
Traditional cardiovascular risk factors and their association with 
atherosclerotic cardiovascular disease in homozygous familial 
hypercholesterolemia: A cross-sectional analysis from the HICC registry

Willemijn AM. Schonck a , G. Kees Hovingh a,b, Dirk J. Blom c, Tycho Tromp d, Marina Cuchel e,  
Fahad Alnouri f, Frederick J. Raal g, Jeanine E. Roeters van Lennep h, Akl C. Fahed i,j,k,  
Alberico L. Catapano l,m, Aeilko H. Zwinderman n, Erik S.G. Stroes a, Laura D'Erasmo o,  
Laurens F. Reeskamp a,* , the Homozygous Familial Hypercholesterolemia International 
Clinical Collaborators1

a Department of Vascular Medicine, Amsterdam Cardiovascular Sciences, Amsterdam UMC, University of Amsterdam, Amsterdam, the Netherlands
b Novo Nordisk A/S, Copenhagen, Denmark
c Department of Medicine, Division of Lipidology and Cape Heart Institute, University of Cape Town, Cape Town, South Africa
d Department of Internal Medicine, St. Antonius Hospital, Nieuwegein, the Netherlands
e Department of Medicine, Division of Translational Medicine and Human Genetics, Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA, USA
f Cardiovascular Prevention Unit, Department of Adult Cardiology, Prince Sultan Cardiac Centre, Riyadh, Saudi Arabia
g Carbohydrate and Lipid Metabolism Research Unit, Faculty of Health Sciences, University of Witwatersrand, Johannesburg, South Africa
h Department of Internal Medicine, Erasmus MC Cardiovascular Institute, University Medical Centre Rotterdam, Rotterdam, the Netherlands
i Cardiology Division, Massachusetts General Hospital, Harvard Medical School, Boston, MA, USA
j Cardiovascular Disease Initiative, Broad Institute of MIT and Harvard, Cambridge, MA, USA
k Center for Genomic Medicine, Department of Medicine, Massachusetts General Hospital, Boston, MA, USA
l IRCCS MultiMedica, Sesto San Giovanni, MI, Italy
m Department of Pharmacological and Biomolecular Sciences, University of Milan, Italy
n Department of Public and Occupational Health, Amsterdam Public Health (APH, Amsterdam UMC, Location University of Amsterdam, Amsterdam, the Netherlands
o Department of Translational and Precision Medicine, Sapienza University of Rome, Rome, Italy

H I G H L I G H T S G R A P H I C A L  A B S T R A C T

• Hypertension is independently associated 
with coronary artery disease in homozy
gous familial hypercholesterolemia.

• Diabetes, smoking, and obesity showed 
no statistically significant association 
with coronary artery disease.

• Cardiovascular risk factors are more 
prevalent in older patients and in high- 
income countries.

• Identification and management of hy
pertension remain important alongside 
intensive LDL-C lowering.
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A B S T R A C T

Background and aims: As survival improves in patients with homozygous familial hypercholesterolemia (HoFH), 
exposure to traditional cardiovascular risk factors may increasingly influence outcomes. This study aimed to 
determine the prevalence of traditional coronary artery disease (CAD) risk factors—hypertension, diabetes, 
smoking, and obesity—and their associations with CAD in HoFH.
Methods: We performed a cross-sectional analysis of patients enrolled in the HoFH International Clinical Col
laborators (HICC) registry (NCT04815005) between February 2016 and December 2024. Logistic regression was 
used to estimate the association between risk factors and CAD in risk factor propensity score–matched subgroups. 
Analyses were stratified by sex, on-treatment LDL-C tertiles, and country-income status.
Results: Among 912 patients with HoFH (53.3% female; median age 33.0 years), the prevalence of hypertension 
was 16.5%, diabetes 3.8%, smoking 8.2%, overweight 25.4%, and obesity 17.6%. Cardiovascular risk factors 
were more frequent in older patients (e.g., hypertension: 25.7% ≥ 30 years vs. 4.3% < 30 years; p < 0.001), in 
those from high-income countries (17.8% vs. 14.9%; p = 0.011), and in those achieving lower LDL-C levels 
(24.1% in the lowest vs. 14.6% in the highest LDL-C tertile; p = 0.004). After propensity score matching, hy
pertension was significantly associated with CAD (OR 1.85; 95%CI 1.11–3.08, p = 0.02), while diabetes, 
smoking, and obesity were not associated.
Conclusions: Despite the dominant role of cumulative LDL-C burden in the development of CAD, our findings 
indicate an association between hypertension and CAD in HoFH. Although causal inference is limited by the 
cross-sectional design, these results highlight the importance of proactive identification and management of 
hypertension in HoFH alongside intensive lipid-lowering therapy.

