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Dependent variable is a count

e number of hospitalizations
e number of service uses
e number of headaches (or some kind of disease symptom)

e number of times that an event occurs

Poisson distribution is often used to model count data

—_ Y
Pr(y | p) = exp(y',u),u fory=0,1,2,...

1 is the expected count (per unit of time)



Can’t I just analyze as continuous normal?

e count distribution is too skewed to satisfy normality (incorrect
test results)

e normal model does not necessarily prevent negative estimated
counts

Can’t I just dichotomize count (0 vs >0) and analyze
using logistic regression?

e loss of information resulting in under-powered tests

e is 1 event really equal to 100 events?



Poizzon Distribution

0.40

0.26 =1

0.32 — mean=1l |

0.z8 — — mean=2 =

....... mean=4
& 04 1
: -==. mean=
=
Q@ 020 .
e
= K [ -
-
Q.12 B ~ B
- .
.03 Y =
Y
a -
n e
0.04 ~ . .
0.00 —_ — - — e
2 gn] 12 14 1G 1= =0

count

e expected number of counts (per unit of time), strictly positive

e as mean increases, probability of Os decreases, distribution
approximates normal

e mean equals the variance (if variance is greater, then
overdispersion)



Reading materials and examples

e Cameron & Trivedi (1998) Regression analysis of count data, Cambridge Univ Press
e Long (1997) Regression models for categorical and limited dependent variables, Sage

e Elhai, Calhoun, & Ford (2008) Statistical procedures for analyzing mental health services
data. Psychiatry Research, 160, 129-136.

e Walters (2007) Using Poisson Class Regression To Analyze Count Data in Correctional
and Forensic Psychology. Criminal Justice and Behavior, 34, 1659-1674.

e Gagnon, Doron-LaMarca, Bell, O'Farrell, & Taft (2008) Poisson regression for modeling
count and frequency outcomes in trauma research. Journal of Traumatic Stress, 21,
448-454.

e Supermix http:/ /www.ssicentral.com /supermix/downloads.html

— http:/ /www.ssicentral.com /supermix /examples /Count-offset.html

— in Supermix (even the free student version), from Help menu, select
“Contents,” “Examples from SMIX primer,” “Count outcomes”



Notation 1s our friend!

ei=1,...,N level-2 units (clusters or subjects)

e j=1,...,n;level-1 units (subjects or multiple observations)

® y;; 1s the value of the count outcome, the number of events
(yij can equal 0,1,...)

e {;; is the length of time during which the events are recorded

— can be equal (t;; = t): all observations are based on the
same period of time, and the number of events within that
same time period is of interest

— can vary (t;;): observations are based on varying periods of
time; this should be accounted for when modeling the
number of events within the varying time periods



Right-hand side of model

/ /
:13@-]-6 + 2350
® x;; are covariates

— at level-1, level-2, or cross-level interactions

— can include polynomials, dummy variables, interactions, ...
e 3 are the regression coeflicients for the covariates
e z;;j are the random effect variable(s)

— usually just an intercept for clustered data

— often an intercept and time for longitudinal data
e v; are the random effects ~ N(0, X))

— how cluster 7 influences the observations within the cluster

— how a subject starts and progresses across time
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Mixed-effects Poisson Regression Model

The mixed-effects Poisson regression model indicates the
expected number of counts in ¢;; as:

E(yij) = pij = tijexp |28 + 2304
or

log (1) = log(ti;) + |&};8 + z;v;

log(pij) — log(ti;) = ®};8 + zj;v;
log [pij/ti;] = x};8 + z;v;

e link function for Poisson regression is the log link
e {;; is sometimes called an offset variable

e exp 8 = incidence or event rate ratio
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Simplest Poisson Regression example
(no random effects, no offset, dichotomous regressor)

Data and deseription: http:\\www.ats.ucla.cdu\stat\sas\dae\poissonreg.htm
e School attendance data on 316 high school juniors
e Response variable is days absent (daysabs, range is 0 to 45)
e male is an indicator of student gender (0=F, 1=M)

— daysabs mean for females = 6.6975
— daysabs mean for males = 4.4877 (M to F ratio = .7281)

e E(daysabs;) = u; = exp(fy + O1male;)
exp By = mean for females = 6.6975 (8, = log 6.6975 = 1.9017)
exp(By + B1) = exp(fy) X exp(B1) = mean for males = 4.4877

exp(f]) = 4.4877/ exp(By) = 4.4877/6.6975 = .7281 (M to F ratio)

(B1 = log 7281 = — .3173)



Longitudinal example - Aspartame and headaches

e data from McKnight and Van Den Eeden (1993) Statistics in
Medicine, also Van Den Eeden et al., (1994) Neurology

e number of headaches in a two treatment, multiple period
crossover trial

e number of headaches per week was repeatedly measured for
27 subjects

e Following a seven-day placebo run-in period, subjects received
either aspartame or placebo in four seven-day treatment
periods according to a double-blind crossover treatment
design

e Fach treatment period was separated by a washout day
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Table 4. The number of headaches, treatment days,

treatment period

and belief about aspartame effects by subject and

Treatment periodt

Treatment Run-in 1

2 3

4

order* 1D HA Days HA Days

APAP 2

y 5
13

16

19

23

25

APPA 1

PAPA 7

PAAP 4

12
15
20
26

b
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* A = aspartame; P = placebo. Run-in period used placebo capsules.

# HA = number of days on which subject reported a headache; Days

% Belief about how strongly subject felt aspartame caused headache
N = not very sure or do not know.

HA Days
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= number of days subject participated during that period.
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s was asked prior to the start of the study. V = very sure; S = somewhat sure:
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e Under SSI, Inc > “SuperMix (English)” or ‘SuperMix (English) Student”

. 551 Inc
AUXAL 3
= superMix (English) 1
& SuperMix (English) Student ‘ ‘

e Under “File” click on “Open Spreadsheet”

E File | Help
Mew Spreadsheet Ctrl+M
Open Spreadsheet... Ctrl+0
Import Data File... Ctrl+I
Exit

e Open C:\SuperMixEn Examples\Primer\Count\aspart.ss3
(or C:\SuperMixEn Student Examples\Primer\Count\aspart.ss3)

o D
Lookin:l | Court j L= |‘=_°i€ Ef~
MName Date modified Ty
{| |aspart.ss3 5/18/2007 2:.23 AM 5t

1

File name: Iaspart.ssS

Files of type: | Spreadshests { “ss3)
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c:\SuperMixEn Examples\Primer\Count\aspart.ss3

¥ SuperMix

[&] 10 [B]_Headac | [C]_FPerodl | [0 _Period? | [E]_Penoda | [F]_Penodd {([G]_Drogésep) H]MPenod | [1_MNTDaps
1 2 0 1] a a a 0 a3 7
2 2 al 1 a a a 1 3 7
3 2 2 1] 1 a a o 3 7
4 b a 1] a a a 0 al 7
] a] 0 1 a a a 1 al 7
B ] 2 1] 1 a a o al 7
7 b 0 1] a 1 a 1 al 7
g a] 0 1 a a 1 o al 7
9 13 7 1] a a a o al 7
10 13 7 1 a a a 1 al 7
11 13 7 1 1 a a o al 7
12 13 b 1 a 1 a 1 al 7
13 13 7 0 a a 1 0 al 7
14 16 1 1 a a a o 3 7
15 16 3 1 a a a 1 3 7
16 16 1 0 1 a a 0 a3 7
17 19 0 1 a a a o al 7
18 13 1 1 a a a 1 al 7
19 13 1 0 1 a a 0 al 7
20 19 0 1 a 1 a 1 al 7
21 13 1 1 a a 1 o al 7
22 23 7 0 a a a 0 al 7
23 23 2 1 a a a 1 al 7

