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Mixed-effects models for categorical outcomes

e dichotomous outcomes

— mixed-effects logistic regression

e ordinal outcomes

— mixed-effects ordinal logistic regression

x proportional odds model
x partial or non-proportional odds model

e nominal outcomes

— mixed-effects nominal logistic regression

e discrete or grouped time-to-event data

— mixed-effects dichotomous or ordinal regression

x complementary log-log link for proportional (and
non-proportional) hazards models
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Logistic Regression Model

P(Y; = 1)
L= P(Y; = 1)

e Dichotomous outcome (Y = 0 absence, Y = 1 presence).

/

log

e Function that links probabilities to regressors is the logit (or log
odds) function log [P/(1 — P]|. Logit is called the link function.

The model can be written in terms of probabilities:

B 1

1+ exp(—z'B)

e Model is a linear model for the logits, not for the probabilities.

Logits can take on any values between negative and positive
infinity, probabilities can only take on values between 0 and 1

P(Y; = 1)



probability

Dichotomous Response and Threshold Concept
Continuous y; - an unobservable latent variable - related to
dichotomous response Y; via “threshold concept”

Response occurs (YV; = 1) if v < y;
otherwise, a response does not occur (Y; = 0)

LatentT Distribution: Normal and Logistic pdf
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The Threshold Concept in Practice
“How was your day?” (what is your satisfaction level today?)

e Satisfaction may be continuous, but we usually emit a
dichotomous response:

Great Day!

a day ...



Model for Latent Continuous Responses

Consider the model with p covariates for the latent response
strength y; (1 =1,2,...,N):

yi = ;8 + &

e probit: &; ~ standard normal (mean=0, variance=1)

e logistic: €; ~ standard logistic (mean=0, variance=m?/3)
= 3 estimates from logistic regression are larger (in abs. value)
than from probit regression by approximately |74 /3 = 1.8
Underlying latent variable

e useful way of thinking of the problem

e not an essential assumption of the model



Random-intercept Logistic Regression Model

Consider the model with p covariates for the response Y;; for subject
i (i=1,2,...,N)attime j (j =1,2,...,n;):

P(Y;; =11 vp;)
1 — P(Y;; =11 vy

log = ngﬁ + vp;

Y;; = dichotomous response for subject ¢ at time j

x;; = (p+ 1) x 1 covariate vector (includes 1 for intercept)
B = (p+ 1) x 1 vector of unknown parameters
vo; = subject effects distributed N'ZD(0, o2)



Model for Latent Continuous Responses

Consider the model with p covariates for the n; x 1 latent response
strength y;:

/
Yij = %8 + voi + €

where assuming

e ¢;; ~ standard normal (mean 0 and o = 1) leads to
mixed-eflects probit regression

e ¢;; ~ standard logistic (mean 0 and o2 = 72/3) leads to
mixed-effects logistic regression



Underlying latent variable
e not an essential assumption of the model

e useful for obtaining intra-class correlation ()

O’l2}
op+ 0
and for design effect (d)
2 2
o, 1+ 0
d = UO'Q =1/(1—r)

ratio of actual variance to the variance that would be obtained by
simple random sampling (holding sample size constant)



Scaling of regression coeflicients

B estimates from mixed-effects model are larger (in abs. value) than
from fixed-effects model by approximately

\/E— 0%+02

o2

because
o V(y) = 0% + 02 in mixed-effects model

o V(y) = 0 in fixed-effects model

difference depends on size of random-effects variance o2,
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Treatment-Related Change Across Time

Data from the NIMH Schizophrenia collaborative study on treatment related
changes in overall severity. IMPS item 79, Severity of Illness, was scored as:

1 = normal

2 = borderline mentally ill
3 = mildlyill

4 = moderately ill

5 = markedly ill

6 =

7T =

severely ill
among the most extremely ill

The experimental design and corresponding sample sizes:

Sample size at Week

Group 0 1 2 3 45 6 completers
PLC (n=108) 107 105 5 87 2 2 70 65%
DRUG (n=329) 327 321 9 287 9 7 265 81%

Drug = Chlorpromazine, Fluphenazine, or Thioridazine

Main question of interest:

e Was there differential improvement for the drug groups relative to the control
group”’
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e Under SSI, Inc > “SuperMix (English)” or “SuperMix (English) Student”

. 55 Inc

AUXAL 3

2 SuperMix (English) I
¥ SuperMix (English) Student ‘ ‘

e Under “File” click on “Open Spreadsheet”

