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WELLER et al. (1998) proposed controlling the
FDR* 5 E 5 F

T 1 F
| T 1 F $ 16, (1)“false discovery rate” (FDR) or the expected pro-

portion of false rejections within the class of rejected
where T, F are the numbers of true and false rejections.null hypotheses when performing preliminary genome
This quantity is not controlled using the BH method.scans, adopting the method of Benjamini and Hoch-

The unconditional FDR, which is controlled by theberg (1995; hereafter BH). The BH procedure is as
BH method, isfollows: for the ordered set of P values, P(1) # . . . # P(L)

determine a largest j such that Pj # ja/L, where a is
FDR 5 E 5 F

T 1 F
| T 1 F $ 16Pr(T 1 F . 0)the declared FDR. Then reject all hypotheses Hi that

correspond to P(i), i 5 1, . . . , j. The method controls
1 0 Pr(T 1 F 5 0) (2)the average proportion of false positives at 5% (say)

across multiple studies, including those where no signif- 5 FDR* Pr(T 1 F . 0). (3)
icances are found. However, this procedure does not

The difference between the conditional and uncondi-provide information about the expected proportion of
tional false discovery rates, FDR* and FDR, can be veryfalse positive results for a given experiment where some
substantial.of the null hypotheses are rejected.

To illustrate this point, we conducted a series of simu-Benjamini and Hochberg (1995) write that “a desir-
lations with a 5 0.25 and L 5 896, which correspondable error rate to control may be the expected propor-
to the number of tests performed on the actual data intion of errors among the rejected hypotheses, which we
Weller et al. (1998). We included estimates of family-term the false discovery rate (FDR).” The actual method
wise error rate (FWER) within the class of rejectedthat they propose controls this false discovery rate in
hypotheses (FWER*), probabilities of rejection, and esti-an unconditional manner, and they readily acknowledge
mates of FDR* for the BH method (Table 1) and thethat their method cannot control FDR, conditional upon
FWER-controlling method of Hochberg (1988; Table 2).having rejected one or more hypotheses.

We assumed a continuous test statistic, so that P valuesWeller et al. (1998) state that “A further advantage
corresponding to true null hypotheses were generatedof the FDR is that an accurate prediction has been made
from the uniform (0, 1) distribution; P values corre-of the proportion of hypotheses rejected in the first
sponding to NA true effects were generated asanalysis that represent true effects” and consequently

that seven or eight marker-trait combinations in the PA 5 1 2 F(F21(1 2 u) 1 g), (4)
analysis of actual data are likely to be true effects. Such

where u is a uniform (0, 1) random number and F isinterpretation of the FDR control is, however, wrong,
the standard normal cumulative distribution function.because experiments with multiple tests and with suc-
The parameter g was set to ensure 100b% power forcessful rejections usually have a greater expected pro-
the individual 5%-level tests. All estimates were obtainedportion of false positives than a.
by averaging over at least 10,000 simulation experi-To be specific, let us consider the conditional FDR,
ments.given one or more rejections, defined as

Weller et al. (1998) state the following on p. 1703:
“If all 10 hypotheses are rejected, q, and thus FDR, are
still ,0.25, even though FWER 5 0.88. Thus, seven or
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TABLE 2TABLE 1

Simulations of the conditional false discovery rate with Simulations of the conditional false discovery rate with
Hochberg’s (1988) methodBenjamini and Hochberg’s (1995) method

b NA FWER* FDR* Pr(T 1 F $ 1) b NA FWER* FDR* Pr(T 1 F $ 1)

0.50 1 0.889 0.874 0.2500.50 1 0.925 0.891 0.280
0.80 1 0.748 0.648 0.393 0.80 1 0.633 0.582 0.356

0.95 1 0.391 0.311 0.5680.95 1 0.561 0.419 0.598
0.99 1 0.495 0.328 0.782 0.99 1 0.299 0.199 0.761

0.50 2 0.802 0.775 0.2710.50 2 0.868 0.804 0.307
0.80 2 0.655 0.496 0.499 0.80 2 0.477 0.405 0.457

0.95 2 0.295 0.192 0.7480.95 2 0.537 0.319 0.778
0.99 2 0.535 0.272 0.943 0.99 2 0.240 0.115 0.928

L 5 896, a 5 0.25.L 5 896, a 5 0.25.

lation sample.” Weller et al. found, however, that “only will replicate is wrong, since a smaller percentage is
expected to replicate in reality. The problem is moretwo F values have a FWER ,0.05.” Table 1 shows that

assuming that these two are the only true effects and pronounced as the total number of true null hypotheses
increases (data not shown). Thus, the interpretationthat the power of corresponding tests is 80%, the pro-

portion of false discoveries in their data is expected to of Weller et al. is incorrect, and we suggest that no
conclusions about the likely proportion of false positivesbe as large as 50%. If there is only one true effect, power

.99% is needed to maintain the declared FDR. in the given data should be made on the basis of either
FWER or FDR controlling methods.Similar results are found for the FWER-controlling

method of Hochberg (Table 2); therefore, neither This research was partly supported by National Institutes of Health
method controls the FDR, when conditioned upon grant GM-43544 to North Carolina State University and was performed

while P.H.W. was Research Fellow at GlaxoWellcome Inc.the occurrence of one or more rejections. But FWER-
controlling methods neither advertise nor require con-
ditional error rate control. When using an FWER-con-
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