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eAppendix.   Relationship of MRS and NNTest to other statistics: Agreement, Kappa, 

Population Attributable Risk, Attributable Community Risk, Kraemer’s Kappa statistics, 

Net Reclassification Index, Integrated Discrimination Improvement, and Total Gain. 

 

Quantities from the risk stratification distribution are related to agreement, Population 

Attributable Risk (PAR), and "weighted kappa'' statistics for evaluating diagnostic tests proposed 

by Helena Chmura Kraemer 1,2: 
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P(M+)
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P(D+)

,
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κ (w,0)

= w
κ (1,0)

+ 1−w
κ (0,0)

.

  

Recall that MRS is a weighted mean of the two components PPV-P(D+) and P(D+)-cNPV.  

Thus κ(0,0) and κ(1,0) are those two components standardized by their maximum values to 

ensure they are between [-1,1].   Although Kraemer’s kappa statistics are valuable, the 

standardization loses epidemiologic interpretation.  In particular, even if either κ(0,0) or κ(1,0) is 

1, if disease is rare enough then there is still little absolute risk stratification provided by the test. 

Note κ(1,0)=PAR, showing that PAR is P(D+)-cNPV standardized by disease prevalence.  The 

numerator of PAR is the Attributable Community Risk 3, first defined in table 35, pg. 230 of 4. 
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The weighted harmonic mean κ(w,0) is a weighted Kappa agreement statistic 5 (w=0.5 

yields the unweighted Cohen’s Kappa.). Weighted Kappa never equals the MRS for any weight.  

However, becauseP(D+,M+)− P(D+)P(M−) = P(D−,M−)− P(D−)P(M−) , 

MRS = P(D+,M+)− P(D+)P(M−)+ P(D−,M−)− P(D−)P(M−)  

MRS is the percent agreement minus the sum of the product of the margins, which is the 

numerator of the unweighted Kappa.  Kappa uses a denominator to standardize to being between 

-1 and 1.  Although Kappa has clear interpretation when it is -1, 0, or 1, in our experience, other 

values are hard to interpret epidemologically or clinically.  Since the numerator of Kappa is 

MRS, it is the denominator used for standardization that is the culprit.   

All of the above statistics are standardized versions of either MRS, or components of 

MRS. Although standardization gains simple statistical interpretation at the extremes and middle, 

it loses epidemiologic and clinical interpretation as absolute risk stratification. 

MRS is neither Net Reclassification Index (NRI) nor the Integrated Discrimination 

Improvement (IDI) 6.  For comparing a binary test to no test, the NRI is twice Youden's index 

and the IDI is Youden's index.  When comparing two binary tests for the same disease, IDI is the 

difference in their Youden's indicies, while the ratio of the MRSs is the ratio of the Youden's 

indices. 

 Total Gain (TG) is a statistic for measuring the explanatory power of a continuous 

covariate x in a binary regression modelP Y = 1| x( ) = p x( ) = G(α + βx)  where G is typically the 

logistic function 7.  Denote overall disease prevalence as P(Y = 1) = p .  By the mean value 

theorem there exists an x* such thatP(Y = 1| x = x*) = p(x*) = p.  Then 

 TG = 2 (p(x)− p)dF(x)
x*

−∞

∫ .  
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This simplifies to TG = 2 P(Y = 1, x > x*)− P(Y = 1)P(x > x*) .  Although this expression is close 

to MRS, TG is always non-negative, and negative MRS is allowable.   

Furthermore, the existence of x* depends on x being continuous (and differentiable).  

Thus TG cannot apply to discrete-valued tests, like that we consider in this paper.  However, we 

can extend TG to a discrete covariate x if every value of {x : x ≥ x*}  increases risk, i.e. 

P(Y = 1| x) > P(Y = 1)  if x ≥ x*, then we can define M+ ≡ {x ≥ x*}  to extend TG to a discrete 

covariate. However, this extension of TG does not simplify to MRS if the cutpoint x* does not 

exactly divide x so that x ≥ x*, always increases risk and x<x* always decreases risk.  An 

example of this is Pap testing in China 8.  Pap results are quaternary: negative, ASC-US, LSIL, 

and HSIL.  The customary cutpoint for Pap positivity is non-negative, which is ASC-US or 

worse.  In China, the overall disease prevalence is 1.6%. Testing LSIL and HSIL have PPVs of 

5.4% and 35% respectively, but testing ASC-US has a “PPV” of 1.2% that is lower than disease 

prevalence.  Therefore defining x* as ASC-US includes a value that decreases risk in the set of 

results considered positive (namely, ASC-US).  Thus MRS based on defining positivity as ASC-

US or worse is not TG.  In this example, only if x* is LSIL would the discrete TG equal MRS 

(and only up to a sign).  
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