
 
 
 

 
ECONOMETRIC MODELING OF HEALTH CARE COSTS 

 
 

John Mullahy 
Univ. of Wisconsin-Madison 

 
 
 

AHRQ/NCI Conference on 
Health Care Costs: Standardized Methods and Estimates 

for Research and Policy Applications 
 

 

December 6-7, 2007 



ROADMAP 
 

1. How is empirical modeling useful in practice? 
 
2. What sorts of questions may usefully be informed by 
 such empirical investigations? 
 
3. Specification and estimation of statistical models, in light 
 of (2) and of the data 
 
4. Goodness-of-Fit: Why and how? 
 
5. Considerations of "high-end" costs 
 
6. Translating and reporting research usefully 
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What are the Data, What are the Questions, and How Can Data 
 Address the Questions? 
 
  * Data are given by sampling from the "anatomy" of 
   the cost & covariate distribution ( )y,xφ  
 
  * Prominent data considerations and features: 
 

 

    -  0 with sometimes nontrivial # y ≥ y 0=  
 
    -  Conditional on x or not, distributions of 
     observed y are often skewed 
 
    -  Timeframe: All relevant y observed, or 
     possible left- &/or right-censoring? 
 
    -  Parametric analysis sets ( ) ( )y,x y,x;φ = φ θ  
 



Questions of concern to decision makers, when translated into 
( )yφ statistical terms, are typically based on properties of  or 

( ) : y |xφ

 

     -  ( )( )E y = μ = μ θ⎡ ⎤⎣ ⎦ ( )E y|x x= μ⎡ ⎤⎣ ⎦  or   

 
     -  ( )Prob y S∈ = π ( ) ( )Prob y S|x x∈ = π or  
 
     -  "Partial effects" of the x's on the above 
      conditionals 
 
     -  etc. 
 
 * Scientifically logical (and maybe regulatorily necessary) 
  that specification of the parameter(s) of interest is prior 
  to the analysis 
 
 * Decisionmaker's "loss function" will weigh considerations 
  of bias, precision, etc. given criterion parameter(s) to be 
  estimated 
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           MEPS Total Health Care Expenditures 2004 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%            0              0 
 5%            0              0 
10%            0              0       Obs               34403 
25%           68              0       Sum of Wgt.       34403 
 
50%          500                      Mean           2871.412 
                        Largest       Std. Dev.      9417.044 
75%         2342         314498 
90%         6789         392462       Variance       8.87e+07 
95%        12266         440524       Skewness       20.90473 
99%        37560         645980       Kurtosis       962.3038 

 

 



 
 

       MEPS Total Health Care Charges 2004 (excl. Rx) 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%            0              0 
 5%            0              0 
10%            0              0       Obs               34403 
25%           67              0       Sum of Wgt.       34403 
 
50%          472                      Mean           4887.386 
                        Largest       Std. Dev.      21636.52 
75%         2274         742110 
90%         9825         859108       Variance       4.68e+08 
95%        21495        1005849       Skewness       20.71001 

 

99%        76815        1305474       Kurtosis       791.3738 



Modeling (Conditional) Means 
 
 * Probably the main focus in applied econometric work 
  in this area is on modeling of conditional means 

( )E y|x x= μ⎡ ⎤⎣ ⎦    
 
   * Even though focus may sometimes be on  
    marginal means E[y], estimates of these are 
    recoverable from conditional mean estimates 
    in conjunction with x-weighting 
 
   * Given 0, then (if it exists) the conditional mean  y ≥

y    will satisf  ( )μ x 0>

 

 except in trivial cases 



 

Central (and Perhaps Decision-Relevant) Considerations in 
 Conditional Mean Estimation 
 
 * Knowing E y|x⎡ ⎤⎣ ⎦ vs. knowing "factors" of E y|x⎡ ⎤⎣ ⎦, e.g. 

  ( )E y|x Pr y 0|x E y|y 0,x= > × >⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦  
 
   -  "2PM" vs. "1PM", e.g. 
 
