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(j;i:!~ Are All Significant P Values Created Equal?

The Analogy Between Diagnostic Tests and Clinical Research
Warren S. Browner, MD, MPH, Thomas B. Newman, MD, MPH

Just as diagnostic tests are most helpful in light of the clinical presentation, clinician obtains diagnostic data to test
statistical tests are most useful in the context of scientific knowledge. Knowing for the presence of a ~iseas~, such as
the specificity and sensitivity of a diagnostic test is necessary, but insufficient: the breast cancer, and an mv~stigator col-
clinician must also estimate the prior probability of the disease. In the same way, lects study data to dete~e the truth

knowing the P value and power, or the confidence interval, for the results of a thofea reffi~~a~eh hfypot ~::~, Sdiftiu.ch ~ thath t
h . but , ft" t th d st ti' t th ' e _Cl so WOucugs erm e

resea":: , study IS necessary Insu ,Ic~en: e rea er mu ,.es ~a e ~ pnor treatment of peptic ulcer disease. (The
probability that the research hypothesIs IS true. Just as a poSitive diagnostic test research hypothesis is Often called the
does not mean that a patient has the disease, especially if the clinical picture alternative hypothesis in standard ter-
suggests otherwise, a significant P value does not mean that a research minology.) The absence of a disease (no
hypothesis is correct, especially if it is inconsistent with current knowledge. breast cancer) is like the null hypotk-
Powerful studies are like sensitive tests in that they can be especially useful when esis of no difference in the efficacy of the
the results are negative. Very low P values are like very specific tests; both result two drugs. .." ...
in few false-positive results due to chance. This Bayesian approach can clarify Th~ term "pOSItIV~ IS use? m Its usual
much of the confusion surrounding the use and interpretation of statistical tests. sense. t~ refer t? dIagnostic tests that

(JAMA 1987;257:2469-2463) a:e consIStent WIth.the presence of ~e
disease and to studies that have statis-
tically significant results. Similarly,

IN THE four ORIGINAL CONTRIBUTIONS iar to clinicians-the interpretation of "negative- refers to diagnostic tests
in this issue of THE JOURNAL, the au- diagnostic tests. In the diagnosis of consistent with the absence of disease
thors report the results of statistical Cushing's syndrome, for example, most and researc:h results that fail to reach
tests of 76 hypotheses.1-4 Of these, 32 clinicians recognize that an elevated se- statistical significance. Thus there are
had significant P values (P<. 05). But do rom cortisol level is more useful than an four possible results whenever a patient
these P ~ues imply that the 32 hypoth- elevated blood glucose level, and that an undergoes a diagnostic test. Consider
eses are true? Or that 95% of them are elevated cortisol level is more likely to the use of fine-needle aspiration in the
true? Are all significant P values cre- be due to Cushing's syndrome in a evaluation of a breast mass, for example
ated equal? moon-faced patient with a buffalo hump (Table 2). If the patient has breast can- ..

The answer to these questions is and abdominal striae than in an over- cer, there are two possibilities: the test
"No!" What then is a P value? It is the weight patient with hypertension.s,T result can either be correctly positive or
likelihood of observing the study results Why? Because the interpretation of a incorrectly negative. On the other
under the assumption that the null hy- test result depends on the characteris- hand, if the patient actually does not
pothesis of no difference is true. Proba- tics of both the test and the patient have cancer, then the result will either
bly because this definition is elusive and being tested.8-'! be correctly negative or incorrectly
intimidating, understanding P values The same type of reasoning-called positive. Similarly, there are four possi-
(and other statistical concepts like Bayesian analysis after Thomas Bayes, ble results whenever an investigator
power, confidence intervals, and multi- the mathematician who developed it studies a research hypothesis (Table 3).
pIe hypothesis testing) is often left to more than 200 years ago"-can also be If the efficacies of the two drugs really
experts in the field. It is easier just to used to clarify the meaning of the do differ, there are two possibilities: the
check whether a P value is .05 or less, P value and other statistical tenDs. study can be correctly positive if it finds
call the result "statistically significant," Although this application of Bayes' ideas a difference or incorrectly negative if it
regard the tested hypothesis as proba- has been discussed in epidemiologic and
bly true, and move on to the next para- statistical literature ,16-18 it has received Table 1.-The Analogy SeMen Diagnostic Tests
graph. less attention in the journals read by and Reseefal Studies

Readers of medical literature need clinicians. In this article, we begin withnot give up quite so quickly, however. As the basic aspects of the analogy be- Di8gnO8tic T-.t .--rcII Study
Diamond and Forrester" pointed out, tween research studies and diagnostic ~ ~ ~ = ::e~ 8i8

many statistical-concepts have rernark- tests, such as the similarity between the (allernatiw)
ably similar analogues in an area famil- power of a study and the 3ensitivity of a Po8itIV8 restAt ~~ (reject

test, and then examine more challeng- (oulskle normal Omits) nun hyIXXt188I8)
Fran the Departments at Medicine (Dr BnJWner), ing i~sues, such as how a study with ~ ~ limits) ~ ~~ J::s.)

