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Sex chromosome aneuploidies (SCAs) are chromosomal variations that result from an atypical 

number of X and/or Y chromosomes. Combined, SCAs affect ~1/400 live births, including 

individuals with Klinefelter syndrome (47,XXY), Turner syndrome (45,X and variants), Double 

Y syndrome (47,XYY), Trisomy X (47,XXX), and rarer tetrasomies and pentasomies. Individuals 

with SCAs experience a wide variety of physical health, mental health, and healthcare experiences 

that differ from the standard population. To understand the priorities of the SCA community 

we surveyed participants in two large SCA registries, the Inspiring New Science in Guiding 

Healthcare in Turner Syndrome (INSIGHTS) Registry and the Generating Advancements in 

Longitudinal Analysis in X and Y Variations (GALAXY) Registry. 303/629 (48.1% response 

rate) individuals from 13 sites across the United States responded to the survey, including 251 

caregivers and 52 self-advocates, with a range of ages from 3 weeks to 73 years old, and 

representation from all SCA groups (Turner syndrome, XXX, XXY, XYY, XXYY, and combined 

rare tetrasomies and pentasomies). Results demonstrate the priorities for physical health and 

emotional/behavioral health identified by the SCA community, as well as preferred types of 

research. All SCA subtypes indicated intervention studies as the top priority, emphasizing the need 

for researchers to focus on clinical treatments in response to priorities of the SCA community.

Keywords

Sex chromosome aneuploidies; Klinefelter syndrome; XXY; XYY; XXYY; Turner syndrome; 
Trisomy X; research priorities

1. INTRODUCTION

Sex chromosome aneuploidies (SCAs) are a set of rare genetic conditions in which there 

is either a missing or additional sex chromosome(s). These include Klinefelter syndrome 

(KS, 47,XXY; 1 in 600 male births (Kanakis & Nieschlag, 2018); Double Y syndrome 

(47,XYY; 1 in 1,000 male births (Santoro et al., 2023); Turner syndrome (TS, 45,X and 

variants; 1 in 2000 live female births (Gravholt et al., 2024) Trisomy X (47,XXX; 1 in 

1,000 live female births); and other much less common sex chromosome tetrasomy and 

pentasomy conditions. The phenotypic characteristics of SCAs vary widely across different 

variations and among individuals with the same diagnosis. Individuals with SCAs may 

present with various developmental, neurocognitive, or psychological challenges, as well as 

myriad physical and reproductive health challenges (Bardsley et al., 2013; Davis et al., 2016; 

Gravholt et al., 2024; Hong & Reiss, 2014).

Historically, in clinical research, physicians, scientists, advocacy groups, and funding 

agencies have influenced research priorities to advance their respective specific objectives 

(Pandi-Perumal et al., 2015). Since deficits in knowledge continue to exist in SCA care, it 

is crucial to consider community priorities when determining future directions for research. 

As a result, past research has often been confined to single sites with limited participant 

diversity or focused on specific features (e.g., growth in TS), with most prior research 

focused on physical conditions. Research resulting from this prioritization method has not 

fully addressed all clinical needs, and deficits of knowledge continue to exist in SCA care.
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One prior study by Sandberg et al. in 2019 surveyed the TS community and found that 

patients and families place importance on both physical and emotional health research; 

however, most research has focused on physical conditions (Sandberg et al., 2019). While 

these findings were important in highlighting the need for research on psychological features 

of TS, it did not probe on specific topics, but rather asked participants about the topic areas 

of “medical/physical problems,” “emotional/behavioral problems,” and “participating in 

Turner syndrome research.” Within the latter category, participants were specifically asked 

about five areas: “new medicines,” “medical devices,” “eating or nutrition,” “quality of life,” 

and “genetics.” This emphasizes the need to understand more granular research priorities 

of this population. Studies exploring the research priorities of patients and families in other 

SCA conditions are lacking. Thus, there remains an unmet need to understand granular 

research priorities of patients and families in all SCA conditions.

This study utilized community-engagement methods with support from the stakeholder 

steering committees for the Inspiring New Science in Guiding Health Care in Turner 

Syndrome (INSIGHTS) and Generating Advancements with Longitudinal Analysis in X 

and Y Variations (GALAXY) Registries, to create surveys tailored to the SCA population 

(Howell et al., 2024; Klamut et al., 2024) The goal of this study was to determine the health 

areas of highest research priority to the SCA community, further exploring differences in 

priorities when stratified by SCA group and when compared by respondent (self-advocate 

versus caregiver).

2. MATERIALS AND METHODS

2a. Participant recruitment

Data analyzed for this report were derived from the GALAXY and INSIGHTS projects 

(Kanakatti Shankar et al., 2024), which collect clinically verified and self-report data from 

individuals with SCAs evaluated at 13 TS or SCA multidisciplinary clinics across the 

United States. Enrollment criteria included a genetically confirmed SCA diagnosis, which 

is validated for each participant by study staff. These analyses were conducted on the 

cross-sectional baseline dataset from both databases. Data were analyzed on all individuals 

with 1.) values for basic demographics and 2.) complete responses to the Research Priorities 

survey.

Individuals with an SCA (referred to henceforth as self-advocates) or caregivers of 

individuals with SCA (referred to henceforth as caregivers) could respond to the survey. 

The survey was completed at home using the online REDCap platform (Kanakatti Shankar 

et al., 2024) or in clinic on an iPad after enrollment into the study, and respondents included 

here completed the survey between February 23, 2023 and July 2, 2024.

