
eAppendix 

In this appendix, we provide the R codes with annotations for obtaining the point estimates of 

the intrinsic estimator and the R codes for partial least squares regression. The data is saved 

in an R workspace file, HCC.Rdata, which is a re-organization of Table 3 and contains 38 

variables. This dataset will be included in the updated R package plsdof for partial least 

squares analysis written by the second author. 

R CODES FOR THE INTRINSIC ESTIMATOR AS IMPLEMENTED IN STATA 

## R codes for Intrinsic estimator (dummy variables with effect  

## coding: last group coded as -1) 

## Dataset is called HCC 

Summary(HCC) ## a summary of the dataset HCC 

A<-HCC[,6:14] ## age1 to age9 

P<-HCC[,16:21] ## period1 to period6 

C<-HCC[,23:37] ## cohort1 to cohort15 

## create dummies with contrast coding 

rA<-HCC[,15]*(-1) 

rP<-HCC[,22]*(-1) 

rC<-HCC[,38]*(-1) 

cA<-A+rA 

cP<-P+rP 

cC<-C+rC 

## create design matrix X 

X<-as.matrix(cbind(cA,cP,cC)) 

## product matrix M = X^TX 

M<-t(X)%*%X 

## undertake singular value decomposition for M 

svd(M) 

w<-as.matrix(eigen(M)$vectors[,1:29]) ## extract 29 eigenvectors 

fs<-X%*%w ## create principal components 

## run linear regression using lnrate as the outcome 

lm1<-lm(HCC$lnrate~fs) 

## extract coefficients from lm1 



C<-as.vector(summary(lm1)$coef[2:30,1]) 

## ontain regression coefficients for original variables 

NC<-w%*%C 

## display results 

NC 

 

NC gives the regression coefficients for age1 to age9, period1 to period6, and cohort1 to 

cohort15.  The following R codes for partial least squares regression will yield the same 

results: 

## Partial least squares regression to replicate results  

## from the intrinsic estimator 

library(pls) 

plsr1 <- plsr(HCC$lnrate ~ X, ncomp = 29, scale=F) 

coef(plsr1) ## display PLSR coefficients 

 

We can verify our results using apc_ie in Stata using the following Stata codes: 

. apc_ie  lnrates,age(age) period(period) 

Iteration 0:   log likelihood =  112.99245 
Intrinsic estimator of APC effects                 No. of obs      =        70 
Optimization     : ML                              Residual df     =        40 
                                                   Scale parameter =  .0040598 
Deviance         =  .1623927232                    (1/df) Deviance =  .0040598 
Pearson          =  .1623927232                    (1/df) Pearson  =  .0040598 
 
Variance function: V(u) = 1                        [Gaussian] 
Link function    : g(u) = u                        [Identity] 
 
                                                   AIC             = -2.371213 
Log likelihood   =  112.9924542                    BIC             = -169.7774 
 
------------------------------------------------------------------------------ 
             |                 OIM 
     lnrates |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
       age_1 |  -1.064067   .0248171   -42.88   0.000    -1.112708   -1.015427 
       age_2 |  -.6903998   .0231369   -29.84   0.000    -.7357473   -.6450522 
       age_3 |  -.3708881   .0234798   -15.80   0.000    -.4169077   -.3248686 
       age_4 |  -.0967306   .0236468    -4.09   0.000    -.1430774   -.0503837 
       age_5 |   .0940398   .0237283     3.96   0.000     .0475331    .1405465 
       age_6 |   .2478802   .0237559    10.43   0.000     .2013196    .2944409 
       age_7 |   .3650303   .0237233    15.39   0.000     .3185334    .4115272 
       age_8 |   .4706574   .0236106    19.93   0.000     .4243815    .5169334 
       age_9 |   .4652679    .023277    19.99   0.000     .4196457      .51089 



