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TECHNICAL APPENDIX. 

Marginal effects coding for the logit, multinomial logit, generalized linear model with log link 

models based on SAS, STATA, LIMDEP/NLOGIT, and MATLAB. 

 

1. Example 1: Factors Impacting the Probability of Treatment with Metformin Using A 

Logistic Regression 

A. SAS code – Average marginal effect 

Using the SAS Macro available at http://support.sas.com/kb/24/addl/fusion_24982_1_jackboot.sas.txt  
 
%macro analyze(data=,out=); 
ODS SELECT NONE;  
PROC GENMOD DATA=&data descending; 

model met= age male male_age hmo ppo pos agg_hf_risk_other 
agg_mi_risk_other hypertension_risk / link=logit dist=binomial; 

 
OUTPUT OUT = stat_out ( keep = person_id met 
Age male  male_age hmo ppo pos agg_hf_risk_other  
agg_mi_risk_other  hypertension_risk  p x r ) p=p xbeta=x 
RESRAW=r; 

 
ods output ParameterEstimates=stat_estimates; 

RUN; 
quit; 
ODS SELECT all;  
 
proc transpose data = stat_estimates out = stat_estimates_t (drop = 
_NAME_ GLM_scale) prefix=GLM_; 

id  parameter; 
var estimate; 

run; 
 
data stat_out; set stat_out; retain key 1; run; 
data stat_estimates_t; set stat_estimates_t; retain key 1; run; 
 
data stat_out;        
  merge stat_out stat_estimates_t; 
   by key;       
run;     
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data stat_out; 
  set stat_out; 
 
/*Predicted probability for the sample*/ 

pred_prob =       
(1/(1+(exp(-1*(1*GLM_Intercept+      
GLM_age * age +   
GLM_male * male +   
GLM_male_age * male*age +   
GLM_hmo * hmo +   
GLM_ppo * ppo +   
GLM_pos * pos +   
GLM_agg_hf_risk_other * agg_hf_risk_other +   
GLM_agg_mi_risk_other * agg_mi_risk_other +   
GLM_hypertension_risk * hypertension_risk    
)))));      

 
 
/*Predicted probability for MEN*/ 

pred_prob_male =  
(1/(1+(exp(-1*(1*GLM_Intercept+ 
GLM_age * age + 
GLM_male * 1 + 
GLM_male_age * 1*age + 
GLM_hmo * hmo + 
GLM_ppo * ppo + 
GLM_pos * pos + 
GLM_agg_hf_risk_other * agg_hf_risk_other + 
GLM_agg_mi_risk_other * agg_mi_risk_other + 
GLM_hypertension_risk * hypertension_risk  
))))); 

 
/*Predicted probability for WOMEN*/ 

pred_prob_female =  
(1/(1+(exp(-1*(1*GLM_Intercept+ 
GLM_age * age + 
GLM_male * 0 + 
GLM_male_age * 0*age + 
GLM_hmo * hmo + 
GLM_ppo * ppo + 
GLM_pos * pos + 
GLM_agg_hf_risk_other * agg_hf_risk_other + 
GLM_agg_mi_risk_other * agg_mi_risk_other + 
GLM_hypertension_risk * hypertension_risk  
))))); 

 
/*Marginal Effect for the GENDER*/ 

ME_MALE = pred_prob_male - pred_prob_female; 
 
/*Marginal Effect for the AGE*/ 

ME_AGE = pred_prob*(1-pred_prob)*(GLM_age + GLM_male_age*male);    
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/*Interaction term – AGE and MEN */ 
ME_AGE_male = pred_prob_male*(1-pred_prob_male)*(GLM_age + 
GLM_male_age*1);  
ME_AGE_female = pred_prob_female*(1-pred_prob_female)*(GLM_age + 
GLM_male_age*0); 

 
/*Interaction term GENDER*AGE - Variation in Marginal Effect of AGE by 
GENDER*/ 

ME_AGE_GENDER = ME_AGE_male-ME_AGE_female; 
RUN; 
 
PROC MEANS data=stat_out ;     

Var pred_prob pred_prob_male pred_prob_female ME_MALE ME_AGE 
ME_AGE_male ME_AGE_female ME_AGE_GENDER 

 
OUTPUT OUT=stat_out_mean  
mean( pred_prob pred_prob_male pred_prob_female ME_MALE ME_AGE 
ME_AGE_male ME_AGE_female ME_AGE_GENDER)= mean_pred_prob 
mean_pred_prob_male mean_pred_prob_female  mean_ME_MALE 
mean_ME_AGE mean_ME_AGE_male mean_ME_AGE_female 
mean_ME_AGE_GENDER; 

RUN; 

data _null_; 
set stat_out_mean; 

CALL symput ("mean_pred_prob",
 trim(left(mean_pred_prob))); 
CALL symput ("mean_pred_prob_male ",
 trim(left(mean_pred_prob_male))); 
CALL symput ("mean_pred_prob_female ",
 trim(left(mean_pred_prob_female))); 
CALL symput ("mean_ME_MALE", trim(left(mean_ME_MALE))); 
CALL symput ("mean_ME_AGE", trim(left(mean_ME_AGE))); 
CALL symput ("mean_ME_AGE_male",
 trim(left(mean_ME_AGE_male))); 
CALL symput ("mean_ME_AGE_female",
 trim(left(mean_ME_AGE_female))); 
CALL symput ("mean_ME_AGE_GENDER",
 trim(left(mean_ME_AGE_GENDER))); 

run; 
 
 
data &out; 
length  

mean_pred_prob mean_pred_prob_male mean_pred_prob_female 
mean_ME_MALE mean_ME_AGE mean_ME_AGE_male mean_ME_AGE_female 
mean_ME_AGE_GENDER 

