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ABSTRACT

Background. The EAS Familial Hypercholesterolaemia Studies Collaboration (FHSC) global registry
provides a platform for the global surveillance of FH through harmonisation and pooling of multi-
national data. We characterised the adult population with heterozygous FH (HeFH) and described how

HeFH is detected and managed globally.

Methods. Cross-sectional assessment of adults with a clinical and/or genetic diagnosis of probable or
definite HeFH. Data were assessed overall and by WHO regions, sex, and index (IC) versus non-index
cases (non-1C).

Findings. 42,167 adults (53-6% women) from 56 countries were included (79-4% diagnosed by DLCN
criteria; 84-2% from Europe). Median age (interquartile range, IQR) at entry in the registry was 46-2
(34-3-58-0) years (age at FH diagnosis: 44-4 (32.5-56-5) years; 40-2% diagnosed <40 years).
Prevalence of cardiovascular risk factors (CVRF) increased progressively with age and varied by WHO
region. Prevalence of coronary disease was 17-4% (stroke: 2-1%, peripheral artery disease: 5-2%),
increasing with LDL-C levels and ~2-fold lower in women. Of patients receiving lipid-lowering
medications (LLM), 81-1% were using statins and 21-3% were on combination therapy, with greater
use of more potent LLM in men versus women. Median (IQR) LDL-C among patients not taking and
those taking LLM were 5-43 (4-32—6-72) and 4-23 (3-20-5-66) mmol/L. Among patients taking LLM,
2-7% had an LDL-C <1-8mmol/L; the use of combination therapy, particularly with three drugs and
with PCSK9 inhibitors, associated a higher proportion and greater odds of having an LDL-C
<1-8mmol/L. Non-IC, vs IC, were younger, with lower LDL-C and lower prevalence of CVRF and

cardiovascular diseases (all p<0-001).

Interpretation. FH is diagnosed late. Guideline-recommended LDL-C levels are infrequently achieved
with single drug therapy. CVRF and presence of coronary disease are lower among non-IC, who are
diagnosed earlier. Earlier detection and greater utilisation of combination therapies are required to

reduce the global burden of FH.

Study registration: ClinicalTrials.gov (NCT04272697).
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RESEARCH IN CONTEXT
Evidence before this study

We performed a systematic search in PubMed for research articles published from inception to February
23, 2021. Language restrictions were not applied. We included MeSH and free terms related to
(“familial hypercholesterolaemia’) and (“registry”/“gender”/”sex”/“index case”), or variations of these
terms thereof. We screened articles by title and abstracts to identify relevant studies. Reference lists of
eligible articles were also searched for additional studies. Articles that explored familial
hypercholesterolaemia (FH) and registries to characterise FH and its burden, identification, and
management were considered. We also reviewed the most recent guidelines and consensus statements

on dyslipidaemias/FH.

Recent large meta-analyses show that FH is a relatively common inherited condition affecting ~1:300
individuals in the general population (approximately twice the prevalence historically estimated).
Information on prevalence and burden of FH are lacking in many countries and regions. Low rates (<5-
10%) of FH identification are consistently reported. Beyond opportunistic screening, family cascade
screening and universal screening have been proposed; however, there is no consensus on the optimal
strategy and screening programmes are not widely implemented, with only few exceptions.
Characterisation of index versus non-index cases could help inform optimal strategies, but information
reported is limited. FH increases the risk of (premature) cardiovascular disease (CVD), particularly of
coronary disease, with data suggesting outcomes can be prevented through early identification and
intervention. However, undertreatment is consistently reported. Sex disparities in identification and

management of FH are suggested, but requires further characterisation.
Added value of this study

The Familial Hypercholesterolaemia Studies Collaboration (FHSC) provides an integrated approach to
assess the global burden of FH by bringing together data from multiple sources and registries, which
are standardised, harmonised and merged into a single global Registry. The study includes >42,000
heterozygous FH adults from 56 countries. Although FH occurs across all WHO regions, there are some
regional variations. FH is detected late, on average in the age of 40s, with only ~40% of cases diagnosed
<40 years. Prevalence of CVD and cardiovascular risk factors increase with age of diagnosis,
particularly among index cases, suggesting late diagnosis potentially misses out on opportunities to
address other future determinants of health in addition to LDL-C. However, for non-index cases, who
appear to be diagnosed earlier, the prevalence of CVD and risk factors are lower, supporting the role of
screening from index cases. Only 2.7% of treated patients achieve LDL-C <1.8mmol/L, with low use

of combination therapy. Goal attainment improved incrementally with the number of therapies used,



particularly when including PCSK9 inhibitors. There are important differences by sex, with

implications for screening and treatment.
Implications of all the available evidence

