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ORIGINAL ARTICLE

Polygenic Contribution to Low-Density 
Lipoprotein Cholesterol Levels and 
Cardiovascular Risk in Monogenic Familial 
Hypercholesterolemia
Mark Trinder, MSc; Martine Paquette, MSc; Lubomira Cermakova, MSc; Matthew R. Ban, BSc;  
Robert A. Hegele , MD; Alexis Baass, MD, MSc; Liam R. Brunham , MD, PhD

BACKGROUND: Familial hypercholesterolemia (FH) is a common autosomal codominant genetic disorder, which causes elevated 
levels of low-density lipoprotein cholesterol (LDL-C)  and increased risk of premature atherosclerotic cardiovascular disease 
(ASCVD). Even among individuals with monogenic FH, there is substantial interindividual variability in LDL-C levels and risk 
of ASCVD. We assessed the influence of an LDL-C polygenic score on levels of LDL-C and risk of ASCVD for individuals 
with monogenic FH.

METHODS: We constructed a weighted LDL-C polygenic score, composed of 28 single-nucleotide variants, for individuals with 
monogenic FH from the British Columbia FH (n=262); Nutrition, Metabolism and Atherosclerosis Clinic (n=552); and UK 
Biobank cohorts (n=306). We assessed the association between LDL-C polygenic score with LDL-C levels and ASCVD 
risk using linear regression and Cox-proportional hazard models, respectively. ASCVD was defined as myocardial infarction, 
coronary or carotid revascularization, transient ischemic attack, or stroke. The results from individual cohorts were combined 
in fixed-effect meta-analyses.

RESULTS: Levels of LDL-C were significantly associated with LDL-C polygenic score in the Nutrition, Metabolism and 
Atherosclerosis Clinic cohort, UK Biobank cohort, and in the meta-analysis (β [95% CI]=0.13 [0.072–0.19] per a 20% 
increase in LDL-C polygenic score percentile, P<0.0001). Additionally, an elevated LDL-C polygenic score (≥80th percentile) 
was associated with a trend towards increased ASCVD risk in all 3 cohorts individually. This association was statistically 
significant in the meta-analysis (hazard ratio [95% CI]=1.48 [1.02–2.14], P=0.04).

CONCLUSIONS: Polygenic contributions to LDL-C explain some of the heterogeneity in clinical presentation and ASCVD risk 
for individuals with FH.
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Familial hypercholesterolemia (FH) is the most 
common life-threatening autosomal dominant 
genetic disorder (≈1 out of 225–250 people) 

and is typically caused by pathogenic genetic vari-
ants in the LDLR, APOB, or PCSK9 genes.1,2 These 

pathogenic variants impair the clearance of LDL-C 
(low-density lipoprotein cholesterol) from the blood 
and significantly increase the risk of atherosclerotic 
cardiovascular disease (ASCVD).3 Despite the avail-
ability of effective treatment strategies, it is estimated 
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that >85% of individuals with FH remain undiagnosed 
and undertreated.4

A major challenge to the diagnosis and treatment of 
FH is the heterogeneity in the clinical presentation of the 
condition.5–9 The variability in presentation of FH can be 
attributed to age and sex,10 the type of pathogenic vari-
ant,11–13 other genetic influences,14–18 and environmental 
factors.6,19–21 Notably, the contribution of common poly-
genic variants to LDL-C levels has been well character-
ized14,16,22 and may help explain why family members that 
carry the same FH-associated variant and share similar 
environments can display varying severity of FH.9

Our previous study,12 and the work of others,15,23–25 
suggest that polygenic determinants of LDL-C levels can 
modulate both the clinical phenotype (ie, LDL-C levels) 
and, potentially, the cardiovascular risk observed in FH. 
However, most work to date has been underpowered 
to assess whether polygenic factors contribute addi-
tional risk for adverse clinical outcomes among those 
with monogenic FH.11,12,21,25 Here, we used 3 indepen-
dent cohorts to evaluate how polygenic contributions to 
LDL-C levels influence the risk of ASCVD events among 
individuals with monogenic FH.