Editorial policies and ethical considerations—The Colorado Multiple Institutional 

Review Board (IRB) reviewed and approved both studies, acting as the single IRB for all 

sites (COMIRB #19–3027 for INSIGHTS and COMIRB #20–0482 for GALAXY). The 

study team obtained informed consent from participants over 18-years of age, and assent 

from participants younger than 18 years along with parental consent.
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2b. Survey design

Both surveys were designed and modified by the Steering Committee (SC) for each registry 

to be inclusive of the range of health topics that are relevant to individuals with SCAs 

and caregivers. The SCs are comprised of clinical experts, researchers, individuals with 

SCAs, and caregivers of individuals with SCAs, and is designed to bring together a variety 

of expertise, experience, and opinions. SC members contributed additional relevant survey 

topics and edited the surveys for clarity and acceptability.

Priority for several health topics and research study types were measured with a slider scale 

ranging from 0 to 100, with 0 indicating the lowest priority and 100 the highest priority. 

Participants were instructed to, “indicate how [they] would like to see research on this 

area prioritized for the X&Y community. Think about what is important to [them] and 

what [they] want resources to go toward.” Participants were also instructed that, although 

they may feel everything is important, to use both sides of the scale so we can tell which 

topics were of higher priority than others (full instructions in Appendix 1). Topic areas were 

broken into four categories: medical/physical health (28 topics), emotional/behavioral health 

(11 topics), other (15 topics), and research study types (6 topics), with minor variations 

between the INSIGHTS (TS only) and GALAXY (all other SCA) surveys (Appendix 1).

2c. Statistical Analysis

Descriptive statistics are stratified by SCA condition and presented for demographics as N 

(%) for categorical variables and median [IQR] for continuous variables. SCA subgroups 

are defined as: Turner syndrome (45,X and variants), Trisomy X (47,XXX), Klinefelter 

syndrome (47,XXY and mosaic), 47,XYY syndrome, 48,XXYY syndrome, and SCA-other 

(combined rare tetrasomies and pentasomies). Demographic differences between SCA 

groups were tested using Kruskal-Wallis tests for continuous variables, and Fisher’s Exact 

tests for categorical variables. Age reflects the age of the individual with an SCA at the date 

of survey response. Research priorities for each SCA condition are visualized as boxplots, 

depicting median [IQR]. Within each research domain (physical health, types of studies, 

emotional/behavioral health, and other health), research priorities are shown for the top 10 

topics, given the median is greater than 50. Within domains that contained fewer than 10 

research topics, all topics with a median greater than 50 are plotted. Self-advocate versus 

caregiver, as well as INSIGHTS versus GALAXY and prenatal versus postnatal diagnostic 

timing, scores are summarized as median [IQR] with differences tested using Wilcoxon 

Rank Sum tests. All analyses are interpreted under the assumption of a type 1 error rate of 

0.05 for unadjusted p-values as well as False Discovery Rate (FDR) adjusted p-values to rule 

out truly null results. A supplemental analysis of scores stratified by private vs non-private 

insurance was conducted using Wilcoxon Rank Sum tests. Comparison of research priorities 

are visualized using heatmaps, with the heatmap.2 R function within the gplots package, 

version 3.1.3.1, with columns and rows sorted by hierarchical clustering using Euclidean 

distance. All analyses were performed in R, version 4.4.0.
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3. RESULTS

3a. Participant Demographics

A total of 303 of 629 (48.1%) participants (251 caregivers and 52 self-advocates) completed 

the survey (Table 1). The sample was stratified by SCA diagnosis, with the largest cohort 

diagnosed with TS (n=144), followed by KS (n=86), XXYY syndrome (n=35), and Trisomy 

X (n=17). Self-advocate participants were a median of 35.1 years old with a range from 

13.4 to 73.8 years. The children of caregiver respondents were a median of 7.7 years old 

with a range from 3 weeks to 35.7 years. There was evidence that respondent type varied 

by SCA subgroups, where only caregivers of individuals with XYY, XXYY, and SCA-other 

responded and no self-advocates. More than three-fourths (79.9%) of respondents identified 

as White Non-Hispanic, and there was not sufficient evidence to conclude differences in 

racial or ethnic identity between SCA subgroups. Additionally, most participants (59.5%) 

held private insurance, with a higher proportion of participants with private insurance in 

the KS and TS groups (68.6 and 61.1% respectively) as compared to other SCA groups. 

Respondents represented ten multidisciplinary clinics across the United States, with the 

greatest (40.8%) from Children’s Hospital Colorado (CHCO); there was evidence that site 

of enrollment was different between SCA groups because only the CHCO and Online sites 

enrolled individuals with supernumerary SCAs.

3b. Research Prioritization by SCA

The top priorities overall in the TS participant group (Figure 1, Supplemental Table 1) were 

anxiety disorders (82 [67, 97.5]), fertility concerns (82 [68.5, 99]), and social deficits (80 

[65, 96]). The top priorities in the Trisomy X group (Figure 2) were learning disabilities 

(96 [71, 100]), medical and healthcare access (89 [66.5, 100]), and, similar to the TS 

group, anxiety disorders (88 [75, 100]). The top priorities overall in the KS group (Figure 

3) were similar to the TS group as well: hormone replacement therapy (94.5 [75, 100]), 

fertility concerns (88.5 [69.25, 100]), and learning disabilities (82 [67, 98]) tied with 

strengths-based research (82 [69.75, 98]). The top priorities overall in the XYY group, 

all caregiver respondents (Figure 4), were fertility concerns (100 [59.5, 100]), learning 

disabilities (98.5 [72.5, 100]), and self-harm/suicidality (93.5 [71.5, 100]). The top priorities 

in the XXYY group, all caregiver respondents again (Figure 5), were social deficits (91 

[73, 98.5]), quality of life (87 [77.5, 98]), and hormone replacement therapy (85 [75, 97.5]) 

tied with self-sufficiency (85 [76, 98). The SCA-other group included all but one caregiver 

respondents. The top priorities overall in this group (Figure 6) were social deficits (85 [65, 

92]), understanding X and Y variations (80 [70, 85]), and learning disabilities (78 [72, 95]) 

tied with self-sufficiency (78 [67, 97]).

