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In a recent Lipid Clinic….

45 year old male
Had presented aged 41 with angina during an ultramarathon
Paternal grandfather had an MI (?age)
Father has been on statins since his 40s
Total Cholesterol was 8.0 mmol/L (estimated LDL-C 6.0)
Stopped smoking in 2007

Went on to have a PCI to his left main stem

Diagnosis: likely monogenic Familial Hypercholesterolaemia (FH)

Could this have been prevented/delayed?



Clinical Features of Familial 
Hypercholesterolaemia

• Xanthomatosis

• Hypercholesterolaemia

• Premature cardiovascular disease

• Autosomal co-dominant inheritance



Extensor Tendon Xanthomas



Achilles Tendon Xanthomas



Hypercholesterolaemia

Genotype Age TC LDL-C HDL-C Tgs

Normal < 20 4.52 ± 0.72 2.84 ± 0.64 1.37 ± 0.33 0.68 ± 0.28

Heterozygous < 20 7.73 ± 1.63 6.23 ± 1.55 1.11 ± 0.31 0.93 ± 0.58

Homozygous < 20 17.5 ± 4.39 16.1 ± 4.13 0.88 ± 0.26 1.14 ± 0.58

From Kwiterovich et al. J Clin Invest 1974;53:1237



Premature Ischaemic Heart 
Disease in Heterozygous FH

Incidence of IHD (%) Mortality from IHD (%)

Age (yr) Men Women Men Women

<30 5 0 0 0

30-39 24 0 7 0

40-49 51 12 24 0

50-59 85 58 54 15

60-69 100 74 78 15

Slack J Lancet; 1969ii:1380-2
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FH versus Hypercholesterolaemia

. Lan, S.R. Recent advances in the management and implementation of care for familial hypercholesterolaemia. Pharm Research; 2023 



Premature Atherosclerosis in HeFH

Kusters DM, Wiegman A, Kastelein JJP & Hutten BA. Circ Res 2014;114:307-310



FH: Prevalence

• Heterozygous

– Europe, USA and Japan 1 in 250

– Lebanon, South Africa, French speaking Canada and Lithuanian Jews
  Founder gene effect

• Homozygous

– Europe, USA and Japan 1 in 1x106 and the majority of these are 
compound heterozygotes



FH: Treatment

• Dietary fat restriction, bile acid sequestrants

• Statins

• Ezetimibe

• Alirocumab/Evolocumab

• Inclisiran

• Bempedoic Acid





Alirocumab/
Evolocumab

Inclisiran Bempedoic 
Acid

Mode of action PCSK9i mAb PCSK9 mRNAi ATP citrate lyase 
inhibitor, prodrug

Administration 2/52 sc injection
(by patient)

6/12 sc injection
(by HCP)

Daily tablet
(by patient)

LDL-C reduction ~ 60% ~ 50% ~ 25%

Clinical outcome Reduces CV risk Awaited Reduces CV risk

Primary
prevention

Only if HeFH & 
LDL-C > 5.0

Not licensed If felt will help, 
and no statin

Secondary 
prevention

LDL-C > 4.0, or 3.5 
if very high risk

LDL-C > 2.6 If felt will help,
and no statin

Setting Secondary care 
only

Primary and 
Secondary care

Secondary and 
Primary care

Cholesterol lowering drugs in 2024

First optimise lifestyle/Statin/Ezetimibe & fully treat 2o causes, then:



In a recent Lipid Clinic….

74 year old male
Had participated in the 100,000 genomes project
Had been found to have an FH causing genetic variant

No history of any atherosclerotic cardiovascular disease
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In a recent Lipid Clinic….

74 year old male
Had participated in the 100,000 genomes project
Had been found to have an FH causing genetic variant

No history of any atherosclerotic cardiovascular disease

In 1980s, posted to work with the EEC in Brussels
Health screening – total cholesterol > 300 mg/dL (7.8 mM)
Doctor diagnosed FH based on this and his family history
Started taking a statin

Currently taking Atorvastatin 40 mg with LDL-C of 3.9 mM



FH: summary so far

Familial Hypercholesterolaemia is:

• A significant cause of premature cardiovascular disease 
 and death
• Quite common
• Eminently treatable



FH: summary so far

Familial Hypercholesterolaemia is:

• A significant cause of premature cardiovascular disease 
 and death
• Quite common
• Eminently treatable

So how can we do better at diagnosing it?