METHODS
A full-length description of the methods can be found in the 
Data Supplement. The data that support the findings of this 
study are available from the corresponding author upon rea-
sonable request.

The BCFH study (British Columbia Familial 
Hypercholesterolemia) was approved by the Clinical Research 
Ethics Board of the University of British Columbia.12,26,27 The 
CNMA study (Nutrition, Metabolism and Atherosclerosis 
Clinic) was approved by the Institut de recherches cliniques 
de Montréal Institutional Review Board and ethical commit-
tee.28 The UK Biobank study was approved by the UK Biobank 
and by the Clinical Research Ethics Board of the University of 
British Columbia.29,30 For each study, all individuals or substitute 
decision-makers provided written informed consent.

RESULTS
Cohort Characteristics
The enrollment characteristics of individuals from the 
BCFH, CNMA, and UK Biobank cohorts with mono-
genic FH are shown in Table 1, and the FH-associated 
variants identified in each cohort are displayed in Tables 
I through III in the Data Supplement. Notably, individuals 
from the UK Biobank cohort were older and displayed 
less severe hypercholesterolemia relative to the BCFH 
and CNMA cohorts.

The 28 single-nucleotide variants (SNVs) used in the 
calculation of LDL-C polygenic score percentile (LDL-
CPSP) are displayed in Table IV in the Data Supplement. 
The characteristics of these individuals, stratified by 
LDL-CPSP, are shown in Table 2. LDL-C levels were sig-
nificantly higher in those with an elevated LDL-CPSP for 
the CNMA and UK Biobank cohorts but not the BCFH 
cohort. Other characteristics were similar between indi-
viduals with and without an elevated LDL-CPSP.

LDL-C Polygenic Scores Associate With 
Measured Levels of LDL-C for Individuals With 
FH
A 20% increase in LDL-CPSP was associated with signifi-
cantly higher levels of LDL-C in the CNMA (R2=0.084, 
P=0.0007) and UK Biobank cohorts (R2=0.047; 
P=0.004) when adjusted for age and sex (Figure 1). 
However, this relationship was not observed in the 
BCFH cohort (R2=0.0036, P=0.57; Figure 1). We used a 
fixed-effect meta-analysis to assess the overall associa-
tion between measured levels of LDL-C and continuous 
LDL-CPSP. The fixed-effect meta-analysis demonstrated 
a significant association between LDL-CPSP and levels 
of LDL-C (β [95% CI]: 0.13 [0.072–0.19] per a 20% 
increase in LDL-CPSP, P<0.0001; Figure 1D). The inter-
study heterogeneity was not statistically significant 
(Q=0.95 with 2 df, P=0.62).

We also assessed the influence of the LDL-CPSP on 
LDL-C levels among individuals from the CNMA cohort 
carrying the same FH-associated variant. Similar to the 
analyses of overall FH-associated variants in the CNMA 
cohort, there was a significant correlation between LDL-C 
levels and LDL-CPSP for carriers of either the LDLR 15 kb 
promoter and exon 1 deletion (n=369, R2=0.088, P=0.02; 
Figure 2A) or the LDLR exon 3 missense variant p.Trp87Arg 
in LDLR (n=103, R2=0.15, P=0.05; Figure 2B).

We used the UK Biobank imputed genotyping array 
data to compare the association between the 28 SNV 
polygenic score and more comprehensive LDL-C poly-
genic scores composed of 223 SNVs and 1.92 mil-
lion SNVs among individuals of British White ancestry 
(n=389 127). There was a significant correlation between 
LDL-C levels, in mmol/L, and SD units of LDL-C poly-
genic score for the 28 SNV score (β [SE]: 0.820 [0.006], 
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P<0.0001, R2=0.074), 223 SNV score (β [SE]=0.840 
[0.005], P<0.0001, R2=0.102), and 1.92 million SNV 
score (fraction of causal variants =0.1: β [SE]: 0.866 
[0.005], P<0.0001, R2=0.113) when adjusted for age 
and sex. These results suggest that while the 28 SNV 
polygenic score provides a highly significant association 
with LDL-C levels, more comprehensive polygenic scores 
will likely provide improvements in predicting LDL-C lev-
els (Figure I in the Data Supplement).

