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ABSTRACT

Introduction and objectives: The SAFEHEART study was designed to analyze the situation of familial
heterozygous hypercholesterolemia (FHH) and improve knowledge of this disease in Spain. Our
objective was to determine the incidence rate of cardiovascular events, the estimated risk of developing
an event and its modification, the use of lipid-lowering treatment, and the achievement of low-density
lipoprotein cholesterol targets in patients with FHH.

Methods: SAFEHEART is a prospective, open, multicenter, nationwide cohort study, with long-term
protocol-based follow-up in a population of individuals with molecularly-characterized FHH. We
analyzed patients older than 18 years with complete follow-up.

Results: We included 2648 patients with FHH. The median follow-up was 6.6 (4.8-9.7) years. The overall
incidence rate of cardiovascular events was 1.3 events/100 patient-years. After the follow-up, the 10-
year estimated risk of developing a cardiovascular event was reduced from 1.6% to 1.3% (P < .001). In the
last follow-up, 20.6% and 22.2% of the patients in primary and secondary prevention achieved low-
density lipoprotein cholesterol values < 100 mg/dL and < 70 mg/dL, respectively.
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Conclusions: This study was performed in the largest population of patients with FHH in Spain. We
identified the incidence rate of cardiovascular events, the estimated risk of developing a cardiovascular
event and its modification, the achievement of low-density lipoprotein cholesterol targets, and the
therapeutic management in this population. Although the cardiovascular risk of FHH is high, appropriate
treatment reduces the likelihood of an event.
Clinical trial registration: http://www.clinicaltrials.gov. Identifier: NCT02693548.
© 2019 Sociedad Espaiiola de Cardiologia. Published by Elsevier Espaiia, S.L.U. All rights reserved.

Incidencia de eventos cardiovasculares y cambios en el riesgo estimado y en el
tratamiento de la hipercolesterolemia familiar: registro SAFEHEART

RESUMEN

Introduccion y objetivos: El estudio SAFEHEART se disefié para analizar la situacion y mejorar el
conocimiento de la hipercolesterolemia familiar heterocigota (HFH) en Espafia. Nuestro objetivo es
determinar la tasa de incidencia de eventos cardiovasculares, el riesgo estimado de sufrir un evento y su
modificacion, el empleo de tratamiento hipolipemiante y la consecucion de objetivos de colesterol unido
a lipoproteinas de baja densidad en pacientes con HFH.
Meétodos: El SAFEHEART es un estudio prospectivo de cohorte, abierto, multicéntrico, de escala nacional,
con seguimiento protocolizado a largo plazo en una poblacion de HFH caracterizada molecularmente. Se
analiz6 a los pacientes mayores de 18 afios con seguimiento completo.
Resultados: El analisis en este estudio se hizo con 2.648 pacientes con HFH. La mediana de seguimiento
fue de 6,6 (4,8-9,7) afios. La tasa de incidencia general de eventos cardiovasculares fue de 1,3 eventos/
100 pacientes-afio. El riesgo estimado de sufrir un evento cardiovascular a 10 afios se redujo en el
seguimiento, y pasé del 1,6 al 1,3% (p < 0,001). En el Gltimo seguimiento, el 20,6 y el 22,2% de los
pacientes en prevencion primaria y secundaria consiguieron un colesterol unido a lipoproteinas de baja
densidad < 100 y < 70 mg/dl respectivamente.
Conclusiones: En este estudio se muestra la tasa de incidencia de eventos cardiovasculares, el riesgo
estimado de sufrir un evento cardiovascular en la mayor poblacion de pacientes con HF en Espaiia, asi
como su modificacion, la consecucion de objetivos en colesterol unido a lipoproteinas de baja densidad y
su tratamiento. Aunque el riesgo cardiovascular de 1a HFH es elevado, un adecuado tratamiento reduce la
probabilidad de sufrir un evento.