Diagnosing FH: Total Cholesterol

From Kwiterovich et al. J Clin Invest 1974;53:1237



Diagnosing FH: LDL Cholesterol

From Kwiterovich et al. J Clin Invest 1974;53:1237



Diagnosing FH: LDL Cholesterol

Even worse in adults

From NHANES III 15% of US men aged 45-54 have an
   LDL-C ≥ 4.9 mmol/L

Let’s take 1000 men – 150 will have an LDL-C ≥ 4.9

Assume all HeFH have an LDL-C ≥ 4.9 and a population
   prevalence of 1 in 250, then 4 of those will have FH,
   and 146 will not.



FH risk estimation tools



Diagnosing FH: Simon Broome

• Definite Familial Hypercholesterolaemia
– LDL-C ≥ 4.9 mM (≥ 16) or LDL-C ≥ 4.0 mM (<16) 

 (or TC ≥ 7.5 in an adult or 6.7 in a child), plus

– Tendon xanthomas in patient or relative, or presence of an 
FH causing genetic variant

• Possible Familial Hypercholesterolaemia
– LDL-C ≥ 4.9 mM (≥ 16) or LDL-C ≥ 4.0 mM (<16) 

 (or TC ≥ 7.5 in an adult or 6.7 in a child), plus

– FH of MI < 60 (1o relative) or < 50 (2o relative), or LDL-C ≥ 
4.9 mM or TC ≥ 7.5 mM in 1o or 2o relative



Diagnosing FH: Dutch Lipid Clinic (1)

• Family History

– Premature ASCVD (1o male < 55, 1o female < 60)               1

– 1o relative with LDL-C > 95th percentile or with tendon 

xanthomas or corneal arcus                                                    2

• Clinical History

– Premature CHD (male < 55, female < 60)                             2

– Premature CeVD or PAD (male < 55, female < 60)              1

• Examination

– Tendon xanthoma                                                                      6

– Corneal arcus before 45                                                            4



Diagnosing FH: Dutch Lipid Clinic (2)

• LDL cholesterol levels

– ≥ 8.5 mM                                                                                   8

– 6.5 – 8.4 mM                                                                            5

– 5.0 – 6.4 mM                                                                            3

– 4.0 – 4.9 mM                                                                            1

• DNA – functional FH causing genetic variant                       8       

• Total score

– ≥ 8 definite FH, 6-8 probable FH, 3-5 possible FH



So can genetics help?
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Familial Hypercholesterolaemia

Genetic Testing 

R134 Familial Hypercholesterolaemia 
Diagnostic Testing

Screen for small variants and copy 
number variants in 5 genes

LDLR
 LDLRAP1

 PCSK9
 APOB
APOE
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Familial Hypercholesterolaemia

Genetic Testing 

Familial Hypercholesterolaemia 
Cascade Testing

Presence or absence of known 
genetic variant in family

Index patient with 
known genetic variant
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Familial Hypercholesterolaemia 

Genetic Testing

Patient Eligible?
Consent Discussion

Order Testing
Sample Receipt

DNA extraction

NGS Sequencing
LDLR

 LDLRAP1
 PCSK9
 APOB
APOE

Bioinformatics

Analysis and 
Interpretation

Clinical Reporting
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Familial Hypercholesterolaemia

Genetic Testing 

East GLH Diagnostic Yield

20% of diagnostic tests identify a 

pathogenic or likely pathogenic variant

National audit in 2021 indicated a 

20% diagnostic yield

How you can help us retain this yield:

• identify appropriate patients for testing

• provide genomics team with good 

quality information on test order forms

LDLR
80%

APOB
17%

APOE
2%

PCSK9
1%

No variant 
reported

80%

Variant 
reported 

20%
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Familial Hypercholesterolaemia 

