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Aims Knowledge of the features of patients with familial hypercholesterolaemia (FH) who are protected from athero-
sclerotic cardiovascular disease (ASCVD) is important for the clinical and prognostic care of this apparently high-
risk condition. Our aim was to investigate the determinant and characteristics of patients with FH who are pro-
tected from ASCVD and have normal life expectancy, so-called ‘resilient’ FH (R-FH).

Methods Spanish Familial Hypercholesterolaemia cohort study (SAFEHEART) is an open, multicentre, nation-wide, long-

and results term prospective cohort study in genetically defined patients with heterozygous FH in Spain. Patients in the registry
who at the time of analysis were at least 65 years or those who would have reached that age had they not died
from an ASCVD event were analysed as a case—control study. Resilient FH was defined as the presence of a patho-
genic mutation causative of FH in a patient aged >65 years without clinical ASCVD. Nine hundred and thirty regis-
trants with FH met the study criteria. A defective low-density lipoprotein (LDL)-receptor mutation, higher plasma
level of high-density lipoprotein cholesterol (HDL-C), younger age, female gender, absence of hypertension, and
lower plasma lipoprotein (a) [Lp(a)] concentration were independently predictive of R-FH. In a second model,
higher levels of HDL-C and lower 10-year score in SAFEHEART-RE were also independently predictive of R-FH.

Conclusion Resilient FH may be typified as being female and having a defective LDL-receptor mutation, higher levels of plasma
HDL-C, lower levels of Lp(a), and an absence of hypertension. The implications of this type of FH for clinical prac-
tice guidelines and the value for service design and optional care of FH remains to be established.
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Introduction

Heterozygous familial hypercholesterolaemia (FH), an autosomal
codominant disorder that is not infrequent in the general popula-
tion, is the most common genetic condition associated with prema-
ture atherosclerotic cardiovascular disease (ASCVD). However,
there is significant heterogeneity in the onset and progression of
ASCVD among individuals with FH> that is not adequately accounted
for in current clinical practice guidelines.** Heterogeneity in ASCVD
risks has engendered the development of specific ASCVD risk predic-
tion algorithms to improve the precision and cost-effectiveness of
care for FH patients.® Beyond targeting evidence-informed therapy
to higher risk groups, a reciprocal consideration related to variation
in risk is that there are patients who will be protected from ASCVD
and have normal life expectancy. The clinical features of this, so
called, ‘resilient’ FH has not been adequately considered nor previ-
ously investigated in the context of a high-quality registry of patients
with genetically defined FH. This knowledge is important to not only
improved clinical care and practice, but also to identify a resource of
patients for discovery medicine programs.

The aim of the present study was to employ data from the Spanish
Familial Hypercholesterolaemia cohort study (SAFEHEART) registry
to better define the characteristics and determinants a ‘resilient’ type
of FH.

Methods

Registry population

SAFEHEART is an open, multicentre, nation-wide, long-term prospective
cohort study in genetically defined patients with heterozygous FH in
Spain; recruitment of subjects from FH families began in 2004.
SAFEHEART is a well-established, quality clinical registry on FH that has
been well-described over time since inception: full details of the inclusion
criteria, clinical and laboratory procedures, genetic testing, definition of
ASCVD, follow-up protocols, and development and validation of the
SAFEHEART risk equation (SAFEHEART-RE) have been published else-
where, with material relevant to the present study included in
Supplementary material online. Patients with nonsense, frameshift, large
rearrangements, or other variants shown in vitro to have <2% LDLR activ-
ity were considered to be carriers of a null allele variant. Patients with an
alteration where LDL receptor (LDLR) activity has been determined to
be <80% or when a functional study has not been performed, but the
overall in silico analysis indicated pathogenicity, were considered to be
carriers of a defective allele variant.

Selection of population for study

We selected patients from the registry who at the time of analysis (July
2020) were 65 years of age or older or those who would have been that
age if they had not died from a cardiovascular event. Resilient FH (R-FH)
was accordingly defined as the presence of a pathogenic mutation causa-
tive of FH in a patient without clinical ASCVD and aged >65 years; non-
R-FH was defined as the presence of a pathogenic mutation causative of
FH in a patient with clinical ASCVD and aged >65 years or who would
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have been aged >65years had they not died from an ASCVD event.
These patients were followed up and managed as described elsewhere.®
The analysis was carried out as a control—case study.

