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Abstract

Background and 
Aims

Overweight and obesity are modifiable risk factors for atherosclerotic cardiovascular disease (ASCVD) in the general popu
lation, but their prevalence in individuals with heterozygous familial hypercholesterolaemia (HeFH) and whether they confer 
additional risk of ASCVD independent of LDL cholesterol (LDL-C) remains unclear.

Methods Cross-sectional analysis was conducted in 35 540 patients with HeFH across 50 countries, in the EAS FH Studies 
Collaboration registry. Prevalence of World Health Organization–defined body mass index categories was investigated in 
adults (n = 29 265) and children/adolescents (n = 6275); and their association with prevalent ASCVD.
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Results Globally, 52% of adults and 27% of children with HeFH were overweight or obese, with the highest prevalence noted in 
Northern Africa/Western Asia. A higher overweight/obesity prevalence was found in non-high-income vs. high-income 
countries. Median age at familial hypercholesterolaemia diagnosis in adults with obesity was 9 years older than in normal 
weight adults. Obesity was associated with a more atherogenic lipid profile independent of lipid-lowering medication. 
Prevalence of coronary artery disease increased progressively across body mass index categories in both children and adults. 
Compared with normal weight, obesity was associated with higher odds of coronary artery disease in children (odds ratio 
9.28, 95% confidence interval 1.77–48.77, adjusted for age, sex, lipids, and lipid-lowering medication) and coronary artery 
disease and stroke in adults (odds ratio 2.35, 95% confidence interval 2.10–2.63 and odds ratio 1.65, 95% confidence interval 
1.27–2.14, respectively), but less consistently with peripheral artery disease. Adjusting for diabetes, hypertension and smok
ing modestly attenuated the associations.

Conclusions Overweight and obesity are common in patients with HeFH and contribute to ASCVD risk from childhood, independent of 
LDL-C and lipid-lowering medication. Sustained body weight management is needed to reduce the risk of ASCVD in HeFH.

Structured Graphical Abstract

How common are overweight and obesity in individuals with heterozygous familial hypercholesterolaemia (FH)? Are they associated with 
atherosclerotic cardiovascular disease independent of lipid-lowering medications and LDL-cholesterol levels?

In this observational study across 50 countries, one in four children and one in two adults with FH was overweight or obese. Obesity 
was associated with higher odds of coronary artery disease in both adults and children, independent of age, sex, lipid-lowering
medications and LDL-cholesterol levels. 

In addition to lipid-lowering medications, sustained weight management is needed from a young age in people with FH to reduce the 
likelihood of cardiovascular events. 
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Key Finding

Take Home Message

Overweight and obesity in individuals with heterozygous familial hypercholesterolaemia: prevalence and consequences

BMI is associated with higher 
LDL-C independent of age, sex 
and lipid-lowering medication1

Higher odds of coronary artery disease and stroke 
with overweight and obesity, independent of LDL-C 

and medication
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1Curves show estimated mean and 95% CI
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Overweight and obesity are common in patients with heterozygous familial hypercholesterolaemia and are associated with higher LDL cholesterol 
and greater risk of atherosclerotic cardiovascular disease, independent of lipid-lowering medication. BMI, body mass index; CI, confidence interval; 
HDL-C, HDL cholesterol; LDL-C, LDL-cholesterol; OR, odds ratio.
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Introduction
Globally, cardiovascular disease (CVD) affects ∼9% of individuals and is 
responsible for one-third of all deaths and substantial disability.1 Trends 
over the last two decades suggest that increased body mass index 
(BMI)2,3 is a key contributor to increasing atherosclerotic CVD 
(ASCVD) risk worldwide.4–6 Atherosclerosis results from the accumu
lation of apoB-containing lipoproteins (mostly LDL particles)7 within 
the vessel wall, which may be accelerated by the presence of additional 
risk factors. Atherosclerosis development, even in the general popula
tion, often starts from childhood.8,9 Familial hypercholesterolaemia 
(FH) is increasingly recognized as a public health concern10–12 with an 
estimated worldwide prevalence of around 1:300 individuals,13,14 and 
with affected people having increased risk of premature ASCVD. The 
main driver of this process is the extreme elevation in LDL cholesterol 
(LDL-C) due to pathogenic variants in the LDL receptor (LDLR), apoli
poprotein B (APOB), or proprotein convertase subtilisin/kexin type 9 
(PCSK9) genes that impair the receptor-mediated clearance of LDL 
by the liver. In addition to the lifelong exposure to high LDL-C if un
treated or undertreated, people with FH may be exposed to other 
risk factors known to further increase ASCVD risk,15,16 but these 
have been less thoroughly investigated.