Estudio registrado en ClinicalTrials.gov (Identificador: NCT02693548).
© 2019 Sociedad Espaiiola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Abbreviations

ASCVD: atherosclerotic cardiovascular disease
HeFH: heterozygous familial hypercholesterolemia
LDL-C: low-density lipoprotein cholesterol

PCSK9: proprotein convertase subtilisin kexin type 9

high or very high CV risk and recommend a target LDL-C level of
less than 100 mg/dL for patients without a history of CV disease
and less than 70 mg/dL for those with a history. They also
recommend reducing baseline LDL-C levels by at least 50% in both
cases. Little, however, is known about the use of lipid-lowering
treatment or the attainment of LDL-C goals in Spain. National
registries serve as an invaluable source of such data, which are
essential for improving current health care models, educating

INTRODUCTION

physicians and patients, and setting priorities in treatment
guidelines and health care policies.® The SAFEHEART Spanish
Familial Hypercholesterolemia Cohort Study was designed to

Heterozygous familial hypercholesterolemia (HeFH) is an
autosomal codominant disorder with a prevalence of approxi-
mately 1 case per 300 people in the general population.' It is the
most common genetic disorder linked to premature atheroscle-
rotic cardiovascular disease (ASCVD). Although lipid-lowering
treatment has been shown to reduce coronary heart disease and
overall mortality in patients with HeFH>—and has improved in
recent years—most patients do not achieve optimal low-density
lipoprotein cholesterol (LDL-C) levels®* and therefore continue to
be at increased risk of premature ASCVD. Not all patients with
HeFH, however, have the same CV risk. We recently published an
equation for estimating individual CV risk in patients with HeFH
based on 8 simple variables,” including lipoprotein(a), which has
proven to be an effective predictor of incident ASCVD in this
setting.®

The latest European Society of Cardiology/European Athero-
sclerosis Society Guidelines for the Management of Dyslipide-
mias’ (ESC/EAS Guidelines) consider patients with HeFH to be at

collect nationwide data on FH in order to improve knowledge of
this disease in Spain.

The aim of this study was to analyze data from the SAFEHEART
registry to determine the incidence of CV events in patients with
HeFH in Spain, estimate their risk of experiencing a cardiovascular
event using the SAFEHEART Risk Equation (SAFEHEART-RE), assess
changes to this risk, and analyze the use of lipid-lowering
treatments and attainment of treatment goals on inclusion in
the registry and at the most recent follow-up.

METHODS
Study design and population
SAFEHEART is a prospective, open-labeled, multicenter, nation-

al study with a protocol-based long-term follow-up program for
patients with molecularly defined HeFH. It involves the participa-
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tion of primary care physicians and specialists.® The selection of
families started in 2004. The study was approved by the ethics
committee at Hospital Fundacion Jiménez Diaz in Madrid and all
participants gave their written informed consent.

Treatment goals were based on the ESC/EAS Guidelines,” which
were used to inform, educate, and train physicians participating in
the study and to guide the inclusion of patients and families in the
SAFEHEART registry. Patients were assigned to a given region (one
of Spain’s autonomous communities or cities) based on their
current place of residence, not their place of birth.

Follow-up

Patient follow-up was managed by the SAFEHEART coordinat-
ing center. Patients were contacted annually by telephone to
complete a standardized questionnaire assessing relevant lifestyle
changes, use of medication, and occurrence of CV events.” All the
patients included in the study had been contacted in the previous
year. Complete follow-up was defined as contact with the patient
in the 12 months prior to analysis and availability of all required
data in the standardized annual follow-up form. The definitions of
previous and incident ASCVD are described elsewhere.” When the
occurrence of a CV event was detected in the annual evaluation or
reported at another time by a patient or relative, the SAFEHEART
Events Committee analyzed the necessary medical-legal reports
and classified the event using standardized criteria.

Clinical and laboratory variables

In addition to the above-mentioned demographic and clinical
variables, information was also included on age, classic CV risk
factors, physical examination findings, and lipid-lowering treat-
ment.® Lipid and lipoprotein(a) levels were measured in venous
blood samples at a single laboratory.® Serum LDL-C levels were
calculated using the Friedewald formula. DNA was isolated from
whole blood samples using standard methods and the genetic
diagnosis of HeFH was established as previously described.'® CV
risk was estimated using the SAFEHEART-RE.? The system used to
classify intensity of lipid-lowering treatment has been described
previously,” but in this study protein convertase subtilisin/kexin
type 9 (PCSK9) inhibitors were also included in the maximal
treatment category.

