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ABSTRACT 

Objective: Elevated lipoprotein(a) [Lp(a)] is a common inherited condition associated 

with cardiovascular disease. 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 hypercholesterolemia (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 

50-99 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 100-150 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.  
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Highlights 

• Elevated lipoprotein(a) [Lp(a)] is a common inherited condition associated with 

atherosclerotic cardiovascular disease.  

• Elevated Lp(a) is not routinely tested in clinical practice and most cases remain 

undiagnosed in the community. 

• We identified 124 relatives with elevated Lp(a) (≥50 mg/dL) from 83 affected 

adult probands who also had dyslipidemia. 

• We also demonstrate that follow-up management is effective in lowering low-

density lipoprotein-cholesterol levels by 34% as a consequence of initiation of 

lipid-lowering therapy. 

• Cascade testing families for elevated Lp(a) from affected probands with 

dyslipidemia is an effective and acceptable approach for identifying new cases 

of elevated Lp(a) who will require management of modifiable risk factors, 

particularly hypercholesterolemia. 
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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 hypercholesterolemia (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 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 
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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 experience of screenees of the 

cascade testing process. 
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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., familial combined hyperlipidemia (FCHL) and common 

hypercholesterolemia (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) concentration between 50 and 99 mg/dL (Figure 1 in online 

supplementary material; 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 children 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, 

assessment 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 17496) and University of Western Australia 

Human Research Ethics office RA/4/20/5553. 
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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-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 personal 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.  
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3.2 Outcome of cascade testing for elevated Lp(a) 

Figure 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 (Figure 1A). The proportion 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 (Figure 1B) compared with probands with Lp(a) between 100 and 150 

mg/dL (Figure 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. 

One new case of elevated Lp(a) ≥50 mg/dL was also identified for every 1.8 relatives 

with probands having Lp(a) between 100-150 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 1.015; 95% CI 1.007-1.024; P <0.001). 

  

Figure 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 
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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$3,276. 

This cost was less than the estimated cost of staff time associated with contacting 

relatives, booking appointments, nurse review of relatives, 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%) (Figure 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). 
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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 between 50-99 

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 programme, 30.2% (n=26) 

were initiated on LLT (Table 2 in online supplementary 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 questionnaire, 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 
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received and 85.3% with the risk notification of result (Table 5 in online supplementary 

material). 
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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 effective 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.  

 

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 effectiveness 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). 

 

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 approximately 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 
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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 effect 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]. 

 

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 common 

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 
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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 estimated 5-year risk of ASCVD was also lower in relatives with probands. 

It is noteworthy that, as with other methods assessing ASCVD risk, PREDICT 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]. 

 

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, hypertension, and dyslipidemia. 

This underscores the importance of lifestyle 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) concentration, those who started LLT were 
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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 clinical outcomes remains to be determined. This information is important 

to inform the health economic assessment of cascade testing for Lp(a).  

 

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 populations [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 potential limitation is that we based Lp(a) cascade testing 
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using measurement of Lp(a) mass concentration instead of genetic testing. However, 

the genetics of Lp(a) is complex and does not improve prediction of CAD beyond mass 

or molar concentrations [22]. Lp(a) is also on average a quantitative genetic trait that 

reflects the impact of multiple 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 saturation 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 concentration 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 spouses/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 concentration 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] 
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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 population 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].    

 

 

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 probands 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 implemented. 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 lipoprotein apheresis, there is no approved intervention for 

specifically lowering Lp(a) by a sufficient amount likely to have a major impact on 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 
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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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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/mim/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       
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Online supplementary material 

 

Methods 

 

Cascade testing protocol 

Family cascade testing for elevated Lp(a) was performed after obtaining appropriate written 

consent from adults relatives (or assent by parents of children and adolescents), based on the 

principles used for cascade testing for FH [1]. Cascade testing was co-ordinated by clinical nurse 

specialists, supervised by a physician specialising in lipidology, all of whom provided pre-and 

post-test counselling. Results were also communicated to relatives and their GPs via written 

communication, with initial followed-up in the clinic for counselling on lifestyle modification and 

management of conventional ASCVD risk factors, in particular use of LLT in relatives with 

elevated Lp(a). Cost estimations of cascade testing are given in the online supplementary 

material. 