4]
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e [D = patient ID (27 patients in total)

e HeadAche = number of headaches during the week (0 to 7)

e Periodl = period 1 indicator (1 = first tx period, else 0)

e Period2 = period 2 indicator (1 = second tx period, else 0)

e Period3 = period 3 indicator (1 = third tx period, else 0)

e Period4 = period 4 indicator (1 = fourth tx period, else 0)

e DrugAsp = period-specific drug (0 = placebo, 1 = aspartame)
e Nperiods = number of periods person was observed (2 to 5)

e N'TDays = number of treatment days in the period (1 to 7)
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Select “File” > “Data-based Graphs” > “Univariate”

i
Univariate plot

Lizt of Yanables

s
=3
4

2 MName
D

Headache

Fenod1

Period:

Period3

Periodd

Crrugdizp

MPenods

EEEEEEECE

{" Bar Chart
" Pie Chart
i 2D Pie Chart

Mumber af clazz intervals: ia ﬂ

Flit Cancel |
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Histogram of Headache

50 -

404
M=122
Wlean = 1.6803
5.0, = 1.8863
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Select “File” > “Data-based Graphs” > “Bivariate”

i
Bivanate plot

List of Wanables

M arne

e

|
|
1=
1
|
|
|
|

IR -

D
Headache
Periodl
Period:
Period3
Periodd
Crrugdizp
MPeriods
MTDaps

B e R [

" Scatter Plat
™ Line Only Plat
™ Scatter and Line Plot

" Bivariate Bar Chart

Maote: Only one & vanable may be zelected

Plat Cancel
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Headache vs. DrugAsp

DrugAsp

Plc mean = 1.5333 Asp mean = 1.9149

= ratio = 1.25, log 1.25 = .223

18



Under “File” click on “Open Existing Model Setup”

| File | Edit Window Help

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

New 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+5

Save As..,

Exit

Open C:\SuperMixEn Examples\Primer\Count\aspart.mum
(or C:\SuperMixEn Student Examples\Primer\Count\aspart.mum)

"= Open Mixed Up Model v -

_’ g - |_,_: <« Local Di_s.k (C) » SuperMixEn Ex_amplas 3 P_rimer v Count % - |"|| Ss_:}r:r.' Count pel

Organize » MNew folder g= » [l @

9 Favorites Name Date modified Type Size

B Desktop || aspart.mum 8/7/2008 4:25 PM MUM File 4 KBl
4 Downloads | aspartZ.mum 8/7/2008 4:43 PM MUM File 4 KB
%l Recent Places I}

m

3 Libraries
{3 Documents
J’ Music
[l Pictures

E Videos

. Computer
G Local Disk (C:)
5= groups (\\phsfile _

File name: aspart.mum - [M!xed Up Models (*.mum} ']

[ open [+ [ cancel ;
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r!ﬁ Model Setup: aspart.mum El : = .

?Eu:unfiguratinn ] Eariableﬂ Starting "-.F'alueﬂ Eatternﬂ Advanced | Linear Tranzforms

Title 1: |f-13|:uart Drata

Title 2: |Numl:ner of headaches

Dependent Vanable Type: | count i Level-2 |Dg |ID i)
Dependent Vanable: |Headache ) Lewvel-3 1Ds: d
Wite Baves Estimates: |means & [co)vanances
Corwergence Criterion: | 0.0001
M umber af [terations: |1 an
izzing Values Present: |falze i Generate Table of Means: |r‘u:| |
Output Type: |3tandaru:| -

|z the arrow keys or click on the desired tab to zelect the categary af interest far the model.
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Ayallable

E «planatary VW ariables

1D

‘Headache

Fenodl

FeriodZ

Feriodl

Eericu:IE

Fenod3

Fernodd

Period3

Eericu:M

Drugdzp

MFernods

MTDaps

L L

Drughep

¥ Include Intercept

L-£ Handom Effects

¥ Include Intercept

Uze the arrow keys or click on the desired tab to select the categary of interest for the model.
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|ﬂ Model Setup: aspart.mum

General Settings

LIt e eightinig: | equal

O phirmization bethod: |nu::n-a|:|a|:uti~.fe quadrature |

MNurnber of Quadrature Paints: |20

Dependent [Count)] Y anable Settings

Diztribution Maodel:

E ztimate Scale:

Foizzon

none

Time Settings

|ncorporate Time Offzet; |r‘u:|

Iz the arrow keys or click on the desired tab to zelect the categary of interest far the model.
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P SuperMix - [aspart.out]
 Fila  Analysis Window Help

|:|=====================D
| Aspart Data |
| Mumber of headache=s |
p=====================g
Model and Data Descriptions
Sampling Distribution = Poisson
Link Function = Log
Muamher of Lewel-Z Units z7
MNumher of Lewel-1 Units 12Z
MNumher of Lewel-1 Units per Level-Z Tnit =
3 5 5 3 5 5 5 5 5 5 4 Z
E 13 5 3 E 13 5 3 E 13 5 3
E 3 E
Q===========================================================g
| Descriptive statistics for all the wariabhles in the model |
Q===========================================================g
Standard
Wariahle Minimuam Maximum Mean Deviation
Headache 0. o000 70000 1.6803 1.8863
intercept 1.0000 1.0000 1.0000 0._ooao
Periodl 0. o000 1.0000 0.zz13 04168
PeriodZ 0. o000 1.0000 0.z043 040583
Period3 0. o000 1.0000 01803 0.3860
Periodd 0.oo00g 1.0000 0.1721 037391
Drugh=sp 0.ooo0o 1.0000 038582 045887
D::::==============================================|:|
| Besults for the model without any random effects |
Q==================================================g
Goodness of fit statistics
Statistic Talue LF Batio
Likelihood PBatio Chi-soquare zd3_ BEET 11le Z.101%
| Pearzon Chi-sdquare Z253.85334 lle £.1887

Save bz Cloze
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P SuperMix - [aspart.out]
 Fila  Analysis Window Help

Save bz Cloze
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D::::==========================================|:|

| Optimization Method: MNon-Adaptiwve Quadrature |

Qg==============================================g
Mumher of cuadrature points = za
Mumher of free parameters = 7
Mawher of iterations used = 4
—Z1lnL (dewviance statistic) = 406 34905
bkajike Information Criterion 42034905
Schwarz Criterion 439 977ED

Estimated regression weights
Standard

Parameter Estimate Error z Value P Value
intercept O_.z57E O.z0z24 1._Z70E o.z0339
Periaodl o_osav? 0.z349 03434 0.7313
Periaodz O_.0345 o.zz37 0.154z o.277k
Periaods —0_zZZ&7 O_.Z545 -0.g8209 o.3730
Periodd -0_1E53z O.25z9 -0.&6Z95 a.&z90
Druglsn O.z1E51 0.1lg38 1.31z9 0.189z