Statistical analysis

The statistical analysis was performed in SPSS (version 18.0).
Quantitative data are expressed as median and interquartile range
(IQR), except for the analyses stratified by region, where median
values only are shown. Risk estimates and their modifications are
expressed as mean following confirmation of their normal
distribution. Qualitative data are shown as absolute numbers
and percentages or as percentages only for the regional analyses.
The incidence rate for CV events was calculated as a ratio in which
the number of events observed was divided by time at risk for the
event. Time at risk was calculated as the duration of follow-up for
patients who did not experience an event plus time to occurrence
in patients who did experience an event. Incidence rates were
expressed as number of events per 100 patient-years. Only first
occurrences of events, whether fatal or nonfatal, were included.
The McNemar test was used to compare paired proportions, the
Wilcoxon test to compare paired quantitative variables, and
the binomial and Wilcoxon signed rank tests, respectively, to
compare proportions and medians between regions and the

country as a whole. Differences with a P value of less than .05
were considered to be statistically significant.

RESULTS

A total of 4870 individuals were recruited: 3601 with a genetic
diagnosis of HeFH and 1269 unaffected relatives. After exclusion of
patients without a complete follow-up and patients not receiving
lipid-lowering treatment at the time of the most recent evaluation
(last follow-up), 2648 patients with HeFH were included in the
analysis (figure 1). Median follow-up time was 6.6 years (IQR, 4.8-
9.7 years). The main characteristics of the cohort at entry in the
registry and at the last follow-up are summarized in table 1 and
table 2. The distribution of patients according to region of
residence is shown in table 1 of the supplementary data. The
sample included patients from all regions except the autonomous
communities of Cantabria, Murcia, and Navarre and the autono-
mous cities of Ceuta and Melilla.

A total of 251 first fatal or nonfatal ASCVD events were recorded
during follow-up; there were 202 nonfatal events and 62 fatal
events. The nonfatal events were nonfatal acute coronary
syndrome (83 patients, 3.1%), coronary revascularization
(64 patients, 2.4%), nonfatal stroke (23 patients, 0.9%), peripheral
revascularization (15 patients, 0.6%), and aortic valve replacement
(17 patients, 0.6%). The fatal events were fatal acute coronary
syndrome (16 patients, 0.6%), fatal stroke (8 patients, 0.3%), and
other CV death, including sudden death (38 patients, 1.4%).
Thirteen (21%) of the 62 patients with a fatal event had had a
previous CV event during follow-up. All patients who experienced
an event (and/or their relatives) were contacted. Of the
251 patients who experienced a fatal or nonfatal event during
follow-up, 114 (45.4%) had had a CV event before inclusion in the
registry. The overall incidence of CV events was 1.3 events per
100 patient-years. The breakdown by region is shown in figure 2.
The proportion of patients on maximal lipid-lowering treatment
increased from 58.8% at entry to 80.8% at the last follow-up
(P < .001), while that of patients on PCSK9 inhibitors increased
from 0.4% to 11.6% (P < .001). In the group of patients excluded
because they were not on lipid-lowering treatment at the last
follow-up (n =253), there were 5 first nonfatal events and 6 first
fatal events (preceded by a nonfatal event in 2 cases). In the group
of patients excluded because of nonavailability of LDL-C results at
the last follow-up (n = 391), there were 10 first nonfatal events and
12 first fatal events, 1 of which was preceded by a nonfatal event.

At entry, 4.0% of patients in primary prevention and 2.1% of
those in secondary prevention met their respective LDL-C goals
of less than 100 mg/dL and less than 70 mg/dL. The corresponding
rates for patients meeting their goals at the last follow-up were
20.6% and 22.2% (P < 0.001). The proportion of active smokers fell
from 24.8% at entry to 14.7% at the last follow-up (P < .001). There
were no significant changes in body mass index (BMI) during this
period.

Mean changes in CV risk from entry to last follow-up according
to the SAFEHEART-RE and stratified by place of residence are
shown in figure 3 together with the corresponding 95% confidence
intervals. The results for the other variables stratified by place of
residence are shown in table 2 of the supplementary data and
table 3 of the supplementary data. In total, 37.5% of the patients
were treated in primary care.

DISCUSSION

We have described, for the first time, the incidence of CV events
in patients with HeFH in Spain and have provided additional data
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Figure 1. Flow diagram showing inclusion of cases in the SAFEHEART Registry. HeFH, heterozygous familial hypercholesterolemia; HoFH, homozygous familial

hypercholesterolemia.

on CV risk, use of lipid-lowering treatment, and attainment of
treatment goals at a country and regional level. The overall
incidence rate detected for CV events was 1.3 events per
100 patient-years.

