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Abstract  

Background and aims: Cascade testing in relatives of index cases is the most cost-effective 

approach to identifying people with familial hypercholesterolemia (FH); however, it is currently 

unclear which strategy to contact relatives would be the most effective. A systematic review was 

performed to quantify the effectiveness of different strategies in cascade testing of FH.  

Methods: Comprehensive searches of three electronic databases and grey literature sources 

were searched (from inception to May 2020). Screening, data extraction and assessments of 

methodological quality were made independently by two reviewers. Meta-analyses of 

proportions were performed using random effects models. Effect measures are reported as 

percentages with 95% confidence intervals.  

Results: 24 non-comparative studies were included, of which 11 used a direct, 8 used indirect, 

and 5 used a combination of both direct and indirect cascade strategies. The median number of 

new relatives with FH per known index case was approximately 1. The combination strategy 

resulted in the largest yields of relatives tested for FH out of those contacted (40%, 95% CI 37% 

to 42%, 1 study) and relatives responding to testing out of those contacted (54%, 1 study); 

however, the direct strategy had the largest yield of index cases participating in cascade testing 

out of those with FH confirmed (94%, 8 studies) compared to other strategies (p0.01 for all 

comparisons).  

Conclusions: Evidence is limited; however, a combination strategy, which allows the index case 

to decide on method of contacting relatives, appears to lead to better yields compared to using 

the direct or indirect strategy.  
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Introduction 

Familial Hypercholesterolemia (FH) is the commonest autosomal dominant (monogenic) disorder 

with between 1 in 270 and 1 in 500 individuals affected by the more common heterozygote form 

of the condition.(1, 2)  Left untreated, around 50% of men with FH develop coronary heart 

disease (CHD) by the age of 50 and women approximately 10 years later. (3)  CHD can be 

effectively prevented by high intensity lipid lowering treatment, with recent research suggesting 

initiation of statin therapy during childhood in children with FH significantly reduces CHD events 

and mortality. (4) Further, around 50% of first-degree relatives of individuals with confirmed 

diagnosis of heterozygote FH will also have the condition. Despite clear recommendations in the 

national and international guidelines (1, 5, 6), the majority of individuals with heterozygote FH 

are still not identified. For example, over 90% of people with FH in the general population have 

not yet been diagnosed (around 234,000 people in the UK). (1, 7) 

The typical pathway for FH identification involves physicians, often the primary care provider, 

referring individuals with suspected FH to a specialist who confirms diagnosis, often using genetic 

testing.  The specialist will then arrange testing of relatives of confirmed FH cases, usually by the 

patient contacting the relatives themselves (indirect cascade testing). The exception could be 

testing children of affected parents, which may be done directly. In fact, the family are often 

traced to two or three generations. (5, 8) Initially, this usually starts with the affected individuals’ 

children (9). Internationally, most cascade testing starts with adult index patients and cascading 

testing to other relatives including children (“forward cascade testing”). Also “reverse” cascade 

testing is under consideration, starting identification from affected children. (6, 10) However, 

despite cascade testing being a recommended approach by NICE (5) and international guidelines, 
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(11, 12) and recognised as a cost-effective strategy (13), there are still many patients not being 

diagnosed, with one of the reasons being the relatively low yield, which could be related, partly, 

to using the indirect approach. The alternative strategy to indirect, is direct cascade testing where 

testing is initiated by the clinicians or other healthcare professionals contacting the relatives 

directly.  

Recently a systematic review found that the proportion of cascade tested relatives was higher 

with direct contact (14); however, as this review did not synthesise the studies quantitatively, the 

magnitude of the differences between the strategies remains unclear. Therefore, we have 

performed a systematic review and meta-analysis to quantify the yield of different strategies 

(direct, indirect, combination) for cascade testing for familial hypercholesterolemia.  

 

Materials and Methods 

The protocol for the systematic review was registered in PROSPERO (CRD42019125775). 

Additionally, PRISMA guidelines (15) were adhered to throughout the conduct and reporting of 

the systematic review.  

The systematic review encompasses relevant study designs, including controlled trials and 

epidemiological studies, which assessed the effectiveness of cascade testing in relatives for FH. 

Eligible participants were first and second degree relatives of index cases with confirmed FH, 

determined using either a clinical diagnosis (e.g. Simone Broome (16), Dutch Lipid Clinical 

Network (DCLN) (1), MEDPED (17) or another criterion appropriate to the population which is 

being studied); low density lipoprotein cholesterol levels using age specific cut offs; or genetic 
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diagnosis of mutation positive cases. The strategy for cascade testing was the intervention of 

interest, which could be conducted via either i) a direct method of contact (where the relatives 

of the index case are contacted directly by the clinic usually using personalized letters or phone 

calls, once consent has been sought from the index case; ii) an indirect method of contact (where 

the index case acts as an intermediary by passing on personalized letters or information to their 

relatives), or iii) where there is a choice of indirect or direct (combination of direct and indirect). 

The primary outcome measure was the proportion of relatives of the index cases tested out of 

those contacted, henceforth referred to as yield. Secondary outcome measures included the 

proportion of relatives contacted for FH testing out of those eligible; the proportion of relatives 

who responded out of those contacted for FH testing; the proportion of relatives with confirmed 

FH out of those tested; and the proportion of index cases who participated in cascade testing out 

of those confirmed with FH. We excluded studies which focused solely on index cases with 

homozygous FH; single case reports; studies that did not report on at least one outcome of 

interest; where the contact cascade testing method was unclear; or where the paper was a 

duplicate of another paper using the same cohort of index cases or relatives. 