Obesity is a key modifiable cardiovascular risk factor that warrants 
investigation in people with FH. High BMI was identified in a 
meta-analysis of three individual studies as one of the risk factors signifi
cantly associated with CVD in heterozygous FH (HeFH).17 However, 
data were inconsistent, with ‘obesity’ not reaching statistical significance 
in relation to ASCVD risk.17 In the SAFEHEART registry prospective 
analysis of 2404 patients with HeFH, BMI was associated with increased 
risk of a combined CVD outcome variable that encompassed myocar
dial infarction, cardiovascular procedures, stroke, and CVD mortality.18

While this provided evidence that obesity predicts adverse outcomes in 
FH, the contribution of obesity to individual conditions, such as coron
ary artery disease (CAD) or stroke was not dissected. Further, in most 
world regions, the prevalence of overweight and obesity in people with 
FH is not known—the size of the population affected with this risk fac
tor may determine the priority of targeting it to reduce ASCVD risk. 
Specifically, in the present study, we assessed the prevalence of over
weight and obesity in patients with HeFH in different world regions. 
We then investigated whether there is a graded relationship between 
body weight categories and ASCVD independent of the major risk dri
vers in FH, namely LDL-C exposure and lipid-lowering medication 
(LLM), and if present, how early in life does this appear. Using the FH 
Studies Collaboration (FHSC)10,11,19 registry, we attempted to resolve 
these uncertainties using the largest evidence base to date.

Methods
FHSC registry
The methods of the FHSC project have been described in detail else
where.10,19 Briefly, the FHSC registry comprises individual-level data sup
plied by an international consortium of investigators with access to data 
from patients managed in specialist clinics that serve as national, regional, 
or local registries of FH. The data from these diverse sources are standar
dized to a common data dictionary and merged into a single global regis
try.19 The structure of the FHSC Coordinating Centre, Steering, and 
Executive Committees has also been published previously.

The registry includes adults and children with a clinical and/or genetic 
diagnosis of HeFH or homozygous FH (HoFH). A clinical diagnosis follows 
established criteria (or modified criteria thereof), such as the Dutch Lipid 

Clinic Network (DLCN) criteria, Make Early Diagnoses to Prevent 
Early Deaths (MEDPED), Simon Broome, Canadian, or Japanese 
Atherosclerosis Society criteria. The FHSC registry currently consists of 
>72 000 patients from 73 countries, including 11 953 children and adoles
cents (aged <18 years).

The protocol and data governance of the registry and its use for research 
have been approved by the Joint Research Compliance Office and Imperial 
College Research Ethics Committee (Imperial College London, London, 
UK). Investigators contributing to the registry provide written confirmation 
that they comply with their local research and ethical policies and regula
tions for sharing data with the registry. The FHSC project is registered at 
ClinicalTrials.gov (NCT04272697).

Present analysis
We conducted a cross-sectional study of adults and children with HeFH 
using data collected from FHSC registry inception (15 October 2015) till 
20 December 2022. Individuals were included if they had a clinical and/or 
genetic diagnosis of HeFH and had BMI data available at registry entry. In 
case of adults with a clinical diagnosis, only those with a probable or definite 
diagnosis of FH (possible and definite in case of Simon Broome criteria) 
were included. In the case of children, in whom most clinical criteria do 
not apply, a diagnosis of FH by the treating physician was accepted, and 
83% of children had a genetic diagnosis. Patients diagnosed with HoFH 
were excluded; additionally, participants with a clinical-only diagnosis of 
HeFH and an untreated LDL-C of 12.9 mmol/L (500 mg/dL) or higher 
were excluded, as these concentrations make the diagnosis of HoFH likely.

Variables and subgroup definitions
Clinical and laboratory data were supplied by the individual investigators, as 
measured locally in the respective clinics and laboratories.

