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- Comparison of 3 asthma drug treatments: A (standard), C (test), P
(placebo).

- Data was collected on three sets of 24 patients (one set per
treatment).

- For each subject, a baseline measurement was made prior to
administration of the drug, then hourly for eight hours.

- Forced expiration volume over 1 second (FEV1) was the measured
response.

Littell, R.C., Pendergast, & Natarajan, R. (2000). Modelling Covariance Structure in the Analysis of
Repeated Measures Data. Statistics in Medicine, 19, 1793 — 1819. Retrieved from
http://www.stat.unm.edu/~bedrick/glm/Littell StatMed.pdf

Littell, R.C., Milliken, G.A., Stroup, W.W., Wolfinger, R.D., & Schabenberger, O. (2006). SAS for Mixed
Models, Chapter 5: Analysis of Repeated Measures Data. SAS Press, Cary, NC. Data can be found at
http://support.sas.com/downloads/package.htm?pid=1793#

Copyright © 2017, SAS Institute Inc. All rights reserved.
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- What are repeated measures designs?
- Multiple measurements are taken on the same subject over time.
- The subjects don’t have to be people or animal, though they often are
- The time periods don’t have to be equally spaced, though they, often are.
- Longitudinal studies can be conducted using repeated measures designs.

- Introduced in JMP Pro 11, expanded in JMP Pro 13
- Three new covariance structures have been added: Compound Symmetry,
Toeplitz, and Antedependent.

- Unequal variance option has been added to all covariance structures
except AR(1) and Spatial.
- Indicator parameterization has been added.

Copyright © 2017, SAS Institute Inc. All rights reserved.
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- Roadmap to Analysis
- Organize the data
Graph the data and correlations
Build some models
Gather model comparison info (and pick a model)
(Check the assumptions)
Test hypotheses — Time permitting

< THE
Copyright © 2017, SAS Institute Inc. All rights reserved. SaS TO KNOW.
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ORGANIZE THE DATA §Si§.

Copyright © 2017, SAS Institute Inc. All rights reserve d.
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- Patient Drug Baseline Hour 1 Hour 2 Hour 3 Hour 4 Hour 5 Hour & Hour 7 | Hour 8
1 201 A 2.46 2.68 2.76 25 23 2,14 24 2.33 2.2
2 201 C 23 341 348 341 349 333 3.2 3.07 3.15
3 201 P 2,14 2.36 2.36 2.28 2.35 231 2.62 212 242
4 202 A 35 3.95 3.65 2.93 2.53 3.4 3.37 3.14 2.62
5 202 C 201 3.02 4.02 4,04 3.64 3.29 31 27 2.60
6 202 P 3.37 3.03 3.02 3.19 2.98 3.01 2.75 27 2.84
7 203 A 1.96 2.28 2.3 2.29 243 2.06 2.18 2.28 2.29
g 203 C 2.08 2.52 244 2.7 2.23 2.01 2.26 2.3 244
g 203 P 1.88 1.99 162 1.65 168 1.65 1.85 1.96 1.3

10 204 A 344 4.08 3.87 3.79 33 38 3.24 2.98 291
alll 204 C 3.02 443 43 4,08 4.01 3.62 3.23 246 2.97
12 204 P 31 3.24 3.37 3.54 33 281 3.58 3.76 3.05
13 205 A 28 4,00 39 3.3 335 3.15 3.23 346 3.27
14 205 C 3.26 4.55 4,58 4.44 4.04 433 3.87 3.75 3.8
15 205 P 2.91 3.35 3.02 3.69 3.97 3.94 3.63 2.92 331
16 206 A 2.36 3.79 3.97 3.78 3.69 331 2.83 2.72 3
17 206 C 2.20 4.25 437 41 42 3.84 343 3.79 3.74
18 206 P 2.29 3.04 3.28 317 2.99 331 3.21 2,98 2.82
19 207 A 1.77 3.82 34 3.46 3.02 2.98 31 2.79 2,88
20 207 C 1.96 3 28 2,589 242 1.6l 1.83 1.21 1.5
21 207 P 22 2.46 3.22 2.65 3.02 2.25 1.5 2.37 1.94
22 208 A 2.64 3.67 347 3.19 2.19 2.85 2.68 26 273
23 208 C 27 4.06 3.98 4.06 3.93 3.6l 291 207 2.67
24 208 P 27 2.85 2.81 2.96 2.69 2.18 1.91 2.21 1.71
25 209 A 23 412 371 3.57 340 3.64 3.38 2.28 3.72
26 | m |

