
S

P
K

P
a
o
i
p

W

T
w
c
w
c

w
F

f
e
s
w
w

T
H

P
1

P

tatistically Speaking

utting P Values in Perspective

ristin L. Sainani, PhD
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values are ubiquitous in the medical research literature, but they are often misunderstood
nd given more importance than they deserve. P values “less than .05” usually garner a lot
f excitement, but in many cases, this is unwarranted. This column reviews what a P value
s, what it offers, and what its limitations are. The reader will be advised as to what
arameters are necessary to adequately interpret the P value.

HAT CAN A P VALUE DO FOR YOU?

ake a simple hypothetical example. A team of researchers randomly assign 200 women
ith severe osteoporosis to 1 of 2 groups: an exercise intervention group (n � 100) or a

ontrol group (n � 100). Now suppose 30 of 100 women in the control group, as compared
ith only 20 of 100 women in the exercise group, sustain a fracture during follow-up. Is this

onclusive evidence that the exercise intervention reduces fractures?
The average reader has been conditioned with the typical reflex response: the answer lies

ith the P value; however, stop for a moment and consider the information already at hand.
racture risk decreased from 30% to 20% in the exercise group versus the control group (a

10% reduction in absolute risk or 33% reduction in
relative risk). This effect size is key information in deter-
mining whether a treatment might meaningfully benefit
patients (and it does not take a statistics degree to calcu-
late or understand!).

So what does the P value add? If a 20-women study
ound the same effect size—3 fractures in the control group (3 of 10 or 30%) versus 2 in the
xercise group (2 of 10 or 20%)—one would likely dismiss the findings because intuition
uggests that a 1-woman difference could easily arise by chance. Conversely, if a 20,000-
omen study found the same effect size—3000 fractures (30%) versus 2000 (20%)—one
ould put stock in these findings because intuition suggests that an imbalance this big is

highly unlikely to arise by chance alone. Unfortunately,
intuition is inadequate in all but these extreme cases.
With the 200-women study, some guidance is needed to
determine whether a difference of 20 of 100 versus 30 of
100 could arise by chance. The P value, calculated as part
of a hypothesis test, provides this guidance.

he P Value Is the Probability of the Data Given the Null
ypothesis

A hypothesis test starts with a null hypothesis, or a
hypothesis of no effect. In this example, the null hypoth-
esis assumes that the exercise intervention is ineffective
(no better than control in preventing fractures). If this is
true, each group should sustain about the same number
of fractures (eg, 25 and 25). Of course, a perfectly even

Effect size. A measure of the
magnitude of an observed ef-
fect—for example, how big the
difference between groups is.

Hypothesis test. A formal, statis-
tical framework for deciding
whether an observed effect is
likely to be real or due to chance.

Null hypothesis. The hypothesis
of no effect—for example, the
hypothesis that 2 groups do not
differ. P values are calculated
based on the assumption that the
split is not expected. Some difference will likely arise just
null hypothesis is true. S
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874 Sainani PUTTING P VALUES IN PERSPECTIVE
y chance fluctuation—but how much? Table 1 offers some
nswers. For example, there is a 33% chance of getting a dispar-
ty at least as big as 22 fractures in one group and 28 in the other.
his probability is called the P value. Figure 1 graphically

llustrates the P values for various possible outcomes. The P
alue is calculated by adding the probability of the observed
utcome plus those of all the more disparate outcomes (e.g., the
3% probability is calculated by adding the probability of get-
ing exactly 22 fractures in one group and 28 in the other plus
he probability of getting exactly 21 and 29 plus the probability
f getting exactly 20 and 30, and so on).

When the null hypothesis is true, P values of �.05 arise by
hance about 1 in 20 times; P values of �.01 arise by chance
bout 1 in 100 times; and P values of �.001 arise by chance
bout 1 in 1000 times. Besides effect size, the P value also
epends on the sample size and inherent variability in the
utcome (see I. In-Depth sidebar), both of which are fixed in this
xample.