Interventional studies were identified as the highest research priority among all groups (82 

[69, 97]). Additionally, all study types had a median score above 50 for all SCA groups.

3c. Respondent Differences

The median scores and differences for self-advocates and caregivers across all physical, 

emotional-behavioral, other health topics, and research study types are presented in Table 2. 
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We did not adjust for insurance status as there was no evidence that insurance status differed 

between caregiver and self-advocate respondents.

Caregivers rated developmental delays as a significantly higher research priority, with a 

median score of 78.5 [58.75–97], substantially greater than the median of 58 [18–77] 

from self-advocates (p<0.001). This pattern of statistical significance was also observed for 

seizures where caregivers had a median score of 50 (IQR : [26.5–75]), compared to a median 

score of 19.5 [3–29.5] reported by self-advocates (p<0.001).

Furthermore, caregivers viewed self-sufficiency as a significantly more important research 

priority, with a median score of 80 [61–97], than self-advocates, who scored it at a median 

of 68 [31–82] (p=0.003). Similarly, caregivers rated fertility-related concerns higher, with a 

median of 81.5 [51.5–100], compared to a median of 33 [8–83] reported by self-advocates 

(p=0.004). Self-advocates rated medical/healthcare access as a higher research priority (85 

[80–99]) than caregivers (76 [50–94], p=0.012).

After False Discovery Rate (FDR) adjustments, there were no significant correlations 

between age and any of the priority topics in the self-advocate group. Dental/orthodontic 

problems were significantly associated with insurance status (private: 58 [39, 76]; non-

private: 75 [62, 88], p=0.023) after FDR adjustment (Supplemental Table 3). Several topics 

showed a higher priority in privately vs. non-privately insured participants prior to FDR 

adjustment, including dental problems, cardiovascular problems, seizures, sleep problems, 

tremor, and autism, whereas the opposite as true for fertility and HRT priority ratings.

In comparing timing of diagnosis to research priorities, a sub-analysis included 135 

individuals diagnosed with their SCA prenatally and 101 who were diagnosed postnatally. 

Fertility concerns (prenatal 91 [72, 100]; postnatal 76 [50, 94.5], p-value 0.008) and 

hormone replacement therapy (prenatal 91.5 [71, 100]; postnatal 79 [63, 96], p-value 0.047) 

were significantly higher in prenatally than postnatally diagnosed respondents after FDR 

adjustment. Additionally, before FDR adjustment, developmental delays (prenatal 79 [58.5, 

95]; postnatal 71 [50, 86], p-value 0.019) and prenatal counseling/pregnancy (prenatal 86 

[67.8, 100]; postnatal 71.5 [55.8, 85.5], p-value 0.003) showed similar results. However, 

sleep problems (prenatal 50 [29, 69]; postnatal 63.5 [32.8, 77], p-value 0.018), lymphedema 

(prenatal 36 [16, 65]; postnatal 59 [31.2, 77.2], p-value 0.019), self-sufficiency (prenatal 76 

[50, 93]; postnatal 79.5 [64.2, 97], p-value 0.037), and social deficits (prenatal 74 [57, 87]; 

postnatal 80 [68, 96], p-value 0.041) had the opposite result such that they were significantly 

higher in postnatally than prenatally diagnosed respondents.

Additionally, within the postnatally diagnosed subgroup, some correlations between research 

priorities and age at diagnosis were found, such that a higher age at diagnosis led to a 

lower priority for cardiovascular problems (−0.25, p-value <0.001), developmental delays 

(−0.28, p-value <0.001), self-sufficiency (−0.30, p-value <0.001), hearing loss (−0.28, 

p-value 0.001), allergies, asthma, or eczema (−0.36, p-value 0.001), recurrent infections 

(−0.33, p-value 0.004), transition to adult healthcare (−0.21, p-value 0.019), seizures (−0.20, 

p-value 0.027), and liver problems (−0.18, p-value 0.046). After FDR adjustment, only 
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three remained significant: cardiovascular problems (−0.25, p-value <0.001), developmental 

delays (−0.28, p-value 0.003), and self-sufficiency (−0.30, p-value 0.008).

3d. Prioritization among SCAs

Based on hierarchical clustering analysis (Figure 7), the research priorities of TS participants 

are most similar to those of the ‘all other SCA’ group, while the Trisomy X and XXYY 
groups show the greatest similarity to each other. XYY respondents tended to rate research 

priorities higher than other groups. Across all groups, anxiety disorders, ADD/ADHD, 

depression or mood problems, learning disabilities, social deficits, and interventional studies 

are rated similarly high.

Not all groups had a sufficient sample size to compare self-advocate responses to caregiver 

responses. Those that could be compared are visualized in Figure 8. Based on the 

hierarchical analysis, caregivers of Trisomy X and XYY patients were clustered together, 

with their joint highest rated category being learning disabilities. Caregivers of KS and 

XXYY were clustered together and similarly rated hormone replacement therapy high but 

differed in their ratings of fertility concerns, where caregivers of KS rated this higher, 

possibly due to the more severe presentation of other health concerns in XXYY. Self-

advocates and caregivers of TS were clustered together while self-advocates and caregivers 

of KS were not. Both self-advocates and caregivers of KS rated hormone replacement 

therapy high, however, self-advocates rated fertility concerns much lower.

