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1.  Review two-by-two contingency 
tables.

2.  Express methods for assessing the 
strength of association between 
two binary variables.

3.  Explain design, sampling, and 
estimation issues in assessing risk, 
prognostic, and diagnostic factors.

Helena Chmura Kraemer, PhD, is 

Professor of Biostatistics in Psychiatry 

(Emerita), Department of Psychiatry and 

Behavioral Sciences, Stanford University, 

Stanford, California. Robert D. Gibbons, 

PhD, is with the Center for Health Statis-

tics, University of Illinois at Chicago.

Address correspondence to: Helena 

Chmura Kraemer, PhD, Professor of Bio-

statistics in Psychiatry (Emerita), Depart-

ment of Psychiatry and Behavioral Sci-

ences, Stanford University, 1116 Forest 

Avenue, Palo Alto, CA 94301; or e-mail 

hckhome@pacbell.net.

Dr. Kraemer has disclosed no relevant 

fi nancial relationships. Dr. Gibbons dis-

closed the following relevant fi nancial 

relationships: National Institutes of Men-

tal Health: research grant recipient (R56-

MH078580 and R01-MH8012201).

doi: 10.3928/00485713-20090625-05

EDUCATIONAL OBJECTIVESC M E

©
 iS

to
ck

ph
ot

o.
co

m

Where Do We Go Wrong in Assessing Risk Factors, 
Diagnostic and Prognostic Tests? 
The Problems of Two-by-two Association

Helena Chmura Kraemer, PhD; and Robert D. Gibbons, PhD

3907Kraemer1CS.indd   Sec1:7113907Kraemer1CS.indd   Sec1:711 7/7/2009   3:28:59 PM7/7/2009   3:28:59 PM



712  |  PsychiatricAnnalsOnline.com PSYCHIATRIC ANNALS 39:7  |  JULY 2009

A vital issue in medical research 
is that of assessing the relation-
ship between two binary vari-

ables: examining how well the presence/
absence of a certain factor (eg, smoking, 
obesity) predicts a future event (prog-
nostic test); how well a test result (eg, a 
blood, urine, skin, or imaging test) dis-
criminates between those who do and do 
not have a disorder (a diagnostic test); 
and how well a decision rule (based on 
genes, gender, age, ethnicity, etc.) dis-
criminates between those who will or 
will not succeed, etc.

The core of such problems is that 
there are two binary variables, T and 
D, where T is intended to be positively 
related to D in some population, and, 
where observing T may lead to cer-
tain decisions appropriate to D, that, 
if wrong, may do harm. The “test” T is 
evaluated by considering what happens 
when the test and “diagnosis” D are ap-
plied (“blinded” to each other) to the 
subjects in a population of interest and 
the results are compiled into a two-by-
two table (see Table, page 713).

In what follows, we will defi ne the 
language medical researchers com-
monly use to describe the association 
between T and D in the population, and 
consider and compare common mea-
sures of two-by-two association, and 
how they are estimated and interpreted 
for positive association. The purpose of 
doing so is to review such methods, but 
more so, to point out many common er-
rors made in this context that may cost 
the health, well-being, and perhaps 
even lives of patients.

THE BASIC TERMS
In the two-by-two table, there are 

four outcomes: TP represents the proba-
bility of a “true-positive result,” FN that 
of a “false-negative result,” FP that of a 
“false-positive result,” and TN that of a 
“true-negative result.”

The probability that D = 1 is the 
“baserate” P, which, depending on how 

the outcome is defi ned, may be a preva-
lence or an incidence in the population 
of interest. The probability that T = 1, is 
called the “level” Q. The level of a test is 
determined by how loosely or stringent-
ly the criteria for a positive test are set, 
and often can be varied by the decision 
of the researchers.

When the results in the two-by-two 
table are consistent with random deci-
sion making, TP = P•Q, FN = P•Q’, FP 
= P’•Q, FN = P’•Q’. Rational and high-

quality decision making requires that 
one do a lot better. Ideally, of course, 
one would want to make no wrong deci-
sions, ie, that TP = P = Q and TN = P’ = 
Q’, and FN = FP = 0, but this can seldom 
happen in medical applications because 
the criterion D is seldom measured with 
perfect reliability.