Identification of FH must be improved in order to detect those affected much earlier in their life-course.
Greater use of combination therapy is likely required to improve FH management and reduce the gap
between guideline recommendations and clinical practice; this raises challenges about accessibility and
cost, particularly in low/middle-income countries. Sex disparities in FH detection and management are
present, with potential implications for care and outcomes.



MAIN TEXT
Introduction

Recognition that familial hypercholesterolaemia (FH) is not an uncommon condition, whose clinical
course can be improved through early detection and treatment, led to the 1998 World Health
Organization (WHO) Report on FH,! which advocated the need to address the challenge of FH
worldwide through multiple approaches. Since then, there has been limited progress in the
implementation of key aspects of those recommendations, which include making an early diagnosis,
providing effective treatment and raising awareness.2 Contemporary epidemiological and genetic
studies now suggest that FH is approximately twice as common as previously envisaged, potentially
affecting >25 million people worldwide.® Yet with no consensus on approaches for detection or
screening, it is estimated that <5% of those potentially affected have been diagnosed, with limited data

from many world regions .34

Although different registries have been initiated in several countries to inform local policy
independently, efforts to tackle the global burden of FH have been limited by the lack of an integrated
approach. The European Atherosclerosis Society (EAS) FH Studies Collaboration (FHSC)® was
established to create a global registry of FH patients, creating a network of investigators (currently from
66 countries worldwide) for the purpose of providing a platform for the global surveillance of FH
through harmonisation and pooling of regional and national data. The FHSC aims to provide hitherto
unavailable insights on the detection and management of FH on a global level with potential
implications for future public health strategies. In the present study we specifically aimed to characterise
the adult population with heterozygous FH (HeFH) and describe how HeFH is detected and managed
globally.

Methods

The methods of the FHSC have been described elsewhere.> The FHSC draws upon data from an
international consortium of investigators with access to patients managed in specialist clinics which
serve as national, regional or local registries of FH. Individual data from these diverse sources are
standardised to a common Data Dictionary, harmonised and merged into a single global Registry.
Further details of methods and data management are described in Supplemental Methods, Supplemental

Figure 1-2, and in the published protocol.®

The protocol and data governance of the FHSC Registry (registered at ClinicalTrials.gov
NCTO04272697) and its use for research have been approved by the Joint Research Compliance Office
and Imperial College Research Ethics Committee, Imperial College London, United Kingdom.

Investigators and organisations contributing to this registry were required to provide written
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confirmation that they comply with their local research/ethical policies and regulations for sharing data
with the Registry.

The FHSC Registry consists of adults and children with a clinical and/or genetic diagnosis of
homozygous (HoFH) or HeFH; cases with a clinical diagnosis must conform with accepted clinical
criteria (or modified criteria thereof).*® Cases relying only on a self-reported history of FH and those

with secondary causes of hypercholesterolaemia were excluded.

At the time of the present analysis, the FHSC Registry includes >61,600 participants. In the present
study we conducted a cross-sectional assessment of adults (>18 years) with probable or definite HeFH
(possible and definite using Simon-Broome criteria) at the time individuals were entered into the
registries. In cases with a clinical (non-genetic) diagnosis, we excluded those cases with untreated low-
density lipoprotein-cholesterol (LDL-C) >12-9mmol/L (500mg/dL), since these levels make the
presence of HoFH likely (either “true” HoFH or compound/double heterozygotes).® Data were assessed
overall (global) and by WHO regions,’® sex, and index (IC) versus non-index cases (non-IC). IC is
defined as the first documented FH case in a family; non-IC are relatives with FH identified through

screening of the family from the IC.