Comprehensive literature searches of three databases (Medline, from 1946 to May 2020; 

EMBASE, from 1980 to May 2020; and Cochrane CENTRAL, from 1966 to May 2020) were 

performed using a highly sensitive search strategy based on keywords and MeSH terms relating 

to the population (e.g. proband, index patient, relative, family, patient) and intervention of 

interest (e.g. cascade, mass screening, contact tracing) (Search terms for Medline are presented 

in Supplementary Table S1) and through contact with topic experts. Additionally, grey literature 

were identified from the following conferences: British Cardiovascular Society, Heart UK Annual 
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Scientific, European Human Genetics, European Atherosclerosis Society, from dates of inception 

to March 2020; through hand searching HEART UK and the Atherosclerosis journals; and the 

HEART UK (http://www.heartuk.org.uk/) and US Familial Hypercholesterolemia Foundation 

(https://thefhfoundation.org/) websites. No language restrictions were applied, and translations 

were sought where necessary. 

Screening and study selection 

Following the removal of duplicates, titles and abstracts, and full texts of potentially eligible 

studies were screened independently by two authors. Disagreements regarding eligibility of a 

study was resolved through discussion with a third author. Reasons for exclusion at the full text 

stage were documented.  

Data extraction and quality assessment 

A standardized form, developed by the authors and tailored to this review, was used for data 

extraction. Data relating to the study characteristics, methods used, and primary and secondary 

outcomes, were extracted independently by two authors. Where possible, the authors of any 

studies with missing data were contacted. Two authors independently assessed the 

methodological quality of the included studies using the JBI Critical Appraisal tool (18); studies 

which scored ‘no’ for more than two of the questions were rated as having low methodological 

quality, high methodological quality was assigned where all the domains were rated as ‘yes’, and 

the remaining studies were rated as moderate. Discrepancies were discussed between authors, 

as needed.  

http://www.heartuk.org.uk/
https://thefhfoundation.org/
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Data synthesis and investigations of heterogeneity 

For each study, we calculated raw proportions with 95% score-based confidence intervals based 

on the appropriate numerator and denominator for each outcome measure. Variances of the raw 

proportions were stabilised before pooling using the Freeman-Tukey double arcsine 

transformation (19) to ensure studies which estimated proportions as 100% (standard error, 

SE=0) were not excluded from the analysis. The included studies only presented outcome data 

for one cascade strategy (direct, indirect, or combination); therefore, no relative effect measures 

could be estimated. Thus, pooled proportions for the outcome measures overall and for each 

cascade strategy were estimated using a random effects models where sufficient studies were 

included in the meta-analyses, to allow for anticipated heterogeneity resulting from inherent 

biases within the studies. Inconsistency (heterogeneity) was quantified using I2 (20). We also 

planned to conduct subgroup analysis based on area of residence (inside or outside of the 

screening area), cascade testing programme characteristics (forward or reverse cascading, 

cascade testing location), and participants characteristics. However, subgroup analyses for the 

primary outcome could not be explored due to either insufficient information being reported in 

the studies or insufficient number of studies being included in some subgroups. Analyses were 

conducted in Stata version 16.0 (Stata-Corp, College Station, Texas, USA). 

Results 

The searches identified a total of 3742 studies. Following title and abstract screening, 217 studies 

were assessed for full text screening (Figure 1). At the full text screening, 193 studies were 

excluded, predominately related to ineligible study design (77 studies), ineligible or duplicate 

population (35 studies), ineligible or unclear intervention (62 studies) or ineligible outcome 
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reporting (19 studies); therefore, 24 studies were included in the systematic review and meta-

analysis (21-44) (Table 1). 

Of the 24 included studies, 16 were conducted in Europe (England (24, 25, 30, 34, 35, 41), Wales 

(28), Belgium (45), Denmark (22, 42), Latvia (32), the Netherlands (40), Norway (33), Spain (29), 

Malta (39), Estonia (21)), one from Australia (23), three in the Americas (North America (27, 37), 

Brazil (31)), one in New Zealand (36), two in Asia (India (38), Hong Kong (26)), and one in South 

Africa (44). All studies used an observational design to assess the outcome measures. Sixteen 

studies were published more recently, from 2010 onwards, and two studies were published 

before 2000 (22, 42). The average number of confirmed index cases enrolled in the studies was 

242, with sample sizes ranging from 2 to approx. 1300 participants. 

The direct method of cascade testing contact in relatives was used in 11 studies (22, 24, 27, 29, 

31, 35, 36, 38, 40, 42, 44), and a further eight studies used an indirect method (21, 25, 26, 32-34, 

37, 43). The remaining five studies used a combination of direct and indirect methods (23, 28, 30, 

39, 41), where the decision regarding which method was used was decided by the index case. 

Contact could be made through a range of approaches, including postal invitation, telephone, in 

person or a combination of approaches. In the studies using either a direct or combination 

strategy which reported the type of person that reached out to the relatives, a nurse was used in 

seven studies (23, 24, 29-31, 36, 40) compared to only single studies reporting using either a 

genetic counsellor (28) or an outpatient clinician.(22) Forward cascade testing was used in the 

majority of included studies (23 studies) with the remaining study using reverse cascade testing 

(42). Fourteen of the included studies reported the extent of cascade; the majority cascaded to 
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second degree relatives (eight studies, (21, 22, 26, 31, 35, 38, 40, 43)), with only five studies 

cascading to first degree (24, 27, 32, 39, 44) and one study cascading to third degree (23). 