Perhaps the sole issue concerning 
two-by-two tables on which everyone 
tends to agree is how to test the null hy-
pothesis of random association between 
T and D: some variation of the two-by-
two chi-square test. However, our focus 
is not on “proving” non-randomness. 
By the time there is scientifi c rationale 
and justifi cation for proposing such a 
test, the null hypothesis of randomness 

will seldom be absolutely true.1,2 Any 
non-random association (no matter how 
weak) is likely to be “statistically signif-
icant” at whatever level specifi ed, pro-
vided only that the sample size is large 
enough. The question at issue here is one 
of assessing clinical signifi cance. That’s 
where the disagreements begin, largely 
for reasons having to do with the now 
well-recognized problems with the use 
of statistical signifi cance tests.2-11

SENSITIVITY, SPECIFICITY,
AND PREDICTIVE VALUES

Sensitivity (Se), specifi city (Sp), and 
the predictive values of a positive and 
negative test (PVP and PVN) are com-
monly used measures to describe the 
association between T and D and are 
defi ned in the Table (see page 713). It 
still occasionally happens in the medi-
cal literature that these terms are in-
terchanged, or that different names are 
used. For example, the “true positive 
rate” might refer to TP, or to sensitiv-
ity, or to PVP. The defi nitions presented 
here are standard defi nitions, but readers 
of the medical literature must still check 
the defi nitions given in each text.

Only if P = Q is Se = PVP and Sp = 
PVN, and only if P = Q = 1/2 are all four 
of these probabilities the same. Generally, 
Se, Sp, PVP, and PNV are different num-
bers and can vary widely from each other.

All the probabilities (TP, FN, FP, 
TN) within the two-by-two table can be 
expressed in terms of (P, Se, Sp) or in 
terms of (Q, PVP, PVN) (see Table, page 
713). Thus, Se and Sp can be expressed 
in terms of Q, PVP and PVN, and PVP 
and PVN can be expressed in terms of P, 
Se, Sp (Bayes’ theorem). For example, 
applying the defi nition of PVP but using 
the cell probabilities expressed in terms 
of P, Se and Sp:

PSe
PSe + P’Sp’

PVP =
 

It is an easy matter to get either sensi-
tivity or specifi city near 1. Give everyone 
a positive test (T = 1) to get a sensitiv-

Rational and high-quality 
decision making requires that 

one do a lot better.
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ity of 1.0; give everyone a negative test 
result (T = 0) for a specifi city of 1.0. A 
high sensitivity or specifi city or PVP or 
PVN alone does not guarantee the accu-
racy of the test. The trick is to get a test 
with both high enough sensitivity and 
high enough specifi city, or both predic-
tive values high enough, and that is not 
easy, particularly since “high enough” is 
so vaguely defi ned.

With random decision making, Se = 
Q, Sp = Q’, PVP=P, PVN=P’. Thus all 

four of these indices (Se, Sp, PVP, PVN) 
are uncalibrated measures [ie, their ran-
dom value depends on either the baserate 
(P) or the level (Q)]. Yet it still happens 
in the literature that only specifi city, or 
only sensitivity is reported, which is 
somewhat like reporting a temperature, 
but forgetting to report whether the scale 
was Fahrenheit, Celsius, Kelvin, or on 
some other temperature scale.

We can standardize these four mea-
sures, exactly as we would recalibrate 

Fahrenheit or Kelvin readings to the 
standard Celsius scale, treating random 
as the “freezing point,” perfect decision 
making as the “boiling point.” Reca-
librated sensitivity is: (Se-Q)/Q’; reca-
librated specifi city is (Sp-Q’)/Q; recali-
brated PVP is (PVP-P)/P’; recalibrated 
PVN is (PVN-P’)/P. Then, it turns out 
that rescaled sensitivity and PVN are 
exactly the same number, as are rescaled 
specifi city and PVP. Those who choose 
to report sensitivity/specifi city and those 

TABLE.

Population Defi nitions of the Basic Probabilities Used in the Evaluation of a Test (T) 
against a Criterion (D) and Defi nitions of Common Effect Sizes with their 

Relationship to the Weighted Kappa, k(w)

T = 1 T = 0 Total

D = 1 TP (true positives) = P Se = Q PVP FN (false negatives) = P Se’ = Q’ PVN’ P = baserate

D = 0 FP (false positives) = P’ Sp’ = Q PVP’ TN (true negatives) = P’ Sp = Q’ PVN P’ = 1-P

Total Q = level Q’ = 1-Q 1

Weighted Kappa:

  = PQ’wk(1)+P’Qw’k(0)
TP*TN – FP*FN

PQ’w+P’Qw’
k(w) =

O<wM<, w’ = 1-w

Measure Relationship to Weighted Kappa

Sensitivity = Se = TP/P k(1) = (Se-P)/P’

Specifi city = Sp = TN/P’ k(0)=(Sp-P’)/P

Predictive value of a positive test = PVP = TP/Q k(0) = (PVP-P)/P’

Predictive value of a negative test = PVN = TN/Q’ k(1) = (PVN-P’)/P

Risk Differences

RD1 = Se + Sp-1 k(P’) = RD1

RD2 = PVP + PVN-1 k(Q) = RD2

Risk Ratios

RR1 = Se/(1-Sp) k(0) = (RR1-1)/(RR1 + P’/P)

RR2 = Sp/(1-Se) k(1) = (RR2-1)/(RR2 + P/P’)