A =,

 The hour columns need to be stacked.
 Create a second time variable with time as continuous.
« Subject values must be uniquely identified as Patient(Drug)

Copyright © 2017, SAS Institute Inc. All rights reserved.
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=] FEW Data for Mixed Model Stacked - JMP Prc

File Edit Tables Rows Cols DOE  Analyze Graph Tools Add-Ins  View Window Help
Hebdl o BEEEK=
= FEV Data for Mixed Mod... '] 4 id B Patientin | Time | Time
FEV v=. Time Pericd a | [=] Patient Drug Drug Period Period 2 | Baseline FEV
Mean(FEV) vs. Time Pericc 201 2014 Hour 1 246 2.68
Fit Mixed - Unstructured 201 201A Hour 2 246 276
E[: mfxi - i;sl"d“a' 201 2014 Hour 3 2.46 25
e Tosplitz 201 2014 Hour 4 246 23
Fit Mixed - Antedependen 201 201A Hour 5 246
Fit Mixed - ARL + CS - 201 201A Hour & 2.46 24
= Colurns (7/0) 201 2014 Hour 7 246
201 2014 Hour & 246 2.2
202 2024 Hour 1 35
202 2024 Hour 2 35
202 2024 Hour 3 35
202 2024 Hour 4 35
202 2024 Hour 5 35
202 2024 Hour 6 35
202 2024 Hour7 33
202 2024 Hour & 35
203A Hour 1 1.96
203A Hour 2 1.96
203A Hour 3 1.96
203A Hour 4 1.96
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ffnp GRAPH THE DATA AND CORRELATIONS

Copyright © 2017, SAS Institute Inc. All rights reserve d.
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EH FEV Data for Mixed Model Stacked - Graph Builder - JMP Pr

4 = |Graph Builder

FEV vs. Time Period
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Ll FEV Data for Mixed Model Stacked - Graph Builder 2 - JMP Pr:

4 |=|Graph Builder

Mean(FEV) vs. Time Period

-
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Each error bar is constructed using 1 standard error from the mean.

Copyright © 2017, SAS Institute Inc. All rights reserved.
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» Plot the stacked sample correlation table and note patterns.

| |Hourl JHour2 J|Hour3 ([Hour4 [Hour5 [Hour6 [Hour7 [Hour8 |
1.0000 09530 0.9313 0.8649 0.8407 0.7968 0.7024  0.7682
0.9530 1.0000 0.9536 0.9234 0.9041 0.8293 0.7603  0.8186
0.9313 09536 1.0000 0.9546 0.9080 0.8524 0.7894  0.8430
0.8649  0.9234 0.9546 1.0000 0.9066 0.8410 0.7971  0.8473
0.8407 0.9041 0.9080 0.9066  1.0000 0.9272 0.8588  0.9168
0.7968 0.8293 0.8524 0.8410 0.9272  1.0000 0.9003  0.9337
0.7024 0.7603 0.7894 0.7971 0.8588  0.9003  1.0000  0.8979
0.7682 0.8186 0.8430 0.8473 0.9168 0.9337 0.8979  1.0000

End Time vs. Start Time Data 100 Correlation vs. Time Difference Start Time
1.00 — Hour 1
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BUILD SOME MODELS

Copyright © 2017, SAS Institute Inc. All rights reserve d.
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Y=XB+7Zu+e
e~N(OR) u~N(0,G)
Cov(e,u) =0

E(Y[u) =XB +Zu Var(Y|u) = R
EY) = XB Var(Y) = ZGZ' + R

FEVll]k — di + Pjk + &, + dtik +f()] + €ik
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- Construct Model Effects

Fixed Effects | Random Effects Repeated Structure

Cross
Macros =

Attributes [=|
[] Mo Intercept

o)
i
=
m
m

- Construct Model Effects -Construct Model Effects

Fixed Effects | Random Effects | Repeated Structure Fixed Effects | Random Effects | Repeated Structure
[ Add |

Repeated Covariance Structure
[ Cross ]