Characteristics of individual registries and cohorts contributing to the FHSC Registry are shown in
Supplemental Table 1. Since the Netherlands contributed a large percentage of cases to the European
region, the analysis of this region was made separately for “European region excluding the Netherlands”
and “the Netherlands”. Similarly, sensitivity analysis was conducted for the overall FHSC cohort
excluding the Netherlands. Due to the limited number of cases from the WHO South-East Asia region,

this region was considered together with the Western Pacific region.
Statistical Analysis

Merged data were analysed at individual-level on the composite dataset. Where a specific country was
not granted approval by its local ethical/research committee to provide individual-level data to the
FHSC (the case of French Registry of Familial Hypercholesterolaemia), similar analyses to those
conducted on the merged dataset were conducted by the corresponding investigator on their own

individual-level dataset, and the aggregated results were shared with the FHSC.

Descriptive estimates are presented as mean (standard deviation) or median (interquartile range, IQR),
as appropriate, for continuous variables. Categorical variables are reported as absolute numbers and
relative frequencies from total number of participants with data available for the corresponding variable.
No attempt was made to account for missing variables due to the descriptive nature of the analysis; data
available for the variables included in the study are shown in Supplemental Table 2. Between-group
comparisons of continuous variables were conducted using independent-samples T test or Mann-

Whitney U test for normally and non-normally distributed variables, respectively; Chi-squared test was



used for categorical variables. Where appropriate, odds ratios (ORs) and 95% confidence intervals
(95%CI) were estimated using logistic regression to assess the association between a condition of
interest and a certain exposure adjusting by relevant variables. Tests were 2-sided; statistical

significance was defined as p<0-05. The analyses were performed using IBM SPSS Statistics.
Role of the Funding Source

The funders did not have any role in: study design; conducting the study; data collection, analysis, and

interpretation; writing/reviewing the manuscript; decision to submit for publication.

Results

A total of 42,167 adults with HeFH from 56 countries were included in the present analysis,
Supplemental Figure 2. Most cases (79-4%) were diagnosed using the DLCN criteria (either clinical
criteria only, or both clinical and genetic criteria); Simon-Broome criteria was used in 1-6% of cases;
MEDPED, in 6-7%; genetic criteria only, in 10-5%; and other diagnostic system in 1-8% (Supplemental
Table 1). Most cases came from the European region: 84-2%, including 46-3% from the Netherlands

(Table 1). For the African region, 99-4% of cases arose from South Africa (remainder from Nigeria).

Table 1 shows the characteristics of participants at entry in the registry. Median age was 46-2 years and
53-6% were women. Age at which FH was diagnosed was known in 30,560 participants and was a
median of 44-4 years (Table 1) (40-2% diagnosed <40 years; 2-1% diagnosed <18 years; Figure 1,
Supplemental Figure 3). Prevalence of hypertension and diabetes were 19-2% and 5-0%, respectively;
50-1% of patients had a body mass index (BMI) >25kg/m?; the prevalence of CVRF increased
progressively with age (Figure 2; Supplemental Figure 4) and varied by region (Table 1). There was a
higher prevalence of hypertension in Europe (excluding Netherlands), and a higher prevalence of
diabetes and higher BMI in the Eastern Mediterranean region. By comparison, a lower prevalence of
these CVRF was observed in the Dutch cohort.

Coronary artery disease (CAD) was the most prevalent type of cardiovascular disease (CVD) (17-4%,
versus stroke: 2-1% and peripheral artery disease [PAD]: 5-2%), Table 1. Prevalence of premature CAD
(<55/60 years in men/women) was 11-3%. The prevalence of CAD increased progressively with
increasing levels of untreated LDL-C (p<0-0001), unlike stroke and PAD where prevalences did not
vary significantly across LDL-C levels (both p>0-33); Figure 3. The Dutch cohort had lower
prevalences of CAD and stroke (Table 1).

Table 2 shows the characteristics of participants by sex. Women were, on average, ~2-5 years older than

men at the time of FH diagnosis, with 38-4% diagnosed <40 years of age, versus 42-3% of men (Figure



1). Prevalence of CAD was ~2-fold lower in women versus men (p<0-0001) (Figure 4.A). After
adjusting for age, baseline characteristics, lipid levels and LLM, women had a significantly lower odds
of having CAD than men (Figure 4.B). There were no significant differences by sex in the prevalence
of stroke or PAD (Figure 4; Supplemental Table 4).