Age refers to age at the time of data collection, unless otherwise speci
fied. Adults were defined as those aged 18 years or over at data collection; 
children and adolescents were those aged 5 to <18 years. The terms ‘chil
dren’ and ‘children and adolescents’ are used interchangeably throughout 
the manuscript to refer to the latter group of individuals. Due to greater 
susceptibility of their body weight to confounders not measured in the pre
sent study, children aged <5 years were not included in the study.

Data on BMI were classified into body weight categories defined 
according to World Health Organization (WHO) cut-offs.20,21 In adults, 
weight categories were: obese (BMI ≥30 kg/m2), overweight (BMI 25 to 
<30 kg/m2), normal weight (BMI 18.5 to <25 kg/m2), and underweight 
(BMI <18.5 kg/m2).20 Additionally, since Asian populations exhibit CVD 
risk at lower BMI measurements than Caucasians,22 a sensitivity analysis 
was conducted where lower cut-offs22 were used for overweight 
(BMI 23 to <25 kg/m2) and obesity (BMI ≥25 kg/m2) for all patients from 
Asia, while the standard cut-offs20 were retained for all other patients.

For children and adolescents, height, weight, age, and gender data were 
used to calculate a BMI z-score for each individual using the WHO growth 
reference data21 as implemented in the R statistical package ‘anthroplus’;23

the z-scores were then used to define weight categories as follows: obese 
(BMI z-score > +2SD), overweight (BMI z-score > +1SD and <2SD), nor
mal weight (BMI z-score >−2SD and <+1SD), and underweight (BMI 
z-score <−2SD).21 In cases where only BMI data were provided by the in
vestigators, but not weight or height data, BMI category was defined manu
ally using WHO sex-specific BMI-for-age growth tables.24,25

The atherogenic index, a predictor of CAD, was calculated as log [trigly
cerides/HDL cholesterol (HDL-C)].26,27 Non-HDL-C was calculated as the 
difference between total cholesterol and HDL-C. Triglyceride-rich 
lipoprotein-cholesterol (TRL-C; also known as remnant cholesterol) was 
calculated as total cholesterol: (LDL-C + HDL-C).28,29

Index case was defined as the first documented FH case in a family; non- 
index cases were defined as relatives with FH identified through screening 
of the family from the index case.
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Atherosclerotic CVD comprised (premature) CAD, peripheral arterial 
disease (PAD), and stroke. Premature CAD was defined as a CAD diagnosis 
before the age of 55 years in men and 65 years in women. The countries 
contributing data on the different types of ASCVD are listed in 
Supplementary data online, Table S1.

Hypertension was investigator-reported (‘no/yes’). Diabetes was coded 
as no/yes where ‘yes’ indicated Type 1 diabetes, Type 2 diabetes, or dia
betes with type not specified by the investigator. Smoking was coded as 
‘ever smoker’ vs. ‘never smoker’.

Geographical regions were defined according to the United Nations 
(UN) classification.30 Sub-regions were combined to increase statistical 
power if they included a small number of subjects and were homogeneous 
with respect to the prevalence of overweight and obesity in the general 
population and in the current data set. High-income vs. non-high-income 
countries were defined according to the 2024 World Bank classification 
of country-income status (defined according to Gross National Income 
per capita in 2022).31 The list of countries included in each UN region or 
income category is shown in Supplementary data online, Tables S2–S4.

Statistical analysis
All analyses were conducted separately in adults and children/adolescents.

Summary data are presented as median (25th and 75th percentiles) for 
continuous variables. Categorical variables are reported as absolute num
bers (relative frequencies from the total number of participants with data 
available for the corresponding variable). Group comparisons in Table 1
were performed using Kruskal–Wallis test for continuous variables and 
Pearson’s χ2 test for categorical variables. To visualize the independent 
and potential non-linear relationships between BMI and plasma lipids, gen
eralized additive linear models were fitted and plotted, separately for adults 
and children, with BMI or BMI z-score, respectively, as the independent vari
able, and the different lipid fractions as outcomes. Smooth terms were 
modelled using penalized thin-plate regression splines, with knots selected 
automatically and smoothing parameters optimized via generalized cross- 
validation as implemented in the R package mgcv.32 These models were ad
justed for age, sex, and use of LLM. Skewed lipid variables (HDL-C, total 
cholesterol, and triglycerides) were log transformed for this analysis.