Pediatrics (Dr Newman). and Epidemiology and Inter- multiple hypotheses resembles a serum SensiIiYily ~
national Health (Drs B~er and Newman), School 01 chemistry panel. FaIS8-IXJ8itiIIe r8I8 P Ii8Iu8
Medicine, UniversIty of California at San Francisco, and (1 -spedlidly)
the Clinical Epidemiology Program, Institute tor Health THE ANALOGY Prior PIOb8biIItY Pra IXOb8bIity (j
Policy Studies, San Francisco (Drs B~er and (j ~ -.rcII ~
Newman). An overview of the analogy between PI8dIcIIw I8kIe (j a posItIw ~ value (j

Feprint requests to the DiVIsion (j General Intarnal (or negatlYe) I8st l88ult .posiIIw (or negaIiw)
.' Medicine 111A1, Veterans Administration Medical Cen- research studies and dIagnOStIC tests 18 study

ter, San Francisco, CA 94121 (Dr BrtMrIef). shown in Table 1. In this analogy, a
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...,.. 2,-,- F«Jr~~1I".~ I_. one dnlg ~iphenhydramine hydro.:
.If 818at M888 Is Actu8IIy: ehloride (~e~dryl) and the other is

-chlorphenlramme maleate (Chlor-Tri-
.,.",. : M81ign8nt B8riIgn meton): a positive study (at P = .05)

(::::; { Pa8IIIV8 This is a ~ This is a 1s~1XISitiYe "'Quld not ensure that one of the drugs is
:",'. And "-dt ~ lest: result IS conect test: I8SUh IS w.:orIecI efii ti' ,

the tre t t of 1.Fl..;;. ~J88dk A8pIraI8 is: Negatlft This is a Ialse-negatiw This is a Irue-negaIive .~ ve I~ a men ~ ~e,rs,
188t: red is inconecI test: I8SuI! is COlI8CI SImilarly, if one drug "'as rambdine

hydrochloride .(Zantac) and the other a
placebo, a negative study (even with

Table 3,-The Fwr PossIble Results ~ a ~ s~ power of 0,80) would not establish the
ineffectiveness of ranitidine. The char-If ~::!.:::' acteristics of a research hypothesis

-determine its prior probability-an es-
(EftIc8Cy rn; Drug A (DnII ~ S8III8 ~~ of the likelihoo;d that the ~ypoth-
8Id DnIg 8 DIff8r k1 Etftccy -Drug B esls IS true, made pnor to knoWIng the

~ of LJcer ~I m 1)WIIII8rIt ~ Ulcer ~) study results. The prior probability of a
{ PD8Itiw This is a ~ TIWs is a ~ hypothesis is based on biologic plau-

And A88uIt stIxJ'f: result 18 COlI8CI stIxJ'f: I88I1II Is Incon8d , ,
~ Study Is: N8g8tIV8 This is a ~ This is a InIe-negaIift s~b~ty, prevIous expenence WIth

stIxJ'f: result is incoI:'8ct study: .-dIis COrI8Ct similar hypotheses, and latowledge of

alternative scientific explanations.
Analogous to the situation with diag-

misses the difference. If the two drugs there really is a difference in their nostic tests, the prior probability of a
actually have the same efficacy, then the efficacies would have a power of 0.80. A research hypothesis can be very high
study can either be correctly negative if study with a 5% chance of being incor- (that an HI-blocker, such as ranitidine,
it finds no difference or incorrectly rectly positiVe if there is no difference is more effective than placebo in the
positive if it does find one. between the drugs would have a P value treatment of ulcers), very low (that the

