


Gender effect - estimated hazard ratios

e post-intervention: exp(.3059) = 1.36 =- Males hazard of
smoking is significantly increased (an increase of about 36%)

e year 1: exp(—.1458) = .86 = Males hazard of smoking is
reduced (about 14%), but not significant

e year 2: exp(—.1517) = .86 = Males hazard of smoking is
reduced (about 14%), but not significant

note: these estimates are conditional estimates accounting for
school, CC, and TV effects
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Kaplan-Meier Survival Function estimates

Initiation of smoking experimentation in adolescents

interval cumulative
time # censor # event hazard prob survival prob survival prob
Females (N=814)
post-int 105 130 o = .160 840 840
year 1 154 117 e = 202 798 (.840)(.798) = .671
year 2 229 79 giiomr—gr = 207 744 (.671)(.744) = .499
Males (N="742)
post-int 83 156 %Zg =.210 790 790
year 1 134 89 ey = 177 823 (.790)(.823) = .650
year 2 217 63 ~5ang3s = -225 775 (.650)(.775) = .504
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Model fit of response proportions
Partial Proportional Hazards (random schools) model - Dichotomous

Sex clog-log W(z) = 1 —exp(—exp(z))  est.
Hazard probability at Post-Int
F U((—1.785 + AT x .047 + 48 x .021)/Vd)  .159
M U((—1.785 + 306 + 47 x 047 + .48 x .021)/Vd) 210

Hazard probability at Year 1
F W((—1.785 + 261 + A7 x .047 + .48 x .021)/Vd) 202
M W ((—1.785 + .306 + .261 — 452 + A7 x .047 + .48 x .021)/Vd)  .176

Hazard probability at Year 2
F W((—1.785 + 536 + AT x .047 + .48 x .021)/Vd) 257
M W ((—1.785 + .306 + .536 — 458 + A7 x .047 + .48 x .021)/Vd)  .225

d = design effect = (02 + 02) /02  d = (.0029 + 72/6)/(72/6)
47 = CC mean, .48 = TV mean
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survival function

Model Fit
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Youth within therapists example

Schoenwald, S.K. (2008). Toward evidence-based transport of
evidence-based treatments: MST as an example. Journal of

Child and Adolescent Substance Abuse, 17(3), 69-91.

“has child been suspended in the current school year”

visit 1 visit 2 visit 3 visit 4
no 1089 1122 1074 1046
yes 783 611 445 335

visit 1 = baseline, visit 2 = post-int, visit 3 = 6-months, visit 4 = 12-months

outcome of interest: time until first school suspension
covariates: child gender, family financial assistance
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e 1914 youth nested within 443 therapists

Cumulative Cumulative

n Frequency Percent Frequency Percent
1 107 24.15 107 24.15
2 8  19.19 192 43.34
3 bl  11.51 243 54.85
4 43 9.71 286 64.56
5 35 7.90 321 72.46
6 27 6.09 348 78.56
7 26 5.87 374 84.42
8 14 3.16 388 87.58
9 10 2.26 398 89.84
10 6 1.35 404 91.20
11 10 2.26 414 93.45
12 6 1.35 420 94.81
13 6 1.35 426 96.16
14 7 1.58 433 97.74
15 4 0.90 437 98.65
16 2 0.45 439 99.10
17 1 0.23 440 99.32
19 2 0.45 442 99.77
26 1 0.23 443 100.00
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c:\SuperMixEn Examples\Primer\Survival\Suspend.ss3

