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Effect of verification bias on predictive value  
(First draft for EBD-2, to appear after the current verification bias section.)

So far, we have focused on the effect of verification bias on sensitivity and specificity.  The big advantage of this focus is that it is simple and the effects are predictable: sensitivity will generally be falsely high and specificity falsely low.  However, if we want to apply the results of a study potentially tainted by verification bias clinically, what we really want to know may be positive and negative predictive value (PPV and NPV).  Unfortunately, the effect of verification bias on PPV and NPV may be less predictable.

Recall that the problem with verification bias was that people with a positive index test were more likely to get the gold standard, and that only those who had the gold standard done were included in the study.  This might be because the gold standard is expensive or uncomfortable, and clinicians and investigators are reluctant to do it on a large number of people with a negative index test, who they believe are unlikely to have the disease in question.  

One solution in this case is to do the gold standard test on everyone who tests positive but only on a random sample of those who test negative.  In that case both those who test positive (T+) and those who test negative (T−) are representative of the T+  and T− subjects in the population, and PPV and NPV measured in the study will be valid, i.e.,  unaffected by verification bias.   In fact, we can use the sampling fraction of the T− subjects to undo the verification bias and get an unbiased estimate of sensitivity and specificity.

This sort of separate sampling of T+ and T− subjects is the flip side of the separate "case-control" sampling of D+ and D− subjects we mentioned in chapter 3, which allowed estimation sensitivity and specificity, but not (directly) PPV and NPV because the proportion with the disease in the study was determined by the investigator.   In problem 3.2 we gave an example of erroneously calculating PPV in a study with case-control sampling.  However, we also showed (Example 3.1) that if we know the prior probability we can use it with sensitivity and specificity to fill in a 2 × 2 table, from which we can then obtain PPV and NPV.  The key is that we use that prior probability as the first step, multiplying it by the population size to obtain the D+ total to use in our table.  

[bookmark: _GoBack]We can do the same thing if we sample T+ and T− separately.  If we know what proportion of the target population is T+, we can use this proportion (P(T+)) to fill in the T+ and T− row totals of a 2 × 2 table, then use the PPV and NPV to get the individual cells of that table, and then (because the T+ and T− totals are in their proper proportions) we can use the numbers in the D+ and D− columns to obtain sensitivity and specificity. 

What if (as is more commonly the case), the T+ and T− subjects for a study were not consecutively or randomly sampled from all T+ and T− subjects, but instead are a convenience sample based on having received the gold standard?  Now we have a problem, because although we have a good estimate of the proportion of the population that tests positive, the PPV and NPV measured from the study will be suspect.  How suspect?  It depends on what other (nonrandom) factors led to some T+ and T− subjects getting the gold standard (and hence being included in the study) and not others.

The most common situation is that if the T− subjects who got the gold standard differed from those who did not, it is because they had some other reason to get the gold standard.  Perhaps they had other worrisome history, physical examination or laboratory results that led treating clinicians to suspect that the T− result was a false negative.  In that situation, we would expect the prior probability in the T− group included in the study to be falsely high, and hence we would expect the reported NPV to be falsely low.  

Similarly, if the T+ subjects did not all get the gold standard, we might want to ask why not?  Was there some other aspect of the history, physical exam or laboratory evaluation that made treating clinicians believe the T+ result was a false positive, and therefore that the patient did not need the gold standard test?  Or were those findings so indicative of disease that the gold standard test was believed to be unnecessary once the patient was T+?  

The bottom line is that unless the samples of T+ and T− subjects who receive the gold standard are representative of their underlying populations (e.g., due to consecutive or random sampling), the only way to estimate the degree and direction of an effect of verification bias on PPV and NPV is to have some understanding of the factors that led to some T+ and T− subjects getting the gold standard test (and hence being included in the study) and not others.
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