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ABSTRACT
The magnitude of treatment effect from randomized controlled trials can be measured in various ways.The number
needed to treat is a recently described measure that has
been shown to offer several advantages in the clinical interpretation and application of reported treatment effects. It
quantifies the number of patients that must be treated in
order to prevent one patient from developing the specified
outcome. The methods necessary to calculate traditional
measures of treatment effect, as well as the number needed
to treat, are outlined using the management of diabetic
retinopathy as an example. The uses and limitations of the
number needed to treat are also discussed.
Key words: clinical decision making, clinical epidemiology,
diabetic retinopathy, number needed to treat, treatment
effect.

METHODS FOR ASSESSING
OF TREATMENT

THE

EFFECT

Randomized controlled studies provide the most valid estimate of the effect of a new treatment compared with conventional or placebo treatment, both with regard to
beneficial and harmful outcomes. The magnitude of the
association between a treatment and an outcome can be
expressed by a number of different measures when the
outcome is dichotomous. These measures compare, in
various ways, the observed rate of a particular outcome
in the two treatment groups and convey different qualities
with regards to the treatment effect.

Traditional measures include relative risk and relative risk
reduction, which are measures of the strength of the association between treatment and outcome and absolute risk reduction, which is a measure of the actual magnitude of the
association between treatment and outcome. The absolute
risk reduction is the most relevant measure of treatment effect
with regard to clinical decision making because it takes into
account both the baseline risk and the magnitude of risk
reduction. The number needed to treat is a recently described
measure of treatment effect and is simply the reciprocal of the
absolute risk reduction.1 It has been shown to offer several
advantages in the clinical interpretation of treatment effect
size, which will be explored in the present paper.

PREVENTING DIABETIC RETINOPATHY:
AN IMPORTANT OPHTHALMIC PROBLEM
We use data from the Diabetes Control and Complication
Trial (DCCT) of the benefits and harm of intensive glycaemic
control for the prevention of diabetic retinopathy to describe
the properties of these measures as well as the methods used
to calculate them, allowing the reader to calculate these values
for any other study of interest.
The DCCT was a randomized controlled study designed
to determine whether intensive treatment would affect the
development and progression of vascular and neurological
complications in patients with type 1 diabetes mellitus compared with conventional treatment.2 Intensive treatment
involved three or more insulin injections per day or continuous insulin infusion pump, frequent blood glucose monitoring and frequent physician, nurse and dietitian contact
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aiming for normoglycaemia. Conventional treatment involved
one or two insulin injections per day, daily monitoring of
blood or urine, standard diabetic education and dietary counselling and routine quarterly clinic visits with no specific
goals with regard to glycaemic control. The study involved
1441 patients between the ages of 13 and 39 years;
726 patients with no diabetic retinopathy and a duration of
diabetes of 1–5 years forming the primary prevention cohort
and 715 patients with mild-to-moderate non-proliferative
retinopathy and a duration of diabetes of 1–15 years forming
the secondary prevention cohort. Ninety-five per cent of all
scheduled examinations were achieved in this study. The
mean glycosylated haemoglobin level over the 9 years of
follow up was 9.1% with conventional treatment, compared
with 7.2% with intensive treatment.
Assessment of diabetic retinopathy was by seven-field
stereoscopic colour fundus photographs every 6 months.
Fundus photographs were graded by blinded assessors
according to the Early Treatment Diabetic Retinopathy
Study (ETDRS) protocol.3 Development of clinically important diabetic retinopathy was defined as the development of
at least three steps from baseline on the ETDRS scale that
was sustained for 6 months for the primary prevention
cohort and progression of at least three steps on the ETDRS
scale that was sustained for 6 months for the secondary
prevention cohort.

TRADITIONAL METHODS OF ASSESSING THE EFFECT
OF TREATMENT: RELATIVE RISK, RELATIVE RISK
REDUCTION AND ABSOLUTE RISK REDUCTION
Treatment effect can be described by the relative risk, which
is the risk of the outcome occurring in patients receiving a
new treatment (A) compared with the risk of the outcome
with conventional or placebo treatment (B). The relative risk
is calculated as A/B. A relative risk of 1 indicates no differ-

