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Association of BMI, lipid-lowering medication, and age with
prevalence of type 2 diabetes in adults with heterozygous
familial hypercholesterolaemia: a worldwide cross-sectional
study

European Atherosclerosis Society Familial Hypercholesterolaemia Studies Collaboration (EAS FHSC)*

Summary

Background Statins are the cornerstone treatment for patients with heterozygous familial hypercholesterolaemia but
research suggests it could increase the risk of type 2 diabetes in the general population. A low prevalence of type 2
diabetes was reported in some familial hypercholesterolaemia cohorts, raising the question of whether these patients
are protected against type 2 diabetes. Obesity is a well known risk factor for the development of type 2 diabetes. We
aimed to investigate the associations of known key determinants of type 2 diabetes with its prevalence in people with
heterozygous familial hypercholesterolaemia.

Methods This worldwide cross-sectional study used individual-level data from the EAS FHSC registry and included
adults older than 18 years with a clinical or genetic diagnosis of heterozygous familial hypercholesterolaemia who had
data available on age, BMI, and diabetes status. Those with known or suspected homozygous familial
hypercholesterolaemia and type 1 diabetes were excluded. The main outcome was prevalence of type 2 diabetes overall
and by WHO region, and in relation to obesity (BMI =30-0 kg/m2) and lipid-lowering medication as predictors. The
study population was divided into 12 risk categories based on age (tertiles), obesity, and receiving statins, and the risk
of type 2 diabetes was investigated using logistic regression.

Findings Among 46683 adults with individual-level data in the FHSC registry, 24784 with heterozygous familial
hypercholesterolaemia were included in the analysis from 44 countries. 19818 (80%) had a genetically confirmed
diagnosis of heterozygous familial hypercholesterolaemia. Type 2 diabetes prevalence in the total population
was 5-7% (1415 of 24784), with 4-1% (817 of 19 818) in the genetically diagnosed cohort. Higher prevalence of type 2
diabetes was observed in the Eastern Mediterranean (58 [29-9%] of 194), South-East Asia and Western Pacific
(214 [12-0%] of 1785), and the Americas (166 [8-5%)] of 1955) than in Europe (excluding the Netherlands; 527 [8-0%)]
of 6579). Advancing age, a higher BMI category (obesity and overweight), and use of lipid-lowering medication were
associated with a higher risk of type 2 diabetes, independent of sex and LDL cholesterol. Among the 12 risk categories,
the probability of developing type 2 diabetes was higher in people in the highest risk category (aged 55-98 years, with
obesity, and receiving statins; OR 74-42 [95% CI 47-04-117-73]) than in those in the lowest risk category (aged
18-38 years, without obesity, and not receiving statins). Those who did not have obesity, even if they were in the
upper age tertile and receiving statins, had lower risk of type 2 diabetes (OR 24-42 [15-57-38 - 31]). The corresponding
results in the genetically diagnosed cohort were OR 65-04 (40-67-104-02) for those with obesity in the highest risk
category and OR 20-07 (12-73-31-65) for those without obesity.

Interpretation Adults with heterozygous familial hypercholesterolaemia in most WHO regions have a higher type 2
diabetes prevalence than in Europe. Obesity markedly increases the risk of diabetes associated with age and use of
statins in these patients. Our results suggest that heterozygous familial hypercholesterolaemia does not protect
against type 2 diabetes, hence managing obesity is essential to reduce type 2 diabetes in this patient population.
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Introduction

Heterozygous familial hypercholesterolaemia is a com-
mon autosomal dominant condition affecting one in
311 individuals worldwide,' characterised by defects
in cholesterol-related genes, resulting in reduced clear-
ance of LDL.? Phenotypically, this results in high plasma

LDL cholesterol with increased risk of atherosclerotic
cardiovascular disease.’ Statins which underpin the
lowering of LDL cholesterol have been associated
with increased risk of type 2 diabetes in patients without
familial hypercholesterolaemia, possibly due to pancre-
atic lipotoxicity resulting from increased LDL uptake via
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Research in context

Evidence before this study

We searched PubMed for articles on the prevalence of type 2
diabetes in heterozygous familial hypercholesterolaemia
published in PubMed from database inception to

