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A B S T R A C T   

Objective: Elevated lipoprotein(a) [Lp(a)] is a common inherited condition associated with cardiovascular dis-
ease. This study investigated whether cascade testing for Lp(a) was effective in detecting new cases of elevated Lp 
(a) in families. 
Methods: Relatives from adult probands with Lp(a) concentration ≥100 mg/dL were tested for elevated Lp(a) 
(≥50 mg/dL) via a cascade testing program in a tertiary hospital setting. The prevalence and yield of detecting 
new cases of elevated Lp(a) among the relatives were assessed. 
Results: Of the 83 probands, 43.4% had familial combined hyperlipidemia (FCHL) and 34.9% common hyper-
cholesterolemia (CH). Among 182 relatives tested (151 adults and 31 children), elevated Lp(a) was found in 
68.1%, with 32.9% having Lp(a) between 50 and 99 mg/dL and 35.2% having Lp(a) ≥100 mg/dL. One new case 
of elevated Lp(a) ≥50 mg/dL was identified for every 1.5 relatives tested and 1 new case of elevated Lp(a) ≥100 
mg/dL for every 2.8 relatives tested. The proportion of relatives detected with elevated Lp(a) was significantly 
higher when tested from probands with Lp(a) >150 mg/dL compared with those with Lp(a) between 100 and 
150 mg/dL (81.1% vs. 55.5%; P = 0.001). The concordance rates (kappa coefficient) for the detection of elevated 
Lp(a) with FCHL and CH were 34.8% (0.026) and 53.2% (0.099), respectively. 
Conclusion: Cascade testing for elevated Lp(a) from affected probands with phenotypic dyslipidemia is highly 
effective in identifying new cases of high Lp(a) in families. The yield of detecting elevated Lp(a) is greater when 
probands have higher levels of Lp(a) and exceeds the detection of relatives with FCHL and CH.   

1. Introduction 

Epidemiological and genetic studies confirm evidence that elevated 
plasma lipoprotein(a) [Lp(a)] concentration results in atherosclerotic 
cardiovascular disease (ASCVD) and calcific aortic valve disease [1–3]. 
Lp(a) has inflammatory, oxidative, and anti-fibrinolytic properties [4,5]. 
Current guidelines propose that plasma Lp(a) levels >50 mg/dL is a 
risk-enhancing factor for ASCVD [6–9]. However, elevated Lp(a) is not 
routinely tested in clinical practice. 

Lp(a) consists of a low-density lipoprotein (LDL)-particle covalently 
linked to a highly polymorphic apolipoprotein(a) [apo(a)] moiety [10]. 
Lp(a) concentrations are 70–90% heritable and determined by the LPA 

gene locus [4,5,10]. The plasma concentrations of Lp(a) tend to remain 
relatively constant throughout life [6]. Expert guidelines recommend 
testing for elevated Lp(a) in individuals at intermediate or high risk of 
ASCVD, and in patients with a personal or family history of premature 
coronary artery disease (CAD), including those with familial hyper-
cholesterolemia (FH) [6–9]. 

Genetic cascade testing is a cost-effective strategy for detecting FH in 
close relatives of affected index cases [11]. Cascade testing for elevated 
Lp(a) is also a feasible and effective approach for identifying new cases 
of elevated Lp(a) during genetic cascade testing for FH [12]. No studies 
have, however, been reported in families without FH. 

In the present investigation, we examined the hypothesis, based on 
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previous studies in FH [12,13], that cascade testing is effective in 
detecting new cases of elevated Lp(a) among close relatives of probands 
with elevated Lp(a) concentration and dyslipidemias other than FH. The 
primary objective was to describe the yield of detecting elevated Lp(a) 
from cascade testing relatives of probands with common dyslipidemias, 
other than FH, presenting to a lipid clinic. Secondary objectives were to 
describe the spectrum of cardiovascular factors and the initiation of 
lipid-lowering therapy (LLT) in affected relatives, as well as the expe-
rience of screenees of the cascade testing process. 

