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Familial Hypercholesterolemia: Need for 
Risk Stratification

• Elevated lifetime risk of cardiovascular disease

• However, heterogeneity in this risk

– LDL levels

– Other risk factors

– Susceptibility= subclinical disease

• Newer treatments

– PCSK9 inhibitors 6-14,000 US dollars year

– Mipomersen/Lomitapide US- 150-360,000 year

– Lipid Apheresis US 100,000 year



Higher LDL-C = Greater Risk



0

50

100

150

200

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

C
u

m
u

la
ti

ve
 L

D
L-

C
 (

m
m

o
l)

Years Age

HOZ Untreated Treat at 10yrs Non FH Treat at 18yrs

35yrs

53yrs

48yrs

55yr

12.5yrs

Start high 
dose statin

Start low
dose statin

Threshold 

for CHD

Female sex

Smoking  

Hypertension  

Diabetes 

Triglycerides 

HDL-C 

Lipoprotein(a)

Without FH

Homozygous FH Heterozygous FH

Age in years

Adapted from Horton et al. 

Coronary disease & 
death before age 20

Untreated coronary 
disease before age 55/60



7Besseling et al.   Atherosclerosis 2014; 233 219-223

Severe FH LDL>310 mg/dL
(8 mmol/L)

CVD risk vs. non severe FH
1.25 [95% CI: 1.05-1.51], p= 0.015



Overlap in LDL-C  Between 
Homozygous and Heterozygous FH



FH Mutation Presence and CAD Risk 



Harada-Shiba et al . J Atheroscler Thromb 2012;19:1043-1060

Distribution of serum total cholesterol levels in normal subjects, 
and heterozygous and homozygous FH patients

Serum cholesterol mmol/L (mg/dL)
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Molecular Defect and LDL-C Phenotype



Other Risk Factors

The usual suspects



Risk factors for CHD in Genotyped FH 
Patients
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Cutaneous Stigmata and Cardiovascular Risk ?



Predictors of cardiovascular events after one year of molecular

screening for Familial hypercholesterolemia
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a b s t r a c t

Background and aims: This study reports the fi rst year follow-up of individuals enrolled in Brazil ’s genetic

cascade screening program for Familial Hypercholesterolemia (FH), Hipercol Brasil. Predictors for the

occur rence of cardiovascular (CV) events in individuals screened for FH were studied. Methods: This is an

open prospective cohor t of individuals who were included in a cascade genetic screening program for FH.

The first prospective fol low -up was carried out one year after patients received their genetic test result.

Individuals included in this study were index cases (probands) and relat ives w ith identi fied (M þ ) or not

genetic mutations (M ). Logist ic regression analysis was perform ed to determine predict ive variables

for the occurrence of CV events censored at one-year of follow-up.

Results: A total of 818 subjects were included, 47 fi rst CV events were ascertained, w ith 14 (29.7%) being

fatal. For index cases, the only factor independently associated w ith increased risk of CV events was the

presence of corneal arcus (OR: 9.39; 95%CI: 2.46e 35.82). There was an inverse associat ion of CV events

w ith higher HDL-cholesterol levels (OR: 0.95; 95%CI: 0.90e 0.99). For Mþ relat ives, risk factors associated

w ith increased CV events risk were diabetes mell itus (OR: 7.97; 95%CI: 2.07e 30.66) and tobacco con-

sumption (OR: 3.70; 95%CI: 1.09e 12.50).

Conclusions: A high one-year incidence of CV events was found in this cascade-screening cohort. Pre-

dictors of events differed between index cases and relat ives and can be useful for the development of

preventive efforts in this highly susceptible group of individuals.

© 2016 Elsevier Ireland Ltd. All rights reserved.

1. Int roduct ion

Familial hypercholesterolemia (FH) is an autosomal dominant

disease clinically characterized by elevated levels of serum low-

density lipoprotein-cholesterol (LDL-C) and the occurrence of

early cardiovascular disease (CVD) [1e5]. The w orldw ide preva-

lence varies from 1:200 to 1:500 in the heterozygous form. The

homozygote form is rare and its prevalence is around

1:300,000e 1,000,000. In Brazil, it is estimated that there are

402,000 to 670,000 cases of FH and less than 1%are diagnosed and

treated appropriately [6e 8].

HipercolBrasil program [7] is a nation-w ide init iat ive to provide

molecular FH screening for in-risk probands and first-degree

relatives. Init ially, the Index Case (IC) is clinically identi fied (LDL-

C 210 mg/dL w ithout lipid-low ering drugs) and molecular ly

tested for a mutation in one of the three know n genes that cause

heterozygous FH (LDLR, PCSK9 and APOB). Once a mutation is

detected in an IC, all fi rst-degree relatives (regardless of their

cholesterol levels) are invited to part icipate in the screening pro-

gram. First-degree relatives have a 50%chance of having the disease

[8,9].