At the time of study entry, 59-5% of patients were taking LLM (Figure 5; Supplemental Table 5).
Among patients on LLM, 81.1% were taking statins, with or without other LLM (Figure 5.A;
Supplemental Table 6). These percentages were similar for men (81-2%) and women (80-9%), p=0-60,
Supplemental Figure 5; however, more men (16-6%) than women (13-1%) were on the highest statin
doses (atorvastatin 80mg/day or rosuvastatin 40mg/day), p<0-001 (Supplemental Table 7). The
proportion of men, versus women, taking ezetimibe or proprotein convertase subtilisin/kexin type 9
inhibitors (PCSK9i) (with/without any other LLM) were 25.9%, versus 23.4%, and 3.5%, versus 2.5%,
respectively; both p<0-0002 (Supplemental Figure 5). Overall, considering LLM with statins, ezetimibe
or PCSK9i, 21-3% of patients were on combination therapy (men: 22-7%, women: 19-9%, p<0-0001)
(Figure 5.B; Supplemental Figure 5; Supplemental Table 8).

Lipid levels, stratified by those taking/not taking LLM, are shown in Table 1 and Supplemental Table
9. LDL-C was broadly similar between men and women when considering the overall cohort (Table 2);
however, when stratified by age of 50 (broadly accounting for pre-/post-menopause in women), LDL-
C among those not on LLM were significantly higher among women >50 years old compared to men
above the same age (median 5-93 [IQR 4-86—7-17] versus 5-20 [4-19-6-40] mmol/L, respectively; mean
difference 0-64mmol/L [95%CI 0-46, 0-82], p<0-0001); there were no significant differences in LDL-
C by sex below age 50 years, p=0-31 (Supplemental Table 10). Differences in LLM and prevalence of

CVD in women by age of 50 are shown in Supplemental Table 11.

Among patients taking LLM (specifically statins, ezetimibe and/or PCSK9i), 2-7% had an LDL-C
<1.8mmol/L at entry in the registry (Figure 6.A); this percentage was lower for women (2-0%, versus
men: 3-4%, p<0-0001) (Supplemental Figure 6.A). After adjusting for age, baseline characteristics and
type of LLM, the odds of having an LDL-C <1.8mmol/L were lower for women compared with men
(OR 0-63, 95%CI 0-48, 0-82; p=0-0007) (Supplemental Figure 6.B). The use of combination therapy
was associated with a higher proportion and greater odds of having an LDL-C <1.8mmol/L, particularly
with the combination of three drugs and when using PCSK9i (Figures 6.B-D). Similar patterns were

observed for LDL-C goal <1.4mmol/L (Supplemental Figure 7).

The results for the overall cohort stratified by IC/non-1C are shown in Table 2 and Figure 4.C-D. Non-
IC were younger at diagnosis, with lower prevalence of hypertension and diabetes, and lower BMI,
though they were more frequently smokers than IC. Untreated LDL-C was ~1-55mmol/L lower in non-

IC versus IC (p<0-0001; Table 2). Prevalence of CAD and PAD were lower among non-1C compared
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with IC (all p<0-0001), with no detectable difference in stroke (p=0-42) (Figure 4.C; Supplemental
Table 12). A similar pattern remained when the results were stratified by both IC/non-1C and sex
(Supplemental Figure 8). After adjusting for differences including age, sex, CVRF, lipid levels and
LLM, non-IC had lower odds of having CVD compared with IC, mostly reflected by lower odds of
CAD (Figure 4.D). The Netherlands accounted for the majority of the non-IC cohort; therefore, this
cohort were further separated into “Non-1C cohort excluding the Netherlands” and “The Netherlands”
(Supplemental Table 13).

Discussion

Registries are a valuable tool to help assess current practices, monitor patients, identify gaps in care
including guideline implementation, and ultimately inform policy.?2 While FH registries are available in
many countries aimed at research or to audit quality standards, there is no integrated approach globally.
Variability in such segregated approaches has complicated efforts to harmonise and integrate
information from diverse sources, impeding reliable comparisons across, for instance, different
regions/countries to quantify current practices, assess geographical differences in care and, thereby,
inform global public health policy regarding FH.> Through standardisation of nomenclature (FHSC
Data Dictionary), creating a bespoke platform for data entry, and harmonisation, the FHSC attempts to

overcome these limitations to provide a global perspective of FH detection and care.

