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[Abstract] The purpose of this article was to introduce 5 basic concepts, calculation methods, a clinical trial example and its
SAS implementation related to the repeated measurement model of growth with intergroup heterogeneity. The basic concepts included
the repeated experiments versus repeated measurements, variance—covariance structures, equilibrium versus heterogeneity, prior
versus posterior distributions, mixed versus multilevel models. The computational methods involved the sampling methods and the
prior distributions. The clinical trial example involved two groups of repeated measurement of growth with heterogeneity. This paper
gave the whole process of using SAS software to analyze the growth repeated measurement data in the example, including presenting
the growth graph of a specific index (short for distance) in the mouth of the two groups of children with age, constructing the linear
repeated measurement model of the two groups of children, constructing a model that took into account heterogeneity while estimating
gender effects, directly obtaining posterior distributions for gender—dependent intercepts and slopes, and directly inferring
probabilities based on the posterior estimates. The output results were explained and the effects of switching to a multilevel model were
discussed.
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Table 2 Conjugate sampling in proc bglimm

Family Parameter Prior

Normal B Multivariate normal

Normal Variance o® Inverse gamma
Multivariate normal B Multivariate normal

Multivariate normal Covariance 2, Inverse wishart
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Table 1  Results of repeated measurement of "distance"

of 27 children at the age of 8, 10, 12 and 14

Person Gender yl y2 y3 v4
1 F 21.0 20.0 21.5 23.0
2 F 21.0 21.5 24.0 25.5
3 F 20.5 24.0 24.5 26.0

TE : Person J2& 27 24 JLE I 4 5 5 Gender {RFRMER 5 y1~y4 43 IR L
2 JUFAE 8,10, 12 1 14 27 I o 52 )k Fir 744 ) (4 “ P #F ( Distance)”
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data pr;

input Person Gender $ y1 y2 y3 y4;

Distance=y1; Age=8; Time=1; output;

Distance=y2; Age=10; Time=2; output;

Distance=y3; Age=12; Time=3; output;

Distance=y4; Age=14; Time=4; output;

drop yl-y4;

datalines;

I F21.0 20.0 21.5 23.0

2 F21.0 21.5 24.0 25.5

3 F 20.524.0 24.5 26.0

25 M 22.5 25.5 25.5 26.0

26 M 23.0 24.5 26.0 30.0

27 M 22.0 21.5 23.5 25.0

run;

[ 22 & Ui B ] Person X % JLHE 4 5 ; Gender {43
PG s y1oy2.y3 . y4 s AU AR LB AE 8,10, 12
14 2 I} 4 o 500 5 i 4 31 19 BE 25 (Distance ) 7
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B ZE I SASFRIFUNF
proc sgpanel data=pr noautolegend ;

panelby Gender / columns=2 sparse;

scatter x=Age y=Distance / group=Person
markerattrs=( color=black symbol=circlefilled ) ;
series x=Age y=Distance / group=Person
lineattrs=GraphDataDefault ~ (color=blue  pat-
tern=1) ;

label age = "Age in Years’' Distance ='Distance
(mm)’;

run;
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Figure 1  Distance growth with age for girls
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Figure 2 Distance growth with age for boys
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Figure 3 Comparison of posterior density of R—covariance matrix

based on independent analysis
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proc beglimm data=pr seed=475193 outpost=pr_out
DIC;

by Gender;

class Person Time;

model Distance = Age;

random Time / subject=Person type=un r;

run;

[SAS 27Ut B Jan 54 random 15 5] 40 i, repeated

AL AUARCR 2 2%

[SAS 3= % h h & %&ﬁiﬁ]ﬁiéﬂ*ﬁ?ﬂ A%
SO 5 B S D] A TSR A R W 2. Fath
B R L P A e R Y S A A R
(DIC=114. 852) , N4 47 fieJm M0tk T A 1, i Ay
ZH5 0 Z A 22 A et B