      age_10 |   .5792101   .0239538    24.18   0.000     .5322615    .6261587 
    period_1 |  -.3380914    .018595   -18.18   0.000    -.3745369   -.3016458 
    period_2 |  -.1726915   .0190584    -9.06   0.000    -.2100452   -.1353377 
    period_3 |  -.1378301   .0191899    -7.18   0.000    -.1754417   -.1002185 
    period_4 |   .0230747   .0191569     1.20   0.228    -.0144722    .0606215 
    period_5 |   .1357246    .018998     7.14   0.000     .0984893    .1729599 
    period_6 |   .2096606   .0186978    11.21   0.000     .1730136    .2463075 
    period_7 |   .2801531   .0199852    14.02   0.000     .2409828    .3193234 
   cohort_-9 |  -.0204209   .0575652    -0.35   0.723    -.1332466    .0924049 
   cohort_-8 |   .1894812   .0421655     4.49   0.000     .1068383    .2721242 
   cohort_-7 |   .1725955   .0358897     4.81   0.000      .102253     .242938 
   cohort_-6 |   .1805304   .0322931     5.59   0.000      .117237    .2438238 
   cohort_-5 |    .197719   .0297706     6.64   0.000     .1393697    .2560683 
   cohort_-4 |   .2350334   .0277013     8.48   0.000     .1807398     .289327 
   cohort_-3 |   .1777369   .0256399     6.93   0.000     .1274835    .2279903 
   cohort_-2 |   .1605229   .0260667     6.16   0.000      .109433    .2116128 
   cohort_-1 |   .1582323   .0258461     6.12   0.000     .1075749    .2088897 
    cohort_0 |   .1812556   .0250115     7.25   0.000      .132234    .2302771 
    cohort_1 |   .1141827   .0265767     4.30   0.000     .0620932    .1662722 
    cohort_2 |  -.0163152   .0283303    -0.58   0.565    -.0718416    .0392111 
    cohort_3 |  -.2042165   .0306474    -6.66   0.000    -.2642843   -.1441487 
    cohort_4 |  -.3224949   .0341985    -9.43   0.000    -.3895227   -.2554671 
    cohort_5 |  -.4729368   .0407013   -11.62   0.000    -.5527098   -.3931638 
    cohort_6 |  -.7309055   .0669439   -10.92   0.000    -.8621131    -.599698 
       _cons |   2.374296   .0100438   236.39   0.000     2.354611    2.393981 
------------------------------------------------------------------------------ 

 

Note that in the output from Stata, the labels for cohort groups started with -9 and ended with 

6, and this corresponded to cohort1 and cohort16 in our partial least squares regression 

analysis. The regression coefficient for the reference variable, i.e. age10, period7 and cohort-

9 (i.e. cohort16 in partial least squares regression analysis) is obtained in Stata using the 

constraint that the sum of regression coefficients for the each group (i.e. age1 to age10, 

period1 to period10 or cohort1 to cohort16) is zero. 

R CODES FOR THE INTRINSIC ESTIMATOR WITH THE FIRST GROUP AS THE REFERENCE 

The following R codes were used for running the intrinsic estimator with the first group as the 

reference: 

## Intrinsic estimator (dummy variables with effect coding: first 
group coded as -1) 

A1<-HCC[,7:15] ## age2 to age10 

P1<-HCC[,17:22] ## period2 to period7 

C1<-HCC[,24:38] ## cohort2 to cohort16 



## create dummies with contrast coding 

rA1<-HCC[,6]*(-1) 

rP1<-HCC[,16]*(-1) 

rC1<-HCC[,23]*(-1) 

cA1<-A1+rA1 

cP1<-P1+rP1 

cC1<-C1+rC1 

## create the design matrix 

X1<-as.matrix(cbind(cA1,cP1,cC1)) 

M1<-t(X1)%*%X1 

svd(M1) 

w1<-as.matrix(eigen(M1)$vectors[,1:29]) ## extract 29 vectors 

fs1<-X1%*%w1 

lm.1<-lm(HCC$lnrate~fs1) 

C1<-as.vector(summary(lm.1)$coef[2:30,1]) 

NC1<-w1%*%C1 

NC1 

R CODES FOR PARTIAL LEAST SQUARES REGRESSION IN TABLE 4 

The following is the R code for partial least squares regression including all dummy variables 

as shown in Equation 4. 

