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False positive findings are a common problem in whole genome association studies. In this commentary we show that nothing is gained by randomly splitting a data sample to two equal sized subsets, where the first data subset is used for explorative purposes and the other sub set is used to confirm the findings in the first subset. We compare the random splitting procedure to using the full data sample for analysis, by using a Bayesian perspective with consideration taken to prior probability of a false positive finding.

Results from one study should be replicated in other studies independent from the original study. This is generally accepted wisdom and serves as a safeguard towards various types of bias but also towards false positive findings and has been discussed earlier [START_REF] Thomas | The problem of multiple inference in studies designed to generate hypothesis[END_REF]. In this article we focus on the question of whether a study should be randomly divided into two different smaller studies (splitting procedure) of which the second is used to test whether positive results from the first can be replicated.

The splitting procedure is used in genome wide association studies in which recent advances in molecular technology has made it possible to test hundreds of thousands single nucleotide polymorphisms (snps) in one single case control study [START_REF] Satagopan | Two-stage designs for gene-disease association studies[END_REF]. The absence of a priori information about the functioning of most of the tested gene variants makes the proportion of false positive results very high. The splitting procedure is used in genome wide association studies as a method to avoid reporting false positive results, and is sometimes misconceived as being a replication. For more information regarding split procedure please see Duncan et al. [START_REF] Thomas | Methodological issues in multistage genome-wide association studies[END_REF].

We show here that one does not gain anything from dividing a data set into two subsets, but that one actually loses.

The risk of false positive result depends on the level of statistical significance, the statistical power and, seen from a Bayesian perspective, the a priori probability of the hypothesis [START_REF] Wacholder | Assessing the probability that a positive report is false: an approach for molecular epidemiology studies[END_REF]. The random splitting procedure does reduce the risk of false positive result but the reason is simply that the test criterion becomes stricter. With two tests to pass instead of one, the effective significance level for the ''sequence'' of the two tests is reduced to (0.05) 2 = 0.0025 if 5% is used as significance level in each test. One can, of course, achieve the same thing by applying the 0.25% significance level directly on the full sample, and this would be preferable because the statistical power would be higher, compared to the split procedure. This is because the decision to continue to the second step in the split procedure is determined by the result of a test that only uses half of the data and, thus, has compromised power.

In the example in the Fig. 1 the power is 87% for a test on one half of the full sample using a = 0.05. Using the split procedure the power for two independent sequential tests is therefore (0.87) 2 = 0.76. A test on the full sample with a = 0.0025 has a power of 0.87 which is better than the 0.76 for the split procedure.

When analyzing false positive probabilities it is useful to invoke the Bayesian perspective and to consider the probability that a positive result is false (e.g., that an observed association between gene and disease is due to H. Ka ¨llberg (&) Á L. Alfredsson Á M. Feychting Á A. Ahlbom Institute of Environmental Medicine, Karolinska Institutet, Box 210, 171 77 Stockholm, Sweden e-mail: henrik.kallberg@ki.se chance). This is a Bayesian probability because it requires a priori probabilities for the alternative hypotheses. In the Fig. 1, false positive probabilities are plotted for various prior probabilities. It is apparent that the split procedure (dotted line) always performs worse than the procedure using the full sample (full line). For an a ´priori probability of 0.1%, the probability that a positive result is false, based on previous settings, is 74% for the full sample and 77% for the split procedure.

So far, we have discussed the apparent issue of loss of power and increase of false positive findings when splitting the sample in an attempt to minimize the risk of false positive results. There are, however, other issues that also are important here. One is the risk of false negative results and whether the need of replication put unnecessary hard constrains on new findings. There is a possibility that new and important findings are not published because the results have not been replicated, for instance, if there are no similar data available. This situation often occurs in the context of testing for gene-environment interaction, since few materials comprise information on both genes and environment.

As for replication purposes in terms of scientific validation of new findings there are at present no argument for using the random splitting procedure as a convenient way to replicate new discoveries.

The random splitting is in fact an unnecessary procedure which does not provide any protection against systematic biases such as confounding or selection bias. If there is a difference between the randomly splitted sub samples, it only shows that the randomisation procedure did not work properly. Random splitting of already collected data does not function as a safeguard against systematic biases in the same way as the randomisation procedure takes care of systematic biases in an experimental study or in the same way as new data from a different research group does.

In summary, when the split approach is compared to an analysis of the total sample and when compared for the same level of statistical significance the total sample approach gives a higher statistical power and as a consequence a lower probability that a statistically significant result is false. So the, perhaps intuitively appealing, notion that splitting the sample and use one half for generation of hypotheses and the other for replication appears to have no advantages over the alternative of performing the analyses on the total sample. Indeed, the splitting procedure performs worse and should not be thought of as an alternative to using ''true'' replication from independent studies carried out by independent investigators, populations and by using alternative methods. 

Fig. 1

 1 Fig.1Probability of false positive results (y-axis) plotted against prior probabilities (H) for the alternative hypothesis when using split procedure (intermittent line) or using the full sample (full line a = 0.25%, dotted line a = 5%). False positive probability (FPP) was calculated by using: FPP = a(1 -H)/[a(1 -H) ? (1 -b) H] based on 1,000 cases and 1,000 controls, and a = 0.25 and tested against an OR = 1.5
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