 8. &by; 
mean_pred_prob = &mean_pred_prob ; 
mean_pred_prob_male = &mean_pred_prob_male ; 
mean_pred_prob_female = &mean_pred_prob_female ; 
mean_ME_MALE = &mean_ME_MALE ; 
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mean_ME_AGE = &mean_ME_AGE ; 
mean_ME_AGE_male = &mean_ME_AGE_male ; 
mean_ME_AGE_female = &mean_ME_AGE_female ; 
mean_ME_AGE_GENDER = &mean_ME_AGE_GENDER ; 
 
run; 
 

data &out  (keep =  mean_pred_prob mean_pred_prob_male 
mean_pred_prob_female mean_ME_MALE mean_ME_AGE mean_ME_AGE_male 
mean_ME_AGE_female mean_ME_AGE_GENDER); 
set &out; 
run; 
 
 
options nonotes; 
  %mend; 

 

%boot(data=<dataset>, samples=1000,random=2005); 
title '95%CI BC Method'; 
%bootci(bc, alpha=0.05); 
title '95%CI Percentile Method'; 
%bootci(pctl, alpha=0.05); 

 

B. SAS code – Marginal effect at the mean 

%macro analyze(data=,out=); 
ODS SELECT NONE;  
PROC GENMOD DATA=&data descending; 

model met= age male male_age hmo ppo pos agg_hf_risk_other 
agg_mi_risk_other hypertension_risk / link=logit dist=binomial; 

 
OUTPUT OUT = LOGISTIC_ALL ( keep = person_id met 
Age male  male_age hmo ppo pos agg_hf_risk_other  
agg_mi_risk_other  hypertension_risk  p x r ) p=p xbeta=x 
RESRAW=r; 

 
ods output ParameterEstimates= beta_glm; 

RUN; 
ODS SELECT all;  
proc means data = LOGISTIC_ALL noprint; 
var   
age 
male  
male_age 
HMO 
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PPO 
POS 
agg_hf_risk_other  
agg_mi_risk_other  
hypertension_risk; 
 
OUTPUT OUT=glm_mean  
mean(age 
male  
male_age 
HMO 
PPO 
POS 
agg_hf_risk_other  
agg_mi_risk_other  
hypertension_risk)=  
mean_age 
mean_male  
mean_male_age 
mean_hmo 
mean_ppo 
mean_pos 
mean_agg_hf_risk_other  
mean_agg_mi_risk_other  
mean_hypertension_risk  
 
; 
run; 
 
data _null_; 
set glm_mean; 
CALL symput ("mean_age", trim(left(mean_age))); 
CALL symput ("mean_male", trim(left(mean_male))); 
CALL symput ("mean_male_age", trim(left(mean_male_age))); 
CALL symput ("mean_hmo", trim(left(mean_hmo))); 
CALL symput ("mean_ppo", trim(left(mean_ppo))); 
CALL symput ("mean_pos", trim(left(mean_pos))); 
CALL symput ("mean_agg_hf_risk_other", 
trim(left(mean_agg_hf_risk_other))); 
CALL symput ("mean_agg_mi_risk_other", 
trim(left(mean_agg_mi_risk_other))); 
CALL symput ("mean_hypertension_risk", 
trim(left(mean_hypertension_risk))); 
run; 
 
data _null_; 
set beta_GLM; 
if Parameter = "Intercept" then call symput
 ("GLM_Intercept", Estimate); 
if Parameter = "age" then call symput ("GLM_age", 
Estimate); 
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if Parameter = "male" then call symput ("GLM_male", 
Estimate); 
if Parameter = "male_age" then call symput ("GLM_male_age", 
Estimate); 
if Parameter = "HMO" then call symput ("GLM_hmo", 
Estimate); 
if Parameter = "PPO" then call symput ("GLM_ppo", 
Estimate); 
if Parameter = "POS" then call symput ("GLM_pos", 
Estimate); 
if Parameter = "agg_hf_risk_other" then call symput
 ("GLM_agg_hf_risk_other", Estimate); 
if Parameter = "agg_mi_risk_other" then call symput
 ("GLM_agg_mi_risk_other", Estimate); 
if Parameter = "hypertension_risk" then call symput
 ("GLM_hypertension_risk", Estimate); 
 
run; 
 
data &out; 
length  
mean_age 
mean_male 
mean_male_age 
mean_hmo 
mean_ppo 
mean_pos 
mean_agg_hf_risk_other 
mean_agg_mi_risk_other 
mean_hypertension_risk 
GLM_Intercept 
GLM_age 
GLM_male 
GLM_male_age 
GLM_hmo 
GLM_ppo 
GLM_pos 
GLM_agg_hf_risk_other 
GLM_agg_mi_risk_other 
GLM_hypertension_risk 
 8. &by; 
mean_age = &mean_age ; 
mean_male = &mean_male ; 
mean_male_age = &mean_male_age ; 
mean_hmo = &mean_hmo ; 
mean_ppo = &mean_ppo ; 
mean_pos = &mean_pos ; 
mean_agg_hf_risk_other = &mean_agg_hf_risk_other ; 
mean_agg_mi_risk_other = &mean_agg_mi_risk_other ; 
mean_hypertension_risk = &mean_hypertension_risk ; 
GLM_Intercept = &GLM_Intercept; 
GLM_age = &GLM_age ; 
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GLM_male = &GLM_male ; 
GLM_male_age = &GLM_male_age ; 
GLM_hmo = &GLM_hmo ; 
GLM_ppo = &GLM_ppo ; 
GLM_pos = &GLM_pos ; 
GLM_agg_hf_risk_other = &GLM_agg_hf_risk_other ; 
GLM_agg_mi_risk_other = &GLM_agg_mi_risk_other ; 
GLM_hypertension_risk = &GLM_hypertension_risk ; 
 
run; 
 
 
data &out  (keep = pred_prob_AVERAGE pred_prob_male pred_prob_female  
ME_male_female ME_AGE  ME_AGE_male ME_AGE_female me_age_gender); 

set &out; 
 
 
/*Predicted probability for the sample*/ 
      
pred_prob_AVERAGE  =     
(1/(1+(exp(-1*(1*GLM_Intercept+      
GLM_age * mean_age +   
GLM_male * mean_male +   
GLM_male_age * mean_male * mean_age +   
GLM_hmo * mean_hmo +   
GLM_ppo * mean_ppo +   
GLM_pos * mean_pos +   
GLM_agg_hf_risk_other * mean_agg_hf_risk_other +   
GLM_agg_mi_risk_other * mean_agg_mi_risk_other +   
GLM_hypertension_risk * mean_hypertension_risk    
)))));      
      