To assess the heterogeneity in lipid measurements between clusters 
(countries), we calculated intra-class correlation coefficients (ICCs) using 
a 2-way random-effects model adjusted for age, sex, and LLM. This quanti
fied the proportion of total variance attributable to differences between 
countries. Intra-class correlation coefficients were low for lipids not af
fected by FH, i.e. triglycerides (0.05) and HDL-C (0.07), indicating minimal 
heterogeneity due to sampling and assay methods across countries. In con
trast, higher ICCs were observed for LDL-C (0.28) and total cholesterol 
(0.27), likely reflecting true differences in the severity of FH-causing genetic 
variants across countries and regions.

The associations between BMI category and odds of CAD, premature 
CAD, PAD, or stroke were tested using multivariate logistic regression, 
using three models, in a complete case analysis. Model 1 was adjusted for 
age and sex; Model 2 was additionally adjusted for LLM, LDL-C, HDL-C, 
and triglycerides, and the interaction between LLM and LDL-C; this inter
action term was included to account for the LLM effect on LDL-C and cap
ture any effect modification caused by inter-individual variations in the 
LDL-C response to LLM. Model 3 included all Model 2 covariates, in add
ition to disease and lifestyle risk factors associated with ASCVD, namely dia
betes, hypertension, and smoking. Model 2 was considered the main model 
because it had the lowest combined risk of over-adjustment and residual 
confounding. The possibilities of effect modification by age, sex, and index 
status were tested in this model.

Sensitivity analyses were conducted in the subgroup with a genetic diag
nosis of FH. This subgroup comprised 76% (n = 22 337) of the total adult 
cohort investigated (n = 29 265), and 83% (n = 5215) of the children and 
adolescent cohort (n = 6275). Another sensitivity analysis was conducted 
in adults using lower overweight and obesity cut-offs for patients from 
Asia, as explained above.

IBM SPSS (Version 28.0; IBM Corp., Armonk, NY, USA) and R software 
(version 4.2.1 for Windows; R Foundation for Statistical Computing, 
Vienna, Austria) were used to analyse the data. All statistical tests are two- 
tailed, and a P-value <.05 was considered statistically significant.

Results
Prevalence of overweight and obesity
The study population included 29 265 adults and 6275 children with 
HeFH and data available on BMI at registry entry. The BMI distribution 
of the study population, overall and stratified by region and 
country-income category, is shown in Figure 1. Overall, 36% of adults 
were overweight, and a further 16% were obese. In children and ado
lescents, 18% were overweight and 9% were obese. In the genetically 
confirmed subgroup, the prevalence were as follows: adults: 34% over
weight and 14% obese; children: 17% overweight and 7% obese.

In sex-stratified analysis, more men (5727/13 508; 42%) than women 
(4678/15 750; 30%) were overweight, whereas obesity was more 
prevalent in women (17%) than men (15%). In children, both over
weight and obesity were slightly more prevalent in boys than in girls 
(see Supplementary data online, Table S5).

Underweight individuals constituted only 2% of children and 4% of 
adults (Figure 1A). There was no significant difference between these in
dividuals and normal weight individuals in the odds of any type of CVD 
after adjusting for age and sex (see Supplementary data online, 
Table S6). Therefore, underweight children and adults were combined 
with their normal weight counterparts for all subsequent analysis.

There was a higher proportion of adults with overweight or obesity 
(63%) in non-high-income countries compared with high-income coun
tries (50%; Figure 1B).

The prevalence of overweight and obesity across the five main UN 
regions is shown in Supplementary data online, Figure S1. The preva
lence of overweight and obesity was lower in Europe than any other 
world region; data from Africa was limited (adults, n = 57) or absent 
(children). By UN sub-region, the highest prevalence of adults classified 
as overweight or obese was in the Northern Africa and Western Asia 
region (82% with overweight or obesity), and the lowest was in 
Western Europe (Figure 1C). Among children the lowest proportion 
considered to be overweight or obese (approximately one in five chil
dren) was also found in Western Europe (Figure 1C).