FH patients are at high risk for early cardiovascular disease

(CVD), since they are exposed to elevated LDL-C levels since birth

[10,11]. The risk of cardiovascular (CV) events in these patients may

be increased by 20 times if FH is not diagnosed and treated properly

[11]. Other factors may increase the risk of CV events in these in-

dividuals, such as smoking, hypertension, diabetes, high body mass

index (BMI), family history of premature CVD and low levels of HDL

cholesterol (HDL-C) [12e 16]. How ever, most studies evaluating the

impact of risk factors in FH patients included only probands and
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nonfatal CV events in the first year of follow -up was more than

tw ice in M þ IC than in affected relat ives. The occurrence of coro-

nary artery bypass surgery and coronary angioplasty among M þ IC

and rMþ was 35%, suggesting that the cascade screening could have

in part contributed to the occurrence of these events. After genet ic

diagnosis affected individuals w ere indeed referred to a tert iary

cardiology center. Needless to say that the sole fact that these in-

dividuals w ere molecular ly diagnosed as having FH may have led to

increased use of diagnostic procedures to diagnose subclinical

atherosclerosis that is frequently encountered in FH patients [2]

and, consequently, led to more revascularization procedures. It is

not the scope of the present w ork to discuss the evidence-based

indication of revascularization procedures for coronary artery dis-

ease. It should be realized, nonetheless, that individuals that

received new revascularization procedures w ere perceived by their

clinicians as having increased cardiovascular risk.

FH phenotype presents great variability w ithin the same family

and among different mutations [17,18]. How ever, through the

analysis of risk factors associat ion w ith CV events, it is possible to

infer that exposure time to elevated levels of LDL-C in the IC seems

to be the most important factor that influenced CV event occur-

rence. In M þ IC w ho suffered a CV event, mean baseline LDL-C

levels w ere 274 mg/dL, being 29%higher than in IC w ho did not

have a CV event . Previously, LDL-C levels 260 mg/dL have been

show n to increase in 8.29 times the risk of a CV event is FH

individuals [18e 21]. Indeed, xanthelasmas and corneal arcus for-

mation, important markers of long term exposit ion to high levels of

LDL-C [22], w ere significantly higher in the M þ IC w ho had a CV

event and the latter was independently associated w ith occurrence

of CVD in the follow -up.

On the other hand, as previously seen in cross sectional evalu-

at ions [13,14] higher HDL-C concentrat ions w ere independently

associated w ith a reduced risk of CV events.

Of importance, in the rMþ w ho had a CV event, predictors

w here different from those of index cases. We have observed, as

predictors, a higher prevalence of lifestyle-related factors such as

diabetes, hypertension, tobacco consumption, resembling the fac-

tors related to CV events in the non-FH populat ions [23]. This

highlights the importance of early detection and reemphasizes the

need for cascade screening of FH probands’ first-degree family

members [24].

4.2. Life-style changes after genetic screening

Another important question w e have addressed was regarding

the effects of going through FH genet ic screening upon lifestyle

changes. This is part icular ly important since once FH screening

programs are w ell established they w ill constitute golden oppor-

tunit ies to impact the cardiovascular health of high-risk individuals

in a community. Understanding the dynamics of its impact is, thus,

Table 5

Variables associated w ith CV events in index cases present ing or not mutat ions after univariate and mult ivariate logist ic regression.

ORa 95%CI p valuec ORb 95%CI p value

Mutat ion þ 4.35 1.45e 13.07 0.01

Age (years) 1.02 0.99e 1.05 0.10

Gender (male) 1.93 0.83e 4.47 0.12

Hypertension 1.28 0.50e 3.27 0.59

Previous CVD 2.75 1.17e 6.43 0.01

Tobacco consumption (current and former) 0.87 0.34e 2.25 0.77

Family history of CVD 1.84 0.55e 6.07 0.31

Xanthelasmas 2.70 0.82e 8.86 0.10

Corneal arcus 7.33 2.63e 20.44 0.01 9.39 2.46e 35.82 0.01

Tendon xanthomas 2.93 0.76e 11.22 0.11

TC 1.00 0.99e 1.01 0.88

LDL-C 1.01 1.00e 1.02 0.01

HDL-C 0.95 0.91e 0.99 0.01 0.95 0.90e 0.99 0.04

TG 1.00 0.99e 1.01 0.20

a Univariate Logist ic Regression Analysis.
b Mult ivariate Logist ic Regression Analysis (Adjusted for age, gender, HDL-C, corneal arcus, previous CVD).
c p value < 0.05.

Table 6

Variables associated w ith CV events in relat ives w ith posit ive mutat ions after univariate and mult ivariate logist ic regression.