Jan 15, 2024, combining the following search terms or
synonyms: “familial hypercholesterolaemia”, “diabetes”,
“body-mass index”, “obesity”, “age”, “lipid-lowering”, AND/
OR “statins”. Additional articles were sought from reference
lists of eligible articles. National-level studies reported low
prevalence of type 2 diabetes in Dutch and Spanish cohorts
with genetic confirmation of heterozygous familial
hypercholesterolaemia relative to unaffected family
members, and in Canadian cohorts compared with the
general population of similar age, leading to the hypothesis
that those with heterozygous familial hypercholesterolaemia
might be less susceptible to type 2 diabetes. Notably, in these
studies, prevalence of known risk factors for type 2 diabetes
seemed low in well-managed patients with early age of
detection, hence modification and maintenance of favourable
lifestyle factors rather than heterozygous familial
hypercholesterolaemia might be the reason for the lower
prevalence. Other national-level studies were also done only
in European and North American populations. Type 2
diabetes accounts for more than 90% of diabetes cases
worldwide and prevalence differs in each International
Diabetes Federation region, which might also be the case for
heterozygous familial hypercholesterolaemia, but global data
remain scarce.

Added value of this study

Pooling data from different world regions would allow to test
the assumption that a low prevalence of type 2 diabetes in
heterozygous familial hypercholesterolaemia is generalisable
globally and uninfluenced by demographic characteristics
associated with type 2 diabetes, with greater statistical power

the LDL receptor. However, studies from the Netherlands,
Spain, and Canada,”® where screening and management
of heterozygous familial hypercholesterolaemia is more
thorough than in other parts of the world, have reported
low prevalence of type 2 diabetes in this population,
leading to speculation that heterozygous familial
hypercholesterolaemia might be protective against the
risk of type 2 diabetes.

Type 2 diabetes accounts for more than 90% of diabetes
cases worldwide, but prevalence differs by International
Diabetes Federation regions in the general population.” If
heterozygous familial hypercholesterolaemia was protec-
tive against type 2 diabetes, then the prevalence of type 2
diabetes would be expected to be similar across regions,
but data remain scarce. Studying the global cohort,
including demographic characteristics underrepresented
in previous studies, offers an opportunity to further
evaluate the assumption that heterozygous familial

than previously feasible. The European Atherosclerosis Society
Familial Hypercholesterolaemia Studies Collaboration registry
provides data on every WHO region, which has been
standardised to a data dictionary and harmonised into a single
global database. In our study on around 25 000 adults with
heterozygous familial hypercholesterolaemia from

44 countries, the prevalence of type 2 diabetes was

5-7% overall, with the highest regional prevalence in the
Eastern Mediterranean and lowest in Europe, which is similar
to the prevalence of type 2 diabetes in the general population
reported by the International Diabetes Federation. We also
found that the same factors that increase diabetes risk in the
general population, namely overweight and obesity, statin
use, and advancing age, are associated with higher odds of
type 2 diabetes in this large cohort of patients with
heterozygous familial hypercholesterolaemia. Even in the
group of patients in the top age tertile and receiving statins,
who inevitably have a higher risk of diabetes, being non-obese
was associated with substantially lower odds of diabetes than
in those who are obese. This finding suggests that the risk of
diabetes might be markedly attenuated in these patients if
obesity is addressed.

Implications of all the available evidence

In individuals with heterozygous familial hypercholesterolae-
mia, obesity, statin therapy, and advancing age were associated
with a higher risk of type 2 diabetes (with obesity showing the
strongest association), suggesting that known risk factors of
diabetes in the general population are equally applicable to
these individuals. Given the importance of statins and long
nature of treatment required to reduce the high lifetime risk of
atherosclerotic cardiovascular disease, shared decision making
between the treating physician and the patient should
highlight that, compared with obesity, the adverse effects of
statins on the risk of type 2 diabetes are modest.

hypercholesterolaemia might reduce susceptibility to
type 2 diabetes with greater precision than previously
feasible. If the prevalence of type 2 diabetes was
higher than historical estimates, then we could study
whether some of the determinants of type 2 diabetes in
the general population were applicable to those with
heterozygous familial hypercholesterolaemia.

The aim of our study was to investigate the associations
of known key determinants of type 2 diabetes (such as
BM]I, lipid-lowering medication [statin vs non-statin], and
age) with its prevalence in people with heterozygous
familial hypercholesterolaemia.

