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Calculation of the KMSA estimator 

Survival-adjusted SCD-attributable total and out-of-pocket costs were calculated using the 

following equation,  

𝑆𝑆𝑆𝑆𝑆𝑆–𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑐𝑐𝑐𝑐𝑐𝑐𝑎𝑎𝑐𝑐𝑖𝑖 =  ∑ 𝑆𝑆𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆 − ∑ 𝑆𝑆𝑖𝑖𝑆𝑆𝐶𝐶𝑆𝑆𝑖𝑖𝑆𝑆𝐶𝐶 

Where S is the probability of having survived to age i and 𝑆𝑆 is the annual costs of survivors at 

age i for individuals with SCD (𝑆𝑆𝑆𝑆𝑆𝑆) and matched controls (𝑆𝑆𝐶𝐶). The overall burden of SCD-

attributable costs captured in Equation 1 encompasses both the intensity of excess costs incurred 

by surviving SCD individuals compared to matched controls and the cost-savings due to having 

higher mortality rates than matched controls50. An advantage of using the KMSA estimator is 

that it allows for decomposition of the total excess burden into its component intensity and 

mortality effects. Equation 1 can be rewritten as: 

𝑆𝑆𝑆𝑆𝑆𝑆– 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑐𝑐𝑐𝑐𝑐𝑐𝑎𝑎𝑐𝑐𝑖𝑖 = ∑ 𝑆𝑆𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆(𝑆𝑆𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆 − 𝑆𝑆𝑖𝑖𝑆𝑆𝐶𝐶) + ∑ 𝑆𝑆𝑖𝑖𝑆𝑆𝐶𝐶(𝑆𝑆𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆- 𝑆𝑆𝑖𝑖𝑆𝑆𝐶𝐶) 

where the first part is the intensity effect, and the second part is the mortality effect. The variance 

of the KMSA estimator was obtained using the delta method, which determines the variance of 

the product of two conditionally independent stochastic quantities: 

𝑉𝑉𝑎𝑎𝑎𝑎(𝑆𝑆 ∗ 𝑆𝑆) = 𝑉𝑉𝑎𝑎𝑎𝑎(𝑆𝑆) ∗ 𝑉𝑉𝑎𝑎𝑎𝑎(𝑆𝑆) + 𝑉𝑉𝑎𝑎𝑎𝑎(𝑆𝑆) ∗ 𝐸𝐸(𝑆𝑆)2 + 𝑉𝑉𝑎𝑎𝑎𝑎(𝑆𝑆) ∗ 𝐸𝐸(𝑆𝑆)2 

We calculated 𝑉𝑉𝑎𝑎𝑎𝑎(𝑆𝑆) using 1000 individual-level clustered bootstrapped replicates. To 

calculate 𝑉𝑉𝑎𝑎𝑎𝑎(𝑆𝑆), we conducted binomial sampling with mean survival probabilities applied to 

1,950 individuals (the starting cohort size in Lubeck et al.27). We calculated age-specific survival 

probabilities for males and females in 1000 bootstrap replicates. 
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Statistical Model of Costs for Survivors 

We used a quasi-likelihood approach with generalized linear models and flexible link and 

variance functions to model total health care costs and OOP costs (in separate models)24. 

Goodness of fit was assessed using raw-scale residual-based analysis25. The regression results for 

total health care costs are shown below: 
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The regression results for OOP costs are shown below: 
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Table 1: Raw total costs and out-pocket-costs for individuals with SCD. Costs are not model-
estimated and shown as mean (standard error). 
 
 

Age (years) Individuals with SCD 
 Females Males 
 TOTAL MEDICAL COSTS 

0-5 $24,894 (1,388) $32,098 (1,479) 
6-12 $30,156 (1,386) $31,404 (1,066) 
13-18 $37,364 (1,295) $43,676 (4,108) 
19-24 $41,720 (1,435) $43,054 (1,751) 
25-34 $34,168 (767) $36,529 (1,481) 
35-54 $35,850 (698) $39,808 (1,736) 
55-64 $47,299 (1,529) $46,320 (1,746) 

 OUT-OF-POCKET COSTS 
0-5 $1,230 (93) $1,305 (30) 
6-12 $1,143 (25) $1,216 (24) 
13-18 $1,240 (28) $1,280 (29) 
19-24 $1,394 (30) $1,354 (38) 
25-34 $1,447 (38) $1,327 (29) 
35-54 $1,355 (18) $1,326 (47) 
55-64 $1,398 (24) $1,393 (32) 
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Figure 1: Calibration and goodness-of-fit residual plots for annual total costs and OOP costs of surviving SCD individuals. 

a) Total Medical Costs 

 
b) Out-of-Pocket Costs 
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Figure 2: Estimated total costs and OOP costs among surviving SCD individuals smoothed over age. 95% confidence limits were 

estimated using 1000 individual-level clustered bootstrap replicates. 

(a) Total Medical Costs 

 

(b) Out-of-Pocket Costs 
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Figure 3: Digitized survival curves for SCD individuals and matched controls by sex. 

 
 
  