ORa 95%CI p valuec ORb 95%CI p value

Age (years) 1.03 1.01e 1.06 0.02

Gender (male) 3.14 1.13e 8.70 0.02

Hypertension 4.41 1.58e 12.29 0.01

Diabetes 10.25 3.65e 28.82 0.01 7.97 2.07e 30.66 0.01

Previous CVD 6.02 1.92e 18.89 0.01

Tobacco consumption (current and former) 5.26 1.80e 15.33 0.01 3.70 1.09e 12.50 0.03

Family history of CVD 0.67 0.22e 2.00 0.47

Xanthelasmas 1.37 0.29e 6.37 0.68

Corneal arcus 4.03 1.40e 11.57 0.01

Tendon xanthoma 1.37 0.29e 6.36 0.68

TC 0.99 0.99e 1.01 0.99

LDL-C 1.01 0.99e 1.01 0.54

HDL-C 0.97 0.93e 1.02 0.28

TG 0.99 0.97e 1.01 0.99

a Univariate Logist ic Regression Analysis.
b Mult ivariate Logist ic Regression Analysis (Adjusted for age, hypertension, diabetes, previous CVD, tobacco consumption and corneal arcus).
c p value < 0.05.
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Index Cases 

Silva P et al . Atherosclerosis 2016;250:144-150 

N=818
47 first events
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Lipoprotein(a)



Lp(a), FH and Myocardial Infarction Risk : 
Prospective Data 

Langested A et al. Lancet Diabetes Endocrinol. 2016 Jul;4(7):577-87



Secondary vs. Primary Prevention



Secondary vs. Primary Prevention in FH 
and Mortality in the UK: Effects of Statins

• N=3382 patients (FUP 1980- 2006) 

• 370 deaths 

• Standardized mortality ratios

• All aged 20–79 years CHD mortality reduced by 

37% (95% CI 7–56) from 3.4- to 2.1-fold excess.

– Primary prevention: 48% reduction in CHD mortality 

from 2.0-fold excess to none

– Secondary prevention: 25% reduction in CHD 

mortality from 5.2 (95% CI 3.4–7.6) to a 3.9-fold 

excess (95% CI 3.2–4.7)

Neil et al Eur Heart J 2008; 29:2625–2633 



Advanced Subclinical Coronary 
Atherosclerosis 



Subclinical Coronary Atherosclerosis in 
FH

 

 

Figure 2 
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Figure 3  
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CAC= 40,  90th % 
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Advanced Subclinical Coronary 
Atherosclerosis by Computed Tomography 

Angiography in FH and Cardiovascular 
Events

23

Tada et al. Am J Cardiol 2015;115:724e729 



Cardiovascular Risk Equation for FH?



25
Perez de Isla, Alonso R…,Santos RD  et al & Circulation 2017;135:2133-2144

22 year old women LDL-C < 100 mg/dL 66 year old men LDL-C < 100 mg/dL
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Risk Conditions to Consider
• Older > 40 years old without treatment  

• Smoking,  

• Male gender 

• Lp(a)>50 mg/dL 

• Low-HDL-C (<1mmol/L or 40 mg/dL), 

• Hypertension 

• Diabetes mellitus 

• Family history of early cardiovascular disease in first degree 
relatives (<55 years old in males and < 60 years old in 
females) 

• Chronic kidney disease (defined as an estimated glomerular 
filtration rare < 60 ml/min/1.73 m2

• BMI >30 kg/m2

Santos RD et al Lancet Diab Endocrinol 2016;4: 850-61



Severe Familial Hypercholesterolemia-IAS  
At presentation 

(untreated
LDL-C)

LDL –C >10 mmol/L (400 mg/dL)

LDL-C >8.0 mmol/L (310 mg/dL)  + one high 
risk condition

LDL-C > 5 mmol/L (190 mg/dL) + two high risk 
conditions

Realistic goal: reduce ≥ 
50% 

LDL-C 

Ideal goal: LDL-C < 2.5 
mmol/L (100 mg/dL)

With subclinical 

atherosclerosis 
assessment 

Advanced subclinical atherosclerosis

Coronary: 

A-Coronary artery calcium (CAC) score > 100 

Agatston units, or > 75th percentile for age and 
gender*

B-Computed tomography angiography (CTA) 

with obstructions > 50% or presence of non-
obstructive plaques > one vessel.

Realistic goal: reduce ≥ 
50%

Ideal goal : LDL-C < 1.8 

mmol/L (70 mg/dL)

Presence of 

clinical 

atherosclerotic 

cardiovascular 
disease 

Realistic goal: reduce LDL-
C ≥ 50%

Ideal goal: LDL-C < 1.8 
mmol/L (70 mg/dL)

Santos RD et al Lancet Diab Endocrinol 2016;4: 850-61



Treatment



Treatment Algorithm

Santos RD et al Lancet Diab Endocrinol 2016;4: 850-61



Conclusions: Severe Familial 
Hypercholesterolemia

• Elevated lifetime risk of cardiovascular disease

• However, heterogeneity in this risk

– LDL levels

– Other risk factors

– Susceptibility= subclinical disease

– Previous CVD

• Identify highest risk patients in order to have best 
treatment cost-effectiveness 