2. Methods 

We report on a selected group of patients who participated in an Lp 
(a) cascade testing program carried out in the Lipid Disorders Clinic 
between 2016 and 2021. Affected probands with Lp(a) ≥100 mg/dL 
were identified from patients with phenotypic dyslipidemias [e.g., fa-
milial combined hyperlipidemia (FCHL) and common hypercholester-
olemia (CH) with no detectable FH gene variants], referred by general 
practitioners (GP), cardiologists and other specialists to the clinic. The 
selection of a cut-off Lp(a) concentration ≥100 mg/dL was based on a 
pilot study showing that the detection rate for relatives with elevated Lp 
(a) at this level was significantly higher than those with Lp(a) concen-
tration between 50 and 99 mg/dL (Fig. 1 in online supplementary ma-
terial; 88.9% vs 40.0%, P = 0.003). Accordingly, 83 probands with 
plasma concentration ≥100 mg/dL and their relatives agreed to 
participate in the cascade testing program, with at least one family 
member being tested for Lp(a). A total of 182 relatives, including chil-
dren and adolescents (n = 31), were tested for elevated Lp(a) (defined as 
≥50 mg/dL) and their clinical details, including cardiovascular risk 
factors were recorded. Details of the cascade testing protocol, assess-
ment of patient-reported experience, clinical definition, biochemical 
and statistical analyses are given in supplementary material. The study 
was approved by the Royal Perth Hospital (Quality Activity 17,496) and 
University of Western Australia Human Research Ethics office RA/4/20/ 
5553. 

3. Results 

3.1. Subject characteristics 

The demographic, clinical and biochemical characteristics of the 83 
probands and 151 adult relatives are described in Table 1. Compared 
with adult relatives, probands were older (P < 0.001), more likely to be 
male (P < 0.05) and had a higher prevalence of CAD (P < 0.001), 

smoking (P < 0.01) and hypertension (P < 0.001). The proportion of 
receiving cholesterol-lowering therapy (statin and/or ezetimibe) was 
significantly higher in probands than relatives. Plasma concentrations of 
pre-treatment cholesterol, triglycerides, non-HDL-cholesterol, LDL- 

Fig. 1. Outcomes of cascade testing for elevated lipoprotein(a) [Lp(a)] ≥50 mg/dL from probands with Lp (a) ≥100 mg/dL (n = 83) (A); Lp(a) >150 mg/dL (n = 42) 
(B) and Lp(a) 100–150 mg/dL (n = 41) (C). 

Table 1 
Demographic, clinical and biochemical characteristics of the probands and adult 
relatives tested for elevated lipoprotein(a).  

Characteristics Probands Adult relatives 

Number 83 151 
Age (years) 

Male, n (%) 
Body mass index (kg/m2) 

52.5 ± 12.5*** 
45 (54.2)* 
27.5 ± 4.7 

41.1 ± 15.8 
62 (40.8) 
26.5 ± 4.6 

Family history of CAD, n (%) 
Family history of premature CAD, n 
(%) 
Personal history of CAD, n (%) 

76 (91.6) 
43 (67.2) 
38 (45.8)*** 

142 (93.4) 
101 (66.9) 
8 (5.3) 

Smokers (current/ex), n (%) 
Hypertension, n (%) 
Type 2 Diabetes, n (%) 
Obesity (>30 kg/m2), n (%) 

40 (48.2)** 
39 (47.0)*** 
6 (7.2) 
22 (26.5) 

40 (29.2) 
18 (12.9) 
4 (2.8) 
23 (18.1) 

On cholesterol-lowering medication, 
n (%) 
Statin, n (%) 
Ezetimibe, n (%) 

60 (72.3)*** 
57 (68.7)*** 
25 (30.1)*** 

22 (15.3) 
22 (15.3) 
3 (2.1) 

Pre-treatment 
Total cholesterol (mmol/L) 
Triglycerides (mmol/L)1 

HDL-cholesterol (mmol/L) 
Non-HDL-cholesterol (mmol/L) 
LDL-cholesterol (mmol/L) 
Apolipoprotein B (g/L)  