  

A semi-quantitative assessment of the experience of the cascade testing, using an online 

questionnaire, was carried out in a random sample of 34 adult relatives from 15 families. The 

questionnaire enquired about comprehension of the cascade testing process and satisfaction with 

the approach to counselling and risk notification and employed a semi-quantitative scale of 1-5 

(i.e., 1-2: disagree, 3: neutral and 4-5: agree) [2].   

 

Clinical characteristics and definitions 

Clinical characteristics including age, gender, history of ASCVD, diabetes, hypertension, smoking 

status, findings on physical examination [weight, height, and body mass index (BMI)], and current 

medication were collected from all probands, and relatives tested. CAD was defined as a history 

of either; (i) myocardial infarction, (ii) coronary angioplasty or stenting, (iii) coronary artery bypass 

grafting, or (iv). angina pectoris. Family history of premature CAD was defined as the occurrence 

of a CAD event before the age of 55 years in first-degree male relatives and before 65 years of 



24 
 

age in female relatives. Hypertension was defined as systolic blood pressure > 140 mmHg or 

diastolic blood pressure > 90 mmHg or on anti-hypertensive medication. Diabetes was defined 

as a fasting glucose concentration of ≥ 7.0 mmol/L, or random glucose of ≥ 11.1 mmol/L, or 

glycated haemoglobin >6.5% or use of anti-diabetic medication (insulin or oral hypoglycaemic 

agents). Renal function was determined by estimated glomerular filtration rate (eGFR) using the 

MDRD equation. In subjects without symptomatic ASCVD, five-year cardiovascular risk, 

categorized as low (<3%), moderate (3 to 14%), and high (>15%) CVD risk, was assessed using 

the New Zealand Heart Assessment Risk (PREDICT) algorithm [3]. Although the pathophysiology 

of FCHL is not fully established, FCHL in probands and adult relatives was defined using an 

accepted diagnostic nomogram based on cholesterol, triglyceride and apolipoprotein B and family 

and personal history of CAD [4].  Of 60% of probands (n=50) genetically tested for FH because of 

Dutch Lipid Clinic Network (DLCN) score >5, none had a pathogenic mutation causative of 

FH.   We also defined CH as fasting plasma LDL-cholesterol ≥3.5 mmol/L and triglycerides <2.0 

mmol/L in probands and adult relatives who did not meet criteria of FCHL and had a DLCN score 

<5 [5]. The remaining subjects were defined as having unclassified mixed hyperlipidaemia. 

 

Cost Estimation of cascade testing  

To estimate the cost of cascade screening for Lp(a), a number of assumptions were made. The 

cost for the Lp(a) assay was assumed to be A$18, reflecting local prices. The costs of 

clinician/nursing/administration time were based on Ademi et al [6], updated to 2022 estimates 

using the medical and hospital services component of the Australian Consumer Price Index (CPI) 

[7], and then adapted to the setting. To extrapolate these costs to the population of people with 

elevated Lp(a) in Australia more broadly, we assumed that 20% of the population exceeded 50 

mg/dl, that 7% exceeded 100 mg/dl, but that only 2% of these people were currently identified as 

having elevated Lp(a), and hence appropriate to treat as a proband for cascade testing of 

relatives. 
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Biochemical analyses 

Plasma cholesterol, triglyceride, high-density lipoprotein (HDL)-cholesterol, glucose and 

creatinine concentrations were determined using standard enzymatic methods (Architect c16000 

Analyser, Abbott Diagnostics, Abbott Laboratories, Abbott Park, IL). Non-HDL-cholesterol was 

derived as total cholesterol minus HDL-cholesterol. LDL-cholesterol was either calculated by the 

Friedewald equation or measured by a direct assay in the case of plasma triglycerides >4.5 

mmol/L. Treatment-adjusted LDL-cholesterol was estimated by applying a factor to correct for 

statin and/or ezetimibe therapy, as previously described [8].  ApoB was determined by 

immunonephelometry.  Total Lp(a) mass concentration was measured, in the absence of an acute 

illness, by an automated latex enhanced immunoassay [Quantia Lp(a) assay and standards, 

Abbott Laboratories, Abbott Park, IL] with an interassay coefficient of variation of 6%; this assay 

has shown a good correlation with apo(a) measurement using a liquid chromatography-mass 

spectrometry method (LCMS) [9]. 