Methods

Study design and participants

In this worldwide cross-sectional study, we used
individual-level data from the global European
Atherosclerosis Society-Familial Hypercholesterolaemia
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Studies Collaboration (EAS-FHSC) registry.* The FHSC
registry includes adults and children with a clinical
or genetic diagnosis (or both) of heterozygous or
homozygous familial hypercholesterolaemia.*® Adults
older than 18 years with a clinical or genetic diagnosis of
heterozygous familial hypercholesterolaemia who had
data available on age, BMI, and diabetes status were
included in the present study. For those with a clinical
diagnosis, only those with probable or definite diagnosis
by Dutch Lipid Clinic Network criteria (possible or
definite in case of Simon—Broome criteria) were included.
Those with known or suspected homozygous familial
hypercholesterolaemia (LDL cholesterol =12-9 mmol/L
[=500 mg/dL] or having undergone lipoprotein apheresis,
or both); or with type 1 diabetes were excluded.
Participants without a specified type of diabetes were
assumed to have type 2 diabetes, given that type 2
accounts for most cases worldwide’” and only adults were
included.

The EAS FHSC registry protocol’ (ClinicalTrials.gov,
NCT04272697) is approved by the Joint Research
Compliance Office and Imperial College Research Ethics
Committee (Imperial College London, London, UK). All
FHSC National Lead Investigators contributing data
provided written confirmation of sharing data in compli-
ance with local ethical policies and regulations. Methods
of compiling and managing the registry have been
described previously.*

Procedures

Clinical and laboratory data were supplied by the indi-
vidual investigators, as measured locally in the
respective clinics and laboratories. The main outcome
was prevalence of type 2 diabetes overall and by WHO
region,” and in relation to obesity and lipid-lowering
medication as predictors. Africa was included only in
the pooled global data, but not in region-specific
analysis due to the small sample size. The Netherlands
was reported separately from Europe. South-East Asia
and Western Pacific regions were pooled for the
analysis. BMI categories were defined by WHO cutoffs.”
There were six (<1%) underweight participants
(BMI <18-5kg/m2) with diabetes and 479 (2-0%) without
diabetes, so we combined underweight with healthy
weight in all models. Lipid-lowering medication were
reported by type and dose, as previously described.®
1904 (7-7%) individuals were receiving the highest dose
of atorvastatin 80 mg or rosuvastatin 40 mg, herein
referred to as the highest potency statin group.

Statistical analysis

Power calculations, done wusing R pwr package
(version 1.3-0), indicated that the power afforded by our
sample size to detect 10% higher chance of type 2
diabetes per increased BMI category, adjusted for age at
a=0-05, was 0-97 in the total cohort (n=24784) and
0-94 in the genetically diagnosed cohort (n=19 818).

Categorical variables were reported as absolute
numbers and relative frequencies and compared in par-
ticipants with and without diabetes using Pearson’s y2 test.
Continuous variables for population characteristics were
reported as mean (SD) or median (IQR), and compared
using an independent t test or Mann—Whitney U test.
Descriptive estimates of age are given as median
(5th and 95th percentiles) for a broader view of the
distribution.

Multivariable logistic regression was used to determine
the independent associations of BMI category and lipid-
lowering medication as predictors, with type 2 diabetes
as the outcome. We generated a directed acyclic graph to
identify potential confounders for inclusion in the
models (appendix p 27). Model one was adjusted for age
and sex and model two was additionally adjusted for
LDL cholesterol. The linearity assumption for the con-
tinuous predictor versus logit of the outcome was
verified by applying the Box-Tidwell procedure. The
proportion of patients with missing data for at least
one predictor was 867 (3-5%) of 24784 in model one and
6691 (27%) of 24784 in model two. To address missing
data, we used multiple imputation via predictive mean
matching using the R mice package (version 3.16.0).
This procedure incorporated all covariates, country and
region, and generated 20 imputed datasets, to which
logistic regression was applied for the primary analysis.
We also ran this analysis using the original (non-
imputed) dataset. In a prespecified sensitivity analyses,
we only included those with type 2 diabetes and excluded
those with diabetes-type not specified. The study popula-
tion was divided into 12 risk categories based on age
(tertiles), obesity, and receiving statins and the risk of
type 2 diabetes relative to the lowest risk category
(first age tertile, mnot receiving statins, and
without obesity) was investigated using logistic regres-
sion. The logistic regression analyses were also run
separately in the subgroup with a genetic diagnosis of
heterozygous familial hypercholesterolaemia to validate
our findings.