RR3 = PVP/(1-PVN) k(1) = (RR3-1)/(RR3 + Q’/Q)

RR4 = PVN/(1-PVP) k(0) = (RR4-1)/(RR4 + Q/Q’)

Phi = (TP TN-FN FP)/(PP’QQ’)1/2 k(w*) = Phi = (k(0)k(1))1/2; w*= [(PP’QQ’)1/2-P’Q]/(PQ’-P’Q)

Odds Ratio = (TP TN)/(FN FP)
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who choose to report predictive values 
are in essence reporting the same infor-
mation, measured on scales calibrated 
differently. Nevertheless, we still have 
at least two different numbers that might 
convey different messages about the as-
sociation between T and D. Which of 
these two numbers best refl ects the qual-
ity of a test for a diagnosis? The answer to 
that question lies in the consideration of a 
crucial issue often ignored in evaluation 
of medical decision-making, the relative 
clinical importance of the two types of er-
rors, false positives, and false negatives.

WEIGHTING THE CLINICAL 
IMPORTANCE OF THE TWO TYPES 
OF ERRORS: WEIGHTED KAPPA

In 1968,12 Cohen noted that in the 
two-by-two situation, the costs or risks 
associated with two types of errors in 
any population are often very different. 
He introduced an index that incorporates 
consideration of such relative costs into 
the assessment of the association: the 
weighted kappa k(w).

The weight in this kappa, w, is some 
number between 0 and 1 that refl ects the 
relative importance of avoiding false neg-
atives to avoiding false positives.13,14 How 
much difference does it make to those who 
will have the outcome whether or not they 
have a positive test (avoiding a false nega-
tive)? How much difference does it make 
to those who will not have the outcome 
whether or not they have a negative test 
(avoiding a false positive)? Of these two, 
how much more important is one than the 
other? This is a clinical judgment based 
on assessment of what the sequelae will 
be for a positive and for a negative test in 
the population of interest.

The default value for w is 1/2. In a 
situation in which one is primarily con-
cerned with avoiding false negatives, w 
approaches 1; in a situation in which one 
is primarily concerned with avoiding false 
positives, w approaches 0. When both 
types of errors are of about equal concern, 
w = 1/2, the most common situation.

The defi nition of k(w) 15 appears in 
the Table (see page 713). Note that the 
numerator of k(w) does not actually 
depend on the weight w; only the ref-
erence value in the denominator does. 
Moreover, k(w) is a weighted average 
of k(1) (rescaled sensitivity or PVN) 
and k(0) (rescaled specifi city or PVP), 
with weights determined by P, Q, and 
w. When P = Q, all values of k(w) are 
equal, regardless of what w is. Finally 
when k(w) = 0 for one value of w, k(w) 
equals 0 for all values of w. In any case, 
the magnitude of k(w) indicates how far 
between random and perfect a particular 
test is, when the errors are weighted as 
specifi ed by w. There are no fi xed stan-
dards for judging the magnitude of k(w), 
and generally one test is either compared 
with another test or against the quality of 
D regarded as a “gold standard.”

INVARIANCE ISSUES
The values of all these probabilities 

and k(w) vary from one clinical popu-
lation to another. That P varies is, of 
course, no surprise. Men are more likely 
to develop schizophrenia; women to 
develop depression, etc. That Q varies 
roughly paralleling P, is welcome: one 
would hope to have more positive tests 
in populations where there are more pos-
itive diagnoses. It is well understood that 
PVP and PVN vary from one population 
to another, typically with PVP increas-
ing roughly as P increases, and with 
PVN decreasing.

What is more likely to be surprising, 
although it shouldn’t be, is that the sen-
sitivity and specifi city of a test evaluated 
against the same diagnosis vary from one 
clinical population to another.15-18 If the 
test is reasonably accurate for D, sensitiv-
ity tends to increase as P (and Q) increase, 
and specifi city to decrease, although there 
is no exact functional relationship be-
tween P and either sensitivity or specifi c-
ity across different clinical populations. 
It is quite possible that two populations 
with very similar base-rates (P) will have 

very different sensitivities or specifi cities, 
while two populations with very different 
base-rates may have quite similar values. 
It is one of the longest lasting and most 
tenacious myths in medical science that 
the sensitivities and specifi cities for a par-
ticular test evaluated against a particular 
diagnosis are test constants, the same in 
any clinical population.

So pervasive is this myth that medical 
students are sometimes required to dem-
onstrate that they believe this myth on 
the medical board exam. Their question 
goes something like this: Suppose that it 
has been shown in one population that the 
sensitivity of a test is 90% and its specifi c-
ity is 80%. Now it is proposed to use that 
test in a different population in which the 
prevalence of the disorder the test is meant 
to detect is 2%. In this latter population, 
what percentage of those with positive 
tests is likely to have the disorder?