Survey responses were compared between participants in the INSIGHTS and GALAXY 

registries and are reported in Supplemental Table 2. After FDR adjustment for multiple 

comparisons, participants in the GALAXY registry rated dental/orthodontic problems 

significantly higher than participants in the INSIGHTS registry (65.5 [42.25, 83] and 50 

[24.5, 71] respectively, p = 0.004). Participants in the INSIGHTS registry rated hearing loss 

(p < 0.001), cardiovascular problems (p < 0.001), vision or eye problems (p = 0.008), skin 

problems (p = 0.041), eating disorders (p = 0.003), transition from pediatric to adult care (p 

= 0.010), and observational studies (p < 0.001) significantly higher than participants in the 

GALAXY registry.

4. DISCUSSION

The current study provides the most detailed survey of research priorities for individuals 

with SCAs using a community-engaged approach and are critical to addressing the needs 

of the SCA community. These findings provide unique insights as to what individuals with 

SCAs and their caregivers want research to focus on and where they feel research resources 

should be allocated. Importantly, intervention trials are a top priority across all SCAs, and 

this finding should fuel researchers to address the dearth of SCA intervention studies by 

developing and evaluating new interventions and treatments for multiple SCA conditions.

Prior work in the TS community suggests patients and families place importance on both 

physical and emotional health research (Sandberg et al., 2019). These results confirmed this 

by showing that both physical and emotional/behavioral topics were of high importance; 

however, these results expand upon which specific topics were prioritized, as not all physical 
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or emotional/behavioral topics were ranked similarly. For example, learning disabilities 

and anxiety disorders were of high priority in multiple SCA groups, as were fertility and 

hormone replacement. In all groups except KS, the top three overall priorities contained 

one physical health concern and 2 emotional/behavioral or other concerns. Several topics 

were prioritized for multiple SCA sub-groups and responders, including learning disabilities, 

anxiety disorders, and fatigue - the former two being well-recognized comorbidities in SCAs 

(Hutaff-Lee et al., 2019; Karipidis & Hong, 2020; Ricciardi et al., 2022), though fatigue has 

had minimal investigation.

These results also highlight the uniqueness of each SCA group, such as priority to research 

cardiovascular concerns in TS and transition to adult health care in Trisomy X. Additionally, 

there were some differences in priorities between self-advocates and caregivers, likely 

reflecting both the age differences of the individual with the SCA diagnosis as well as the 

perspective of the responder. We were not able to adequately assess with this cross-sectional 

sample how priorities may change with age of the individual with SCA, but that is a future 

goal of these longitudinal registries.

While there are limited data on research priorities of the SCA community, a similar 

approach has been applied in other rare genetic conditions. In a natural history study of 

Rett syndrome, caregivers were asked the top three concerns regarding their child and 

found that the top concerns often aligned with the child’s specific manifestation including 

seizures, communication concerns, and hand use (Neul et al., 2023). Although we did not 

incorporate individual’s specific phenotypes, our results align generally with the idea that 

priorities match clinical manifestations; for example, cardiovascular concerns were high in 

TS and fertility concerns were high in TS and KS. Additionally, caregivers of patients with 

22q deletion syndrome reported on topics they wanted to learn more about, which included 

practice skills, problem-solving, and communicating about the diagnosis (Cosman et al., 

2023). In a qualitative study of individuals with Down syndrome, health was conceptualized 

as more than physical, including mental and social components such as happiness, social 

acceptance, and relationships (Santoro et al., 2023). While not explicit research priorities, 

these observations show that health priorities in other genetic conditions are unique to the 

phenotypes in those syndromes but also all include neurodevelopmental, emotional, and 

behavioral concerns.

This survey was sent to families, and only one parent or an individual completed, and 

thus comparison directly between caregiver and self-advocate of the same dyad was not 

possible. Ascertainment bias, both with individuals who receive an SCA diagnosis, those 

who participate in our study, and those who complete the survey, also influences the results 

shown here. In addition to general ascertainment bias, it is possible that the length of time 

for which the caregiver/self-advocate has known about the diagnosis may influence their 

responses, though we do not have data to analyze these potential differences. It is possible 

that individuals and families who were diagnosed closer to the time they completed the 

survey had not yet experienced many comorbidities that are associated with SCAs, and thus 

may not have rated them as high priorities. Additionally, our sample sizes in each SCA 

subgroup vary widely, with especially low sample sizes in the Trisomy X, XYY, and other 

SCA subgroups. Therefore, comparison among the different groups is limited and results 
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from the smaller groups should not be overly generalized to the total patient population. The 

sample is primarily white non-Hispanic, thus generalizing to other racial and ethnic groups 

as well as groups not being evaluated in SCA clinics is also limited.

Future directions for this work include increasing sample size for each group, specifically 

focusing on Trisomy X, XYY, and the rarer SCA karyotypes (e.g., 48,XXXY and 

49,XXXXY), and increasing ethnic and racial diversity of the sample. Additionally, this 

is a quantitative survey that did not include qualitative assessment of underlying motivations 

or beliefs driving individuals’ responses. It is not known what areas within each topic 

individuals find the most important or if they had specific questions they want answered. 

Future research using qualitative methodologies may provide important insights into these 

questions.

4.2 Conclusions

The findings of this analysis should be used to help guide future research in subjects with 

SCAs. The numerous overlapping priorities among SCA subgroups may enable researchers 

to conduct transdiagnostic group studies with increased sample size and statistical power. 

At the same time, we also identified unique features that distinguish the SCA subgroups, 

and careful considerations should be made to avoid over-generalizing among the diagnoses. 