The probability of type 2 diabetes as a function of age
or BMI was estimated using generalised additive linear
models using R package mgcv (version 1.8-39), applying
a binomial random error distribution and a logit link
function, and incorporating a penalised cubic regres-
sion spline for the continuous predictor variable. The
models were fitted separately for those receiving or not
receiving different types of lipid-lowering medication,
adjusting for sex (and age in the case of BMI as
predictor). In the models with BMI as predictor,
a product interaction term was included to capture
possible interactions between BMI and treatment group
on the chance of type 2 diabetes. All models were visual-
ised using the R visreg package (version 2.7.0). Statistical
significance was defined as p<0-05, with analyses
conducted using R Studio (version 22.7.0.548) and IBM
SPSS (version 28).
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Figure 1: Prevalence of type 2 diabetes at registry entry in the whole cohort (A) and those with a genetic diagnosis of familial hypercholesterolaemia (B)
Stratified according to WHO BMI categories (healthy weight 18-5-24-9 kg/m?, overweight 25.0-29-9 kg/m?, and obese >30-0 kg/m?) and use of lipid-lowering
medication. Underweight (BMI <18.5 kg/m?*) was combined with the healthy weight category due to a small sample size (n=485). Africa (all clinically diagnosed) is
only included in the global prevalence due to small sample size (n=5). Globally, in the whole population and genetically diagnosed cohort, the prevalence of diabetes
was significantly (p<0-0001) higher across BMI categories, and within each BMI category, in those receiving versus not receiving lipid-lowering medication.

Role of funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results
Among 46683 adults with individual-level data in the
FHSC registry, 24784 with heterozygous familial hyper-
cholesterolaemia were included in the analysis from
44 countries (appendix p 19). Of these, 19818 (80%) had
a genetically confirmed diagnosis of heterozygous
familial hypercholesterolaemia. The whole cohort had
a mean age of 46-95 years (SD 16-03), and of those,
13379 (540%) were females and 11405 (46-0%) were
males. In the genetically diagnosed cohort, the mean age
was 45-71 (SD 16-45), including 10754 (54-3%) females
and 9064 (45 -7%) males.

Table 1 shows the population characteristics in individu-
als with and without type 2 diabetes pooled globally

and by region. Type 2 diabetes prevalence in the total
population was 5-7% (1415 of 24784). This low prevalence
was mainly driven by the Netherlands, which con-
tributed 14266 patients (58-0%) with type 2 diabetes
prevalence of 3-2% (450 of 14266). Higher prevalence of
type 2 diabetes was observed in the Eastern Mediterranean
(58 [29-9%)] of 194), South-East Asia and Western Pacific
(214[12-0%] 0f1785), and the Americas (166 [8 - 5%] 0f 1955)
than in Europe (excluding the Netherlands; 527 [8-0%]
of 6579). The genetically diagnosed cohort had a lower
prevalence of diabetes (817 [4-1%)] of 19818) than the
whole cohort, but diabetes prevalence in all regions
remained higher than in the Netherlands (appendix p 21).

Globally and in all WHO regions, those with type 2
diabetes were older and were diagnosed with heterozygous
familial hypercholesterolaemia at an older age than those
without diabetes (table 1). In individuals with type 2
diabetes, the median BMI was 3-5 kg/mz2 higher than in
those without diabetes (28-41 kg/m2 [25-34-32-66]
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vs 24-93 kg/m?2 [22-41-27-92]). Combined prevalence of
overweight and obesity was higher in those with type 2
diabetes (1089 [77-0%)] of 1415; 577 [40 - 8%] with overweight
and 512 [36-2%)] with obesity) than in those without type 2
diabetes (11563 [49-5%] of 23 369; 3361 [14-4%)] with over-
weight and 8202 [35-1%)] with obesity). Those with type 2
diabetes also had more frequent comorbidities, including
hypertension, coronary artery disease, peripheral artery
disease, and a history of stroke than those without type 2
diabetes. Globally, a greater proportion of individuals
with type 2 diabetes were receiving lipid-lowering
medication (1146 [86-4%)] of 1326) than those without
(15330 [67-8%] of 22607) and a similar pattern was seen
across WHO regions. Mean LDL cholesterol in individuals
with type 2 diabetes (4-53 mmol/L [SD 2-02]) was
0-15 mmol/L lower than in those without type 2 diabetes
(4-68 mmol/L [1-80]).