LDL-C Polygenic Scores Associate With 
Increased Cardiovascular Risk for Individuals 
With FH
We used a fixed-effect meta-analysis to assess the 
association between elevated LDL-CPSP and risk of 
ASCVD among 3 cohorts of individuals with monogenic 
FH (overall n=1120). ASCVD events were defined as a 
composite end point of myocardial infarction, coronary 
or carotid revascularization, transient ischemic attack, or 
stroke (Methods and Table V in the Data Supplement). 
A LDL-CPSP ≥80th percentile was associated with a 
trend towards increased risk of ASCVD in all 3 cohorts 
in analyses that were adjusted for sex and for which 
age was used as the timescale. This effect was statisti-
cally significant in the meta-analysis (hazard ratio [95% 
CI], 1.48 [1.02–2.14], P=0.04; Figure 3A), and there 
was no significant interstudy heterogeneity (Q=0.48 on 
2 df, P=0.79).

Additionally, when all 3 cohorts were merged, individu-
als with monogenic FH and LDL-CPSP ≥80th percentile 
displayed significantly greater risk of ASCVD compared 
with individuals with monogenic FH and LDL-CPSP <80th 

percentile (Log-rank P=0.01; Figure 3B). This finding 
was also observed in Cox-proportional hazard mod-
els that were unadjusted (hazard ratio [95% CI]: 1.60 
[1.12–2.29], P=0.01) and adjusted for sex (hazard ratio 
[95% CI]: 1.58 [1.10–2.27], P=0.01). Similarly, continu-
ous LDL-CPSP and quintiles of LDL-CPSP were signifi-
cantly associated with increasing risk of ASCVD among 
individuals with monogenic FH in analyses adjusted for 
sex (hazard ratio [95% CI]: 1.15 [1.03–1.29] per 20% 
increase in LDL-CPSP, P=0.01; Figure 3C).

LDL-C Polygenic Score Influences the 
Penetrance of Monogenic FH
In the UK Biobank cohort, cases of monogenic FH were 
identified from the general population based on geno-
type, whereas individuals from the BCFH and CNMA 
cohorts were identified from lipid clinics based on a clini-
cal diagnosis of FH. We observed that many individuals 
from the UK Biobank with monogenic FH-associated 
variants did not manifest a typical phenotype of severe 
hypercholesterolemia.31 Indeed, a majority of carriers of 
FH-associated variants had LDL-C levels <5 mmol/L 
(205 of 282 individuals with LDL-C measurements 
=72.7%), a commonly used cutoff for FH in many diag-
nostic algorithms.32 We examined whether the LDL-CPSP 
contributed to the incomplete penetrance of FH-associ-
ated variants in the UK Biobank cohort.

Individuals with LDL-C levels ≥5 mmol/L had signifi-
cantly higher LDL-C polygenic scores than individuals 
with LDL-C levels <5 mmol/L (Mann-Whitney P=0.04; 
Figure 4A). In particular, we found that 22.0 % (36 of 
164) of individuals with an FH-associated variant and 

Table 1. Demographic Characteristics of the Study Cohorts at Enrollment

Characteristic Measurement BCFH (n=262) CNMA (n=552) UK Biobank (n=306)

Demographics

 Age Mean (SD) 38.6 (15.2) 33.9 (13.0) 57.2 (8.0)

 Male sex N (%) 112 (42.8) 216 (39.1) 124 (40.5)

 European ancestry N (%) 212 (81.9) 552 (100.0) 288 (94.1)