Our findings show that intensification of lipid-lowering
treatment in patients with HeFH improved LDL-C levels over the
follow-up period of 6 years. During this time, the proportion of
patients on maximal lipid-lowering treatment rose from 58.8% to
80.8%. Although 80.8% of patients were on maximal lipid-lowering
treatment and 11.6% were on PCSK9 inhibitors at the last follow-up
evaluation, just 20.6% of patients in primary prevention and 22.2%
of those in secondary prevention had optimal LDL-C levels
(< 100 mg/dL and < 70 mg/dL, respectively. A number of points
should be made regarding LDL-C goals: a) the proportion of
patients with optimal LDL-C levels has doubled since the last
analysis of patients from the SAFEHEART registry>; b) attainment

of goals was more common in secondary than in primary
prevention patients, probably because of the recent incorporation
of PCSK9 inhibitors for patients at increased risk; and c) the
proportion of patients failing to meet their LDL-C goals remains
high, possibly in part because patients with FH have very high
initial LDL-C levels; this highlights the importance of recommend-
ing potent statins and combination therapy with ezetimibe and
PCSK9 inhibitors in patients with HeFH.!! The findings of this study
show the persistence of a considerable gap between treatment
goals and practice, confirming that there is still much room for
improvement. They also, however, show just how difficult it is for
patients with HeFH to achieve optimal LDL-C levels, despite
treatment with the best lipid-lowering treatments available. It
should be noted that the statistical power for comparing results
across the different regions of Spain was limited by the
characteristics of the registry. A recent study on the incidence of
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Table 1
Population characteristics (binary variables)

Inclusion in registry

Most recent follow-

up
Variable No. % No. % Difference, % P
CV disease before inclusion 374 14.1 - - - -
First occurrence of nonfatal CV event during follow-up — - 202 7.6 - -
Occurrence of fatal CV event during follow-up — - 62" 23 - -
First occurrence of fatal or nonfatal CV event during follow-up — - 251 9.5 - -
Diabetes mellitus 132 5.0 213 8.0 3 <.001
Hypertension 419 15.8 610 23 7.2 <.001
Active smoker 657 24.8 389 14.7 -10.1 <.001
MAX STAT 1.143 43.2 1.706 64.4 21.2 <.001
MAX COMB 690 26.1 1.342 50.7 24.6 <.001
PCSK9 inhibitor 10 0.4 307 11.6 11.2 <.001
MAX LLT 1.558 58.8 2.140 80.8 22.0 <.001
LDL-C <100 mg/dL (primary prevention) 92 4.0 444 20.6 16.6 <.001
LDL-C <70 mg/dL (secondary prevention) 8 21 109 22.2 20.1 <.001

CV, cardiovascular; LDL-C, low-density lipoprotein cholesterol; MAX COMB, maximal combined treatment; MAX LLT, maximal lipid-lowering treatment; MAX STAT, maximal

statin treatment; PCSK9, proprotein convertase subtilisin/kexina type 9.
Maximal combined treatment with statins and ezetimibe 10 mg/d.

Maximal treatment with statins (atorvastatin 40-80 mg/d or rosuvastatin 20-40 mg/d).
Maximal lipid-lowering treatment expected to reduce pretreatment LDL-C levels by at least 50%. Simvastatin 20, 40, or 80 mg/d combined with ezetimibe 10 mg/d;
pravastatin 40 mg/d combined with ezetimibe 10 mg/d; fluvastatin 80 mg/d combined with ezetimibe 10 mg/d; atorvastatin 40 or 80 mg/d combined or not with ezetimibe
10 mg/d; atorvastatin 10 or 20 mg/d combined with ezetimibe 10 mg/d; rosuvastatin 20 or 40 mg/d combined or not with ezetimibe 10 mg/d; rosuvastatin 10 mg/d combined
with ezetimibe 10 mg/d; pitavastatin 4 mg/d combined with ezetimibe 10 mg/d and PCSK9 inhibitor.
Of the 62 patients who experienced a fatal event, 13 (21%) had had a previous nonfatal event during follow-up.

" Of the 62 patients who experienced a fatal or nonfatal event during follow-up, 13 (21%) had had a CV event before inclusion in the SAFEHEART registry.