Statistical analyses

Statistical analyses were carried out using SPSS version 18.0. Variables
were analysed for a normal distribution with the Kolmogorov—Smirnov
test. A descriptive analysis was carried out to report the number of cases
and percentages for the qualitative variables and the median and inter-
quartile range for the quantitative variables. Comparisons of proportions
between the qualitative variables were carried out using the y* test. The
median comparisons were analysed with the Mann—Whitney U test for
independent data. Univariate and multivariate logistic regression analysis
of pooled data at baseline were used to determine factors predictive of
R-FH by using the baseline variables. Multivariable analysis was carried
out in two ways: In the first model, variables with a P-value <0.05 in the
univariate analysis were included in the multivariate model except
SAFEHEART-RE. In the second model, variables with a P-value <0.05 in
the univariate analysis were included in the multivariate model except
those variables included in the SAFEHEART-RE. Receiver operating char-
acteristic (ROC) curves were constructed to determine the accuracy of
the most relevant variables to detect R-FH patients. A value of P-value
<0.05 was considered statistically significant.

Results

Five thousand two hundred and sixty-two subjects were
recruited in the SAFEHEART study at the time of the analysis. Of
these, 3589 were 18years old or older and suffered from mo-
lecularly defined FH. From these, we identified 930 patients who
were 65 years old or older or would have had this age if a cardio-
vascular fatal event had not occurred. This subgroup of patients
comprised the study group, of which 579 were defined as having
R-FH and 351 as having non-R-FH (Figure 1). Among those with
non-R-FH, the ASCVD (first event) events were distributed as
follows: 244 non-fatal acute coronary syndromes (69.5%), 2 fatal
acute coronary syndromes (0.6%), 28 coronary artery revascula-
rizations (8.0%), 33 non-fatal strokes (9.4%), 3 fatal stroke
(0.9%), 12 peripheral artery revascularizations (3.4%), 16 aortic
valve replacements secondary to severe aortic stenosis (4.6%),
and 13 cardiovascular deaths (3.7%). Median follow-up cohort
time was 8.35 (5.35-11.05) years and median statin treatment
time in FH patients was 21.7 (15.9-27.5) years at the end of
follow-up (July 2020).

Table 1 shows changes in clinical and biochemical characteristics in
the study population between enrolment into the registry and at lat-
est follow-up. There was an overall improvement in ASCVD risk fac-
tors, including plasma low-density lipoprotein cholesterol (LDL-C)
and triglyceride concentrations. This was reflected by the significant
improvement in the 10-year cardiovascular risk estimated by
SAFEHEART-RE: 3.1% (1.6-7.2) at enrolment and 2.5% (1.2-6.0) at
follow-up (P <0.001). There was also an increase in the incidence of
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Figure | Flow diagram for the study showing recruitment of cases for the present analysis within the SAFEHEART registry. FH, familial hyperchol-
esterolaemia; NAR, non affected relatives; R-FH, resilient familial hypercholesterolaemia.

Table I Characteristics at the entry in the SAFEHEART registry and at the end of follow-up period of the study

population
Entry, median (Q1-Q3)/n (%) Follow-up, median (Q1-Q3)/n (%)  P-value
n 930 930 —
Age (years) 64.2 (59.3-70.8) 73.7 (69.0-80.4) <0.001
Female gender 570 (61.3%) 535 (57.5%) 0.27
Type 2 diabetes mellitus 99 (10.6%) 145 (15.6%) <0.001
Hypertension 334 (35.9%) 437 (47.0%) <0.001
Active tobacco smoker 108 (11.6%) 36 (3.9%) <0.001
ASCVD 259 (27.8%) 351 (37.7%) <0.001
BMI (kg/m?) 27.7 (25.2-30.9) 27.3 (24.6-304) <0.001
Total cholesterol (mg/dL) 232.0 (202.6-268.0) 192.0 (164.0-220.0) <0.001
LDL-C (mg/dL) 159.0 (135.0-194.1) 116.0 (91.3-140.0) <0.001
HDL-C (mg/dL) 50.0 (42.0-58.0) 53.0 (44.0-61.0) <0.001
TG (mg/dL) 95.0 (72.9-127.2) 98.5 (77.0-135.0) <0.001
Patients on maximum statin 474 (51.0%) 624 (67.1%) <0.001
Patients on maximum LLT 614 (66.0%) 762 (81.9%) <0.001
SAFEHEART-RE 10 years (%) 3.1(1.6-7.2) 2.5 (1.2-6.0) <0.001

Study population refers to FH patients from the SAFEHEART registry 65 years or older in July 2020.
ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; FH, familial hypercholesterolaemia patient; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; LLT, lipid-lowering treatment; TG, triglycerides.
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Table 2 Baseline characteristics at entry in the SAFEHEART registry of the study population split into resilient familial
hypercholesterolaemia patients and non-resilient familial hypercholesterolaemia patients

