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BACKGROUND

Historically, X&Y Chromosome Variations have been underdiagnosed by 
medical professionals

Individuals diagnosed with X&Y variations were just a fraction of those 
who actually have the condition



Noninvasive Prenatal Screening



IMPACTS OF INCREASED DIAGNOSES:
Increased need for genetic counseling for X&Y variations
Many more babies presenting to pediatric offices as newborns for medical 
care
Many more babies presenting for developmental care / therapies

OPPORTUNITY:
Large cohort of babies to follow prospectively from birth
Less bias than previous research and clinical samples
Opportunity to understand family experience
Opportunity to improve genetic counseling
Opportunity to improve medical care and developmental care





Hormone levels



Inclusion Criteria:
• Prenatal identification of sex chromosome variation
• Diagnostic confirmatory testing 
• English or Spanish speaking
• Child age 6 weeks to 12 months on enrollment

Exclusion Criteria:
• Previous diagnosis of a different genetic or metabolic disorder with 

neurodevelopmental or endocrine involvement
• Prematurity less than 34 weeks gestational age
• Complex congenital malformation not previously associated with 

X&Y variations
• History of significant neonatal complications
• Known brain malformation identified by neuroimaging



Study Protocol

Family participation:
• Complete 13 study 

visits
o 5 in-person visits
o 8 telehealth

Data Collected:
• Demographics
• Prenatal/birth history
• Health history
• Developmental skills
• Interventions/education
• Family history

12m 18m 24m 36m 4 y 5y 6y 7y 8y 9y2 & 6m 10y

Direct assessments (in-person visits):
• Cognitive, academic, executive functioning, 

language, social and motor assessments
• Physical examination
• Sample collection (blood/urine/stool)

o Biobanking
• Body composition (pea pod/bod pod)
• Parent cognitive testing



Total Study Enrollment

XXY 201

XYY 35

XXX 87

XXYY 15

XXXY 3

XXXX 1

Total 372

• Enrollment closed!
o Original goal: 200

• Current Youngest: 5m old
• Oldest: 9y old
• 114 participate at Nemours Children's Hospital
• 258 participate at Children's Hospital Colorado
• Funding until March 2028

Study Participants
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All (%) XXX XXY XYY p-value
Race(%)
Asian
Black
>1 race
White

3.1
2.8
11.6
82.6

5.1
1.3
7.6
86.1

3.1
2.6
12.8
81.5

0
5.7
2.6
81.1

0.364

Ethnicity (%)
Hispanic
Non-Hispanic

15.3
84.7

13.9
86.1

15.9
84.1

15.1
84.9

0.969

Annual 
Household  
Income (%)
<$75K
$75-150K
$150-250K
>$250K

13.1
33.3
26.0
26.9

10.1
32.9
32.9
22.8

12.8
33.3
24.6
28.7

18.9
34.0
20.8
26.4

0.604
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Demographics



2024 & 2025 updates 
eXtraordinarY Babies Study Visits: 390 (2024), ~150 (2025)
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Publications: 12 (published), 2 (in press), 6 (in preparation)

Students & Trainees: 20 (2024), 11 (2025)

Professional Presentations: 25 (2024), 13 (2025)



STUDY RESULTS



2018

2024



Medical Care for SCT in the 1st Year of Life: 
Results from eXtraordinarY Babies Study



Medical Care for SCT in the 1st Year of Life: 
Results from eXtraordinarY Babies Study







Developmental 
Testing 
Results
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Bayley Cognitive Subdomain
Growth Scale Value (GSV) Ability scores over time
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DEVELOPMENTAL GROWTH CURVES: LANGUAGE

Age (months)

Bayley Expressive Language Subdomain
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SCT Language Milestone Chart



SCT Motor Milestone Chart



Early Diagnosis of Developmental Delays



• Identifying a high risk group to target with 
interventions / therapies

Are there predictors of which babies
will  have lower developmental outcomes?

















