What is adjusted rate (standardized rate)?  [See Modern Epidemiology, page 262; Greenland, Statistics in Medicine 1994;13:989-999]

Let Ri be the stratum-specific rate.

Let Wi be the count in the i-th stratum of the “standard” population

Then,

R “adjusted” or “standardized” = 
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But it is no more than predicted rate: the rate we would predict in some arbitrary standard population.  The term “adjusted”, which is borrowed from the domain of associations, is misleading.  There was nothing wrong with the original, “unadjusted” rate.

Add the subscript “E” for exposed (say, country A) and “U” for unexposed (say, country B) and you get:

Predicted RateE = 
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Predicted RateU = 
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Now, we can compute an “adjusted” measure of association, for example: a rate ratio

RRSTANDARDIZED = Predicted RateE / Predicted RateU = 
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By the way, notice what “indirect standardization” means: it means choosing the exposed group as the “standard”.  If the exposed is the standard (the weights are taken from the “exposed”), the numerator becomes the observed count of events in exposed and the denominator becomes the “expected” count in the exposed group—had the rates in unexposed applied to them.   In “direct standardization” the weights come from some other source: the combined group of exposed and unexposed, the state, the world, etc.

Let REi/RUi = ki   (the stratum-specific rate ratios)

Then, on the assumption of homogeneity (!) all ki are identical in expectation (but their estimates (REi/RUi= ki) are not!
And REi = RUi ki
RR STANDARDIZED  = 
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Compare RR STANDARDIZED to RR MANTEL-HAENSZEL  

RR MANTEL-HAENSZEL    =  
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What’s the difference?

In RRM-H, the weight, Wi, is based on count of events in unexposed and person-time of exposed and unexposed (see Poisson chapter).  The stratum-specific weight approximates the inverse of the variance of k (when k is near the null).

As our formula shows, RRSTANDARDIZED  =  
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  is also a weighted average of stratum-specific rate ratios (ki), but the weighting is different!   The weight, Wi(T), is the product “RUiWi” where Wi is the count in the i-th stratum of the “standard” population (our original weight) and RUi is the rate in the i-th stratum of unexposed.  Let’s call this weight WT to match the notation in Greenland’s article.

When will RRSTANDARDIZED be similar to RR MANTEL-HAENSZEL ?  (Greenland, of course, asked the question in the opposite direction).

Answer: when  
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This will be true when,
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Wi(M ) / Σ Wj(M ) ≈ 
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                      Wi(M ) / Σ Wj(M ) ≈ 
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Let’s use the notation in the table below for the i-th stratum to find the condition for that equality.

	
	Number of events
	Person-years at risk

	Exposed
	a
	 N1i

	Unexposed
	b
	N0i

	All
	     
	        Ni


Wi(M) = (b x N1i )/ Ni     [Near the null]

RUi = b/N0i  
Wi(M) = (RUi N0i  N1i )/ Ni     [Near the null]
Wi(T) = RUi Wi(Standard) ≈ RUi Ni   
Let Aj = Wj(M) / Wi(M)
And Bj = Wj(T) / Wi(T) 
Let’s start with the left side of the equality we seek.
Wi(M ) / Σ Wj(M ) = Wi(M )/ Σ AjWi(M)
                         = Wi(M) / (Wi(M)Σ Aj)

                         = 1/ Σ Aj
Now let’s deal with the right side of the equality we seek.
Wi(T) / Σ Wj(T)    = Wi(T)/ Σ BjWi(T)
                         = Wi(T)/ (Wi(T) Σ Bj)

                         = 1/ Σ Bj
Thus, Wi(M ) / Σ Wj(M ) ≈ Wi(T) / Σ Wj(T)  when Aj ≈ Bj.

Aj = Wj(M) / Wi(M)
    =((RUj N0j N1j )/ Nj ) / ((RUi N0i N1i )/ Ni )

    = (RUj /RUi ) (N0j N1j / Nj )) / ((N0i N1i )/ Ni )

    = (RUj /RUi ) (Nj / Ni) (Ni / Nj) (N0j N1j / Nj )) / ((N0i N1i )/ Ni )
    = Bj (Ni / Nj) (N0j N1j / Nj )) / ((N0i N1i )/ Ni )
    = Bj (N0j N1j / Nj 2) / (N0i N1i / Ni 2)
Thus Aj ≈  Bj, when (N0j N1j / Nj 2) / (N0i N1i / Ni 2) ≈ 1
                                (N0j / Nj) (N1j / Nj)  ≈ (N0i /Ni)(N1i /Ni)
Proportion of unexposed times proportion of exposed is approximately constant throughout strata.

What does the last equality say?  Excluding some lucky exceptions, it says that the distribution of exposure status is approximately similar across the strata of the confounder.  But in that case, there is no confounding and no need for adjustment!
To sum up, RRSTANDARDIZED will be approximately RR MANTEL-HAENSZEL when the effect is near the null and there is no confounding.  This was an exercise in futility, which cannot save standardization.  Standardization, including its multivariable extensions, is an unjustified method to deal with confounding.
_1184764084.unknown

_1184914351.unknown

_1340100119.unknown

_1340100565.unknown

_1340100575.unknown

_1340100594.unknown

_1340100571.unknown

_1340100558.unknown

_1340100107.unknown

_1184913780.unknown

_1184913870.unknown

_1184764327.unknown

_1184763430.unknown

_1184763474.unknown

_1184762796.unknown