In this hypothetical study, there were 20 fractures ob-
erved in the exercise group and 30 in the control group, a
0% difference in absolute risk; this outcome has a P value of

I. IN DEPTH: HOW IS THE P VALUE CALC

The P value is calculated with a formal statistical test, whi
size, and the variability of the outcome. For this example
proportions:

The Z value can be directly translated to a P value. For e
(as determined by referencing a standard normal table). L

From the formula, it is clear that larger effect sizes and
(more significant) P values, whereas increased variability

There are many other statistical tests besides the Z test
blood pressure, a t test may be used to compare the differ
Like the Z test, the t test comprises the observed effect
deviation of the outcome), and the sample size.

Similar to a Z test, the t value can be directly translated
The actual P value is calculated through statistical softwar

statistical test has been run, but one can assume that the P val
0% (Table 1, Figure 1). A probability of 10% is not large, but e
t is not terribly small either—so the data are deemed to be
onsistent with the null hypothesis. On the other hand, if a
ore improbable outcome is obtained—such as 17 fractures

n the exercise group and 33 in the control group (a 16%
bsolute risk difference, 1% probability under the null hy-
othesis)—this might lead to the rejection of the null hypoth-
sis. Typically, a threshold of P � .05 is considered to be
improbable enough,” but this cutoff is arbitrary and given
ndue importance in the medical literature [1]. A 1 in 20

alse-positive threshold may be appropriate in some cases but
ot in others. Moreover, nothing magical happens at .05—
nd there is little difference in the evidence provided by a P
alue of .051 versus a P value of .049.

HAT CAN’T A P VALUE DO FOR YOU?

t is tempting to answer a research question, such as “Does
his exercise intervention reduce fractures?” by citing a P
alue. But the P value answers only one narrow question: is
he observed effect likely the work of chance alone? Attribut-
ng additional meaning to the P value can lead to serious

TED MATHEMATICALLY?

tains three elements: the observed effect size, the sample
ppropriate test is a Z test of the difference between two

le, here Z � 1.63, which corresponds to a P value of 10%
Z values give smaller (more significant) P values.
r sample sizes result in larger Z values and thus smaller
outcome results in larger (less significant) P values.
xample, if the outcome is a continuous variable, such as
in means (rather than proportions) between two groups.
difference in means), a measure of variability (standard

value (using a t distribution table).
important for the reader to evaluate whether the appropriate
lf has been calculated correctly.
ULA

ch con
, the a

xamp
arger

large
in the
. For e
ences
size (

to a P
e. It is
ue itse
rrors [2,3], described below.
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tatistical Significance Does Not
uarantee Clinical Significance

esearchers commonly equate small P values with large effect
izes, but P values and effect sizes are not equivalent [4]. As
entioned above, in addition to effect size, P values depend

n sample size and variability. In fact, if the sample size is
ufficiently large, trivial effects may achieve statistical signif-
cance. For example, if a study with 100,000 women in each
f 2 groups found a 1% difference in fracture rates, this
ould be highly significant (P � .0001). (A 1000-woman

difference is highly un-
likely to arise just due to
chance). But clearly the
benefit of this treatment
(for fracture reduction) is
too small to warrant rec-
ommending it. Thus, it is
important to pay attention
to effect sizes, as well
as confidence intervals,
which give a probable
range of values for the ef-

ect size. The 95% confidence interval here is 0.6% to 1.4%,
hich indicates that the benefit of exercise is most likely no
igger than 1.4%.

ack of Statistical Significance Is Not
roof of No Effect

ust as large samples may yield small P values even when

able 1. The probabilities of various possible outcomes of the s
isk (for simplicity, this table only shows where the total numbe

No. fractures in
the exercise group

(n � 100)

No. fractures in
the control group

(n � 100)

25 25
24 26
23 27
22 28
21 29
20 30
19 31
18 32
17 33
25 25
26 24
27 23
28 22
29 21
30 20
31 19
32 18
33 17

P values given are 2-sided; for example, the P value associated with a split o
nd the probability that the exercise group sustains 26 or more fractures.

Confidence interval. A plausible
range of values for the true effect
size. For example, with a 95%
confidence interval, one can be
95% certain that the true effect
size lies in the interval. Nar-
rower confidence intervals reflect
greater precision, and wider con-
fidence intervals reflect greater
uncertainty.
ffects are trivial, important effects may miss statistical signif- t
cance if the sample size is
oo small. Small studies of-
en have low statistical
ower, and thus a high
hance of incurring false
egatives.

