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The usual stepped wedge
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Can extend this to have more clusters and more periods: just retain
the “stepped wedge” structure!
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A model for continuous outcomes

Need a model for the outcome that allows for the similarity of
outcomes measured on subjects from within the same cluster.

General model:

Outcome = Period effect + treatment effect
+ random effects + errors, errors ~ N(0,0?)

What form could the random effects take?
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Many models for continuous outcomes

What form could the random effects take?

Each potential model implies a within-cluster correlation structure:
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Many models for continuous outcomes

What form could the random effects take?

Each potential model implies a within-cluster correlation structure:

¢ 1. A simple model: (Hussey and Hughes)

Correlation between any two subjects (in the same cluster) = p
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Many models for continuous outcomes

What form could the random effects take?

Each potential model implies a within-cluster correlation structure:

¢ 1. A simple model: (Hussey and Hughes)

Correlation between any two subjects (in the same cluster) = p

e 2. A more complex model: for subjects in the same cluster
Correlation b/w any two subjects in the same period = p

Correlation b/w any two subjects in different periods = r x p
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Many models for continuous outcomes

What form could the random effects take?

Each potential model implies a within-cluster correlation structure:

¢ 1. A simple model: (Hussey and Hughes)

Correlation between any two subjects (in the same cluster) = p

e 2. A more complex model: for subjects in the same cluster
Correlation b/w any two subjects in the same period = p

Correlation b/w any two subjects in different periods = r x p

» 3. Allowing for a decay in the correlation over time: (same cluster!)
Correlation between subject in period t and period s = rlt=sl,,
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Within-period and between-period ICCs (intra-cluster

correlations)

Model Within-period ICC  Between-period ICC
Same Period Periods sand t, s # t

1 P P
P rxp
3 p rlt=sl x p
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What if a decay in correlation is omitted?

Interest is in estimating the treatment effect

« Even if a decay in correlation is incorrectly omitted, estimate for
treatment effect unbiased!

BUT what about the confidence interval?
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What if a decay in correlation is omitted?

Interest is in estimating the treatment effect

« Even if a decay in correlation is incorrectly omitted, estimate for
treatment effect unbiased!

BUT what about the confidence interval?

« Confidence interval width depends on estimates of the
within-cluster correlation structure.
o ANOVA estimators available for Models 1 and 2.

e Model 3: no such estimators available.
e What happens if Model 1 or 2 used when Model 3 should be used?
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What if a decay in correlation is omitted?

Consider confidence interval width for each model:
e V3: the Cl width under the “true” decay model
« V41 Cl width when Model 1 used to estimate variance components
« V51 Cl width when Model 2 used to estimate variance components
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What if a decay in correlation is omitted?

Consider confidence interval width for each model:
e V3: the Cl width under the “true” decay model
« V41 Cl width when Model 1 used to estimate variance components
« V51 Cl width when Model 2 used to estimate variance components

Consider \71/ V3 and v, / Vs for stepped wedge designs for each
combination of:

4.5 ...,20 periods;

decay in correlations r = 0,0.05,0.1,...,0.95,1;
ICC p = 0.05;

100 subjects in each cluster in each period.
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Using Model 1 instead of Model 3 (\71/V3)
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Using Model 1 instead of Model 3 (\71/V3)
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Using Model 2 instead of Model 3 (Vz/ V;
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Take-home messages

Failure to incorporate decaying within-cluster correlations leads
to problems!

Model 1: Within period ICC = between period ICC

¢ Confidence intervals too narrow
e Type | error rate inflated.

Model 2: Within period ICC # between period ICC, but no decay

¢ Confidence intervals too narrow OR too wide!
¢ Depends on the design (number of periods, subjects
in each cluster in each period, ICC).

Check out the implications for yourself:

https://monash-biostat.shinyapps.io/MisspecCorrStruct
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Three possible models

Yi:i: outcome for subject /, in cluster k, during period t

¢ 1. A simple model: (Hussey and Hughes)
Yii = Bt + 0Xkt + ok + exii, i ~ N(0,02), o ~ N(0,0%),
e 2. A more complex model:
Yii = Bt + 0Xkt + ok + it + €xiin €k ~ N(0, 02

ak ~ N(O,rx a2), ~i~ N(O,(1—r)xac2)

«

¢ 3. More complex still:
Yiai = Bt + 0Xkt + Vit + exis - exi ~ N(0, 07)

k= (ks 7) ~ N(O ), GoV(rhe, ) = 027
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Table: Mean squares and ANOVA estimators for the variance components of
the two-way crossed classification models with and without interactions.

Model 1 Mean Square ANOVA estimators

Cluster — MSK(1) = ¢’ zf L TM (Viws = Yeoo) %, - WSK(1)_MSE(1)

Residual MSE(1) = o717 7T Dok thl 62 = MSE(1)
(thi Ykoo — Y-to + Y.oo)

Model 2

Period MSKT(2) T Zth 52 = MEKT(2)-MSE(2)

x Cluster  (Vite — Yies — Yate + Yasa)’
Residual  MSE(2) = gy S 5 2 (Vi — Vi) 63, = MSE(2)
th. =150 Y, Ykeo = 77 ZL ST Yadi,
Yete = mK Zk 1 Z, 1 Yo, Yeeo = ﬁ 25:1 ZtT:1 27;1 Yiii-

Jessica Kasza (Monash) Misspecifying correlation structure 14/12



Table: Expected values of variance component estimators in Table 1 for
outcomes distributed according to the two-way crossed classification model
without and with an interaction between cluster and period, and correlation

decay models.

True Model
Fitted Model 3:
Model Correlation decay
Model 1
E[57.] o3, [WZt 123 1f't S"Wm}
A K—1)T _
E[6%] | o8 +05, {KT(m—K)—7rz1+1 B T(KTm K T+1) DI Sq
Model 2
E [6—56] U§€
n T T _
E [57] o8 (757 — ﬁ DDHED DY
N T T -
E [05.] 73, (7o S S e -
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Table: Expected values of variance component estimators in Table 1 for
outcomes distributed according to the two-way crossed classification model
without and with an interaction between cluster and period, and correlation

decay models.

True Model

Fitted Model 1: Model 2:
Model No interaction Interaction
Model 1

A 1
E [Uia} Uia 02a +(MU’%

A m 2
E [6%] P 0% + ‘RTm—R—TH1- 5
Model 2
E [65 ] of. a5,
E [6’2] 0 03
E A% 2 2

[UZa] U1oc 02a
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Within- and between-period ICCs, 4-period design

Model 1:
no decay over time

HEEE
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Within- and between-period ICCs, 4-period design

Model 1:
no decay over time
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Within- and between-period ICCs, 4-period design

Model 1:
no decay over time
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Within- and between-period ICCs, 4-period design

Model 1:
no decay over time
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Within- and between-period ICCs, 4-period design

Model 1: Model 2: within ICC
no decay over time = between ICC
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Within- and between-period ICCs, 4-period design

Model 1: Model 2: within ICC Model 3: ICC that
no decay over time #+ between ICC decays over time
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