The present study, the first to report from the FHSC Registry, not only confirms and reinforces findings
found in local registries but also provides novel results and expands the findings to include countries
that are usually underrepresented in the literature. Our results show that FH occurs across all WHO
regions. Regional variations were observed which could reflect, among other factors, population
characteristics, time and method of diagnosis, or differences in detection programmes. Despite FH being
a common condition,®! identification of cases seems to be low, particularly outside Western countries.
Mean age of diagnosis globally was 43 and 46 years in men and women respectively, with less than
half of adult cases diagnosed <40 years of age, and only 2% diagnosed before the age of 18. For a
genetic condition leading to (if untreated) lifelong exposure to elevated LDL-C, these data mean
diagnoses and ultimately therapeutic interventions, occur too late. It may reflect, among other factors,
a lack of early screening programmes.'? Detection globally tends to rely on finding IC, opportunistic
screening such as health checks, or investigation of isolated findings of an elevated LDL-C
measurement. Where some form of cascade testing (formal or otherwise) identified non-IC,
identification appeared to be made several years earlier, with presence of fewer CVRF and lower

prevalence of CVD.



In addition to the acknowledged impact of FH on cardiovascular risk, patients with FH are likely to also
be harmed by other CVRF, which may contribute to further increase their cardiovascular risk.*® In this
regard, although the overall prevalence of hypertension was found to be 19-2% and diabetes 5-0%, these
varied by region and both were more common with increasing age. These data highlight that, whilst FH
occurs globally and there are common goals directed at detection and care, behaviour and cultural
aspects may need to be considered in guiding regional health policy, accounting among others for the
impact of other CVRF on overall cardiovascular risk. Although most FH cases were detected after the
age of 40, we observed that the prevalence of hypertension was only 3-5% and diabetes 1-1% among
those <40 years of age, underscoring the potential opportunities afforded through early diagnosis of FH.
This could facilitate the need for healthy lifestyles early to reduce risk of developing additional CVRF
later in life.

The commonest manifestation of CVD was CAD with many events occurring prematurely. Although
there was a graded relationship between LDL-C levels and prevalence of CAD, there was no similar
trend for either PAD or stroke. These findings reinforce the opportunity among those with premature
CAD to detect IC as a means to initiate cascade testing.>!* This concept is supported by our observation
that among non-I1C, the prevalence of CAD and premature CAD were about one-half and one-third of
IC, respectively, underscoring the importance of early detection, particularly if performed
systematically like in the Netherlands. In the absence of a graded relationship between LDL-C and
vascular diseases other than CAD, further work is needed to determine how FH might be part of a
differential diagnosis among those with PAD or stroke. These observations are in agreement with prior
reports suggesting that cardiovascular manifestations of FH are mainly related to CAD and to a lesser

extent, to PAD, whereas the association of FH with stroke remains more controversial 1517

The present study highlights sex disparities in FH. Although women had broadly similar untreated LDL-
C and prevalence of CVRF, the prevalence of CAD and premature CAD was half that observed in men,
even though the average age of FH diagnosis occurred later in women. In contrast, no clear differences
in prevalence of stroke or PAD were observed. As clinical criteria for diagnosis usually include a
personal history of premature vascular disease,*® cases of FH in women, based on our findings, would
be more reliant on other characteristics such as physical examination findings or absolute LDL-C.
Whether the present scoring systems should be refined with sex-specific criteria is a hypothesis worth
investigating to avoid sex disparities in case detection. Sex differences were further observed for
therapy, with women less likely to receive higher potency lipid-lowering regimens, and less likely to
achieve LDL-C goals. Perceived concerns in treating women of childbearing potential may be one factor

contributing to sex-related and within women (pre/post-menopause) differences in LLM.

Globally individuals with FH are managed mostly by monotherapy with statins (though only ~14%

were receiving the highest doses of atorvastatin or rosuvastatin). Combination therapy of statins with
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ezetimibe or triple therapy with PCSKO9i increases the likelihood of LDL-C goal attainment. Most
guidelines recommend LDL-C <1.8mmol/L or lower for patients with FH,'®1° yet in the present study
only 2-7% of treated patients at entry in the registry had LDL-C levels below that figure. Goal attainment
improved incrementally with the number of therapies used, with our data suggesting that if the gap
between guideline recommendations and clinical practice is to be reduced, greater use of combination
and, in particular, PCSKO9i, are likely to be needed. This raises challenges about accessibility and cost,

particularly in low- and middle-income countries.