1. Introduction

Homozygous (bi-allelic) familial hypercholesterolemia (HoFH) is a 
rare, heritable disease characterized by extremely elevated low-density 
lipoprotein cholesterol (LDL-C) levels and premature coronary artery 
disease (CAD) [1,2]. The onset and severity of CAD in HoFH patients 
varies considerably [3] and is highly dependent on access to lipid 
lowering therapies (LLT) and achieved lipid control [2]. While care for 
HoFH has improved substantially, leading to increased life expectancy, 
other traditional cardiovascular risk factors, such as hypertension, dia
betes and obesity, are likely to have an increasing impact in this patient 
group, especially given their rising global incidence [4]. Emerging data 
have confirmed that these established risk factors contribute to the 
increased risk of CAD in patients with heterozygous (mono-allelic) FH 
(HeFH) [5]; yet the prevalence of these risk factors (i.e., hypertension, 
diabetes, smoking and obesity) and their association with CAD in HoFH 
have not been studied at scale. The aim of the current study was to 
address this gap using the HoFH International Clinical Collaborators 
(HICC) registry containing more than 900 patients; the largest interna
tional HoFH cohort to date.

2. Patients and methods

2.1. Participating centres and patient selection

The HoFH International Clinical Collaborators (HICC, 
NCT04815005) is a global consortium of clinicians and researchers 
involved in the care of patients with HoFH [2]. Patients were eligible for 
inclusion in the HICC registry if diagnosed with HoFH either clinically, 
genetically, or both by their attending physician. A clinical diagnosis 
was defined as an untreated LDL-C >10 mmol/L, cutaneous or tendon 
xanthomas before age 10, and/or elevated LDL-C in both parents (or one 
in digenic form) [1]. Genetic confirmation involved identifying bi-allelic 
familial hypercholesterolemia variants (such as homozygous, compound 
heterozygous, or double heterozygous variants in the LDLR, APOB, 
PCSK9 genes), according to local genetic analysis. Over 43 countries 
contributed to the patients in HICC currently selected for analyses 
(Supplementary Table S1).

2.2. Data collection

Patients with HoFH who were alive during or after 2010 were 
eligible for data entry, which occurred between February 2016 and 

August 2024. The present study has a cross-sectional design involving 
the data that was collected at the time of entry into the registry and 
included demographics, lipid levels, lipid-lowering treatment, the 
prevalence of traditional cardiovascular risk factors. Despite, retro
spective collection of data on CAD and ASCVD events no prospective 
follow-up was performed and the data was cross-sectionally analysed. 
Detailed description of the data collection methods was outlined in a 
previous publication [2].

2.3. Variables and subgroup definitions

Physician-reported data on cardiovascular risk factors (i.e. hyper
tension, diabetes, smoking and overweight/obesity) present at study 
entry were analysed. These risk factors were classified into categories. 
Hypertension, diabetes mellitus, and smoking were classified as yes/no. 
For smoking “no” indicated never-smoker or former smoker and “yes” 
indicated current smoker. Weight categories were classified according to 
World Health Organization (WHO) cutoffs: obese (body mass index 
(BMI) ≥30 kg/m2), overweight (BMI 25–<30 kg/m2), normal weight 
(BMI 18.5–<25 kg/m2), and underweight (BMI <18.5 kg/m2) [6]. For 
children and adolescents, BMI z-scores were calculated based on age, 
sex, height, and weight using WHO growth reference standards [7] as 
implemented in the R statistical package ‘anthroplus’[8]. Weight status 
was defined as follows: obese (>+2 standard deviations (SD)), over
weight (>+1 SD and ≤+2 SD), normal weight (between − 2 SD and +1 
SD), and underweight (<− 2 SD). In instances where only BMI was 
available (without accompanying height or weight data), weight clas
sification was determined using WHO BMI-for-age reference tables, 
stratified by sex [9,10].

