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Abstract: Defining patients with familial hypercholesterolemia (FH) destined not to develop clinical 
atherosclerotic cardiovascular disease (ASCVD) has significant implications for precision and discovery 
medicine. We investigated the predictors of resilience to ASCVD in a cohort of 248 octogenarian patients 
with FH enrolled in the SAFEHEART study. Median age at the time of analysis was 84.7 years (82.3–
88.1) and 83.6 years (81.9–86.4) in the octogenarian resilient FH (OR-FH) and octogenarian controls 
non-resilient FH (OCNoR-FH) groups, respectively ( p = 0.073); 92 (80.0%) and 68 (51.1%) patients were 
female in the first compared with the second group ( p < 0.001). Multivariate logistic regression showed 
that a low 10-year score in SAFEHEART-Risk Equation was the only independent predictor of OR-FH. 
Application of this simple and validated risk equation may potentially be useful for predicting patients 
ultra-resilient to the ASCVD sequelae of FH who may require less intensive use of healthcare resources. 
© 2022 National Lipid Association. Published by Elsevier Inc. All rights reserved. 
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Recognizing patients with familial hypercholesterolemia
(FH) who do not develop atherosclerotic cardiovascular
disease (ASCVD) is important for the management of this
condition, especially in older individuals. 1 Being female,
carrying a defective mutation in LDLR gene, high HDL-C
and low lipoprotein(a) were predictors of resilient FH in
patients aged 65 years or more in the SAFEHEART study. 2

There are scarce data, however, on FH patients 80 years old
or older without clinical ASCVD. Our aim was to determine
ts reserved. 
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Table 1 Baseline characteristics at entry in the SAFEHEART registry of the study population split into octogenarian resilient FH patients 
(OR-FH) and octogenarian controls non-R-FH patients (OCNoR-FH). 

OR-FH Median (Q1-Q3)/n (%) OCNoR-FH Median (Q1-Q3)/n (%) p 

N 115 133 
Age (years) at inclusion 74.5 (70.4–77.9) 74.5 (71.5–78.8) 0.273 
Current age (years) 84.7 (82.3–88.1) 83.6 (81.9–86.4) 0.073 
Female 92 (80.0%) 68 (51.1%) < 0.001 
Null mutation 45.0 (39.1%) 62 (46.6%) 0.235 
Type 2 Diabetes mellitus 10 (8.7%) 19 (14.3%) 0.172 
Hypertension 52 (45.2%) 66 (49.6%) 0.488 
Active smoking 3 (2.6%) 3 (2.3%) 0.857 
BMI (kg/m 

2 ) 28.4 (25.6–31.2) 28.7 (25.9–31.4) 0.629 
Total Cholesterol (mg/dl) 233.0 (208.0–270.0) 225.0 (185.0–260.0) 0.014 
LDL-C (mg/dl) 160.0 (136.2–202.0) 154.0 (124.0–185.0) 0.051 
HDL-C (mg/dl) 52.0 (44.0–59.0) 46.0 (38.0–55.0) < 0.001 
TG (mg/dl) 97.0 (76.0–122.0) 98.3 (78.0–131.0) 0.789 
Lp(a) (mg/dl) 27.0 (8.3–62.0) 33.6 (15.2–86.7) 0.031 
LDL-CLp(a) (mg/dl) 143.6 (114.2–193.9) 133.4 (105.2–166.3) 0.012 
Patients on maximum statin 44 (38.3%) 77 (57.9%) 0.002 
Patients on maximum LLT 63 (54.8%) 97 (72.9%) 0.003 
Years on statins 10.2 (4.9–17.0) 12.4 (4.8–19.9) 0.271 
LDL-C-years (mg-yr/dL)/1000 16.1 (13.7–19.3) 15.7 (12.9–19.0) 0.157 
LDL-CLp(a)-years (mg-yr/dL)/1000 14.5 (11.7–18.0) 13.4 (10.9–16.5) 0.033 
SAFEHEART-RE 10 years (%) 2.4 (1.8–3.9) 9.4 (4.5–17.2) < 0.001 

ASCVD: atherosclerotic cardiovascular disease; BMI: Body mass index; FH: familial hypercholesterolemia patient; LDL-CLp(a): LDL-C adjusted by content 
of Lp(a); LLT: Lipid lowering therapy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the characteristics and predictors of resilience to ASCVD in
a very elderly FH population. 