7.6 ± 1.6*** 
1.9 (1.7 – 2.1) *** 
1.4 ± 0.4 
6.2 ± 1.4*** 
5.4 ± 1.6*** 
1.5 ± 0.4***  

5.8 ± 1.3 
1.3 (1.2 – 1.4) 
1.4 ± 0.4 
4.3 ± 1.3 
3.7 ± 1.2 
1.1 ± 0.3 

Lipoprotein(a) (mg/dL)1 156.3 (146.2 – 167.1) 
*** 

56.4 (47.6 – 
66.8) 

Plasma glucose (mmol/L) 
eGFR (mL/min/1.73 m2) 

5.3 ± 1.0 
82.1 ± 12.0 

5.1 ± 1.0 
83.9 ± 10.6 

Estimated 5-year ASCVD risk2 

Low, n (%) 
Moderate, n (%) 
High, n (%)  

29 (69.0)** 
13 (31.0)** 
0 (0.0)  

111 (87.4) 
15 (11.8) 
1 (0.8) 

ASCVD: atherosclerotic cardiovascular disease, CAD: coronary artery disease, 
HDL: high-density lipoprotein. 
LDL: low-density lipoprotein, eGFR: estimated glomerular filtration rate. 
Values represented as mean ± SD or geometric mean (95% confidence intervals) 
or number (%). 
1Skewed variable with log transformation. 
2Five-year cardiovascular risk assessment in probands and adult relatives: Low 
<3%, Moderate 3 – 14%, and High >15%. 
*P < 0.05; **P < 0.01; and ***P < 0.001 when compared with adult relatives. 

A. Chakraborty et al.                                                                                                                                                                                                                          



American Journal of Preventive Cardiology 10 (2022) 100343

3

cholesterol and apolipoprotein B, as well as Lp(a), were significantly 
higher in probands than in adult relatives (P < 0.001 for all). There were 
no statistically significant differences in body mass index (BMI), plasma 
glucose concentration and estimated glomerular filtration rate (eGFR) 
between probands and adult relatives. Among subjects without a per-
sonal history of CAD (Table 1), the proportion with low risk of ASCVD 
was greater in relatives than probands (P < 0.01), the proportion with 
moderate risk of ASCVD being conversely greater in relatives (P < 0.01). 

Compared with adults, children and adolescents tested for elevated 
Lp(a) (n = 31) were more likely to be male (62%), non-obese (BMI 22.0 
± 4.2 kg/m2) and normolipidemic (total cholesterol 4.7 ± 0.8 mmol/L, 
triglycerides 0.9 [0.7–1.1 mmol/L] and LDL-cholesterol 3.2 ± 0.6 
mmol/L); none had a personal history of CAD, hypertension and type 2 
diabetes, or were on cholesterol-lowering medication. 

3.2. Outcome of cascade testing for elevated Lp(a) 

Fig. 1 shows the proportion of relatives with elevated Lp(a) (≥ 50 
mg/dL) according to the Lp(a) concentrations of probands. Overall, 
elevated Lp(a) was found in 68.1% of relatives, 32.9% having Lp(a) 
between 50 and 99 mg/dL and 35.2% ≥100 mg/dL (Fig. 1A). The pro-
portion of relatives detected with elevated Lp(a) was significantly 
greater (81.1% vs 55.5%; P = 0.001) when tested from probands with Lp 
(a) >150 mg/dL (Fig. 1B) compared with probands with Lp(a) between 
100 and 150 mg/dL (Fig. 1C). The proportion of first- and second-degree 
relatives of probands cascade tested for high Lp(a) were 94.0% (n = 171) 
and 6.0% (n = 11), respectively. Of the 11 second-degree relatives, 6 
were first-degree relatives from an index case with elevated Lp(a) and 
the others we tested for practical and preferential reasons as second- 
degree relatives of the probands. 

