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Introduction

• The analysis of multilevel data (clustered 
and longitudinal data) present challenges 
in accurately estimating the between-
subject and within-subject effects of 
covariates.

• We illustrate an approach to getting 
consistent estimates of both the between 
and within-subjects effects of covariates.
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Example: Birth Weight Data 
(Abrevaya)

• Data collected between 1990 and 1998
• 8604 singleton births
• 3978 moms

– 3330 mom (84%) had two births
– 648 moms (16%) had three births

• Want to estimate the impact of mother smoking 
on baby birth weights after adjusting for 
covariates.

• Example based on Rabe-Hesketh and Skrondal
(2012)
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Abrevaya Birthweight Data is 
Multilevel

Level 2

(Cluster/Subject)

Level 1

(births)

• Between‐Subject (Level 2) Variables: married, education level, black 

•Within‐Subject (Level 1) Variables: birthweight, mother’s age, smoking status, sex, 
level of prenatal care, trimester of first prenatal visit    

Birth 2 Birth 3

Momid 1

Birth 1

Momid 2…

Birth 2Birth 1



Between-Subject (Level 2) 
Variables

Do not vary within a subject/cluster
• Married indicator for marital status at baseline
• Mom education indicators 

(Less than HS reference)
– HSGrad
– SomeColl
– CollGrad

• Black indicator for race/ethnicity
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Descriptives for 
Between-Subject Variables
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Within-Subject (Level 1)
Variables 

Can Vary within a subject/cluster
• Birwt: Birth weight in grams (outcome)
• Mage: Mother's age at birth of child
• Smoke: Smoked during pregnancy indicator
• Male: baby sex indicator
• Kessner score indicators

(Kessner1: reference Level)
– Kessner2: intermediate prenatal care
– Kessner3: inadequate prenatal care

• Trimester of first prenatal visit Indicators
– Novisit: no prenatal visits

(Pretri1: reference level)
– Pretri2: first visit in 2nd trimester
– Pretri3: first visit in 3rd trimester
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Descriptives for 
Within-Subject Variables
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Note on Effects of Smoking 
(a Within-Subject Variable)

• Smoking is a within-subject variable because it can 
change within the same mom from pregnancy to 
pregnancy.

But…
• There are different possible effects of smoking

– Effect of smoking on birthweights for babies from the 
same mother—comparing birthweights for pregnancies 
when she smoked to pregnancies when she didn’t

– Effect of smoking on birthweights for babies of different 
mothers who smoked vs. those who did not smoke
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Graph Showing Between and 
Within-Subject Variability in 

Birthweights
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SAS Code to Generate Graph
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SAS Code to Generate Graph 
(Cont)
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SAS Code to Generate Graph 
(Cont)
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First Fit a Linear Mixed Model (LMM): 
Random Intercept for Each Subject
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within-subjects effects 

 between-subjects effects

Where i indexes an individual birth, j indexes a subject (momid)
• β′ 	represent the fixed effect of each predictor.

o Do not vary 
• εij represent the random error within a subject

o Vary from birth‐to‐birth within a subject
• boj represent the random variability in intercepts 

o Deviation from fixed intercept for each subject
o Vary from subject‐to‐subject



LMM Assumptions
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LMM SAS Code
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LMM Estimates
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LMM Estimates Discussion
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• Based on LMM, mom smoking is associated with 218 
gram lower birth weight on average, after controlling for 
other covariates

• But, effect of smoking variable incorporates both within 
and between-subjects effects
– Within-Mom effect of smoking: comparison of birth 

weights within the same mom at times when she was 
smoking vs. when she was not

AND
– Between-Mom effect of smoking: comparison of 

birth weights of moms who were smokers vs. those 
who were not  



Next Fit a Strictly
Between-Subjects Model
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• Calculate mean of all within-subject variables, including 
birthweight, for each mom and then fit a linear regression model
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Between-Subjects Model:



SAS Code for Between-Subjects 
Model
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SAS Code for Between-Subjects 
Model (cont)
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Estimates from 
Between-Subjects Model
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Between-Subjects Model 
Discussion
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• One observation per subject in the between-subjects model
• Effect of smoking now estimated to reduce birth weight by 

286 grams, after adjusting for other covariates
– This is the strictly between-subjects effect of smoking, 
– A one-unit change in msmoke represents the difference 

between a subject who always smoked (msmoke=1.0) 
vs. a subject who never smoked (msmoke=0.0). 