Event BRate Ratio and 25% Ewvent PRate Confidence Interwvals

EBounds
Parameter Estimate Ewvent Rate Lower Upper
intercept O_.257E 1.2933 0_.8&697 1.9z231
Periodl o_osa7? 1.0&40 0._&s40 1.7180
Periadz 0O_.0345 1.0351 O_&&77 1. 6046
Periaod3 —-0_zZZ&7 o.7971 04541 1.3127
Periodd -0_1E53% 0.25z8 O_E19E 1.4000
Druglsp 0.z1&51 1.Z400 0.2994 1.709&
Estimated lewel £ wariances and covariances
Standard

Parametear Eztimate Error =z Values P Value
intercept fintercept a.4z390 o.171k Z_.Ek0z4 0.0lz3



Interpretation of Drug Effect

® BDrugAsp = 2151

o eXp(BDrugAsp) = 1.24

e Aspartame increases the expected number of headaches (per
week) by 24%, controlling for the period and random subject
effects

e However, this is NOT a significant effect (p-value = .19)

e For Poisson random-intercept model, this is also the marginal
effect (except for intercept By, conditional § = marginal ()

Aspartame increases the expected number of headaches by
24% controlling for the period effects
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Observed means: Headaches across time by drug

drug baseline period 1 period 2 period 3 period 4
placebo 1.593 1.667 1.929 1.000 1.333

(n=27) (n=12) (n=14) (n=13) (n=9)
aspartame 2.267 1.636 2.000 1.667

(n=15) (n=11) (n=9) (n=12)

rate ratio 1.36 0.85 2.00 1.25

Estimated means = exp(x'B + 62 /2)

drug baseline period 1 period 2 period 3 period 4
placebo 1.603 1.737  1.659 1.278 1.367
aspartame 2.154  2.057 1.584 1.695

rate ratio 1.24 1.24 1.24 1.24
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Prior analysis assumed that all subjects were assessed for 7 days
for each period. Is this true? Does it matter?

Select “File” > “Data-based Graphs” > “Univariate”

Univariate plo

List of % ariables

M ame

D
Headache
Periodl
Periodz
Period3
Period4
Drugdzp
M Periods
MTD ays

ET1T1

" Bar Chart
" Pie Chart
" 30 Pie Chart
' Histogram
=]

Mumber of clazs intervals: |7 =

Flat Cancel
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NTDays
14101

1201
1004
804
SHE
A0 1

204
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Observations with less than 7 days in a period

Period ID  Headaches NTDays DrugAsp

1 17 1 1 1

2 20 1 2 1

3 9 1 5 0

4 11 1 3 1

4 27 2 4 1

4 8 1 2 0
Question

Including this information about N'TDays in the model, will the
drug effect be greater or smaller? or the same?

Hint: what did the prior analysis assume about NTDays?
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Mixed-effects Poisson Regression Models

The mixed-effects Poisson regression model without an offest
variable:

log(pi5) = xi;8 + 2j;v;

The mixed-effects Poisson regression model WITH an offest
variable ¢;;:

log(pi5) = log(ty;) + x3;8 + 2j;v;

e the (log of the ) offset is like a regressor with a slope=1

e for Supermix, identify ¢;; as the offset variable (it will take
the log of this variable internally)
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Under “File” click on “Open Existing Model Setup”

Edit Window Help

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

Mew 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+5
Save As..

Exit

Open C:\SuperMixEn Examples\ Primer\Count\aspart2.mum
(or C:\SuperMixEn Student Examples\Primer\Count\aspart2.mum)

7 Open Mixed Up Model

Organize » Mew folder

¢ Favorites
B Desktop
& Downloads

2l Recent Places

4 Libraries
@ Documents
J‘ Music
|5 Pictures

E Videos

% Com puter
8 Local Disk (C:)

Name

7| aspart.mum

Date modified

8/7/2008 4:25 PM

Type
MUM File

|| aspartZ.mum

8/7/2008 4:43 PM

MUM File

File name: acpart2.mum

> [Mixed Up Models rmum)  +|

| Open Ivi [ Cancel ]
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|Eﬁ Model Setup: aspartd.mum

General Settings

L it ‘e erghting: | eqLal -

Optirmization Method: |nu:|n-a|:|a|:|ti~.fe quadrature - |

Mumber of Quadrature Paints: |20

Dependent [Count] Y anable Settings

Diztribution Maodel:

E ztimate Scale:

Faizzon

Mone i

Time Settings

|ncorporate Time Offzet:

Offzet Wanable:

i

3

yes

MTDaps

4

IUze the arrow kevs ar click on the desired tab to zelect the categomy of interest for the model.




P SuperMix - [aspart2.out]
 Fila Analysis  ‘Window  Help

D::::==========================================|:|

| Optimization Method: MNon-Adaptiwve Quadrature |

Qg==============================================g
Mumher of cuadrature points = za
Mumher of free parameters = 7
Mawher of iterations used = 4
—Z1lnL (dewviance statistic) = 404 23040
bkajike Information Criterion 415 _ 83040
Schwarz Criterion 438 458355

Estimated regression weights
Standard

Parameter Estimate Error z Value P Value
intercept -1.717%8 0. z037 -8.433F o.ooan
Periaodl a_09593 0_.z357 O_.4z40 O.&71&
Periaodz O_0ss80 O.Zz43 0.3911 0.&953
Periaods -0_z1lE&0 0.E5&87 -0.8z&0 04083
Periodd -0o._a7as9 O.Z544 -0.310Z 0.75&64
Druglsn a_z7rav 0,141 17043 0.0883

Event BRate Ratio and 25% Ewvent PRate Confidence Interwvals

EBounds
Parameter Estimate Ewvent Rate Lower Upper
intercept -1.717%8 0.179k 0.1z04 0.Z57%
Periodl a_.0953 1.10E51 O_.&962 1.754F
Periadz o_0ogs80 1.091% 0_70z& 1.&3270
Periaod3 -0_z1Z0 O.g090 048392 1.3378
Periodd -go._ao7as9 0.9z41 0O_E&1l3 A
Druglsp a_.z7a7 1.3zz7 0_.3&583 1. 3z46
Estimated lewel £ wariances and covariances
Standard

Parametear Eztimate Error =z Values P Value
intercept fintercept 0O_.48058 0.191Z Z.Ek1z9 o.alzo

Save bz Cloze
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Interpretation of Drug Effect

o 5DrugASp — 2797

o eXp(ﬁDrugAsp) = 1.32

e Aspartame increases the expected rate of headaches (# of
headaches per day) by 32%, controlling for the period and
random subject effects

e 2-tailed non-significant (p-value = .09), but significant by a
1-tailed test (p-value = .09/2 = .045)

e For Poisson random-intercept model, this is also the marginal
effect (except for intercept fy, conditional § = marginal ()

Aspartame increases the expected rate of headaches by 32%
controlling for the period effects
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Observed means: Headaches/Day across time by drug

drug baseline period 1 period 2 period 3 period 4
placebo 228 238 276 147 230

(n=27) (n=12) (n=14) (n=13) (n=9)
aspartame 381 2006 286 272

(n=15) (n=11) (n=9) (n=12)

rate ratio 1.60 0.96 1.95 1.18

Estimated means = exp(x'B + 62 /2)

drug baseline period 1 period 2 period 3 period 4
placebo 228 252 249 185 211
aspartame 334 330 244 279

rate ratio 1.32 1.32 1.32 1.32
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Empirical Bayes estimates of random effects
2
log(p;5) = log(t;j) + mé]ﬂ + v; where v; ~ N(0, 0;,)

e Random effects v; are also estimated
e can be of interest to indicate how particular subjects are doing

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

e For a list: “Analysis” > “View level-2 Bayes results”
(also saved as a file with .ba2 extension)

e or to graph them:
“File” > “Model-based Graphs” > “Confidence Intervals”
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P SuperMix - [aspart2.ba?]