One new case of elevated Lp(a) ≥50 mg/dL was identified for every 
1.5 relatives tested and 1 new case of elevated Lp(a) ≥100 mg/dL for 
every 2.8 relatives tested (see Central Illustration). One new case of 
elevated Lp(a) ≥50 mg/dL was also identified for every 1.8 relatives 
with probands having Lp(a) between 100 and 150 mg/dL and 1 new case 
for every 1.2 tested with probands Lp(a) concentration >150 mg/dL. 
The Lp(a) concentration of probands was a significant positive predictor 

of the probability of detecting a relative with elevated Lp(a) (odds ratio 
1.45; 95% CI 1.19-1.81 for each 25 mg/dL increment of plasma Lp(a); P 
< 0.001). 

Fig. 2 shows the pedigrees of three selected families in whom the 
yield of detection of elevated Lp(a) was particularly high. In family 38 
(in which the proband had a very high Lp(a) at 233 mg/dL), all ten 
relatives tested were found to have Lp(a) >50 mg/dL, with 5 having Lp 
(a) >100 mg/dL. In family 45, all four relatives tested were identified 
with Lp(a) ≥50 mg/dL. Of six relatives tested in family 77, three were 
identified with Lp(a) ≥50 mg/dL, with two ≥100 mg/dL. 

3.3. Cost estimation 

The cost of Lp(a) assays for the 182 relatives was estimated to be A 
$3276. This cost was less than the estimated cost of staff time associated 
with contacting relatives, booking appointments, nurse review of rela-
tives, consultant review, and counselling regarding cascade testing of 
relatives. The total staff costs associated with these activities were 
estimated to be A$68,381; the cost per case detected was A$551 (Table 1 
in online supplementary material). 

3.4. Association of elevated Lp(a) with lipid phenotypes in adult relatives 

Of the 83 probands, 43.4% had FCHL and 34.9% CH, the remaining 
having isolated elevated Lp(a) and unclassified mixed hyperlipidemia. 
There was no significant difference (P = 0.449) in the proportion of 
relatives identified with elevated Lp(a) from probands with FCHL 
(67.0%) and CH (77.4%) (Fig. 2 in online supplementary material). The 
concordance rate between the detection of Lp(a) ≥50 mg/dL and the 
detection of FCHL among relatives of probands with FCHL was 34.8%, 
with a corresponding kappa statistic of 0.026. A low concordance rate 
was also observed with CH (53.2%, kappa coefficient 0.099). These data 
confirm the independent heritability of high Lp(a) and FCHL or CH 
(Table 1 in online supplementary material). 

Fig. 2. Examples of pedigrees with elevated lipoprotein(a); relatives were tested over 2-to 3 generations from probands with high lipoprotein(a) [see arrow).  
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3.5. Characteristics of adult relatives according to Lp(a) concentration 

Table 2 shows the characteristics of adult relatives according to their 
plasma Lp(a) concentrations. Relatives with Lp(a) between 50 and 99 
mg/dL were significantly younger than those with Lp(a) ≥100 mg/dL (P 
< 0.05). Compared with relatives with Lp(a) <50 mg/dL, those with Lp 
(a) ≥100 mg/dL were more likely to have a family and personal history 
of CAD and be receiving treatment with cholesterol-lowering drugs. 
Plasma concentrations of pre-treatment cholesterol (P < 0.001), 

triglycerides (P < 0.05), non-HDL-cholesterol (P < 0.001), LDL- 
cholesterol (P < 0.001), apolipoprotein B and Lp(a) (P < 0.001) were 
also significantly higher in those with Lp(a) concentration ≥100 mg/dL 
compared with other groups. Relatives with Lp(a) concentration be-
tween 50 and 99 mg/dL had significantly higher LDL-cholesterol, 
apolipoprotein B and Lp(a) than those with Lp(a) <50 mg/dL (P <
0.05 for all). There were no significant differences in other variables 
among the groups (P > 0.05 for all). 

3.6. Initiation of lipid-lowering therapy 

Eighty-six of the relatives identified with Lp(a) ≥50 mg/dL were not 
on LLT (Table 2). Following participating in the Lp(a) detection pro-
gram, 30.2% (n = 26) were initiated on LLT (Table 2 in online supple-
mentary material). Further details of the characteristics of the relatives 
treated are given in supplementary material. 