– Note: subjects who smoked during some pregnancies 
and not during others, would have fractional values of 
msmoke (e.g. msmoke=0.5 for a mom with 2 
pregnancies who smoked during one pregnancy, but not 
during the other). 



Next Fit a Fixed Effect 
(Strictly Within-Subjects) 

Model
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• Include a dummy variable for each mom minus 1
– Subject (momid) is now a fixed effect
– No between-subjects variables can be included
– Entire effect of all between-subject variables is taken 

up by the dummy variables for momid
• There are no random effects in this model
• Warning: This model takes a long time to fit!

– But there is another way to do it, using absorption



Fixed Effects 
(Strictly Within-Subjects) 

Model
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Within-Subjects (Fixed Effects) Model:



Fixed Effects (Within-Subjects) Model 
SAS Code
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Estimates from Fixed-Effects 
(Within-Subjects) Model
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Fixed Effects (Within-Subjects) 
Model Discussion
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• Effect of smoking now estimated to reduce birth weight 
by 105 grams, after adjusting for other covariates
– This is the strictly within-subjects effect of smoking
– Gives a comparison of birth weights within the same

mom for births when she smoked vs. births when she 
did not smoke

– Effect is smaller than the between-subjects effect
– But is this difference significant?



Alternative Method for Within-Subjects 
Model Using Absorption: SAS Code
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Estimates from Absorption  
Model
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Fit a Between-Within (BW) 
aka: Hybrid Model
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Include both the within- and between-subjects effects 
of smoking in the same model:
1. Center each within-subject variable by creating the 

deviations at each time point from the mean for 
that subject
o Deviations capture the strictly within-subjects 

effect of smoking and other within-subjects 
covariates

o Label these variables with d prefix



Fit a BW Model (cont.)
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2. Also include the Subject-specific means of all 
within-subjects variables 

o Means capture the between-subjects effects of 
these variables

o Label these variables with m prefix

Ex: Mom who had two pregnancies and smoked in 
one, but not in the other.
Smoke   Dsmoke Msmoke
1                     .5                     .5
0                    ‐.5                     .5



Between-Within Model (cont.)
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• This model allows us to simultaneously estimate 
both between-subjects and within-subjects effects

• Within- and between-subject effects are 
independent

• We can compare the within- and between-subjects 
effects of variables using contrasts (post-hoc tests)



Between-Within Model
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Between-Within Model 
Assumptions
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Between-Within Model
SAS Code
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Between-Within Model
SAS Code (Cont)
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Between-Within Model
SAS Code (Cont)
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Between-Within Model
SAS Code (Cont)
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BW Model Results
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BW Model: Comparison of 
Between vs. Within Effects

• The between-subjects effect 
of smoking (-287.71 gm) is 
significantly greater than the 
within-subjects effect (-104.56 
gm)

• There is also a significantly 
greater effect of within-mom 
age (125.64 gm) than  
between-mom age (4.56 gm)

• There may be other 
unmeasured factors that differ 
between smokers and non-
smokers besides smoking 
alone.
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Final BW Model

• Include only between and within effects that differ 
significantly

• Include a random effect for each subject (mom)
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Final BW Model SAS Code
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Final BW Model Results
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Comments on 
Between-Within Model

The within-subjects effects of smoking: 
• The average birthweight of babies born to mothers 

in a pregnancy when they smoked is 105 grams less 
than in a pregnancy when they didn’t smoke, after 
controlling for other covariates.

The between-subjects effect of smoking:
• The average birthweight of babies born to mothers 

who smoked during all their pregnancies is 288 
grams less than for mothers who never smoked, 
controlling for other covariates.
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Some Thoughts
• It isn’t necessary to go through the entire process of fitting a 

between- and within-model separately, which was done here 
for illustration purposes.

• You can start with the between-within model.
• For linear models, i.e. with normally distributed outcomes, 

the BW method produces the same results for the within-
subjects effects as the standard fixed effects method 

• But for logistic regression, the BW estimates are not identical 
to those produced by conditional likelihood (the gold 
standard), fitted using strata in proc logistic in SAS. 
– Some caution, as well as some modifications are 

suggested for binary (logistic) regression and other non-
linear models.

– See Allison, “Problems with the Hybrid Method”. 
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