What the question is meant to elicit 
is demonstration of the understanding of 
the defi nitions of prevalence, sensitivity, 
specifi city, predictive values, and Bayes’ 
theorem. Thus, the answer that will be 
counted as correct is that since the sen-
sitivity was 90% and the specifi city was 
80% in the population with 2% preva-
lence, PVP = 8.4%. However, the correct 
answer is that there is insuffi cient infor-
mation to answer their question. The fact 
that the sensitivity of that test is 90% and 
the specifi city is 80% in another popula-
tion does not tell anything about the sen-
sitivity and specifi city of the test in this 
population with prevalence 2%.

RISK RATIOS, RISK DIFFERENCES, NNT
To make matters worse, there is also 

a proliferation of other measures (and 
more being suggested each year) to de-
scribe the association between test and 
diagnosis, measures that do not neces-
sarily agree with each other.

There are, for example, two risk dif-
ferences (see the Table, page 713), which 
are usually different from each other, and 
from k(0), k(1/2) or k(1). However, it is 
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easy to show that mathematically RD1 = 
k(P’), and RD2 = k(Q).

When comparing two or more tests 
against the same diagnosis in the same 
population (P fi xed), RD1 often seems 
a reasonable choice. It is less reasonable 
to use RD2, because the weight RD2 
places on false negatives versus false 
positives refl ects the researchers’ often 
arbitrary choice of test criterion (the 
level Q). This changes from one test to 
another when evaluated against the same 
diagnosis in the same population, mak-
ing it impossible to compare tests.

Number Needed to Take (NNT) 
equals 1/RD1, and is the number needed 
to take with D = 1 to fi nd one more T 
= 1 than if the same number were taken 
with D = 0.19 Thus, random association 
approaches infi nity; perfect association 
has NNT = 1. This measure is useful to 
convey clinical meaning to clinicians 
and medical consumers, because the 
units are patients rather than probabil-
ity points, but in computations, is diffi -
cult to use. Its mathematical equivalent, 
RD1, is preferable.

In addition, there are also four risk 
ratios (see the Table, page 713). Risk ra-
tios are on a completely different scale 
from the k(w) or the risk differences, 
where a value of 0 indicates random as-
sociation, +1 perfect positive association 
and -1 perfect negative association. For 
the risk ratios, the value indicating ran-
dom association is 1, and perfect-posi-
tive association would be indicated by 
a risk ratio approaching infi nity, perfect 
negative association by a risk ratio ap-
proaching zero. The infi nite scale in one 
direction, and the asymmetry of positive 
(1 to infi nity) and negative (0 to 1) as-
sociation, makes judging the magnitude 
of any risk ratio very diffi cult.

However, that problem is easily re-
solved, for a non-linear recalibration 
of the risk ratios that controls for how 
rapidly the various risk ratios increase 
from 1 to infi nity (or decrease from 1 to 
0) aligns them exactly with the k(w) (see 

Table, page 713). In brief, once each risk 
ratio is recalibrated, it is equivalent to ei-
ther k(0) or k(1). Thus all four risk ratios 
from any two-by-two table, disparate 
though they may be from each other, are 
meaningful, but fi rst require recalibra-
tion using the appropriate row or column 

probability, which reduces the four to 
two, and, after that, which of the two is 
relevant (if either) depends on the choice 
of the weight w.

WHAT OF THE PHI COEFFICIENT?
In behavioral research, less so in 

medical research, a common index used 
to describe the strength of association in 
this situation is the phi coeffi cient, the 
product moment correlation coeffi cient 
between T and D. The phi coeffi cient is 
the geometric mean of the two extreme 
kappa coeffi cients: phi = (k(1)k(0))1/2. If 
P = Q, then k(w) are all equal to each 
other, and all equal the phi coeffi cient. 
Otherwise, phi = k(w*) where w* (see 
Table, page 713) depends on how close 
P and Q are to each other. Thus, as was 

the case with RD2, the weight w will 
vary with the choice of Q, and like RD2, 
phi is not recommended.

One fi nal comment on phi: If a repre-
sentative sample from the population is 
used for estimation, then the chi-square 
statistic X = N • phi2 , where phi is the 
sample phi estimate, can be used to test 
the null hypothesis that the population 
phi is zero. Because the power to detect 
deviations from randomness depends in 
part on the relative sizes of P and Q, phi, 
rather than any of the other measures of 
two-by-two association, is most closely 
related to testing the null hypothesis of 
randomness. However, if the sample is 
stratifi ed, the relationship between the 
chi-square statistic and population phi 
no longer holds, for the chi-square sta-
tistic will then refl ect the researchers’ 
choices of sample sizes in each stratum, 
but the population phi coeffi cient, of 
course, does not.