Lipid profile

 TC, mmol/L Mean (SD)/n 8.98 (2.15)/261 9.18 (1.70)/546 7.03 (1.57)/284

 LDL-C, mmol/L Mean (SD)/n 6.99 (2.01)/261 7.18 (1.49)/543 4.52 (1.17)/282

 HDL-C, mmol/L Mean (SD)/n 1.36 (0.41)/261 1.06 (0.31)/543 1.46 (0.35)/267

 Triglycerides, mmol/L Mean (SD)/n 1.39 (0.82)/257 1.59 (0.99)/546 1.56 (0.93)/282

 Cholesterol medication at baseline N (%)/n 66 (26.1)/253 NA 128 (42.0)/305

Medical history

 Diabetes mellitus N (%)/n 17 (6.7)/254 11 (2.0)/552 19 (6.2)/306

 Hypertension N (%)/n 40 (15.6)/256 74 (13.4)/552 83 (27.3)/304

 Current smoker N (%)/n 11 (4.2)/261 169 (31.8)/532 26 (8.5)/306

When available, lipid profiles represent pretreatment data. Otherwise lipid profiles were adjusted for the use of cholesterol medication at baseline 
(denoted by percentage of individuals using cholesterol medication). BCFH indicates British Columbia Familial Hypercholesterolemia; CNMA, Nutrition, 
Metabolism and Atherosclerosis Clinic; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NA, not available; and 
TC, total cholesterol.
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Table 2. Characteristics of the Study Cohorts at Enrollment Stratified by Elevated LDL-C Polygenic Score 
Percentile (≥80th Percentile Using 28 Single-Nucleotide Variants)

Characteristic Measurement <80th Percentile (n=189) ≥80th Percentile (n=73) P Value

British Columbia Familial Hypercholesterolemia cohort

 Demographics

  Age Mean (SD) 39.3 (15.6) 36.9 (14.1) 0.19

  Male sex N (%) 78 (41.3) 34 (46.6) 0.52

  European ancestry N (%) 152 (80.4) 60 (82.2) 0.88

 Lipid profile

  TC, mmol/L Mean (SD)/n 9.00 (2.23)/184 8.94 (1.94)/72 0.85

  LDL-C, mmol/L Mean (SD)/n 6.97 (2.23)/188 7.04 (1.94)/73 0.45

  HDL-C, mmol/L Mean (SD)/n 1.37 (0.41)/187 1.32 (0.42)/72 0.27

  Triglycerides, mmol/L Mean (SD)/n 1.40 (0.83)/185 1.35 (0.79)/72 0.32

  Cholesterol medication N (%)/n 46 (25.6)/180 20 (27.4)/73 0.89

 Medical history

  Diabetes mellitus N (%)/n 12 (6.6)/182 5 (6.9)/72 0.92

  Hypertension N (%)/n 28 (15.2)/184 12 (16.7)/72 0.77

  Current smoker N (%)/n 7 (3.7)/188 4 (5.5)/73 0.53

Characteristic Measurement <80th Percentile (n=432) ≥80th Percentile (n=120) P Value

Nutrition, Metabolism and Atherosclerosis Clinic cohort

 Demographics

  Age Mean (SD) 34.2 (13.2) 32.8 (12.2) 0.24

  Male sex N (%) 176 (40.7) 40 (33.3) 0.17

 Lipid profile

  TC, mmol/L Mean (SD)/n 9.10 ((1.74)/426 9.44 (1.57)/120 0.01

  LDL-C, mmol/L Mean (SD)/n 7.10 (1.49)/424 7.47 (1.47)/119 0.01

  HDL-C, mmol/L Mean (SD)/n 1.06 (0.31)/424 1.05 (0.30)/119 0.62

  Triglycerides, mmol/L Mean (SD)/n 1.58 (1.04)/426 1.60 (0.80)/120 0.24

 Medical history

  Diabetes mellitus N (%)/n 11 (2.5)/432 0 (0.0)/120 0.16

  Hypertension N (%)/n 57 (13.2)/432 17 (14.2)/120 0.90

  Current smoker N (%)/n 135 (32.3)/418 34 (29.8)/114 0.70

Characteristic Measurement <80th Percentile (n=259) ≥80th Percentile (n=47) P Value