# File  Analysis  Window  Help

.0
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. 0a
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. oo
. oo
.o
. oo
. oo
. oo
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. oo
. oo
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. oo
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ZE.
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ano
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ID, random effect number,
(posterior) variance, random effect label

LZ28EZ0055
2815830
4144061
.0ZE8379
.LhEgzd43
LPl154EE7
LE001026
0549307
.21z21e07
L1eErERL
0747851
. F139E570
LEeZlE01
58443236
.41281832
.31EBRES
L0987 3846
1811466
0543137
41757 LE
3832871
0845001
L 3E2E97EE
L8094 F3
LOdaEagy
.EEO05165
. 3920507

random effect estimate (standardized 6; = v;/0,),

[ e I e e Y e I o e e e e O e e e A e T e T A e e A

S11E872EE
L1E2E1E06
LO30zE3E5
1385211
L1EE3594
.0EEEEdd
LOEER3773
Ll0EzeEs
LO7RL4FE
1154283
L13412E8
Ll7rEoss
S1EELTOT
LOBERETT
1381145
LO735E31
L2ashags
1235054
Llogzans
1381413
LO0g07zEd
L2089433
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1136551
. 238409259
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intercept

o - 1.964/subject’s posterior variance

95% Confidence Intervals
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Large empirical Bayes estimates of random effects

e [D 13 (third subject) has large positive value (1.414) and has
observed data: 7, 7, 7, 6, 7 headaches

note, also that this subject has the smallest posterior variance
(.0303) due to number and consistency of responses

05% C.I. = 1.414 & 1.961/-0303 = (1.073, 1.755)

e [Ds 4 and 10 (17th and 22nd subjects) have large negative
values (< -1) and have observed headaches of 0 for all periods
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Random drug effect?

e In many studies, drug or treatment is a subject-level variable
and doesn’t vary across time

e In a crossover study, however, drug is a time-varying variable
and DOES vary across time

e A time-varying variable can be considered as random at the
subject level

— Does the drug effect vary across subjects?

— Is there subject heterogeneity in the number of headaches
for aspartame relative to placebo?
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Model in multilevel representation

i=1,...,27 subjects j=1,...,n; periods (max = 5)

Level-1 model (within-subjects)
10g(lLLij> = 10g<tij) + by; + blz'Plj + bQiPZj + bgiPBj -+ b47;P4j + b5Z-D’rugZ-j

Level-2 model (between-subjects)

boi = Bo + vyi
bi; = b1
bo; = 2
bs; = 03
by, = D4
bs; = b5+ s

Does the effect of aspartame on headaches vary across subjects?
(is vs; necessary?)

41



Under “File” click on “Open Existing Model Setup”

Edit Window Help

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

Mew 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+5

Save As..,

Exit

Open C:\SuperMixEn Examples\ Primer\Count\aspart3.mum
(or C:\SuperMixEn Student Examples\Primer\Count\aspart3.mum)

Organize * Mew folder B= = O @ ‘
[ % - L i .
Sk Favoiites Mame Date modified Type Size
B Desktop 7] aspart.mum 8/7/2008 4:25 PM MUM File 4 KB
8 Downloads 7] aspart2.mum 8/7/2008 4:43 PM MUM File 4 KB
“E| Recent Places |7 aspart3.mum 1/5/201510:45 AM  MUM File 4 KB
= Libraries E
@ Documents
J‘ Music
|| Pictures
¥ Videos
Lol Computer
& Local Disk (C)
5 groups (\\phsfile _
File name; - aspart3.mum - [Mixed Up Models (rum) |
| Open |v] [ Cancel ]
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&y allable 0l P
IC )]
Headache |_||_
Periad! il
Periad? il
Period3 Wi
Periodd Wi
Drugésp v
MPenods )
MTDays i

Ewplanatory Vanablez | E
Period] 2
Period? v
Period3 v
Periodd v

v

Crrugdizp

v Include |Ftercept

Ennﬁgtﬁratinn Wariables |§tarting ‘»-"aluesl Eattern#l Eduancedl Linear Transfnrmsl

L-2 Handom Effects

Crrugdizp

V¥ Include intercept

Select the columng of the zpreadsheet to be uzed az explanatory vanables and random effects.
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P SuperMix - [aspart3.out]
# Fila Analysis  ‘Window  Help

Mumher of caadrature points =
Muamher of free parameters =
Mamber of iterations used =

—Z1nL (deviance statistic) =
Akaike Information Criterion
Schwarz Criterion

Parameter Estimate
intercept -1_740k5
Pariodl O.1231
PeriodE O_0&7E
Pariod3 -0_.Z2131
Pariodd -0.0&8&
Druglsp 0_.z454

Ewent Rate

400. 16027
418 16027
443 39646

Estimated regression weights

Standard
Error

Event Rate

Patioc and 95% Ewent PRate Confidence Interwvals

oo oooo
.
o
[}
o

lewael z wariances and covariances

MR RO
=
n
I
n

Save bz

Parametear Eztimate
intercept -1_740k
Periaodl 0.1z31
PeriaodZz O_057E
Periaod3 -0.z131
Periodd -0_0&&5
Drugl=sp O_.z454
Estimated
Parameter

interceptSintercept
Druglspfintercept
Druglsp /Drughsp

Cloze

Estimate

Standard
Error

44
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Likelihood ratio test

compare deviances (-2 log L) from two models, where one is
nested within the other. Smaller deviance values are better, and
the difference can be compared to a y? distribution with ¢ df (q
= # of additional parameters in larger model)

Deviance equals 404.83 from model without random drug effect,
and 400.16 from model with random drug

X3 = 404.83 — 400.16 = 4.67

e 2 df for drug variance and drug, intercept covariance
e critical values are 4.605 (p = .10) and 5.991 (p = .05)

e suggestion of halved p-values for testing variance and
covariance parameters (Berkhof & Snijders, JEBS, 2001)
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Observed means: Headaches/Day across time by drug

drug baseline period 1 period 2 period 3 period 4
placebo 228 238 276 147 230

(n=27) (n=12) (n=14) (n=13) (n=9)
aspartame 381 2006 286 272

(n=15) (n=11) (n=9) (n=12)

rate ratio 1.60 0.96 1.95 1.18

Estimated means = exp(x'B + &%0/2) for placebo
= exp(x’'B + 1/2(630 + 6%1 + 2000, )) for aspartame

drug baseline period 1 period 2 period 3 period 4
placebo 228 258 242 184 217
aspartame 343 326 249 288

rate ratio 1.35 1.35 1.35 1.35
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Graph of Random Drug Effects
“File” > “Model-based Graphs” > “Confidence Intervals”

Ligt af W anables

I amne Predictar Group b arl -
1 | intercept r - -
2 Drughsp v - -

Flat Cancel

A-
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Drugdsp

95% Confidence Intervals

Level 2 unit
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Very interesting subject

Empirical Bayes estimate of drug effect is very large (= 1) for
[D=25 (7th subject)

observed number of headaches:
1 (placebo), 6 (drug), 1 (placebo), 7 (drug), 0 (placebo)