      
/*Predicted probability for MEN*/      
      
pred_prob_male  =     
(1/(1+(exp(-1*(1*GLM_Intercept+      
GLM_age * mean_age +   
GLM_male * 1 +   
GLM_male_age * 1 * mean_age +   
GLM_hmo * mean_hmo +   
GLM_ppo * mean_ppo +   
GLM_pos * mean_pos +   
GLM_agg_hf_risk_other * mean_agg_hf_risk_other +   
GLM_agg_mi_risk_other * mean_agg_mi_risk_other +   
GLM_hypertension_risk * mean_hypertension_risk    
)))));      
      
/*Predicted probability for WOMEN*/ 
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pred_prob_female  =     
(1/(1+(exp(-1*(1*GLM_Intercept+      
GLM_age * mean_age +   
GLM_male * 0 +   
GLM_male_age * 0 * mean_age +   
GLM_hmo * mean_hmo +   
GLM_ppo * mean_ppo +   
GLM_pos * mean_pos +   
GLM_agg_hf_risk_other * mean_agg_hf_risk_other +   
GLM_agg_mi_risk_other * mean_agg_mi_risk_other +   
GLM_hypertension_risk * mean_hypertension_risk    
)))));      
      
/*Marginal Effect for the GENDER*/      
      
ME_male_female = pred_prob_male  - pred_prob_female  ; 
      
           
/*Marginal Effect for the AGE*/      
      
ME_AGE = pred_prob_AVERAGE *(1-pred_prob_AVERAGE )*(GLM_age + 
GLM_male_age*mean_male);    
      
     
/*Interaction term – AGE and MEN */ 
      
ME_AGE_male = pred_prob_male*(1-pred_prob_male)*(GLM_age + 
GLM_male_age*1);    
ME_AGE_female = pred_prob_female*(1-pred_prob_female)*(GLM_age + 
GLM_male_age*0);    
 
/*Interaction term GENDER*AGE - Variation in Marginal Effect of AGE by 
GENDER*/ 
 
me_age_gender = ME_AGE_male - ME_AGE_female; 
 
run; 
options nonotes; 
  %mend; 
 
 
 
/*run this version which samples from the observations*/ 
 
%boot(data=all_data_combined_mullins_aim3, samples=1000,random=2005); 
title '95%CI BC Method'; 
%bootci(bc, alpha=0.05); 
title '95%CI Percentile Method'; 
%bootci(pctl, alpha=0.05); 
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2. Example 2: Race differences in initial costs using a generalized linear model 

The program uses the SAS bootstrap macro available at: http://support.sas.com/kb/24/982.html   

The ME calculation example is based on the indicator for African American race. 

 

A.  SAS code – Average marginal effect (manual coding) with bootstrapped 95% confidence 

intervals 

 

*************** analyze macro for AME ******************; 
 
%macro analyze(data= , out=); 
 
ods output ParameterEstimates = genmod_estimates; 
proc genmod data = &data ; 
%bystmt; 
  model c_all_tot_pst6mo = 
met unstaged AA nWhnAA age_cat2 age_cat3 age_cat4 age_cat5 cci_missing 
cci_one cci_2plus perfproxy basecosthi 
/ link = log dist = gamma type3; 
  output out = genmod_out ( keep =c_all_tot_pst6mo  met unstaged AA 
nWhnAA age_cat2 age_cat3 age_cat4 age_cat5 cci_missing cci_one 
cci_2plus 
perfproxy basecosthi p x r ) 
p=p xbeta=x RESRAW=r; 
run; 
quit; 
 
proc transpose data = genmod_estimates out = genmod_estimates_t (drop 
= _NAME_ beta_scale) prefix=beta_; 
%bystmt; 
  id  parameter; 
  var estimate; 
run; 
 
data genmod_out; set genmod_out; retain key 1; run; 
data genmod_estimates_t; set genmod_estimates_t; retain key 1; run; 
 
data genmod_out; 
  merge genmod_out genmod_estimates_t; 
  by key; 
run; 
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data genmod_out; 
  set genmod_out; 
  by key; 
 
  retain sum_partial_effect num_obs; 
 
  if first.key then do;   
    num_obs = 0; 
    sum_partial_effect = 0; 
  end; 
 
  num_obs + 1; 
 
  me_AA = ( 
    exp( 
      beta_intercept + 
      beta_met  * met  + 
      beta_unstaged   * unstaged + 
      beta_AA  * 1 + 
      beta_nWhnAA  * nWhnAA  +     
      beta_age_cat2  * age_cat2  +     
      beta_age_cat3  * age_cat3  + 
      beta_age_cat4  * age_cat4    +   
      beta_age_cat5  * age_cat5  +   
      beta_cci_missing * cci_missing + 
      beta_cci_one  * cci_one  + 
      beta_cci_2plus  * cci_2plus    + 
      beta_perfproxy  * perfproxy  + 
      beta_basecosthi * basecosthi 
) -  
    exp( 
      beta_intercept + 
      beta_met  * met  + 
      beta_unstaged   * unstaged + 
      beta_AA  * 0  + 
      beta_nWhnAA  * nWhnAA  + 
      beta_age_cat2  * age_cat2  + 
      beta_age_cat3  * age_cat3  + 
      beta_age_cat4  * age_cat4    + 
      beta_age_cat5  * age_cat5  + 
      beta_cci_missing * cci_missing + 
      beta_cci_one  * cci_one  +   
      beta_cci_2plus  * cci_2plus    + 
      beta_perfproxy  * perfproxy  + 
      beta_basecosthi * basecosthi     
) 
  ); 
run; 
 
  proc means data=genmod_out noprint; 
    %bystmt; 
    var  me_AA ; 



 

12 
 

    output out=&out mean=me_AA_mean ; 
  run; 
 
%mend; 
 
* bootstrap *; 
%boot( data = cost1, samples = 1000, random = 123 ); 
 

 

 