The majority of included studies confirmed FH diagnosis in the index cases using genetic testing 

(14 studies, (21, 23, 25-29, 31, 33, 36-38, 40, 41), nine studies confirmed FH diagnosis in the index 

cases using clinical assessment based either on SB (four studies, (24, 30, 34, 35), DCLN (three 

studies, (32, 39, 43), or study-specific criteria (serum cholesterol ≥8mmol/L and LDL cholesterol 

≥ 6mmol/L and family history of hypercholesterolemia (22); apolipoprotein B: apolipoprotein A-

1 ratio >97th centile or apolipoprotein B >99th centile, and LDL cholesterol >95th centile and no 

secondary causes for raised cholesterol (42)); and one study stated diagnosis was based on either 

genetic or clinical criteria but did not provide additional details. (44) For the relatives, genetic 

confirmation of FH was used in the majority of studies (15 studies, (21, 23, 25-29, 31, 33, 36-38, 

40, 41, 46). A further eight studies used clinical assessment based on either SB (24, 30), DCLN (32, 

39), MEDPED (34), combination of DCLN and MEDPED (43), or study-specific criteria (serum 

cholesterol ≥ 7mmol/L (22); LDL cholesterol >95th centile (42)). The final study used genetic 

testing or clinical assessment based on SB criteria depending on which arm of the trial the 

proband had been randomized to (35).  

For the 16 studies using genetic testing for confirmation of FH, testing of only the LDLR gene was 

performed in three studies (36, 38, 40), testing of LDLR and APOB genes was performed in two 

studies (33, 35), testing of LDLR, APOB and PCSK9 genes was performed in eight studies (21, 23, 

26, 27, 29, 31, 37, 41), and testing of LDLR, APoB, PCSK9, and LDLRAP1 genes was performed in 

one study (44); the genes considered in the remaining two studies were unclear (25, 28).   
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The median number of new relatives with FH per known index case was 0.98 (range 0.15 to 8.6), 

with the largest medians seen in the studies using the direct testing strategy (median 1.71, range 

0.15 to 3.86) compared to the indirect (median 0.95, range 0.22 to 8.60) or combination (median 

0.72, range 0.26 to 1.88) strategies; however, this is a crude analysis which does not consider the 

relative contribution of each study in terms of its sample size.  

 

Quality assessment 

The majority of studies were rated as having a moderate risk of bias; only three studies had a high 

methodological quality score (23, 32, 43) and two studies were rated with low methodological 

quality (36, 37) (Supplementary Table S2). The reasons for lower methodological quality were 

primarily related to less clarity regarding consecutive inclusion of participants (Question 4) and 

incomplete inclusion of participants (Question 5). Furthermore, high numbers of studies scored 

as ‘no’ on clear reporting of the demographics and clinical information of the participants 

(Question 6: 10 studies; Question 7: 10 studies, respectively). 

Primary outcome measure 

Proportion of relatives of index cases tested for FH out of those contacted  

Four studies (21, 30, 34, 35) provided data to estimate the primary outcome. On average 39% of 

relatives were tested for FH out of those contacted (95% CI 31% to 47%, 4 studies); however, the 

estimates varied significantly by the cascade strategy used (p value for subgroup differences, 

p=0.01; Figure 2). The largest yield was seen in the study conducted in England which used a 

combination strategy (40%, 95% CI 37% to 42%, 1 study); however, similar but slightly lower yields 

were seen for the direct and indirect strategies (direct 33%, 95% CI 28% to 39% [1 study 



11 

 

conducted in England]; indirect 34%, 95% CI 30% to 37% [2 studies, conducted in England and 

Estonia]); although the results from the latter two studies varied considerably (57% (21) and 20% 

(34)).  

Secondary outcome measures 

The proportion of relatives contacted for FH testing out of those eligible 

Only three studies reported data to estimate the proportion of relatives contacted for FH testing 

out of those eligible (30, 34, 35). For the studies that reported this outcome, on average, 95% 

relatives were contacted out of those eligible (95% CI 59% to 100%, 3 studies). Using either a 

direct or an indirect strategy resulted in all of the relatives who were eligible for testing being 

contacted (Direct: 100%, 95% CI 99% to 100%, 1 study; Indirect: 100%, 95% CI 99% to 100%; 1 

study; Supplementary Figure S1). However, in the single study that use a combination of direct 

and indirect methods a significantly lower proportion of relatives were contacted out of those 

eligible (65%, 95% CI 63% to 67%; p value for subgroup differences, p<0.001). However, in this 

latter study, only 26% of the index cases had a diagnosis of definite FH, with the remaining having 

a possible diagnosis of FH (30).  

 

The proportion of relatives who responded out of those contacted for FH testing 

Three studies reported data on the proportion of relatives who responded to cascade screening 

out of those contacted (30, 34, 35), which found on average 43% of relatives responded out of 

those contacted (95% CI 28% to 58%; 3 studies) (Figure 3). Using a combination of direct or 

indirect strategy yielded a significantly greater proportion of relatives responding out of those 

contacted (54%, 95% CI 51% to 56%, 1 study) compared to using either an indirect strategy (31%, 
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95% CI 27% to 35%, 1 study) or using a direct strategy (45%, 95% CI 39% to 51%, 1 study) (p value 

for subgroup difference, p<0.001).  