## Partial least squares regression without removing reference group 

library(pls) 

A<-HCC[,6:15] 

P<-HCC[,16:22] 

C<-HCC[,23:38] 

Xs<-as.matrix(cbind(A,P,C)) 

plsr2 <- plsr(HCC$lnrate ~ Xs, ncomp = 1, scale=F,  method = 
"oscorespls",validation = "LOO",jackknife=T) ## extract 1 components 

coef(plsr2) 

## Calculates jackknife variance 

var.jack(plsr2,ncomp=1)  

## Performs approximate t tests of regression coefficients based on  

## jackknife variance 

jack.test(plsr2,ncomp=1) 

 



HCC data 

rates lnrates age period cohort age1 age2 age3 age4 age5 age6 age7 age8 age9 age10 period1 period2 period3 period4 period5 
3.141 1.144 1 1 10 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
3.310 1.197 1 2 11 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
3.320 1.200 1 3 12 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
3.124 1.139 1 4 13 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
3.040 1.112 1 5 14 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
2.910 1.068 1 6 15 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2.362 0.859 1 7 16 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4.650 1.537 2 1 9 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 
5.513 1.707 2 2 10 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 
5.288 1.665 2 3 11 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 
5.361 1.679 2 4 12 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 
4.979 1.605 2 5 13 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
4.766 1.562 2 6 14 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
4.348 1.470 2 7 15 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
6.811 1.919 3 1 8 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 
7.247 1.981 3 2 9 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 
7.456 2.009 3 3 10 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 
8.173 2.101 3 4 11 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 
8.165 2.100 3 5 12 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 
7.419 2.004 3 6 13 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
7.258 1.982 3 7 14 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
8.412 2.130 4 1 7 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 
9.732 2.275 4 2 8 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 
9.896 2.292 4 3 9 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 
11.557 2.447 4 4 10 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 
12.755 2.546 4 5 11 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 
11.770 2.466 4 6 12 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
10.575 2.358 4 7 13 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
10.358 2.338 5 1 6 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 
12.045 2.489 5 2 7 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 
11.571 2.448 5 3 8 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 
14.374 2.665 5 4 9 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 
16.415 2.798 5 5 10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 
16.820 2.823 5 6 11 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
15.302 2.728 5 7 12 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
12.615 2.535 6 1 5 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 
14.012 2.640 6 2 6 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
13.876 2.630 6 3 7 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 
16.029 2.774 6 4 8 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 



18.658 2.926 6 5 9 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
20.431 3.017 6 6 10 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
21.267 3.057 6 7 11 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
13.544 2.606 7 1 4 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 
14.779 2.693 7 2 5 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 
17.044 2.836 7 3 6 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 
19.556 2.973 7 4 7 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 
20.140 3.003 7 5 8 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
22.300 3.105 7 6 9 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
25.811 3.251 7 7 10 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
14.541 2.677 8 1 3 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 
17.822 2.880 8 2 4 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 
18.670 2.927 8 3 5 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 
22.686 3.122 8 4 6 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
24.387 3.194 8 5 7 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 
23.463 3.155 8 6 8 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
25.572 3.241 8 7 9 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
12.363 2.515 9 1 2 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 
16.033 2.775 9 2 3 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 
17.509 2.863 9 3 4 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 
22.923 3.132 9 4 5 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 
26.755 3.287 9 5 6 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
26.461 3.276 9 6 7 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
28.332 3.344 9 7 8 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
13.397 2.595 10 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 
23.256 3.147 10 2 2 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 
21.233 3.056 10 3 3 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 
22.757 3.125 10 4 4 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 
24.807 3.211 10 5 5 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
29.251 3.376 10 6 6 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
27.064 3.298 10 7 7 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

 



HCC data: continued 

period6 period7 cohort1 cohort2 cohort3 cohort4 cohort5 cohort6 cohort7 cohort8 cohort9 cohort10 cohort11 cohort12 cohort13 cohort14 cohort15 cohort16 
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 



0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

 


