


Gender effect - estimated hazard ratios

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

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

• 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 105 130 130
814 = .160 .840 .840

year 1 154 117 117
814−235 = .202 .798 (.840)(.798) = .671

year 2 229 79 79
814−235−271 = .257 .744 (.671)(.744) = .499

Males (N=742)

post-int 83 156 156
742 = .210 .790 .790

year 1 134 89 89
742−239 = .177 .823 (.790)(.823) = .650

year 2 217 63 63
742−239−223 = .225 .775 (.650)(.775) = .504
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Model fit of response proportions
Partial Proportional Hazards (random schools) model - Dichotomous

Sex clog-log Ψ(z) = 1− exp(− exp(z)) est.

Hazard probability at Post-Int

F Ψ((−1.785 + .47× .047 + .48× .021)/
√

d̂) .159

M Ψ((−1.785 + .306 + .47× .047 + .48× .021)/
√

d̂) .210

Hazard probability at Year 1

F Ψ((−1.785 + .261 + .47× .047 + .48× .021)/
√

d̂) .202

M Ψ((−1.785 + .306 + .261− .452 + .47× .047 + .48× .021)/
√

d̂) .176

Hazard probability at Year 2

F Ψ((−1.785 + .536 + .47× .047 + .48× .021)/
√

d̂) .257

M Ψ((−1.785 + .306 + .536− .458 + .47× .047 + .48× .021)/
√

d̂) .225

d = design effect = (σ2
υ + σ2)/σ2 d̂ = (.0029 + π2/6)/(π2/6)

.47 = CC mean, .48 = TV mean
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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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• 1914 youth nested within 443 therapists
Cumulative Cumulative

n Frequency Percent Frequency Percent

1 107 24.15 107 24.15

2 85 19.19 192 43.34

3 51 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

55



c:\SuperMixEn Examples\Primer\Survival\Suspend.ss3
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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 14 223 223
473 = .471 .529 .529

post-int 26 69 69
(473−237) = .292 .708 (.529)(.708) = .374

6-months 13 30 30
(473−237−95) = .213 .787 (.374)(.787) = .294

12-months 83 15 15
(473−237−95−43) = .153 .847 (.294)(.153) = .249

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

clog-log Ψ(z) = 1− exp(− exp(z)) estimate (1 - estimate)∗

Probability of Category 1 response: Failure at Baseline

Ψ((−.656 + .200)/
√

d̂) = .470 .530

Prob of Category 1 or 2 response: Cumulative Failure at Post-Int

Ψ((−.224 + .200)/
√

d̂) = .624 .376

Prob of Category 1, 2, or 3 response: Cum Failure at 6-months

Ψ((−.032 + .200)/
√

d̂) = .694 .306

Prob of Category 1, 2, 3, or 4 response: Cum Failure at 12-months

Ψ((.121 + .200)/
√

d̂) = .748 .252

d = design effect = (σ2
υ + σ2)/σ2 d̂ = (.0834 + π2/6)/(π2/6)

∗ (cumulative) survival = 1 - cumulative failure estimates
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Model Fit
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Model without Sex by Financial Assistance

comparing models with and without interaction, via
likelihood-ratio test, χ2

1 = 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

• In a mixed model, the regression coefficients and the random
therapist effects are jointly estimated

• 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 (i.e., how different are the populations of
boys and girls who have the same therapist)

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

– comparing the populations of boys versus girls

• 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, βM = βC /
√

d

• βM and βC are the marginal and conditional effects

• d is the design effect = (σ2
υ + σ2)/σ2

in current example, d = (.0834 + π2/6)/(π2/6) = 1.0507

−.3293/
√

1.0507 = −.3213 marginal sex effect

.1933/
√

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 + (pi*pi/6)) = 0.048

⇒ fair degree of clustering within therapists

• 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 (tij))

]
= γt+x′ijβ+υi where υi ∼ N(0, σ2

υ)

• Random effects υi are also estimated

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

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

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

• graph them under “File,” “Model-based Graphs,”
“Confidence Intervals”
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ID, random effect number, random effect estimate (standardized θi = υi/συ),
(posterior) variance, random effect label
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θ̂i ± 1.96
√

therapist’s posterior variance
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SAS for reading in Empirical Bayes estimates

DATA one;

INFILE ’c:\SuperMixEn Examples\Primer\Survival\Suspend1.ba2’;
INPUT id r1 TherInt TherPrec intercpt $;

PROC SORT; BY TherInt;

PROC PRINT; VAR id TherInt TherPrec;

RUN;

Obs id TherInt TherPrec

1 265 -0.35481 0.047210

2 354 -0.34406 0.049831

3 123 -0.33236 0.062671

4 122 -0.32261 0.059428

. . . .

. . . .

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 4 0 1 0 0
265 572 3 0 0 0 0
265 594 4 0 0 0 0
265 640 1 1 0 1 0
265 747 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
265 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
173 200 1 1 0 0 0
173 279 1 1 0 0 0
173 382 2 0 1 1 1
173 477 2 1 1 0 0
173 523 1 1 0 0 0
173 760 1 1 0 1 0
173 923 1 1 0 0 0
173 1242 1 1 0 1 0
173 1610 1 1 0 0 0
173 1646 1 1 0 0 0
173 1725 2 0 1 0 0
173 1795 1 1 1 1 1
173 1991 4 0 1 0 0
173 2013 1 1 0 0 0
173 2250 1 1 0 0 0

mostly event observations with lower times to first suspension
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Second thoughts

• Assessing effects of therapists including baseline seems
problematic

• Being suspended at baseline seems unrelated to therapist
effectiveness

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

• seems reasonable to exclude baseline, and focus on time to
first suspension after baseline
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Excluding baseline visit
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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 + (pi*pi/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 id 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
122 577 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 SexFin
610 1291 4 1 1 0 0
610 1371 2 1 0 0 0
610 1728 4 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, χ2

1 = 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 χ2 df p <
financial assistance 3.45 2 ns
sex 2.03 2 ns
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Summary

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

– dichotomous or ordinal mixed regression models

• Extenstions 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

• 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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