For example, a study
ith 50% power has a
0% (1 in 2) chance of
issing a real effect; even a

tudy with 80% power
typically considered suffi-
ient) has a 1 in 5 chance
f a false negative. With the hypothetical exercise study, it
ight be tempting to conclude that the exercise intervention

s ineffective based on the nonsignificant result (P � .10). But
onsider the 95% confidence interval for the difference in
isk between the control and exercise groups: �2% to �22%
see II. In-Depth sidebar to learn how this is calculated).
lthough the authors cannot exclude a value of 0 (no bene-
t), most of the plausible values lie in the beneficial (positive)
ange. The best conclusion is that exercise might be benefi-
ial, but larger studies are needed.

alse Positives Are More Common Than
ou Think

ypothesis testing comes
ith an inherent false-
ositive rate. Using a sig-
ificance threshold of .05,

the null hypothesis is true and the groups have equal fracture
ctures is 50, but other totals are possible)

olute risk difference
xercise � control)

P value: The probability of
the outcome and all more

disparate outcomes*

0% 1.00
2% .74
4% .51
6% .33
8% .19

10% .10
12% .05
14% .02
16% .01

0% 1.00
�2% .74
�4% .51
�6% .33
�8% .19

�10% .10
�12% .05
�14% .02
�16% .01

includes the probability that the control group sustains 26 or more fractures

Statistical power. The probability
of correctly rejecting the null hy-
pothesis—and concluding that
there is an effect—if an effect truly
exists.

False negative, also called a
type II error. A missed effect;
failing to reject the null hypothesis
when an effect exists. Statistical
power is the probability of avoid-
ing a type II error.

False positive, also called a
type I error. A chance finding;
rejecting the null hypothesis and
concluding that there is an effect
tudy if
r of fra

Abs
(e

f 24-26
he false-positive rate for a
 when none exists.
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876 Sainani PUTTING P VALUES IN PERSPECTIVE
ingle test is 1 in 20. But when multiple tests are run, each
ith a 1 in 20 false-positive rate, the chance of incurring at

east one false positive increases. For example, if you run 20
ests in which no effects exist, the chance of getting at least
ne P value under .05 is as high as 64%. Thus, when a few P
alues squeak under .05 in a sea of statistical tests, these are
ikely more consistent with chance findings than real ef-
ects—particularly if P values are moderate in size (between
05 and .01 [5]), derived from exploratory rather than previ-
usly planned analyses, and not adjusted for multiple testing.
he problem of multiple testing will be the subject of a future
olumn.

tatistical Significance Is Not Proof of
ausation

inally, the P value reveals nothing about the study design or

igure 1. This histogram shows the probability of different ou
bsolute risk differences (% of women who fracture in the con
ifference in the proportion of women fracturing in each gr
uctuation, differences as big or bigger than 10% (in either tail)
P value. (How to read this histogram: In this histogram, the y a
roken into 1 � percentage point intervals (1%, 2%, 3%, etc.). Be
robability of any particular outcome is low. For example, the
nly about 6.5%. The 10% P value is calculated by adding up t
5, etc.) and the probabilities of all the outcomes �10% and le
he P value is as the area under the curve in the tails.)
ethods that were used to generate the data. Statistical o
ndings must be interpreted in the context of how the data
ere collected. If a statistically significant benefit for the

xercise group was found, one still could not conclude that
xercise and fracture were causally related; that would re-
uire additional information about the quality of the trial,
nd its consistency with the results of other studies.

ONCLUSION

he P value is seductive because it reduces complex and
essy data into a simple, neat number. But P values can be
isleading and should only be considered in the context of

ffect size, sample size, the number of tests run, and study
esign and implementation. Where possible, it may be pref-
rable to report effect sizes with confidence intervals in lieu of

es if the null hypothesis is true. Outcomes are presented as
roup � % of women who fracture in the exercise group). The
ill most likely fall around 0%. However, because of random

a 10% chance of occurring. This 10% probability value is called
ws the probability of each outcome, where the outcomes are

there are more than 40 different possible outcomes here, the
bility of a difference of exactly 0% (the most likely outcome) is
babilities of all the outcomes 10% and greater (11, 12, 13, 14,
1%, �12%, �13%, �14%, �15%, etc.). Another way to think of
tcom
trol g

oup w
have
xis sho
cause

proba
he pro
ss (�1
r in addition to P values [4].
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