3.7. Participant reported experience of cascade testing 

Of the 34 participants who completed the cascade testing question-
naire, 91.2% agreed they understood why they were approached for 
testing, 88.2% felt they were free to choose whether to participate in 
testing, 73.5% were satisfied with counselling received and 85.3% with 
the risk notification of result (Table 5 in online supplementary material). 

4. Discussion 

Consistent with our primary hypothesis derived from previous 
studies in FH [12,13], we demonstrated that cascade testing families for 
elevated Lp(a) from affected probands with dyslipidemia was an effec-
tive and acceptable approach for identifying new cases of elevated Lp(a). 
The yield of detecting elevated Lp(a) was also directly dependent on the 
Lp(a) concentration of probands. Our findings also suggest a potential 
role of cascade testing for elevated Lp(a) in improving the management 
of affected family members at risk of ASCVD. 

4.1. Previous studies: familial hypercholesterolemia 

By contrast to previous reports, our study is the first to investigate the 
outcome of cascade testing for elevated Lp(a) from probands without a 
diagnosis of FH. Two previous studies have demonstrated the effec-
tiveness of testing for elevated Lp(a) when genetic cascade testing for FH 
[12,13]. We have extended previous reports by confirming the value of 
cascade testing for elevated Lp(a) from probands who principally had 
common dyslipidemia that can mimic FH (i.e., FCHL and CH, both 
polygenic dyslipidemias). 

4.2. Detection and characteristics of relatives 

The effectiveness of cascade testing in detecting elevated Lp(a) was 
underscored by our demonstration of an average of one new case of 
elevated Lp(a) per two relatives tested. This is consistent with the 
autosomal co-dominant heritability of Lp(a) that predicted in approxi-
mately 50% detection of elevated Lp(a) among relatives [10,14]. 
Consistent with previous reports [12,13], we found a higher proportion 
of relatives with high Lp(a) when testing from first-degree compared 
with second-degree relatives, although the population of relatives tested 
was relatively small. We also detected a higher proportion of relatives 
with elevated Lp(a) from probands with Lp(a) concertation >150 mg/dL 
than from probands with lower concentrations (i.e., between 100 and 
150 mg/dL). These observations are compatible with the dilutional ef-
fect of the heritability of Lp(a) with an increase in separation of relatives 
from affected probands and with greater penetrance within families of 
genetic defects causative of high Lp(a) [e.g., copy number variation 
leading to smaller apo(a) isoform size] with probands with more severe 
elevation in Lp(a) [4,5,10]. 

Table 2 
Comparison of demographic, clinical and biochemical characteristics of adult 
relatives tested for elevated lipoprotein(a).   

Adult Relatives with Lp(a) 
concentration 

P- 
value  

<50 mg/ 
dL 

50 – 99 
mg/dL 

≥100 mg/ 
dL  

Number 45 43 63  
Age (years) 

Male, n (%) 
Body mass index (kg/ 
m2) 

40.0 ±
16.8 
16 (35.6) 
27.1 ±
4.8 

37.0 ±
13.8* 
21 (48.8) 
25.6 ± 3.9 

45.1 ± 15.7 
25 (39.7) 
26.8 ± 4.9 

0.023 
0.492 
0.335 

Family history of CAD, n 
(%) 
Personal history of 
CAD, n (%) 

38 (84.4) 
1 (2.2) 

41 (95.3) 
0 (0.0) 

63 (98.4)*** 
7 (11.1) 

0.015 
0.034 

Smokers (current/ex), n 
(%) 
Hypertension, n (%) 
Type 2 Diabetes, n (%) 
Obesity (>30 kg/m2), n 
(%) 

9 (23.7) 
3 (7.5) 
2 (5.0) 
8 (24.2) 

9 (22.0) 
5 (12.2) 
2 (4.8) 
4 (9.8) 

21 (36.8) 
10 (17.2) 
0 (0.0) 
11 (21.2) 