Mew Spreadsheet Ctri+M
Open Spreadsheet... Ctrl+0
Import Data File... Ctrl+1
Exit

e Open C:\SuperMixEn Examples\ Workshop\ Binary\SCHIZX1 .ss3
(or C:\SuperMixEn Student Examples\ Workshop\ Binary\SCHIZX1.ss3)

i k)
Open Spreadsheet u
Loal in: I | Binary _'J = i o
Marme : Date medified Ty
'-_l__,_SCH]Zﬂ.s_s_% _. 5/17/2007 11:12 PM 5S¢
|| twsfpors.ss3 5/17/2007 11:11 PM - 52
4 | m »
File name:  |SCHIZX Open
Files of type: | Spreadshests { *ss3) Rd| Cancel
- A
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C:\SuperMixEn Examples\ Workshop\ Binary\SCHIZX1 .ss3

[ SCHIZX1 553 E=nEEh=

1103 Apply

[&)_Patient | [B) Imps73 |[C]_|mps730|[D] Imps#30| [E)] TxDg | [F]_Week |[G] Sgrfwee [H] Tw"5We =

1 550 1 4 1 0 0.00 0.00—
2 1103 3.00 1] 2 1 1 1.00 1.00
3 1103 -3.00 -3 -3 1 2 1.41 1.41
4 1103 2580 1] 2 1 3 1.73 1.73
4] 1103 -9.00 -9 -9 1 4 200 200
B 1103 -3.00 -3 -3 1 5 224 224
7 1103 4.00 1 2 1 E 245 245
g 1104 .00 1 4 1 0 0.0o0 0.o0
3 1104 3.00 1] 2 1 1 1.00 1.00
10 1104 -9.00 -9 -9 1 2 1.41 1.41
11 1104 1.50 1] 1 1 3 1.73 1.73
12 1104 -3.00 -3 -3 1 4 200 200
13 1104 -3.00 -3 -3 1 5 224 224
14 1104 2.50 1] 2 1 = 245 245
15 1105 4.00 1 2 1 0 0.00 0.00
16 1105 2.00 1] 2 1 1 1.00 1.00
17 1105 -3.00 -3 -3 1 2 1.41 1.41
18 1105 1.00 1] 1 1 3 1.73 1.73
19 1105 -3.00 -3 -3 1 4 2.00 200
20 1105 -9.00 -9 -9 1 5 224 224
21 1105 -3.00 -9 -3 1 E 245 245
22 1106 2.00 1] 2 1 0 0.0o0 0.0o0
23 1106 1.00 1] 1 1 1 1.00 1.00
24 1106 -3.00 -3 -3 1 2 1.41 1.41
25 1106 1.50 1] 1 1 3 1.73 1.73
26 1106 -9.00 -9 -9 1 4 200 200
27 1106 -9.00 -3 -3 1 5 224 224

28 1106 1.00 1] 1 1 E 245 245 -

1 | v
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Select Imps79D column, then “Edit” > “Set Missing Value”

P

B SCHIZX.s53 =] =]
|1 Apply
[ Patient | [B] Imps?S [(CImpsA00 [0 ImpsdE0| [E1L_TeDrug | [F Week [[G]_Sarfwes [H]_T«*5'We =l
1 1103 KR 1 4 1 0 0.00 0.00 —
2 1103 200 0 2 1 1 1.00 1.00
3 1103 -a.00 4 9 1 2 1.41 1.41
4 1103 280 0 2 1 3 173 173
5 1103 -8.00 K| 9 1 4 2.00 2.00
3 1103 .00 4 4 1 R 224 224
7 1103 4.00 1 2 1 B 245 245
8 1104 E.00 1 4 1 0 0.00 0.00
g 1104 200 0 2 1 1 1.00 1.00
10 1104 -8.00 9 9 1 2 1.41 1.41
11 1104 1.50 0 1 1 3 173 173
12 1104 -a.00 4 4 1 4 2.00 200
13 1104 -9.00 4 4 1 5 224 224
14 1104 250 0 2 1 B 2,45 2.45
15 1105 4.00 1 2 1 0 0.00 0.00 Missing alue Code: |-3
16 1105 200 0 2 1 1 1.00 1.00
17 1105 9,00 9 9 1 2 1.41 1.41 0K, Carcel |
18 1105 1.00 0 1 1 3 173 173
19 1105 -8.00 K| 3 1 4 2.00 2.00
20 1105 .00 4 4 1 R 224 224
71 1105 -a.00 4 4 1 B 245 245
22 1106 3.00 0 2 1 0 0.00 0.00
23 1108 1.00 0 1 1 1 1.00 1.00
24 1108 -8.00 K| 9 1 2 1.41 1.41
25 1106 1.50 0 1 1 3 173 173
5 1106 -a.00 4 4 1 4 2.00 200
27 1106 -9.00 4 4 1 5 224 224
28 1108 1.00 0 1 1 B 245 2.45 -
4 v
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Select “File” > “Data-based Graphs” > “Bivariate”

' !