The proportion of relatives with confirmed FH of those tested  

Twenty-one of the included studies reported data on the proportion of relatives confirmed as FH 

out of the number of relatives tested (Supplementary Figure S2). On average 47% of relatives 

were confirmed to have FH out of those tested (95% CI 42% to 52%; 21 studies). Contact 

strategies were found to produce similar pooled results (Direct: 51%, 95% CI 41% to 60%, I2=97%, 

9 studies; Indirect: 44%, 95% CI 38% to 50%, I2=81%, 8 studies; Combination: 43%, 95% CI 29% to 

58%, I2=98, 4 studies; p value for subgroup differences, p=0.48).  

The proportion of index cases who participated in cascade testing out of those confirmed with 

FH  

Seventeen studies reported data on the proportion of index cases who participated in FH cascade 

testing out of those confirmed with FH (Supplementary Figure S3). On average, 89% of index cases 

participated in cascade testing out of those confirmed with a diagnosis of FH (95% CI 73% to 99%, 

17 studies); however, the estimates varied significantly by the cascade strategy used (p value for 

subgroup differences, p<0.001). The yield was highest using a direct strategy (94%, 95% CI 79% 

to 100%, I2=98%, 8 studies), a slightly lower yield was seen using an indirect strategy (84%, 95% 

CI 52% to 100%, I2=99%, 7 studies), and the lowest yield was seen using a combination of direct 

and indirect strategies (60%, 95% CI 56% to 63%, 2 studies).  

Discussion 

Principal Findings 
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Overall, the combination strategy, which allows the index case to decide how the relatives are 

contacted, appeared to lead to a higher proportion of relatives being tested, compared to direct 

or indirect approach, which had similar yields. Further, a higher proportion of relatives contacted 

responded to the offer of testing was seen in the combination strategy; however, the evidence 

was limited for most outcome measures. Three studies presented data for both of these outcome 

measures (30, 34, 35). The UK study using a direct approach was a randomized controlled trial 

that compared routine clinical diagnosis plus genetic testing to routine clinical diagnosis alone in 

index cases and their relatives (35). Therefore, the study design may have had an impact due to 

it being recruitment into a trial; whereas the participants recruited into the UK study using 

indirect approach were part of a cascade testing programme (34) and therefore, probably more 

generalisable. Also, for the study assessing a combined approach to cascading, it was noted that 

only 26% of index cases had a definite diagnosis of FH, with the remaining having a probable 

diagnosis (30); therefore this was likely to result in an reduction in the efficiency of the cascade 

programme compared to restricting cascading to relatives in whom index cases had a definite 

diagnosis of FH, thus the true yield using the combination approach could be substantially 

greater.  

The acceptability of different contact strategies may partly explain their effectiveness. Qualitative 

interviews with FH patients have demonstrated mixed views about the approach to cascade 

testing, a Scottish study favoured indirect cascade testing (47), whilst in a more recent Australian 

study index patients supported health professionals directly contacting relatives, perceiving 

health professionals to have greater credibility and authority. (48) Further, it has been suggested 

indirect contact by index patients may lead to inadequate counselling and sense of social pressure 
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to be tested in solidarity with other family members. (49) With the autosomal dominant mode of 

inheritance, 50% of the first-degree relatives of index cases will be affected. This finding was 

confirmed in this review, with similar proportions seen for each cascade strategy.  

Our results differ to those from a recent systematic review of studies which found cascade testing 

strategies for FH tended to be higher with direct contact of relatives; (14) however, our 

systematic review has several strengths compared to the previous review. While both systematic 

reviews had searched similar electronic databases, the previous review included only 10 studies 

(14) compared to our review which included 24 studies due to a comprehensive search of grey 

literature. Additionally, the previous review only conducted a narrative synthesis of the studies, 

(14) whereas we pooled the magnitudes of yield from the studies to provide new estimates of 

the yield for a range of relevant outcome measures and compare the yields between cascade 

strategies using subgroup analysis; thereby highlighting the apparent effectiveness of the 

combination strategy.     

However, there are some limitations for this and the previous review, (14) predominately related 

to the nature of the studies available. The most robust evidence for comparing the effectiveness 

of the strategies for cascade testing would have been from studies which made within study 

comparisons, such as randomized controlled trials; however, no studies using such designs were 

identified; therefore, we had to rely on comparing strategies across studies. Therefore, we have 

assumed that the differences in yield between the cascade strategies can be wholly ascribed to 

the contact method used; however, it is likely that differences in the setting, approaches, and 

time may all have influenced the yield. Additionally, we pooled studies together irrespective of 

the method used to diagnose FH in index cases and relatives, using genetic testing or clinical 
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criteria, which could have affected the estimates of yield in relatives since clinical criteria alone 

are less likely to confirm FH than genetic testing.(50) Also, only four of the 24 included studies 

provided information to estimate the proportion of relatives tested out of those contacted for 

cascade testing. Of the other 20 studies, 18 did not report the number of relatives contacted. 

Only approximately half of the included studies reported the extent of cascading to other 

relatives; therefore, we were unable to explore whether there were differences in yields by 

cascade strategy related to extent of cascading to other relatives. Additionally, inadequate 

reporting in the included studies meant that we were unable to assess whether there was a 

difference in the ages of the relatives being identified. Family size is an important factor to 

consider when estimating the effectiveness of cascade testing, with indications that cascading to 

smaller families may be less effective.(9) Unfortunately, the included studies did not report 

details on family size thereby limiting our ability to investigate this further. The majority of the 

included studies were regional based and did not report on yield of relatives outside of catchment 

area (including those residing in different countries); therefore, we were unable to explore 

whether the effective of cascade strategies varied by within/out of catchment area. A further 

limitation is that three included studies did not report the number of confirmed index cases 

enrolled into the study, therefore we used the number that were included in the cascade strategy 

when estimating one of the secondary outcomes; however, it is unlikely that this would have 

overtly influenced the findings since this accounted for only a small number of studies reporting 

this outcome. Only one study using reverse cascade testing was included in the review (42); 

however, other reverse cascade testing studies were identified from the searches, but no 

information was available on the modality and/or outcomes of approach and therefore they were 
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excluded from the review. Whilst the testing to parents would be through direct cascade, indirect 

or direct cascade could be used to more distant relatives. Finally, the overall methodological 

quality of the included studies was rated as moderate, with only three studies scoring high quality 

(23, 32, 43), however, lower scores tended to be related to poorer reporting therefore, quality is 

unlikely to have biased the estimates of yield from the studies.  