WHAT ABOUT TESTOSTERONE IN INFANCY? 
Shanlee Davis, MD, PhD

• Shorter penile length (but <5% have micropenis)
• Lack of penile growth in year 1
• Mini-puberty surge may be lower

Aksglaede, Davis et al, 2020

Baby study cohort n=85



TESTOSTERONE TREATMENT IN INFANCY?

• Retrospective study has reported boys with 47,XXY who received 
testosterone in infants have:

• Higher cognitive ability
• Higher fine motor and coordination abilities
• Higher expressive and receptive language abilities
• Better reading skills
• Better social skills
• Lower parent-reported behavior concerns
• Is this due to testosterone or other confounders?

Samango-Sprouse et al, 2013, 2015, 2019, 2020, 2021, 2023 



Demographic and Exposure Variables 
Testo (n=105) No Testo (n=55) p-value

Nemours Site 23.8% 34.5% 0.208
Race: White 79% 83.6% 0.868
Ethnicity: Hispanic 16% 11% 0.505
Hollingshead Index 53.9 (9.6) 49.3 (9.4) 0.004
Breast milk 75% 53% 0.007
Physical therapy (% yes) 47% 36% 0.279
Speech therapy (% yes) 65% 46% 0.029
Maternal IQ 116 (13.5) 110 (16.6) 0.073
Paternal IQ 119 (12.8) 108 (13.3) 0.016



Outcome: BSID3 Cognitive 
Composite
• Unadjusted at 12, 24, 36m:

• 3 points higher at 12m (p=0.046)
• Insignificant at 24 and 36m

• Adjusted model: p=<0.001
• Infant T: 2.1 [-1.7, 6.1], p=0.30
• T*time: p=0.63 and p=0.92

• No effect of T on cog composite  
• No effect of T on cog composite 

trajectory; any effect of T is not 
time-dependent



Outcome: BSID3 Language
• Adjusted language model: 

• Infant T: -4.2 [-8.6, 0.21], p=0.07
• T * time: p=0.04 and p=0.46

• Borderline negative effect of T on 
language composite  

• Potential effect of T on the trajectory? 



Outcome: BSID3 Motor
• Adjusted motor model: 

• Infant T: 0.28 [-3.8, 4.4], p=0.89
• T * time: p=0.67 and p=0.99

• No effect of T on motor composite  
• No effect of T on the trajectory 



SUMMARY 
OF 
RESULTS

The group of infants with 47,XXY receiving 
testosterone have protectant features at baseline  

No effect of testosterone on directly assessed 
(Bayley) or parent-reported (Vineland) 
development in the first 3 years of life

No effect of testosterone on the developmental 
trajectory in the first 3 years of life

The 95% CI for the maximal beneficial effect of 
infant testosterone on any neurodevelopmental 
outcome within the first 3 years of life is <5 points



What about XXYY? (n=15)
 Come to Kayla’s poster!!!



XXYY Developmental Milestones
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• Early milestones of rolling and sitting are 

similar between groups

• Milestones of walking, first words, and 2-

word phrases later in XXYY

• Most significant difference in XXYY is in 

acquisition of 2-word phrases (35 

months)

Mean age (months) of developmental 
milestones in XXY, XYY and XXYY

XXYY Walking:
Mean 17.1 months (range 16-20 months)
Previous literature mean 18.0 months (range 12-33 months)



Other Projects:

• Infant Temperament (Louderman)
• Early Social Development / Autism features (Wilson)
• Executive Functioning profiles (Janusz / Jolliffe)
• Cognitive & Adaptive Trajectories (Janusz)
• Language outcome measures as predictors / screening measures (George)
• Metabolomics (Davis)
• XXYY syndrome prenatal diagnosis phenotype (Nocon)
• “Aim 3” – Genetic counseling experiences qualitative project (Howell, 

Molison, Thompson)



Family Resources for X&Y Variations

• New Book! “What you Need to Know When You Are 
Expecting or Have a New Baby with XXY” available on 
Amazon.com 

• Trisomy X in progress
• XYY next 
• Need $$



QUESTIONS?
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