SAFEHEART is a contemporary cohort study in geneti-
cally defined patients with FH; the study design, methodol-
ogy and follow-up have been published elsewhere. 3 Those
FH patients who at the time of this analysis were at least
80 years or older free of clinical ASCVD were considered
(OR-FH). Those FH patients who at the time of this analysis
were at least 80 years or older free of clinical ASCVD were
considered (OR-FH). They were compared with a group,
considered as octogenarian Controls with non-resilient FH
(OCNoR-FH), comprised of octogenarians that developed
clinical ASCVD and those who would have been 80 years
or older at the moment of the analysis but who previously
died from a cardiovascular event. Baseline characteristics at
inclusion in the registry included age, cardiovascular risk fac-
tors, lipid levels and lipid-lowering therapy (LLT). LDL-C
was adjusted for Lp(a) content. Also, the SAFEHEART-risk
equation (SAFEHEART-RE) including gender, age, catego-
rized LDL-C and Lp(a) levels, body mass index, presence of
hypertension, previous ASCVD and smoking habit, was es-
timated. 3 ASCDV was defined as the occurrence of one of
the following: Fatal or non-fatal myocardial infarction, fatal
or non-fatal ischemic stroke, coronary revascularization, pe-
ripheral artery revascularization, cardiovascular death (any
death related to cardiovascular disease or derived of cardio-
vascular therapeutic procedures not described in the previous
definitions) and need for aortic valve replacement due to se-
vere degenerative aortic stenosis. 
Two hundred and forty-eight patients with FH met the
study criteria ( Table 1 ). Median age at the time of recruit-
ment was 74.5 years (70.4–77.9) and 74.5 years (71.5–78.8)
in OR-FH and OCNoR-FH groups respectively ( p = 0.273).
Median age at the time of analysis was 84.7 years (82.3–
88.1) and 83.6 years (81.9–86.4), respectively ( p = 0.073).
Ninety-two (80.0%) and 68 (51.1%) were female patients
in OR-FH and OCNoR-FH, respectively ( p < 0.001). No dif-
ferences in the type of mutation were observed between the
groups (39.1% and 46.6% carried null mutation in ORFH
and OCNoFH, respectively p = 0.235). Four patients were on
hormonal replacement therapy, all of them in the OR-FH
group. After univariate analysis ( Table 2 ), logistic regres-
sion multivariate analysis showed that only a low 10-year
score in SAFEHEART-RE (about four times lower than in
OCNoR-FH) ( Figure 1 ) was independently predictive of OR-
FH ( Table 2 ). 

Among those with OCNoR-FH, the ASCVD (first event)
events were distributed as follows: 93 non-fatal acute coro-
nary syndromes (69.9%), 2 coronary artery revasculariza-
tions (1.5%), 13 non-fatal strokes (9.8%), 2 fatal stroke
(1.5%), 2 peripheral artery revascularizations (1.5%), 8 aortic
valve replacements secondary to severe aortic stenosis (6%)
and 11 cardiovascular deaths (8.3%). Median follow-up co-
hort time was 6.46 (3.31–8.99) years. 

Two recent studies have analyzed ASCVD in elderly FH
patients; however, the number of patients over 80 years, and
mean age was much lower than in our study (66 and 74
years, respectively). 4–6 Interestingly, most of patients in our
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Table 2 Logistic regression univariate and multivariate analysis showing variables related to octogenarian resilient FH. 