B1. SAS code – Marginal effect at the mean (manual coding) with bootstrapped 95% confidence 

intervals 

***********************analyze macro for MEM*************************; 
 
%macro analyze(data= , out=); 
 
ods output ParameterEstimates = genmod_estimates; 
proc genmod data = &data ; 
%bystmt;    
  model c_all_tot_pst6mo = 
met unstaged AA nWhnAA age_cat2 age_cat3 age_cat4 age_cat5 cci_missing 
cci_one cci_2plus perfproxy basecosthi 
/ link = log dist = gamma type3; 
  output out = genmod_out ( keep =c_all_tot_pst6mo  met unstaged AA 
nWhnAA age_cat2 age_cat3 age_cat4 age_cat5 cci_missing cci_one 
cci_2plus 
perfproxy basecosthi p x r ) 
p=p xbeta=x RESRAW=r; 
run; 
quit; 
 
proc transpose data = genmod_estimates out = genmod_estimates_t (drop 
= _NAME_ beta_scale) prefix=beta_; 
%bystmt; 
  id  parameter; 
  var estimate; 
run; 
 
data genmod_out; set genmod_out; retain key 1; run; 
data genmod_estimates_t; set genmod_estimates_t; retain key 1; run; 
 
data genmod_out; 
  merge genmod_out genmod_estimates_t; 
  by key; 
run; 
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data genmod_out; 
  set genmod_out; 
  by key; 
 
  retain sum_partial_effect num_obs; 
 
  if first.key then do; 
    num_obs = 0; 
    sum_partial_effect = 0; 
  end; 
 
  num_obs + 1; 
 
 me_AA=  ( 
    exp( 
      beta_intercept + 
      beta_met  * 0.1982822  + 
      beta_unstaged   * 0.6725146 + 
      beta_AA * 1 + 
      beta_nWhnAA  * 0.0380117  + 
      beta_age_cat2  * 0.2437865  + 
      beta_age_cat3  * 0.2591374  + 
      beta_age_cat4  * 0.2072368    + 
      beta_age_cat5  * 0.1295687  + 
      beta_cci_missing * 0.0336257 + 
      beta_cci_one  * 0.2256944  + 
      beta_cci_2plus  * 0.1350512    + 
      beta_perfproxy * 0.2344664   + 
      beta_basecosthi * 0.25 
) - 
    exp( 
      beta_intercept + 
      beta_met  * 0.1982822  + 
      beta_unstaged   * 0.6725146 + 
      beta_AA  * 0 + 
      beta_nWhnAA  * 0.0380117  + 
      beta_age_cat2  * 0.2437865  + 
      beta_age_cat3  * 0.2591374  + 
      beta_age_cat4  * 0.2072368    + 
      beta_age_cat5  * 0.1295687  + 
      beta_cci_missing * 0.0336257 + 
      beta_cci_one  * 0.2256944  + 
      beta_cci_2plus  * 0.1350512    + 
      beta_perfproxy * 0.2344664  + 
      beta_basecosthi * 0.25 
) 
  ); 
run; 
 
  proc means data=genmod_out noprint; 
    %bystmt; 
    var  me_AA ; 
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    output out=&out mean=me_AA_mean ; 
  run; 
 
%mend; 
 
* bootstrap *; 
%boot( data = cost1, samples = 1000, random = 123 ); 

 

 

B2.  SAS Code – Marginal effect at the mean with confidence intervals based on delta method 

proc nlmixed data=cost1; 
estimate 'me_AA'  ( 
    exp( 
      b0 + 
      b_met  * 0.1982822  + 
      b_unstaged   * 0.6725146 + 
      b_AA  * 1 + 
      b_nWhnAA  * 0.0380117  +   
      b_age_cat2  * 0.2437865  +     
      b_age_cat3  * 0.2591374  + 
      b_age_cat4  * 0.2072368    + 
      b_age_cat5  * 0.1295687  + 
      b_cci_missing * 0.0336257 + 
      b_cci_one  * 0.2256944  + 
      b_cci_2plus  * 0.1350512    + 
      b_perfproxy * 0.2344664   + 
      b_basecosthi * 0.25 
) - 
    exp( 
      b0 + 
      b_met  * 0.1982822  + 
      b_unstaged   * 0.6725146 + 
      b_AA  * 0 + 
      b_nWhnAA  * 0.0380117  + 
      b_age_cat2  * 0.2437865  + 
      b_age_cat3  * 0.2591374  + 
      b_age_cat4  * 0.2072368    + 
      b_age_cat5  * 0.1295687  + 
      b_cci_missing * 0.0336257 +   
      b_cci_one  * 0.2256944  + 
      b_cci_2plus  * 0.1350512    + 
      b_perfproxy * 0.2344664  +  
      b_basecosthi * 0.25 
) 
  );  
parms            
          b0  =  10.0417 
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                   b_met            =      0.1999 
                   b_unstaged        =     0.0023 
                   b_AA              =      0.2877 
                   b_nWhnAA          =     0.1040 
                   b_age_cat2        =     -0.0385 
                   b_age_cat3        =      0.1052 
                   b_age_cat4        =      0.1513 
                   b_age_cat5        =      0.1461 
                   b_cci_missing    =      0.0757 
                   b_cci_one         =      0.0824 
                   b_cci_2plus       =     0.1668 
                   b_perfproxy       =    0.0767 
                   b_basecosthi      =      0.2589 
                  log_theta     =               0 ; 
 
  eta = b0 + b_met*met + b_unstaged*unstaged +  b_AA*AA + 
b_nWhnAA*nWhnAA +  b_age_cat2*age_cat2 + b_age_cat3*age_cat3 +  
b_age_cat4*age_cat4 + 
 b_age_cat5*age_cat5 +  b_cci_missing*cci_missing + b_cci_one*cci_one 
+ b_cci_2plus*cci_2plus + b_perfproxy*perfproxy + 
b_basecosthi*basecosthi; 
  mu    = exp(eta); 
  theta = 1.0241; 
  r = mu/theta; 
  model c_all_tot_pst6mo ~ gamma(theta,r); 
run; 

 

B3. STATA code – Average marginal effect with 95% confidence interval based on delta 

method 

> glm  c_all_tot_pst6mo i.aa nwhnaa met unstaged age_cat2 age_cat3 

age_cat4 age_cat5 cci_one cci_2plus cci_missing perfproxy basecosthi,  

link(log) family(gamma) 

> margins, dydx(aa) 
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3. Example 3: Factors Impacting Post-Stroke Hospital Discharge Disposition Using A 

Multinomial Model 

The marginal effects were estimated using both SAS and MATLAB. SAS was used for model 
estimation and to obtain estimates for the delete-d jackknife procedure. MATLAB was used for 
marginal effect estimation. LIMDEP code for calculating marginal effects also is provided. 
 