¥ SuperMix - [suspend.ss3]
B4 File Edit window Help

|

[&)_Therapst| [B) outhlD |[C] Suspend| [D]_Ewvent | [E] SexF | [F] Firndsst| [G] SexFin
1 18 452 1 1 0 0 0
2 18 509 1 1 0 1 0
3 18 FBE 1 1 0 1 0
4 18 1020 2 0 0 1 0
5 22 231 4 0 0 0 0
5 22 306 4 0 0 0 0
7 29 208 3 1 0 1 0
q 29 232 1 1 0 1 0
g 29 315 1 1 0 0 0
10 29 349 1 1 0 1 0
11 29 414 1 1 0 1 0
12 29 423 3 0 1 0 0
13 29 1059 1 1 0 0 0
14 29 1380 3 0 1 0 0
15 30 294 4 0 0 0 0
16 32 1542 3 1 1 1 1
17 43 1129 2 0 1 1 1
18 44 2009 1 1 0 1 0
19 45 287 1 1 0 0 0
20 51 395 4 0 1 0 0
21 57 1070 4 0 1 1 1
22 59 222 4 0 1 0 0
23 59 543 1 1 0 0 0
24 59 Fd4 1 1 0 0 0
25 59 790 4 0 0 0 0
25 59 1022 4 0 0 0 0
27 59 1331 1 1 0 0 0
28 59 1738 4 0 0 0 0
29 59 2177 3 1 1 0 0

(@A
(@)
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Event vs. Suspend

B 0=censor

. 1 = event
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P SuperMix

File Analizis  Window Help

za Model Setup: suspendl.mum - O] x
Title 1: |Survival Analyziz Uzing Ordered Responses
Title 2: |Complementany log ink funchion
Dependent Varnable Type: | ordered ] Level-2 |Dg: | Therapst sl
Dependent “Yanable; | Suzpend s Lewel-a (D hd
Cateqaories: Value Wiite Bapes Estimates: |no |
1 |1
2 |2 Convergence Criterion; |0.0007
3 |3
1 |4 Mumber of lterations:; |20
tizzing Values Present; |falze ] Perform Crosstabulation: Inn:u e
Output Type: Istandard dl

Iz the arrow keys ar click on the desired tab to zelect the categany of interest for the model.
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P SuperMix
File Analizis  Window Help

7 Model Setup: suspendl.mum = | =) [

&y ailable E |2 E =planatory W ariables L-2 Random Effects
Therapst [ [ SexF
"fauthlD [ I Finrdsst
Suspend [ [ S exFin
Event [ I
SexF v ||
Finndzst v (|
SexFin v (|

v Include Intercept

Iz the arrow keys ar click on the desired tab to zelect the categany of interest for the model.
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P SuperMix
File Analizis  Window Help

7 Model Setup: suspendl.mum = | =) [

— [eneral Sethings — Explanatory Yanable Interactions

it " eighting: I equal - lniclude Interactions: I ylu! -

Optimization Method: | non-adaptive quadrature + |

Mumber of Quadrature Paints; |25

— [rdered Dependent Y ariable Settings

Function Madel: | complementary loglog | Right-Cenzanng: | include -
Level-2 Random Threshalds: |no dl Cenzor Yanable: |Ewvent -
todel Terms: |add -

Iz the arrow keys ar click on the desired tab to zelect the categany of interest for the model.
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P SuperMix - [suspendl.out]
# File  Analysis  Window  Help

=Z1lnL

Parameter
Thresholdl
ThresholdZ
Threshold3
Thresholdd
SexF
Finnb=s=st
SexFin

Alternative

Parameter
intcept
ThresholdZ
Threshold3
Thresholdd

Parameter

Save bz

Mumher of cuadrature points =
Mumher of free parameters =
Mawher of iterations used

(deviance statistic) =
bkajike Information Criterion
Schwarz Criterion

4741 486817
475748612
4301 9217E

Estimated regression weights

Standard
Estimate Error z Value P Value
-0.86E&1 O.0549 -11_9E33 o.ooan
-0_zZ£3k5 o.0o517 -4 _ 31882 0. ooan
-0._03&4 0.0511 -0.&6338 O.&kzeZ
0.1z13 0o.0511 z.37z1 o.o177
-0_3z07 O.08l1s -3.9203 O.oo0o0l
O_zoo4 O.074z z.7014 0.0o0ss3
-0_0z37 O.1345 -0.17&0 0.2503
Parameterization, setting Threshaoldl= 0
Estimated regression weights
Standard
Estimate Error z Value P Value
-0.8E&1 O.0549 -11_9E33 o.ooan
0.4326 Oo.0zks le.78671 0. ooan
O.&6z37 00308 Z0.353F 0. ooan
.77k 0. 03444 Z2.6045 0. ooan
Estimated lewel £ wariances and covariances
Standard
Estimate Error z Value P Value
O.0ag834 0o.0303 z.7503 0_gosn