CAD was defined as a composite of cardiovascular death, myocardial 
infarction (MI), percutaneous coronary intervention (PCI) and coronary 
artery bypass grafting (CABG). ASCVD included CAD and ischemic 
stroke, carotid endarterectomy, and peripheral artery disease.

For the comparison between high-income and non-high-income re
gions of the world, countries were categorized according to the 2024 
World Bank definition of income categories: high income, upper-middle 
income, lower-middle income, and low-income (Supplementary Table 
S1) [11]. The upper-middle income, lower-middle income, and 
low-income countries were combined into a single "non-high-income" 
category, as used previously [12].
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2.4. Statistical analysis

Descriptive statistics were presented as mean ± standard deviation 
(SD) for normally distributed variables and as median with interquartile 
range [IQR] for non-normally distributed data. Appropriate statistical 
tests were used to compare these descriptive data among groups (i.e., t- 
test, Mann-Witney U, or chi-square test).

Missing data in the variables of interest, was addressed by applying 
multiple imputation using the mice (Multivariate Imputation by 
Chained Equations) package. Only records with complete information 
on age at entry, sex, diagnostic age, and country were retained for 
imputation. Missing values (Supplementary Table S2) in the dataset 
were imputed using predictive mean matching for continuous variables 
and logistic regression for binary categorical variables, based on a 
manually pre-specified predictor matrix based on domain knowledge 
(Supplementary Table S3). Ten multiple imputed datasets were gener
ated. The convergence of the imputation process was assessed by 
examining the logged events and diagnostic plots. The final, imputed 
datasets included the variables age at entry, sex, age at diagnosis, lipid 
levels (e.g., LDL-C), lipid lowering therapy use, presence of traditional 
risk factors (hypertension, diabetes mellitus, smoking status, BMI), and 
country income status.

To address survivor and reporting bias—particularly relevant in 
HoFH, where outcomes are strongly influenced by the severity of hy
percholesterolemia and access to lipid-lowering therapies—risk factor 
propensity score matching was performed to create two comparable 
groups with and without presence of risk factor of interest. The pro
pensity score was estimated using a predefined set of covariates (age at 
diagnosis, age at registry entry, sex, and lowest on-treatment LDL- 
cholesterol), selected based on their established relationship with both 
the likelihood of developing traditional risk factors and the probability 
of having coronary artery disease (CAD).

Propensity score matching was conducted using the MatchThem R 
package across 10 multiply imputed datasets. Nearest-neighbour 
matching without replacement was performed within each imputed 
dataset using the “within” imputation approach, applying a caliper of 
0.4 standard deviations of the logit of the propensity score to improve 
covariate balance and avoid poor matches. A 1:1 matching ratio was 
used.

Covariate balance before and after matching was assessed using 
standardized mean differences (SMDs) and Kolmogorov–Smirnov tests, 
with adequate balance defined as an absolute SMD <0.1. Propensity 
score overlap between exposed and unexposed groups was visually 
inspected. Overlap plots and SMD tables are provided in the Supple
mentary Table S4 and Supplementary Figure 1. All regression analyses 
presented in the manuscript were performed in the propensity score
–matched datasets. In addition to propensity score–matched analyses, 
we performed multivariable logistic regression in the overall imputed 
cohort as a complementary analysis, to assess the consistency of asso
ciations (Supplementary Table S5).