The program uses the SAS bootrstrap macro available at: http://support.sas.com/kb/24/982.html   

 

A.  SAS code 

data mlmdata; 
 set mlm.discharge; 
run; 
 
proc sort data=mlmdata nodupkey out=mlmdata2; 
 by key; 
run; 
 
data mlmdata; 
 set mlmdata2; 
 a = age_dis; 
 f = tf; 
 s = sex_male; 
 m = married; 
 pp = selfpay; 
 n = ncaucasian; 
 h = hemo; 
 d = discat; 
 an = a*n; 
 pn = pp*n; 
 nh = n*h; 
run; 
 
proc catmod data = mlmdata; 
direct a f s m pp n h an pn nh; 
model d = a f s m pp n h an pn nh/ml=nr epsilon = 1e-8 maxiter = 10000 
itprint; 
response / outest = dboots; 
*ods output estimates = dparm covb = dcovb; 
quit; 
run; 
 
* Delete-d Jackknife Macro; 
/* 
%let n = 69921; * number of obs; 
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%macro boots(B=1, seed=1234, outboots=temp2); 
%do i = 1 %to &B; 
 data mlmtemp; 
  set mlmdata;  
  ind = int(ranuni(&seed*&i)*&n)+1; 
 run; 
 
 proc sort data = mlmtemp; by ind; run; 
 
 data mlmtemp2; 
  set mlmtemp(firstobs = 6993); 
 run; 
 
 proc catmod data = mlmtemp2 noprint; 
 direct a f s m pp n h an pn nh; 
 model d = a f s m pp n h an pn nh/ml=nr epsilon = 1e-8 maxiter = 
10000 itprint; 
 response / outest = dtemp; 
 quit; 
 run; 
 
 proc append base=&outboots data=dtemp force; run; 
  
%end; 
%mend boots; 
 
%boots(B=5000, seed=2009, outboots=dboots) 
 

B.  LIMDEP/NLOGIT code – average marginal effects 

 
? VARIABLES 
? dd = Discharge category, binary, dependent var. 
? aa = Age 
? ff = TF, transfer, binary 
? ss = sex - male, binary 
? mm = married, binary 
? pp = self-pay, binary 
? nn = race, non-caucassian, binary 
? hh = hemoragic stroke, binary 
 
CREATE ;DISCHARG = DD - 1$ 
 
? ESTIMATE THE MULTINOMIAL MODEL 
 
MLOGIT ;LHS = DISCHARG 
 ;RHS = one, aa, ff, ss, mm, pp, nn, hh, aa*nn, pp*nn, nn*hh 
 ;Tlg=1e-9; Tlf=1e-12; Tlb=1e-12 
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 ;Alg = newton 
 ;Maxit = 1000 
 ;Output = 1$ 
 
? ESTIMATING AVERAGE MARGINAL EFFECTS 
 
PARTIALS ;Effects: aa/ff/ss/mm/pp/nn/hh; Outcome = 0; Summary$ 
PARTIALS ;Effects: aa/ff/ss/mm/pp/nn/hh; Outcome = 1; Summary$ 
PARTIALS ;Effects: aa/ff/ss/mm/pp/nn/hh; Outcome = 2; Summary$ 
PARTIALS ;Effects: aa/ff/ss/mm/pp/nn/hh; Outcome = 3; Summary$ 
PARTIALS ;Effects: aa/ff/ss/mm/pp/nn/hh; Outcome = 4; Summary$ 
PARTIALS ;Effects: aa/ff/ss/mm/pp/nn/hh; Outcome = 5; Summary$ 

 

 

 

C.  MATLAB code – average partial effect 

% Discharge Multinomial Paper Analysis 
 
% Import "disdata.txt"; "dboot_trad_parms.csv";  
 
% Variable Definitions 
dboot = dboot_trad_parms; 
d = data(:,40); % Discharge category, binary, dependent var. 
a = data(:,30); % Age 
f = data(:,32); % TF, transfer, binary 
s = data(:,33); % sex - male, binary 
m = data(:,34); % married, binary 
p = data(:,35); % self-pay, binary 
n = data(:,37); % race, non-caucassian, binary 
h = data(:,38); % hemoragic stroke, binary 
y2 = data(:,19); % Dummy Variable 2002 
y3 = data(:,18); % Dummy Variable 2002 
y4 = data(:,17); % Dummy Variable 2002 
y5 = data(:,16); % Dummy Variable 2002 
  
c = ones(length(d),1); 
z = zeros(length(d),1); 
 
an = a.*n; 
pn = p.*n; 
nh = n.*h; 
 
X2 = [c a f s m p n h an pn nh];  
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% Set-Up   
%dboot(1,:) = []; 
marginal = zeros(5001,35); 
marginalint = zeros(5001,15); 
marginalatmean = zeros(5001,35); 
marginalintatmean = zeros(5001,15); 
xmean = mean(X2); 
 
for k = 1:1:5001; 
% Separating the parameter estimates 
b = zeros(length(dboot(k,:))/5,5); 
for i = 1:5:length(dboot(k,:)); 
    for j = 1:1:5; 
        b(1+(i-1)/5,j) = dboot(k,i+j-1)'; 
    end 
end 
 