WHAT OF THE ODDS RATIO?
Finally there is the Odds Ratio (OR),20 

perhaps the most commonly used indica-
tion of strength of association in medical 
research. Below are 5 equivalent formu-
las for the Odds Ratio, all equivalent to 
that in the Table (see page 713):

TP • TN
FP • FN

OR = = Se • Sp
(1 – Se) • (1 – Sp)

=

= RRI • RR2 = RR3 • RR4
PVP • PVN

 (1 – PVP) • (1 – PVN)

The Odds Ratio has the same scale as 
do the Risk Ratios. However, because 
OR is the product of two Risk Ratios, 
for positive association OR is always 
bigger than the biggest risk ratio. Thus, 
Odds Ratio often conveys the impres-
sion of much stronger association than 
any of the other known measures of 
two-by-two association. This may be 
one of the reasons for its continued 
popularity in the face of considerable 
evidence suggesting how problematic 
its behavior is for assessing association 
in two-by-two tables.

When comparing two or 
more tests against the 

same diagnosis in the same 
population, RD1 often 

seems a reasonable choice.
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Moreover, the relationship between 
Odds Ratio and the Risk Ratios has led 
to a widely held misperception, that the 
Odds Ratio is approximately the same 
as the largest Risk Ratio. Researchers 
often even interchange the labels Odds 
Ratio and Risk Ratio. It is true that when 
P is near zero or near 1, the Odds Ratio 
approximates the largest Risk Ratio, but 
this happens only because another Risk 
Ratio is near its null value of 1. If RR3 
= 10 and RR4 = 1.01, for example, then 
clearly Odds Ratio = 10.1 is approxi-
mately equal to RR3. However, which 
of the two risk ratios here is the one to 
believe? Since rescaled RR3 equals k(0) 
and rescaled RR1 equals k(1), the an-
swer to that question depends crucially 
on which of the two errors is considered 
clinically more important, an issue com-
pletely ignored by the Odds Ratio.

In the very special case when P = Q = 
1/2, not only are all the k(w)’s the same 
for all values of w, but they all equal 
Yule’s Index:

OR – 1
OR + 1

Y =

To correct the asymmetry in the OR 
scale, and the problems associated with 
a measure with infi nite range, as well 
as to facilitate comparison with other 
measures of association, Y seems the 
best choice of rescaling the Odds Ratio 
to the standard (0,1) scale.

What then can be said about Y? 1) 
When P = Q = 1/2, Y equals k(w) for all 
values of w; 2) With random associa-
tion Y is zero, as are all the k(w). 3) Y 
and all the k(w) always have the same 
sign. 4) Y is always greater than k(P’).21 
However, Y may approach 1 when asso-
ciation is far from perfect, indeed often 
when most other measures of associa-
tion indicate near random association.

One way of re-expressing k(w) is:

TP • TN – FP • FN 
PQ’w + P’Qw’

k(w) =

while one way of re-expressing Y is:

TP • TN – FP • FN
(    TP • TN +     FP • FN)2

Y =

(ie, same numerator, different denomi-
nators). Thus, the basic difference be-
tween k(w) and Y is that the reference 
value in the denominator for k(w) de-
pends on the baserate (P), how loosely 
or stringently the criteria for T are set 
(Q) and the relative clinical importance 
of false negatives to false positives (w), 
while the reference value for Y depends 
heavily on how closely one or the other 
of the error rates (FP and FN) comes to 
zero. Any situation in which Q<<P, or 
Q>>P will force one of the error rates 
toward zero, Y may approach 1 (Odds 
Ratio approaching infi nity), even if that 
error rate corresponds to the error of 
least clinical importance.

The Odds Ratio appears to have 
been introduced originally as the likeli-
hood ratio test statistic to test the null 
hypothesis of randomness comparing 
two Binomial distributions. The mag-
nitude of an Odds Ratio unequal to 1, 
however, is uninterpretable as an effect 
size. Nevertheless, there are still many 
useful applications of the Odds Ratio, 
for example, it is an excellent indica-
tor of non-randomness (eg, in Logistic 
Regression Analyses).

Moreover, unlike every other mea-
sure of two-by-two association, popula-
tion Odds Ratio can be estimated (even 
with the same computation) from a rep-
resentative sample, a prospective strati-
fi ed sample or a case-control sample, 
provided all three are unbiased samples 
with unbiased measurements from the 
same population.22 This is a computa-
tional convenience, that has led to a seri-
ous misunderstanding.

Because the estimation of Odds Ratio 
in a sample is not affected by the percent-
age of the sample selected with and with-
out the diagnosis in an unbiased case-
control study, it is often suggested that 
the Odds Ratio in the population does not 
depend on the baserate P, and thus that 
Odds Ratio is invariant over populations 
with different P. This claim is clearly not 
true for k(w), and k(w) has often been 

criticized because of its “dependence 
on baserate.” However, Odds Ratio, like 
k(w), relating a test and diagnosis in dif-
ferent clinical populations, is not a con-
stant.16-18 This particular misunderstand-
ing may also have arisen in part from the 
myth that sensitivity and specifi city for a 
particular test evaluated against the diag-
nosis are constants across different clini-
cal populations, since OR can be com-
puted using only Se and Sp.