Clinical Implications 

Although there is limited evidence of moderate quality, this systematic review provides evidence 

to support a combination approach to cascade testing improves the identification of further FH 

cases. Historically, traditional genetic cascade testing to relatives has used the indirect approach. 

This aligns with national laws and standards on privacy and confidentiality (51, 52). However, the 

recent ABC vs St Georges court case has highlighted that clinicians have a legal duty to inform a 

patient’s relatives, but the court decision did not specify the approach to contact relatives. (53)  

In certain circumstances, where there is identification of an index case with an incurable 

condition, such as Duchene muscular dystrophy, it may be more appropriate to indirectly 

approach the relatives.  However, the direct approach may be more justified in FH, as this is a 

treatable condition with readily available medication. Further, irrespective if using the direct or 

indirect approach, the genetic testing of relatives has been demonstrated to be more cost-

effective than using clinical phenotype (5) but not all health services have the facilities to offer 

cascade genetic screening. In these circumstances clinical data based on age and gender-specific 

LDL levels in relatives, may still need to be utilized. (51) 

On a related issue, despite a high proportion of eligible relatives contacted, there is a significant 

drop off in relatives tested and a wide variation in the number of relatives confirmed with FH per 
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index case. This may relate to limited resources available for cascade testing. The implementation 

of cascade testing can be improved by better integration of the cascade testing process with 

primary care engagement and community outreach specialists, and offer index cases the option 

of either them contacting their at-risk relatives themselves or the clinical service directly 

contacting the relatives. (51) 

Research recommendations 

All of the studies included in this review reported on a single cascade strategy; therefore, future 

studies should be conducted which compare different cascade strategies, using either quasi-

experimental (such as controlled before-after studies) or preferably using randomized controlled 

designed studies. Also, to enable the results from future studies to be compared to determine 

whether combination approach to cascade testing has a greater yield compared to direct or 

indirect approaches, it is important that a core set of outcome measures for such studies is agreed 

and reported. Aligned with current guidelines, index cases should have FH genetically confirmed 

or with definitive clinical diagnosis. We recommend that as a minimum, studies report on the 

numbers of relatives eligible and contacted for, and responded to a request for, cascade testing, 

and the number of relatives tested and confirmed to have a diagnosis of FH. Another hypothesis 

worth exploring is whether the efficiency of cascade testing is related to family size and the extent 

of index’ patients contact with other family members.  

Conclusion 

The review provides tentative support for the combination approach to cascade testing where 

the index case determines which method is used to contact relatives. However, further evidence 
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to support the combination approach requires experimental studies to compare the cascade 

approaches or interrogation of routine datasets and FH registers held on the cascade testing and 

the modality of contact with relatives.  

 

Conflict of interest: The authors declare no competing financial interests in relation to the work 

described.  

Financial support:  This study was funded by the NIHR Health Technology Assessment, project 

number 15/134/02. The views expressed are those of the authors and not necessarily those of 

the NHS, the NIHR or the Department of Health & Social Care. 

Author contributions: The authors confirm contribution to the paper as follows: study 

conception: JLB, NQ; data collection: JLB, CB, KE, BY; Analysis and interpretation of results: JLB, 

NQ, RF, KE, CB, BY; draft manuscript preparation: JLB, NQ. All authors reviewed the results and 

approved the final version of the manuscript.   

Acknowledgements: The authors would like to thank Beth Woods (University of York) for her 

comments on the manuscript, and the wider members of the study team and steering committee 

of the HTA “Evaluating alternative protocols for identifying and managing patients with familial 

hypercholesterolaemia” study. 

 

References 

1. Nordestgaard BG, Chapman MJ, Humphries SE, Ginsberg HN, Masana L, Descamps OS, et 

al. Familial hypercholesterolaemia is underdiagnosed and undertreated in the general 

population: guidance for clinicians to prevent coronary heart disease: consensus statement of 

the European Atherosclerosis Society. Eur Heart J. 2013;34(45):3478-90a. 



19 

 

2. Wald DS, Bestwick JP, Morris JK, Whyte K, Jenkins L, Wald NJ. Child-Parent Familial 

Hypercholesterolemia Screening in Primary Care. N Engl J Med. 2016;375(17):1628-37. 

3. Marks D, Thorogood M, Neil HA, Humphries SE. A review on the diagnosis, natural 

history, and treatment of familial hypercholesterolaemia. Atherosclerosis. 2003;168(1):1-14. 

4. Luirink IK, Wiegman A, Kusters DM, Hof MH, Groothoff JW, de Groot E, et al. 20-Year 

Follow-up of Statins in Children with Familial Hypercholesterolemia. N Engl J Med. 

2019;381(16):1547-56. 

5. National Institute for Health and Care Excellent (NICE). Familial hypercholesterolaemia: 

identification and management. Clinical guideline CG71. Available from: 

https://www.nice.org.uk/guidance/cg71/chapter/Update-information. 2019 4 October 2019. 

