July 13, 2010

A tale of a letter to Epidemiology
In January 2010 the journal Epidemiology published an article on the hazard ratio by Miguel A. Hernan, titled “The hazards of hazard ratios”.[1]  Hernan has made valuable contributions to the literature on research methods, and even earned an editor position in Epidemiology.  (Of course, that does not mean that his viewpoints or arguments are always correct.)
My co-author and I submitted a letter on Hernan’s article, which we titled “On the hazard ratio and disease-related colliding bias”.  The letter and Hernan’s reply were published in May 2010 [2].
I suggest that epidemiologists and students of epidemiology will carefully read Hernan’s article [1], our letter [2], his reply [2], and this document.  There is a lot to be learned.
Our letter and Hernan’s response were published under the title “More on selection bias”.  
First, we used the term “colliding bias” throughout, not “selection bias” (except for one quote of Hernan’s text).  Hernan’s proposal to refer to all types of colliding bias as “selection bias” [3] should be rejected, for a simple reason: the faulty conditioning on a collider does not always arise by selection.  So, why perpetuate a historical misnomer when a better term exists?
Second, the proofs showed our original title: “On the hazard ratio and disease-related colliding bias”.  An editor at Epidemiology, or at the publisher’s office, later changed the title of our letter—without even telling us.  Can you imagine that person changing the title of Hernan’s article from “The hazards of hazard ratios” to “More on the hazard ratio”—without telling Hernan?  No, editors do not dare to change the title of an article without consulting with the authors, but letters must be second-rate scientific writing.  Right?  Wrong.  We think that our letter is a better contribution to science than Hernan’s article (and better than Hernan’s reply, as you will read below).  The new title—“More on selection bias”—inadvertently serves to downgrade the content of our text.  Why was the title changed?  Shortage of printing space?  Maybe.  But the journal’s PDF file shows ample blank space at the end of the letters section.
*

Hernan did not say much in his reply (141 words), but what he wrote is peculiar, both in content and in style.

First, he summarized to the reader what we wrote: “Shahar and Shahar make the following points:”[2]  Then he listed three points.
Did he indeed summarize what we wrote?  Let’s see.
He wrote:
“1. The built-in selection bias in hazard ratios can be motivated by references to susceptibility or by causal diagrams.”[2]
What?  Did we make that point, or did Hernan make that point in his article?  Read again his article [1], and then read the first two sentences in our letter [2].  We wrote:

“Hernan has argued that period-specific hazard ratios “have a built-in selection bias.”1 The claim was based on both a concept of susceptibility to a harmful exposure, and on colliding bias in a causal directed acyclic graph (DAG).” [2]
He continued with point 2. (Remember: it is attributed to us):

“2. Predicting the direction of the bias requires information on the nature of the interaction between exposure and other causes of disease.” [2]
What?  We did not write that predicting the direction of the bias requires information on other causes.  We wrote that the direction of the bias is unpredictable!  Hernan, on the other hand, erroneously claimed that the direction of the bias is predictable.  He wrote: 
“The bias due to the differential selection of less susceptible women over time, because of differential depletion of susceptibles, is the built-in selection bias of period-specific HRs. This bias may explain that the HR after year 5 is less than 1.0 even if hormone therapy has no truly preventive effect in any woman at any time.” [2]
As we explained in our letter, Hernan simply forgot about “susceptibles in a positive sense” which are depleted from the placebo group (assuming causation is deterministic).  Well, everyone is susceptible to mistakes—even excellent methodologists who think that they are not.
He concluded with point 3 (Remember: it is attributed to us):