 * Enforcing vs. not enforcing constraints such as ( )x 0μ >  
 
   -  Linear- vs. log-link functions, e.g. 
 
 * Focus on E y|x⎡ ⎤⎣ ⎦ vs. focus on partial x-effects of E y|x⎡ ⎤⎣ ⎦ 
   
 * Emphasis on consistent estimation vs. emphasis on  
  estimator precision 
 
   -  Transform/retransform vs. levels estimation 
   -  Link function focus vs. family/distribution focus 



(cont.) 
 
 
 * Focus on "main effects" vs. focus on "interaction effects" 
 
   -  Policy considerations (e.g. comorbidities) 
   -  Interpretational considerations (What is an IE?) 
   -  Sample size considerations and "overfitting" 
 
 * Endogenous vs. exogenous covariates 
 
   -  Rationales for including vs. excluding endogenous 
    covariates (e.g. risk adjustment exercises) 
   -  Implications of possible endogeneity bias vis-a-vis 
    the decision problem at hand 

 

   -  Strategies for mitigating endogeneity bias 
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Goodness of Fit Considerations and Tests: What Departures of 
   Model from Data are of Concern? 
 
  Means (conditional) 
 
    * Conditional moment-type tests 
 
     - Focus on particular departures of 
      concern in x-space 
     - Hosmer-Lemeshow-, RESET-, G-O-L-, 
      Whang-type tests   
 
  Distributions (conditional) more generally 
 
    * Classical chi-square cell predictions 
 
     - Focus on particular cells of concern 
 
    * Kolmogorov-Smirnov-type 
 
  In-Sample vs. Out-of-Sample "Fit" ("Risk Adjustment")
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Upper Tail Behavior 
 
 * The often extreme skewness of marginal and/or 
  conditional cost distributions is frequently treated 
  as an analytical nuisance 
 
  * In some instances, high-end ("influential") cases are  
   effectively downweighted via strategies like robust 
   regression, quantile regression, or "outlier" 
   elimination (trimming) 
 
  * In such cases, however, analysts must obviously be 
   attuned to what parameters are being estimated 
   after such methodologies are applied, and how 
   these relate to the decision problem at hand 
   (e.g. means vs. medians) 

 

     



 
 

 

 



 
 
 

 

... Although expenditure data are typically somewhat skewed, 
the weighting involved in national survey data allows for the 
application of the central limit theorem and the use of means-
based tests instead of either nonparametric tests or log 
transformation of the data. We were thus able to preserve the 
interpretability of the results as dollars. We examined 
expenditure distributions to identify extreme outliers that could 
drive the difference in means and excluded 3 children whose 
total expenditures exceeded $1 million. Because these 3 
children all belonged in the general population group, excluding 
them as outliers slightly increased the estimated excess use 
and costs for the ADHD and asthma groups. 



Beyond such considerations, however, considerations of 
 upper-tail behavior may be of interest: 
 
  * From policy perspectives -- e.g. insurance/ 
   reinsurance, disease management, provider 
   profiling, etc. -- the behavior of the upper 

percentileα −    of the (conditional) cost distribution 
   (and,  consequently, how to model it) may be a 
   primary consideration 
 
  * From a perspective of estimation and inference, the 
   phenomena of heavy upper tails raise prospects of 
   "Pareto-type" statistical behaviors that may require 

 

   special attention
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Standardization and Reporting 
 
 * Possible limits of standardization given heterogeneity of 
   decision problems or questions confronting users of 
  econometric studies 
 
 * Potential benefits of a standardized taxonomy to which 
  producers and users of such research can point when 
  defining terms, methods, etc. 
 
 * BUT emphasize that... 
 
  ... work that doesn't fit (conceptually, 
     methodologically, etc.) within the taxonomy can  
    nonetheless be of high scientific merit 
 
  ... work that does fit within the taxonomy is not 
    necessarily of high scientific merit 
 
 * Well-conceived graphical presentation of data and results 

 

  offers much promise in the knowledge transfer domain 