6. Brunham LR, Ruel I, Aljenedil S, Riviere JB, Baass A, Tu JV, et al. Canadian Cardiovascular 

Society Position Statement on Familial Hypercholesterolemia: Update 2018. Can J Cardiol. 

2018;34(12):1553-63. 

7. Public Health England (PHE). Familial hypercholesterolaemia. Implementing a systems 

approach to detection and management. Available from: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_dat

a/file/731873/familial_hypercholesterolaemia_implementation_guide.pdf. 2018. 

8. Herman K, Van Heyningen C, Wile D. Cascade screening for familial 

hypercholesterolaemia and its effectiveness in the prevention of vascular disease. The British 

Journal of Diabetes and Vascular Disease. 2009;9:171-4. 

9. Kusters DM, de Beaufort C, Widhalm K, Guardamagna O, Bratina N, Ose L, et al. 

Paediatric screening for hypercholesterolaemia in Europe. Arch Dis Child. 2012;97(3):272-6. 

10. McKay AJ, Hogan H, Humphries SE, Marks D, Ray KK, Miners A. Universal screening at 

age 1-2 years as an adjunct to cascade testing for familial hypercholesterolaemia in the UK: A 

cost-utility analysis. Atherosclerosis. 2018;275:434-43. 

11. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al. 2019 ESC/EAS 

Guidelines for the management of dyslipidaemias: lipid modification to reduce cardiovascular 

risk. Eur Heart J. 2020;41(1):111-88. 

12. Sturm AC, Knowles JW, Gidding SS, Ahmad ZS, Ahmed CD, Ballantyne CM, et al. Clinical 

Genetic Testing for Familial Hypercholesterolemia: JACC Scientific Expert Panel. J Am Coll 

Cardiol. 2018;72(6):662-80. 

13. Nherera L, Marks D, Minhas R, Thorogood M, Humphries SE. Probabilistic cost-

effectiveness analysis of cascade screening for familial hypercholesterolaemia using alternative 

diagnostic and identification strategies. Heart. 2011;97(14):1175-81. 

14. Lee C, Rivera-Valerio M, Bangash H, Prokop L, Kullo IJ. New Case Detection by Cascade 

Testing in Familial Hypercholesterolemia: A Systematic Review of the Literature. Circ Genom 

Precis Med. 2019;12(11):e002723. 

15. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for 

systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009;6(7):e1000097. 

16. Steering Committee of the Simon Broome Register Group. Risk of fatal conorary heart 

disease in familial hypercholesterolaemia. BMJ. 1991;303:893-6. 

17. Williams RR, Hunt SC, Schumacher MC, Hegele RA, Leppert MF, Ludwig EH, et al. 

Diagnosing heterozygous familial hypercholesterolemia using new practical criteria validated by 

molecular genetics. Am J Cardiol. 1993;72(2):171-6. 

https://www.nice.org.uk/guidance/cg71/chapter/Update-information
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/731873/familial_hypercholesterolaemia_implementation_guide.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/731873/familial_hypercholesterolaemia_implementation_guide.pdf


20 

 

18. Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, et al. Chapter 7: 

Systematic reviews of etiology and risk. In: Aromataris E, Munn Z, editors. JBI Manual for 

Evidence Synthesis2020. 

19. Freeman MF, Tukey JW. Transformations related to the angular and the square root. The 

Annals of Mathematical Statistics. 1950;21:607-11. 

20. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-

analyses. BMJ. 2003;327(7414):557-60. 

21. Alver M, Palover M, Saar A, Lall K, Zekavat SM, Tonisson N, et al. Recall by genotype and 

cascade screening for familial hypercholesterolemia in a population-based biobank from 

Estonia. Genet Med. 2019;21(5):1173-80. 

22. Andersen LK, Jensen HK, Juul S, Faergeman O. Patients' attitudes toward detection of 

heterozygous familial hypercholesterolemia. Arch Intern Med. 1997;157(5):553-60. 

23. Bell DA, Pang J, Burrows S, Bates TR, van Bockxmeer FM, Hooper AJ, et al. Effectiveness 

of genetic cascade screening for familial hypercholesterolaemia using a centrally co-ordinated 

clinical service: an Australian experience. Atherosclerosis. 2015;239(1):93-100. 

24. Bhatnagar D, Morgan J, Siddiq S, Mackness MI, Miller JP, Durrington PN. Outcome of 

case finding among relatives of patients with known heterozygous familial 

hypercholesterolaemia. BMJ. 2000;321(7275):1497-500. 

25. Breen J, Jones J, Barbir M. Genetic screening for familial hypercholesterolaemia in a 

cardiothoracic tertiary referral centre. Atherosclerosis. 2011;218:e1-e12 (Abstract). 

26. Chan ML, Cheung CL, Lee AC, Yeung CY, Siu CW, Leung JY, et al. Genetic variations in 

familial hypercholesterolemia and cascade screening in East Asians. Mol Genet Genomic Med. 

2019;7(2):e00520. 

27. Davis T, Andersen R, Andersen LK, Testa H, Ibarra J. Combined cascade screening and 

patient education for familial hypercholesterolemia: Genetic results from a family shared 

medical appointment pilot study. Journal of Clinical Lipidology. 2016;10:674-5. 

28. Edwards R, Townsend D, Gingell R, Haralambos K, Datta BN, McDowell IFW, et al. 

Implementation of a multidisciplinary approach to diagnosis and management of familial 

hypercholesterolaemia (FH) in Wales: the role of the FH specialist nurse. Atherosclerosis. 