The prevalences of cardiovascular risk factors were assessed in the 
overall cohort and stratified by sex, age category, lowest on-treatment 
LDL-C tertile, and country income status (Supplementary Table S10). 
Logistic regression models were applied to each imputed and propensity 
score matched dataset to assess the association between the exposure 
variables (e.g., hypertension, diabetes, obesity, and smoking) and the 
outcomes of interest (CAD or ASCVD). Next, these models were adjusted 
for potential confounders such as age, sex, LDL-C, smoking, hyperten
sion, diabetes, and obesity, depending on the exposure being analysed. 
The models applied in separate imputation datasets were pooled using 
Rubin's rules to account for the variability introduced by imputation 
[13]. All statistical tests are 2-tailed, and a P value < 0.05 was consid
ered statistically significant. All statistical analyses were performed 
using R, version 4.2.1 (R Foundation, Vienna, Austria).

3. Results

A total of 912 HoFH patients from 43 countries were included. Me
dian age at entry was 33.0 years (IQR 20.0–46.0); 173 (19.0%) were 
<18 years. 53.3% were female and 60.0% from high-income countries. 
Median untreated LDL-C was 14.5 mmol/L (11.3 – 18.1), the most recent 
LDL-C 7.5 mmol/L (4.5 – 11.3)and the lowest on-treatment LDL-C 4.9 
mmol/L (2.7 – 7.2). Of 747 patients for whom detailed information on 
LLT was available, most patients (590 [79.0%]) were on statin therapy, 
usually high intensity (390 [82.8%] of 419 where statin dosage was 
available), defined as atorvastatin 40 mg or more or rosuvastatin 20 mg 
or more per day. Most patients received ezetimibe (57.3%), lipoprotein 
apheresis (39.9%), and PCSK9 inhibitors (22.1%). Use of lomitapide 
(8.4%), evinacumab (2.0%), mipomersen (0.8%), and liver trans
plantation (2.0%) was less frequent. CAD and ASCVD were reported in 
30.3% and 36.0% of HoFH patients, respectively (Table 1). Patients with 
CAD and ASCVD were older than those without, with median ages of 
50.0 (IQR 40.0–62.0) and 49.0 years (IQR 39.0–62.0), respectively, 
compared with 34.0 (IQR 23.0–47.0) and 33.0 years (IQR 22.0–46.0) in 
those without CAD and ASCVD.

The prevalence of hypertension was 16.5%, diabetes 3.8%, current 
smoking 8.2%, former smoking 9.8%, overweight 25.4%, and obesity 
17.6% (Fig. 1A). Cardiovascular risk factors were more prevalent in 
older patients (e.g., hypertension: 25.7% in patients ≥30 years vs. 4.3% 
in patients <30 years; p < 0.001) (Fig. 1B), in patients from high-income 
countries (e.g., hypertension: 17.8% vs. 14.9%; p = 0.011) (Fig. 1D), and 
in those who achieved better LDL-C control (e.g., hypertension: 24.1% in 
the lowest vs. 14.6% in the highest LDL-C tertile; p = 0.004) (Fig. 1C and 
Supplemental Table S6–S10).

Propensity score matching yielded 157 matched pairs for hyperten
sion, 45 for diabetes, 287 for smoking, and 130 for obesity 
(Supplemental Table S4), and the matched cohorts were used for sub
sequent logistic regression analyses. Univariable analysis showed that 
hypertension was the only risk factor significantly associated with both 
CAD (OR 1.83, 95% CI 1.15–2.93; p = 0.01) and ASCVD (OR 1.84, 95% 
CI 1.11–3.08; p = 0.02) (Table 2, Model 1). After adjustment for age, sex, 
lowest on-treatment LDL-C, and country-income status (Table 2, Model 
2), hypertension remained a significant risk factor for CAD (OR 1.84, 
95%CI 1.13–2.99, p = 0.02) and ASCVD (OR 1.87, 95%CI 1.09–3.20, p 
= 0.03). Further adjustment for the other risk factors (Table 2, Model 3) 
confirmed this association for both CAD (OR 1.85, 95%CI 1.11–3.08, p 
= 0.02) (Fig. 1E) and ASCVD (OR 1.78, 95%CI 1.01–3.12, p = 0.04) 
(Fig. 1F). Diabetes, smoking, and obesity were not significantly associ
ated with CAD or ASCVD (Fig. 1E and F). In a complementary analyses in 
the full multiple imputed cohort, effect estimates were similar to those 
observed in the propensity score–matched analyses (Supplementary 
Table S5).