Results highlight the importance of a multidisciplinary focus for addressing research needs 

of the SCA population. To be responsive to SCA community priorities, SCA researchers 

are encouraged to collaborate and target research efforts toward clinical trial readiness and 

interventional studies for both medical and psychological manifestations of SCA conditions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Funding:

This study was funded by the Turner Syndrome Global Alliance, Association for X and Y Chromosome Variations, 
Living with XXY, the XXYY Project, and the University of Colorado School of Medicine Department of Pediatrics. 
Data collection and storage was supported by NIH/NCATS Colorado CTSA Grant Number UM1 TR004399. The 
authors do not have any conflicts of interest to disclose. This study was reviewed and approved by the Colorado 
Multiple Institutional Review Board (COMIRB # 20–0482 and # 19–3027). All participants provided informed 
consent for participation - participants under 18 years old provided assent along with parental informed consent 
prior to any study procedures. Contents are the authors’ sole responsibility and do not necessarily represent official 
NIH views.

Data availability:

The data that support the findings of this study are available on request from the 

corresponding author.

Appendix 1.

GALAXY Consortium Steering Committee:

Alan D. Rogol, MD, PhD

Carl et al. Page 9

Am J Med Genet A. Author manuscript; available in PMC 2026 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Anna Dawczyk, PhD

Armin Raznahan, MD, PhD

David S. Hong, MD

Gail Decker

Ginnie Cover, MSW

Lilian L. Cohen, MD, MPH

Shanlee Davis, MD, PhD

Steve Gerken

Susan Howell, MBA, MS, CGC

Nicole Tartaglia, MD, MS

INSIGHTS Consortium Steering Committee:

Vaneeta Bamba, MD

Wendy J. Brickman, MD

Melissa Crenshaw, MD

Shanlee Davis, MD, PhD

Tazim Dowlut-McElroy, MD, MS

Marybel Good, MNM

Susan Howell, MBA, MS, CGC

Jennifer Ladd, MD, MSc

Jennifer Law, MD, MSCR

Siddharth K. Prakash, MD

Kelly Ranallo

Roopa Kanakatti Shankar, MD

Talia Thompson, PhD

5. REFERENCES

Bardsley MZ, Kowal K, Levy C, Gosek A, Ayari N, Tartaglia N, Lahlou N, Winder B, Grimes S, 
& Ross JL (2013). 47,XYY syndrome: clinical phenotype and timing of ascertainment. J Pediatr, 
163(4), 1085–1094. 10.1016/j.jpeds.2013.05.037 [PubMed: 23810129] 

Carl et al. Page 10

Am J Med Genet A. Author manuscript; available in PMC 2026 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Cosman T, Finless A, Rideout AL, Lingley-Pottie P, Palmer LD, Shugar A, McDonald-McGinn DM, 
Swillen A, McGrath PJ, Bassett AS, Cytrynbaum C, Orr M, & Meier S (2023). An online survey 
to understand the needs of caregivers of family members with 22q11 deletion syndrome. Journal of 
Intellectual Disability Research, 67(9), 860–868. 10.1111/jir.13061 [PubMed: 37449408] 

Davis S, Howell S, Wilson R, Tanda T, Ross J, Zeitler P, & Tartaglia N (2016). Advances in the 
Interdisciplinary Care of Children with Klinefelter Syndrome. Adv Pediatr, 63(1), 15–46. 10.1016/
j.yapd.2016.04.020 [PubMed: 27426894] 

Gravholt CH, Andersen NH, Christin-Maitre S, Davis SM, Duijnhouwer A, Gawlik A, Maciel-Guerra 
AT, Gutmark-Little I, Fleischer K, Hong D, Klein KO, Prakash SK, Shankar RK, Sandberg DE, 
Sas TCJ, Skakkebæk A, Stochholm K, van der Velden JA, Group, T. I. T. S. C., & Backeljauw 
PF (2024). Clinical practice guidelines for the care of girls and women with Turner syndrome: 
Proceedings from the 2023 Aarhus International Turner Syndrome Meeting. European Journal of 
Endocrinology, 190(6), G53–G151. 10.1093/ejendo/lvae050 [PubMed: 38748847] 

Hong DS, & Reiss AL (2014). Cognitive and neurological aspects of sex chromosome aneuploidies. 
Lancet Neurol, 13(3), 306–318. 10.1016/s1474-4422(13)70302-8 [PubMed: 24556008] 

Howell S, Molison K, Carl A, Tartaglia N, Meerschaert C, Decker G, Brigante R, & Davis S 
(2024). P158: Generating advancements in longitudinal analysis in X&Y chromosome variations: 
Initial data from the multicenter GALAXY Clinical Data Registry and biorepository*. Genetics in 
Medicine Open, 2. 10.1016/j.gimo.2024.101055

Hutaff-Lee C, Bennett E, Howell S, & Tartaglia N (2019). Clinical developmental, neuropsychological, 
and social-emotional features of Turner syndrome. Am J Med Genet C Semin Med Genet, 181(1), 
126–134. 10.1002/ajmg.c.31687 [PubMed: 30767374] 

Kanakatti Shankar R, Carl A, Law JR, Bamba V, Brickman WJ, Prakash SK, Dowlut McElroy T, 
Howell S, Gutmark Little I, Klein KO, Pinnaro CT, Ranallo K, Good M, & Davis SM (2024). 
Inspiring New Science to Guide Healthcare in Turner Syndrome: Rationale, design, and methods 
for the InsighTS Registry. American Journal of Medical Genetics Part A, 194(2), 311–319. 10.1002/
ajmg.a.63441 [PubMed: 37827984] 

Kanakis GA, & Nieschlag E (2018). Klinefelter syndrome: more than hypogonadism. Metabolism, 86, 
135–144. 10.1016/j.metabol.2017.09.017 [PubMed: 29382506] 

Karipidis II, & Hong DS (2020). Specific learning disorders in sex chromosome aneuploidies: Neural 
circuits of literacy and mathematics. Am J Med Genet C Semin Med Genet, 184(2), 518–530. 
10.1002/ajmg.c.31801 [PubMed: 32463563] 