Drug Effect Estimates
model estimate std error p-value

with ID=25 rand int  0.2797  0.1641 0.0883
rand drug  0.2454  0.2352 0.2968

without ID=25 rand int 0.1384 0.1698 0.4149
rand drug  0.1462  0.1955 0.4545

also, from random drug models, estimate of drug variance goes
from 0.3928 (se = 0.2876) to 0.0030 (se = 0.0330)
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Overdispersion

e Poisson model assumes that the mean equals the variance
e overdispersion occurs when the variance exceeds the mean

— often present in real data, can change model estimates

— inclusion of random effects, by accounting for individual
differences, may decrease possibility of overdispersion

e Negative Binomial model relaxes this assumption by including
an overdispersion parameter

— Poisson model is a special case of Negative Binomial when
this overdispersion parameter equals 0

e SuperMix can estimate Negative Binomial models, however
the overdispersion parameter must be set (not estimated, yet)
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iﬁ Maodel Setup: aspartZMB.mum

Configuration Hariables] Starting Values | Patterns Advanced | Linear Transfarms

General Settings Time Settings
Urit '/ eighting: |E|:|ua| s Incorporate Time OFffzet; | pes -
Offzet Wanable: |MTDayps -

Uphirmization kMethod: |nn:ur1-an:|a|:|ti~.fe quadrature -

Murmber of Quadrature Points: |2|:|

Dependent [Count] Y arable Settings

Dhiztribution Model: |negative binarnial -

Dizperzion Pararmeter: |.III.7'

E nter the dizpersion parameter for the negative binormial rnodel,
Ay numenc value greater than 0.0 1z allowed. The default value 12 1.00
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Overdispersion? considering random intercept models

Dispersion Deviance
parameter  Distribution (-2 loglL)
0 Poisson 404.83040

01 Negative Binomial 404.65575
02 Negative Binomial 404.51392

.05 Negative Binomial 404.25692
07 Negative Binomial 404.20301
.10 Negative Binomial 404.26229

e dispersion of .07 is (approximately) best, with a difference in
deviance of about .63

e \7 critical value is 2.706 for a one-sided .05 test

e no real evidence of overdispersion for these data
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P SuperMix - [aspart?NB.out ]

 Fila Analysis  ‘Window  Help

=Z1lnL

Parameter
intercept
Periaodl
Periaodz
Periaods
Pariodd
Druglsn

Event Rate

Parameter
intercept
Periodl
Periadz
Pariod3
Periodd
Druglsp

Parametear

Save bz

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

(deviance statistic) =
bkajike Information Criterion
Schwarz Criterion

404 . 20201
415. 20301
437.8311%

Estimated regression weights

Estimate

Standard
Error

RBatio and 25% Ewvent Bate Confidence Interwvals

Estimate

Ewvent Rate

o o o o oo
T
-1
-]
[

Estimated lewel £ wariances and covariances

intercept fintercept

Cloze
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FHRRRO
-1
w”n
-1
tn

Standard
Eztimate Error =z Values P Value
0.4523 O_.1%z0 Zz.41032 0.agles



Conclusions

e Van Den Eeden et al., (1994), Aspartame ingestion and headaches: A
randomized crossover trial, Neurology, 44, 1787-1793.

“the proportion of days subjects reported having a headache was higher during aspartame
treatment compared with placebo treatment (aspartame = .33, placebo = .24, p = .04)”

e Levy, Hedeker, & Sanders (1995) To the editor: Aspartame and headache,
Neurology, 45(8):1631-2; author reply 1632-3.

Increase of headaches by aspartame only for 1-tailed test in random intercept model; random
drug model and model without subject 25 (very influential subject) shows no drug effect.

e Butchkoa & Stargelb (2001), Aspartame: Scientific evaluation in the

ggiténgagrketing period, Regulatory Toxicology and Pharmacology, 34,

“Evaluation of the anecdotal reports of adverse health effects, the first such system for a
food additive, revealed that the reported effects were generally mild and also common in the
general population and that there was no consistent or unique pattern of symptoms that
could be causally linked to consumption of aspartame. Finally, the results of the extensive
scientific research done to evaluate these allegations did not show a causal relationship
between aspartame and adverse effects. Thus, the weight of scientific evidence confirms
that, even in amounts many times what people typically consume, aspartame is safe for its
intended uses as a sweetener and flavor enhancer.”
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Seizure Counts for 59 Epileptics

Thall & Vail (1990). Some covariance models for longitudinal
count data with overdispersion. Biometrics, 46, 657-671.

data and description:
http:\\biosunl.harvard.edu\ ~fitzmaur\ala\epilepsy.txt

“The data are from a placebo-controlled clinical trial of 59 epileptics. Patients with
partial seizures were enrolled in a randomized clinical trial of the anti-epileptic drug,
progabide. Participants in the study were randomized to either progabide or a
placebo, as an adjuvant to the standard anti-epileptic chemotherapy. Progabide is an
anti-epileptic drug whose primary mechanism of action is to enhance
gamma-aminobutyric acid (GABA) content; GABA is the primary inhibitory
neurotransmitter in the brain. Prior to receiving treatment, baseline data on the
number of epileptic seizures during the preceding 8-week interval were recorded.
Counts of epileptic seizures during 2-week intervals before each of four successive
post-randomization clinic visits were recorded.”

Variable List: Patient ID, Treatment (0=Placebo, 1=Progabide), Age,
Baseline 8-week seizure count, First 2-week seizure count, Second 2-week
seizure count, Third 2-week seizure count, Fourth 2-week seizure count.
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e Under SSI, Inc > “SuperMix (English)” or ‘SuperMix (English) Student”

. 551 Inc
AUKAL3
= superMix (English) ‘ ‘

& SuperMix (English) Student

e Under “File” click on “Open Spreadsheet”

E File | Help
Mew Spreadsheet Ctrl+M
Open Spreadsheet... Ctrl+0
Import Data File... Ctrl+]
Exit

e Open C:\SuperMixEn Examples\ Workshop\ Count\ Seizures.ss3
(or C:\SuperMixEn Student Examples\ Workshop\ Count )\ Seizures.ss3)

e .
Lookin:l 1. Court j - |‘=j< v
Mame Date modified Ty

| allage.ss3 6/25/2007 410 PM 5S¢
L |Seburesss JEAEIE0 RS
6,/26/2007 12:08 PM  5¢

File name: ISeizures.ssE'-

Files of type: | Spreadsheets ( “ss3)
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B4 Seizures.ss3 o || B3|
| Apply
[ [AID |E| Seizuresl [C] ¥zt |[D) Baselne  [E] Tx  |[F] Base Tx [G]l Age | =]
1 | 101 11 0 2.94 1 2.94 13
2 101 14 1 2.94 1 2.94 13
3| 101 3 2 2.94 1 2.94 18—
4 101 B 3 2.94 1 2.94 13
5 102 B 0 2.25 1 2.25 a2
B | 102 7 1 2.25 1 2.25 a2
7 | 102 3 2 2.25 1 2.25 a2
g8 102 4 3 2.25 1 2.25 a2
9 | 103 I 0 1.56 1 1.56 20
10 | 103 4 1 1.56 1 1.56 20
11 | 103 3 2 1.56 1 1.56 20
12 | 103 I 3 1.56 1 1.56 20
13 | 104 ] 0 1.0 0 0.00 A
14 | 104 3 1 1.0 0 0.00 A
15 | 104 3 2 1.0 0 0.00 A
16 | 104 3 3 1.0 0 0.00 A
17 | 106 3 0 1.0 0 0.00 30
18 | 106 ] 1 1.0 0 0.00 30
e 106 3 2 1.0 0 0.00 30
20 106 3 3 1.0 0 0.00 30
21 107 2 0 04 0 0.00 25
22 107 4 1 04 0 0.00 25
23 107 I 2 04 0 0.00 25
24 107 b 3 04 0 0.00 28 -
! [T

