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ABSTRACT
Background: A simplified Canadian definition was recently developed
to enable identification of individuals with familial hypercholester-
olemia (FH) and severe hypercholesterolemia in the general popu-
lation. Our objective was to use a modified version of this new
definition to assess contemporary disease prevalence, treatment
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R�ESUM�E
Introduction : Une d�efinition canadienne simplifi�ee a r�ecemment �et�e
�elabor�ee pour permettre la d�etection des personnes atteintes d’hy-
percholest�erol�emie familiale (HF) et d’hypercholest�erol�emie grave au
sein de la population g�en�erale. Notre objectif �etait d’utiliser la version
modifi�ee de cette nouvelle d�efinition pour �evaluer la pr�evalence con-
Familial hypercholesterolemia (FH) is a common genetic disor-
der, predisposing affected individuals to lifelong elevations in low-
density lipoprotein cholesterol (LDL-C) level and premature
atherosclerotic cardiovascular disease (ASCVD).1 Yet, contem-
porary data suggest that the prevalence of FH is unknown in
> 90% of the world’s population.2 Although national expert
panels in several jurisdictions have recognized identification of
these patients as an important priority,3-5 the complexity of
frequently used diagnostic algorithms has made obtaining popu-
lation estimates either challenging or impossible in many juris-
dictions. Recently, a simplified Canadian definition was proposed
that could be used to determine the population prevalence of FH
and other forms of extreme cholesterol level elevation.6 The new
criteria de-emphasize genetic testing and infrequent clinical
manifestations (eg, corneal arcus, xanthelasma), and they were
found to have excellent agreement when evaluated against the
commonly used SimonBroome andDutchLipidClinicNetwork
(DLCN) criteria (Cohen’s k ¼ 0.969 and 0.966, respectively).6

In addition to early diagnosis, the clinical trajectories of
patients with FH depend on adequate treatment and choles-
terol control. Early initiation of statin (HMG CoA reductase
inhibitor) therapies substantially reduces the risk of ASCVD
n Cardiovascular Society. This is an open access article under the CC BY-NC-
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patterns, and low-density lipoprotein cholesterol (LDL-C) control in
Ontario, Canada.
Methods: We identified individuals aged 66 to 105 years who were
alive as of January 1, 2011, using the Cardiovascular Health in
Ambulatory Care Research Team (CANHEART) database, which was
created by linking 19 population-based health databases in Ontario.
Hypercholesterolemia was identified using LDL-C values. Cholesterol
reduction and lipid-lowering treatment were assessed at time of
diagnosis and after at least 2 and 5 years’ follow-up.
Results: Among 922,464 individuals, 2440 (0.26%) met criteria for
definite or probable FH, and 72,893 (7.90%) for severe hypercholes-
terolemia. At diagnosis, mean LDL-C concentration was 9.52 mmol/L
for those with definite FH, 5.83 mmol/L for those with probable FH,
5.73 mmol/L for those with severe hypercholesterolemia, and 3.33
mmol/L for all other individuals. After > 5 years, LDL-C concentration
remained elevated at 3.58 mmol/L for those with definite FH, 2.72
mmol/L for those with probable FH, and 2.93 mmol/L for those with
severe hypercholesteremia. Use of statin therapy was initially high
(83% of those with definite FH, 78% of those with probable FH, 62% of
those with severe hypercholesterolemia); however, fewer patients
remained on statins at follow-up at > 5 years (62% of those with
definite FH, 67% of those with probable FH, 58% of those with severe
hypercholesterolemia).
Conclusions: Among older Ontarians, we estimated that 1 in 378 in-
dividuals had FH, and 1 in 13 had severe hypercholesterolemia.
Despite being at substantially increased cardiovascular risk, these
patients acheived suboptimal LDL-C level control and fewer were on
medical therapy at follow-up.