Structure [F‘.ﬂiduall - [ Nest ]

[N&'-:t Random Cueﬁicients]
[ Macros = ]

(Subiect] P2 G is implied by Z choice

R Zu

Copyright © 2017, SAS Institute Inc. All rights reserved.
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AN AN AN
4 N N7 A
Residual — CS — AR1/Spatial — Toeplitz — Antedependent — Unstructured

Less Structure/More Parameters =l

G e\er Parameters/More Assumptions

< THE
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- Construct Model Effects

- Construct Model Effects

Fixed Effects = Random Effects = Repeated Structure Fixed Effects Random Effects  Repeated Structure

Repeated Covariance Structure Repeated Covariance Structure

Structure [F‘.Eidual

— Structure [ Unequal Variances -
Time Perod
optional

| Subject Subject optional

Residual Unequal Variance

- Construct Model Effects

- Construct Model Effects

Fixed Effects = Random Effects = Repeated Structure Fixed Effects | Random Effects = Repeated Structure

Repeated Covariance Structure Repeated Covariance Structure

Structure [AR{I} - ]

Time Period 2 |
Time Continuous

Subject Eﬂtient | Subject || Patient
rug

Structure [ Compound Syrnmetry - ]

Time Pericd I
Time Categorical

Drug

AR(1) and all Spatial Everything Else

Copyright © 2017, SAS Institute Inc.
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JMP Here!
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ffnp GATHER MODEL COMPARISON INFO

Copyright © 2017, SAS Institute Inc. All rights reserve d.
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AR[1) + RE
Random Coefficients

Toeplitz (Equal Variances)

AR[1)

Antedependent (Equal Variances)
Compound Symmetry (Equal Variances)
Unstructured

Residual

FITTING REPEATED MEASURES DATA WITH JMP® PRO 13

-2Loglike
151.393
150.522

131.41
180.402
152.631
256,023
48,1827
B48.405

AlCc
210362
211.708

20155
237.162
222771
312783
184,809
803,052

Random

BIC Parameters
320364
334 849
341.162
352017
362382
427 /38
435905
101375

Lt
ol = T A I < I SN v < R RN R N}

Fixed
Parameters
25

25

25

25

25

25

25

25

Total
Parameters
28
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33
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61

2f

Window

FEV Data for Mixed Model Stacked - Fit Mixed 7
FEV Data for Mixed Model Stacked - Fit Mixed 8
FEV Data for Mixed Model Stacked - Fit Mixed 5
FEV Data for Mixed Model Stacked - Fit Mixed 4
FEV Data for Mixed Meodel Stacked - Fit Mixed &
FEV Data for Mixed Model Stacked - Fit Mixed 2
FEV Data for Mixed Model Stacked - Fit Mixed 3
FEV Data for Mixed Model Stacked - Fit Mixed

Copyright ©
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CHECK THE ASSUMPTIONS

Copyright © 2017, SAS Institute Inc. All rights reserve d.



4 Residual Plots

4 Residual by Predicted Plot
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4 Residual Quantile Plot
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A = Variogram

Semivariance
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TEST HYPOTHESES

Copyright © 2017, SAS Institute Inc. All rights reserve d.
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:T Multiple Comparisons

-Type of Estimates

@ Least Squares Means Estimates
) User-Defined Estimates

- Choose an Effect

Time Pericd
Drug™Tirme Pericd

-Choose Initial Comparisons

[C] Comparisons with Overall Average - ANOM
[ Comparisons with Control - Dunnett's
[C] Al Pairwise Comparisons - Tukey HSD
[C] All Pairwise Comparisons - Student's t

4 =/ Comparisons with Control Decision Chart

3.8 -

36-

34 -

3.2-

FEV 3.0-

28—

26-

24 -

22—

Mlh“

I]]”rn -

L S |

—

| | | | | | |
Ax»>Hour2 As»Hour® Cx>Hour2 Cr>Hourb

Drug / Time Pericd

P==Hour3 P==Hour7

FITTING REPEATED MEASURES DATA WITH JMP® PRO 13

upL

Control Valua = 2 827

LDL

[

OK

H Cancel H Help l

o = 0.05, Centrel = Drug:P, Time Peried:Hour 1

=/ Multiple Comparisons A vs.C, 1 hr
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E% Multiple Comparisons