4. Discussion

In this study, hypertension was identified as a significant risk factor 
for CAD and ASCVD in HoFH patients, while other factors like diabetes, 
smoking, and obesity were not significantly associated with CAD and 
ASCVD in this high-risk group. We observed important variation in the 
prevalence and impact of traditional cardiovascular risk factors across 
age groups, LDL-C strata and country income levels, supporting the 
notion that these risk factors may become increasingly relevant as sur
vival in HoFH continues to improve.

The disparities in risk factor prevalence between high- and non-high- 
income countries underscore the impact of socio-economic conditions 
on health outcomes in HoFH. In high-income countries, greater access to 
healthcare and to a greater variety of LLTs could extend lifespan, 
allowing age-related comorbidities like hypertension, diabetes, and 
obesity to emerge [14]. Importantly, this pattern should not be inter
preted as suggesting that lower on-treatment LDL-C levels are causally 
associated with a higher burden of traditional risk factors. Rather, it 
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likely reflects improved survival and healthcare access, permitting the 
development and detection of age-related comorbidities. Conversely, in 
non-high-income countries, limited access to as well as underutilisation 
of LLTs often leads to higher LDL-C levels and earlier CAD events, which 
may preclude such comorbidities from developing [15]. These obser
vations may also reflect elements of survival bias: patients who develop 
CAD at a very young age due to extremely high untreated LDL-C levels 
may not survive long enough to develop traditional risk factors such as 
diabetes or obesity. This disparity is supported by the markedly earlier 
manifestation of CAD-related events in non–high-income countries, with 
median MACE-free survival more than a decade shorter than in 
high-income countries (24.5 vs 35.0 years; HR 2.01, 95% CI 1.40–2.88) 
[2]. In addition, improved surveillance and diagnostic capacity in 
high-income countries likely contributes to higher detection rates of 
hypertension and diabetes, introducing a potential detection bias.

Previous studies have shown that in patients with HeFH, traditional 
cardiovascular risk factors, including hypertension, smoking, and 
obesity, further increase ASCVD risk beyond lifelong exposure to 
elevated LDL-C (16-21). Our findings suggest that, even in the context of 
extreme lifelong LDL-C burden in HoFH, hypertension remains associ
ated with elevated cardiovascular risk, underscoring the importance of 
strict blood pressure control alongside optimal LLT. However, given the 
substantially earlier disease onset and greater cumulative LDL-C expo
sure in HoFH, direct extrapolation to HeFH should be made with 
caution. The absence of independent associations between diabetes, 
smoking, or obesity and CAD or ASCVD should be interpreted 
cautiously. The low prevalence of diabetes (3.8%) and current smoking 
(8.2%), together with the relatively young median age (33 years), likely 
limited statistical power and reduced cumulative exposure to these risk 
factors, thereby attenuating detectable associations. In addition, the 
clinical impact of obesity in youth may differ from that in adults, 
complicating direct comparisons with older cohorts. Thus, the absence 
of association should not be interpreted as evidence of absence of effect. 
Statistical precision was further reduced in the propensity score
–matched analyses, particularly for diabetes (45 matched pairs), 
although effect estimates were directionally consistent with those 
observed in the full cohort (Supplementary Table S5). The extreme 
lifelong burden of LDL-C likely accelerates atherosclerosis, compressing 
the window during which modifiable factors such as diabetes, obesity, 
or smoking may exert a measurable effect. However, as survival im
proves through earlier diagnosis and more effective LLT, these factors 
are likely to also become more relevant. Longitudinal follow-up studies 
and future cohort expansions are therefore essential to establish whether 
the contribution of diabetes, smoking, and obesity increases as HoFH 
patients age and experience longer durations of exposure, and to better 
clarify temporal relationships and cumulative LDL-C burden across age 
groups.