2013;231:e1-e10 (Abstract). 

29. Ellis KL, Perez de Isla L, Alonso R, Fuentes F, Watts GF, Mata P. Value of Measuring 

Lipoprotein(a) During Cascade Testing for Familial Hypercholesterolemia. J Am Coll Cardiol. 

2019;73(9):1029-39. 

30. Hadfield SG, Horara S, Starr BJ, Yazdgerdi S, Marks D, Bhatnagar D, et al. Family tracing 

to identify patients with familial hypercholesterolaemia: the second audit of the Department of 

Health Familial Hypercholesterolaemia Cascade Testing Project. Ann Clin Biochem. 2009;46(Pt 

1):24-32. 

31. Jannes CE, Santos RD, de Souza Silva PR, Turolla L, Gagliardi AC, Marsiglia JD, et al. 

Familial hypercholesterolemia in Brazil: cascade screening program, clinical and genetic aspects. 

Atherosclerosis. 2015;238(1):101-7. 

32. Latkovskis G, Saripo V, Gilis D, Nesterovics G, Upena-Roze A, Erglis A. Latvian registry of 

familial hypercholesterolemia: The first report of three-year results. Atherosclerosis. 

2018;277:347-54. 



21 

 

33. Leren TP, Finborud TH, Manshaus TE, Ose L, Berge KE. Diagnosis of familial 

hypercholesterolemia in general practice using clinical diagnostic criteria or genetic testing as 

part of cascade genetic screening. Community Genet. 2008;11(1):26-35. 

34. Marks D, Thorogood M, Neil SM, Humphries SE, Neil HA. Cascade screening for familial 

hypercholesterolaemia: implications of a pilot study for national screening programmes. J Med 

Screen. 2006;13(3):156-9. 

35. Marteau T, Senior V, Humphries SE, Bobrow M, Cranston T, Crook MA, et al. 

Psychological impact of genetic testing for familial hypercholesterolemia within a previously 

aware population: a randomized controlled trial. Am J Med Genet A. 2004;128A(3):285-93. 

36. Muir LA, George PM, Laurie AD, Reid N, Whitehead L. Preventing cardiovascular disease: 

a review of the effectiveness of identifying the people with familial hypercholesterolaemia in 

New Zealand. N Z Med J. 2010;123(1326):97-102. 

37. Neuner J, Dimmock D, La Pean Kirschner A, Beaudry H, Paradowski J, Orlando L. Results 

and lessons of a pilot study of cascade screening for familial hypercholesterolemia in US Primary 

Care practices. Journal of General Internal Medicine. 2019;35(1):351-3. 

38. Setia N, Saxena R, Sawhney JPS, Verma IC. Familial Hypercholesterolemia: Cascade 

Screening in Children and Relatives of the Affected. Indian J Pediatr. 2018;85(5):339-43. 

39. Tilney M. Establishing a familial hypercholesterolaemia register - The first year. 

Atheroscler Suppl. 2019;36:24-7. 

40. Umans-Eckenhausen MA, Defesche JC, Sijbrands EJ, Scheerder RL, Kastelein JJ. Review of 

first 5 years of screening for familial hypercholesterolaemia in the Netherlands. Lancet. 

2001;357(9251):165-8. 

41. Webster J, Tuson C, Burton C, Mitchell K, Sutton P, Dunn R, et al. Variants of uncertain 

significance: higher than average results in Yorkshire and Humberside for familial 

hypercholesterolaemia. Atheroscler Suppl. 2019;38:e2-e5 (Abstract). 

42. Skovby F, Micic S, Jepsen B, Larsen SO, Hansen B, Tegllund L, et al. Screening for familial 

hypercholesterolaemia by measurement of apolipoproteins in capillary blood. Arch Dis Child. 

1991;66(7):844-7. 

43. Descamps OS, Rietzschel E, Laporte A, Buysschaert I, De Raedt H, Elegeert I, et al. 

Feasibility and cost of FH cascade screening in Belgium (BEL-CASCADE) including a novel rapid 

rule-out strategy. Acta Cardiol. 2020:1-9. 

44. Raal FJ, Bahassi EM, Stevens B, Turner TA, Stein EA. Cascade Screening for Familial 

Hypercholesterolemia in South Africa: The Wits FIND-FH Program. Arterioscler Thromb Vasc 

Biol. 2020;40(11):2747-55. 

45. Rietzschel ER, De Dutter J, Laporte A, Descamps O. Preliminary findings from the first 

Belgiun familial hypercholesterolemia cascade screening (BEL-CASCADE). Journal of American 

College of Cardiology. 2019;73(1803 (Abstract)). 

46. Raal F, Stevens B, du Toit R, Troendle D, Pilcher G, Kelso M, et al. Detection of familial 

hypercholesterolemia in South Africa via cascade screening: The WITS FIND-FH program. Journal 

of American College of Cardiology. 2018;71(11):1768 (Abstract). 

47. Hallowell N, Jenkins N, Douglas M, Walker S, Finnie R, Porteous M, et al. Patients' 

experiences and views of cascade screening for familial hypercholesterolemia (FH): a qualitative 

study. J Community Genet. 2011;2(4):249-57. 



22 

 

48. Hardcastle SJ, Legge E, Laundy CS, Egan SJ, French R, Watts GF, et al. Patients' 

perceptions and experiences of familial hypercholesterolemia, cascade genetic screening and 

treatment. Int J Behav Med. 2015;22(1):92-100. 