RR 95%CI p 

Univariate analysis 
Age (years) 0.964 0.920–1.010 0.964 
Female 3.824 2.163–6.758 < 0.001 
Null mutation 0.736 0.444–1.221 0.236 
Diabetes mellitus 0.571 0.254–1.285 0.176 
Hypertension 0.838 0.508–1.382 0.488 
BMI (Kg/m2) 0.976 0.921–1.034 0.405 
Active smoking 1.161 0.230–5.866 0.857 
Total cholesterol (mg/dl) 1.006 1.002–1.011 0.005 
LDL-C (mg/dl) 1.006 1.001–1.010 0.015 
LDL-CLp(a) (mg/dl) 1.007 1.002–1.011 0.004 
HDL-C (mg/dl) 1.034 1.012–1.056 0.002 
TG (mg/dl) 0.999 0.993–1.004 0.598 
Lp(a) (mg/dl) 0.994 0.988–0.999 0.023 
Time on statins (years) 0.980 0.946–1.016 0.266 
LDL-C-years (mg-yr/dL)/1000 1.049 0.996–1.105 0.069 
SAFEHEART-RE 10 years (%) 0.632 0.554–0.721 < 0.001 
Multivariate analysis 
HDL-C (mg/dl) 1.013 0.986–1.042 0.337 
SAFEHEART-RE 10 years (%) 0.639 0.559–0.730 < 0.001 

10-y SAFEHEART-RE: 10-y risk estimated by means of the SAFEHEART risk equation; ASCVD: cardiovascular disease; HDL-C: high-density 
lipoprotein cholesterol; RR: Relative risk; BMI: Body mass index; LDL-C: low-density lipoprotein cholesterol; LDL-CLp(a): LDL-C adjusted by 
content of Lp(a); Lp(a): lipoprotein (a); TG: triglycerides. 

Fig. 1 Median 10-year SAFEHEART risk equation cardiovascular score in octogenarian resilient FH patients (OR-FH) and octogenarian 
controls non-resilient FH patients (OCNoR-FH). 
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study have been treated with statins a median of 10–12 years,
meaning that they started statin treatment around age 60
years. Despite this late onset, we are showing that there are
octogenarian FH patients who are resilient to develop clin-
ical ASCVD. It is important to keep in mind that, although
OR-FH patients have not developed clinical atherosclerotic
disease, it is very likely that, owing to the presence of el-
evated LDL-C levels from very early ages in life, they are
very likely to have subclinical coronary atherosclerosis. 7 

In this study, we show that resilient FH patients may be
identified using the SAFEHEART-RE, that employs ASCVD
risk factors that can be readily recorded in routine clinical
practice. 3 Our findings may be useful in identifying patients
who may be treated less aggressively that recommended by
current FH guidelines. 1 Although all resilient patients were
on LLT, less than half were receiving high-dose statin ther-
apy and 54.8% were on maximum LLT. Therefore, the iden-
tification of OR-FH patients might have clinical and social
implications. Risk prediction equations tend to overestimate
risk in older individuals and underestimate risk in women. 8

The present analysis refers to an analysis of genetically de-
fined octogenarians with FH, including a high proportion of
women, enabled by the unique features of the SAFEHEART
study. The higher level of LDL-C present in OR-FH patients
is noteworthy and relates, according to the case-control de-
sign, to the use of more potent cholesterol-lowering therapies
in the OCNoR-FH following an ASCVD event ( Table 1 ), de-
spite length of treatment with statins being similar in both
groups. Our results demonstrated that, beyond LDL-C levels,
a lower score in SAFEHEART-RE, especially to be female
contribute to a reduced risk of ASCVD and cardiovascular
events-free survival in FH. These ASCVD-free FH carriers
may have protective genetic modifiers or low polygenic risk 

9

and healthy lifestyle, modifying FH penetrance. Further ge-
nomic evaluation of FH patients that remain unaffected by
ASCVD to advances in ages may also provide a new oppor-
tunity for novel target discovery for preventive therapies. 

In conclusion, we have described a registry subset of
people at putatively high genetic risk ASCVD due to FH
who survive beyond 80 years without developing clinical
ASCVD. These ultra-resilient individuals may be charac-
terised clinically as having a low SAFEHEART-RE score.
Further studies of the genetic determinants offering protec-
tion against ASCVD 

6 , 9 may lead to the development of new
therapies. 
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