Population characteristics by weight 
status
Subject characteristics by BMI category are summarized in Table 1. 
Adults with HeFH who were classifiable as obese were diagnosed 
with HeFH 9 years later than those with normal weight (median age 
at FH diagnosis 49 vs. 40 years; P < .001). The late FH diagnosis in adults 
with obesity did not appear to be driven by systematic differences in the 
prevalence of obesity and FH detection methods across countries, since 
it was apparent in most UN sub-regions in stratified analysis (see 
Supplementary data online, Table S7). Conversely, in children, age at 
FH diagnosis was nearly a year younger in those with obesity vs. normal 
weight (Table 1). In the genetically confirmed group, similar findings 
were observed: age at FH diagnosis in adults in the normal weight, over
weight, and obese categories, respectively, was [median (25th, 75th 
percentiles)] 39.0 (27.7, 52.3), 47.2 (36.0, 59.5), and 48.7 (37.5, 59.2) 
years. Equivalent values for genetically diagnosed children were: 11.1 
(8.0, 14.5), 10.6 (8.0, 13.6), and 9.9 (7.2, 12.9) years.
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In both children and adults, the proportion of patients who were in
dex cases of HeFH increased across BMI categories; for example, 22% 
of normal weight children were index cases, compared with 48% of 
children with obesity (P < .001). Hypertension, diabetes, and CVD 
were more frequent in overweight than normal weight individuals, 
and even more frequent in individuals with obesity, with the exception 
of diabetes in children (Table 1).

Approximately two-thirds of children and one-third of adults were 
not receiving LLM at registry entry. Overall, LDL-C, non-HDL-C, 
TRL-C, triglycerides, and the atherogenic index were higher across 
higher BMI categories in both children and adults, and HDL-C was low
er, irrespective of use of LLM (Table 2). The differences in total choles
terol and LDL-C across weight categories were generally less marked 
among patients who were receiving LLM than those who were 

Figure 1 Prevalence of underweight, normal weight, overweight, and obesity in people with heterozygous familial hypercholesterolaemia pooled 
globally (A), by country-income category (B), and by United Nations sub-regions (C ). Adults were aged 18 years or older; children and adolescents 
were aged 5 to <18 years. Body mass index categories were defined by World Health Organization body mass index cut-offs (see Methods section 
for details). In B and C, underweight individuals are pooled with the normal weight category; data are sorted in descending order of combined over
weight and obesity prevalence. No formal statistical comparisons are conducted as these prevalence are for descriptive purposes only. 1n = 5 adults 
from Nigeria were not included in this analysis
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untreated, and, among children receiving LLM, there was no significant 
difference in total cholesterol or LDL-C or by weight category classes 
(Table 2).

Association between body mass index and 
lipid levels
In generalized additive linear models adjusted for age, sex, and LLM, 
BMI in adults and BMI z-score in children were positively associated 
with total cholesterol, LDL-C, non-HDL-C, and triglycerides (all 
P < .001) and inversely associated with HDL-C (Figure 2). In adults, 
the plots showed stronger associations across the normal weight 
range, with attenuation of the association in the obese BMI range. 
In contrast, among children, there was no attenuation of the associ
ation at higher BMI.

An increase in BMI from the start of the normal weight range 
(18.5 kg/m2) to the BMI cut-off for obesity (30 kg/m2) was asso
ciated with an ∼0.5 mmol/L higher LDL-C, 1.8 mmol/L higher 
triglycerides, and 0.2 mmol/L lower HDL-C in adults, after control
ling for age, sex, and LLM. The equivalent differences in children 
were: LDL-C, 0.3 mmol/L; triglycerides, 0.6 mmol/L; and HDL-C, 
0.07 mmol/L, respectively. A higher BMI in adults and children 
was also positively associated with TRL-C and the atherogenic in
dex (both P < .001; Figure 2). Essentially similar associations to 
those in the total cohort were observed in the cohort with genet
ically confirmed HeFH (all P < .001; Supplementary data online, 
Figure S2).

Associations of overweight and obesity 
with atherosclerotic cardiovascular 
disease
Coronary artery disease was present in 0.7% of children with obesity, 
0.2% of children with overweight, and 0.07% of normal weight children 
(total n with CAD = 9; P < .001; Table 1). Obesity was associated with 
significantly higher odds of CAD in children, but the confidence inter
vals (CIs) were wide due to the small number of events. The odds 
ratio (OR) in children with obesity vs. normal weight, adjusted for 
age and sex (Model 1) was 12.29 (95% CI: 2.96–51.03; P < .001). 
After adjustment for lipids and use of LLM (Model 2), the OR was 
9.28 (95% CI 1.77–48.77; P = .008). None of the children had PAD at 
registry entry. One child had a history of stroke and a BMI in the obese 
range (Table 1).