temporaine de la maladie, les sch�emas de traitement et la maîtrise du
cholest�erol à lipoprot�eines de faible densit�e (cholest�erol LDL) en
Ontario, au Canada.
M�ethodes : Nous avons recens�e les individus âg�es de 66 à 105 ans
qui �etaient en vie au 1er janvier 2011 à partir de la base de donn�ees
Cardiovascular Health in Ambulatory Care Research Team (CAN-
HEART), qui a �et�e cr�e�ee par la liaison de 19 bases de donn�ees
populationnelles de l’Ontario. L’hypercholest�erol�emie a �et�e d�efinie par
les valeurs du cholest�erol LDL. Nous avons �evalu�e la diminution du
cholest�erol et le traitement hypolip�emiant au moment du diagnostic et
après au moins les suivis après 2 ans et après 5 ans.
R�esultats : Parmi les 922464 personnes, 2 440 (0,26 %) r�epondaient
aux critères de diagnostic d�efinitif ou de diagnostic probable d’HF, et
72893 (7,90 %), aux critères d’hypocholest�erol�emie grave. Au diag-
nostic, les concentrations moyennes de cholest�erol LDL �etaient de
9,52 mmol/l chez ceux qui avaient un diagnostic d�efinitif d’HF, de 5,83
mmol/l chez ceux qui avaient un diagnostic probable d’HF, de 5,73
mmol/l chez ceux qui avaient un diagnostic d’hypercholest�erol�emie
grave et de 3,33 mmol/l chez toutes les autres personnes. Après > 5
ans, les concentrations de cholest�erol LDL �etaient demeur�ees �elev�ees :
3,58 mmol/l chez ceux qui avaient un diagnostic d�efinitif d’HF, 2,72
mmol/l chez ceux qui avaient un diagnostic probable d’HF et 2,93
mmol/l chez ceux qui avaient un diagnostic d’hypercholest�erol�emie
grave. L’utilisation du traitement par statines �etait initialement �elev�ee
(83 % de ceux qui avaient un diagnostic d�efinitif d’HF, 78 % de ceux
qui avaient un diagnostic probable d’HF, 62 % de ceux qui avaient un
diagnostic d’hypercholest�erol�emie grave). Toutefois, moins de patients
avaient conserv�e les statines au suivi > 5 ans (62 % de ceux qui
avaient un diagnostic d�efinitif d’HF, 67 % de ceux qui avaient un
diagnostic probable d’HF, 58 % de ceux qui avaient un diagnostic
d’hypercholest�erol�emie grave).
Conclusions : Parmi les Ontariens âg�es, nous avons estim�e que 1 sur
378 personnes avaient une HF, et que 1 sur 13 avaient une hyper-
cholest�erol�emie grave. Malgr�e le fait qu’ils sont expos�es à un risque
cardiovasculaire substantiellement �elev�e, ces patients ont atteint une
maîtrise sous-optimale du taux de cholest�erol LDL et moins d’entre eux
�etaient sous traitement m�edical au suivi.
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and related mortality.7-10 Left untreated, however, FH patients
bear a greater than 90-fold increased risk of ASCVD mortality
in young adulthood.11 Despite this risk, individuals remain
suboptimally managed even in specialized centers, with nearly
two-thirds of patients being untreated at the point of their
initial assessments.12 Even fewer data have been collected
regarding how patients with severe hypercholesterolemia are
managed in routine clinical practice in the general population.

To address these gaps in knowledge, the first objective of
our study was to estimate the prevalence of FH and severe
hypercholesterolemia in the general population of Ontario,
Canada. Secondary objectives of our study were to examine
cholesterol levels after initial diagnosis and the use of statins
and other lipid-lowering therapies in these patients.
Methods

Data sources

The Cardiovascular Health in Ambulatory Care Research
Team (CANHEART) cohort was created by linking 19
population-based data sources in Ontario.13,14 Specific data
sources essential to this study were the following: (i) the
Ontario Laboratories Information System database and
Dynacare Medical Laboratories database, which contain lab-
oratory results from outpatient and hospital settings obtained
since 2002; (ii) the Canadian Institute for Health Information
Discharge Abstract Database, the Canadian Community
Health Survey (CCHS), the Ontario Cancer Registry, the
Ontario Hypertension Database, and the Ontario Diabetes
Database, which contain information on cardiac risk factors
and comorbidities; and (iii) the Ontario Drug Benefit Data-
base, which contains data on prescription claims from in-
dividuals aged 65 and older. The use of the data in this project
is authorized under section 45 of Ontario’s Personal Health
Information Protection Act (PHIPA) and does not require
review by a research ethics board.

