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Truncating variants in the gene encoding titin (TTNtv) are the most commonly identified 

pathogenic variants in cross-sectional studies of patients with dilated cardiomyopathy or 

atrial fibrillation (1,2). In principle, gene sequencing to identify individuals who harbor a 

TTNtv prior to disease onset could enable early diagnosis or preventive therapy. In practice, 

the clinical importance of identifying a TTNtv in an asymptomatic individual with respect to 

relative and absolute risks of future cardiovascular disease is largely unknown.

We analyzed gene sequencing data in 45,346 UK Biobank participants without a prior 

diagnosis of congestive heart failure, atrial fibrillation, or coronary artery disease (3). Mean 
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age at enrollment was 58 years, and 52% were female. Cardiac magnetic resonance imaging 

was available in 12,553 of these participants, invited as part of the study protocol without 

consideration of disease status.

Regression models for all analyses were adjusted for the cubic spline of age, sex, and 

genetic ancestry as quantified by the first five principal components. Estimates were similar 

in unadjusted analyses.

TTNtv were identified using a previously validated algorithm, restricted to exons present in 

>90% of cardiac-specific transcripts as previously recommended (1, 4). A TTNtv was 

identified in 183 of 45,346 (0.40%) of individuals in the overall cohort and 54 of 12,553 

individuals (0.43%) in the subset of individuals with cardiac imaging available.

Within the subset of individuals with cardiac imaging available, TTNtv carriers had no 

significant difference in left ventricular end diastolic volume—mean volumes 139.6 mL and 

138 mL for carriers and noncarriers respectively (adjusted difference 3.7mL; 95% CI −2.4 to 

9.9mL; P= 0.23). However, consistent with impaired contractility, end-systolic volume was 

increased in carriers—mean volumes 56.4 and 49.3 mL for carriers and noncarriers 

respectively (adjusted difference 8.5mL; 95% CI 4.8 to 12.1mL; P< 0.001). Mean left 

ventricular ejection fraction was 60.5% in TTNtv carriers versus 64.9% in noncarriers 

(adjusted absolute difference −4.7%; 95% CI −3.3% to −6.1%; P< 0.001; Figure 1). A 

subnormal ejection fraction—defined as <52% for men and <54% for women—was present 

in 18.5% of TTNtv carriers versus 2.3% of noncarriers, adjusted odds ratio 12.7 (95% CI 6.2 

to 25.8; P< 0.001). These observations confirm and extend those previously noted within 

hospital-based biobanks (5).

We next determined the relationship of TTNtv carrier status with incident cardiovascular 

disease in all 45,346 individuals, using a composite primary endpoint of a physician 

diagnosis code of dilated cardiomyopathy, congestive heart failure, atrial fibrillation, and all-

cause mortality. Over a median follow-up of 6.9 years, the composite endpoint occurred in 

17 of 183 (9.3%) TTNtv carriers and 2,106 of 45,163 (4.6%) noncarriers, adjusted hazard 

ratio of 2.2 (95% CI 1.3 to 3.5; P= 0.002); Figure.

Our study has several limitations. First, outcomes were detected using hospital admission 

diagnosis codes rather than detailed endpoint adjudication. Second, participants were 

recruited between the ages of 40 and 69 years, raising the possibility of survivorship or 

‘healthy volunteer’ bias. Third, >90% of the participants in our study were of European 

ancestry, limiting our ability to assess previously reported effect heterogeneity across 

ancestries (5).

In conclusion, 0.4% of asymptomatic adults harbor a TTNtv conferring substantially 

increased risk of subnormal ejection fraction and incident cardiovascular disease. However, 

despite several-fold increased relative risk, the majority of TTNtv carriers remained free of a 

new clinical diagnosis in prospective follow up. Prior studies suggest that superimposed 

clinical or environmental stressors—including chemotherapy, alcohol use and pregnancy—

may unmask disease among those genetically predisposed by a TTNtv. Additional study is 

needed to further elucidate genetic and nongenetic determinants governing which TTNtv 
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carriers will manifest clinical disease to better inform clinical management of asymptomatic 

individuals who harbor a TTNtv.
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Figure 1: Left ventricular ejection fraction and incident cardiovascular disease in TTNtv 
carriers versus noncarriers.
(A) Shown is the distribution of left ventricular ejection fraction and prevalence of 

subnormal ejection fraction among 54 TTNtv carriers and 12,499 noncarriers. In a logistic 

regression model adjusted for the cubic spline of age, sex, and genetic ancestry, TTNtv 

carriers had 12.7-fold (95%CI 6.2 – 25.8; p< 0.001) increased risk of a subnormal ejection 

fraction. (B) Shown are the incidence rates per 1,000 person-years for the composite 

endpoint and each of its components. Hazard ratios (HR) and 95% confidence intervals (CI) 

were calculated using a Cox regression model adjusted for the cubic spline of age, sex, and 

genetic ancestry.
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