interceptSintercept

Cloze




Kaplan-Meier Survival Function estimates

Time to first school suspension

# # hazard interval cumulative
time censor event prob surv prob survival prob

Males with financial assistance (N=473)

baseline 14 223 20 =471 529

post-int 26 69 amean =292 708 (.529)(.708) =
6-months 13 30 gmoogrogy =213 8T (:37T4)(.787) =
12-months 83 15 (mggggigg =153 84T (:204)(.153) =

029
274
294
249

= Similar calculations for other groups (males without
assistance, females with assistance, females without assistance)
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suryival function
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Model fit - Males with financial assistance
Proportional Hazards (random therapists) model - Ordinal

clog-log W(z) =1 —exp(—exp(z))  estimate (1 - estimate)*

Probability of Category 1 response: Failure at Baseline
U((—.656 +.200)/Vd) = 470 530

Prob of Category 1 or 2 response: Cumulative Failure at Post-Int
U((—.224 + 200)/Vd) = 624 376

Prob of Category 1, 2, or 3 response: Cum Failure at 6-months
U((—.032+.200)/Vd) = 694 306

Prob of Category 1, 2, 3, or 4 response: Cum Failure at 12-months
U((121 4+ .200)/Vd) = 748 252

d = design effect = (02 + 02) /02 d = (.0834 + 2/6)/(72/6)

* (cumulative) survival = 1 - cumulative failure estimates
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survival function

Model Fit

Smoking onset by groups
Kaplan—Meiar and marginalized model estimates
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Model without Sex by Financial Assistance

comparing models with and without interaction, via
likelihood-ratio test, x7 = 4741.49696 — 4741.46612 = .03

variable estimate std error z-value p-value
SexF -0.3293  0.0654 -5.0362 0.0000
FinAsst  0.1933  0.0621 3.1109 0.0019

exp(—.3293) = .719 = Females hazard of school suspension is
significantly reduced (a reduction of about 28% relative to males)

exp(.1933) = 1.213 = Financial assistance kids have
significantly increased hazard (an increase of about 21%)

note: these estimates are conditional estimates, accounting for
the therapist effects
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Conditional vs Marginal effects

e In a mixed model, the regression coeflicients and the random
therapist effects are jointly estimated

e regressor effects are obtained controlling for, or adjusted for,
or conditional on the therapist effects

— comparing the populations of boys versus girls, controlling
for therapists (4.e., how different are the populations of
boys and girls who have the same therapist)

e marginal effects or unconditional effects are sometimes of
(greater) interest (i.e., population-averaged effects)

— comparing the populations of boys versus girls

e in linear mixed models, conditional = marginal effects, but
this is not true, in general, in non-linear mixed models (i.e.,
mixed models for non-normal outcomes)
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Expressing conditional as marginal effects

In a random intercept model, M = 3¢ /Vd

e M and 3¢ are the marginal and conditional effects

e d is the design effect = (02 + 02) /02

in current example, d = (.0834 + 72/6)/(7%/6) = 1.0507

—.3293/4/1.0507 = —.3213 marginal sex effect
1933/4/1.0507 =  .1886 marginal financial assistance effect

exp(—.3213) = .725 = Females hazard of school suspension is
significantly reduced (a reduction of about 27% relative to males)

exp(.1886) = 1.208 = Financial assistance kids have
significantly increased hazard (an increase of about 21%)
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Degree of clustering attributable to therapists

