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Mixed effect model and GEE in multiple observation study

Profile Plots

* Example: Hypothetical Cholesterol Study

Group Initial | 2mo. | 4mo. | 6mo. | 8mo. | 10mo. | 12mo.

Drug
HARE2 A2 YR AHOM 2YAHE +XE5HE

Placebo | ‘ ‘ | | ‘

- Questions of Interest:
1) AJZHO| RIE0f et At ZAFE K]0 Mt Ql=7h
* Z, Time effect (within-subjects effect) 7} Q=717
2) Treatment(or Group) effect (between-subjects effect)7} QI =7}?
3) Drug®} Placebo 2 5 time effect7} S Yst7}?
0] 740 primary interest 2.

Profile Plots Illustrating the Questions of Interest

Time effect ONLY

=4=Drug
=0=Placebo

Time (months)

Profile Plots Illustrating the Questions of Interest

Profile Plots Illustrating the Questions of Interest

Time and Drug effect Time*Drug effect
~4—Drug ~-Drug
=O=Placebo =O=Placebo
0 2 4 6 8 10 n 0 2 4 6 8 10 n
Time (months) Time (months)
95% confidence intervals.  Analyses were performed separately for each time point. A similar s Pl
oo N I 1 —o— Placebo
l QRGN ATl [ repeated measures mode] . g 7] o tuemn
Effects of Dalcetrapib in Patients 8 -
with a Recent Acute Coronary Syndrome (2012) i e % ,
- —a— Dalcelrapib £ 2
o
i B ¢ TN
013 6 Woukh 24 36 g
< T T T T T T T T T 1
k LT o x » 13 6 9 12 1B 2 24 28 32 B
Pacsbo TOTTOOTR0 T2 o wo 51 Month
D - =

LOL Cholesterol (mg/d)
2 s =
Xi

HOL Cholasterol (mg/di)
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B [ u %

No.atRik No.atRik
Pao MOS8 o6 Picto 0769 s a0 w 50
Diketnpb B0 M TI% oy 359 Dikeapd WO%eY T 718 E) a 51

Hewci

Daleetapibproduced  modest eduction s trigycerides over the course ofth rial (P<D.00).
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Classes of Generalized Linear Models

Linear Mixed Models
E(Y|b)=XB+Zb
Responses Correlated
Correlation modeled in part by
“random effects”

Linear Models
(Linear regression, ANOVA, ANCOVA)
E(Y)=XB,

Responses Independent .

Classes of Generalized Linear Models

for Correlated Data
Population Average Inference Subject Specific Inference

Linear Mixed Models
E(Y|b)=XB+Zb

Generalized Estimating

Equations Approach (GEE)
glE(Y)=Xp

Responses Correlated
Correlation modeled in part by

Generalized Linear Models

(Logistic regression, Poisson
regression, etc.)

Mixed Models (GLMM)
BlE(Y[b))=XB+Zb
Responses Correlated
Correlation modeled in part by
“random effects”

“random effects”

Generalized Linear

glE(V))=Xp
Responses Independent

Generalized Estimating
Equations Approach (GEE)
elE(Y)=Xp
Responses Correlated

Mixed Models (GLMM)
glE(Y[b))=XB+Zb
Responses Correlated
Correlation modeled in part by
“random effects”

1
1
1
1
1
1
1
|
Responses Correlated 1
1
1
1
1
1
1
1
1
1
1

Linear Mixed Model
(MA=ERE)

Linear Mixed Model (LMM)

« 2271 20| SHOUAL 42 Dalsto] 2o Yol Y B8 2
(linear mixed model: LMM)O| Cf.
- Random Effects model
- Hierarchical linear effects model
- Multilevel models

ok

* IMME 1% & TH{fixed effect)QF 31 E & AH(random effect) 2 T T/ Y.
- 40| Bi(fixed) 22 REH HHO 2 WAL USS 7HY
- Fixed effect model
c BEMS2 DY 2ot SHHE HEtsen 442 0
- Mixed effect model (or Random coefficient model)

* SYH0) Olg) HBEX 2 HEO| Ictn MU 1

goznannn gug iz
Ly
! .

2 74 fixed level)2 2 3¢

W e THED

v 4% EY
y=Xf+¢
e~N(0,R)
Var(y)=R

where

y = dependent variable
g=residual error

X = design matrix for fixed effects
= fixed effects parameters

R = residual variance matrix

v igEsay
AOS
7~N(0,6)
e~N(O,R)

V =Var(y)=2GZ'+R

where

y = dependent variable

g=residual error

X = design matrix for fixed effects

Z = design matrix for random effects
3= fixed effects parameters
y=random effects parameters

V = the covariance matrix

* Random intercept model

sy ooe

= Random slope model

iy e

* Random intercept and slope model

sy i

Y= Do + Pit+ 6

Y, = observations for subject i at time t
/= the random intercept
(the intercept can vary between
subjects)

t=time

Yoz Py + P+

¥,,= observations for subject i at time t
;= the random regression coefficient

t=time

Y= By + i+ &
¥,,= observations for subject i at time t
[, = the random intercept
;= the random regression coefficient

t=time
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Mixed effect model and GEE in multiple observation study

Covariance Structure Type

* Example of type of covariance structure

@ AR(1) @ Compound Symmetry
L p Py a’+0, o o o
I P 6 ¢*+6 o o
e bop o 6 o’+0, 0
" optop | J o a 6 o'+a