Study design

We identified Ontario residents with at least one LDL-C
measurement taken between 2002 and 2010, who were
aged 66 to 105 years at the time of their highest LDL-C
measurement, and were alive and eligible for Ontario’s uni-
versal health insurance plan on January 1, 2011. We restricted
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our study population to this age range because we lacked
information on statin and other lipid-lowering therapies in
individuals aged < 66 years, as we therefore would not be able
to estimate an untreated LDL-C level. For consistency with
previous population-based studies, we excluded individuals
with chronic kidney disease (ie, 2 consecutive measurements
of estimated glomerular filtration rate < 60 mL/min per 1.73
m2 or albumin-creatinine ratio � 3 mg/mmol over at least 90
days) given the potential for a falsely elevated LDL-C
measurement.6

Defining FH and severe hypercholesterolemia

Some items used in the simplified Canadian definition
(genetic testing, tendon xanthomas, and family histories of
hypercholesterolemia or ASCVD) were not available in our
data sources. Thus, our analyses used a modified version of the
definition. A diagnosis of definite FH was based on a highest
measured LDL-C level � 8.5 mmol/L in individuals of all
ages. Probable FH was diagnosed based on a history of pre-
mature ASCVD and an LDL-C level of 5.0-8.4 mmol/L.
Premature ASCVD was defined as having documented hos-
pitalization for myocardial infarction, stroke, peripheral arte-
rial disease, percutaneous coronary intervention, coronary
artery bypass grafting, or carotid endarterectomy at < 55 years
of age for men and < 65 years for women.6 Severe hypercho-
lesterolemia was diagnosed in those with an LDL-C level in the
range 5.0-8.4 mmol/L and no premature ASCVD history.
The general population in our study was defined as those not
fulfilling any of the diagnostic criteria above. For individuals
with a known statin prescription in the 100 days prior to their
LDL-C test, we multiplied the LDL-C level by 1.43 to esti-
mate the untreated LDL-C level. This method of adjusting
the LDL-C levels corresponds to an approximate 30%
reduction in LDL-C from baseline15 and is consistent with
practice in several large-scale population-based reports of FH
prevalence.16-18

Outcomes

We determined the prevalence and clinical characteristics
of older Ontarians who met the criteria for FH and severe
hypercholesterolemia.6 We assessed mean lipid concentrations
in our study population at the index (diagnostic) cholesterol
profile measurement. To evaluate cholesterol levels at follow-
up, we also assessed lipid levels for those still alive after at least
2 years and 5 years. Finally, we examined the proportion of
individuals filling prescriptions for statins (including high- and
low-intensity) and other lipid-lowering therapies (fibrates,
ezetimibe, bile-acid sequestrants, niacin) at index, 6 months
after the index LDL-C measurement, and at the next LDL
measurement at least 2 and 5 years later. The follow-up points
of 2 and 5 years were chosen to examine shorter- and longer-
term uptake, adherence, and impact of lipid-lowering thera-
pies post-diagnosis, and to minimize the influence of cardio-
vascular events on individuals’ indications for lipid-lowering
therapies.

Statistical analysis

Descriptive statistics were calculated for sociodemographic
characteristics, plasma lipid concentrations, and cardiovascular
risk factors of the cohort. Results for categorical variables were
expressed as percentages and were compared using c2 tests;
continuous variables were reported as means and standard
deviations (SDs), or medians (quartiles), and were compared
using a 1-way analysis of variance. Two-tailed P values < 0.05
were considered significant. All datasets used were linked
using unique encoded identifiers and analyzed at ICES
(formerly the Institute for Clinical Evaluative Sciences) using
SAS version 9.4 (SAS Institute, Cary, NC).
Results

Study cohort

Of 9.4 million Ontario residents aged 20 to 105 years
with a valid health card number who were alive on January
1, 2011, 4,769,444 without cholesterol measurements,
97,845 with chronic kidney disease, and 3,613,918 with a
highest LDL-C level measured at age < 66 years were
excluded, leaving 922,646 individuals who were included in
the study.