Bivanate plot

List of Yarnables

Mame

Fatient
Impz79
Irmp=7a0
Imp=730
TwDrug
Week
Sortwfesk
Tw*S\week

B (=

.........

B (N

BB

(" Scatter Plat

(" Line Only Plat

{ " Scatter and Line Plat
(" Box and Whisker

{¢ Bivariate Bar Chart

Maote: Only one ¥ vanable may be selected

Plit Carncel
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Imps79D vs. Week
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Select “File” > “Data-based Graphs” > “Bivariate”

i !

Brvanate plot

List of Yarnables

Mame

Fatient
Impz79
Irmp=7a0
Imp=730
TwDrug
Week
Sortwfesk
Tw*S\week

B (N
Sl

(" Scatter Plat

(" Line Only Plat

{ " Scatter and Line Plat
(" Box and Whisker

‘* iBvanate Bar Chark

Maote: Only one ¥ vanable may be selected

Plit Carncel
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Imps79D vs. TxDrug
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Observed proportions > “moderately ill”

week 0 week 1 week 3 week 6
placebo 98 91 .89 71
drug 99 82 .66 42
Observed odds > “moderately ill”
week 0 week 1 week 3 week 6
placebo 52.5 9.50 7.70 2.50
drug 80.8 4.63 1.93 73
ratio .65 2.05 3.99 3.42
Observed log odds > “moderately ill”
week 0 week 1 week 3 week 6
placebo 3.96 2.25 2.04 92
drug 4.39 1.53 .66 -.31
difference -.43 72 1.38 1.23
exp (odds ratio) 65 2.05 3.99 3.42
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Observed Proportions across Time by Condition

IVIPS 79 Sewverity by Time

o Y L T T e et e I I e I T e I e I e T et e I I e I I B I e B e O B B B R B R B R I N I B NN I I N b R N e N N RN RN N RN

=

- == - Placebo

3 <4 5 =3

=
Time [(weeks])

|
=
D -
Y

e model is not linear in terms of probabilities

1
1+ exp [— (méjﬁ + UOZ'>]

P(Yi;=1]vy) =
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Observed Logits across Time by Condition

IMPsS 79 severity by Time

S
4 |
3 | |
+ 2r N
[anp]
[n]
— . |
a -
- - - Placebo
=1 Wie— )~ D) n
— L
—1 O 1 2 3 4 S 1S 7
Time (weeks]
IMrPs 79 Severity by Time
S
a |
3 ]
+ 21 7
)
[an]
— . |
o 1
& = - Placebo
-1 Wli— ) 1
— L I I L I L I L L L I L
—0.2 0.2 0.8 1.0 1.4 1.8 2.2 2.6

Time [(sgrt weeks])

P(Yi; =1 vo)
1 — P(Yj; =1 vo)

model is linear in terms of logits: log = w;jﬂ + Vo
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Within-Subjects / Between-Subjects components

Within-subjects model - level 1 (j =1,...,n; obs)

lOgZ'tZ'j = by; + b;vVWe ]fj

Between-subjects model - level 2 (i =1,..., N subjects)

boi = By + BoGrp; + wy;

b1; = 01 + B3Grp;

v ~ NID(0, 07)
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Under “File” click on “Open Existing Model Setup”

| File | Edit Window Help

Mew Project Ctrl+MN
Import Data File... Ctrl+I
Close

MNew Model Setup Ctrl+W
Open Existing Model Setup... Ctrl+E

MNew Syntax File
Open Syntax File...
Open Text File...

Data-based Graphs 3
Open Graph... Ctrl+G

Save Ctrl+S

Save Ac...

Exit

Open C:\SuperMixEn Examples\ Workshop\ Binary\schizbl.mum
(or C:\SuperMixEn Student Examples\Workshop\\Binary\schizbl.mum)

= Dpen Mixed U
7N 2
| | . % 05(C) » SuperMixEn Student Examples » Workshop » Binary v | #4 || Search Binary 2 |
L[S IEIERET C— |
Organize + MNew folder =« 0 @
B Desktop 2 MName Date modified Type Size
4 Downloads w = z 911 :
%5 Recen Pl | 7] schizbl 1/21/20131:35PM  MUM File 3KB
| Recent Places
b e | 7] schizb2 1/21/20131:56 PM - MUM File 3KB
“# Dropbox
p |&] TVBC 5/18/200712:14 AM  MUM File 4 KB
s D | @] TVBS 5/18/2007 1214 AM  MUM File 4 KB
= Libraries - . . :
3 |&] TVBSC 5/18/200712:15 AM  MUM File 4 KB
@ Documents
J’ Music
[E=] Pictures
¥ videos
Lol Computer
& os(c)
5 Units (WSPH-File _
File name: . - [Mu(ed- Up Models (".mum) V]
i Open |v] ’ Cancel ]
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Note “Dependent Variable Type” should be “binary”

