening mammography would 
be 3% for a woman aged 40 years 
or older.12 Thus, the death rate 
without screening would be 3% or 
30 per 1000 women screened. 

Screening group- Let us assume 
that a screening technique X is 
developed that reduces mortality 
by 90%. Now the deaths will be 3 
per 1000 women screened.
Step 2 –Calculate the number of 
deaths prevented [lives saved] due to 
screening13

Because intervention X is 90% 
effective, 27 lives per 1000 women 
screened are saved [or  deaths 
prevented]
Step 3- Calculate the number needed 
to screen as the reciprocal of the 
absolute difference in cumulative 
mortality13

Since 27 deaths were prevented 
for 1000 women screened, for one 
death to be prevented, 1000/27 or 37 
women would need to be screened 
[NNS = 37 for an intervention that 
reduces mortality by 90% from 
30/1000 to 3/1000].13

If intervention Y were to produce 
only a 10% reduction in morality, 
0.1 x 30 = 3 lives per 1000 women 
screened would be saved

Thus, to save 1 life, 1000/3 or 
333 women need to be screened 
[NNS = 333 for an intervention 
that produces a 10% reduction in 
mortality]

Logically therefore, the lower 
the NNS, the more useful is the 
screening test.

Challenges Associated 
with the Use of NNTs
Interpret with caution and with an 
understanding of the baseline risk

A  r i s k  i s  e s s e n t i a l l y  t h e 
probability that something will 
happen. If we toss an unbiased 
coin once for instance, the “risk” of 
heads would be 50%. Similarly, we 
can define risks in medicine as well. 
Let us take a hypothetical example 
of a drug A reducing the risk of 

dying of myocardial infarction 
from 3% to 2%. The NNT would 
be 100. Drug B reduces the risk of 
dying from rabies from 100% to 
99%. The NNT is again 100. These 
NNTs simply cannot be compared! 
The reason is that rabies is a disease 
with 100% mortal i ty [basel ine 
risk] and even a 1% reduction 
[giving a NNT of 100] will make 
a huge impact to the disease.  In 
the MI example, while the NNT 
of 100 is the same, given that the 
baseline risk of death itself is low, 
the 1% reduction may or may not 
really be meaningful. Thus, any 
comparison of NNTs [benefits or 
harm] must be made with a clear 
understanding of the baseline risks 
that are involved.14

When NNTs are needed to be 
calculated for “time to an event”

When we carry out survival 
analysis [time to an event analysis],15 
the calculat ion of  the number 
needed to treat can become difficult 
as patients will have varying follow 
up times and some of them may be 
censored as well. The calculation 
is thus significantly dependent upon 
time. In survival or time to an event 
study, we use the term NNT[t] and 
calculate more than one NNT[t] at 
several time points [which can be 
fixed in advance]. The calculation 
at each time point is based on the 
survival  probabil i ty at  that  t ime 
point which is estimated either by 
the Kaplan-Meier method or Cox 
regression method. A time specific 
NNT(t) is defined as the average 
number of patients needed to be 
treated to observe one event-free 
patient more in the intervention 
group relative to the control group 
at a given time point t.16

Presenting NNTs in 
Research Papers – Key 
Points to be Remembered

Though NNTs are now widely 
used, their reporting in literature is 
less than optimal.17 The following 
need to be remembered while 
presenting NNTs in publications. 

Confidence Intervals for the Number 
Needed 

Similar to other measures we 
estimate in statistics [for example 
risk ratio, odds ratio] where we 
give confidence intervals to help 
the reader gauge the margin of 
error or uncertainty that was seen 
with the study, the number needed 
to  treat  s imilar ly  needs to  be 
accompanied by a  conf idence 
interval. Several methods exist for 
the calculation of CIs and the Wald 
method is a commonly used one.18

Stating the direction of effect

A l t h o u g h  t h e  N N T  w a s 
originally devised as a measure 
of benefit, as interventions can 
produce both harm and benefit, 
simply stating the NNT without 
giving the direction [benefit or 
harm] can become difficult for the 
reader. Thus, the terms NNT-B 
to indicate benefit and NNT-H 
are recommended for use while 
presenting this metric.2

The importance of stating the 
comparator 

Since the NNT makes use of 
Absolute risks in both groups, 
it is logical that both groups are 
alluded to when presenting the 
NNT.  However ,  th is  does  not 
happen routinely in literature. For 
instance, simply stating that Drug 
X has a NNT of 25 makes no sense, 
unless the comparator Drug Y is 
clearly stated. 
Stating the time frame of the study

Randomized controlled trials 
[RCTS] are often conducted over a 
long period of time. Hence stating 
the t ime frame along with the 
presentation of the NNT becomes 
very important. Let us understand 
this with an example.  Study 1 
compares two treatments X and Y 
over a two-year period and yields 
a NNT-B of 25. Study 2 compares 
two treatments A and B over a 
10-year period and gives a NNT-B 
of 25. Though the NNT – B for both 
studies are identical, it is a very 
different matter to produce benefit 
in 1 patient for every 25 patients 
treated over 2 years versus over 10 
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years! Thus, mentioning the time 
frame for the study is a crucial 
component for presenting the NNT. 
In the example of association of 
fractures with Zolendronic acid, 
the NNT of 33 is over a 24-month 
period.

Criticisms of the NNT

Katz  N and co l leagues 19 in 
their eloquent narrative review 
have put together evidence on 
and summarized the challenges 
associated with the use of  the 
NNT. These range from the NNT 
having an infinite value when the 
ARR is zero or close to zero [when 
the interventions tested have very 
similar effects], to the NNT being 
dependent upon the choice of the 
binary outcome or not translating 
into the same NNT value when the 
intervention is actually used in the 
real-world setting.

NNT and the Cost and 
Reimbursements of 
Treatments

G r a z i a n o  a n d  c o l l e a g u e s 2 0 
have suggested that  the  NNT 
can be used by policy makers 
for pricing negotiations with the 
p h a r m a c e u t i c a l  i n d u s t r y  a n d 
have expounded on this using the 
example of NNT for regorafenib 
[salvage therapy for metastatic 
colorectal cancer, the CORRECT 
trial].21

Conclusions

RCTs report results in a wide 
variety of ways that include relative 
risk, odds ratio, hazard ratio and the 
p value when two interventions are 
being compared. Many clinicians 
have difficulty in translating these 
findings into actual patient care 
as  the answer to  the quest ion 
“which therapy between the two 
should I use in my patient?” is 
often not clear to them.22 The NNT 
offers  c l inicians a  “yardstick” 
for  measurements  as  i t  he lps 
compare benefits and harms of 
treatment by converting them into 
a single number. It helps practicing 

clinicians make an informed choice 
when more than one intervention 
i s  ava i lab le .  The  explanat ion 
and elaboration document of the 
CONSORT guidel ines  suggest 
that the NNT-B and NNT-H can 
be presented as metrics for binary 
data from Randomized Controlled 
Trials.23 Clinicians should learn 
how to derive and use NNT from 
results of RCTs as the reciprocal 
of the Absolute risk difference. 
However, since benefits and risks 
are two sides of the same coin, 
each intervention in a RCT would 
have both a NNT-B and a NNT-H 
and both need to be considered 
in tandem so as to make careful, 
individualized, patient -centric as 
also policy decisions.
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