
has been observed elsewhere in biology. Con
sider this excerpt from Barry Lopez's bookArctic 
Dreams 4: 

Many Western biologists ... comprehend that, objec
tively, what they are watching is deceptively complex. 
. . . They know that while experiments can be designed 
to reveal aspects of the animal, the animal itself 
will always remain larger than any set of experiments. 
They know they can be very precise about what 
they do, but that does not guarantee they will be accu
rate. They know that the behavior of an individual 
animal may differ strikingly from generally recognized 
behavior of its species; and that the same species may 
behave quite differently from place to place, from year 
to year. 

The same statement can be made even more 
strongly on research conducted with human 
animals. 

The answer to the question posed in the 
opening paragraph, by the way, is option num
ber two: Rogers and Rohrbaugh absolutely nail 
a narrow and ultimately not very interesting 
question with tangential relevance to the general 
use of genograms in daily practice. In doing so, 
however, the authors place us in their debt by 
clearly illustrating the complexity of studying 
questions lying outside traditional biomedical 
boundaries. The next researchers who wish to 
examine genograms should benefit from the 
authors' experience by seeking methods that 
have a better chance of producing results gen
eralizable to daily practice. 

The biopsychosocial model has already been 
discarded by some because it does not go far 
enough in eradicating linear causal thinking 
from research and clinical practice.5 Philoso
phers of science have moved far ahead in de
veloping a naturalistic perspective based on 
postpositivist theories, that refute much of 
biomedicine's current scientific methodology.6 
Conceptions of what is and is not science are 
changing rapidly. Researchers in family medi
cine have much to gain by being first at the 
boundary. 

Alfred O. Berg, M.D., M.P.H. 
Seattle, WA 
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Measures Of Clinical 
Effectiveness: The Numbers 
Needed To Treat 

What are the best measures of clinical effective
ness to use when presenting health care deci
sions to individual patients and when determin
ing what health care needs take priority when 
resources are restricted? The measures are nu
merous: disease-specific and all-cause mortality 
rates, morbidity rates, years of life lost before a 
specified age, population-attributable risk, rela
tive risk reduction, odds ratios, absolute or at
tributable risk reduction, to name a few. Each 
has advantages and disadvantages related to the 
question being asked and to the inherent statis
tical properties of the measure. 

In this issue of the Journal, Grumbach 1 applies 
another measure, "the number needed to treat," 
to the question of how bes~ to measure the con
sequences of pharmacologic management of 
hypercholesterolemia using outcome and side ef
fect data from five major clinical trials. The sta
tistic "the number needed to treat" (NNI) pro
vides the number of persons needed to be 
treated in order to reach a given end point, for 
example, prevention of one myocardial infarc
tion, prevention of one death, or causation of 
side effects in one patient. NNT is the inverse 
of the absolute risk reduction (ARR), which, in 
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tum, is the difference in rates of event between 
the treatment and control groups. ARR can be 
calculated indirectly by multiplying the relative 
risk reduction by the event rate. Laupacis, Sack
ett, and Roberts2 in 1988 reviewed the prop
erties of this statistic and applied it to the 
benefits of treating a number of conditions, 
including treating hypercholesterolemia with 
cholestyramine. Grumbach applies the statistic 
more broadly to the issue of treating hyper
cholesterolemia. I will not focus on the im
plications of the review for screening and manage
ment of hypercholesterolemia. Instead, because 
the author's statements are based on inferences 
from NNT statistics, I will examine the nature 
of the statistic itself and limitations on inference 
from the statistic. 

In this respect, three questions need to be ad
dressed: (1) what is the level of confidence in 
the statistic; (2) what are the assumptions on 
which the statistic is based, particularly with re
spect to adjusting for treatment effects over 
time; and (3) how does the NNT calculated for 
different therapies for hypercholesterolemia 
compare with NNT for therapies for other 
conditions? 

What Is the Level of Confldence in the 
StatlsdcP 
Any statistic has a calculable measure of confi
dence, which is determined by the sample sizes 
of the treatment and control groups and, in the 
case of proportions, the magnitude of the pro
portions PI and P2 (e.g., event rates in the control 
and treatment groups) and their complements 
I-PI and I-P2. The range within which the true 
value of the statistic will occur with 95 percent 
confidence is the 95 percent confidence interval 
(CI). Table 1 shows the approximate 95 percent 

TIIbIe 1. NUIIIben Needed to Ie Trated ucl95% Con8dence Intenals (CI). 