ID, (2-week) seizure counts, visit (0 to 3), log baseline seizures |log (8-week
seizure count divided by four)|, tx (O=placebo, 1=progabide), baseline by tx
interaction, age
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Select “File” > “Data-based Graphs” > “Univariate”

Lizt of Yanables

Mame

D
Selzures
Wizt

B azeline
T

Baze Tx
e

2

e 1 e 1

" Bar Chart
i Pie Chart
" 3D Pie Chart
" Hiztogram

Number of class intervals: |1 i | ill

Plat Cancel
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Histogram of Seizures

50

40

N =236

Mean = 8.2627

S.D.=12.356

40 60 30 100 120
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Under “File” click on “Open Existing Model Setup”

Edit Window Help

Mew Project Ctrl+M
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 As...

Exit

Open C:\SuperMixEn Examples\ Workshop\ Count\ SeizureP.mum

(or C:\SuperMixEn Student Examples\Primer\Count\SeizureP.mum)

# Open Mixed Up Model =)
Search Count el

(I [« LoclDik (C) » SuperMnt amples » Workshop » Count [ 47|
Organize = New folder S 7 @
e Eontes Mame : Date modified Type Size
B Desktop |:| allage.mum 6/26/2007 12204 PM  MUM File 4 KB
& Downloads ] SeizureNBL.mum 4/9/2010 1:55 PM MUM File 4 KB
"'E.l Recent Places 7| SeizureMBlb.mum 4/12/2010 2:58 PM MUM File 4 KB
| 7] SeizureNBZ.mum 4/12/2010 Z12PM  MUM File 4 KB
3 Libraries = || SeizureP.mum 1/5/2015 2:03 PM MUM File 4 KB
@ Documents || SeizurePZ.mum 4/9/20101:43 PM MUM File 4 KB
J' Music 7] surveyp.mum 6/26/2007 12:11 PM  MUM File 4KBE
|| Pictures
E Videos

18 Computer
& Local Disk (C:)
5 groups (\\phsfile _

File name:  SeizureP.mum - [Mn(ed Up Models (*.mum] ']

I Open Ivi [ Cancel ]
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E Model Setup: SeizureP.mum

Title 1: |Seziure Count Data

Title 2: |Flar‘u:||:|m Intercept Poizzon model

Dependent Y arnable Type: | count

Dependent Vanable: |Seizures

Mizzing Values Present; |falze

Level-2 [Dg: |1D el
Level-3 1Ds: v
Wiite Bayes Estimates: |no el
Convergence Criterion: |EI.EIEIEI1
Nurber of [kerations: | 100
Generate Table of Means: |n|:| e
Output Type: |3tann:|aru:| -

Uze the arrow keys ar click on the desired tab to gselect the category of interest for the model.
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.........................

Ayailable E E wplanatory Y ariables L-2 Random Effects
D r Wisit
SeizUes [ Bazelne
Wizt 2 Tu
B azeline v bge
T= v
Baze Tx [
Age v

I Include Intercept

v Include Intercept

Uze the amow keys or click on the desired tab to zelect the category of interest for the model.
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@ Model Setup: SeizureP.mum

Configuration Eariahles] Etarting"-faluesl Patterns  Advanced LinearTransfnrms]

General Sethings

LIt W eighiting: J equal

Optirmization bethod: Jadaptive quadrature

Mumber of Quadrature Paoints: |'| 0

Dependent [Count) Yariable Settings

Distnbution kMaodel:

E ztimate Scale;

w
w
FPoizzon -
none -

Time Settings

lnizorporate Time Offzet; |r‘u:|

Uz the armow keps ar click on the desired tab to zelect the categom of interest far the model.
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i

},ﬂ SeizureP.out

-~
o
| Seziure Count Data
| Bandom Intercept Poisson model
o
Model and Data Descriptionsa ~
Sampling Distribution = Poisson ‘
Link Function = Loug E
Number of Lewel-Z Units 55
Number of Lewel-1 Units 238
Humber of Lewel-1l Units per Lewvel-Z Unit = B
4 4 4 4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4 4 4
o 0
| Descriptive statistics for all the wvariables in the model |
o o
Standard
Variable Minimam Maximim Mean Dewviation
Seizures 0.0000 10z 0000 8.2g27 1z.35c4
intercept 1._0000 1.0000 1._0000 a_0000
Visit 0.0000 3.0000 1.5000 1.1z204
Baseline 0.4055 3_6310 1.7aB0 0.74el
Tx 0_.0000 1.0000 0.5254 a.5004
Lge 12._0000 42 0000 28.33%0 6.2813
Save bz Cloze
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;..5 SeizureP.out

Parameter
intercept
Visit
Baseline
Tx

REge

Barameter
intercept
Visit
Baseline
Tx

Zge

Parameter

Ewvent Rate

Akaike Information Criterion
Schwarz Criterion

o 0
| OCptimization Method: Adeptive Quadrature |
o

Humber of guadrature points = 10

Humber of free parameters = [

Number of iterations used = 2

=-21nL (deviance statistic) = 1334.04477

1346.04477
1366_B2778

Estimated regression weights

Standard
Estimate Error z Value P Value
-0.23Z8 0.4384 =0-5311 0.5554
-0.0587 0.0z03 -Z2.8351 0.0038
1.0252 0.1015 10.1003 0.0000
—0:-2¥598 0-.1531 —2:1¥59 0.0344
0.01a07 0.0122 0.87&5 0.3808
Batio and 535% Event Bate Confidence Interwvals
Bounds
Estimate Ewent Bate Lower Upper
-0.2328 0.7923 0.3355 1. 8710
-0.0587 0.943 0.30&2 0.9812
1.0252 Z2.7876 Z2.28347 3.4011
—.- 2398 0.7263 0.5401 0.9787
0.01a07 1.0108 0.38&9 1.0352
Estimated lewvel Z wvariances and covariances
Standard
Estimate Error z Value P Value
0.2e50 0.0gls 4. 3418 0.0000

intercept/intercept

m

Save bz

Cloze
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Under “File” click on “Open Existing Model Setup”

m Edit Window Help

Mew Project Ctrl+M
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 As...