All things considered, we strongly rec-
ommend against use of the Odds Ratio (or 
Y) for the evaluation of medical tests,20,23-

26 but this should not limit its use for other 
previously noted more appropriate appli-
cations in medical research.

DESIGN, SAMPLING, AND 
ESTIMATION ISSUES
Design Issues

When a test is meant to detect a con-
dition that exists at the time of testing 
(a diagnostic test), T and D are both as-
sessed within a time span short enough 
that the situation does not change during 
that time. When a test is meant to predict 
a condition that may or may not occur in 
the future (a prognostic test), the test (T) 
is done at one time point and the subject 
followed prospectively to a later time 
point at which D is determined. In either 
case, to avoid measurement bias, the de-
terminations of T and D should be done 
“blinded” to each other to avoid pseudo-
correlation due to bias in the raters.

Naturalistic Sampling
If a representative sample is drawn 

from the population of interest and T 
and D observed for each subject in the 
sample, each of the probabilities in the 
Table (see page 713) can be estimated by 
substituting the proportions of the sample 
seen in each cell of the two-by-two table 
for the corresponding probability in the 
population defi nition. For accuracy of es-
timates, sample sizes must be particularly 
large when the baserate, P, or the level, Q, 
is either very small or very large.
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Prospective Stratifi ed Sampling 
(Two-stage Sampling)

When P is very small, and/or D can 
be determined only with great diffi culty 
or cost, prospective stratifi cation is an 
effi cient option. Suppose we proposed 
to sample a large sample of subjects 
from the population of interest and as-
sess T (Stage 1). From this sample we 
can estimate Q, the level of the test. 
Then (Stage 2), we can randomly sam-
ple N1 from among those with T = 1, 
and randomly sample N0 from among 
those with T = 0, over-sampling the rar-
er result for assessment of D. From the 
second stage sample we can estimate 
PVP and PVN and thus RD2, RR3, RR4 
and Odds Ratio, but not P,Q, sensitivity, 
specifi city, or any of the k(w).

Without P we cannot recalibrate 
PVP and PVN. Without Q, we do not 
know what the value of the weight is 
for RD2=k(Q). However, combining the 
estimate of Q from Stage 1, and the es-
timates of PVP and PVN from Stage 2, 
we can estimate all the cell probabilities, 
and thus all the probabilities and conse-
quently all the k(w).

Having Stage 1 satisfi es two crucial 
needs: 1) to generate representative 
samples of those within the population 
with T = 1 and with T = 0 for Stage 2, 
and 2) to obtain an unbiased estimate of 
Q in this population. Without satisfying 
both of these needs, the assessment of 
the quality of the decision process can 
be badly fl awed. In short, approaching 
the evaluation of a test using prospective 
stratifi ed sampling is quite viable and in 
many cases advisable, but the sampling 
must be done with the full two-stage 
sampling approach and an estimation 
procedure appropriate to that sampling 
approach used.

Retrospective Stratifi ed Sampling 
(case-control)

The situation with respect to retro-
spective stratifi ed sampling is quite dif-
ferent. A representative sample of those 

with D = 1 in 2008, for example, is not 
necessarily a representative sample of 
those in the population in 1998 who 
would have gone on to have D = 1 in 
2008. Moreover, assessment in 2008 of 
what T was in 1998 often depends on 
retrospective recall and faulty records. 
Most crucially, the retrospective recall 
or interpretation of records can be infl u-
enced by whether or not D = 1 in 2008, 
thus compromising “blindness.”

If there were neither a sampling bias 
nor a measurement bias, from a case-
control study, one could estimate Se, Sp, 
RD1, RR1, RR2 and Odds Ratio, but not 
P,Q, the predictive values, or any of the 
k(w) other than RD1 = k(P’). This is the 
context in which Odds Ratio was recom-
mended. But why not recommend RD1 
= k(P’) rather than Odds Ratio? Gener-
ally, advocates of the Odds Ratio point 
out that RD1 in such situations tends to 
be very small, while Odds Ratio tends 
to be very large, a questionable logic. 
However, proposing the use of RD1 in 
place of Odds Ratio would not solve the 
problem in any case, for it is diffi cult to 
avoid the sampling biases and measure-
ment biases of case-control studies.

A case-control study meant as an 
exploratory study to investigate the pos-
sibility of non-random association be-
tween T and D in a population may be 
very useful as a preliminary to propos-
ing generating a naturalistic sample or 
designing a two-stage prospective sam-
ple in the population in a future study. 
However, to assess the quality of deci-
sion-making, we recommend against a 
case-control design.