0.252 
0.358 
0.177 
0.197 

On cholesterol-lowering 
medication, n (%) 
Statin, n (%) 
Ezetimibe, n (%) 

2 (5.1) 
2 (5.1) 
0 (0.0) 

3 (7.1) 
3 (7.1) 
1 (2.4) 

17 (27.4)††

17 (27.4)††

2 (3.2) 

0.002 
0.002 
0.787 

Pre-treatment 
Total cholesterol 
(mmol/L) 
Triglycerides (mmol/ 
L)1 

HDL-cholesterol 
(mmol/L) 
Non-HDL-cholesterol 
(mmol/L) 
LDL-cholesterol 
(mmol/L) 
Apolipoprotein B (g/L)  

5.0 ± 1.3 
1.2 (0.9 – 
1.4) 
1.4 ± 0.3 
3.6 ± 1.3 
3.0 ± 1.1 
0.9 ± 0.3  

5.5 ± 1.0 
1.2 (1.1 – 
1.4) 
1.3 ± 0.3 
4.1 ± 1.0 
3.5 ± 1.0** 
1.1 ± 0.3**  

6.4 ± 1.2†††

1.5 (1.3 – 
1.7)†

1.5 ± 0.5 
4.9 ± 1.2†††

4.2 ± 1.2††

1.3 ± 0.3†††

<0.001 
0.044 
0.162 
<0.001 
<0.001 
<0.001 

Lipoprotein(a) (mg/dL)1 12.9 (10.9 
– 15.3) 

71.9 (67.5 
– 76.5)*** 

136.2 (129.0 
– 143.9)††

<0.001 

Plasma glucose (mmol/L) 
eGFR (mL/min/1.73 
m2) 

5.0 ± 0.7 
84.9 ±
9.7 

5.2 ± 1.7 
82.1 ±
11.7 

5.0 ± 0.5 
84.4 ± 10.4 

0.469 
0.572 

Estimated 5-year ASCVD 
risk2 

Low, n (%) 
Moderate, n (%) 
High, n (%)  

32 (88.9) 
4 (11.1) 
0 (0.0)  

34 (85.0) 
5 (12.5) 
1 (2.5)  

44 (88.0) 
6 (12.0) 
0 (0.0)  

0.886 
0.988 
0.448 

ASCVD: atherosclerotic cardiovascular disease CAD: coronary artery disease, 
HDL: high-density lipoprotein, LDL: low-density lipoprotein,. 
eGFR: estimated glomerular filtration rate. 
Values represented as mean ± SD or geometric mean (95% confidence intervals) 
or number (%). 
Bold P values are significant between groups by ANOVA or Chi-square, where 
appropriate. 
1Skewed variable with log transformation. 
2Five-year cardiovascular risk assessment in probands and adult relatives: Low 
<3%, Moderate 3 – 14%, and High >15%. 
*P <0.05 when compared with adult relatives with Lp(a) ≥100 mg/dL. 
**P <0.05; and *** P <0.01 when compared with adult relatives with Lp(a) <50 
mg/dL. 
†P <0.05. 
††P <0.01; and †††P <0.001 when compared with the other two groups. 
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The cost per case detected was A$551. If applied nationwide, the 
marginal cost per index case would be A$824 (i.e., a total cost of 
$68,381 with 83 probands). Given a population prevalence of elevated 
Lp(a) of 20%, of whom 2% have been hitherto identified in Australia 
(current population 25.7 million), this gives a one-off cost of cascade 
testing all known cases (n = 102,760) of A$84.687 million in Australia. 
Assuming early diagnosis and effective management of elevated Lp(a) 
reduces ASCVD risk, this is likely to represent a cost-effective use of 
resources. However, this estimate does not include the costs prevented 
from downstream events, and hence may over-estimate the net cost of 
cascade testing. A more detailed cost-utility analysis is required. 