Correlation between responses
depends on the interval of time
between responses

Any responses within the same
subject has the same correlation

@) Toeplitz @ Unstructured

6 6 6
6 ¢ 6 o
/] a’ J

0, 0 o) : 5
lﬁl o o6 o [641 O Op O J
» Al correlation coefficients free to

take any value
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c HHIE D %% Az 66M B ZLEE G5 D MM
< O, S0, 3, HE0| B7 Y20 0|X = BEQ P GEE
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Generalized Estimating Equation (GEE)
(el g4)

* Linear Mixed Model2 HIE =M= ATtH47} M2z 2 M2 = fady
HOl A0 2 7453k
v Generalized linear mixed model (Y 8to} M3 23t 2 &, GLIMMIX)
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Generalized Linear Models (GLM)
Independent Data Margma\ model: GEE

d i Data

* Linear regression
* Logistic regression
* Poisson Regression

GLMO| &

Liang and Zeger (1986)

» QS| 7 B Al (generalized estimating equations, GEE)
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2{5}7| 9{8} working correlationg 0|2

EO| M2 74 &l working correlation0] S 2 X|2tE HE20| AH 6IMO| 3|1 A +9 F
EREESIU R L
+ 22 working correlation0| %2

oxt m

WO E2 Z20E g Aol

23 o] FHOQI oS 7|5} X| %=CHH, exchangeable working correlation structure
s

i 0=

GEE2 10/ T 2R/ A% 8ol £EK] 342 U AT HAAL0l o142 5
OIQ+ }

&2 Ut Al ME B (generalized linear model) It & Ef 7} 2Lt

* Traditional Linear Model

® | ogistic Regression

Examples of Generalized Linear Models

® Poisson Regression in Log Linear
— response variable: a continuous variable Model

- distribution: normal - response variable: a count

— link function: identity g(x) = - distribution: Poisson

— link function: log g(y:) = log(y)

~ response variable: a proportion * Multinomial Models (ordinal
— distribution: binomial model)
= link function: logit — distribution: multinomial

o) =g (1/_:“) - link function: cumulative logit
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Fitting Algorithm Working Correlation

1. Compute an initial estimate of fwith an ordinary generalized linear model o T Pa = P

assuming independence. For subject vt/ P 1
2. Compute the working correlations R based on the standardized residuals, the ' : p

current £, and the assumed structure of R. 1 1 ¥ p 1
3. Compute an estimate of the covariance: V; = QA?R(Q)A? ' ‘
4. Update B: For repeated measures p,,, = cor-relatlon between times /and m

K ol i SApy ” For clustered data Pin= correlatlop between measures and m '
Bri1=B+ ;ﬁ v, ‘d—ﬁ'] ;T[; ViYi- g )} For all models considered here Vs assumed to be same for all subjects

5. lterate steps 2-4 until convergence

XWorking correlation matrix(R): Zt ZI2tLj0fl Q=
St working structureS 73S AEf 2 £M S MY

Types of working correlation matrix GEE vs MM(Mixed effects model)
Tde;en:en(; E;(ch;ng;ablz I SE(ﬁ)Q} o SE(ﬁ)DJ Az
! c oo * Recent proposals for robust variance
g=[0 100 R=|P 1 PP Model-based SE(f) 27 M5 estimates under MM
0010 pplop
0001 pop1 Output:
Output: * Coefficients(p) relating Y to X conditional on b
Stationary * Coefficients(p) relating Y to X * Estimates of subject specific random effect
M-dependent AR(L) Unstructured * Variance of subject specific random effects
1p 00 1 opt g2 p? 1 p p2ops PB= population-averaged B= subject-specific
PO L O Pt p? R L Pbs (or marginal) = K| (or conditional) = X|
0p 1 pm ot 1 pt P2 Py 1 opg
00 p 1 Pt ot 1 s Ps ps 1 Missing mechanism 7} = MCAR Missing mechanism 7} = MAR
= Missing0| MCARZ} OFHl Z 2= GEEE M A TH= biased & &= 91
. x =] : i
EX: B2 Z XX} & 2 A Z 1HGEE vs Mixed model) Data Format is Long (for MM and GEE)
B vy g S St 0 [ CIRIE L e e
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,"‘ v L ki) 0T i 3 1 2 1186 X 2 13
° e 5 3 3 0 W 2 » 2 ‘ 2 0 0 £ 2 7
4877 4 4 0 » ) [ 2 « 5 2 1 £l 5 2 7
. ° - s s 0w w7 5 @ : FE T N B
- J/// [ 6 o w m x5 5 1 E IR B B
i [, N N N 0 N N N B
o ° o 0 % o : T
o s 0 W 0 s w oz 8 7 ’ G B S -
[ W0 wm W % ® %
B e e w o w w ww I -
- ] B 0w = a1 7 & z - 3 3
time Mixed model with random intercept and slope I I S L R T S
0 w o m @ a2 5 - —
G IR I N Y N
0 7 1 1218 7 7 "
x R B R A
2 CI SR S
SPSS: ElOJE| > RS OHA 0|8 T -
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Mixed effect model and GEE in multiple observation study

.
Using SPSS
MM(Mixed effects model) GEE
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