Klamut N, Bothwell S, Carl AE, Bamba V, Law JR, Brickman WJ, Klein KO, Kanakatti Shankar R, 
Pinnaro CT, Fechner PY, Prakash SK, Gutmark-Little I, Howell S, Tartaglia N, Good M, Ranallo 
KC, & Davis SM (2024). Prevalence, diagnostic features, and medical outcomes of females with 
Turner syndrome with a trisomy X cell line (45,X/47,XXX): Results from the InsighTS Registry. 
American Journal of Medical Genetics Part A, n/a(n/a), e63819. 10.1002/ajmg.a.63819 [PubMed: 
39016627] 

Neul JL, Benke TA, Marsh ED, Suter B, Silveira L, Fu C, Peters SU, & Percy AK (2023). Top 
caregiver concerns in Rett syndrome and related disorders: data from the US natural history study. 
J Neurodev Disord, 15(1), 33. 10.1186/s11689-023-09502-z [PubMed: 37833681] 

Pandi-Perumal SR, Akhter S, Zizi F, Jean-Louis G, Ramasubramanian C, Edward Freeman R, & 
Narasimhan M (2015). Project Stakeholder Management in the Clinical Research Environment: 
How to Do it Right. Front Psychiatry, 6, 71. 10.3389/fpsyt.2015.00071 [PubMed: 26042053] 

Ricciardi G, Cammisa L, Bove R, Picchiotti G, Spaziani M, Isidori AM, Aceti F, Giacchetti N, Romani 
M, & Sogos C (2022). Clinical, Cognitive and Neurodevelopmental Profile in Tetrasomies and 
Pentasomies: A Systematic Review. Children (Basel), 9(11). 10.3390/children9111719

Sandberg DE, Singer D, Bugajski B, Gebremariam A, Scerbak T, Dooley Maley KL, Scurlock 
C, Culin D, Eder S, & Silberbach M (2019). Research priorities of people living with Turner 
syndrome. Am J Med Genet C Semin Med Genet, 181(1), 43–51. 10.1002/ajmg.c.31676 [PubMed: 
30767373] 

Santoro SL, Cabrera MJ, Haugen K, Krell K, & Merker VL (2023). Indicators of health in Down 
syndrome: A virtual focus group study with patients and their parents. Journal of Applied 
Research in Intellectual Disabilities, 36(2), 354–365. 10.1111/jar.13065 [PubMed: 36624557] 

Carl et al. Page 11

Am J Med Genet A. Author manuscript; available in PMC 2026 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Turner syndrome research priorities
Research priorities among the Turner syndrome sample (n=144), including physical health, 

emotional/behavioral health, and other health domains, and types of research studies. Topics 

with a median greater than 50 are presented, capped at the top 10 topics per domain. The 

top physical health priorities reported by this group were fertility concerns (median [IQR] : 

82 [68.5, 99]), hormone replacement therapy (81, [68, 97]), and cardiovascular problems 

79 [65, 99]. The top emotional/behavioral health priorities were anxiety disorders (82 [67, 

97.5]), social deficits (80 [65, 96]), and learning disabilities (79 [64.5, 96]). The top other 

health priorities were quality of life (82 [64, 99]), transition from pediatric to adult care (79 

[67.5, 97]), and prenatal diagnosis/counseling (75.5 [60.5, 95]).
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Figure 2. Trisomy X research priorities
Research priorities among the Triple X sample (n=17), including physical health, emotional/

behavioral health, types of studies, and other health domains. Topics with a median greater 

than 50 are presented, capped at the top 10 topics per domain. The top physical health 

priorities reported were fatigue and low energy (82 [69, 96]), fertility concerns (73.5 [38.75, 

94.75]), and gastrointestinal problems (69.5 [56.75, 80.5]). The top emotional/behavioral 

health priorities were learning disabilities (96 [71, 100]), anxiety disorders (88 [75, 100]), 

and social deficits (87 [68, 98]). The top other health priorities were medical or healthcare 

access (89 [66.5, 100]), educating families and patients (88 [73.75, 100]), and understanding 

X and Y variations (84 [72.25, 97]).
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Figure 3. Klinefelter syndrome research priorities
Research priorities among the Klinefelter syndrome sample (n=86), including physical 

health, emotional/behavioral health, types of studies, and other health domains. Topics 

with a median greater than 50 are presented, capped at the top 10 topics per domain. The 

top physical health priorities reported were hormone replacement therapy (94.5 [75, 100]), 

fertility concerns (88.5 [69.25, 100]), and fatigue and low energy (78.5 [63.75, 99]). The top 

emotional/behavioral health priorities were learning disabilities (82 [67, 98]), depression or 

mood problems (77 [63.5, 90]), and anxiety disorders (77 [64, 86]). The top other health 

priorities were strengths-based research (82 [69.75, 98]), medical or healthcare access (81 

[63.75, 96]), and understanding X and Y variations (80 [67.75, 98]).
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Figure 4. XYY research priorities
Research priorities among the XYY sample (n=12), including physical health, emotional/

behavioral health, types of studies, and other health domains. Topics with a median greater 

than 50 are presented, capped at the top 10 topics per domain. The physical health priorities 

were fertility concerns (100 [59.5, 100]), growth differences (92 [65.5, 100]), and cancers 

(75 [43.5, 96]). The top emotional/behavioral health priorities were learning disabilities 

(98.5 [72.5, 100]), self-harm and suicidality (93.5 [71.5, 100]), and social deficits (88 

[73.25, 100]). The top other health priorities were strengths-based research (90.5 [89.25, 