Probands with high Lp(a) were identified from patients with com-
mon dyslipidemias, typically FCHL and CH. We found comparable 
detection rates of elevated Lp(a) among relatives of probands with FCHL 
or CH, both being polygenic disorders [15–17]. Accordingly, there was a 
poor agreement between the detection of FCHL (or CH) and elevated Lp 
(a) among the relatives. A similar discordance between FH and elevated 
Lp(a) was previously reported [12,13]. These data accord with the 
notion that the heritability of Lp(a) is distinct and independent of other 
dyslipidemias, including FH, FCHL and CH [12,13,15–17]. 

We found that compared with probands, adult relatives tested for 
elevated Lp(a) had an overall lower prevalence of symptomatic CAD, 
smoking, hypertension, and were less likely to be receiving cholesterol- 
lowering medication. This was anticipated because they were younger 
than probands. Among relatives without symptomatic CAD, the esti-
mated 5-year risk of ASCVD was also lower in relatives with probands. It 
is noteworthy that, as with other methods assessing ASCVD risk, PRE-
DICT does not include Lp(a) as a predictor variable [18]. Hence, this 
approach may not fully reflect the absolute risk of ASCVD in relatives 
detected with elevated Lp(a). Elevated Lp(a) has been recognized as a 
risk-enhancing factor for ASCVD risk [6–9]. Whether adding Lp(a) to the 
PREDICT algorithm can improve or reclassify estimated risk of ASCVD in 
relatives remains to be investigated, this being most relevant to those at 
moderate risk of ASCVD [19]. 

4.3. Initiation of lipid-lowering therapy in relatives 

We showed that adult relatives with elevated Lp(a), particularly in 
those with Lp(a) ≥100 mg/dL, had a high frequency of smoking, hy-
pertension, and dyslipidemia. This underscores the importance of life-
style modification and LLT for mitigating modifiable cardiovascular risk 
in those who screen positive for Lp(a) [20]. We showed that among 30% 
of affected relatives initiated on LLT, there were clinically meaningful 
reductions in plasma concentrations of LDL-cholesterol and 
apoB-containing lipoproteins [21]. Beyond a higher Lp(a) concentra-
tion, those who started LLT were more likely to have FCHL, CH and a 
higher estimated absolute risk of ASCVD. Whether such changes in lipids 
and lipoproteins with treatment are associated with reductions in clin-
ical outcomes remains to be determined. This information is important 
to inform the health economic assessment of cascade testing for Lp(a). 

4.4. Strength and limitations: scope for further work 

The strengths of our investigation include the use of a well-defined 
cohort of patients and a systematic approach to testing for elevated Lp 
(a), which was underpinned by previous experience with cascade testing 
for FH [12,13]. Based on a pilot study, we used a higher threshold of Lp 
(a) concentration ≥100 mg/dL in our study to define probands so as to 
enhance the detection rate of elevated Lp(a) among relatives. While 
ASCVD risk may begin at a threshold >30 mg/dL [2], our definition of 
elevated Lp(a) (i.e., ≥50 mg/dL) in relatives was based on current 
guidelines [6,8], corresponding to the 80th centile for Caucasian pop-
ulations [6]. We carefully and phenotypically defined the dyslipidemias 
in our probands after excluding those with FH, noting FCHL and CH 
might have been more accurately defined using polygenic lipid scores 
[16,17]. The lack of a non-dyslipidemic control group is a potential 

limitation. However, we were limited to studying hyperlipidemia, 
non-FH patients who were referred to our clinical service by their family 
doctors and other specialists. 

