Two-Part Predictors: HIV example

We want to know whether HIV is associated with mortality following hospitalization for community acquired pneumonia (CAP). First, we fit an unadjusted model with HIV as our only independent variable. 
	(1)
Here, exp(β1)=1.03 [0.82, 1.30]. Thus, HIV is not associated with mortality following CAP hospitalization. 

What if, however, we thought that HIV severity was important? We could measure this via HIV viral load or CD4 cell count. Let’s start with HIV viral load and use the method of two-part predictors described by Dziak and Henry. Thus, we have the model:
	(2)
where VL*=0 for HIV uninfected individuals (since this variable is not relevant to them), and VL*=VL for HIV+ individuals; β2 is estimated per 10,000 copies of RNA. From this model, exp(β1)=1.02 [0.81, 1.29] and exp(β2) = 1.00 [0.99, 1.00]. We note that the effect of HIV remains effectively unchanged from model (1); exp(β1) can be interpreted as the mortality risk among HIV+ people with a viral load of 0 versus HIV uninfected individuals. Thus, it makes sense that there is no real association. Exp(β2) can be interpreted as the mortality risk associated with each 10,000 copy increase in HIV viral load among HIV+ individuals. It is somewhat surprising that we do not observe an association, but at least the association is in the direction that we expect. Now let’s look at CD4 cell count as a measure of HIV severity.

Suppose we have the model:
	(3)
Where CD4* = 0 for all HIV- individuals and CD4*=CD4 for HIV+ individuals; β2 is estimated per 100 CD4+ cells. From this model, exp(β1)=1.42 [1.07, 1.89] and exp(β2)=0.90 [0.85, 0.96]. We note that now, the effect of HIV is much more pronounced, becoming statistically significant and changing in magnitude. In addition, CD4 is strongly associated with mortality such that each 100 cell increase in CD4+ cells is associated with a 10% lower risk of death among HIV+ individuals. This makes sense.
The “problem” with this method is that β1 is essentially estimating the difference in hazards for HIV+ people with a CD4 of 0 versus HIV- people, which is not really a comparison I want to make since an HIV+ individual with a CD4 of 0 would effectively be on death’s door. It would be better to compare HIV+ people with a very high CD4 to HIV-. 
When assuming a linear association, the mean is the point of zero leverage, so what if we placed all HIV- people to the mean CD4 among HIV+ individuals? Let’s define CD4# as CD4 for HIV+ individuals and as avg(CD4HIV+) for HIV- individuals. This gives us the model: 
	(4)
This model produces exp(β1)=0.99 [0.78, 1.26] and exp(β2)=0.90 [0.85, 0.96] – THIS feels correct. HIV, when well controlled, is not associated with mortality following CAP hospitalization, but among HIV+ individuals, low CD4 cell count is associated with increased risk of mortality, which is consistent with prior research. 

Can we develop a general solution that works for both CD4 AND viral load?
From the examples above, we see that Dziak and Henry’s method works for viral load (VL*=0 for HIV-), where a value of 0 is “good” and health worsens as VL increases. However, in order to obtain logical estimates for the effect of HIV and CD4, where a CD4 value of 0 is “bad” and health worsens as CD4 decreases, we needed to set CD4 equal to the mean CD4 among HIV+ individuals in HIV- individuals.  
A general solution could include centering CD4 and VL on their mean among HIV+ individuals and setting HIV- individual’s centered CD4 and VL at 0. Let  be this centered CD4 variable, and  represent the centered HIV viral load variable. Thus, we have the following two equations:
	(5)
	(6)
From equation 5 we estimate exp(β1)=1.03 [0.81, 1.30] and exp(β2)=1.00 [0.99, 1.00]. These estimates are the same as what we obtained from equation 2; this method works for viral load.

From equation 6, we estimate exp(β1)=0.99 [0.78, 1.26] and exp(β2)=0.90 [0.85, 0.96]. These estimates are identical to those obtained from equation 5; this method works for CD4.

Thus, it appears that this is a general solution. Since the estimate of the effect of HIV is essentially the same in equations 5 & 6, this means that we can include  and  in the same model. This would be:
	(7)
From this model, we estimate exp(β1)=0.99 [0.78, 1.26], exp(β2)=0.91 [0.86, 0.96], and exp(β3)=1.00 [0.99, 1.00]; these estimates are consistent with those from equations 5 and 6 and appear to be correct. 

When limiting to HIV+ individuals, estimates of the effect of CD4 [HR=0.91 (0.86, 0.96)] and HIV viral load [HR=1.00 (0.99, 1.00)] are effectively identical to those obtained from equation 7 and confirms the estimates obtained. 

[bookmark: _GoBack]I looked at papers that reference that of Dziak and Henry, and they all just use the method rather than expand upon it – does this mean that I can write a quick methods paper with the solution presented here to expand on Dziak and Henry’s method? Or am I missing something?