Exit

Open C:\SuperMixEn Examples\ Workshop\ Count\ SeizureP2.mum
(or C:\SuperMixEn Student Examples\Primer\Count\SeizureP2.mum)

7 Open Mixed Up Model

% | « Local Disk (C:) » SuperMixEn Examples » Workshop ¢ Count =

Eeam’: Count

Organize ¥ New folder E~x 0 @ |
$ir Favorites . Name . Date modified Type Size
B Desktop |7 allage.mum 6/26/2007 12:04 P MUM File 4 KB
& Downloads |7 SeizureNB1.mum 4/9/2010 1:55 PM MUM File 4 KB
"2l Recent Places |7 SeizureNB1b.mum 4/12/2010 2:58 PM  MUM File 4 KB
7] SeizureNB2.mum 4/12/2010 212 PM  MUM File 4 KB
w4l Libraries 2 || SeizureP.mum 1/5/2015 2:03 PM MUM File 4 KB
@ Documents |;4 SeizureP2.mum 4/9/2010 1:43 PM MUM File 4 KB
&' Music 2] surveyp.mum 6/26/2007 1211 PM  MUM File 4 KB
[ Pictures
H videos

1M Computer
& Local Disk (C:)
¥ groups (\\phsfile _

File name: SeizurePZmum ~  [Mixed Up Models Crum)  ~|

[ Open |v| [ Cancel ]

66



|§ﬁ Model Setup: SeizureP2.mum

Title 1: |Seziure Count Data

Title 2: ]F!an-:h:um Intercept & Trend Poizzon model

Dependent Varable Type:

Dependent W ariable:

tizzing Values Prezent;

count | Lewvel-2 D= |ID I
Selzures |1 Level-3 D s
Wiite Bayes Estimates; | no hd
Convergence Criterion: IEI.EIEIEH
Mumber aof [terations: |1 I
falze | enerate Table of Means: |r‘u:| hd
Output Type: |3tann:|arn:| -

Uze the arrow keps ar click on the desired tab bo zelect the category of interest for the model.
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P :: = 4

{aniables I Etartihg W alues I Ealt'terns I B dvanced I L'inear"Transtrms I
Byailable E xplanatorny W ariables L-2 Random Effects | 2
D Wizl Wisit v

Eazeline ,
T= !
e

Seizures
Wizt
Bazeline
T

Baze Tw
Age

SRR T

v Include Intercept

W Include Intercept

Uze the amow keys or click on the desired tab to select the category of interest for the model,
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P

Jﬁﬁ SeizureP2.out

= e |55

o ln}

| Optimization Method: Adaptive Quadrature |

o 0
Number of guadrature points = 10
Number of free parameters = g8
HNumber of iterations used = 2
-Z1lnL (dewviance statistic) = 1314_21288
Akaike Information Criterion 1330_2128B8
Schwarz Criterion 1357 .52354

Estimated regression weights
Standard

Parameter Estimate Error z Value EF Value
intercept -0_.2372 0.4423 -0.53e3 0.55918
Visit -0.0513 0.0325 -1_5&803 0.1187
Baseline 1.0250 0.1013 10-1237 0.0000
Tx -0.3185 0.1508 -2_.038a 0.0355
Age 0.0100 0.01z4 0.80%81 0.4Z02

Ewent Bate Ratio and 55% Ewvent BRate Confidence Interwals

Bounds
Parameter Estimate Ewent Eate Lower Upper
intercept -0_.2372 0.7888 0.3315 1_8770
Visit -0.0513 0.53500 0.8508 1.013z2
Baseline 1.0250 2.7872 Z_ZB54 2_3895%2
Tx -0.3185 0.7287 0.5422 0._-=2753
Age 0.0100 1.0100 0.9858 1.0348
Estimated level Z wvariances and covariances
Standard

Parameter Estimate Error z Value P Value
intercept/intercept 0_.3237 0.0857 2_7770 0.0002
Visit/intercept -0.0343 0.0231 -1.5104 0.130%
Viait/Visit 0.0Z13 0.0032 2.3205 0.0203

m

Save ha. Cloze
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Evidence of random subject trends across time

e deviance (-2 logL)) = 1334.04 from model without random
trends (only random intercept)

e deviance = 1314.21 from model with random intercepts and
trends

® \5 ~ 20, highly significant

e variance of seizure counts changes across time

e Poisson model assumes no overdispersion

e better check what Negative Binomial model yields
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Under “File” click on “Open Existing Model Setup”

(File| Edit Window Help

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

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

Mew Syntax File
Open Syntax File...
Open Text File...

Data-based Graphs 4
Open Graph... Ctrl+G

Save Ctrl+S

Save As...

Exit

Open C:\SuperMixEn Examples\ Workshop\Count\SeizureNB2.mum
(or C:\SuperMixEn Student Examples\Primer\Count\SeizureNB2.mum)

% Open Mixed Up Model 1

_; ), <« Local Disk (C:) » SuperMiEn Examples » Workshop » Count [ 43 ||| search Count
e e EEYE}YEYY
Organize »  Newfolder =~ 0 @ |
i Favortes MName : Date modified Type Size
B Desktop 7] allage.mum 6/26/2007 1204 PM  MUM File 4KB
& Downloads 7] SeizureMBL.mum 4/9/20101:55 PM MUM File 4KB
‘&l Recent Places 7] SeizureMBlb.mum 4/12/2010 2:58 PM MUM File 4KB
| 7| SeizureNB2.mum 4/12/2010 212 PM  MUM File 4KB
4 Libraries 3 7] SeizureP.mum 1/5/2015 2:03 PM UM File 4KB
@ Documents 7| SeizureP2.mum 4/9/2010 1:43 PM MUM File 4KB
o) Music 7] surveyp.mum 6/26/20071211 PM  MUM File 4KB
[ Pictures
B videos

18 Computer
& Local Disk (C:)
¥ groups (\\phsfile _

File name:  SeizureNB2.mum - [Mixed Up Models Cumum)  ~|

| Open Ivi [ Cancel ]
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ﬁ Model Setup: SeizureNB2.mum

LConfiguration Hariahles] Etarting‘v"alues] Fatterns  Advanced I:inearTranstrms]

General Settings

LI it " eighting: | equal

O phirmization Method: |a|:|a|:|tiﬂ.fe quadrature

Murnber of Quadrature Paints; |10

D ependent [Count] VWariable Sethings

Diztribution Madel: |negative binarnial

Dizperzion Parameter: |D.15|

Time Settings

|ncorparate Time Offzet: |n|:|

Enter the dizpersion parameter for the negative binomial model.

Ay numenc value greater than 0.0 iz allowed. The default value = 1.0
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+* SeizureNBZ.out

E=n o

-~

= =

| OCptimization Method: Rdaptiwve Quadrature |

o 0
Number of guadrature points = 10
Number of free parameters = a8
Number of iterations used = 10
—-21nl. {(dewiance statistie) = 12520859397
Akajike Informatiom Criterion 1268.085957
Schwarz Criterion 12835 _800&2

Estimated regression weights
Standard

Darameter Estimate Error z Value P Value
intercept -0.2048 0.4445 -0.4804 0.e8452
Visit -0.051% 0.0354 -1.455% 0.1455
Baseline 1.0251 0.10&7 9.gl1l14 0.0000
Tx -0_.3207 0.1507 -Z_1279 0.0333
Ege 0.0100 0.01z2z O-BYH1 0.4133

Event Hate Batio and 35% Event Bate Confidence Interwvals |

Bounds
Darameter Estimate Event Rate Lower Upper
intercept -0.2048 0.8l4sg 0.3407 1.348% £
Visit -0.0514 0.3457 0.88e0 1.0180
Baseline 1.0251 Z_.TB7E Z.2glg 3.435%
Tx -0.3207 a_-7z57 0.5401 0-9750
Rge 0.0100 R ] s 0.588l1 1.034%
Estimated lewel Z wvariances and cowvariances
Standard
Darameter Estimate Error = Value b Talue
intercept/intercept 0.2458 0.08s0 2.8582 0.0043
Visit/intercept —-0.0050 0.01s58 = 13 0.801%
Visit,/Visit 0.0002 0.0011 a a3 O_.87TZ27
1 | 1] | ¥
Save Az Close
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Overdispersion? random intercept and trend models