UK Biobank cohort

 Demographics

  Age Mean (SD) 57.0 (7.8) 58.0 (8.6) 0.33

  Male sex N (%) 105 (40.5) 19 (40.4) 1

  European ancestry N (%) 198 (76.4) 44 (93.6) 0.13

 Lipid profile

  TC, mmol/L Mean (SD)/n 6.93 (1.46)/240 7.57 (2.03)/44 0.08

  LDL-C, mmol/L Mean (SD)/n 4.42 (1.10)/238 4.99 (1.43)/44 0.02

  HDL-C, mmol/L Mean (SD)/n 1.48 (0.35)/224 1.34 (0.32)/43 0.02

  Triglycerides, mmol/L Mean (SD)/n 1.52 (0.88)/238 1.80 (1.12)/44 0.08

  Cholesterol medication N (%)/n 106 (41.1)/258 22 (46.8)/47 0.57

 Medical history

  Diabetes mellitus N (%)/n 12 (4.6)/259 7 (14.9)/47 0.02

  Hypertension N (%)/n 69 (26.7)/258 14 (30.4)/46 0.74

  Current smoker N (%)/n 22 (8.5)/259 4 (8.5)/47 1

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; and TC, total cholesterol.
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an LDL-CPSP below the 50th had a LDL-C ≥5 mmol/L, 
compared with 34.7% (41 of 118) of individuals with an 
FH-associated variant and a LDL-CPSP greater than the 
50th percentile (χ2 P=0.02; Figure 4B). Individuals with 
an FH-associated variant and a LDL-CPSP greater than 
the 50th percentile also had a nonstatistically significant 
higher prevalence of parental history of heart disease 
relative to individuals with an FH-associated variant and 
a LDL-CPSP below the 50th percentile (61.9% versus 
54.0%, χ2 P=0.15; Figure 4C).

DISCUSSION
Here, using 3 independent cohorts, we demonstrated 
that LDL-C polygenic scores significantly modulate 
LDL-C levels and risk of ASCVD among individuals with 
monogenic FH. These results highlight that polygenic 
factors can influence the phenotype of monogenic FH, 
which is often viewed as a classical Mendelian disorder, 
and that expanded genetic testing may improve risk pre-
diction for this condition.

Monogenic FH is a highly heterogeneous condition 
and individuals with the same pathogenic variant can 
display markedly different phenotypes.6,7,9,25 Previous 

studies have shown that polygenic factors can modu-
late the LDL-C levels observed in monogenic FH,25 but 
an effect on ASCVD risk has not been assessed. Indi-
viduals with FH-associated variants are known to be at 
greater risk of ASCVD than individuals with clinical FH 
without identifiable FH-associated variants,12,13,18,31 and 
we previously reported among individuals with mono-
genic FH, a superimposed elevated LDL-CPSP was asso-
ciated with a trend towards increased risk of ASCVD.12 
The major advance of the current study is the demon-
stration that polygenic modulation of LDL-C levels is 
significantly associated with increased risk of ASCVD 
in individuals with monogenic FH.