Overall and by WHO region, the prevalence of type 2
diabetes at registry entry was higher across BMI catego-
ries and in any given BMI category, the prevalence was
higher in those receiving than in those not receiving
lipid-lowering medication (figure 1A). A similar pattern,
but with lower type 2 diabetes prevalence, was observed
in the genetically diagnosed cohort (figure 1B).
Advancing age, a higher BMI category, and use of lipid-
lowering medication were independently associated
with a higher risk of type 2 diabetes in the whole cohort
(table 2). Compared with individuals at a healthy weight,
the risk of type 2 diabetes was higher in people with
overweight (OR 1-67 [95% CI 1-44-1-93]; p<0-0001) and
those with obesity (OR 4-78 [4-14-5-53]; p<0-0001), after
adjusting for age, sex, and lipid-lowering medication in
model one. After further adjustment for LDL cholesterol
in model two, the strong association of body weight with
type 2 diabetes remained. Similar results were seen in
the genetically diagnosed cohort (table 2). Findings from
the original non-imputed dataset were also similar
(appendix p 23). The findings were confirmed in a sensi-
tivity analysis of a subset of the whole cohort in which
investigators confirmed the type of diabetes (appendix
p 24).

Figure 2 shows the probability of having type 2 diabetes
as a function of BMI in the whole cohort on a continuous
scale for those receiving different types of lipid-lowering
medication, adjusted for age and sex. The probability of
type 2 diabetes increased with higher BMI, with a steep
increase at BMI of more than 30-0 kg/m2, with a non-
significant trend for higher type 2 diabetes probability in
those receiving lipid-lowering medication (figure 2A).
When the population was split according to the type of
lipid-lowering medication, those receiving statins had
a higher risk of type 2 diabetes than those who were not
receiving lipid-lowering medication or were receiving non-
statin lipid-lowering medication (figure 2B). Among those
receiving statins, the group receiving highest potency
statins had a greater risk of type 2 diabetes than those
receiving other statin regimens (appendix p 28). There

was combined with the healthy weight category due to a small sample size.

0dds ratio pvalue  Odds ratio p value

(95%Cl) in (95%Cl)in

model one model two*
Whole cohort (n=24784)
Age (per year increase) 1-05(1-05-1-05)  <0-0001  1.05(1-05-1-05)  <0-0001
Sex (female vs male) 0-81(0-72-0-90) 0-0010  0-80 (0-71-0-90) 0-0011
With overweight (BMI 25:0-29-9 kg/m?)t  1.67 (1-44-1.93)  <0-0001 1:67 (1-43-1.94)  <0-0001
With obesity (BMI 230-0 kg/m?) 478(414-553)  <0-0001 475 (411-5-49)  <0-0001
Lipid-lowering medication (yes vs no) 1.91(1-62-2:26)  <0-0001  1.95(1:65-2:30)  <0-0001
Genetically diagnosed cohort (n=19 818)
Age (per year increase) 1.05(1-05-1-06)  <0-0001  1.05(1-05-1-06)  <0-0001
Sex (female vs male) 0-95 (0-82-1-10) 054 0-97 (0-84-1-13) 0-65
With overweight (BMI 25-0-29-9 kg/m?)t  1.90 (1:57-2:30)  <0-0001  1.91(1:58-2:30)  <0-0001
With obesity (BMI >30-0 kg/m?)t 544 (4-50-6-58)  <0-0001 5.52 (4-56-6-68)  <0-0001
Lipid-lowering medication (yes vs no) 179(1-46-2:20)  <0-0001 1.68 (137-2:07)  <0-0001

Both models simultaneously have all variables as predictors. *Model two is additionally adjusted for LDL cholesterol.
TWHO BM\I categories, each compared with healthy weight (BMI 18-5-24-9 kg/m?). Underweight (BMI <185 kg/m?)