Adults with obesity had three times higher prevalence of CAD than 
normal weight adults (30% vs. 11%; Table 1). The prevalence of stroke 
and PAD in adults was low overall, but it was twice as high among those 
with obesity (3.7% and 7.4%, respectively) than in those with normal 
weight (1.6% and 3.8%). Being overweight or obese, vs. having normal 
weight, was associated with ∼1.5-fold and 2.3-fold higher odds of hav
ing CAD or premature CAD (all, P < .001; Model 2; Figure 3A and B). 
Further adjustment for age at FH diagnosis or index case status did 
not alter the results (data not shown). Odds ratios for stroke and 
PAD were also higher among adults with overweight and obesity vs. 
normal weight, but the magnitude of the associations was lower than 
that for CAD (Figure 3C and D). With further adjustment for diabetes, 
hypertension, and smoking (Model 3), all associations were attenuated, 
but were still statistically significant for CAD and premature CAD, bor
derline significant for stroke, and no longer significant for PAD 
(Figure 3). In sensitivity analysis using lower overweight and obesity 

Figure 2 A-G: Estimated means and 95% confidence intervals of dif
ferent lipid fractions by body mass index z-score (in children and ado
lescents aged 5 to <18 years; left panels) and body mass index in adults 
(aged ≥18 years; right panels) with adjustment for age, sex, and use of 
lipid-lowering medication. The vertical lines (green, yellow, and red) 
mark the beginning of the normal weight, overweight, and obese 
BMI ranges, respectively. The lowest and highest 1% of the independ
ent variable are not shown. Note the different scales on the y-axes for 
children and adults. BMI, body mass index; TRL-C, triglyceride-rich 
lipoprotein cholesterol
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cut-offs for patients from Asian countries, findings were similar to or 
stronger than in the primary analysis (see Supplementary data online, 
Table S8).

In the subgroup with genetically confirmed FH, essentially similar sig
nificant associations of overweight and obesity with CAD, premature 
CAD, and stroke were observed as those in the total population, but 
those with PAD were weaker and not statistically significant (see 
Supplementary data online, Table S9).

Supplementary data online, Table S10 shows the odds of ASCVD by 
BMI category in different adult subgroups in the total population. No 
evidence of effect modification by sex was noted for any ASCVD out
come, but the association of BMI category with CAD appeared stron
ger in younger vs. older adults (P-interaction < .001), and that of BMI 
category with PAD tended to be stronger in non-index vs. index cases 
(P-interaction = .060).

Discussion
Among 35 540 individuals with HeFH, approximately half of adults and 
a quarter of children were found to be overweight or obese. This was 
more marked in regions of the world where in the general population 
obesity is more prevalent than other regions. Among both adults and 
children with HeFH, overweight and obesity were associated with a 
more atherogenic lipid profile and with higher odds of ASCVD, inde
pendent of age, sex, lipid profile, and use of LLM (Structured Graphical 
Abstract). In adults, obesity was associated with FH being diagnosed al
most a decade later than in those with normal weight. Given the late age 
of diagnosis of FH globally (average 44 years),10 and the higher preva
lence of FH in some regions of the world where obesity is also com
mon, the present findings highlight the importance of a global risk 
factor management approach including addressing lifestyle factors in 
those with FH, as recommended in most guidelines.33

The high prevalence of overweight and obesity found in the present 
study should be viewed in the context of the population prevalence of 
these conditions worldwide.34 Globally, obesity prevalence in the gen
eral adult population in 2016 was estimated at 13% of men and 15% of 
women34; in children, the prevalence was 5.6% of girls and 7.8% of 
boys.34 Bearing in mind the methodological differences across studies, 
the prevalence of obesity among adults (16%) and children (9%) ap
pears similar to the general population. In the general population, com
pared with normal weight adults, people with overweight and obesity, 
respectively, have a 20% and 60% higher risk of CAD.4 Stroke and PAD 
in the general population are also linked to weight in a graded fashion, 
with those with obesity having the highest risk.5 In patients with HeFH, 
we observed two times higher odds of CAD and 60%–80% higher odds 
of stroke and PAD in adults with obesity compared with normal weight 
adults, independent of age, sex, lipids, and LLM. In adults, the increase of 
LDL-C with greater BMI was in fact attenuated at the highest BMI; this is 
in line with findings in the general population,35 possibly resulting from 
reduced intestinal cholesterol absorption in severe obesity,36 which 
may partly explain why the obesity–ASCVD association was independ
ent of LDL-C.