98]), self-sufficiency (87 [73.5, 96.25]), and quality of life (82 [74, 98]).
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Figure 5. XXYY syndrome research priorities
Research priorities among the XXYY sample (n=35), including physical health, emotional/

behavioral health, types of studies, and other health domains. Topics with a median greater 

than 50 are presented, capped at the top 10 topics per domain. The top physical health 

priorities reported were hormone replacement therapy (85 [75, 97.5]), fatigue or low energy 

(79.5 [69.75, 91.5]), and dental/orthodontic concerns (78.5 [67.25, 88]). The top emotional/

behavioral health priorities were social deficits (91 [73, 98.5]), developmental delays (82 

[68, 98]), and depression or mood problems (81 [54.5, 91.5]). The top other health priorities 

were quality of life (87 [77.5, 98]), self-sufficiency (85 [76, 98), and understanding X and Y 

variations (81 [73, 87]).
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Figure 6. All other SCAs research priorities
Research priorities among the sample of all other SCAs (n=9), including tetrasomies and 

pentasomies, including physical health, emotional/behavioral health, types of studies, and 

other health domains. Topics with a median greater than 50 are presented, capped at the 

top 10 topics per domain. The top physical health priorities were bone health (74 [59, 

81]), autoimmune disorders (69 [62, 73]), and hormone replacement therapy (68 [68, 79]). 

The top emotional/behavioral health priorities were social deficits (85 [65, 92]), learning 

disabilities (78 [72, 95]), and autism (74 [50, 93]). The top other health priorities were 

understanding X and Y variations (80 [70, 85]), self-sufficiency (78 [67, 97]), and strengths-

based research (76 [63, 84.25]).
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Figure 7. Research Priorities Heatmap of Median Ratings by SCA Diagnosis
Heatmap of median rating of research priorities by SCA, with both rows and columns sorted 

by hierarchical clustering to distinguish patterns between groups and priorities. Lighter 

colors represent lower rated priorities, with a minimum median of 25 and a maximum 

median of 100. Column lines represent the order of clustering, with paired lines (Trisomy X 

and XXYY as well as All Other SCAs and Turner Syndrome) represent SCAs that are most 

similar according to the clustering algorithm.
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Figure 8. Research Priorities Heatmap of Median Ratings by SCA Diagnosis and Survey 
Respondent
Heatmap of median rating of research priorities by SCA and survey respondent, with both 

rows and columns sorted by hierarchical clustering to distinguish patterns between groups 

and priorities. Lighter colors represent lower rated priorities, with a minimum median of 

3 and a maximum median of 100. Only groups with > 5 respondents are included in the 

figure. Column lines represent the order of clustering, with paired lines (such as Trisomy 

X and XYY Caregivers) represent groups that are most similar according to the clustering 

algorithm.
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Table 1.
Patient Demographics

Turner Syndrome
(N=144)

XXX
(N=17)

XXY
(N=86)

XYY
(N=12)

XXYY
(N=35)

All Other SCAs
(N=9)

Overall
(N=303)

Age (Years) 10 [4, 17] 14 [5, 22] 10 [1, 20] 3 [2, 9.5] 11.5 [5, 25] 8 [5, 14] 10 [2.5, 17.5]

Insurance Status

 Medicaid/Medicare 20 (13.9%) 3 (17.6%) 10 (11.6%) 3 (25.0%) 8 (22.9%) 3 (33.3%) 47 (15.5%)

 Private 88 (61.1%) 10 (58.8%) 59 (68.6%) 6 (50.0%) 14 (40.0%) 4 (44.4%) 181 (59.7%)

 Military 2 (1.4%) 1 (5.9%) 2 (2.3%) 3 (25.0%) 0 (0%) 0 (0%) 8 (2.6%)

 Charity Care 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

 2 or More 8 (5.6%) 1 (5.9%) 0 (0%) 0 (0%) 8 (22.9%) 1 (11.1%) 18 (5.9%)

 No Insurance 2 (1.4%) 0 (0%) 1 (1.2%) 0 (0%) 1 (2.9%) 1 (11.1%) 5 (1.7%)

 Other 2 (1.4%) 2 (11.8%) 0 (0%) 0 (0%) 4 (11.4%) 0 (0%) 8 (2.6%)

 Missing 22 (15.3%) 0 (0%) 14 (16.3%) 0 (0%) 0 (0%) 0 (0%) 36 (11.9%)

Race/Ethnicity

 Hispanic/Latino(a) 17 (11.8%) 3 (17.6%) 3 (3.5%) 2 (16.7%) 5 (14.3%) 0 (0%) 30 (9.9%)

 Other Non-Hispanic/
Latino(a) 19 (13.2%) 2 (11.8%) 7 (8.1%) 2 (16.7%) 1 (2.9%) 0 (0%) 31 (10.2%)

 White Non-Hispanic/
Latino(a) 108 (75.0%) 12 (70.6%) 76 (88.4%) 8 (66.7%) 29 (82.9%) 9 (100%) 242 (79.9%)

Site

 CCHMC 2 (1.4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (0.7%)

 CHCO 43 (29.9%) 6 (35.3%) 47 (54.7%) 4 (33.3%) 19 (54.3%) 4 (44.4%) 123 (40.6%)

 Children’s Hospital of 
Philadelphia 23 (16.0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 23 (7.6%)

 Children’s National 7 (4.9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 7 (2.3%)

 Lurie Children’s 13 (9.0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 13 (4.3%)

 Online 15 (10.4%) 11 (64.7%) 39 (45.3%) 8 (66.7%) 16 (45.7%) 5 (55.6%) 94 (31.0%)

 UCSD 15 (10.4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 15 (5.0%)

 University of Iowa 11 (7.6%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 11 (3.6%)

 University of Kansas 1 (0.7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (0.3%)