Table 2: Independent factors associated with type 2 diabetes at registry entry
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Figure 2: Predicted probability of type 2 diabetes at registry entry as a function of BMI
Shaded areas represent 95% Cl. Adjusted for age and sex in the pooled study cohort. (A) Participants receiving or
not receiving lipid-lowering medication. (B) Those not receiving lipid-lowering medication, receiving non-statin

lipid-lowering medication, or receiving statins.

was no interaction between BMI and treatment on the
probability of type 2 diabetes (P, 0,20+ 70 in all models).
In subsequent analysis, a BMI cutoff of 30-0 kg/m2
(obese category) was used for stratification. Compared
with people who were not receiving statins, those
receiving statins were older at heterozygous familial
hypercholesterolaemia diagnosis and at registry entry,
with a higher median BMI and a higher type 2 diabetes
prevalence (appendix p 25). Since age might be indica-
tive of the duration of exposure to adverse dietary and
lifestyle factors related to type 2 diabetes, we investigated
the risk of type 2 diabetes with advancing age, stratified
by obesity and statins and adjusted for sex. We pooled
data on those not receiving lipid-lowering medication
and those receiving non-statin lipid-lowering medication
because exploratory analysis showed that the trajectories
of these two groups were similar (appendix p 29).
Figure 3A shows that the rise in type 2 diabetes with age
followed different trajectories depending on the presence
or absence of obesity and receiving statins, with the
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Figure 3: Type 2 diabetes as a function of age, statin treatment, and obesity

(A) Predicted probability of having type 2 diabetes in the whole population as a function of age, stratified by BMI
category and use of statins, adjusted for sex (n=23 234 for four groups). Shaded areas represent 95% Cls. (B) Odds
ratio with 95% Cls of having type 2 diabetes by age tertile, BMI category, and use of statins compared with patients
in the lowest age tertile with BMI of less than 30 kg/m? and not receiving statins (reference category), adjusted for
sex (n=23234 for 12 groups). The no statins groups include patients who were not receiving lipid-lowering
medication and those exclusively receiving non-statin lipid-lowering medication.

highest risk in those with obesity and who were receiving
statins.

When the population was split into 12 risk categories,
the probability of type 2 diabetes was 74 times higher in
people in the highest risk category (upper age tertile
55-98 years, with obesity, and receiving statins; OR 74-42
[95% CI 47-04-117-73]) than in those in the lowest risk
category (reference group lowest age tertile 18-38 years,
without obesity, and not receiving statins; OR 1-00;
figure 3B). Those who did not have obesity, even if they
were in the upper age tertile and receiving statins, had
lower risk of type 2 diabetes (OR 24-42 [15-57-38-31]). The
corresponding ORs in the genetically diagnosed cohort
were OR 65-04 (40-67-104-02) for those with obesity in
the highest risk category and OR 20-07 (12-73-31-65) for
those without obesity (appendix p 30).

Discussion

Heterozygous familial —hypercholesterolaemia was
proposed to possibly be protective against type 2 diabetes
based on three cohorts from the Netherlands,* Spain,’
and Canada® with early detection and management of
familial hypercholesterolaemia. In our study on
24784 adults with heterozygous familial hypercholester-
olaemia from 44 countries, the prevalence of type 2
diabetes was 5-7% overall and varied greatly, with the
highest regional prevalence in South-East Asia and
Western Pacific and Eastern Mediterranean regions and
lowest in Europe. The age-standardised prevalence of
diabetes in adults globally was 6-1% in 2021, according to
a Global Burden of Disease study.” The International
Diabetes Federation estimates that the global prevalence
of diagnosed diabetes was 4-6% in 2019 (9-3% living
with diabetes and half of those were undiagnosed).”
These percentages are broadly similar to the prevalence
of global type 2 diabetes observed in our study (5-7% in
the whole cohort and 4-1% in the genetically diagnosed
cohort). Considering that our population has an overrep-
resentation of Europe and an underrepresentation of
other world regions, in which type 2 diabetes prevalence
is higher (such as the Middle East),” our data suggests
that globally, people with heterozygous familial
hypercholesterolaemia do not appear to be protected
against type 2 diabetes.