% Marginal effect for a 
mea = zeros(length(d),5); 
man = zeros(length(d),5); 
dhda = [z c z z z z z z n z z]; 
dhdan0 = [z c z z z z z z z z z]; 
dhdan1 = [z c z z z z z z c z z]; 
xan0 = [c a f s m p z h z z z];  
xan1 = [c a f s m p c h a p n];  
for i = 1:1:length(d); 
    temp1 = exp(X2(i,:)*b(:,1)); 
    temp2 = exp(X2(i,:)*b(:,2)); 
    temp3 = exp(X2(i,:)*b(:,3)); 
    temp4 = exp(X2(i,:)*b(:,4)); 
    temp5 = exp(X2(i,:)*b(:,5)); 
    tempd = 1 + temp1 + temp2 + temp3 + temp4 + temp5; 
    p1 = temp1/tempd; 
    p2 = temp2/tempd; 
    p3 = temp3/tempd; 
    p4 = temp4/tempd; 
    p5 = temp5/tempd; 
    p6 = 1 - p1 - p2 - p3 - p4 - p5; 
    d1 = dhda(i,:)*b(:,1); 
    d2 = dhda(i,:)*b(:,2); 
    d3 = dhda(i,:)*b(:,3); 
    d4 = dhda(i,:)*b(:,4); 
    d5 = dhda(i,:)*b(:,5); 
    ma1 = p1*(d1 - p1*d1 - p2*d2 - p3*d3 - p4*d4 - p5*d5); 
    ma2 = p2*(d2 - p1*d1 - p2*d2 - p3*d3 - p4*d4 - p5*d5); 
    ma3 = p3*(d3 - p1*d1 - p2*d2 - p3*d3 - p4*d4 - p5*d5); 
    ma4 = p4*(d4 - p1*d1 - p2*d2 - p3*d3 - p4*d4 - p5*d5); 
    ma5 = p5*(d5 - p1*d1 - p2*d2 - p3*d3 - p4*d4 - p5*d5); 
    mea(i,:) = [ma1 ma2 ma3 ma4 ma5]; 
    % Interaction a*n 
    temp10 = exp(xan0(i,:)*b(:,1)); 
    temp20 = exp(xan0(i,:)*b(:,2)); 



 

20 
 

    temp30 = exp(xan0(i,:)*b(:,3)); 
    temp40 = exp(xan0(i,:)*b(:,4)); 
    temp50 = exp(xan0(i,:)*b(:,5)); 
    tempd0 = 1 + temp10 + temp20 + temp30 + temp40 + temp50; 
    p10 = temp10/tempd0; 
    p20 = temp20/tempd0; 
    p30 = temp30/tempd0; 
    p40 = temp40/tempd0; 
    p50 = temp50/tempd0; 
    p60 = 1 - p10 - p20 - p30 - p40 - p50; 
    d10 = dhdan0(i,:)*b(:,1); 
    d20 = dhdan0(i,:)*b(:,2); 
    d30 = dhdan0(i,:)*b(:,3); 
    d40 = dhdan0(i,:)*b(:,4); 
    d50 = dhdan0(i,:)*b(:,5); 
    temp11 = exp(xan1(i,:)*b(:,1)); 
    temp21 = exp(xan1(i,:)*b(:,2)); 
    temp31 = exp(xan1(i,:)*b(:,3)); 
    temp41 = exp(xan1(i,:)*b(:,4)); 
    temp51 = exp(xan1(i,:)*b(:,5)); 
    tempd1 = 1 + temp11 + temp21 + temp31 + temp41 + temp51; 
    p11 = temp11/tempd1; 
    p21 = temp21/tempd1; 
    p31 = temp31/tempd1; 
    p41 = temp41/tempd1; 
    p51 = temp51/tempd1; 
    p61 = 1 - p11 - p21 - p31 - p41 - p51; 
    d11 = dhdan1(i,:)*b(:,1); 
    d21 = dhdan1(i,:)*b(:,2); 
    d31 = dhdan1(i,:)*b(:,3); 
    d41 = dhdan1(i,:)*b(:,4); 
    d51 = dhdan1(i,:)*b(:,5); 
    man1 = p11*(d11 - p11*d11 - p21*d21 - p31*d31 - p41*d41 - p51*d51) 
- p10*(d10 - p10*d10 - p20*d20 - p30*d30 - p40*d40 - p50*d50); 
    man2 = p21*(d21 - p11*d11 - p21*d21 - p31*d31 - p41*d41 - p51*d51) 
- p20*(d20 - p10*d10 - p20*d20 - p30*d30 - p40*d40 - p50*d50); 
    man3 = p31*(d31 - p11*d11 - p21*d21 - p31*d31 - p41*d41 - p51*d51) 
- p30*(d30 - p10*d10 - p20*d20 - p30*d30 - p40*d40 - p50*d50); 
    man4 = p41*(d41 - p11*d11 - p21*d21 - p31*d31 - p41*d41 - p51*d51) 
- p40*(d40 - p10*d10 - p20*d20 - p30*d30 - p40*d40 - p50*d50); 
    man5 = p51*(d51 - p11*d11 - p21*d21 - p31*d31 - p41*d41 - p51*d51) 
- p50*(d50 - p10*d10 - p20*d20 - p30*d30 - p40*d40 - p50*d50); 
    man(i,:) = [man1 man2 man3 man4 man5]; 
end 
mean_mea = mean(mea); 
marginal(k,1:5) = mean_mea; 
mean_man = mean(man); 
marginalint(k,1:5) = mean_man; 
 
% Marginal effects of the binary variables 
xf0 = [c a z s m p n h an pn nh]; 
xf1 = [c a c s m p n h an pn nh]; 
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tempfd0 = c + exp(xf0*b(:,1)) + exp(xf0*b(:,2)) + exp(xf0*b(:,3)) + 
exp(xf0*b(:,4)) + exp(xf0*b(:,5)); 
tempfd1 = c + exp(xf1*b(:,1)) + exp(xf1*b(:,2)) + exp(xf1*b(:,3)) + 
exp(xf1*b(:,4)) + exp(xf1*b(:,5)); 
mef1 = exp(xf0*b(:,1))./tempfd0 - exp(xf1*b(:,1))./tempfd1; 
mef2 = exp(xf0*b(:,2))./tempfd0 - exp(xf1*b(:,2))./tempfd1; 
mef3 = exp(xf0*b(:,3))./tempfd0 - exp(xf1*b(:,3))./tempfd1; 
mef4 = exp(xf0*b(:,4))./tempfd0 - exp(xf1*b(:,4))./tempfd1; 
mef5 = exp(xf0*b(:,5))./tempfd0 - exp(xf1*b(:,5))./tempfd1; 
mean_mef = mean([-mef1 -mef2 -mef3 -mef4 -mef5]); 
marginal(k,6:10) = mean_mef; 
 
