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Heart failure (HF) is a major public health problem and beta-blockers (BB) are cornerstone 

therapy for HF with reduced ejection fraction (HFrEF). However, individual patients’ 

responses to BB vary substantially and clinical characteristics are not powerful enough 

predictors to target therapy, thus consensus guidelines recommend BB for all HFrEF patients 

without contraindication.1 Previous pharmacogenetic associations of BB showed proof of 

concept, but lacked validation and clinical utility.2 We recently created and validated, in 

~1,200 European ancestry HFrEF patients, a novel polygenic response predictor (PRP) for 

BB in HFrEF.3 The PRP identified ~25% of patients with substantial survival benefit of 

BB (HR=0.19, 95%CI 0.06–0.65), distinct from the remaining patients with little survival 

benefit (HR=0.84, 95%CI 0.53–1.32). This provocative finding requires additional validation 

prior to prospective testing, so we sought replication using another large, independent 

dataset. The United Kingdom Biobank (UKB) contains health and genetic data on hundreds 

of thousands of participants from the UK, including medication prescription data. We tested 

the BB-PRP in the UKB using similar approaches as the original publication.3

We identified white patients with HF diagnosis, genetic data, vital status, and prescription 

data in the UKB. BB exposure was tabulated using dose, number of tablets, and prescription 

frequency, to generate an exposure metric that is a proportion of target exposure (based on 

HF clinical trials) similar to previously work.3, 4 The PRP is tabulated from genotype at 

44 loci across the genome and was calculated exactly as previously described including 
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using the original beta-coefficients.3 Overall, there was 2% missingness of genotypes 

needed for score calculation, which were imputed by random draw from the distribution 

of each SNP. UKB enrollment date was the index date for patients with prevalent HF, 

otherwise the index date was the date of first HF diagnosis. Time from index date to 

all-cause mortality was tabulated. The statistical analysis used proportional hazards models 

adjusted for Meta-analysis Global Group in Chronic Heart Failure (MAGGIC) score,5 

BB propensity score, PRP, BB exposure, and BB exposure*PRPcategory interaction, with 

BB as a continuous time-updating variable, PRP main effect as a continuous variable, 

and PRPcategory dichotomized at the original cutoff value (≤68 predicted responder vs. 

> 68 non-responder).3 Since LVEF was only available in 255 patients, it was omitted 

from the MAGGIC calculation, and we included all participants regardless of LVEF. We 

tested similar models stratified by PRPcategory. The assumption of proportional hazards 

was assessed by visual inspection of plots of survival, survival time, and log(-log(survival 

time), which were consistent with proportionality. We depicted survival curves separated by 

PRPcategory and high vs. low BB exposure (first vs. third quartile, respectively, which were 

no BB and 54% target exposure). All analyses were performed in SAS 9.4 (SAS Institute, 

Cary, NC)

Among 7141 HF patients, 34% were women, 54% had coronary disease, 33% had atrial 

fibrillation, and 51% had baseline BB usage. The cohort mean PRP was 81 (± 18), with 

n=1642 (23%) responders and n=5499 non-responders. No baseline characteristics differed 

significantly across PRPcategory. Over a median follow-up of 5.2 years there were 1014 

deaths (14.2%), 212 (12.9%) in responders and 802 (14.6%) in non-responders. The results 

are summarized in the Figure. In the total cohort, the PRP main effect was not significant 

(HR=0.99, p=0.92) while the interaction of PRPcategory*BB-exposure was significant 

(p=0.044, ß=0.576). In stratified analyses, PRP-responders had strong survival benefit 

associated with BB (HR=0.57, 95%CI 0.33–1.00, p=0.052), while the PRP-non-responders 

showed little BB effect (HR=0.90, 95%CI 0.70–1.15, p=0.388). Exploratory analyses in a 

subgroup of patients with diagnostic codes indicative of low LVEF subtype or a known low 

LVEF (n=1107, 135 deaths) showed no significant PRPcategory*BB interaction (p =0.34), 

despite a larger interaction effect estimate (ß=0.85, HR=0.32 in PRP-responders vs. 0.75 in 

PRP-non-responders).

Overall, these findings are consistent with our earlier work, indicating that the PRP-

predicted responders had substantial survival benefit with BB while the PRP-predicted 

non-responders did not. There are some limitations, such as lack of LVEF in most UKB 

participants and lack of medication dispensing data. However, these should bias toward 

the null, and the large sample size should compensate for some potential misclassification. 

Further, unrestricting LVEF potentially broadens the relevance of these findings. Since only 

survival was examined, other benefits of BB (e.g. heartrate or reverse remodeling) remain 

to be investigated. Finally, the most important limitation is that this score pertains solely 

to European ancestry, and there remains urgent need for improvements in polygenic scores 

for diverse populations. In conclusion, the BB-PRP replicated in HF patients from the UKB 

regardless of LVEF. This innovative tool could be the first effective genomic guide for BB 

therapy in HF, and now requires testing in a clinical trial. While not yet widely applied 
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in many medications or disease states, the polygenic score approach to drug response is 

theoretically generalizable, warranting additional investigation.
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Figure 1. 
Survival curves from Cox modeling depicting first quartile (solid) versus third quartile 

(dotted) of beta blocker exposure, separated by PRP categories (red are predicted responders 

and blue are predicted non-responders). The space between the dotted and solid lines (of the 

same color) represents the survival impact of beta blocker exposure. Top embedded table is 

the output of the primary analysis. The bottom table shows results stratified by PRP category 

(predicted responder vs. predicted non-responder).
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