49. van Maarle MC, Stouthard ME, Marang-van de Mheen PJ, Klazinga NS, Bonsel GJ. How 

disturbing is it to be approached for a genetic cascade screening programme for familial 

hypercholesterolaemia? Psychological impact and screenees' views. Community Genet. 

2001;4(4):244-52. 

50. Taylor A, Wang D, Patel K, Whittall R, Wood G, Farrer M, et al. Mutation detection rate 

and spectrum in familial hypercholesterolaemia patients in the UK pilot cascade project. Clin 

Genet. 2010;77(6):572-80. 

51. Watts GF, Sullivan DR, Hare DL, Kostner KM, Horton AE, Bell DA, et al. Integrated 

Guidance for Enhancing the Care of Familial Hypercholesterolaemia in Australia. Heart Lung 

Circ. 2021;30(3):324-49. 

52. General Medical Council. Confidentiality: Good practice in handling patient information 

London2017 [Available from: https://www.gmc-uk.org/-/media/documents/gmc-guidance-for-

doctors---confidentiality-good-practice-in-handling-patient-information----

70080105.pdf?la=en&hash=08E96AC70CEE25912CE2EA98E5AA3303EADB5D88. 

53. Gilbar R, Foster C. It's arrived! Relational Autonomy Comes to Court: ABC v ST George's 

Healthcare NHS Trust [2017] EWCA 336. Med Law Rev. 2018;26(1):125-33. 

 

Figures and Tables 

Figure legends  

Figure 1 PRSIMA Flow Chart 

Figure 2 Proportion of relatives tested out of those contacted for FH cascade testing by 

cascade strategy  

Black square indicates the pooled effect size for individual study, horizontal lines indicate the 

95% confidence intervals for individual study, Diamond indicates the pooled estimate and 95% 

confidence intervals, ES Effect Size, CI Confidence Interval 

Figure 3 Proportion of relatives responded out of those contacted for FH cascade testing by 

cascade strategy 
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Black square indicates the pooled effect size for individual study, horizontal lines indicate the 

95% confidence intervals for individual study, Diamond indicates the pooled estimate and 95% 

confidence intervals, ES Effect Size, CI Confidence Interval 

 

Table legends 

Table 1 Characteristics of included studies 

a Number of confirmed index cases involved in cascade testing strategy used because number of 

confirmed index cases enrolled in study was not reported, b An additional 43 index cases were 

included in the cascade testing strategy who did not meet criteria for FH diagnosis 
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 Table 1  Characteristics of included studies 

Study, year Country Number 

of 

confirmed 

index 

cases  

Contact 

method 

Format of 

cascade 

Extent of 

cascading in 

relatives 

FH diagnosis 

method in index 

cases 

FH diagnosis 

method in 

relatives 

Quality score 

Alver, 2019  Estonia 27 Indirect Forward Second degree Genetic Genetic Moderate 

Andersen, 1997 Denmark 62 Direct Forward Second degree Clinical (study-

specific) 

Clinical (study-

specific) 

Moderate 

Bell, 2015 Australia 100a Both Forward Third degree Genetic Genetic High 

Bhatnagar, 2000 England 262 Direct Forward First degree Clinical (SB) Clinical (SB) Moderate 

Breen, 2011 England 72 Indirect Forward Not reported Genetic Genetic Moderate 

Chan, 2018 Hong Kong 64 Indirect Forward Second degree Genetic Genetic Moderate 

Davis, 2016 US 5 Direct Forward First degree Genetic Genetic Moderate 

Descamps, 2020 Belgium 127 

 

Indirect Forward Second degree Clinical (DCLN) Clinical 

(MEDPED/DCLN) 

Moderate 

Edwards, 2013 Wales 270 Both Forward Not reported Genetic Genetic Moderate 

Ellis, 2019 Spain 755 Direct Forward Not reported Genetic Genetic Moderate 

Hadfield, 2009 England 931 Both Forward Not reported Clinical (SB) Clinical (SB) Moderate 

Jannes, 2015 Brazil 125 Direct Forward Second degree Genetic Genetic Moderate 

Latkovskis, 2018 Latvia 140 Indirect Forward First degree Clinical (DCLN) Clinical (DCLN) High 
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Leren, 2008 Norway ~1300 Indirect Forward Not reported Genetic Genetic Moderate 

Marks, 2006 England 354 Indirect Forward Not reported Clinical (SB) Clinical (MEDPED) Moderate 

Marteau, 2004 England 341 Direct Forward Second degree Clinical (SB) Genetic or clinical 

(SB) 

Moderate 

Muir, 2010 New Zealand 76 Direct Forward Not reported Genetic Genetic Low 

Neuner, 2019 US 2 Indirect Forward Not reported Genetic Genetic Low 

Raal, 2020 South Africa 252ab Direct Forward First degree Genetic or clinical 

(not specified) 

Genetic Low 

Setia, 2018 India 31 Direct Forward Second degree Genetic Genetic Moderate 

Skovby, 1991 Denmark 17 Direct Reverse Not reported Clinical (study-

specific) 

Clinical (study-

specific) 

Moderate 

Tilney, 2019 Malta 9 Both Forward First degree Clinical (DCLN) Clinical (DCLN) Moderate 

Umans-

Eckenhausen, 2001 

Netherlands 237a Direct Forward Second degree Genetic Genetic Moderate 

Webster, 2019 England 215 Both Forward Not reported Genetic Genetic Moderate 

a Number of confirmed index cases involved in cascade testing strategy used because number of confirmed index cases enrolled in 

study was not reported, b An additional 43 index cases were included in the cascade testing strategy who did not meet criteria for FH 

diagnosis  
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Figure 1 
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Figure 3 

 