Estimation
For either prospective design, it is 

important not only to derive a point es-
timate of the appropriate k(w), but to 
recognize its estimation error, by pre-
senting a confi dence interval estimate. 
The best current approach is to use a 
bootstrap method27-29 appropriate to the 
sampling method.

CONCLUSION
Clearly, the discussion leads to rec-

ommendations about appropriate sam-
pling, measurement, design, analysis, 
and presentation and evaluation of re-
sults. Rather than repeating these, let us 
instead indulge in a fl ight of fancy on 
“How to Lie with Statistics.”30

Suppose someone really wanted to 
demonstrate a strong association between 
some test (T) and an outcome (D) and 
didn’t much care how. What would they 
do? First of all, they would set the crite-
rion for T = 1 stringently (Q<<P or Q>>P) 
to force one of the error rates toward zero. 
Then, they would do a case-control study 
with a very large sample size, using inclu-
sion/exclusion criteria that assure that the 
“cases” are sure to have D = 1 and the 
“controls” sure to have D = 0. Such two 
samples are more likely to represent the 
extremes of the population, which will ex-
aggerate any appearance of association, al-
though unlikely to produce an association 
where there is none. Then, in the informed 
consent process, researchers would em-
phasize the scientifi c and empirical evi-
dence to date that T is associated with 
D, and then use retrospective recall for 
T. What this does is to induce “cases” to 
be much more sensitive to the possibility 
that T = 1 in their past, which will tend to 
result in over-reporting in that group. This 
too serves to exaggerate association, now 
perhaps even inducing the appearance of 
association when there is none. Then, they 
would use the Odds Ratio as the measure 
of association, because Odds Ratio will in-
dicate association much stronger than any 
other measure of association, particularly 
under the above circumstances.

Finally, there is precedent to overstat-
ing the interpretation of the magnitude 
of whatever Odds Ratio is obtained. An 
Odds Ratio of 1.5 is often regarded as 
“large,” even though it corresponds only 
to Y = .1 (It is sometimes even described 
as a 50% increase in risk.) If the Odds 
Ratio has (by such infl ated standards) a 
“large” magnitude, but is not statistically 

3907Kraemer1CS.indd   Sec1:7173907Kraemer1CS.indd   Sec1:717 7/7/2009   3:29:00 PM7/7/2009   3:29:00 PM



718  |  PsychiatricAnnalsOnline.com PSYCHIATRIC ANNALS 39:7  |  JULY 2009

signifi cant despite the large sample size, 
one would emphasize the Odds Ratio 
and ignore the P value (perhaps report-
ing a “trend”). If the Odds Ratio has an 
admittedly small magnitude (ie, 1.1, Y = 
.02) but is statistically signifi cant (which 
is likely with a large sample size), one 
would emphasize the P value and ignore 
the magnitude of the Odds Ratio.

In neither case, would one present any 
other descriptive statistics (eg, the sensi-
tivity/specifi city or predictive values), or 
discuss the potential impact on clinical 
decision making (w), because that might 
raise doubts about the clinical value of 
the test, whatever its Odds Ratio.

Unfortunately, this may be remark-
ably close in some respects to the way 
many epidemiological studies, genetic 
studies, and medical test evaluations 
have been conducted in the past, and 
may help explain why such studies are 
so diffi cult to replicate or confi rm.

In contrast, how would we conduct a 
rigorous evaluation of T against D? One 
would begin by proposing to obtain a 
representative sample from the popula-
tion of interest, with (T,D) evaluated by 
two different evaluators, done in such a 
way that neither affects the other’s de-
cision. In dealing with a rare event, we 
might propose two-stage sampling as 
done above, estimating P from the fi rst 
stage, and then PVP and PVN from the 
second stage, combining these to esti-
mate the four probabilities of the two-
by-two table. We would then consider 
the relative importance of false positives 
versus false negatives, and set w. Then, 
we would proceed to execute the study, 
to estimate probabilities in the two-by-
two table and to compute the appropri-
ate k(w) from the data. To get 95% two-
tailed confi dence intervals, we would 
use a bootstrap procedure. If zero is not 
contained within that confi dence inter-

val we would be assured that associa-
tion was “statistically signifi cant” at the 
two-tailed 5% level. To assess the clini-
cal signifi cance of the fi nding, we might 
compare the estimated k(w) against the 
intraclass reliability kappa for D, or 
against other possible tests for D.

The results would undoubtedly be 
far less exciting than those from the fi rst 
study, but would likely be closer to the 
truth, and more likely to be replicable 
across future studies.

REFERENCES
1. Meehl PE. Theoretical risks and tabular aster-

isks: Sir Karl, Sir Ronald, and the slow prog-
ress of soft psychology. Journal of Consulting 
and Clinical Psychology. 1978;46:806-834.

2. Jones LV, Tukey JW. A sensible formulation 
of the signifi cance test. Psychol Methods. 
2000;5(4):411-414.

3. Borenstein M. Hypothesis testing and effect 
size estimation in clinical trials. Ann Allergy 
Asthma Immunol. 1997;78(1):5-16.