Information Zone

https://www.eastgenomics.nhs.uk/for-healthcare-professionals/genomic-tests/rare-and-inherited-diseases/familial-hypercholesterolaemia-information-zone/
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Familial Hypercholesterolaemia 

Information Zone

FH Pathway FH Pathway FAQs FH Test Order Form
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Familial Hypercholesterolaemia 

Consent
• Aim to ensure you are competent and confident to discuss 

genomic testing with your patient 

• Aim to make the consent conversation proportional to 
genomic test



FHWales criteria

https://fhwalescriteria.co.uk

http://www.fhwalescriteria.co.uk/


Eligibility for FH genetic testing

Proband

1. Simon Broome criteria met
2. DLCN or Age adjusted FHWales score more than 5 (≥ 6)
3. Special circumstances, usually where family history
 cannot be fully ascertained

Cascade

First degree relative of anyone with a proven FH causing 
genetic variation



Diagnosing FH: FamCat2

• x4 positive predictive value than Simon Broome:
• Simon Broome: 10.3%
• FamCat2: 43.4% 

• Simon Broome: detection rate 11.3%

• DLCN (score >6): detection rate 35%

• FamCat2: detection rate 50% 

Qureshi et al. Comparing the performance of the novel FAMCAT algorithms and established case-finding 
criteria for familial hypercholesterolaemia in primary care. BMJ 2021



FAMILIAL HYPERCHOLESTEROLAEMIA (FH) 
IDENTIFICATION PATHWAY. 

Clinical Nurse Specialist - FH conducts telephone assessment and counselling 
using Annex 2 on Electronic Document Template (EDT).

Is patient eligible for and does patient agree to genomic 
testing?

Patient receives by post :-
*Completed Annex 2.
*Consent to genomic testing form with             
return envelope.
*+/- Diet sheets.

GP receives copy Annex 1 via EDT.   

Patient receives Annex 3 +/- diet 
sheets by post.
GP receives copy Annex 2 via 
EDT. 

If genomic testing not indicated,
patient receives Annex 4 +/- diet 
sheets by post.
GP receives copy Annex 3 via 
EDT.

On receipt of completed consent form, patient receives 
by post :-
* Annex 5
* ICE blood test form
* Genomic test order form

Patient receives Annex 6 with 
genetic test result by post.

GP receives copy Annex 5 with 
scanned image of consent form 

and genetic result via EDT.

Patient receives Annex 7 or Annex 
8 with genetic test result by post.

GP receives copy Annex 7 or Annex 
8 with scanned image of consent 
form and genetic result via EDT.

Potential FH patients are identified via Eclipse Live by Clinical Nurse Specialist – FH 
from FH Hub at Norfolk & Norwich Hospital, using a pre-defined algorithm 

(FAMCAT2).

Patients are invited via Pegasus (patient engagement platform on Eclipse) to complete 
specific set of cardiovascular questions relating to their family. Further stratification of 

FAMCAT2 scores = high priority group given telephone appointment for FH assessment. 

Yes and 
agrees

Yes but declines

Or

Polygenic or Variant of
Unknown Significance (VUS)

result
Positive result

FH identification Pilot program in Norfolk:

- Approved by N&W ICB and NNUH.
- Agreed by LMC.
- Supported by East GMSA and Health. 

Innovation East. 
- Embedded in Eclipse. 
- Based on FamCat2 risk calculation.
- Run by secondary care team, with FH 

specialist nurse.
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What does it imply? 
- Appointments, correspondence with patients, 

letters, genetics testing, results follow up – all 
done by secondary care team in behalf of 
primary care. 

What does it require?

- “Proforma” submitted by Surgeries in order 
to be included in the project – simple 
agreement digital form. 

Outcomes in the few weeks it has been live:
- More that 100 patients fully screened, from 

>30 surgeries.



East Genomics FH Testing Pathway

https://www.eastgenomics.nhs.uk

Search ‘FH’

https://www.eastgenomics.nhs.uk/




Thank you 
Any questions?

ICB and/or 

another 

organisation 

logo/s to go here 

(if using)
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