R-FH, median (Q1-Q3)/n (%)

n 579
Age (years) 63.4 (58.3-68.7)
Female 428 (73.9%)

Null mutation 235.0 (40.6%)
8.5%)

176 (30.4%)

12.1%)

27.5 (24.9-30.8)
235.0 (208.0-272.0)
162.0 (138.0-196.0)
HDL-C (mg/dL) 52.0 (44.0-60.0)
TG (mg/dL) 91.0 (71.0-122.0)

Type 2 diabetes mellitus 49 (
(
70 (
(
(
(
(
(

Lp(a) (mg/dL) 24.8 (9.1-57.7)
(
(
(
(
(
(
3(

Hypertension

Active smoking

BMI (kg/m?)

Total cholesterol (mg/dL)
LDL-C (mg/dL)

LDL-CLp(a) 145.5 (120.0-179.2)

Patients on maximum statin 253 (43.7%)

348 (60.1%)

11.9 (4.9-19.3)

13.8 (11.5-16.6)

124 (10.1-15.3)
12-34)

Patients on maximum LLT

Years on statins

LDL-C-years (mg-yr/dL)/1000
LDL-CLp(a)-years (mg-yr/dL)/1000
SAFEHEART-RE 10 years (%)

Non-R-FH, median (Q1-Q3)/n (%) P-value
351
66.2 (61.1-73.4) <0.001
142 (40.5%) <0.001
167 (47.6%) 0.037
50 (14.2%) 0.006
158 (45.0%) <0.001
38 (10.8%) 0.560
284 (25.7-31.1) 0.011
223.0 (192.0-264.0) <0.001
153.6 (126.0-190.6) 0.002
46.0 (38.1-54.0) <0.001
99.0 (78.0-134.0) 0.004
38.2 (14.9-82.6) <0.001
131.7 (100.2-166.9) <0.001
221(63.0%) <0.001
266 (75.8%) <0.001
12.4 (4.8-18.9) 0.567
13.9 (11.2-17.2) 0.838
11.8 (8.9-15.1) 0.044
9.3 (4.2-17.1) <0.001

BMI, body mass index; FH, familial hypercholesterolaemia patient; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LDL-CLp(a), LDL-C
adjusted by content of Lp(a); LLT, lipid-lowering treatment; R-FH, resilient familial hypercholesterolaemia; TG, triglycerides.

type 2 diabetes mellitus and arterial hypertension, but a reduction in
the proportion of people who smoked.

Characteristics of the population with
and without resilient familial

hypercholesterolaemia

Table 2 shows the baseline characteristics of the population with
FH at entry in the registry, divided into patients with and without
R-FH. A long list of variables is significantly different between the
two groups: R-FH patients were younger, the prevalence of fe-
male gender was higher, the prevalence of null LDL-R mutation
was lower, as well as the prevalence of diabetes mellitus and high
blood pressure, body mass index (BMI) was lower, total choles-
terol (TC), LDL-C, triglycerides (TG), lipoprotein (a) [Lp(a)], and
LDL-C adjusted by cholesterol content of Lp(a) [LDL-CLp(a)]
were lower and high-density lipoprotein cholesterol (HDL-C)
level was higher, treatment intensity as assessed by different varia-
bles was lower, LDL-CLp(a)-years was lower and, once more, the
cardiovascular risk estimated by the 10-year SAFEHEART-RE was
lower than in non-R-FH patients. Median LDL-C at entry and at
the end of the follow-up in R-FH patients were 162 (138-196)
and 120 (99-143) mg/dL, respectively, and in non-R-FH, they
were 153.6 (126—190) and 108 (75—133) mg/dL, respectively.

Predictors of resilient familial
hypercholesterolaemia (univariate

and multivariate analyses)