F2 THEAHEBBRRCEANXENITEER

Table 2 Calculation results of posterior summaries and intervals

in the girl group model

ERE B OH ¥ OE bRz 95% HPD

Intercept 5000 17.395 0.946 15.558 19.278
Age 5000 0.479  0.084 0.309 0.642
Scale 5000 0.496  0.204 0.179  0.887

Random UN(1,1) 5000 3.928 1.917 1.286 7.811

53 A B 45 S 5000 I B0 T S R X [R] Y T
AR A3, g A Sk R A
T 28005 145 5 (DIC=249. 984) , N & 17 5 5
BT R AR IUE S5 0 Z ] Y 2

SR G RS M T 22 S H0h A4 A R
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Table 3 Calculation results of posterior summaries and intervals

in the boy group model

EI BB ¥ O bREE 95% HPD

Intercept 5000 16.241 1.245 13.627 18.558
Age 5000 0.794  0.107  0.563 0.985
Scale 5000 1.853 0.744  0.522 3.298

Random UN(1,1) 5000 3.714 1. 881 0.688 7.246

3.2.4 WME—BEEEERHMEX M THIERIRM

Ry R

BT 21 SASRRFF AR

proc bglimm data=pr seed=475193 outposti=pr_out;
class Person Gender Time;

model Distance = AgelGender;

repeated Time / type=un subject=Person group=

Gender r;

run;

[SAS 2 7 8 1 ] model 18 ) fdf FHAF 7% . 51 Fn

AR R (B A2 BAE )33 . Group=Gender (1
repeated 1547 H1 ) Sy RSP G G ST B Y R B
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Table 4 Calculation results of posterior summaries and intervals

in the two group model

Z %K 4 B B ¥ fHbREE 95% HPD X[
Intercept 5000 15.907 1.141 13.792 18.270
Age 5000 0.825 0.096 0.637 1.014
Gender I 5000 1.477 1.411 -1.165 4.371
Gender M 0 - - - -
Age*Gender F 5000 -0.344 0.122 -0.589 -0.101
Age*Gender M 0 - - - -

Residual UN(1,1) GenderF 5000 4.232 1.822 1.645 7.802

Residual UN(4,4) GenderM 5000 4.261 1.552 1.995 7.461
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proc  bglimm data=pr seed=475193 outpost=
pr_out;
class Person Gender Time;
model Distance = AgelGender;
repeated Time / type=un subject=Person group=
Genderr;
estimate 'Boys Intercept’ Int 1 Gender 1 0;
estimate 'Girls Intercept’ Int 1 Gender 0 1;
estimate 'Boys Slope’ Age 1 Age*Gender 0 1;
estimate 'Girls Slope” Age 1 Age*Gender 1 0;
run;
[SAS 2k th 45 58 B e e i LA P h il
H estimate T8-4) BLHEARAT- 55 VAT O 1 R FRE 3
B 5 B AT AT R IR 5. iR s wl i, 4%
A T LA S B A AR R S 5 (E R
95% HPD [l HH .
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Table 5 Calculation results of posterior distribution of intercept

and slope directly related to gender

br % ¥OoE ARk 95% HPD
Girls Intercept 17.384  0.826 15.708 18. 996
Boys Intercept 15.907  1.141 13.792 18.270
Girls Slope 0.481  0.074 0. 341 0. 630
Boys Slope 0.825  0.096 0. 637 1.014
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data prob;

set pr_out;

pDiff = boys_slope — girls_slope;

prob = (pDiff > 0);

keep pDiff prob;

run;

%sumint( data=prob, var=pDiff prob)
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Table 6  Calculation results of the probability of directly inferring the
slope of boys is greater than that of girls based on the posterior estimates
Z B R ¥ hREE
pDiff 5000 0.344 0.122 0. 101 0.589

95% HPD

prob 5000 0.997 0.053 1. 000 1. 000
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