4.1. Limitations

This study has several limitations. First, its cross-sectional design 
precludes inference of temporal or causal relationships between car
diovascular risk factors and ASCVD in patients with HoFH. Cardiovas
cular risk factors and ASCVD outcomes were recorded at the time of 
registry entry based on physician-reported data; therefore, the temporal 

Table 1 
Baseline characteristics.

Overall (N = 912)

Age of HoFH diagnosis, years 11.0 [6.0 – 25.0]
Age at entry of the registry, years 33.0 [20.0 – 46.0]

Female, N (%) 486 (53.3%)
Male, N (%) 426 (46.7%)

Country income status ​
High-income countries 547 (60.0%)
Non-high-income countries 365 (40.0%)

Race a ​
White 415 (45.5%)
Asian 139 (15.2%)
Black 10 (1.1%)
Other/mixed race 107 (11.7%)
Unknown 241 (26.4%)

Body-mass index, kg/m2 ​
Underweight 37 (7.1%)
Normal weight 262 (50.0%)
Overweight 133 (25.4%)
Obesity 92 (17.6%)

Diabetes 30 (3.8%)
Hypertension 132 (16.5%)
Chronic kidney disease 11 (1.7%)
Smoking ​

Current smoking 58 (8.2%)
Not current smokerb 564 (79.8%)

Lipids, mmol/L ​
Untreated ​

Total cholesterol 16.0 [12.7 – 20.0]
LDL cholesterol 14.5 [11.3 – 18.1]
HDL cholesterol 1.0 [0.8 – 1.3]
Triglycerides 1.2 [0.9 – 1.8]

Most recentc ​
Total cholesterol 8.8 [5.8 – 12.9]
LDL cholesterol 7.5 [4.5 – 11.3]
HDL cholesterol 1.1 [0.8 – 1.3]
Triglycerides 1.1 [0.7 – 1.5]

Lowest on-treatmentd ​
Total cholesterol 6.3 [4.2 – 9.1]
LDL cholesterol 4.9 [2.7 – 7.2]
HDL cholesterol 1.0 [0.7 – 1.3]
Triglycerides 0.9 [0.6 – 1.2]

LLT ​
Data on LLT available 747 (81.9%)

Statin (%) 590 (79.0%)
High intensity 390 (52.2%)
Moderate intensity 75 (10.0%)
Low intensity 6 (0.8%)
No statin or unknown dose 276 (36.9%)
Ezetimibe (%) 428 (57.3%)
PCSK9 inhibitors (%) 165 (22.1%)
Lomitapide (%) 63 (8.4%)
Evinacumab (%) 15 (2.0%)
Mipomersen (%) 6 (0.8%)
Lipoprotein apheresis (%) 298 (39.9%)
Liver transplantation (%) 15 (2.0%)

CAD 276 (30.3%)
Cardiovascular death 47
Myocardial Infarction 111
Percutaneous Coronary Intervention 226
Coronary Artery Bypass Grafting 142

Age of patients with CAD, years 50.0 (40.0 – 62.0)
Age of patients without CAD, years 34.0 (23.0 – 47.0)
ASCVD 328 (36.0%)

Cardiovascular death 47
Myocardial Infarction 111
Percutaneous Coronary Intervention 226
Coronary Artery Bypass Grafting 142
Stroke 9
Carotid stent 4
Carotid Endarterectomy 15
Peripheral Artery Disease 55

Age of patients with ASCVD, years 49.0 (39.0 – 62.0)
Age of patients without ASCVD, years 33.0 (22.0 – 46.0)

Demographic and clinical characteristics and plasma lipid levels in patients with 
homozygous familial hypercholesterolaemia. Data are shown as n (%), or me
dian (IQR). HoFH, Homozygous Familial Hypercholesterolemia; LDL, low- 

density lipoprotein; HDL, high-density lipoprotein; CAD, coronary artery dis
ease; ASCVD, atherosclerotic cardiovascular disease. ¥Race was reported by the 
treating physician.