ence in effect between the two treatments. Efficacious new
treatments give relative risks of < 1 and the smaller the relative risk, the more efficacious the new treatment. A new
treatment that is less efficacious than conventional or
placebo treatment gives a relative risk of > 1 and the larger
the relative risk the less efficacious the new treatment.
A related measure is the relative risk reduction, which is
defined as the percentage decrease in risk of the outcome
with the new treatment compared with the risk in the
conventional or placebo-treated group. The relative risk
reduction is calculated as:
((B – A)/B) × 100%
or can be calculated as the complement of the relative risk
and is expressed as a percentage (Appendix 1):
(1 – (A/B)) × 100%
A relative risk reduction of 0% indicates no difference in
effect between the two treatments. A positive relative risk
reduction indicates that the new treatment is more efficacious than conventional or placebo treatment; the greater
the relative risk reduction, the more efficacious the new
treatment, with a relative risk reduction of 100% indicating
a cure. A negative relative risk reduction indicates that
the new treatment is less efficacious than conventional or
placebo treatment.
Based on the results of the primary prevention cohort of
the DCCT, the proportion of patients with type 1 diabetes
mellitus without diabetic retinopathy developing clinically
important diabetic retinopathy over a period of 9 years with
conventional treatment is 52.2%.4 This can be reduced to
14.3% with intensive treatment. This represents a relative
risk of 0.27 and a relative risk reduction of 73% with intensive treatment (Table 1).
However, the clinical impact and implications of treatment cannot be appreciated by the relative risk reduction,

Table 1. Primary and secondary prevention of clinically important diabetic retinopathy over 9 years
Clinically important
diabetic retinopathy
Intensive treatment (A)
Conventional treatment (B)
RR
RRR (%)
ARR (%)
NNT
NNT/year

Primary prevention
cohort
0.143
0.522
0.27
73
37.9
2.6
24

Secondary prevention
cohort
0.140
0.494
0.28
72
35.4
2.8
25

Based on The Diabetes Control and Complications Trial Research Group.4
For the calculation of relative risk (RR), relative risk reduction (RRR), absolute risk reduction (ARR) and number needed to treat (NNT),
refer to formulae given in Appendix 1.
For the calculation of 95% confidence intervals for RRR, ARR and NNT, the number of patients in the primary prevention cohort receiving intensive treatment was 378, while the number receiving conventional treatment was 348.

Number needed to treat
given that it can be the same whether the risk with treatment
decreases from 0.5 to 0.25 or from 0.05 to 0.025, in this case
50%. Therefore, before deciding whether the effect of a
new treatment is clinically relevant, the baseline risk of an
outcome with conventional or placebo treatment needs to
considered (B). This is expressed as the absolute risk reduction and is calculated as (Appendix 1):
(B – A) × 100
Based on the results of the primary prevention cohort of
the DCCT, the baseline risk of developing clinically important diabetic retinopathy over 9 years is 52.2% and the risk
with intensive treatment is 14.3%. Therefore, the absolute
risk reduction is 37.9% with 9 years of intensive treatment
(Table 1).

NUMBER NEEDED TO TREAT: A CLINICALLY
USEFUL NEW MEASURE FOR QUANTIFYING
TREATMENT EFFECT
The clinical usefulness of the absolute risk reduction can be
extended by the calculation of the number needed to treat,
which is the reciprocal of the absolute risk reduction. This
term describes how many people need to be treated for a
specific period of time to prevent one additional outcome, if
a new treatment is compared with conventional or placebo
treatment. This calculation enables quantification of the
treatment effect in a way that is more clinically useful and,
therefore, more easily applicable with regard to decisions
about the degree of treatment efficacy and willingness to prescribe the treatment by clinicians. Additionally, the effect of
different treatments on the same outcome can be compared.
In order to standardize treatment effects that may be
observed over different periods of time, an annual number
needed to treat can be calculated by multiplying the number
needed to treat by the duration of the study in years;
however, the validity of this calculation is limited by the
assumption of a constant effect of treatment over time.
With regard to the DCCT, intensive treatment for
9 years in 2.6 patients without retinopathy will prevent
one additional patient developing clinically important diabetic retinopathy compared with conventional treatment.
Assuming a constant effect of treatment over time, this
equates to intensively treating 24 patients to prevent one
additional patient progressing to clinically important
diabetic retinopathy each year. However, this is not the
case, given the more detailed information available regarding the effect of time on the impact of intensive treatment.
As can be seen from Table 2, the effect of intensive treatment on diabetic retinopathy is not linear. There is an initial
harmful effect of intensive treatment that actually results in
clinically important diabetic retinopathy developing in
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0.7% of patients in the first year of treatment. Expressed
more meaningfully, for every 143 patients undergoing intensive rather than conventional treatment, one will develop
clinically important diabetic retinopathy in the first year of
treatment. However, by the fourth year of treatment, one
patient would have been prevented from developing clinically important diabetic retinopathy if 9.4 patients undergo
intensive rather than conventional treatment for 4 years.
Assuming an averaged effect of the 4 years of treatment, this
would equate to intensively treating 38 patients annually.
After 6 years of treatment, one patient would have been prevented from developing clinically important diabetic
retinopathy with intensive treatment of 4.2 patients for
6 years. Again, assuming an averaged effect of the 6 years
of treatment, this would equate to intensively treating
25 patients annually. The decreasing number of patients
who need to be treated annually with increasing duration of
treatment to prevent one developing clinically important
of diabetic retinopathy reflects the fact that the full benefit
of intensive treatment is not realized without long-term
perseverance with treatment. In fact, the effect of intensive
treatment is not statistically different to conventional treatment until after 4 years of treatment.
The relative risk, relative risk reduction, absolute risk
reduction and number needed to treat for secondary prevention of diabetic retinopathy with intensive glycaemic control
can also be seen in Table 1. Although it is apparent that a
similar number of patients in the primary and secondary
prevention cohorts need to be intensively treated to prevent
one additional patient developing clinically important diabetic retinopathy, patients in the secondary prevention
cohort already had mild-to-moderate retinopathy at baseline.
A similar application of these measures for other retinopathy outcomes is demonstrated in Table 3. From the secondary prevention cohort results, it can be seen that, with