ﬁ Model Setup: schizbl.mum

Configuration lEariahIes] Starting Ualues] Eatterns] Advanced | Linear Tranzforms

Title 1:

Schiz BINARY outcome

Title &
Dependent Y ariable Tupe:
Dependent ¥ arnable:

Cateqgories:

tizzing Y aluesz Present:

randam intercept model

binary -

Irmps 30 ]
Walue
1 |0
2 |1
true =]

tizzing VW alue for the Dependent Yar: |-3.0

Global Mizzing Yalue: |-3.0

Level-2 [Ds:
Level-3 [Ds:
Wiike Baves Estimates:
Convergence Criternon:

Murmber of lterations:

Perfarm Crozztabulation: |n|:|

FPatient il
Fio d
0.0007

100

Output Type: | standard

Select the form of the dependent vanable. The options on the screens will change as required.
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|§tarting Ualuesl Eatternsl Advanced | Linear Tranzforms

Ayvallable E
Fatient I
Impz7d [
Irmps/30 [
Irmps/30 [
T=Dirug v
Week [
St ek 2
TS wWeek i~

E =planatomy ' aniables

T=Drug

Sqriefeek,

Ta*SWweek

Iv Include Intercept

L-2 Random Effects

v Include Intercept

Uze the arrow keyz or click on the desired tab to zelect the category of interest for the model.
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Note “Optimization Method” should be “adaptive quadrature”

@ Model Setup: schizbl.mum

Configuration Hariahles] Starting Yaluesz | Patternz  Adwvanced ll__inearTransfnrms

General Sethings

L it " eighting: |

equal

Ophirmization Method: |

adaptive quadrature

Mumber of Quadrature Points: |25

Dependent [Binary] % anable Settings

Distribution Model:

Bernoull

Function Model:

E stimate Scale:

nane

=l e ==

logizhic

Select the aptimization rmethod.
The default iz adaptiee quadrature.
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Bernoulli
= Logistic

437

1803

|
Units

Level-1 Units

Model and Deta Descriptions
=T

Humber of Level-l Units per Lewel-Z Unit =

PROB (Succeas)= 1_0/[1.0+EXP(-ETA) ]

Sampling Distribution

random intercept model
Link Function

Schiz BINARY outcome

Humber of Lewvel

HNumber o

schizbl.out

3}

L8}

3]

4]

i

i

i

L&)

L3t}

£l

L&)

L3}

£

£

L&'

La

L]

=
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Cloze

Savefz.




o=
B

schizbl.out

o 0
| Cptimization Method: Adaptive (uadrature |
o 0
Number of gquadrature points = Z5
Number of free parameters = 5
Number of iterationa used = o
—21nL (deviance statistic) = 12 73485
bkeike Information Criterion 1255_73465
Schwarz Criterion 23281

Estimated regression weights

Standard
Parameter Estimate Error z Value E Value
intercept 5.2851 0_e303 2_5432 0_0aan
TxDrug —-0._0z247 0_.8533 —-0_0378 0_9898
Sgrtieek -1.4535& 0.2590% -5.1808& i i
Tx*5Heek -1.0143 0.3338 -3 .0385 0.00z4
{dds BRatioc and 95% {Odds Batio Confidence Intervals
Bounds
Parameter Estimate Odds Batio Lower Upper
intercept 53851 Z218.138¢ o3 .41Z25 T50.395¢
TxDrug —0.0z247 0.5875¢6 0_Z2711 3.510¢
Sgrtieek -1_45945& 0_2232 0.1263 0_.35945
Tx*5Heek -1.0143 0_3627 0_.12385 0_8977
Estimated lewvel 2 wariances and covariances
Standard
Parameter Estimate Error z Value P Value
intercept/intercept 4_4781 0.59458 4 _ 7345 a._.000a

m

Save bz, Cloze
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:* schizbl.out o || B ||
-
Calculation of the intracluster correlation
residual wariance = pi*pi / 3 (assumed)
cluster wariance = 4_ 4731
intracluster correlation = 4_4781 1 | 4_4781 + (pi*pif3)) = 0_.576
Population Rverage Estimates
Standard
Barameter Estimate Error z Value E Value
intercept 3.54z27 0.48Z8 7.854%5 0.0a000
ITxDrug —-0.054% 0.5162 —-0.1058 O_%157
Sgrtieek -1_0503 0_2z38 -4 _g93¢6 0._a000
Tx*5SWeek -0_5964 0_2502 -2 _3838 0_0171
Odds Batioc and 35% Odds Batioc Confidence Interwvals
Bounds
Barameter Estimate Odds Batio Lower Upper
intercept 3_54Z27 34 5805 13 _ 9515 B5.8l102
TxDrug -0_.054¢ 0_59488 0.3443 Z2_a040
SgrtiWeeck -1.0503 0.34%98 0.225& 0.5424
Tx*5Week —-0.5964 0.5508 03373 0.8954
=|
| SuperMix used 0.31 seconds CPU | <
o o -
1| 1} ; 3
Save bz 1 Cloze |