a Race was reported by the treating physician.
b Not current smoker includes former and never smokers.
c This reflects the most recent measurement available after diagnosis and 

before data entry in the registry.
d This reflects the lowest recorded LDL cholesterol measurement between 

untreated (at diagnosis) and most recent measurement. When unavailable, the 
most recent measurement itself was considered the lowest.
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Fig. 1. Prevalence of cardiovascular risk factors and their association with CAD in HoFH patients 
The prevalence of the traditional risk factors (Fig. 1A). The prevalence of traditional risk factors stratified by age (Fig. 1B), on-treatment LDL cholesterol tertiles 
(Fig. 1C) and country income status (Fig. 1D). Hypertension is significantly associated with presence of CAD in HoFH patients, after adjustment for age at entry to the 
registry, sex, lowest LDL-C and country income status (Fig. 1E) and with presence of ASCVD after adjustment for age at entry to the registry, sex, lowest LDL-C and 
country income status and the other risk factors (i.e., smoking, diabetes, obesity) (Fig. 1F). Results are presented as odds ratios with 95% confidence intervals. 95%CI, 
95% confidence interval.
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sequence between risk factor onset and CAD events cannot be defini
tively established, and reverse causality cannot be excluded. Hyper
tension, for example, may have developed after the onset of CAD or in 
the context of advanced vascular disease or its treatment, and may 
therefore reflect both a contributing factor and a marker of more severe 
vascular pathology. Although multivariable adjustment and propensity 
score matching were applied, residual confounding cannot be excluded. 
Nevertheless, the consistent association observed across analyses sug
gests that the presence of hypertension identifies a subgroup of HoFH 
patients at particularly high cardiovascular risk and may warrant careful 
clinical attention. Second, the reliance on physician-reported data may 
introduce reporting bias and variability across centres. Differences in 
diagnostic practice, screening frequency, and local availability of testing 
may also have contributed to heterogeneity in the classification of 
traditional risk factors. Hypertension was recorded without detailed 
information on blood pressure measurements, duration, or the use, class, 
or intensity of antihypertensive therapy, limiting a more nuanced 
assessment of hypertension severity, treatment adequacy, and cumula
tive exposure. Finally, although this represents the largest global regis
try of HoFH patients to date, the cohort may not fully reflect patients in 
regions with limited specialist access, potentially affecting 
generalizability.

5. Conclusion

In conclusion, hypertension emerged as a significant risk factor 
independently associated with CAD and ASCVD in patients with HoFH. 

Its higher prevalence in individuals from high-income countries and 
those achieving lower LDL-C levels likely reflects increased longevity 
facilitated by effective LLT and better healthcare access. These findings 
highlight the importance of addressing not only lifelong hypercholes
terolemia but also age-related comorbidities such as hypertension in the 
comprehensive care of HoFH patients. As survival continues to improve, 
the role of other traditional cardiovascular risk factors may become 
more prominent, underscoring the need for ongoing surveillance and 
longitudinal research.
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CAD
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​ OR (95% 
CI)

p- 
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OR (95% 
CI)

p- 
value
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CI)

p- 
value
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(1.11 – 
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0.02
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​ ASCVD
​ MODEL 1 MODEL 2 MODEL 3
​ OR (95% 
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p- 
value
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p- 
value
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p- 
value
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Model 1: univariate analysis. Model 2: adjustment for age at entry, age at 
diagnosis, sex, country income status and lowest on-treatment LDL cholesterol. 
Model 3: model 2 + other risk factors. All estimates are derived from propensity 
score-matched analyses. Data are shown as odds ratio with 95% confidence 
interval. OR, odds ratio; 95% CI, 95% confidence interval; CAD, coronary artery 
disease; ASCVD, atherosclerotic cardiovascular disease. These results are based 
on baseline data from the propensity score–matched cohort.
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