Table 2. Effect of treatment interval on the primary prevention of
clinically important diabetic retinopathy
Clinically important
Treatment interval (years)
diabetic retinopathy
1
4
6
9
Intensive treatment (A)
0.020
0.035 0.113 0.143
Conventional treatment (B)
0.013
0.141 0.351 0.522
RR
1.54
0.25
0.32
0.27
RRR (5)
–54
75
68
73
ARR (%)
–0.7
10.6
23.8
37.9
NNT
–143
9.4
4.2
2.6
NNT/year
–143
38
25
24
Based on The Diabetes Control and Complications Trial Research
Group.4
For the calculation of relative risk (RR), relative risk reduction
(RRR), absolute risk reduction (ARR) and number needed to treat
(NNT), refer to formulae given in Appendix 1.
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conventional treatment, 27% of patients will develop clinically significant macular oedema over 9 years. This risk can be
reduced to 15% with intensive treatment. Given the absolute
risk reduction of 12%, 8.3 patients need to be treated for
9 years, or 75 patients each year, to prevent one patient from
developing macular oedema. Similarly, 39 patients each year
require intensive treatment to prevent one patient from
developing severe non-proliferative diabetic retinopathy or
proliferative diabetic retinopathy.
But what of the fate of the other patients? The remaining
number will either not respond to treatment or do not need it.
Returning to the example of developing clinically significant
macular oedema, eight patients need to be treated for 9 years
to prevent one from developing macular oedema. Of the
remaining seven patients, 27% will develop macular oedema
because they did not responded to treatment (the same proportion as the conventional treatment group) and the remaining 73% will not develop macular oedema. Unfortunately, it
is usually not possible to predict who will or will not develop
an adverse outcome and who will or will not respond to treatment; therefore, everyone must be treated. For any given
number needed to treat, the higher the baseline risk of an
adverse outcome the greater the number of patients who will
develop the adverse outcome despite treatment.

NUMBER NEEDED TO TREAT: A USEFUL METHOD
FOR QUANTIFYING HARM AS WELL AS BENEFIT
The harmful effects of treatment can be quantified in a similar
manner to the beneficial effects. As outlined previously, when
the effect of a new treatment is to cause more outcomes than
conventional or placebo treatment, then the relative risk is
> 1 and the relative risk reduction, absolute risk reduction and
number needed to treat are negative. Hypoglycaemia has
been documented to be the most common adverse effect of
intensive glycaemic control. After 9 years of treatment it was
found that 73% of patients with intensive treatment developed at least one episode of severe hypoglycaemia compared
with 40% undergoing conventional treatment.5 As outlined in
Table 4, for every 27 patients with intensive treatment one
will suffer at least one severe episode of hypoglycaemia
per year compared with conventional treatment. This allows
the treatment-related benefit and harm to be compared.