The cohort from the Netherlands represents a large proportion of cases in this Registry. Therefore, we
conducted sensitivity analysis for the overall cohort excluding the Netherlands, and the Netherlands
only. In addition, the Netherlands cohort results from a large, nationwide, publicly funded, cascade
screening programme, which ran for about 20 years,?°?! leading to the identification of many non-IC.
This gave us the opportunity to compare this type of programme with the rest of the FHSC cohort,
which mostly relies on case-finding, opportunistic screening and limited cascade screening in some
cases. The participants from the Netherlands (overall and non-1C) were, on average, younger, with
lower prevalences of CVRF (except smoking —higher in the Dutch cohort, likely related to this cohort
running during the 1990s) and CVD, and had lower untreated LDL-C. These data reinforce the value
of wide screening programmes, supported by appropriate policies and resources, to identify larger
numbers of FH cases and to do so earlier and when patients are “healthier”, which will ultimately impact

CVD prevention.
Limitations

The limitations of the present study merit consideration. The probability of being included in one of
these registers depends on numerous factors. One of the most critical is the local health system and the
processes in place to detect and diagnose cases, including the extent to which cascade testing is used.
Although the sites participating in the FHSC are major lipid clinics in each of the participating sites,
there may be patients with FH being managed within the same clinics that are not placed onto a local
register. Those patients with symptomatic vascular disease are more likely to be diagnosed sooner than
those without symptoms. Likewise, systematic factors outside of the intrinsic pathological processes
may influence the relative likelihood of diagnosis being made based on age and sex. It may well be that,
at least in some settings, a patient is more likely to be diagnosed with FH if for instance local or national
care pathways ask primary healthcare providers to refer to specialist clinics such as the ones recruiting
into the FHSC, when LDL-C or cholesterol levels exceed certain thresholds. Data within the FHSC
Registry come from different sources.'> While data sources have broadly similar inclusion/exclusion
criteria and standardised information (utilising a common data dictionary), variability in the data source
(e.g. different specialist clinics, several diagnostic criteria systems) provides some heterogeneity within

the data. The representation of cases from certain WHO regions is limited. Moving forward, global
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collaboration can be further enhanced through expansion of the FHSC Registry to include data from
countries yet to participate, through either provision of individual data or summary data analogous to
the French registry. Where genetic testing was not available/accessible, a clinical diagnosis was made;
therefore, the possibility that some cases without a molecular diagnosis, particularly among those with
milder phenotypes, may have an alternative aetiology resembling an FH phenotype (e.g. polygenic
hypercholesterolaemia); to limit this from happening, where clinical criteria were applied only patients
with probable or definite FH were included in the study. Registries are observational by nature and
some variables were not captured in all countries. While we have statistically adjusted for different
variables where appropriate, the presence of potential confounders cannot be fully ruled out for
subgroup comparisons. Patients with severest phenotypes may have died before they could have been
captured in the local registries (potential survival bias). Most local registries are centred in specialist
clinics, with some specialisation in lipids, which may imply that gaps in care identified in this study
could be more pronounced in general practice or in other non-specialised clinics. Finally, regarding
LLM, given present analyses are at the time of entry in the registry (which in some cases is when the
patients are first identified with FH or when they are first referred to a specialist clinic) the treatment
may have not yet been intensified. The fact that many patients were included in the respective
national/local registries some years ago, before PCSK9i were available, may partly account for the low
percentage of patients taking this medication.

Conclusions

This report from the FHSC reveals that FH is diagnosed late and control of LDL-C levels fall far below
guideline recommendations in part because of pharmacological monotherapy-based regimens. Earlier,
more systematic detection of FH and greater use of combination therapy will be required to improve

FH care globally.
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TABLES

Table 1. Characteristics of FH patients overall and stratified by geographical region.