clear xfo xf1; 
 
 
xs0 = [c a f z m p n h an pn nh];   
xs1 = [c a f c m p n h an pn nh]; 
tempsd0 = c + exp(xs0*b(:,1)) + exp(xs0*b(:,2)) + exp(xs0*b(:,3)) + 
exp(xs0*b(:,4)) + exp(xs0*b(:,5)); 
tempsd1 = c + exp(xs1*b(:,1)) + exp(xs1*b(:,2)) + exp(xs1*b(:,3)) + 
exp(xs1*b(:,4)) + exp(xs1*b(:,5)); 
mes1 = exp(xs0*b(:,1))./tempsd0 - exp(xs1*b(:,1))./tempsd1; 
mes2 = exp(xs0*b(:,2))./tempsd0 - exp(xs1*b(:,2))./tempsd1; 
mes3 = exp(xs0*b(:,3))./tempsd0 - exp(xs1*b(:,3))./tempsd1; 
mes4 = exp(xs0*b(:,4))./tempsd0 - exp(xs1*b(:,4))./tempsd1; 
mes5 = exp(xs0*b(:,5))./tempsd0 - exp(xs1*b(:,5))./tempsd1; 
mean_mes = mean([-mes1 -mes2 -mes3 -mes4 -mes5]); 
marginal(k,11:15) = mean_mes; 
 
 
clear xso xs1; 
 
 
xm0 = [c a f s z p n h an pn nh]; 
xm1 = [c a f s c p n h an pn nh]; 
tempmd0 = c + exp(xm0*b(:,1)) + exp(xm0*b(:,2)) + exp(xm0*b(:,3)) + 
exp(xm0*b(:,4)) + exp(xm0*b(:,5)); 
tempmd1 = c + exp(xm1*b(:,1)) + exp(xm1*b(:,2)) + exp(xm1*b(:,3)) + 
exp(xm1*b(:,4)) + exp(xm1*b(:,5)); 
mem1 = exp(xm0*b(:,1))./tempmd0 - exp(xm1*b(:,1))./tempmd1; 
mem2 = exp(xm0*b(:,2))./tempmd0 - exp(xm1*b(:,2))./tempmd1; 
mem3 = exp(xm0*b(:,3))./tempmd0 - exp(xm1*b(:,3))./tempmd1; 
mem4 = exp(xm0*b(:,4))./tempmd0 - exp(xm1*b(:,4))./tempmd1; 
mem5 = exp(xm0*b(:,5))./tempmd0 - exp(xm1*b(:,5))./tempmd1; 
mean_mem = mean([-mem1 -mem2 -mem3 -mem4 -mem5]); 
marginal(k,16:20) = mean_mem; 
 
 
clear xmo xm1; 
 
 
xp0 = [c a f s m z n h an pn nh]; 
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xp1 = [c a f s m c n h an pn nh]; 
temppd0 = c + exp(xp0*b(:,1)) + exp(xp0*b(:,2)) + exp(xp0*b(:,3)) + 
exp(xp0*b(:,4)) + exp(xp0*b(:,5)); 
temppd1 = c + exp(xp1*b(:,1)) + exp(xp1*b(:,2)) + exp(xp1*b(:,3)) + 
exp(xp1*b(:,4)) + exp(xp1*b(:,5)); 
mep1 = exp(xp0*b(:,1))./temppd0 - exp(xp1*b(:,1))./temppd1; 
mep2 = exp(xp0*b(:,2))./temppd0 - exp(xp1*b(:,2))./temppd1; 
mep3 = exp(xp0*b(:,3))./temppd0 - exp(xp1*b(:,3))./temppd1; 
mep4 = exp(xp0*b(:,4))./temppd0 - exp(xp1*b(:,4))./temppd1; 
mep5 = exp(xp0*b(:,5))./temppd0 - exp(xp1*b(:,5))./temppd1; 
mean_mep = mean([-mep1 -mep2 -mep3 -mep4 -mep5]); 
marginal(k,21:25) = mean_mep; 
 
 
clear xpo xp1; 
 
 
xn0 = [c a f s m p z h an pn nh]; 
xn1 = [c a f s m p c h an pn nh]; 
tempnd0 = c + exp(xn0*b(:,1)) + exp(xn0*b(:,2)) + exp(xn0*b(:,3)) + 
exp(xn0*b(:,4)) + exp(xn0*b(:,5)); 
tempnd1 = c + exp(xn1*b(:,1)) + exp(xn1*b(:,2)) + exp(xn1*b(:,3)) + 
exp(xn1*b(:,4)) + exp(xn1*b(:,5)); 
men1 = exp(xn0*b(:,1))./tempnd0 - exp(xn1*b(:,1))./tempnd1; 
men2 = exp(xn0*b(:,2))./tempnd0 - exp(xn1*b(:,2))./tempnd1; 
men3 = exp(xn0*b(:,3))./tempnd0 - exp(xn1*b(:,3))./tempnd1; 
men4 = exp(xn0*b(:,4))./tempnd0 - exp(xn1*b(:,4))./tempnd1; 
men5 = exp(xn0*b(:,5))./tempnd0 - exp(xn1*b(:,5))./tempnd1; 
mean_men = mean([-men1 -men2 -men3 -men4 -men5]); 
marginal(k,26:30) = mean_men; 
 
 
clear xn0 xn1; 
 