PRECISION

OF

STUDY ESTIMATES

While the calculation of number needed to treat is useful for
interpreting the effectiveness or harm of particular treatments,
it provides only a point estimate of the treatment effect based
on the randomized controlled study from which it is derived.
The degree of uncertainty in this point estimate is given by a
confidence interval (CI). Ninety-five per cent CI can be

calculated for relative risk reductions, absolute risk reductions
and number needed to treat, as outlined in Appendix 2.6 The
95% CI will not include 1 for the relative risk reduction, 0 for
the absolute risk reduction or infinity for the number needed
to treat when the treatment effect is statistically significant at
the 5% level. The interpretation of the 95% CI of the number
needed to treat when the treatment effect is not statistically
significant, that is, when the 95% CI of the absolute risk
reduction includes 0, is problematic because such a CI is
discontinuous and centred on infinity. This issue has been
discussed in greater detail elsewhere.7
Based on the formulae given in Appendix 2 and the
results from the primary prevention cohort given in Table 1
for the development of clinically important diabetic
retinopathy over 9 years using intensive compared with conventional treatment, the 95% CI for relative risk reduction,
absolute risk reduction and for the number needed to treat
are 61–85%, 31.7–44.1% and 2.3–3.2, respectively. The
95% CI for the number needed to treat per year is 21–29.
Table 3. Prevention of macular oedema and severe non-proliferative or proliferative retinopathy retinopathy outcomes over 9 years

Intensive treatment (A)
Conventional treatment (B)
RR
RRR (%)
ARR (%)
NNT
NNT/year

Macular
oedema
0.15
0.27
0.56
44
12
8.3
75

Severe NPDR
or PDR
0.09
0.32
0.28
72
23
4.3
39

Based on The Diabetes Control and Complications Trial Research
Group.4
For the calculation of relative risk (RR), relative risk reduction
(RRR), absolute risk reduction (ARR) and number needed to treat
(NNT), refer to formulae given in Appendix 1.
NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy.

Table 4. Serious hypoglycaemia
Serious hypoglycaemia
over 9 years
Intensive treatment (A)
Conventional treatment (B)
RR
RRR (%)
ARR (%)
NNT
NNT/year

Entire
cohort
0.73
0.40
1.83
–83
–33
–3
–27

Based on The Diabetes Control and Complications Trial
Research Group.5
For the calculation of relative risk (RR), relative risk reduction
(RRR), absolute risk reduction (ARR) and number needed to treat
(NNT), refer to formulae given in Appendix 1.

Number needed to treat
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Table 5. Prevention of visual loss with photocoagulation for
patients with macular oedema and mild-to-moderate diabetic
retinopathy
Visual loss of
three or more lines
Immediate focal (A)
Deferred focal (B)
RR
RRR (%)
ARR (%)
NNT
NNT/year

Treatment duration (years)
1
2
3
0.05
0.07
0.12
0.08
0.16
0.24
0.63
0.44
0.50
37
56
50
3
9
12
33.3
11.1
8.3
33
22
25

Based on Early Treatment Diabetic Retinopathy Study Research
Group.11
For the calculation of relative risk (RR), relative risk reduction
(RRR), absolute risk reduction (ARR) and number needed to treat
(NNT), refer to formulae given in Appendix 1.

these complications. Consideration of potential harm from
intensive treatment indicates that for every 27 patients treated
each year with intensive treatment, one will develop at least
one episode of serious hypoglycaemia.
The magnitude of benefit of immediate compared with
deferred photocoagulation for patients with macular
oedema and mild-to-moderate diabetic retinopathy in the
prevention of visual loss of three or more lines is outlined in
Table 5 as an additional example of an important ophthalmic
problem.11
The usefulness of the number needed to treat method
with regard to the application of reported treatment effects
from randomized controlled studies to clinical practice has
been demonstrated in the present paper.
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APPENDIX 1
Table A1. Calculation of measures of treatment effect
B, proportion of patients in the control group with an event
A, proportion of patients in the treatment group with an event
RR, relative risk: A/B
RRR, relative risk reduction:

( (B – A)/B) × 100% or (1 – (A/B) ) × 100%
ARR, absolute risk reduction:

(B – A) × 100%
NNT, number needed to treat:

1/(B – A) or 100%/ARR

APPENDIX 2
Table A2. Calculation of 95% confidence intervals
B, proportion of patients in the control group with an event
A, proportion of patients in the treatment group with an event
NB, number of patients in the control group
NA, number of patients in the treatment group
D, duration of treatment
X = (B × (1 – B)/NB) + (A × (1 – A)/NA)
95% CI for RRR (RRRlower, RRRupper):

((B – A) ± 1.96√X/B) × 100%
95% CI for ARR (ARRlower, ARRupper):

((B – A) ± 1.96√X) × 100%
95% CI for NNT (NNTlower, NNTupper):

(1/ARRupper, 1/ARRlower)
95% CI for the NNT/year:

(NNTlower × D, NNTupper × D)
CI, confidence interval; RRR, relative risk reduction; ARR, absolute risk reduction; NNT, number needed to treat.