SuperMix is FAST for full-likelihood estimation of non-normal
models, and up to three level models
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Empirical Bayes Estimates of Random Effects
Select “Analysis” > “View Level-2 Bayes Results”

= chizbl.ba2 [::? | ||

1103.00 i -1 _.3733085 1.4321507 intercept -
1104 _00 i —Z_.B2Z2485¢0 1.48953540 intercept B
1105_00 E —Z_.740la0z 1.58%1gec3 intercept

] 110s.00 X —4 4004625 1.88735%¢ intercept
1107 _00 i 0_.3689451 2.78B83488 intercept
1108_.00 X 1.5328404594 2.2011548 intercept
1105_00 E -2 _.8B22465%6 1.428395540 intercept
1110_.00 X 1.53284094 2.2011548 intercept
1111 .00 3 01052776 1.57159068 intercept
1112_00 X -1.30708&2 1.7612202 intercept
11132_.00 E -1_.3733085 1.4321507 intercept
1114 _00 p 0.105277& 1.571590& intercept

] 1115_00 3 0_.9689451 Z2_TB883248B8 intercept
1118_00 X 0_4754395 2_.438%3902 intercept
1115_00 £ 0.0821545 1.5855843 intercept
1124 _00 l 0_.3689451 Z2_TBB24BB intercept
1125_00 3 -2 .891545%5 1.50389224 intercept
11z5_00 1 -1.1462781 1. 8120354 intercept
112&.00 i 0_.55811155 3_234687T22Z intercept
1140.00 i 0.43c859451 2.78B83488 intercept
1201.00 3 —2.52015938 1.21593075 intercept
130z .00 i -2 .822485¢% 1.48953540 intercept
1303_.00 F -1 .09058485 1.7909072 intercept -

Save Az | Cloze |

ID, random effect number,

estimate, variance, name
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Close output, select “File” > “Model-based Graphs” > “Equations”

i i
Plot Equations for Outcome Vanable

List of % anables

M amne Predictor | Group | Mark =
intercept - [ |
T=Dirug - [ |
Sarfweek v [ |
TeSweek - I [
Patient - | v

{* Femaining predictars fixed at O

(" Remaining predictors fixed at their means
| Plat linear regression model

Mote: Only one vanable may be selected for
grouping and anly one for marking.

Plit Cancel
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Estimated (subject-specific) Logits across Time by
Condition: random-intercepts model

Random Intercepts Logistic Model

"y
L
-~y
oy
oy
-~y
oy
Ty
y
y
L
Ty
y
oy
.y
L]
.y
oy
oy
oy
-~y
ey
L
oy
L]
"™ .
y

+ 3 |
@) -
O ~ ~
I = |- =~ ~ . N
1 (<) 7
O Placsebo (obs prop)l
. = Drug lobs propl T -]
Dl Imm peee g e -
— —0.2 | 0.2 | 0.s | ’l.‘O | 1.‘4 | 1.8 | 2.2 | 2.6
Time (sgrt weeks])
P(Y;; =11 vy)
1 )
10g / = 5.39 — .025 Dz — 1.50 Tj — 1.01 (Dz X T7) + Uy

1—P(Y;j:1|?)0i>
voi ~ NID(0, 62 = 4.48)

B change in (conditional) logit due to & for subjects with the same
value of vg; (the above plot is for vg; = 0)
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Random-intercepts Logistic Regression
logit;; = Cllgjﬂ + Vp;

e cvery subject has their own propensity for response (vy;)

e the influence of covariates @ is determined controlling (or
adjusting) for the subject effect

e the covariance structure, or dependency, of the repeated
observations is explicitly modeled
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By = log odds of response for a typical subject with = 0 and
Uy, = 0

B = log odds ratio for response associated with unit changes in
a for the same subject value wvy;
x referred to as “subject-specific”
x how a subject’s response probability depends on @

o5, = degree of heterogeneity across subjects in the probability
of response not attributable to x

e most useful when the objective is to make inference about
subjects rather than the population average

e interest is in the heterogeneity of subjects
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Estimated Subject-Specific Probabilites

Random

-
|

probability

Placebo (obs prop)
Drug (obs prop)
Placebo [(—1 subj sdl
Placebo [+1 subj sdl

ImMTtercepts Logistic Model

0.2
Drug [(—1 subj sdj
0.1 Drug (+1 subj sdl
0.0 | | | | | |
—0.2 0.2 0.6 1.0 1.4 1.8 2.2 =
Time [(sgrt weeks)

PYi;=1]|vy)