 
xh0 = [c a f s m p n z an pn nh]; 
xh1 = [c a f s m p n c an pn nh]; 
temphd0 = c + exp(xh0*b(:,1)) + exp(xh0*b(:,2)) + exp(xh0*b(:,3)) + 
exp(xh0*b(:,4)) + exp(xh0*b(:,5)); 
temphd1 = c + exp(xh1*b(:,1)) + exp(xh1*b(:,2)) + exp(xh1*b(:,3)) + 
exp(xh1*b(:,4)) + exp(xh1*b(:,5)); 
meh1 = exp(xh0*b(:,1))./temphd0 - exp(xh1*b(:,1))./temphd1; 
meh2 = exp(xh0*b(:,2))./temphd0 - exp(xh1*b(:,2))./temphd1; 
meh3 = exp(xh0*b(:,3))./temphd0 - exp(xh1*b(:,3))./temphd1; 
meh4 = exp(xh0*b(:,4))./temphd0 - exp(xh1*b(:,4))./temphd1; 
meh5 = exp(xh0*b(:,5))./temphd0 - exp(xh1*b(:,5))./temphd1; 
mean_meh = mean([-meh1 -meh2 -meh3 -meh4 -meh5]); 
marginal(k,31:35) = mean_meh; 
 
 
clear xh0 xh1; 
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%Interaction with two binary terms 
%p*n 
x00 = [c a f s m z z h z z z];  
x01 = [c a f s m z c h a z h]; 
x10 = [c a f s m c z h z z z]; 
x11 = [c a f s m c c h a c h]; 
temp00 = c + exp(x00*b(:,1)) + exp(x00*b(:,2)) + exp(x00*b(:,3)) + 
exp(x00*b(:,4)) + exp(x00*b(:,5)); 
temp01 = c + exp(x01*b(:,1)) + exp(x01*b(:,2)) + exp(x01*b(:,3)) + 
exp(x01*b(:,4)) + exp(x01*b(:,5)); 
temp10 = c + exp(x10*b(:,1)) + exp(x10*b(:,2)) + exp(x10*b(:,3)) + 
exp(x10*b(:,4)) + exp(x10*b(:,5)); 
temp11 = c + exp(x11*b(:,1)) + exp(x11*b(:,2)) + exp(x11*b(:,3)) + 
exp(x11*b(:,4)) + exp(x11*b(:,5)); 
mpn1 = exp(x11*b(:,1))./temp11 + exp(x00*b(:,1))./temp00 - 
exp(x01*b(:,1))./temp01 - exp(x10*b(:,1))./temp10; 
mpn2 = exp(x11*b(:,2))./temp11 + exp(x00*b(:,2))./temp00 - 
exp(x01*b(:,2))./temp01 - exp(x10*b(:,2))./temp10; 
mpn3 = exp(x11*b(:,3))./temp11 + exp(x00*b(:,3))./temp00 - 
exp(x01*b(:,3))./temp01 - exp(x10*b(:,3))./temp10; 
mpn4 = exp(x11*b(:,4))./temp11 + exp(x00*b(:,4))./temp00 - 
exp(x01*b(:,4))./temp01 - exp(x10*b(:,4))./temp10; 
mpn5 = exp(x11*b(:,5))./temp11 + exp(x00*b(:,5))./temp00 - 
exp(x01*b(:,5))./temp01 - exp(x10*b(:,5))./temp10; 
marginalint(k,6:10) = mean([mpn1 mpn2 mpn3 mpn4 mpn5]); 
 
 
%n*h 
x00 = [c a f s m p z z z z z];  
x01 = [c a f s m p z c z z z]; 
x10 = [c a f s m p c z a p z]; 
x11 = [c a f s m p c c a p c]; 
temp00 = c + exp(x00*b(:,1)) + exp(x00*b(:,2)) + exp(x00*b(:,3)) + 
exp(x00*b(:,4)) + exp(x00*b(:,5)); 
temp01 = c + exp(x01*b(:,1)) + exp(x01*b(:,2)) + exp(x01*b(:,3)) + 
exp(x01*b(:,4)) + exp(x01*b(:,5)); 
temp10 = c + exp(x10*b(:,1)) + exp(x10*b(:,2)) + exp(x10*b(:,3)) + 
exp(x10*b(:,4)) + exp(x10*b(:,5)); 
temp11 = c + exp(x11*b(:,1)) + exp(x11*b(:,2)) + exp(x11*b(:,3)) + 
exp(x11*b(:,4)) + exp(x11*b(:,5)); 
mpn1 = exp(x11*b(:,1))./temp11 + exp(x00*b(:,1))./temp00 - 
exp(x01*b(:,1))./temp01 - exp(x10*b(:,1))./temp10; 
mpn2 = exp(x11*b(:,2))./temp11 + exp(x00*b(:,2))./temp00 - 
exp(x01*b(:,2))./temp01 - exp(x10*b(:,2))./temp10; 
mpn3 = exp(x11*b(:,3))./temp11 + exp(x00*b(:,3))./temp00 - 
exp(x01*b(:,3))./temp01 - exp(x10*b(:,3))./temp10; 
mpn4 = exp(x11*b(:,4))./temp11 + exp(x00*b(:,4))./temp00 - 
exp(x01*b(:,4))./temp01 - exp(x10*b(:,4))./temp10; 
mpn5 = exp(x11*b(:,5))./temp11 + exp(x00*b(:,5))./temp00 - 
exp(x01*b(:,5))./temp01 - exp(x10*b(:,5))./temp10; 
marginalint(k,11:15) = mean([mpn1 mpn2 mpn3 mpn4 mpn5]); 
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k 
 
end 
 
%Evaluating statistics for the marginal effects 
mean_marginal = marginal(1,:) 
std_marginal = std(marginal(2:5001,:)) 
t_marginal = mean_marginal./std_marginal 
zlow = ones(1,length(mean_marginal))*norm_inv(0.975,0,1); 
zhigh = ones(1,length(mean_marginal))*norm_inv(0.025,0,1); 
lower_95_marginal = mean_marginal - zlow.*std_marginal 
upper_95_marginal = mean_marginal - zhigh.*std_marginal 
 
mean_marginalint = marginalint(1,:) 
std_marginalint = std(marginalint(2:5001,:)) 
t_marginalint = mean_marginalint./std_marginalint 
zlow = ones(1,length(mean_marginalint))*norm_inv(0.975,0,1); 
zhigh = ones(1,length(mean_marginalint))*norm_inv(0.025,0,1); 
lower_95_marginalint = mean_marginalint - zlow.*std_marginalint 
upper_95_marginalint = mean_marginalint - zhigh.*std_marginalint 
 
 


