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Abstract

Importance

Sex chromosome aneuploidies (SCAs) are often undiagnosed. Their cardiovascular and car-

diometabolic burden across genetically diverse populations is poorly characterized.

Objective

To determine whether genomically identified SCAs are associated with cardiovascular and car-

diometabolic disease using survival analysis and whether clinical recognition di!ers by genetic

ancestry.

Design, Setting, and Participants

Retrospective cohort study of SCAs and cardiometabolic disease, performed by analyzing X-

and Y-chromosome dosage from Global Diversity Array intensity data in 422,818 participants

of the All of Us Research Program (CDR v9). Ancestry was inferred genetically, with 41.6%

of participants of non-European ancestry, permitting ancestry-stratified analysis not possible in

previous cohorts. A total of 570 carriers of 47,XXY, 47,XYY or 47,XXX were identified and

linked to electronic health records, with a median follow-up of 9.7 years (IQR 4.9–16.0).

Exposure

Genetically identified sex chromosome trisomies: 47,XXY, 47,XYY, or 47,XXX.

Main Outcomes and Measures

Composite cardiovascular disease (merged ICD diagnosis of 8 di!erent cardiac diseases) and

secondary cardiometabolic outcomes (ICD diagnosis of 11 distinct cardiometabolic diseases).

Documented ICD diagnosis of sex SCA among genetically identified carriers.

Results

Sex chromosome aneuploidy was identified in 570 of 422,818 participants (134.81 per 100,000,

95% CI 123.97–146.34), comprising 253 47,XXY, 142 47,XYY and 175 47,XXX carriers. Only

77 carriers (13.5%) had a corresponding clinical diagnosis recorded, ranging from 22.52% for
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47,XXY to below 11.42% for 47,XXX. A total of 555 carriers without prevalent disease were

included in time-to-event analyses. Carriers had almost twice the hazard of the composite car-

diovascular outcome (hazard ratio, 1.92 [95% CI, 1.60–2.31]; P = 3.23E-12; 114 events), with

10-year cumulative incidence of 16% compared with 11% in non-carriers. Eight of eleven individ-

ual cardiometabolic outcomes were significantly associated after false discovery rate correction,

to highlight aortic stenosis (hazard ratio, 3.52 [95% CI, 2.04–6.07]) and venous thromboembolism

(hazard ratio, 3.11 [95% CI, 2.22-4.36]). Aneuploidy prevalence was higher in African (164.53 per

100,000 [95% CI, 137.28–195.60]) and American (162.69 per 100,000 [95% CI, 135.34–193.95])

than in European participants (115.78 per 100,000 [95% CI, 102.75–129.99]), while clinical recog-

nition showed the opposite pattern. African ancestry carriers had lower odds of diagnosis than

European ancestry carriers (odds ratio, 0.22 [95% CI, 0.09–0.52]; P = 7.16E-04), an association

attenuated yet not eliminated by adjustment for healthcare utilization (odds ratio, 0.29 [95%

CI, 0.12–0.72]; P = 7.86E-03).

Conclusions and Relevance

Genomically identified SCAs were associated with higher cardiovascular and cardiometabolic

disease burden but were rarely clinically recognized, with evidence of ancestry-patterned diag-

nostic gaps.
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Abbreviations

• BAF: B-Allele frequency

• CDR: Curated data repository

• CIF: Cumulative incidence function

• CV: Cardiovascular

• CVD: Cardiovascular disease

• EHR: Electronic health records

• GDA: Global diversity array

• HR: Hazard ratio

• ICD: International classification of diseases

• LRR: Log-R ratios

• OR: Odds ratio

• OMOP: Observational medical outcomes partnership

• PAF: Population attributable fraction

• PH: Proportional hazard(s)

• SCA: Sex chromosome aneuploidy/aneuploidies

• SCT: Sex chromosome trisomy / trisomies

• SNP: Single nucleotide polymorphism

• VTE: Venous thromboembolism

• WGS: Whole genome sequencing

• XOI: X-chromosome inactivation
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