 

Statistical analyses 

All statistical analyses were carried out using SPSS Statistics (Version 25; Armonk, New York; 

IBM Corp) and STATA 13 (StataCorp). Data were presented as mean ± SD or number (%) unless 

otherwise indicated. The Shapiro-Wilk test was used to determine whether variables were 

normally distributed. Lp(a) was log-transformed to normalise its skewed distribution. Two-group 

comparisons were investigated using student’s t-test or chi-square analysis. Inter-group 

comparisons were only carried out in adults, because of the smaller sample size and markedly 

different characteristics of children. Group differences in demographic, clinical and biochemical 

characteristics among adult relatives according to the Lp(a) concentration (i.e., Lp(a) <50 mg/dL, 

50-99 mg/dL and ≥100 mg/dL) were examined by analysis of variance (ANOVA) or chi-squared 

test, with Bonferroni adjustment for multiple comparisons. The proportion of relatives detected 

with elevated Lp(a) (≥50 mg/dL) was reported as percentages. Yield was estimated as the number 
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of relatives tested to detect 1 new case of elevated Lp(a). The proportion of relatives identified 

with elevated Lp(a) according to the Lp(a) levels of the probands (i.e., between 100-150 mg/dL 

and >150 mg/dL) were compared using chi-squared tests. Cohen's kappa coefficient was used to 

assess agreement between the detection of elevated Lp(a) and the detection of FCHL or CH.  

Predictors of the detection of elevated Lp(a) were assessed using logistic regression with a per 

family cluster adjustment to the variance (‘vce cluster’ command in Stata version 13.1) to account 

for potential autocorrelation between observations in members of the same family. 

Statistical significance was defined at the 5% level. 

 

RESULTS 

 

Initiation of Lipid-lowering therapy 

Relatives who started LLT were significantly older (P <0.001) and had a higher frequency of 

estimated 5-year moderate risk of ASCVD (P <0.05), smoking (P <0.001), hypertension (P <0.05) 

and lower eGFR (P <0.05) than those not initiated on LLT (Table 3 in online supplementary material). 

Plasma concentrations of pre-treatment cholesterol, non-HDL-cholesterol, LDL-cholesterol, 

apolipoprotein B and Lp(a) were significantly higher in those who started LLT (P <0.001 for all); this 

was consistent with a more frequent diagnosis of FCHL in the LLT group. LLT was associated with 

significant reductions in plasma cholesterol (-25.9%), non-HDL-cholesterol (-32.4%), LDL-

cholesterol (-34.4%) and apolipoprotein B (-28.2%) concentrations over a mean period of 22 months 

(Table 4 in online supplementary material; P <0.001 for all).  
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Supplementary Table 1. Cost estimation of cascade testing  

Cost category Component Time 
(Minutes) 

Unit cost 
($2022) 

