
Prader-Willi Syndrome: Toward Automated 
Identification of Phenotypic Differences 

In Prader-Willi syndrome (PWS), the two common etiologies are paternal deletion of chromosome 15q11-13 (~70% of affected persons) and maternal uniparental disomy 15 (UPD) (~25%). 73
persons are included in our retrospective study, 37 under the age of 8 (7 UPD, 30 deletion), and 36 above (15 UPD, 21 deletion). The R Matching package was used to match individuals based on
gender and age. The results reveal that, in the younger age group, nasal base and mouth width are significantly reduced in UPD, while in the older individuals, inner canthal distance and ear length
are larger in UPD. After normalizing measurements by OFC, these results remain significant. Reduced minimum frontal distance is another differentiator of UPD under the age of 8, while reduced
mouth width differentiates above age 8. In addition, facial images of 16 persons (4 UPD, 12 deletion) from the same cohort were evaluated with automatic image analysis tools for UPD/deletion
differentiation. This type of analysis provided good discrimination between individuals with UPD and those with deletion.

CONCLUSIONS AND FUTURE WORK
Since UPD is the less prevalent etiology and has a subtly different phenotype, there is a risk of under-diagnosis. In a future study we plan to test this hypothesis using
blinded dysmorphologist assessment and automatic facial analysis tools. We would assess whether this risk could be reduced by training automatic systems to identify the
individual etiologies.

OUTLINE OF CURRENT STUDY

We revisited the 1999 study in order to: (1) Validate the analysis using different statistical machinery; (2) Examine the age-related differences between the two 
etiologies; and (3)Evaluate image-based differentiation.

For 1+2, The data of 73 patients from [2] were used. Instead of employing population norms to obtain Z scores, the R Matching package was used to match 
individuals based on gender and age.

REVISITING THE MEASUREMENT DATA

Method:
A series of anthropometric measurements was obtained on each subject using published methods. 
These dimensions were chosen to represent craniofacial widths, depths, lengths and circumferences 
plus details of ears, eyes, nose and mouth structure. Measurements were taken by one of the authors (JEA). 

Samples were matched within each age group separately, by age and gender, 
and the p-value was obtained based on matched t-test.

Results:
The results reveal that, in the younger age group, nasal base and mouth width are significantly reduced in UPD,
while in the older group, inner canthal distance and ear length are larger in UPD. After normalizing measurements
by OFC, these results remain significant. Reduced minimum frontal distance is another differentiator of UPD
under the age of 8, while reduced mouth width differentiates above age 8. The successful utilization of
normalized measurements supports the future use of ratios of distances extracted from images.

p-values (lower is more significant) depicting the deletion/upd discriminativity of each measurement
(raw or normalized by ofc) in each age group

PREVIOUS WORK – SPECIFIC SYNDROMES

In Prader-Willi syndrome (PWS), the two common etiologies are paternal deletion of chromosome 15q11-13 (~70% of affected persons) and maternal uniparental disomy15
(UPD) (~25%). Cassidy et al. [1] evaluated 37 individuals with deletion PWS and 17 with UPD to determine if there were phenotypic differences and reported that those with
UPD have a higher likelihood of an atypical face, often rounder displaying a broader forehead and a flatter/broader nasal bridge. Allanson et al. [2] followed up with an
objective study of 109 individuals with PWS. Measurements of eyes, ears, nose, mouth, facial widths, depths, lengths and circumferences were taken. The raw data were
compared to norms and converted to Z scores to control for age and sex differences. Results showed agreement with the previous study: persons with UPD have a longer
face, more protuberant nose with a narrower base, smaller mouth, and broader or more prominent mandible.
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IMAGE-BASED ANALYSIS

Method:
Facial images of 16 persons (4 UPD, 12 deletion) from the same cohort were available. These were evaluated
with automatic image analysis tools for UPD/deletion differentiation. Each face was encoded as a vector
using FDNA’s computer vision algorithms. Then, Leave One Out (LOO) experiments were conducted to
evaluate the classification accuracy.

Results:
Even though the number of persons was very limited, it is evident that this type of analysis
provided good discrimination between UPD and deletion individuals.
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The figure illustrated above is not of a PWS patient, and is provided for illustration purposes only.