Table 3 shows the results of the univariate logistic regression analysis
showing variables related to resilient FH. Younger age, female
gender, defective mutation, absence of diabetes mellitus, absence
of hypertension, low BMI, low TC, low LDL-C, high HDL-C, low
TG, low Lp(a), low LDL-CLp(a)-years, and low score in
SAFEHEART-RE 10years were statistically significant in the uni-
variate logistic regression analysis. Nevertheless, multivariate ana-
lysis (Table 4) showed that defective LDL-R mutation [relative risk
(RR) 0.672; 95% confidence interval (Cl) 0.493-0.916; P=0.012], high
level of HDL-C (RR 1.019; 95% Cl 1.005-1.033; P=0.009), younger
age (RR 0.946; 95% Cl 0.927-0.966; P<0.001), female gender (RR
4.172; 95% Cl 3.145-5.534; P<0.001), absence of hypertension (RR
0.580; 95% Cl 0.413-0.812; P=0.002), and low Lp(a) (RR 0.990; 95%
Cl 0.987-0.994; P < 0.001) were independently associated with R-FH
(Table 4). In a second model (Table 5), excluding those variables
included in SAFEHEART-RE, only higher level of HDL-C (RR 1.024;
95% Cl 1.008-1.041; P=0.003) and low score in SAFEHEART-RE
10years (RR 0.651; 95% Cl 0.609-0.696; P <0.001) were independ-
ently associated with R-FH (Table 5). Figure 2 shows ROC curve for
SAFEHEART-RE. Areas under curve were 0.873 (95% CI 0.849-0.898;
P<0.001) and 0.635 (95% ClI 0.599-0.672; P < 0.001) for SAFEHEART-
RE and HDL-C, respectively.
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Table 3 Logistic regression univariate analysis showing
variables related to resilient familial
hypercholesterolaemia

RR 95% ClI P-value
Age (years) 0.950 0.934-0966 <0.001
Female 4172 3.145-5.534  <0.001
Null mutation 0.753 0.576-0.983 0.037
Diabetes mellitus 0.557 0.366-0.846 0.006
Hypertension 0.533 0.405-0.702  <0.001
BMI (kg/m?) 0.959 0.932-0.987 0.005
Active smoking 1.133  0.745-1.723 0.560
Total cholesterol (mg/dL) 1.004 1.001-1.006 0.001
LDL-C (mg/dL) 1.003 1.001-1.005 0.012
LDL-CLp(a) 1.005 1.002-1.007  <0.001
HDL-C (mg/dL) 1.040 1.028-1.052  <0.001
TG (mg/dL) 0.996 0.993-0.999 0.003
Lp(a) (mg/dL) 0.993 0.990-0.996  <0.001
Time on statins (years) 1.004 0.986-1.023 0.659
LDL-C-years (mg-yr/dL)/1000 0.999 0.972-1.027 0.955
LDL-CLp(a)-years (mg-yr/dL)/1000 1.023 0.995-1.052 0.112
SAFEHEART-RE 10 years (%) 0.645 0.604-0.689  <0.001

10-y SAFEHEART-RE, 10-year risk estimated by means of the SAFEHEART risk
equation; BMI, body mass index; Cl, confidence interval; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LDL-CLp(a),
LDL-C adjusted by content of Lp(a); Lp(a), lipoprotein (a); RR, relative risk; TG,
triglycerides.

Discussion

We describe the characteristics of a novel phenotype of heterozy-
gous FH patients who we refer to as ‘resilient’ FH. These genetically
diagnosed patients reach 65 years of age without having sustained a
clinical ASCVD event. They are typified as female and having a defect-
ive LDL-receptor mutation, higher levels of plasma HDL-C, lower
levels of Lp(a) and absence of hypertension, or low score using the
SAFEHEART risk equation.

In a recently published study by Coutinho et al.® 462 genotyped
individuals older than 60 years, 198 with FH, and 264 non-FH were
analysed. In patients with FH, male sex and age of lipid-lowering treat-
ment (LLT) onset age were independently associated with ASCVD.
Lacaze et al.” suggested that since a polygenic risk score alone does
not explain reduced penetrance in a healthy elderly population with
FH, environmental factors, adherence to a healthy lifestyle, long-term
statin use, and undiscovered rare protective alleles may also have a
role in resilence. In our study, patients began to be systematically fol-
lowed from the moment they were recruited to the SAFEHEART
registry but information on the date of initiation of treatment with
lipid-lowering treatment prior to inclusion was available. Most of our
patients in our study were undertreated according to current recom-
mended guidelines,“'10 being treated with the available statins in the
90s. In our cohort of patients aged >65 years, treatment with statins
was started after the age of 40. Despite this, we are showing that there

Table 4 Logistic regression multivariate analysis show-
ing variables related to resilient familial hypercholester-
olaemia (Model 1)

RR 95% CI P-value
Age (years) 0.946 0.927-0.966 <0.001
Female 5.301 3.776-7.441 <0.001
Null mutation 0.672 0.493-0.916 0.012
Diabetes mellitus 0.713 0.430-1.181 0.189
Hypertension 0.580 0.413-0.812 0.002
BMI (kg/m?) 0.965 0.932-1.0 0.052
LDL-C (mg/dL) 1.0 0.997-1.003 0.919
HDL-C (mg/dL) 1.019 1.005-1.033 0.009
TG (mg/dL) 1.0 0.996-1.003 0.887
Lp(a) (mg/dL) 0.990 0.987-0.994 <0.001

BMI, body mass index; Cl, confidence interval; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein (a);
RR, relative risk; TG, triglycerides.