4. Borenstein M. The shift from signifi cance test-
ing to effect size estimation. In: Hersen M, ed. 
Research & Methods, Comprehensive Clini-
cal Psychology. vol 3. Burlington, MD: Else-
vier Science Publishing; 1998:319-349.

5. Cohen J. The Earth is round (p<.05). American 
Psychologist. 1995;49:997-1003.

6. Dar R, Serlin RC, Omer H. Misuse of statis-
tical tests in three decades of psychother-
apy research. J Consul Clinical Psychol. 
1994;62(1):75-82.

7. Hunter JE. Needed: a ban on the signifi cance 
test. Psychological Science. 1997;8(1):3-7.

8. Nickerson RS. Null hypothesis signifi cance test-
ing: a review of an old and continuing contro-
versy. Psychol Methods. 2000;5(2):241-301.

9. Shrout PE. Should signifi cance tests be banned? 
Introduction to a special section exploring 
the pros and cons. Psychological Science. 
1997;8(1):1-2.

10. Thompson B. Journal editorial policies regard-
ing statistical signifi cance tests: heat is to fi re 
as p is to importance. Educational Psychology 
Review. 1999;11:157-169.

11. Wilkinson L. Task Force on Statistical Infer-
ence. Statistical methods in psychology jour-
nals: guidelines and explanations. American 
Psychologist. 1999;54:594-604.

12. Cohen J. Weighted kappa: nominal scale agree-
ment with provision for scaled disagreement or 
partial credit. Psychol Bull. 1968;70:213-229.

13. Bloch DA, Kraemer HC. 2X2 kappa coeffi -
cients: measures of agreement or association. 
Biometrics. 1989;45:269-287.

14. Cohen J. A coeffi cient of agreement for nomi-
nal scales. Educational and Psychological 
Measurement. 1960;20:37-46.

15. Kraemer HC. Evaluating Medical Tests: Ob-
jective and Quantitative Guidelines. Newbury 
Park, CA: Sage Publications; 1992.

16. Hlatky MA, Mark DB, Harrell FE, Lee KL, Califf 
RM, Pryor DB. Rethinking sensitivity and spec-
ifi city. Am J Cardiol. 1987;59(12):1195-1198.

17. Hlatky MA, Pryor DB, Harrell FE, Califf RM, 
Mark DB, Rosati RA. Factors affecting sensi-
tivity and specifi city of exercise electrocardi-
ography. Am J Med. 1984;77(1):64-71.

18. Fleiss JL. On the asserted invariance of the odds 
ratio. Br J Prev Soc Med. 1970;24(1):45-46.

19. Cook RJ, Sackett DL. The number needed to 
treat: a clinically useful measure of treatment 
effect. BMJ. 1995;310(6977):452-454.

20. Sackett DL. Down with odds ratios! Evidence-
Based Medicine. 1996;1:164-166.

21. Kraemer HC, Kupfer DJ. Size of treat-
ment effects and their importance to clini-
cal research and practice. Biol Psychiatry. 
2006;59(11):990-996.

22. Cornfi eld J. A statistical problem arising from 
retrospective studies. In: Neyman J, ed. Pro-
ceedings of the Third Berkeley Symposium. 
vol IV. Berekely, CA: University of California 
Press; 1956:135.

23. Kraemer HC, Kazdin AE, Offord DR, Kes-
sler RC, Jensen PS, Kupfer DJ. Measuring 
the potency of a risk factor for clinical or 
policy signifi cance. Psychological Methods. 
1999;4(3):257-271.

24. Kraemer HC. Reconsidering the odds ratio as 
a measure of 2X2 association in a population. 
Stat Med. 2004;23(2):257-270.

25. Kraemer HC. Correlation coeffi cients in medi-
cal research: from product moment correla-
tion to the odds ratio. Stat Methods Med Res. 
2007;15(6):525-545.

26. Newcombe RG. A defi ciency of the odds ra-
tio as a measure of effect size. Stat Med. 
2006;25(24):4235-4240.

27. Efron B, Tibshirani R. Computer-Intensive 
Statistical Methods. Stanford, CA: Division 
of Biostatistics, Stanford University Press; 
1995:174.

28. Efron B, Gong G. A leisurely look at the boot-
strap, the jackknife, and cross-validation. The 
American Statistician. 1983;37:36-48.

29. Efron B. Bootstrap methods: another look 
at the jackknife. The Annals of Statistics. 
1979;7:1-26.

30. Geis I. How to Lie with Statistics. New York, 
NY: W.W. Norton & Company; 1954.

3907Kraemer1CS.indd   Sec1:7183907Kraemer1CS.indd   Sec1:718 7/7/2009   3:29:01 PM7/7/2009   3:29:01 PM