We tested whether diabetes, hypertension, and smoking explained 
some of the associations of obesity with ASCVD. Adjusting for these 
factors weakened the associations, but a substantial independent con
tribution of obesity remained for CAD and stroke. This is consistent 
with findings in 1.8 million people from the general population that 
treating hypertension, diabetes, and hyperlipidaemia only mitigates 
half the excess risk of CAD and three quarters of the excess risk of 
stroke associated with high BMI.37 The residual risk might be explained 
by other factors not evaluated in the present study, including endothe
lial dysfunction, thrombogenesis, and inflammation.38 While infiltration 
of apolipoprotein B–containing lipoproteins, most notably LDL-C, in 
the artery wall is a critical event initiating atherosclerosis, it is the sub
sequent recruitment of monocytes and development of foam cells, 

Figure 3 A-D: Odds ratios and 95% confidence intervals for the presence of different types of cardiovascular disease in adults with heterozygous 
familial hypercholesterolaemia at registry entry by body mass index category. Models are adjusted for the following variables: Model 1, age and sex; 
Model 2, age, sex, lipid-lowering medication, LDL cholesterol, triglycerides, HDL cholesterol, and LDL cholesterol × lipid-lowering medication inter
action; Model 3, all Model 2 variables, plus diabetes, hypertension, and smoking. Body mass index categories were defined by World Health Organization 
body mass index cut-offs (see Methods section for details)
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inflammation and endothelial activation, that culminate in forming an 
atherosclerotic plaque in the vessel wall.39 If the fibrous cap of the pla
que ruptures, it facilitates thrombogenesis, leading to ischaemic events. 
At all these pathophysiologic stages, obesity and the associated insulin 
resistance contribute to phenotypes that accelerate atherothrombosis, 
including increased apolipoprotein B–containing lipids, systemic inflam
mation, and hypercoagulability.40 Crucially, in the general population, 
intentional weight loss ameliorates these processes41 and reduces 
CVD events.42,43 Our findings that the pattern of association of obesity 
with ASCVD in patients with FH parallels that in the general population 
suggests that patients with FH stand to equally benefit from maintaining 
a healthy weight with regards to ASCVD, on top of their benefit from 
pharmacologic LDL-C reduction.

Atherosclerosis begins in childhood, with obesity accelerating the 
process through insulin resistance, which may directly affect the vessel 
wall or contribute to atherogenic dyslipidaemia, such as lower HDL-C 
and higher remnant cholesterol in triglyceride-rich lipoproteins.44 In the 
general paediatric population, obesity has been linked to endothelial 
dysfunction and inflammation, starting as early as age 8,45,46 and to a 
higher risk of stroke before age 50,47 but ASCVD events in childhood 
are rare. In children with HeFH, where atherosclerosis is accelerated 
due to high LDL-C from birth, clinical ASCVD also remains uncommon. 
Our recent analysis of over 11 000 children and adolescents with 
HeFH, the largest such data set to date, revealed a CAD prevalence 
of 0.3% and a stroke prevalence of <0.1%.48 In the present study of 
those with BMI data, the occurrence of CAD was 10 times higher in 
children with obesity (0.7%) vs. those with normal weight (0.07%). 
Due to the small total number of events these results should be inter
preted with caution, but the higher occurrence of CAD in children with 
obesity was consistent with the higher levels of atherogenic lipids ob
served in this group. Childhood, therefore, comprises a window of op
portunity not only for FH detection and treatment to reduce lifetime 
LDL-C exposure, but also for management of traditional ASCVD risk 
factors, including obesity, to decrease ASCVD events.8,49

To our knowledge, this is the first study to systematically investigate 
the prevalence of obesity and its contribution to ASCVD in children and 
adults with HeFH globally using individual-level data, but there have 
been relevant reports from individual countries. In the Dutch HeFH 
registry cohort, higher BMI was associated with a higher OR for 
CAD independent of LDL-C, but it was not clear whether it was also 
independent of LLM intake.50 In another study of 2400 Dutch patients, 
those who developed CVD had higher mean BMI.51 In an early study of 
120 Canadian men with FH, high waist circumference and hyperinsuli
naemia markedly increased the odds of CAD, independent of LDL-C.52

The present study consolidates and extends these findings using clinic
ally relevant body weight categories, showing that obesity and over
weight are common in FH, and increase the likelihood of both CAD 
and stroke across the life-course starting in childhood, regardless of 
LDL-C and LLM intake.