 University of North 
Carolina 11 (7.6%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 11 (3.6%)

 University of Texas 3 (2.1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (1.0%)

Survey Respondent

 Parent/Caregiver 113 (78.5%) 14 (82.4%) 69 (80.2%) 12 (100%) 35 (100%) 8 (88.9%) 251 (82.8%)

 Patient 31 (21.5%) 3 (17.6%) 17 (19.8%) 0 (0%) 0 (0%) 1 (11.1%) 52 (17.2%)
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Table 2.
Self-Advocate and Caregiver Reported Priorities Across all Sex Chromosome Aneuploidy Groups

Variable

Self-Advocate
Median [IQR] Score

(N = 52)

Caregiver 
Median [IQR] Score

(N = 251) P-Value FDR Adjusted P-Value

Physical Health

 Seizures 19.5 [3, 29.8] 51 [26.8, 75] < 0.001 0.004

 Fertility concerns 33 [8, 83] 81 [50, 100] 0.004 0.097

 Recurrent infections 30.5 [11.8, 50] 50 [29, 68] 0.012 0.270

 Liver problems 31 [8, 61] 56 [30, 73] 0.019 0.425

 Growth differences 63 [23, 71.5] 70 [50, 86] 0.089 1.000

 Hearing loss 30 [7, 56] 50 [18, 62] 0.119 1.000

 Skin problems 30 [19.5, 42.3] 43.5 [22.8, 62.5] 0.152 1.000

 Kidney problems 41 [8.5, 77.5] 60 [33.8, 75] 0.211 1.000

 Cardiovascular problems 62.5 [24.3, 78.8] 65.5 [50, 82] 0.280 1.000

 Gastrointestinal problems 71 [66.5, 76] 63 [36, 80.5] 0.312 1.000

 Cancers 64 [25.5, 81] 65 [38.5, 84] 0.347 1.000

 Autoimmune disorders 70 [31.8, 80.3] 64.5 [37, 73.3] 0.502 1.000

 Bone health 69 [59, 81.5] 72 [57, 82] 0.502 1.000

 Dental/orthodontic problems 62 [39, 85.5] 66 [50, 83] 0.648 1.000

 Allergies, asthma, or eczema 29 [12.5, 64] 33 [16.5, 63.5] 0.657 1.000

 Chronic pain 62 [27.5, 82] 66 [45.5, 76] 0.782 1.000

 Sleep problems 60 [33, 71.8] 55.5 [32, 73.3] 0.796 1.000

 Hormone replacement therapy 89 [78, 97] 84 [68, 100] 0.845 1.000

 Vision or eye problems 51.5 [31.3, 74.3] 50 [29, 70] 0.856 1.000

 Obesity, diabetes, and similar conditions 73 [52.5, 83] 68 [50, 83] 0.879 1.000

 Fatigue or low energy 77 [68, 92] 77 [64, 93.5] 0.914 1.000

 Tremor or other neuromuscular problems 54.5 [29.8, 86.5] 62 [33, 78] 0.950 1.000

Emotional/Behavioral Health

 Developmental delays 58 [18, 77] 78.5 [59, 97] < 0.001 <0 .001

 Social deficits 68 [24, 78.5] 80 [65, 96] 0.012 0.123

 ADD/ADHD 72 [26.5, 79] 77 [65, 91] 0.021 0.211

 Self-harm and suicidality 50 [19, 74] 68 [50, 87] 0.027 0.267

 Autism 70.5 [34.5, 79.5] 72 [47.5, 90] 0.393 1.000

 Eating disorders 32 [9.3, 51.5] 36 [18, 51] 0.478 1.000

 Learning disabilities 80 [71, 91.5] 82 [68, 99] 0.489 1.000

 Anxiety disorders 79.5 [70.8, 89.5] 78 [64.5, 89] 0.575 1.000

 Substance dependence 31.5 [18.5, 70] 50 [20, 66.5] 0.689 1.000

 Depression or mood problems 75 [68.5, 89.5] 79 [62, 91.5] 0.811 1.000

Other/Miscellaneous Health

 Self-sufficiency 68 [31, 82] 80 [61.3, 97] 0.003 0.028

 Medical/healthcare access 85 [80, 99] 76 [51, 94] 0.012 0.131

 Educating families and patients 84 [68.5, 98.5] 74 [58, 93] 0.108 1.000

 Understanding X&Y variations 83 [79.5, 96.5] 81 [65, 98] 0.137 1.000
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Variable

Self-Advocate
Median [IQR] Score

(N = 52)

Caregiver 
Median [IQR] Score

(N = 251) P-Value FDR Adjusted P-Value

 Transition from pediatric to adult medical care 67 [37.8, 74.8] 72 [50, 88] 0.175 1.000

 Physical activity and nutrition 74 [56, 80] 66 [45, 78] 0.311 1.000

 Social discrimination 50 [16, 76] 50 [27.5, 73.5] 0.464 1.000

 Aging (older adulthood) 69.5 [36.5, 78.8] 68.5 [50, 83] 0.605 1.000

 Quality of life 80.5 [72.3, 85.8] 79 [58.3, 97] 0.694 1.000

 Sexual health and gender identity 65 [30.5, 79] 53 [33, 76] 0.766 1.000

 Strengths-based research 84 [73.5, 94.5] 81 [69, 97] 0.826 1.000

Types of Studies

 Interventional Tttttt673 [66, 81.8] 85 [73, 99] 0.007 0.029

 Mechanisms 69 [31, 82] 71 [50, 85] 0.287 1.000

 Dissemination & implementation 82 [55.5, 94] 75 [52, 89] 0.638 1.000

 Observational 67.5 [50, 79] 67 [50, 80] 0.889 1.000
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