We used a limited LDL-C polygenic score, composed 
of 28 SNVs, to demonstrate that polygenic factors are 
important modulators of the penetrance of monogenic 
FH. Notably, this was the case even among individuals 
carrying the identical FH-associated variant. Broader, 
genome-wide polygenic scores have also been devel-
oped for LDL-C14,22 and coronary artery disease,33 and 
appear to enable improved risk prediction relative to 
more limited polygenic scores due to their ability to con-
solidate the associations of millions of common genetic 
variants. Determination of genome-wide polygenic 

Figure 1. Association between LDL-C (low-density lipoprotein cholesterol) levels and LDL-C polygenic score percentile among 
individuals with familial hypercholesterolemia.
The association between LDL-C levels and LDL-C polygenic score percentile is displayed for the (A) British Columbia Familial 
Hypercholesterolemia (BCFH), (B) Nutrition, Metabolism and Atherosclerosis Clinic (CNMA), and (C) UK Biobank cohorts. The blue lines 
and associated gray shading represent the linear regression line of best fit and 95% CI, respectively. D, A fixed-effect meta-analysis of the β 
coefficients and standard errors obtained from the linear regression models of LDL-C levels (mmol/L) vs continuous LDL-C polygenic score 
(per 20% increase) are shown. Linear regression models were adjusted for age and sex.
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scores for LDL-C levels22 and ASCVD risk17,33 for indi-
viduals with FH could complement standard genetic test-
ing and further improve the risk prediction for ASCVD in 
this population. Specifically, Natarajan et al22 observed 
that a polygenic score composed of ≈2 million SNVs was 
associated with an ≈21.6% increase of LDL-C variance 
explained relative to a restricted score of 59 independent 
SNVs (R2 expanded=0.298 versus R2 restricted=0.245). 
In this study of individuals from the UK Biobank, the vari-
ance explained by both an expanded polygenic score 
composed of 1.92 million SNVs or restricted LDL-C 
polygenic score (28 or 223 independent SNVs) were 
notably lower. However, the relative increase in LDL-C 
variance explained between an expanded polygenic ver-
sus restricted score were comparable (R2=0.113 versus 
R2=0.074). This suggests that differences between the 
study population may account for the lower proportion of 
variance explained. One notable difference between UK 
Biobank and the cohorts studied by Natarajan et al22 is 
that individuals from the UK Biobank tended to be older 
and more likely to use lipid-lowering medication; both fac-
tors may impair the performance of the LDL-C polygenic 
score. In support of this, we note that the LDL-C poly-
genic score displayed the greatest performance in the 
CNMA cohort in which baseline LDL-C levels were mea-
sured following a washout of lipid-lowering medication.

The relatively mild phenotypes of monogenic FH 
observed in the UK Biobank adds to evolving litera-
ture suggesting that the penetrance and expressivity 
of FH may be more variable than has been tradition-
ally accepted.5–8,31 Here, we show that polygenic factors 
related to LDL-C may be one important modifying factor. 
This is supported by observations of polygenic factors 

related to risk of ASCVD17 and lipoprotein(a)26,34 levels 
being important modifiers of ASCVD risk for individuals 
with FH. Environmental factors such as diet, exercise, 
and adherence to cholesterol-lowering medication ther-
apy are also important protective factors for ASCVD.6,20,35 
Notably, the UK Biobank exhibits a healthy volunteer 
selection bias compared with cohorts of patients recruited 
from cardiology or lipid clinics, the latter of which would 
tend to be enriched for individuals with more severe clini-
cal presentations.36 A better understanding of modifiers 
of FH phenotype among the general population may 
identify new and important genetic or clinical factors that 
are associated with risk of ASCVD which could inform 
the design of new therapeutic strategies for preventing 
ASCVD in both FH and the general population.

More comprehensive sequencing or array strategies 
for characterizing FH beyond targeted sequencing of 
candidate genes may allow improved clinical risk predic-
tion and identify genetic diagnoses for individuals that 
have alternative or atypical explanation for an FH-like 
phenotype such as polygenic hypercholesterolemia, ele-
vated lipoprotein(a),34 or atypical variants (eg, ABCG537). 
This work demonstrates that genetic testing beyond the 
common candidate gene analysis of LDLR, APOB, and 
PCSK9 may provide insights relevant to the clinical het-
erogeneity of FH.