Calculation of the intracluster correlation

residual variance = pi*pi / 6 (assumed)

cluster variance = 0.0834

intracluster correlation = 0.0834 / ( 0.0834 + (pixpi/6)) = 0.048

= fair degree of clustering within therapists

e suggests that some therapists have positive effect on time to
school suspension, others have negative effect
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Empirical Bayes estimates of random effects

log [— log(1 — P(tz-j))] = %+:B;j5+vi where v; ~ N (0, ag)

e Random effects v; are also estimated

e can be of interest to indicate how particular clusters (i.e.,
therapists) are doing

e can be used to rank or compare clusters, or indicate unusual
clusters

e SuperMix provides these under “Analysis,” “View level-2
Bayes results” (also saved as a file with .ba2 extension)

e craph them under “File,” “Model-based Graphs,”
“Confidence Intervals”
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ix - [suspendl.baz]
& File Analysis  Window  Help

| lg.00 1 0. 0247254 0072134 intercept
Zz.00 1 -0.1led458145 0.0716857 intcercept
2900 1 01303024 00618695 intercept
30.00 1 -0._0833086 0.0766830 intercept
200 1 0.0leg&7E 00722206 intercept
4300 1 -0_ 0863505 0.07%2046% intercept
4400 1 00873273 0.021&773 intercept
4600 1 00613380 0.0819204 intercept
El._00 1 -0.0650&614 00783262 dintercept
E7_00 1 -0.a77878%7 0.0774677  intercept
E2_00 1 -0.0994530 0.0584513 dintercept
&l._00 1 0. 36E6713 0.0&551356 intercept
gz._00 1 0.1870z16 0.0&64415]1 intercept
&3.00 1 0.1l&2&01 00732233 intercept
&4_00 1 0_.Z38Z2ZF8 0_.071862% intercept
&E_00 1 0. 0235308 00630260 intercept
BE&_ 00 1 -0.0367840 00546296 intercept
&7.00 1 0. 0EZe04E23 0053238358 intercept
&9_00 1 -0._0070501 00667565 intercept
T7a.00 1 0.ZeE75732 0042323251 intercept
7100 1 -0_10Z403Z 0.0757441 intercept
qz.00 1 0.0&13380 0.0819z04 dintercept
74_00 1 0.1862837 0.0715860 intercept
7500 1 0_0EE20339 0.0789387 intercept
e 00 1 -0 00e2054 00767206 intercept
7E.00 1 -0.18E5z738 O_07E2777 incercept
g0.00 1 0.1le072k 00645016 intercept
81._00 1 0_0879E73 0.0816773 intercept
g2z.00 1 -0._0e0200z2 00730036 intercept
|87._00 1 0.01413E5%8 0.078149F intercept
2800 1 -0.0311188 00685233 intercept
Q000 1 -0.0833086 0.0766830 intercept
2300 1 0.1&643157 0.036419]1 dintercept
S4_00 1 0.1354Z60 0.0530098 intercept
2700 1 0.1748658 0.0783138% dintercept
Qg 00 1 0. 1926279 00490523 intercept
10z.00 1 -0.0&358433 00784248 dintercept
10z 00 1 -0 2703161 0047277 intercept
104_00 1 -0._0476530 0.07%37024 intercept
10Lk_ 00 1 -0 1033370 00652267 intercept
10&._00 1 -0_0Z4E574 00701926 intercept
las_ 00 1 -0.a77a7sYy 00774677  intercept
lla.00 1 0. 0386340 0.04%92344 intercept
1lz._00 1 -0.0305314 00750720 intercept
11300 1 -0.0837537 0.0713304 intercept
114.00 1 0.0&13380 0.0819204 dintercept
Save fz.. | Cloze I

ID, random effect number, random effect estimate (standardized 6; = v;/0,),
(posterior) variance, random effect label
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SAS for reading in Empirical Bayes estimates

DATA one;

INFILE ’c:\SuperMixEn Examples\Primer\Survival\Suspendl.ba2’;
INPUT id r1 TherInt TherPrec intercpt $;

PROC SORT; BY TherInt;

PROC PRINT; VAR id TherInt TherPrec;

RUN;

Obs 1d TherInt TherPrec
265 -0.35481 0.047210
354 -0.34406 0.049831
123 -0.33236 0.062671
122 -0.32261 0.059428

D W NN -

440 175 0.32769 0.059300
441 400 0.36221 0.061400
442 61 0.36267 0.055196
443 173 0.36696 0.052603
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And the winner is ...