Number of 
people Cost 

Introduction to index case Nurse time 10 $13.65 83 $1,132.95 

Doc prep - index case Admin assistant 
time 15 $14.10 83 $1,170.30 

Nurse appointment with index case Nurse time 40 $54.57 83 $4,529.31 

  Clerk time 5 $4.70 83 $390.10 

Contacting relatives - letter/email Nurse time 15 $20.46 233 $4,767.18 

Contacting relatives - phone Nurse time 10 $13.65 51 $696.15 

Booking Appointment - nurse review Nurse time 20 $27.29 182 $4,966.78 

  Clerk time 5 $4.70 182 $855.40 

Relative nurse review Nurse time 45 $61.40 151 $9,272.09 

  Blood test - basic N/A $12.16 151 $1,836.16 

Booking Appointment - consultant 
review Clerk time 5 $5.36 151 $810.07 

Relative consultant review (1st contact) Nurse time 15 $34.11 182 $6,208.02 

  Consultant time 40 $210.24 151 $31,746.24 

    Total $68,380.75 

    Cost per case 
detected $ A$551.45 
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Supplementary Figure 1. Proportion of relatives, with normal (<50 mg/dL) and elevated (≥50 mg/dL) concentrations of lipoprotein(a), who were tested from 
probands with high Lp(a) concentrations defined as 50–99 mg/dL (A) and ≥100 mg/dL (B). 
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Supplementary Figure 2. Outcomes of cascade testing for elevated lipoprotein(a) [Lp(a)] ≥50 mg/dL from probands with familial combined hyperlipidemia (n=36) 
and common hypercholesterolemia (n=29)  
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Supplementary Table 1. Agreement between a positive detection of elevated lipoprotein(a) and the diagnosis of familial combined hyperlipidemia (A) and 
common hypercholesterolemia (B) in the relatives tested from affected probands 

 
 

Diagnostic category Concordance rate, n 
(%) 

Discordance rate, n (%) Kappa statistic 

 
A. Familial combined  hyperlipidemia, Lipoprotein(a) ≥50 mg/dL 

 
 24 (34.8%) 

 

 
45 (65.2%) 

 
0.026 

 
B. Common hypercholesterolemia, Lipoprotein(a) ≥50 mg/dL 25 (53.2%) 

 
22 (46.8%) 0.099 

  
              
 
  



32 
 

Supplementary Table 2. Proportion of adult relatives detected with elevated lipoprotein(a) ≥50 mg/dL who were initiated on lipid-lowering therapy and type of 
medication used. 

 

 

 
  

Lipid-lowering therapy 
Statin, n (%) 

Statin alone, n (%) 
Atorvastatin 10 mg 
Atorvastatin 20 mg 
Atorvastatin 40 mg 
Rosuvastatin 5 mg 
Rosuvastatin 10 mg 
Rosuvastatin 20 mg 
 

Ezetimibe, n (%) 
Ezetimibe 10 mg alone, n (%) 
 

Statin and Ezetimibe combination, n (%) 
Atorvastatin 10 mg and Ezetimibe 10 mg 
Atorvastatin 20 mg and Ezetimibe 10 mg 
Atorvastatin 80 mg and Ezetimibe 10 mg 
Rosuvastatin 5 mg and Ezetimibe 10 mg 
 

Fenofibrate, n (%) 
              Fenofibrate 145 mg alone, n (%) 

 

24 (92.3) 
19 (73.1) 
3 (11.5) 
3 (11.5) 
3 (11.5) 
6 (23.1) 
3 (11.5) 
1 (3.8) 

 
6 (23.1) 
1 (3.8) 

 
5 (19.2) 
1 (3.8) 
1 (3.8) 
1 (3.8) 
2 (7.7) 

 
 

1 (3.8) 
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Supplementary Table 3. Comparison of demographic, clinical and biochemical characteristics of the adult relatives detected with elevated lipoprotein(a) [Lp(a)] ≥50 
mg/dL: relatives were divided into those commenced on or not on lipid-lowering therapy (LLT) after cascade testing.     
 

Characteristics Relatives with Lp(a) ≥50 mg/dL   
   
 Initiated On LLT  Not initiated on LLT  P-value 
Number 26 60  
Age (years) 
Male, n (%) 
Body mass index (kg/m2) 

45.8 ± 12.9 
13 (50.0) 
25.5 ± 4.2 

35.2 ± 11.8 
25 (41.7) 
26.4 ± 4.3 

<0.001 
0.475 
0.412 

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

26 (100.0) 
0 (0.0) 

57 (95.0) 
0 (0.0) 

0.550 
 

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

13 (50.0) 
5 (19.2) 
0 (0.0) 
2 (7.7) 

10 (16.7) 
2 (3.3) 
0 (0.0) 
7 (11.7) 

0.003 
0.034 

 
0.710 

Total cholesterol (mmol/L) 
Triglycerides (mmol/L) 
HDL-cholesterol (mmol/L) 
Non-HDL-cholesterol (mmol/L) 
LDL-cholesterol (mmol/L) 
Apolipoprotein B (g/L) 
Lipoprotien(a) (mg/dL)1 