The relationships between the four of ,OS. (Conventionally, when the efficacies of two H,-blockers, such as
possible outcomes of a diagnostic test P value is less than a certain predeter- diphenhydramine and chlorphenira-
are usually expressed as the sensitivity mined "level of statistical significance," mine, differ in the treatment of ulcer
and specificity of the test, which are usually .01 or .05, the results are said to disease), or somewhere in between.' Au-
determined by assuming that the pres- be "statisticaijy significant.") thors of research reports indicate prior
ence or absence of the disease is lmown. Knowing the sensitivity and speci- probabilities with terms like "unantici-
Sensitivity is the likelihood that a test ficity of a test is not sufficient, however, pated" or "expected" when they discuss
result will be positive in a patient with to interpret its results: that interpreta- their results.
the disease. Specificity is the likelihood tion also depends on the characteristics The advantage of Bayesian analysis in
that a test result will be negative in a of the patient being tested. If the pa- interpreting diagnostic tests is that it
patient without the disease. If the re- tient is a 30-year--old woman with sev- can determine what the clinician really
sult from a fine-needle aspiration is eral soft breast masses, a positive result wants to lmow-the likelihood that the
positive in 80 of 1QO women with breast from a fine-needle aspiration (even with patient has the disease, given a certain
cancer, and negative in 95 of 100 women a false-positive rate of only 5%) would test result. Bayesian analysis combines
without cancer, the test would have a not suffice to make a diagnosis of cancer. the characteristics of the patient (ex-
sensitivity of 80% and a specificity of Similarly, if the patient is a 60-year-old pressed as the prior probability of dis-
95%. There is another term that is woman with a finn solitary breast mass, ease), the characteristics of the test
useful in the analogy: the false-positive a negative aspirate result (with a sensi- (expressed as sensitivity and speci-
rate (1- specificity), which is the likeli- tivity of 80%) would not rule out malig- ficity), and the test result (positive or
hood that a test result will be (falsely) nancY.1t Clinicians use these sorts of negative) to determine the predictive
positive in someone without the dis- patient characteristics to estimate the value of a test result. The predictive
ease. In this example, the false-positive prior probability of the disease-the value qf a positive diagnostic test is the
rate is 5%: of 100 women without breast likelihood that the patient has the dis- probability that given a positive result,
cancer, five will have falsely positive test ease, made prior to lmowing the test the patient actually has the disease.
results. results. The prior probability of a dis- (The predictive value qf a negative test is

Similarly, the relationships between ease is based on the history and physical the probability that given a negative
the four possible outcomes of a research findings, previous experience with result, the patient does not have the
study are usually expressed as the similar patients, and latowledge of alter-, disease.)
power and P value of the study, which native diagnostic explanations. It can be As an example, recall the 60-year-old
are determined by assuming that the very high (breast cancer in the 6O-year- woman with a firm breast mass. The
truth or falsity of the null hypothesis is old woman with a single firm mass), prior probability that the mass is malig-
lmown. Power is the likelihood of a very low (breast cancer in the younger nant is moderate, say 50%. A positive
study being positive if the research woman), or somewhere in between. Al- result from a fine-needle aspirate (with
hypothesis is true (and the null hypoth- though they may not realize it, clinicians a specificity of 95% and a sensitivity of
esis is false); it is analogous to the express prior probabilities when using 80% for cancer) results in a very high
sensitivity of a diagnostic test. The phrases such as "a low index of suspi- predictive value for malignancy, about
P value is the likelihood of a study being cion" or "a strong clinical impression." 94% (Figure). Next, consider the 30-
positive when the null hypothesis is In the same way, knowing the power year-old woman with multiple soft
true; it is analogous to the false-positive and the P value of a study is not suffi- masses. The prior probability of cancer
rate (1- specificity) of a diagnostic test. cient to determine the truth of the re- is low, say 1%. Even given a positive
A study comparing two drugs in the search hypothesis. That determination aspirate result, the likelihood that she
treatment of ulcers that has an 80% also depends on the characteristics of has breast cancer is still small (about
chance of being correctly positive if the hypothesis being studied. Suppose. ,14%).
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...:.=,..,== ~ 1==fijidmg--a~c:a:nL:::P=~~~=n=ot==~
1 0 .establish the troth of the hypothesis;

..subsequent studies, including one by~.;, 
o. the s~.e au;~ors,. failed to confinn the

f';,;, ' ~soClation."',: 
o. Of course, many diagnostic test re-

sults are not simply reported as "posi-
o. tive"; they also indicate how abnonnal