Therapst YouthID Suspend Event SexF FinnAsst SexFin

265 422 1 0 0 0 0
265 510 1 0 1 0 0
265 572 3 0 0 0 0
2065 594 1 0 0 0 0
265 640 1 1 0 1 0
265 47 1 1 0 1 0
265 1101 3 0 0 0 0
265 1340 2 1 0 1 0
265 1505 3 1 0 1 0
265 1667 4 0 0 1 0
265 1863 3 0 0 0 0
265 1926 4 0 0 0 0
2065 2011 4 0 0 1 0
265 2016 3 1 0 1 0

mostly censored observations with higher times to first suspension
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And the loser is ....

Therapst YouthID Suspend Event SexF FinnAsst SexFin

173
173
173
173
173
173
173
173
173
173
173
173
173
173
173

200
279
382
407
523
760
923
1242
1610
1646
1725
1795
1991
2013
2250

1

e e N e N R e S i e e e N R NI S

1

0

OO kR kP kR OO OO oo +— F—k O

0

oo o R oo OoOPrrroOoOr oo+~ o

SO O R OO oo oo oo oo

mostly event observations with lower times to first suspension
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Second thoughts

e Assessing effects of therapists including baseline seems
problematic

e Being suspended at baseline seems unrelated to therapist
effectiveness

e some therapists might be getting more (or less) kids with
baseline suspension

e seems reasonable to exclude baseline, and focus on time to
first suspension after baseline
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Excluding baseline visit

P SuperMix

File Analysis  Window Help
7 Model Setup: suspend2.mum =0
Configuration |Hariables| Starting 'h-’alue&l Eatternsl ddvanced | Linear Transforms
Title 1: |Survrval Analysiz Uzing Ordered Responzes AFTER 1
Title 2: |Complementany log link, function
Dependent Yanable Type: | ordered |l Level-2 [Dg | Therapst ha
Dependent Wanable: | Suzpend ;| Level-3 1Ds: ;|
Categones: Value “wWite Baves Estimates: |no i
12 ; Convergence Criterion; |0.0001
=L Mumber of lterations: |50
Mizzing Yalues Present: |tue |l Perform Crozztabulation: Ir‘u:u ha
Mizzing " alue for the Dependent Yar: |1
Global Mizzing W alue: 9 Cutput Type: Istandard ha
Enter the mizzing value code used by all other vanables.
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P SuperMix - [suspend?2.out]
 File Analysis  Window  Help

Parameter
Thresholdl
ThresholdZ
Threshold3
SexF
Finnb=s=st
SexFin

Alternative

Parameter
intcept
ThresholdZz
Threshold3

Parameter

Save bz

Mumher of cuadrature points =
Mumher of free parameters =
Mawher of iterations used

—Z1lnL (dewviance statistic) =
bkajike Information Criterion
Schwarz Criterion

219440487
2205404537
P43 .34954

Estimated regression weights

Estimate

Parameterization, setting Threshaoldl= 0

Estimated regression weights

Estimate

Standard
Error z Value P Value
O_08&5s -1&5._090& o.ooan
a_avsa -1l0.E50Z1 0. ooan
o.0v7ek —-&.8320 0. ooan
o.1lz7o -£.131% 0.0330
O.1lzo& Z.0644 o.0390
0.21e63 -0.&5794 0.49&89
Standard
Error z Value P Value
O.085s -1&5._ 0206 0. ooan
0.0431 la.79E57 o.ooan
O.0L5z9 14 L5033 0. ooan
Eztimated level Z wariances and covariances
Etandard
Estimate Error =z Value P TValue
o.aolo O_007& 0.13E54 0.89z3

intercepk fintercept

Cloze
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Degree of clustering attributable to therapists

Calculation of the intracluster correlation

residual variance = pi*pi / 6 (assumed)
cluster variance = 0.0010
intracluster correlation = 0.0010 / ( 0.0010 + (pixpi/6)) = 0.001

= very small degree of clustering within therapists
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SAS for reading in NEW Empirical Bayes estimates

