




ARCAs
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Autosomal Recessive Cerebellar Ataxias

K e y w o r d s



Genetically defined
>200 disease types

Affects the cerebellum 
and associated tracts

Lack of coordination Progressive disease
- Loss of ambulation

Disease-modifying 
therapies are on the horizon

Scarcity of robust 
trial designs in RNDs
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Video from: https://www.youtube.com/watch?v=JSyLnt3rLxs 3
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𝑃 𝑌𝑖𝑗 ≥ 𝑘 =
𝑒(𝑎𝑗(𝜓𝑖−𝑏𝑗,𝑘))

1 + 𝑒(𝑎𝑗(𝜓𝑖−𝑏𝑗,𝑘))

𝑃 𝑌𝑖𝑗 = 𝑘 = 𝑃 𝑌𝑖𝑗 ≥ 𝑘 − 𝑃 𝑌𝑖𝑗 ≥ 𝑘 + 1

𝑌𝑖𝑗: observed item score for individual 𝑖 and item 𝑗

𝑘: item response score

▪ Scale characteristics
▪ 𝑎𝑗: Item discrimination

▪ 𝑏𝑗,𝑘: Item difficulty

▪ Subjects characteristics
▪ 𝜓𝑖: Latent variable

Item characteristic curves 
(ICCs)

𝑏𝑗,𝑘

𝑎𝑗

2-parameters logit functions

𝑏𝑗,𝑘 𝑎𝑗
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Do all SARA items share one common underlying 
latent variable? 

What are the characteristics (and performance) of 
each SARA item? 

Is one IRT model applicable to all ARCA genetic 
subpopulations?
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Do all SARA items share one common 
underlying latent variable?
(i.e., unidimensional)

What are the characteristics (and 
performance) of each SARA item? 

Is one IRT model applicable to all ARCA 
genetic subpopulations?
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Methods

• Item parameters
• Item characteristics curves
• Fisher information

• Data correlations
• Residuals correlations

• Model fit for each 
subpopulation
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Results o ICCs o Fisher informationo Data correlation o Residuals correlation o Subpopulation analysis

Item scores

Residuals

Upper matrix

1. Data correlations → before modelling

2. Residual correlations → after modelling

3. Average correlations for 100 simulations

Lower matrix

4. VPC-like diagnostic

• The 5th, 50th, and 95th percentiles 
(lines)

• 95% confidence intervals of the 
corresponding percentiles (shaded 
areas)
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Results o ICCs o Fisher informationo Data correlation o Residuals correlation o Subpopulation analysis
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Results o ICCs o Fisher informationo Data correlation o Residuals correlation o Subpopulation analysis



Do all SARA items share one common 
underlying latent variable? 

What are the characteristics (and 
performance) of each SARA item? 

Is one IRT model applicable to all ARCA 
genetic subpopulations?
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Methods

• Item parameters
• Item characteristics curves
• Fisher information

• Data correlations
• Residuals correlations

• Model fit for each 
subpopulation



Zero and unit size: mean and standard 
deviation of the reference population
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Results o ICCs o Fisher informationo Data correlation o Residuals correlation o Subpopulation analysis
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Results o ICCs o Fisher informationo Data correlation o Residuals correlation o Subpopulation analysis



Do all SARA items share one common 
underlying latent variable? 

What are the characteristics (and 
performance) of each SARA item? 

Is one IRT model applicable to all ARCA 
genetic subpopulations?
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Methods

• Item parameters
• Item characteristics curves
• Fisher information

• Data correlations
• Residuals correlations

• Model fit for each 
subpopulation



Number of 
subjects in each 
subpopulation
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→

Results o ICCs o Fisher informationo Data correlation o Residuals correlation o Subpopulation analysis
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Fit better than expected Fit worse than expected

Δ 𝑚𝑒𝑎𝑛(𝑖𝑂𝐹𝑉) = 𝑚𝑒𝑎𝑛 𝑖𝑂𝐹𝑉𝑠𝑢𝑏𝑝𝑜𝑝 −𝑚𝑒𝑎𝑛 𝑖𝑂𝐹𝑉𝑎𝑙𝑙 𝑝𝑜𝑝

iOFV: individual 
objective function value

Fit IRT model using all data

𝑚𝑒𝑎𝑛 𝑖𝑂𝐹𝑉 for each 
subpopulation  

𝑚𝑒𝑎𝑛 𝑖𝑂𝐹𝑉 for entire 
ARCA population

Δ 𝑚𝑒𝑎𝑛(𝑖𝑂𝐹𝑉) and 
confidence intervals

Model fit results: iOFVs

Random selection of 1 
observation/subject

Results o ICCs o Fisher informationo Data correlation o Residuals correlation o Subpopulation analysis
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• Red points: difference in 
means of iOFVs

• Error bars: 95% confidence 
intervals (based on pooled 
two-sampled t-test assuming 
equal variances)

• n: number of subjects in 
each group

Fit better than expected Fit worse than expected

Results o ICCs o Fisher informationo Data correlation o Residuals correlation o Subpopulation analysis

Permuted group:
a hypothetical subpopulation 
created by permuting the sub-
scores of each item across 
individuals.



Unidimensional- captures one single latent variable

SARA is well-performing with high discrimination 
values

All items are informative with varying importance at 
different disease severity levels

IRT model is applicable across all genetic 
subpopulations and no item patterns differences
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▪ SARA on the item level

▪ Disease severity of ataxia patients (cross-sectional)