Dispersion Deviance
parameter  Distribution (-2 logl.)
0 Poisson 1314.213

05 Negative Binomial 1262.956
.10 Negative Binomial 1253.284

15 Negative Binomial 1252.090
20 Negative Binomial 1254.982

e dispersion = .15 is best, with deviance difference = 62.1
e strong evidence of overdispersion

e deviance = 1252.142 for simpler random intercept NB model
with dispersion = .15 (using SeizureNB1.mum)

= allowing for overdispersion, no evidence of random subject
trends
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' SeizureNBL.out

o o -

| Optimization Method: Adaptive Quadrature |

o 0
HNumber of guadrature points = a
Humber of free parameters = -]
Number of iterations used = 2
-21nL {(dewiance statistic) = 1252 141398
Bkaike Information Criterion 1264.14158
Schwarz Criterion 1284 _.924397

Eatimated regressiocn weights
Standard

Darameter Eatimate Error z Value B Value
intercept -0_.218:z2 0.4431 —-0_.4925 0.8224
Visit -0.053%9 0.0341 -1_5784 0.1145
Baszeline 1_0258 0.10&8 9_e043 0.000a
Tax -0_.318% 0.1507 —-2_1158 0.0344
Age 0.0105 0.01z21 0.8725 0.382%9

Event Eate Ratio and 55% Ewvent Bate Confidence Interwvals

Bounds
Parameter Estimate Ewent BRate Lower Upper =
intercept -0_.2182 0.8040 0.3374 1.91&0
Visit -0_.053%9 0.9475 0.88&2 1.0131
Baseline 1_0258 2.7892 Z2_Zg24 3.4387
Tx -0_.318% a_7270 0.5410 0.97&88 i
Age 0.0105 1.0108 0.9870 1.0348
Estimated lewel Z wariances and covariances
Standard
Parameter Estimate Error z Value B Value
intercept/intercept 0_2317 0.0gls 3.745e 0.0002
1| 1l [ B
Save bz Cloze
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Creation of an interaction term

e Thall & Vail (1990) considered treatment by baseline seizure
rate interaction (i.e., moderation of treatment effect by
baseline seizure rate level)

e This product of Baseline and Tx was created in the SuperMix
spreadsheet Seizures.ss3 as follows:

— create a new column with header Base Tx

—select this column, and input the function D1xE1 in the
formula box

— click on the Apply button

— each value of the new variable Base_Tx is equal to the
product of the corresponding values of Baseline and Tx
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SuperMix - [Seizures.ss3]

[y = RN R PERE TS R, R FURE PR R TS RR SR S R e RIS R e R R RN R na R un ]
LIl = OO L B — DL B — D L P = DL = O LD =D
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Under “File” click on “Open Existing Model Setup”

(File| Edit Window Help

Mew Project Ctrl+M
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 As...

Exit

Open C:\SuperMixEn Examples\ Workshop\ Count\ SeizureNB1b.mum

(or C:\SuperMixEn Student Examples\Primer\Count\SeizureNB1b.mum)

# Open Mixed Up Model

Organize * New folder =« [ @
& Favorites Name ° Date modified Type Size
M Desktop 1] allagemum 6/26/2007 12:04 PM  MUM File 4 KB
4 Downloads 2] SeizureNBL.mum 4/9/2010 1:55 PM MUM File 4KB
“\:-_*-.' Recent Places |:| SeizureMBlb.mum 4/12/2010 2:58 PM MUM File 4KB
|7 SeizureNB2.mum 4/12/2010 212 PM  MUM File 4KB
4 Libraries = | 7] SeizureP.mum 1/5/2015 2:03 PM MUM File 4 KB
[Z) Documents 7] SeizureP2.mum 4/9/2010 1:43 PM MUM File 4 KB
& Music 7] surveyp.mum 6/26/2007 12:11 PM  MUM File 4KB
[E=] Pictures
B8 Videas

8 Computer
G Local Disk (C:)
5 groups (\\phsfile _

File name: SeizureMBlb.mum - [Mb(ad Up Models (*.mum) v]

i Open |vi [ Cancel ]
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el T 3 x | [T = j |

Eu':u'r'ufigura'tinn Warables |§tarting alues |'E'Eit'te'ms Iiﬁﬂﬁanced I'.I:ir"uéa'r-:Transfnrmél

Available = E »planatory % ariables L-2 B andom Effects
1D i Wisit
Selzures r E B azeline
Wigit ™ T
Bazelne W Age
T A Base Tx
Baze Tx v’
Age |

v Include Intercept

v Include Intercept

Select the columng of the spreadzheet to be used az explanatomy vanables and random effects.
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¥ SeizureNBlb.out

o

| Cptimization Method: Adaptive Quadrature |

o o
Number of guadrature points 1a
Number of free parameters = T
Humber of iterations used = 2
-Z1lnL (deviance statiastic) = 1245 _gl84¢
Akaike Information Criterion 1263 .6184%
Schwarz Criterion 1287 .8€529

Estimated regression weights

Standard

Parameter Estimate Error z Value E Value
intercept -0.1051 0.4408 -0.2387 0.8114
Visit -0.0538 0.0341 =1-5702 0.11a4
Baseline 0.885% 0.1345 &.584¢ 0.0000

Tax -0.91534 0.4137 -2_218% 0.02&4

Rge 0.0154 0_.01Z21 1.2e70 0.2051
Base Tx 0.3278 i e B 1.5458 0.12z2

Event BRate Hatio and 95% Event Rate Confidence Interwvals
Bounds

Barameter Estimate Ewvent Hate Lower Upper
intercept o e K L 0.3002 0.37%&6 2.1347
Visit -0.053¢ 0.5478 0.88a4 1.0134
Baseline 0.885%9 2.4251 1._8e30 3.1587

Tx -0.51B84 0_3551 0.1774 0.8s80 4
Age 0.0154 ¥ o0ESS 0.951e ¥ 03559
Base Tx 0.327¢& 12877 0.58180 2.1023

Estimated lewel Z wvariances and covariances
Standard
Parameter Estimate Error z Value B Value
intercept/intercept 0_.2175 00592 3_.6733 Q.0002
4 i | b
Save bz Cloge
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Baseline by Tx interaction?
not really significant (p = .122), but

BTX = —.9184 and BBaseTx = .3276 suggests that mean
seizure rate for progabide group is either higher or lower than
placebo group, depending on baseline seizure level

o Tx effect = —.9184 when (log) Baseline = 0
(remember baseline seizure rate is expressed in log units)

e Tx effect = 0 when (log) Baseline = .9184/.3276 = 2.8
(or exp 2.8 = 16.4 in raw baseline seizure values)

e I'x effect > 0 when baseline seizure rate > 16.4
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Summary

e Poisson overdispersion can be handled by

— random effects

— inclusion of overdispersion parameter (Negative Binomial
regression )

—random effects and overdispersion (mixed Negative
Binomial regression)

e Zero-inflated models (ZIP, ZINB) are in Supermix update

e Supermix can handle 3-level models (repeated observations
within subjects within clusters) and uses full-likelihood
solutions throughout
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