DATA two;

INFILE ’c:\SuperMixEn Examples\Primer\Survival\Suspend2.ba2’;
INPUT id r1 TherInt TherPrec intercpt $;

PROC SORT; BY TherInt;

PROC PRINT; VAR id TherInt TherPrec;

RUN;

Obs 1d TherInt TherPrec
1 122 -0.17915 0.056097
2 211 -0.17415 0.056336
3 354 -0.14976 0.051612
4 103 -0.14740 0.051710

388 481 0.18269 0.061248

389 482 0.21592 0.063285

390 238 0.21776 0.059572

391 610 0.26182 0.058515
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And the NEW winner is ...
Therapst YouthID Suspend Event SexF FinnAsst SexFin

122 243 3 0 1 0 0
122 391 4 0 1 0 0
122 531 4 0 0 0 0
122 576 4 0 0 0 0
122 ST 3 0 0 0 0
122 704 3 0 1 0 0
122 705 4 0 1 0 0

And the NEW loser is ...
Therapst YouthID Suspend Event SexF FinnAsst SexF'in

610 1291 4 1 1 0 0
610 1371 2 1 0 0 0
610 1728 1 0 1 0 0
610 1740 2 1 0 1 0
610 2082 2 1 0 1 0
610 2188 2 1 0 0 0
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Model without Sex by Financial Assistance

comparing models with and without interaction, via
likelihood-ratio test, x7 = 2194.86989 — 2194.40487 = .565

variable estimate std error z-value p-value
SexF -0.3223  0.1027 -3.1391 0.0017
FinAsst  0.2026  0.0999 2.0266 0.0427

exp(—.3223) = .725 = Females hazard of school suspension is
significantly reduced (a reduction of about 27% relative to males)

exp(.2026) = 1.225 = Financial assistance kids have
significantly increased hazard (an increase of about 23%)

note: these estimates are conditional estimates, accounting for
the (near-zero) therapist effects
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Tests of proportional hazards assumption

In ordinal, fit models with and without “Explanatory Variable
Interactions” on Advanced card

term likelihood-ratio x2 df p <
financial assistance 3.45 2 ns
sex 2.03 2 ns

P SuperMix P SuperMix

File Analysis  Window Help File  Analysis  Window Heln
% Model Setup: suspend2.mum =] F3| J7= Model Setup: suspend?2.mum -O] x|

anfigurationl Ealiablesl Starting Valuesl Patternz  Adwanced |I=inear Tranzforms

| Starting Valuesl Eattemsl Adwvanced | Linear Transforms

— General Settings E=planatory Variable Interactions ———————————— Available

| E | 2 E »planatary " ariables L-2 Random Effects |
AP = . Therapst [ Finndzst
Unit Weighting: quual _I Include Interactions: i VouthD il G
Mumber of Interactions; |1 Suspend rr
Ewvent (-
Sexf v |
Finndizst v ([
Sexfin [
Optimization Method: Inon-adaptive quadlature;l
v Include Intercept
Mumber of Quadrature Points: |25

— Ordered Dependent ¥ ariable Settings

Function Model: Icomplemental_l,l log-log ;I Right-Cenzoring: Iinclude ;I
Level-2 Random Thresholds: |no hd Censor Variable: IEvent ;I
Model Terms: Iadd ;I

Indicate if explanatory variable interactions should be inchuded it the model. | |dze the arrow keys or click on the desired tab to select the category of interest for the model.
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Summary

e Time-to-event analysis for clustered (or repeated) discrete-
and grouped-time data

— dichotomous or ordinal mixed regression models

e Eixtenstions to competing risk survival models (Gibbons et al,
2003, Biostatistics)

— person-time indicators (0=no event or censoring, 1=event
A, 2=event B)
—nominal (mixed) regression model

e Can also be used for continuous-time analysis (grouping
time-to-event outcomes in, say, 10 quantiles of time periods)

— lack of software for continuous-time (mixed) analysis

— Liu & Huang, (Stat Med, 2008) provide simulation results
supporting this approach
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