Data shown as absolute and relative frequencies [n (%)] or median and interquartile range, as
appropriate. (*) For Africa region, most cases (n=839, 99-4%) were from South Africa, the remaining
corresponding to Nigeria. (a) Age at FH diagnosis and (b) body mass index data not available in most
cases from the region of Africa. (c) Data not available in most datasets (primarily collected premature
disease, instead of overall disease). (d) Information on peripheral artery disease was not available in the
dataset from The Netherlands. Results for coronary artery disease, stroke and peripheral artery disease
are excluding data from Egypt and Uzbekistan, since both datasets have “having premature
cardiovascular disease” (any)as inclusion criteria. CAD, coronary artery disease; FH, familial

hypercholesterolaemia; LLM, lipid-lowering medication.

Table 2. Characteristics of FH patients stratified by sex and by index case status.

Data shown as absolute and relative frequencies [n (%)] or median and interquartile range (IQR), as
appropriate. FH: familial hypercholesterolaemia; LLM: lipid-lowering medication. Data with
information available on index or non-index case n=26,735. FH: familial hypercholesterolaemia; LLM:

lipid-lowering medication.
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FIGURE LEGENDS

Figure 1. Distribution of participants by age and sex at entry in the registry (A) and at the time
of FH diagnosis (B).

Inclusion criteria for the study was age at entry in the registry 18 years or older. FH, familial

hypercholesterolaemia.

Figure 2. Cardiovascular risk factors (hypertension [A], diabetes [B] and body mass index overall
[C] and by age [D]).

Categories of body mass index are defined as follows: “low weight”, body mass index below 18-5
kg/m?; “normal weight”, 18-5 to <25 kg/m?, “overweight”, 25 to <30 kg/m?; “obesity”, 30 kg/m? or

above. BMI, body mass index; IQR, interquartile range.

Figure 3. Cardiovascular disease by LDL-C levels among patients not on lipid-lowering

medication.

p values are for the comparison across LDL-C categories within each cardiovascular disease group. (*)
LDL-C cut-offs are based on the categories of LDL-C in the Dutch Lipid Clinic Network (DLCN) FH

diagnostic criteria. LDL-C, low-density lipoprotein cholesterol.

Figure 4. Cardiovascular disease stratified by sex (panels A and B) and by index case status
(panels C and D). A: Prevalence of type of cardiovascular disease stratified by sex; (B) Association
of sex with type of cardiovascular disease; (C) Prevalence of cardiovascular disease among index
and non-index cases; (D) association between of index/non-index cases with cardiovascular

disease.

(*) Odds ratio adjusted by age, baseline comorbidities (hypertension, diabetes, smoking, body mass
index), lipid levels (LDL-C, HDL-C, log[TG]), lipid-lowering medication, index case, and interaction
between LDL-C and lipid-lowering medication. (**) Odds ratio adjusted by age, sex, baseline
comorbidities (hypertension, diabetes, smoking, body mass index), lipid levels (LDL-C, HDL-C,
log[TG]), lipid-lowering medication, and interaction between LDL-C and lipid-lowering medication.

CAD, coronary artery disease; Cl, confidence interval; IC, index case; OR, odds ratio.
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Figure 5. Lipid-lowering medication: (A) Class and type of lipid-lowering medication; (B)
Combination therapy among participants taking statins, ezetimibe or PCSK9 inhibitors.

LLM, lipid-lowering medication; PCSK9 inh, proprotein convertase subtilisin/kexin type 9 inhibitors;

SD, standard deviation.

Figure 6. Attainment of LDL-C goals among patients on lipid-lowering medication: (A)
Percentage of patients on lipid-lowering medication with an LDL-C below different thresholds;
(B) Percentage of patients on lipid-lowering medication (statins, ezetimibe and/or PCSK9
inhibitors) with and LDL-C <1-8mmol/L based on the number of lipid-lowering medications
taken; (C) Odds of attaining an LDL-C <1.8mmol/L based on the number of lipid-lowering
medications taken (statins, ezetimibe and/or PCSK9 inhibitors; and (D) Odds of attaining an

LDL-C <1.-8mmol/L based on the type of lipid-lowering medication.

(*) Age and sex adjusted. (**) Each one adjusted by age, sex and the other types of lipid-lowering
medication. Results for the LDL-C goal of <1-4mmol/L are shown in Supplemental Figure 7. ClI,
confidence interval; LLM, lipid-lowering medication; OR, odds ratio; PCSK9, proprotein convertase
subtilisin/kexin type 9.
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