1

I+ exXp [— (539 — .03 Dz' — 1501} — 1.01 DZT} + U()Z')]

where vy, =

—1lo

lo

36
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Instead of the mixed model, consider the following marginal model

PY;;=1)
1 - PY;;=1)

log

/
] = ;8™

e 3P% have marginal or “population-average” interpretation
e Not conditional on subject random effects
e [istimates from a GEE model are of this type

e 3°° # AP unless random effect variance(s) equal 0 (or 5 = 0)

— Can one obtain BP¢ from 3°°7
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For a random-intercept model with estimates BSS and &%

~ 2D 2
A S8 (TU—|—7T/3

pa
/6 N/B / 7T2/3

e 72/3 is the variance of the standard logistic distribution

e square-root term on the right-hand side can be viewed as the
“marginalization” factor; transforms subject-specific parameters
into their population-averaged counterparts

e In a random-intercepts model, the variance is equal across time;
marginalization factor is equal across time and is a scalar

e For models with multiple random effects, this is not the case and
so there is no simple relationship
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e Hedeker, du Toit, Demirtas, Gibbons (2014) describe a general
marginalization approach that has been implemented in the
update of Supermix to yield Population Average Estimates

1 schizbl.out = | -=
-
Calculation of the intracluster correlation
residusl wvarisnce = pi*pi / 3 {(zs3sumed)
cluster wariance = 4_ 4781
intracluster correlation = 4_4781 £ | 4_4781 + (pi*pif3)) = 0_576
Population Average Estimates
Standard

Darameter Estimate Error z Value P Value

intercept 3.5427 0.482 7.8545 a.0a00

TxDrug -0.054% 0.51&82 -0.1058 G-9157

Sgrtieek -1.0503 0.2%38 -4 _§93¢ 0.0000

Txa*SWeek -0.55g4 0.2502 -2.38B38 0.0171

O0dds Ratio and 95% Odds Ratio Confidence Intervals
Bounds

Barameter Estimate Odda Retio Lower Upper

intercept 3_5427 34 5805 13_951% 85.68102

TxDrug -0.054% 0.%488 0.3443 2.8040

SgrtWeek -1.0503 0.34588 0.225& 0.5424

Tx*SHeek -0.55¢g4 0.5508 0-3373 0.8954

o

| SuperMix used 0.31 seconds CEU |

o -
< | i : P
Save bz, LCloze
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Marginalized Ranmndom Intercepts Logistic

=
|
4 I [ n
3 |- _
+
Oy 2 —
1 _
D Placebo (obs prop)
g H o1 M Drug (obs prop) R I RN e N N N N R R N R R N R N RN RN N A L —
- e = Placsekbo (marginall -
— DU Q) Cmarginall
—1 . ! . ! . ! . ! ! ! ! I !
—0.2 0.2 0.6 1.0 1.4 1.3 2.2 2.6

Time [(sgrt weeks])

P(Yi; =1)
1 —P(Yj; =1)

log = 3.54 — .055 Dz' — 1.05 Tj — .60 (DZ X T])

= these are the Population Average Estimates from Supermix
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Marginalized Bandom Intercepts Logistic

probability

|
o.4
0.3
[} Placebo (obs propl
0.2 | Drug (oks prop)
-— s == Placebo Cmarginall
a1 Drug Cmarginall
0.0 I ! ! ! 1 ! ! ! ! ! |
—0.2 a.2 0.e 1.0 1.4 1.8 2.2 2.

Time [(sgrt weeks]

1

PO = 1) = | exp[= (854 = 055 D; — LOST, — 60 D,T5)

= these are the Population Average Estimates from Supermix
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Within-Subjects / Between-Subjects components
Within-subjects model - level 1 (j =1,...,n; obs)

lOgZ'tZ'j =bg; + by;vWe kj

Between-subjects model - level 2 (i =1,..., N subjects)

boi = By + BoGrp; + vy,

bi; = B1 + B3Grp; + vy

v, ~NID(0,X,)
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Under “File” click on “Open Existing Model Setup”

| File | Edit Window Help

Mew Project Ctrl+MN
Import Data File... Ctrl+I
Close

MNew Model Setup Ctrl+W
Open Existing Model Setup... Ctrl+E

MNew Syntax File
Open Syntax File...
Open Text File...

Data-based Graphs 3
Open Graph... Ctrl+G

Save Ctrl+S

Save Ac...