Table 2

Population characteristics (continuous variables)
Variable Inclusion in registry Most recent follow-up Difference P
Age, y 46 (36-58) 54 (43-65) 8 <.001
Body mass index 26.1 (23.1-29.4) 26.1 (23.4-29.0) 0 9
TC, mg/dL 234.0 (203.0-275.0) 196.0 (170.0-225.0) -38.0 <.001
LDL-C, mg/dL 163.0 (136.0-202.9) 123.0 (100.0-147.0) -40.0 <.001
Lipoprotein(a), mg/dL 24.4 (9.3-58.5) — -
Years under treatment with statins — 18.7 (12.8-26.5) — —
Years under treatment with ezetimibe® — 10.9 (8.0-12.9) — —
SAFEHEART-RE 10,* % 1.6 (0.7-3.7) 1.3 (0.6-2.9) -03 <.001

LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol.
Values are expressed as median (interquartile range).
@ Analyzed only in patients treated with ezetimibe.
b Ten-year cardiovascular risk estimated using the SAFEHEART Risk Equation.’

CVD in patients with FH in Catalonia reported a similar incidence
rate to that observed in the SAFEHEART registry, despite using a
different methodology.'?

The improvement in CV risk observed over the follow-up period
is probably due to the significant reduction in LDL-C levels.
Although the prevalence of clinical CVD and hypertension has
increased, there has been a significant reduction in tobacco use
among patients with HeFH. Mean BMI was 26.1, which is lower
than the BMI for the average Spanish adult: 26.7 (27.2 for men and
26.1 for women). In addition, mean BMI did not change during
follow-up, contrasting with the situation for Spanish adults in
general, who tend to have increasing BMI as they age.!® In part,
patients with HeFH probably maintain a better BMI because they
are more aware of the importance of CVD prevention and healthy
lifestyle habits.'*

Before the emergence of new tools for assessing CV risk in
patients with FH, baseline LDL-C levels (levels before initiation of
lipid-lowering treatment) were used to identify severe pheno-
types.!>1% The SAFEHEART-RE, which is based on prospective data,
provides a more accurate tool for defining risk and guiding
decisions on the most appropriate treatment strategies for patients
with HeFH.?

A final note of interest is that 37.5% of patients with HeFH are
treated in primary care, although rates varied considerably across
regions. One example is Castile-Ledn, which has a regional FH
detection program that involves the participation of primary care
physicians.!”

We are aware of the strengths and limitations of the present
study. This is the largest longitudinal study to analyze real-life
treatment practices at different levels of the health care system in
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Figure 3. Mean changes in estimated risk with corresponding confidence
intervals in different Spanish regions. 95%CI, 95% confidence interval.

patients with molecularly defined HeFH. Although SAFEHEART is
a national registry, it does not include patients from all the
autonomous communities in Spain. Our results show the need for a
prospective registry to evaluate trends in CV healthcare provision
in the setting of HeFH.

Practical implications

The lack of FH screening programs is a barrier to the effective
prevention of premature ASCVD and has a negative impact on the
quality of life and socioeconomic situation of families with HeFH.
Early detection and treatment of HeFH remains a health care
challenge and constitutes an unmet medical need. A highly
efficient national screening program for FH will help prevent CV
morbidity and mortality in families with HeFH, improve overall
health care delivery, and overcome regional healthcare dispari-
ties.!®

CONCLUSIONS

This study is the first to show the incidence of CV events in a
large population of patients with HeFH and to analyze associated
risk and changes in risk, attainment of treatment goals, and
treatment strategies employed in this population. Although the
risk is high, adequate treatment considerably reduces

the likelihood of a CV event. Efforts should thus focus on achieving
adequate LDL-C control and improving risk factors in patients with
HeFH.
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WHAT IS KNOWN ABOUT THE TOPIC?

- HeFH is a common disorder frequently associated with
premature ASCVD.

- Numerous studies have shown that lipid-lowering
treatment can reduce mortality in FH.

- National registries are a valuable source of key
information. The SAFEHEART study was designed to
improve knowledge about HF in Spain.

WHAT DOES THIS STUDY ADD?

— This study is the first to show the risk of CV events in a
large population of patients with HeFH and to analyze
changes to this risk, achievement of treatment goals,
and treatment strategies.

- Although CVrisk s high in patients with HeFH, adequate
treatment considerably reduces the likelihood of a CV
event.

- It is important to focus efforts on achieving adequate
control of LDL-C in patients with HeFH.
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