CIs of NNT for total death, cardiovascular mor
bidity, and death plus cardiovascular morbidity 
from the Helsinki Heart Study3 and the niacin 
arm of the Coronary Drug Project.4 These 
intervals were arrived at by calculating the 95 
percent CIs for the ARR, that is, P2 - PI' 
using the method described by Fleiss.5 Because 
NNT = 1I(P2 - PI)' the 95 percent CI for 
NNT was taken to be the inverse of the CI end 
points for the ARR. This method is similar to 
that referenced by Laupacis, et a1. 2 

This analysis shows that in the niacin arm of 
the Coronary Drug Project, while NNT is 16, 
we are 95 percent confident that the true value 
could be as low as 10 or as high as 36 to prevent 
one death over 15 years. Similarly, in the Hel
sinki study we are 95 percent confident that true 
value for NNT to prevent one nonfatal myocar
dial infarction (cardiovascular morbidity) could 
be as low as 43 but also could be as high as 358 
patients over 5 years. This information will in
fluence interpretation of the NNT statistic in 
clinical practice, though it is not provided in 
either the paper by Grumbach or that by 
Laupacis, et al. 

The statistics for death plus cardiovascular 
morbidity in the Helsinki study show two im
portant properties of the NNT statistic. First, 
the CI for ARR inclftdes 0, indicating it is not 
statistically significant, and, by inference, the 
NNT is not statistically significant (and the 95 
percent CI does not even include 83, the 
NNT), even though the relative risk reduction 
statistic cited in Grumbach's review is signifi
cant. I believe Grumbach makes the error of 
assuming that if relative risk reduction is statis
tically significant, the NNT statistic is signifi
cant. This is not the case. NNT and ARR sta
tistics are not as "robust" as the relative risk 

Incidence per 
1000 in 

Treatment 
Group 

Sample Size of Incidence per Absolute Risk 
Reduction 
(95% CI) 

Numbers 
Needed to be 

Treated 
(95% CI) Srudy 

Coronary drug 
project, nia
cingroup 

Helsinki heart 
srudy 

Outcome 

Total death 

CV morbidity 

Death plus CV 
morbidity 

*See text for discussion. 
CV. cardiovascular. 

520 

22 

44 
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Treatment 1000 in Sample Size of 
Group Control Group Control Group 

1119 582 2789 

2051 35 2030 

2051 56 2030 

0.0625 
(0.027,0.097) 

0.013 
(0.0028,0.023) 

0.012 
(0.0014,0.025) 

16 
(10,36) 

77 
(43,358) 

83 
(-729,39)* 
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reduction statistic. This is one reason why ARR 
has not been as widely employed as other meas
ures of effect. 

Second, because of the mathematical relation 
of ARR to NNT, the smaller the ARR, that 
is, the closer it comes to indicating no treat
ment advantage, the larger the NNT becomes. 
A disadvantage of NNT is that while other 
statistics allow an easy statement of the null 
hypothesis, for example, "ARR equals 0" or "rel
ative risk equals 1," the null hypothesis for the 
NNT statistic is "NNT equals infinity." The 
difficulty is that the researcher is left to decide 
how large NNT needs to be before he or she 
says it approaches infinity close enough that the 
null hypothesis can be accepted and that, there
fore, there is no statistically significant treatment 
effect. 

What Are the Assumptions and Limitations of 
the Statistic? 
The benefits of the NNT statistic, such as that 
it takes into account the magnitude of risk in 
the untreated group, that it is intuitively mean
ingful, and that it can be applied to compare 
side effect experiences, are described by both 
Grumbach and Laupacis, et al. Additionally, 
they point out limitations common to most sta
tistics (e.g., comparison of summary statistics 
from various studies must be made with knowl
edge of differences in methods and criteria 
for sample selection, differences in compliance 
rates, different measurements employed, and 
differences in duration of treatment and follow
up). Laupacis, et al. also point out that if NNT 
equals 10, one patient will benefit, but the sta
tistic does not provide any information about the 
experience of the other 9 (except that they did 
not benefit from treatment).2 

There are two other limitations in interpre
tation of the NNT statistic that might be em
phasized. First, the term number needed to treat 
implies that this is the actual number of patients 
we as physicians will need to have under treat
ment to see an effect. This assumption is some
what misleading because in most clinical trials 
of treatment of hypercholesterolemia, 100 per
cent compliance was not achieved, but neverthe
less a positive treatment effect was found. Sec
ond, as with other statistics, even if treatment A 
has a smaller NNT than treatment B for the 
same time period, one needs to be cautious in 
inferring that resources are better allocated to 

treatment A The profiles distribution of bene
fits and risks over time might be significantly 
different. For example, all of the risks of treat
ment A may become manifest in the first few 
years following treatment, whereas those of 
treatment B can be spread more equally over 
time. Some patients, because of qualify-of-life 
evaluations might choose treatment B over A 
even though one treatment has a smaller NNT 
than another for the same time period. An ex
ample of treatment A might be carotid endar
terectomy, which probably provides greater 
benefit than medical treatment after 3 years of 
follow-up but at the price of a higher risk 
of death or disability accrued in the first year of 
treatment. 