Exit

Open C:\SuperMixEn Examples\ Workshop\ Binary\schizb2.mum
(or C:\SuperMixEn Student Examples\WorkshopBinary\schizb2.mum)

(= Open Mixed Up Mod

i iOv| L% 05(C) » SuperMixEn Student Examples » Workshop » Binary v |44 |.| Search Binary
Organize + MNew folder
Bl Desktop - Name Date modified Type
& Downloads o — y :
" | 3] schizbl 1/21/20131:35PM  MUM File
1=l Recent Places = = -
2 7| schizb2 1/21/20131:56 PM  MUM File
*# Dropbox = z >
|®] TVBC 5/18/200712:14 AM  MUM File
Sty o |®] TVBS 5/18/2007 12:14 AM  MUM File
= Libraries - . - . .
S |®] TVBSC 5/18/200712:15 AM  MUM File
@ Documents
J‘ Music
[E=] Pictures
¥ videos
Lol Computer
& os(c)
= Units (\\SPH-File _
File name: schizb2 - [Mu(ed- Up Models (".rmum) V]
[ Open |v] ’ Cancel ]
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Note “Dependent Variable Type” should be “binary”

@ Model Setup: schizb2.mum

Configuration lHariahIes] Starting Ualues] Eatterns] Edvanced] Linear Transfnrms]

=) & |

Title 1:

Schiz BINARY outcome

Title 2;
D ependent Y anable Type:
D ependent W ariable:

Cateqories:

tizzing W alues Present:

random intercept and trend model

binary -

Irnps 30 ]
Walue
1 |0
2 |1
frue L=

bizzing Y alue for the Dependent Yar: |-9.0

Global Missing " alue: |-3.0

Level-2 |Ds:
Level-3 [Ds:
"Wiite Baves Estimates:
Conwvergence Critenan;

Muriber af lterations:

Perfarm Crozstabulation: |n|:|

FPatient sl
i |
0.a0m

100

Cutput Type: | standard

Select the form of the dependent vanable. The ophionz on the socreens will change as required.
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SqrtWeek is a level-2 (subject) random effect
r[ﬁ Model Setup: schizb2.mum El [=] @

-~

lﬁtarting 'h"alues] Eatterns] Edvanced] Linear Transfnrms]

Ay ailable Bl E =planatory  anables L-2 Handom Effects

Patient | T=Cirug Sartaeek

Imps73 | Tx*S'wWeek

Imps 730 | Sarbweek

Imps 790 |

T=Dirug v

Week |

Sgrtweek v v

TeSwieek v (|

W |nclude Intercept

v |nclude Intercept

Uze the arrow keys or click on the desired tab to zelect the category of interest for the model,
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Note “Optimization Method” should be “adaptive quadrature”

@ Model Setup: schizb2.mum

Configuration Hariahles] Starting Yaluesz | Patternz  Adwvanced ll__inearTransfnrms

General Sethings

L it " eighting: |

equal

Ophirmization Method: |

adaptive quadrature

MNumber of Quadrature Points: |1 I

Dependent [Binary] % anable Settings

Distribution Model:

Bernoull

Function Model:

E stimate Scale:

nane

=l e ==

logizhic

Select the aptimization rmethod.
The default iz adaptiee quadrature.
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¥ schizb2.out

o -

| Optimization Method: Adaptive Quadrature |

o 0
Numbker of gquadrature points = 10
Humber of free parameters = 4
NHumber of iterations used = Tl
-Z1nL (dewviance statistic) = 1227 _75843
Akaike Information Criterion 1241 _T5e43
Schwarz Criterion 1275_41385

Estimated regression weights
Standard
Parameter Estimate Error z Value P Value
intercept 5_.9g58 1.0030 5.54 0.0000
TxDrug 0.3158 0_.7561 0.4Z22 0.8723
Tx*SWeek -1_6B17 0.4572 -3.3B8Z1 0.00a7
SgrtWeek -1_37&8 0.4574 -2 _T6B1 0.0058
0dds BRatio and 55% Odds Betioc Confidence Interwals
Bounds =
Parameter Estimate Odds Ratio Lower Upper
intercept 5.9658 385.8732 54 5385 2784 _0805
TxDrug a_3158 1.3768 0.31z8 &.0s00 !E
Tx*SWeek -1 26817 0.1881 0.0702 0.4531 De
SgrtWeek -1_3768 0.25Z24 0.0852 0.8e30
Estimated lewel Z wvariances and covariances
Standard
Parameter Estimate Error z Value F Value
intercept/intercept T_oYBES1 3.1542 2_.2780 0_.02Z7
SgrtWeek/intercept -2 _Z2035 e | -1.85945 0.0502
SgrtWeek,/Sgrtieek 3.23Bg 1.2324 Z_8Z719 0.008% —
Save Az Cloze ‘

= Comparing models: HO : agl =0, =0; X3 =1249.73 — 1227.76 = 21.97, p < .001
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i schizb2.out