Table 5 Logistic regression multivariate analysis show-
ing variables related to resilient familial hypercholester-
olaemia (Model 2)

RR 95% CI P-value
Null mutation 0.783 0.545-1.124 0.185
Diabetes mellitus 0.627 0.360-1.091 0.099
HDL-C (mg/dL) 1.024 1.008-1.041 0.003
TG (mg/dL) 1.004 1.0-1.007 0.063

SAFEHEART-RE 10 years (%) 0.651 0.609-0.696 <0.001

Cl, confidence interval; HDL-C, high-density lipoprotein cholesterol; RR, relative
risk; TG, triglycerides.

are patients with FH who are resilient to ASCVD. However, we must
bear in mind that even if they are resilient, they must be treated opti-
mally as it was done in the study cohort.” Furthermore, it is of note
that even with optimized statin usage, the prevalent gap between
guideline recommended LDL-C goals and their implementation in clin-
ical care requires greater utilization of non-statin drugs in combination
with statins for patients at highest risk.'® This point is even more im-
portant as we know that PCSK9 inhibitors have shown similar efficacy
and safety throughout a broad range of ages and in both men and
women."? PCSK9 inhibitors on top of maximum LLT significantly
reduced LDL-C levels in men and women patients with FH and
improved the achievement of LDL-C targets."" Thus, our study has
clearer clinical relevance to understand in a large and well-defined co-
hort which patients with FH may have or may have not a less need for
aggressive and expensive treatment because, under optimal treatment,
they are resilient to the development of ASCVD events and, converse-
ly, which patients will need the most stringent therapeutic strategy.
Previous studies have shown muiltiple risk factors for ASCVD in
FH, such as type of mutation, sex, HDL-C, Lp(a) levels, and hyperten-
sion with many included in the SAFEHEART-RE.>*"3 The usefulness
of this equation has been recently confirmed in predicting coronary
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Figure 2 Receiver operating characteristic curve to assess the ac-
curacy of SAFEHEART-RE to detect resilient familial hypercholes-
terolaemia patients. Bottom: area under curve and sensitivity and
specificity for different cut-off points. AUC, area under curve; Cl,
confidence interval.

artery disease in FH patients without clinical ASCVD.™ We show
that R-FH patients may be predicted with two simple parameters, the
SAFEHEART-RE score and HDL-C. Low-density lipoprotein choles-
terol was not significant in our multivariable model possibly due to
the more intensive LLT used in those patients with an acute cardio-
vascular event. Women are well known to be protected against

1516 and this evi-

ASCVD due to biological aspects related to gender
dently applies to FH. Our overall findings are supported by a recent
smaller and less well-defined study from Canada."” An important
point to keep in mind is the crucial role of Lp(a). We recommend
measuring Lp(a) in every patient with FH owing to it potent prognos-
tic information for ASCVD.'8"?

Identification of R-FH patients has clinical and social implications.
The heterogeneity of the ASCVD risk in FH depends on genetic and
environmental factors.>® Patients, carriers of a pathogenic gene vari-
ant with an important effect on atherosclerosis can survive to an
advanced age without developing clinical ASCVD, even though they
were treated with statins late in life. Identification of these FH patients
may help clinical management, less-intense LLT use, and better qual-
ity of life for the patients.

As a limitation polygenic risk scores were not specifically analysed.
132021 e

were out of the scope of the current study. The analysis was carried

Although they are recently being found very informative,

out as a control—case study and logistic regression analysis was used
to analyse not only those ASCVD events occurred during follow-up
but also before enrolment in the registry. These results obtained in a
Spanish National cohort need validation in other countries world-
wide where risk modifiers may differ. The main strength of this study
is that it includes the largest number of patients with these character-
istics and that they belong to SAFEHEART Cohort, which systematic-
ally performs an annual follow-up with a systematized protocol.

Conclusions

We conclude that heterozygous FH patients resilient to the develop-
ment of cardiovascular disease may be identified with measures regu-
larly employed in clinical practice, included in the SAFEHEART risk
algorithm. Our study has implications for precision medicine devel-
opment programs. The robustness of our approach to the prediction
of R-FH needs to be validated in other populations.
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