Third, the data from the Helsinki study, the 
Coronary Drug Project, and the Lipid Research 
Clinics study 6 indicate that, at least for cardiac 
end points, the benefits of treatment are not lin
early related to time. For example, cholestyra
mine did not show any benefit in the first 3 
years, but did by 7 years of follow-up. (Unfor
tunately, none of these studies to my knowledge 
provided graphs of treatment effects on non
cardiac end points over time.) This finding vio
lates the assumption of equal distribution of 
benefits occurring over time, which is inherent 
in the equation used by Grumbach and 
Laupacis, et al. to adjust the NNT statistic for 
differences in duration of studies: 

NNT:T x T + S = NNT:S 

where NNT:T and NNT:S are the numbers 
needed to be treated for T and S years, respec
tively.2 In the three studies cited above, the 
actual benefit is greater than the calculated fu
ture benefit. For example, using data from 
Grumbach's Table 3, NNT:6.2 years equals 100 
for the Coronary Drug Project-niacin group, 
and adjusted to 15 years, NNT calculates to be 
41. The actual NNT at 15 years was 16, how
ever, a substantially smaller number needed to 
be treated than calculated. 

How Does the NNT for Hypercholesterolemia 
Compare with NNT for Other Conditions? 
Laupacis, et al. offer a wider perspective on 
the numbers needed to be treated for various 
conditions than what is presented by Grum
bach, and it is worth repeating here.2 In Table 
2, I have adjusted the NNT:5 years statistics 
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TIIbIe 2. NIIIIlben Needed 10 be Trared for 10 YCIII'I for Vlrioas 
11tenpIes ... CoadidoaI. * 

Therapy and Condition 

Stepped care for diastolic 
blood pressure of 115-
129mmHg 

Left main coronary-artery 
bypass surgery 

Aspirin for transient 
ischemic attacks 

Isoniazid for inactive 
rubercu10sis 

Stepped care for diastolic 
blood pressure 90-109 
mmHg 

Niacin for 
hypercholesterolemia 

Events 

Death, stroke, 
myocardial 
infarction 

Death 

Death, stroke 

Active ruberculosis 

Death, stroke, 
myocardial 
infarction 

Death plus 
cardiovascular 
morbidity 

No. 
Needed 
to Treat: 
10 Years 

1.5 

3 

3 

48 

72 

14 

Gemfibrozil for Death plus 42 
hypercholesterolemia cardiovascular 

morbidity 
Cholestyramine for Death plus cardio- 53 

hypercholesterolemia vascular morbidity 

*Modified from Laupacis, et a1.2 

calculated by Laupacis, et al. to NNT:I0 years 
to facilitate comparison with the numbers pro
vided by Grumbach, which are included in the 
table. What is interesting is that one needs to 
treat fewer patients of the kind included in the 
hypercholesterolemia clinical trials than patients 
having a diastolic blood pressure of 90 to 109 
mmHg to avert one death or cardiovascular 
morbidity event. It also appears that on average 
fewer patients need to be treated for 
hypercholesterolemia to prevent death or car
diovascular morbidity than need to be treated 
for inactive tuberculosis to prevent one case of 
active tuberculosis. (Of course, cost, duration of 
treatment, and other considerations, such as 
communicability of tuberculosis, need to be fac
tored if one needs to determine how to distrib
ute health care resources.) It would be interest
ing to extend the comparison further to other 
therapies and conditions. 

Conclusions 
The paper by Grumbach contributes an impor
tant perspective to the treatment of hypercho
lesterolemia. The perspective needs to be seen 
in light of the properties of the statistical 
method employed. In sum, the statistic number 
needed to treat has several advantages over other 
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statistics as a way of looking at consequences of 
treatment. These advantages include being in
tuitively meaningful and taking into account 
the magnitude of risk in the untreated group. 
Limitations of the statistic include the fact that 
it is less robust than other statistics and so may 
not be statistically significant when other sta
tistics are and that it does not lend itself easily 
to testing of the null hypothesis (no treatment 
effect). Those drawing statistical inferences 
from NNT should take into account the level 
of confidence in the statistic, be guarded when 
projecting to time intervals beyond the dura
tion of the study, and should take into account 
the compliance rates of the studies from which 
the statistic is derived. Finally, one should not 
only compare different treatments for the 
same condition but also compare treatments 
for different conditions when judging relative 
treatment effects. 

What the concept number needed to treat makes 
most apparent is that, though we, as physicians, 
may do no harm in the classical sense, for many 
conditions we often benefit only a few of the 
patients to whom we offer treatment. As the re
view by Grumbach points out, one of the aims 
of medical research is to help identify those pa
tients who will benefit. 

William E. Neighbor, Jr., M.D. 
Seattle, WA 
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