-
intercept Sgrtieesk
intercept T X¥BSILXT
SgrtWeck —-2_.203484 3_2385a2

Level Z correlation matrix

intercept SgrtWeek
intercept 1.000000
Sgrtieek —-0_.458790 1.000000

Population Average Estimates

Standard
Parameter Estimate Error z Value P Value
intercept 3.4832 0.4745 T_297% 0._0a0aa
TxDrug 0.0472 0_.5375 0.087%9 0.53300
Tx*SWeek -0._6&609 0_.2887 -2 .3055 0.0211
SgrtWesk —-0._95955 0_.255%9 -3.8%904 0.0001
0dds Ratioc and 95% Odds Batio Confidence Interwals
Bounds

Parameter Estimate Odds Ratio Lower Tpper
intercept 3.483Z 31_%5181 12 _5%Z21 80.9052
TxDrug 0.0472 1_0454 0_3858 3_00&7
Tx*SWeek -0._.&660% 0.51&4 0.2944 0.3057
Sgrtieek —0_945955 0_3696 0_.ZZ38 0.8102

o o

| SuperMix used 1.11 seconds CPU |

o o 2

Save bz, ] Cloge ]

= Supermix is FAST for a full-likelihood solution using bivariate numerical integration involving
100 quadrature points!
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Empirical Bayes Estimates of Random Effects
Select “Analysis” > “View Level-2 Bayes Results”

2 schizh? ba2 [ | [ | ]
1103.00 1 -3.ZZ5457¢ 3.7395741 intercept -
1103.00 z 1.2792848 1.4021073 SgrtiWeek
1104 .00 1 -Z_ZT738372 4.13459330 intercept =
1104 .00 z =1 _.1Z17700 Z.3578041 SgrtiWeek
1105.00 1 -Z.3041z210 4_15088€l intercept
1105.00 z =1.04435592 Z2.50572e5 SgrtiWeek
110&.00 1 -5.687555%17 £.89080542 intercept
110&.00 z 0.55%&7187 1.897820321 SgrtWeek
11a7.00 1 0.4828&5978 ©.2540200 intercept
1107.00 z 0.58&7B25 2.34890230 SgrtWeek
1108.00 1 0.7145175 2.Z276838e0 intercept
11a8.00 z 1.2879341 1.9580584 SgrtiWeek
1105.00 1 —-Z_.Z2738372 4.1349330 intercept
1105.00 z =1_.1Z17700 Z2.357E8041 SgrtWeek
1110.00 1 0.7145175 2.Z276838e0 intercept
1110.00 z 1.2879341 1.59580584 SgrtiWeek
1131188 1 0.393105483 5.73312581 intercept
1111.00 z -0.4895328 1.7508380 SgrtWeek
111z.00 1 -1.4z244599¢% 5.33532174 intercept
111z.00 z -0.Z8180497 1.5569574 SgrtiWeek
1113.00 1 -1.75504398 4_4452538¢ intercept
1113.00 z 0.1e4393245 1.72325892Z8 SgrtWeek
1114.00 1 0.393105483 5.73312891 intercept
1114.00 z -0.4895328 1.7508380 SgrtWeek
1115.00 1 0.4828&5978 ©.2540200 intercept
1115.00 z 0.58&7B25 2.34890230 SgrtWeek
1118.00 1 0.45513c4 5.58589082 intercept
1118.00 z 0.0588365 3.1455239 SgrtiWeek
1115.00 1 0.8eB822594 5.8081087 intercept
1115.00 z -0.489859¢8 1.788%1e7 SgrtiWeek -

Save s, | Cloze |

ID, random effect number, estimate, variance, name
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Close output, select “File” > “Model-based Graphs” > “Equations”

i '

Plot Equations for Outcome Variable

Lizt of Yanables

M arne Predictor | Group | Mark =
intercept B ] B
T=Diug B ] B
Sartweek, v ] B
T=*Sw'eek |- I B
Patient - | v

* Remaining predictors fised at 0

(" Remaining predictars fixed at their means
| Plat linear regression maodel

Maote; Only one variable may be zelected for
grouping and anly one far marking.

Plat Cancel
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# Equation - Prob(Imps79D) vs ’:‘:pquWeek

Probilmps7a0)

Prob{Imps79D) vs. Sqrtweek

3.0

== )
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Summary - mixed models for binary outcomes

e link functions: logistic, probit, log-log, complementary log-log

e multiple random effects (correlated or independent) for up to
3-level models

e fast full-likelihood estimation using adaptive Gauss-Hermite
quadrature

e subject-specific and population-average estimates and inference
e discrete/grouped time survival analysis via person-period dataset
e Advanced > Level-2 (Co)variance Patterns > Unidimensional

— varying [CC model for MZ/DZ twin pair data: create dummy
variables MZ and DZ, specify both as random effects, select
“Unidimensional”

— [tem-response theory (IRT) models: create indicator variables
for items, specity all as random effects, select “Unidimensional”
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