6.7 ± 0.9 
1.4 (1.1 – 1.9) 

1.5 ± 0.5 
5.2 ± 1.0 
4.4 ± 0.8 
1.3 ± 0.3 

127.6 (110.3 – 147.6) 

5.4 ± 1.1 
1.3 (1.1 – 1.4) 

1.4 ± 0.4 
3.9 ± 1.0 
3.3 ± 0.9 
1.0 ± 0.2 

90.1 (82.4 – 98.5) 

<0.001 
0.302 
0.198 

<0.001 
<0.001 
<0.001 
<0.001 

Lipoprotein (a) ≥ 100 mg/dL), n (%) 21 (80.8) 22 (41.7) <0.001 
Plasma glucose (mmol/L) 
eGFR (mL/mim/1.73 m2) 

5.0 ± 0.4 
80.0 ± 12.9 

4.8 ± 0.5 
86.3 ± 8.4 

0.221 
0.038 

 
Familial combined hyperlipidemia, n (%) 
Common hypercholesterolemia, n (%) 
 
Estimated 5-year ASCVD risk2  
             Low risk, n (%)  

Moderate risk, n (%) 

 
6 (23.1) 

15 (57.7) 
 
 

18 (78.3) 
5 (21.7) 

 
3 (5.2) 

23 (39.7) 
 
 

51 (93.3) 
3 (5.0) 

 
0.012 
0.097 

 
 

0.033 
 

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%.  
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Supplementary Table 4. Comparison of plasma lipid and lipoprotein concentrations pre- and on-treatment with lipid-lowering therapy (LLT) in the adult relatives with 
elevated lipoprotein(a) ≥50 mg/dL commenced on LLT after cascade testing.     
 

 Pre-treatment values On-treatment values Absolute change  Percentage change  P-value 

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) 
Lipoprotein(a) (mg/dL)1 

6.8 ± 0.9 
1.4 (1.1 – 1.9) 

1.5 ± 0.5 
5.2 ± 1.0 
4.4 ± 0.8 
1.3 ± 0.3 

127.6 (110.3 – 147.6) 

5.5 ± 1.1 
1.3 (1.1 – 1.4) 

1.4 ± 0.4 
5.2 ± 1.0 
3.9 ± 1.0 
1.0 ± 0.2 

90.0 (82.3 – 98.4) 

-1.8 ± 1.0 
-0.4 (-0.7, -0.0) 

-0.02 ± 0.2 
-1.8 ± 0.9 
-1.6 ± 0.8 
-0.4 ± 0.2 

-5.2 (-15.4, 5.0) 

-25.9 ± 12.4 
-7.5 (-27.5, 12.4) 

-1.0 ± 13.7 
-32.4 ± 13.6 
-34.4 ± 14.3 
-28.2 ± 11.8 

-5.2 (-11.9, 1.5) 

<0.001 
0.058 
0.556 

<0.001 
<0.001 
<0.001 
0.070 

Values represented as mean ± SEM or geometric mean (95% confidence intervals). 
HDL: high-density lipoprotein, and LDL: low-density lipoprotein.    
1Skewed variable with log transformation. 
2Five-year cardiovascular risk assessment in adult relatives: Low <3%, Moderate 3 – 14%, and High >15%. 
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Supplementary Table 5. Assessment of the experiences of selected participants with the cascade testing 

___________________________________________________________________________________________________________________________________ 

                           All participants (n = 34)  

Disagree Neutral  Agree 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Comprehension of cascade testing process 

I did understand why I was approached for screening         1 (2.9)  2 (5.9)  31 (91.2) 

I felt free to choose whether I would participate in the Lp(a) family screening programme                 1 (2.9)  3 (3.8)  30 (88.2) 

 

Pre-test counselling 

The written information and verbal counselling I received about Lp(a) before being screened was clear   4 (11.8)   5 (14.7) 25 (73.5) 

 

Risk notification and post-test counselling 

I am satisfied with the way that the results of my blood test were communicated to me     4 (11.8)   1 (2.9)  29 (85.3) 

________________________________________________________________________________________________________________________________________ 

 

 

 

 