“3. Selection on prebaseline variables may introduce bias in an observational study.” [2]
What?  We did not write any general thesis about “prebaseline variables”.  We wrote about one variable: the disease (effect) in question.  We described a prevailing mistake, which had not been recognized.  The mantra “In a cohort study, exclude prevalent disease at baseline, and condition on confounders” is taught and practiced by almost every epidemiologist.  You will find this practice regularly on the pages of journals, including Epidemiology.  To my knowledge, no one has recognized the problem caused by excluding prevalent disease, or the radical solution we offered: condition on all causes of the disease, not only on confounders!
But Hernan goes on.  After attributing these three points to us, he wrote: “These 3 points have been previously made in the epidemiologic literature. See, for example, the articles cited by Shahar and Shahar.” [2]
That sentence is puzzling.  First, why did an editor accept such a vague (and belittling) sentence about references, without asking the author to list explicit references?  Second, which articles (plural) is Hernan referring to?  Let’s try to solve just one riddle: which of the articles we cite tell us that conditioning on pre-baseline disease status causes bias?  Our letter contained 6 references:
1. Hernan MA. The hazards of hazard ratios. Epidemiology. 2010;21:13–15.

2. Maldonado G, Greenland S. Estimating causal effects. Int J Epidemiol. 2002;31:422– 429.

3. Shahar E. Estimating causal parameters without target populations. J Eval Clin Pract. 2007;13: 814–816.

4. Glymour MM, Weuve J, Berkman LF, Kawachi I, Robins JM. When is baseline adjustment useful in analyses of change? An example with education and cognitive change. Am J Epidemiol. 2005;162:267–278.

5. Hernan MA, Hernandez-Díaz S, Robins JM. A structural approach to selection bias. Epidemiology. 2004;15:615– 625.

6. Greenland S. Quantifying biases in causal models: Classical confounding vs. collider-stratification bias. Epidemiology. 2003;14:300 –306.

I have read all of them, of course (one is mine).  References 1, 2, 3, 4, and 6 do not deal with pre-baseline variables.  So, what is left?  Reference 5, which is Hernan’s article on selection bias…  Is that what he was hiding behind “See, for example, the articles cited by Shahar and Shahar”?[2]  Now, read reference 5, and let me know if you can find the content of our letter in there.  That would turn out a futile exercise, so perhaps something else of interest might be learned from your reading, or re-reading, of reference 5.  In our opinion, that article contains several incorrect DAGs: Figures 7a, 7b, and 7c omit direct arrows between a variable at different times (i.e., E0(E1).  This arrow is usually assumed to exist, in addition to structures such as E0(L(E1.  More important, in Appendix figure 2 and figure 3, the arrows D1A(D1 and D1B(D1 do not exist.  D1A and D1B are caused by D1 via derivation; they are not causes of D1, as Hernan mistakenly thought.
Back to Hernan’s reply.  There is one more bizarre sentence.  He wrote: “the concept of susceptibility (point 1) needs not be restricted to deterministic models as Shahar and Shahar seem to imply”. [2]  

Did we indeed imply that the concept of susceptibility is restricted to determinism?  Not really.  We actually stated what susceptibility means under an indeterministic model, as well.  We wrote:
“Under an indeterministic model (which is supported by quantum mechanics and other arguments), time-dependent susceptibility implies modification of relative causal propensity (eg, hormones versus placebo) by other time-dependent causal variables.” [2]
Did he miss that statement in our letter?  Maybe he did.  But this is the second time that Hernan inadvertently misreported my writing,[4-6] although this time he inserted the magical safeguard “seem to”.  Doesn’t he learn from his past mistakes?
Hernan does not write anything about the solution we offered, which is the closest he could get to acceptance of its validity.  We called it “one remedy”, and Hernan casually offers another:
“The selection bias described in Shahar and Shahar’s causal diagram (point 3) can be eliminated by restriction or stratification on prebaseline exposure.” [2]
That is the only sentence in Hernan’s letter that might have any scientific merit.  But does it?

Figure 1 (below) is our diagram with Hernan’s solution.  We placed a box (in blue) around one “pre-baseline” exposure.  All paths that were opened by colliding bias are now blocked, so his solution seems to work.  Right?


[image: image1]
Almost right.  First, let E0 be genotype at baseline.  Now try to condition on pre-baseline genotype (say, “by restriction or stratification”, as Hernan wrote), and then estimate the effect of baseline genotype on subsequent disease.  A little estimation problem seems to arise.  Right?