Screening for FH is not systematically performed in most healthcare 
systems; hence, it is often the clinical phenotype that triggers investiga
tions for FH. Consistent with this, people with obesity in the present 
study were more likely to be index cases, i.e. the first case of FH discov
ered in a family. Our data show an interesting distinction between 
adults and children which warrants discussion. Children with obesity 
were on average, nearly 1 year younger at FH diagnosis than normal 
weight children, but adults with obesity were 9 years older at FH diag
nosis. These could be explained by biases in detection due to health 
perception. Children are not expected to be obese, and this is consid
ered unhealthy and leads to investigations, hence, FH detection at a 

slightly younger age in children with obesity. In contrast, there may 
be a propensity in adult healthcare to attribute hyperlipidaemia and/ 
or ASCVD to the obese state, rather than consider an FH diagnosis. 
Thus, obesity may confer a disadvantage later in life regarding FH detec
tion. Additionally, obesity could delay a diagnosis of FH by making it 
more challenging to distinguish from phenotypically similar conditions 
such as mixed dyslipidaemia resulting from insulin resistance. Further, 
a mixed dyslipidaemia phenotype may result in some individuals being 
considered to have familial combined hyperlipidaemia53 rather than 
FH and obesity. In our analyses of genotypically confirmed FH, the 
same associations were observed.

Strengths and limitations
The present study provides the most reliable evidence to date of the 
prevalence of obesity and its association with ASCVD in individuals 
with HeFH, drawn from 50 countries across 6 continents. This al
lowed some comparison of obesity prevalence across geographical 
regions and World Bank income groups; however, there was an 
over-representation of Europe and high-income countries. 
Additional strengths include comparison of the child and adult popu
lations, providing insights for public health strategies from child
hood. However, the data are cross-sectional, and while a large 
body of evidence in the general population links obesity to 
ASCVD causation, reverse causality cannot be excluded. Further, 
despite the value of BMI in categorizing overweight and obesity, its 
limitations in not distinguishing adiposity or body fat distribution 
are well recognized. It was not possible to assess the association 
of central obesity with ASCVD due to the absence of data on 
waist–hip ratio in most patients, so this warrants investigation in fu
ture studies. To account for the fact that populations of different 
ethnicities have different body fat% or cardio-metabolic risk at the 
same BMI,22 we analysed our data using the global WHO cut-offs 
for overweight/obesity, as well as using lower cut-offs for Asian pa
tients, and the associations of weight with ASCVD were similar. 
Thus, although the proportion of Caucasian patients was higher 
than other ethnicities in the present study, we believe our findings 
regarding the association of obesity with ASCVD are generalizable 
to all patients with FH globally. On the other hand, the prevalence 
of overweight and obesity in world regions, sub-regions or 
country-income groups with a relatively small number of patients 
(e.g. Oceania, various Asia sub-regions, and non-high-income coun
tries especially children’s data) should be interpreted with caution 
and require investigating in larger data sets. It is possible that 
some patients with a clinical FH diagnosis were not true FH patients; 
however, in sensitivity analyses using only those with a genetically 
confirmed diagnosis, the relationship between weight and odds of 
ASCVD was still present. Finally, we adjusted for potential confoun
ders in the obesity–ASCVD associations, but there may have been 
residual confounding from unmeasured variables, such as diet, phys
ical activity and socio-economic state.

Conclusions
The data from 6275 children and 29 265 adults provide evidence that 
obesity is common in those with HeFH and is associated with a more 
severe hyperlipidaemia phenotype and greater likelihood of ASCVD 
from childhood. Given their already augmented risk of ASCVD, patients 
with FH should be prioritized from the point of FH diagnosis for inten
sive lifestyle management aimed at maintaining a healthy weight, to 
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reduce their lifetime risk of CVD events. A holistic approach, integrat
ing body weight management with LDL-C-lowering treatments, should 
be used to improve cardiovascular outcomes in people with FH.
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