This study has some notable strengths, as well as 
some important limitations. First, we used 3 independent 
cohorts of individuals with FH, which all showed similar 
findings in terms of the impact of the LDL-C polygenic 
scores on ASCVD risk. Previous studies examining 
LDL-C polygenic scores in FH have been underpowered 
to detect an effect on cardiovascular events, and we were 

Figure 2. Association between LDL-C (low-density lipoprotein cholesterol) levels and LDL-C polygenic score percentile among 
individuals with the same familial hypercholesterolemia (FH)-associated variant.
The association between LDL-C levels and LDL-C polygenic score percentile is displayed for the individuals from the Nutrition, Metabolism and 
Atherosclerosis Clinic (CNMA) that were carriers for (A) the LDLR 15 kb promoter and exon 1 deletion and (B) the LDLR exon 3 missense 
variant p.Trp87Arg. The blue lines and associated grey shading represent the linear regression line of best fit and 95% CI, respectively.
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able to overcome that limitation. Second, our study was 
restricted to only individuals with molecularly confirmed 
monogenic FH, resulting in a more well-defined popula-
tion of individuals with FH, and allowing us to determine 
the impact of polygenic modulation of this monogenic 
condition. Limitations of our study include that we used 
a limited LDL-C polygenic score, composed of only 28 
SNVs. Future studies will be needed to examine the ben-
efit of using a genome-wide LDL-C polygenic score for 
risk prediction in monogenic FH. Second, the approach to 
determine baseline lipid profiles varied between cohorts. 
The CNMA cohort used a 4-week washout period before 
obtaining a lipid profile to reduce confounding caused 
by cholesterol-lowering medication. This approach is 
likely one of the reasons why the strongest correlation 
between LDL-C polygenic scores and measured LDL-C 

levels was observed in this cohort. In contrast, for the 
BCFH and UK Biobank cohorts, baseline LDL-C levels 
were estimated for individuals using cholesterol-lowering 
medication estimated by using a correction factor for 
1.43.1,38 Third, while our study included individuals from 
both Canada and the United Kingdom, the overall study 
population was predominately of European ancestry. 
The generalizability of lipid polygenic scores to individu-
als with FH of other genetic ancestries requires further 
investigation.

In conclusion, we report that individuals with mono-
genic FH that have an elevated LDL-C polygenic scores 
tend to have higher levels of LDL-C and greater risk of 
ASCVD than individuals without an elevated LDL-CPSP. 
These results show that, even at the extremes of Men-
delian disorders, polygenic factors can have an important 

Figure 3. Association between risk of events and LDL-C (low-density lipoprotein cholesterol) polygenic score percentile among 
individuals with familial hypercholesterolemia.
Atherosclerotic cardiovascular events included myocardial infarction, cardiovascular or carotid revascularization, and stroke. A, A fixed-effect 
meta-analyses of the β coefficients (ln[hazard ratio (HR)]) and SE obtained from Cox-proportional hazard models for risk of atherosclerotic 
cardiovascular events is shown for an LDL-C polygenic score ≥80th percentile score relative to and LDL-C polygenic score <80th percentile 
score. These Cox-proportional hazard models were adjusted for sex and used age as the time-to-event time scale. The studies included in the 
meta-analysis were the British Columbia Familial Hypercholesterolemia (BCFH), Nutrition, Metabolism and Atherosclerosis Clinic (CNMA), 
and UK Biobank cohorts. B, The time-to-atherosclerotic cardiovascular event curves are shown for the combined cohorts stratified by LDL-C 
polygenic score percentile above and below the 80th percentile. C, Sex-adjusted Cox-proportional hazard models are shown for the combined 
cohorts stratified by quintiles of LDL-C polygenic score percentile. ASCVD indicates atherosclerotic cardiovascular disease.
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influence on clinical phenotypes and outcomes. Our 
results suggest that there may be utility in broader 
genetic testing strategies, that go beyond candidate 
genes, to improve the risk stratification of individuals with 
monogenic FH.
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