Previous studies reported low prevalences of type 2
diabetes in Dutch*and Spanish’® cohorts (1-75% and 2 - 30%)
with genetic confirmation of heterozygous familial
hypercholesterolaemia compared with unaffected family
members (2:93% and 3-60%). Heterozygous familial
hypercholesterolaemia was hypothesised to reduce sus-
ceptibility to type 2 diabetes owing to the reduction in
fully functioning LDL receptors required for pancreatic
cellular uptake of cholesterol affecting f-cell function.*
Our findings confirmed that the overall risk of type 2
diabetes was higher with obesity, use of statins, and
advancing age (even in the genetically diagnosed cohort)
suggesting that those with heterozygous familial hyper-
cholesterolaemia are likely to be prone to the same risk
factors of type 2 diabetes as the general population.

Individuals with heterozygous familial hypercholes-
terolaemia, especially those who are not yet diagnosed,
are likely to be at risk of adopting the same adverse
lifestyle factors as the general population and be at
a similar risk of obesity. This theory is supported by our
earlier observations suggesting that as the age of hete-
rozygous familial hypercholesterolaemia diagnosis
increases, the likelihood of obesity, hypertension, and
diabetes also increases.® Hence, studies diagnosing this
condition earlier would most likely offer lifestyle advice
sooner, meaning that favourable lifestyles were more
likely to be adopted earlier in life. For example, data
from the Netherlands resulted from a nationwide
publicly funded cascade screening programme for
familial hypercholesterolaemia that lasted for 20 years*
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and identified many non-index cases. We previously
reported that non-index cases were younger, with lower
LDL cholesterol, and lower prevalence of atherosclerotic
cardiovascular disease and its risk factors than index
cases.® This finding suggests that lifestyle factors could
have been addressed early in life in the Netherlands,
hence the low prevalence of type 2 diabetes, rather than
a true effect of heterozygous familial hypercholesterol-
aemia protection against type 2 diabetes.

Statins increase the risk of type 2 diabetes in a dose-
dependent way in people without heterozygous familial
hypercholesterolaemia.™™ In our study, the highest
potency statins were associated with a higher chance of
type 2 diabetes across a range of BMIs compared with
other statin regimens; therefore, reduced lipotoxicity from
having fewer functioning LDL receptors (the most
common abnormality in heterozygous familial hypercho-
lesterolaemia) might not attenuate the increase in type 2
diabetes associated with statin use. However, the
SAFEHEART® and ATTICA® studies reported that statins
were not associated with prevalence of type 2 diabetes in
Spanish and Greek cohorts with heterozygous familial
hypercholesterolaemia. These differences might be partly
explained by clinically well managed cohorts** with a lower
prevalence of, and systematic management of, risk factors
predisposing to diabetes, fewer participants with prediabe-
tes and differences in duration of treatment. Furthermore,
we found a lower chance of type 2 diabetes across ages
when those people did not receive statins irrespective of
whether alternative lipid-lowering medication was used,
further supporting the notion that statins rather than LDL
cholesterol lowering might be associated with type 2
diabetes in heterozygous familial hypercholesterolaemia
and the general population. However, the reduction in the
risk of atherosclerotic cardiovascular disease from choles-
terol lowering with statins likely outweighs the risk of
type 2 diabetes in the general population.” In the 4S trial
of simvastatin versus placebo, those with a heterozygous
familial hypercholesterolaemia phenotype had greater
reductions in the risk of atherosclerotic cardiovascular
disease and all-cause mortality with statins for the same
amount of LDL cholesterol lowering than those without
this phenotype,” underscoring the overall benefit of statins
in heterozygous familial hypercholesterolaemia. In our
study, the risk of type 2 diabetes was higher with obesity
than with statin use. Similarly, the ATTICA study® reported
that BMI and waist circumference were among the
greatest predictors of type 2 diabetes in those with
heterozygous familial hypercholesterolaemia. Similar to
people without familial hypercholesterolaemia, early and
sustained diet and lifestyle measures might prevent or
delay the risk of type 2 diabetes for those with heterozy-
gous familial hypercholesterolaemia, in whom statins are
essential and are the most affordable lipid-lowering medi-
cation globally.

Although alternative therapies to statins such as
ezetimibe, PCSK9 inhibitors, and bempedoic acid have not

been found to increase the risk of new onset diabetes,”*
the accessibility and affordability of these newer therapies
differs by country and hence, they might not be a viable
alternative in low-income countries in which obesity is
rapidly increasing. With patients having greater access to
online resources, concerns about medication safety are
becoming an increasing challenge in routine clinical
practice.” Our observations underscore that although
statins might increase the risk of diabetes, this effect is
trivial compared with the risk seen in people who are
obese. Since statins are the main treatment for preventing
adverse cardiovascular outcomes in heterozygous familial
hypercholesterolaemia, our data have a practical impor-
tance since reaching early detection of this condition and
adoption of favourable sustained lifestyle factors, which
are more amenable to change when people are younger,
could possibly help to prevent the development of type 2
diabetes in these individuals in later life.