~ the result is. The more abnonna! that
~ o. result, the less likely that it is just a
> chance finding in a nonna! person. If the
J o. upper limit of nonna! for a serum thy-
~ roxine level at a specificity of 95% is 12.0
~ O. \ jJ.g/dL (154 nmol/L), then a thyroxine

level of 18.0 jJ.g/L (232 nmol/L) is almost
o. certainly abnonna!. The question be-

comes whether it represents hyper-
o. thyroi9ism, another disease, or a laho-
01 ratory error. By analogy, if the cuttIffor
.calling a study positive is a P value less

than .05, then a P value of .(XK)! means
.001 .005 0.1 .05.1 .5 1.0 chance is an extremely unlikely expla-

nation for the findings. The question
Very Low Low Moderate High becomes whether the results indicate

..the troth of the research hypothesis or
Prior ProbabIlity are a result of confounding or bias (see

"Laboratory Error and Bias" and "Al-
Relationship between poor probability and p'ed"1CtiIIe value of ~ 18S~ of diagnoatk: lest with sensitivity ternative Diagnoses and Confounding
of 0.80. at several spedficities. Figul8 can also be used to estim88 pr8dldiw vakI8 of positi'fe ~ Sf1xty Explanations" sections). Because the
with pOWeI' of 0.80 by sub8tItutIng (1 -P --I for specifIdty, 8M! ~ pIob8bIIity of ~iI for pOOr P value is analogous to the false-positive
Pfob8biity of ~ (- "Linit8k)rIs" ~). rate (1- specificity), a study with a very

low P value is like a test with very high
specificity: both give few false-positive

A Bayesian approach can also be used researcl1 hypothesis? This question is results due to chance, but may require
to detennine what the reader of a re- analogous to asking: how high must the careful consideration of other po88lo1e
search study really wants to know-the specificity of a test be to accept a explanations.
likelillood that the research hypothesis positive test result as evidence of a
is true, given the study results. It com- disease? Requiring that a P value be Sensitivity and Power
bines the characteristics of the hypoth- less than .05 before it is "significant" is When the result of a diagnostic test
esis (expressed as prior probability), as arbitrary as requiring that a diag- that has a high sensitivity is negative,
the characteristics of the study (ex- nostic test have a specificity of at least such as a urinalysis in the diagnosis of
pressed as power and the P value), and 95%. A more important criterion, but pyelonephritis, it is especially useful for
the study results (positive or negative) one that is not as easy to quantitate, is ruling out a disease. Similarly, when a
to detennine the predictive value of a whether the results of the study com- powerful research study is negative, it
study. The predictive value of a positive bined with the prior probability of the strongly suggests that the research hy-
study is the probability that given a research hypothesis are sufficient to pothesis is false. However, if the sensi-
positive result, the research hypothesis suggest that the hypothesis is true. tivity of a test is low, such as a sputum
is actually troe. (The predictive mlue of Consider the hypothesis, tested in the smear in a patient With possible tuber-
a negative study is the probability that Lipid Research Clinics Primary Preven- culosis, then a negative result does not
given a negative result, the research tion Trial,m that cholestyramine resin rule out the disease.' In the same way, a
hypothesis is false.) decreases the incidence of coronary negative study with inadequate power

The predictive value of a research heart disease in hypercholesterolemic cannot disprove a research hypoth-
study, however, is usually harder to men. This research hypothesis had at esis.-
estimate than the predictive value of a least a low to moderate prior proba-
diagnostic test (see "Limitations" sec- bility, based on previous evidence. Even Laboratory Error and Bias
tion). Nonetheless, the basic analogy with a "nonsignificant" P value of .094 When unexpected or incredible re-
remains valid: the prior probability of (the two-sided equivalent of the contra- sults on a diagnostic test are found, such
the hypothesis must be combined with versial one-sided P = .047 reported by as a serum potassium level of9.0 mEq/L
the power and the P value of the study the investigators), the hypothesis is (mmol/L) in an apparently well person,
to detennine the likelihood that the likely to be true. the first possibility to consider is labora-
research hypothesis is true. In the next It is also a mistake to believe a re- tory error: Was the test adequately
section,wediscusshowthisanalogycan search hypothesis just because a P perfonned? Did the sample hemolyze?
be used to understand several statistical value is statistically significant. Con- Was the specimen mislabeled? Simi-
concepts. sider a study that found that drink. larry, readers of a research study, such

ing two or more cups of coffee a day as a trial afbiofeedback in the treatment
IMPLICATIONS was associated with pancreatic cancer of hypertension, must always consider
Specificity and the P Value (P<.05).2I This hypothesis had a very the poSSloility of bias, especially if the

How low must a P value be for it to be low prior probability: the authors called study yields surprising results: Was the
accepted as evidence of the troth of a the association "unexpected." Thus, study adequately designed and ex-
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