The sample size of our probands was relatively small, implying that 
the precision of our estimates of the detection of relatives with elevated 
Lp(a) might have been compromised. However, we purposely selected 
probands for having higher levels of Lp(a) in order to increase the yield 
and effectiveness of detecting relatives with Lp(a) ≥ 50 mg/dL. A po-
tential limitation is that we based Lp(a) cascade testing using mea-
surement of Lp(a) mass concentration instead of genetic testing. 
However, the genetics of Lp(a) is complex and does not improve pre-
diction of CAD beyond mass or molar concentrations [22]. Lp(a) is also 
on average a quantitative genetic trait that reflects the impact of mul-
tiple gene variants or copy number variations within the LPA locus [10]. 
We concluded that participants were generally satisfied with the cascade 
testing process but based this on a self-selected small sample size who 
responded reported to an online request and did not undertake a satu-
ration analysis in the remainder of the study population; further 
refinement of pre-test counselling methods may be warranted. Our use 
of an apo(a) isoform sensitive immunoassay to quantitate Lp(a) mass, 
with potential bias from the effects of larger and smaller isoform sizes 
[23], is another limitation. However, a close correlation between this 
immunoassay and an isoform-independent LCMS method has been 
previously reported [24]. We did not adjust LDL-cholesterol concen-
tration for Lp(a) cholesterol in our probands and relatives with elevated 
Lp(a), because there is no standard correction factor for making this 
adjustment [25]. We did not test the Lp(a) concentration of the spou-
ses/partners of probands, because this is not part of usual practice in our 
clinic. However, among the progeny tested, we only found 7 individuals 
tested from 6 families with Lp(a) concentration greater than concen-
tration of the affected parents, implying that at least 10% of spouses/-
partners would have Lp(a) ≥ 50 mg/dL. Hence, knowledge of elevated 
Lp(a) in spouses/partners of probands may provide further justification 
for testing for elevated Lp(a) in offsprings during cascade testing for 
elevated Lp(a). Nevertheless, as reported elsewhere [13], the expected 
prevalence of Lp(a) ≥ 50 mg/dL among relatives from index cases who 
do not have elevated Lp(a) is 17% [13]. This implies that, in the majority 
of patients detected in our program, elevated Lp(a) levels could be 
attributable to the penetrance of heritability of LPA genotype [smaller 
apo(a) isoform] from affected probands. Finally, we reported mainly on 
the outcomes of detection among adults with Lp(a), recommending that 
further studies should be carried out in children [26]. Our adult popu-
lation was also mainly of Caucasian ancestry and further studies are also 
indicated in other ethnic groups, especially Southern Asian who may 
have a particularly high Lp(a) mediated risk of ASCVD [4,5,27]. 

5. Conclusion and clinical implications 

Elevated Lp(a) is a common risk factor for ASCVD in the community, 
with one in 5 individuals having a plasma concentration ≥50 mg/dL [4, 
5]. Detecting affected people is a priority, as emphasized by current 
guidelines [6–9,27]. Selective, opportunistic, and universal screening 
approaches have been promulgated. By contrast to families with pro-
bands with FH and high Lp(a), in whom cascade testing would normally 
be carried out principally to detect FH, our study in patients without FH 
suggests that a separate model of care for identifying index cases with 
high Lp(a) to cascade test families needs to be developed. However, 
none of these approaches has hitherto been established and imple-
mented. We show the potential value and cost of cascade testing from 
probands with high Lp(a) and how to make testing more effective. 
However, a formal cost utility evaluation of this approach to detecting 
high Lp(a) is required. The acceptability of screening for elevated Lp(a) 
needs to be confirmed with clear demonstration that interventions that 
lower elevated Lp(a) reduce clinical risk of ASCVD. Other than lipo-
protein apheresis, there is no approved intervention for specifically 
lowering Lp(a) by a sufficient amount likely to have a major impact on 
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major cardiovascular events [28]. However, a clinical trial is underway 
to test this hypothesis in high-risk individuals utilizing an anti-sense 
oligonucleotide targeted at the mRNA transcript of the apo(a) gene 
that decreases the hepatic production of Lp(a) particles (NCT04023552) 
[29]. A potent and more durable form of RNA therapeutics, utilizing the 
principle of small interfering RNA, has also recently been described 
[30]. At present, the value of screening for elevated Lp(a), including the 
cascade testing approach described in the present study, is to mitigate 
cardiovascular risk by addressing modifiable behavioural and clinical 
risk factors with established interventions, including use of statins, 
ezetimibe and proprotein convertase subtilisin/kexin type 9 (PCSK9) 
inhibitors [6,27]. 
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