Our study has limitations. First, the cross-sectional
design could not confirm causality and temporal relation-
ships since we could not determine whether the exposures
occurred before the outcome, particularly because indi-
viduals with diabetes were more likely to have been
prescribed statins. Second, an incidence—prevalence bias
cannot be excluded as individuals with longer duration of
type 2 diabetes were more likely to be included in the
study and prescribed lipid-lowering medication, which
could have inflated the association of lipid-lowering medi-
cation with the risk of type 2 diabetes. However, this
association appeared to be specific to statins, but not
other medication classes, and is in line with prospective
data showing dose-dependent increases in diabetes
incidence with statin treatment in the general popula-
tion.®” This increase did not occur with ezetimibe,
PCSK9 inhibitors, or bempedoic acid.?** Third, if
diagnosis and treatment of people with heterozygous
familial hypercholesterolaemia improve and are insti-
gated early in life, then we assume that lifestyle-related
factors that increase the risk of obesity might become
more relevant over the life course of care. The compari-
son between patients receiving statins and those receiving
alternative medications is imbalanced, with the alterna-
tive medication group being smaller and consisting of
a younger population, which might explain their lower
risk of diabetes. However, our results show that those
receiving alternative (non-statin) lipid-lowering medica-
tion had a lower probability of diabetes than those
receiving statins, even after adjusting for younger age.

In logistic regression, we adjusted for potential con-
founders, but there might have been residual confounding
from unmeasured variables and the time-varying
confounding effects—eg, of lipids—could not be assessed
due to an absence of repeated measurements. To investi-
gate potential interactions between BMI and medication
use on the risk of type 2 diabetes we included a product
term in the models. This approach, although commonly
used in epidemiological research, assesses multiplicative
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interaction, whereas an additive interaction might be more
relevant from a causal and public health perspective.” The
number of participants available from the contributing
countries were disproportionate, with some missing data
where indicated, but the results before and after multiple
imputation to account for missing data were similar, sug-
gesting that potential biases from missing data did not
influence the results. In cases in which the diabetes type
was not reported, we assumed type 2 (ie, the most common
type in adults); and sensitivity analysis in those with
confirmed type 2 diabetes showed consistent results. Not
all cases of heterozygous familial hypercholesterolaemia
were genetically confirmed, but 80% were genetically
confirmed, and separate analyses in this cohort were
similar to primary analysis findings. Finally, we considered
whether statin exposure and the risk of type 2 diabetes was
a class effect but concluded that this assumption might not
be the case as pitavastatin did not adversely affect HbAlc
or diabetes development compared with placebo or other
statins in a meta-analysis of 15 statin-controlled trials with
at least 12 weeks of follow-up.”

In conclusion, our cross-sectional analysis using global
data and a more heterogenous population of people with
familial hypercholesterolaemia than previously investi-
gated, suggests that this condition is not protective
against the development of type 2 diabetes. Factors known
to be associated with a greater likelihood of type 2 diabetes
in the general population, especially obesity, appear to
be highly relevant to those with heterozygous familial
hypercholesterolaemia. For patients concerned about the
benefit-risk profile of statins with respect to LDL choles-
terol control versus the risk of diabetes, notably the
markedly increased probability of type 2 diabetes associ-
ated with obesity overshadowed the potential effect of
statins on type 2 diabetes. Since lipid-lowering medica-
tion is initiated at the point of diagnosis, reaching an
early diagnosis of heterozygous familial hypercholesterol-
aemia and helping patients to maintain control of lifestyle
factors related to obesity might help to avoid the develop-
ment of type 2 diabetes in those at already substantially
elevated risk of atherosclerotic cardiovascular disease.
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Data sharing

Data collected in the FHSC registry cannot be shared with third parties
owing to clauses in data sharing agreements with data suppliers.
Ownership of the data shared with the FHSC registry remains the
property of the respective data suppliers.
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