T ) 4 All Pairwise Differences
-Type of Estimates

Drug -Drug Difference S5tdError tRatio Prob:|t] Lower95% Upper95%

() Least Squares Means Estimates

@ User-Defined Estimates A c -0.394082 0.1494457  -264 00096% -0.690332 -0.097833
A All Pairwise Comparisons Scatterplot
-Choose Drug levels —— - Choose Time Period levels — 38 Legend
Hour 1 : I Significant
Hour 2 . Il Mot Significant
: ==
Hour 4 .
Hour 5 .
Hour & | 36
Hour7
Hour 8
3.5
Create user defined estimates by choosing factor settings and
clicking the Add Estimates button as needed.
FEV 34+
Add Estimates
= = 33
4 Estimates for Comparison
Drug Time Period Baseline
A Hourl 2.6493056 3.2
C Hourl 2.6493056
- Choose Initial Comparisons 314
["] Comparisons with Overall Average - ANOM
[C] Comparisons with Control - Dunnett's 10 | | | : : | |
[T] Al Pairwise Comparisons - Tukey HSD 30 31 32 33 34 35 36 3.7 38
[C] All Pairwise Comparisons - Student's t FEV
All Pairwise Comparisens for Drug

[ ok || cancel || Help |
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- Residual — Zero
- Compound Symmetry — Same correlation, regardless of time period.
- ldentical to a single random effect with the residual covariance structure.
- Unstructured — Anything goes
- AR(1) — Decreases at rate p each time period.
- Example: if the variance at time 4 is o2, then the covariance between time
four and seven is p3c2.
- Spatial — Like AR(1) except decay rates differ depending on type.
- Can be used with unequal time periods.
- Spatial Power and AR(1) are the same.
- Spatial anisotropic covariance structures require a second repeated
variable to provided additional benefit. They are used to model correlation
over (2-D) space.

Copyright © 2017, SAS Institute Inc. All rights reserved.
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- Toeplitz — covariance depends on number of periods away from the

time zero variance.

- Example: assuming equal variances, if the variance at time four is ¢2, the
covariance between time four and seven is p3a2. If the variances are
unequal then the covariance is p;0,0;.

- Antedependent — covariance depends on correlation associated with
each time period from starting time to period of interest. Can be used

with unequal time periods.

- Example: with equal variances, if the variance at time 4 is ¢2, then the
covariance between time four and seven is psp¢p,02. If the variances are
unequal then the covariance is pspgp7040;.

- Random Coefficient — Correlation is captured by assuming time zero
values and change over time each vary randomly around a given

value for each subject. AKA random intercept/random slope models.

Copyright © 2017, SAS Institute Inc. All rights reserved.
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- Using the example above, the general form for MIXED is:

PROC MIXED;
CLASS drug patient hour;
MODEL fevl=drug hour drug*hour baseline / DDFM=KR;
REPEATED hour / options

RUN;

- Replace options with a value on the next page.
- For a random coefficient model, include the following statement:

RANDOM int hour?2;

hour?2 has the same values as hour, except it is treated as
continuous because it is not in the CLASS statement.

Copyright © 2017, SAS Institute Inc. All rights reserved.
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Structure SAS Statement
Residual No REPEATED statement
Unequal Variances SUBJECT = patient (drug)
Compound Symmetry SUBJECT = patient (drug) TYPE=CS;

CS — Unequal Variances SUBJECT = patilent (drug) TYPE=CSH;

AR(1) SUBJECT = patient (drug) TYPE=AR(1):

Spatial Power SUBJECT = patient (drug) TYPE=SP (POW) (time2) ;
Spatial with Nugget SUBJECT = patient (drug) TYPE=SP(POW) (time2) LOCAL;
Toeplitz SUBJECT = patient (drug) TYPE=TOEE;

Toeplitz Unequal Var SUBJECT = patient (drug) TYPE=TOEPH;

Antedependent SUBJECT = patient (drug) TYPE=RNTE (1)
Antedependent Equal Var Not available

Unstructured REPEATED hour / SUBJECT = patient (drug) TYPE=UN;

The other spatial structures, SP (EXP), SP(GAU), SP(SPH), follow the same form.

Copyright © 2017, SAS Institute Inc. All rights reserved.