Second, take a look at Figure 2.  Hernan forgot not only about “susceptibles in a positive sense”, but also about causes of the exposure (C in Figure 2.)  Even if conditioning on E−1 is possible (say, time-varying exposure with enough variation), a new path is opened (green arrows)!  What is the full remedy behind Hernan’s casual remark about the solution for a genuine, prevailing error in the epidemiological literature?  Read the footnote of the slide.


[image: image2]
I would like to make 3 summary points.  This time they are truly mine…
1. Editors should treat letters and replies to letters with the same level of scrutiny and respect that they usually apply to articles.  I have written on that differential treatment elsewhere.[7,8]  It has no place in science.  Hernan’s reply should have been rejected by the Editor-in-Chief, for the reasons I explained above.  It did not deserve to be published, even though Hernan is an Editor of the journal.
2. Scientists should be able to recognize and admit their mistakes.  Every human being makes mistakes, and gifted methodologists are no exception.
3. When a scientist has nothing interesting to say, remaining silent is a wise choice.
In the spirit of point #2, I would like to correct a mistake of ours:  We wrote that conditioning on all causes of D would solve the problem.  In fact, if we wish to estimate the effect of E0 on D2 (after excluding prevalent disease), we need to condition on all direct causes of D since baseline which are not effects of E (represented by Q0 and Q1 in Figure 2).
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Other thoughts
When estimating the effect of baseline exposure (E0) in an observational study, pre-baseline exposure variables create a major problem of confounding.  They are strong causes of E0, and they are also causes of post-baseline D via pre-baseline D variables (unless E has no effect on D…).  Since conditioning on E just before baseline (Eo−dt), or on all pre-baseline E, are both impractical, conditioning on the variables D0, D−1, D−2 (“prevalent disease”) is a practical method to block all E-related confounding paths.  As we explained, however, that conditioning creates disease-related colliding bias—for which the remedy is conditioning on all direct causes of D since baseline.  Note that these variables (Q0, Q1) are not confounders at all!  They are not causes of E0.  
Interestingly, there is another method to block all E-related confounding paths: 

Instead of conditioning on the variables D0, D−1, D−2 (“prevalent disease”), we may condition on all post-baseline D-variables. That may be achieved by estimating the (conditional) hazard ratio…  But again, that conditioning creates disease-related colliding bias—for which the remedy is, again, conditioning on all direct causes of D since baseline (which are not effects of E).
By the way: why are we taught to estimate the effect of E0 on “incident disease”?  
Usually, the informal explanation has to do with effect modification.  The effect of E0 on subsequent D is assumed to be modified by previous D.  But in that case, the correct approach is to model effect-modification (by stratification or by adding a product term in regression).  Restriction to one stratum of a modifier (“no prevalent disease”) is not a rational method to explore effect modification.  We don’t have an estimate of the effect in the other stratum. 
We conclude:

Conditioning on prevalent disease by stratification, or by adding a product term in regression, will achieve two goals: 1) block confounding by pre-baseline exposure; 2) allow us to estimate effect modification by the disease itself.  At the same time, however, such conditioning creates disease-related colliding bias.  Therefore, conditioning on “prevalent disease” should be coupled with conditioning on all direct causes of D since baseline (which are not effects of E).
Think differently?  Send us a note, and we will be glad to correct any mistake we have made.






Figure 1: Hernan’s solution: condition on pre-baseline exposure
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Hernan forgot that the time-indexed exposure has causes, too (time-indexed C).  His solution creates a new path of colliding bias (in green).  


For his solution to work, we should do one of the following:


Condition on pre-baseline exposure, E, at all pre-baseline times! (E from the beginning of time till baseline)


Condition on E just before baseline, and on all other direct causes of E0 (collectively shown as C−1)!


Neither of these solutions is practical, because E0−dt is highly corrected with E0 (on the continuity assumption of a time-indexed variable: X0−dt(X0).








Figure 2: Hernan’s solution?
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