Identification and prevalence of FH and severe
hypercholesterolemia

We identified 2440 individuals with FH (968 definite;
1472 probable), corresponding to a prevalence of 0.26% (1 in
378; Table 1). An additional 72,893 individuals, or 7.90% (1
in 13), met the criteria for severe hypercholesterolemia. Mean
ages were 72.4 years for the definite FH group, 70.1 years for
probable FH, 72.8 years for severe hypercholesteremia, and
74.0 years for the general population; rates of women were
77.3% (definite FH), 76.2% (probable FH), 66.6% (severe
hypercholesterolemia), and 53.4% (general population).
Relative to the general population, individuals with FH and
severe hypercholesterolemia had significantly higher burdens
of hypertension, diabetes mellitus, coronary artery disease,
current smoking, and obesity. Individuals with FH had the
lowest rates of cancer.

By sex (Table 2), a lower prevalence was seen in men,
compared with that in women, for definite FH (0.05% vs
0.15%), probable FH (0.08% vs 0.22%), and severe
hypercholesterolemia (5.80% vs 9.66%).

Cholesterol profile of individuals at diagnosis and
follow-up

Full cholesterol profiles for the cohort at index and follow-
up are described in Table 3. At initial diagnosis, mean LDL-C
concentrations were 9.52 mmol/L for those with definite FH,
5.83 mmol/L for those with probable FH, 5.73 mmol/L for
those with severe hypercholesterolemia, and 3.33 mmol/L for
all other individuals. At follow-up of > 2 years (median follow
up > 900 days), the mean LDL-C concentrations were lower,
at 3.88 mmol/L for those with definite FH, 2.94 mmol/L for
those with probable FH, 3.16 mmol/L for those with severe
hypercholesterolemia, and 2.39 mmol/L for individuals in the
general population. Five years following index cholesterol
measurements (median follow-up > 2000 days) these values
were even lower, at 3.58 mmol/L for those with definite FH,
2.72 mmol/L for those with probable FH, 2.93 mmol/L for
those with severe hypercholesterolemia, and 2.27 mmol/L for
the general population.



Table 1. Characteristics of patients aged � 66 years with familial hypercholesterolemia (FH) and severe hypercholesterolemia in Ontario, Canada

Characteristic

Definite FH Probable FH Severe hypercholesterolemia General population

n ¼ 968 n ¼ 1472 n ¼ 72,893 n ¼ 847,313

Age, y
Mean � SD 72.4 � 5.4 70.1 � 3.9 72.8 � 5.6 74.0 � 6.2
Median (Q1eQ3) 71 (68e75) 69 (67e72) 72 (68e76) 73 (69e78)

Women 748 (77.3) 1121 (76.2) 48,558 (66.6) 452,481 (53.4)
Socioeconomic status

Lowest income quintile 192 (19.8) 314 (21.3) 13,366 (18.3) 150,289 (17.7)
Highest income quintile 175 (18.1) 271 (18.4) 14,884 (20.4) 180,964 (21.4)

Cardiac risk factors
Hypertension 663 (68.5) 1228 (83.4) 49,351 (67.7) 606,499 (71.6)
Diabetes mellitus 233 (24.1) 520 (35.3) 15,448 (21.2) 238,731 (28.2)
Premature ASCVD* 30 (3.1) 1472 (100.0) 0 (0.00) 18,491 (2.2)
Cancer 109 (11.3) 158 (10.7) 8943 (12.3) 123,261 (14.6)
Obesity, %y 23.1 29.9 14.9 18.3
Current smoker, %y 16.6 6.2 8.0 8.5
Lipid-lowering therapy use within 100 days of index cholesterol measurement
Statins 806 (83.3) 1,141 (77.5) 45,086 (61.9) 366,984 (43.3)

High-intensity 237 (24.5) 319 (21.7) 5088 (7.0) 72,934 (8.6)
Low-intensity 569 (58.8) 822 (55.8) 39,998 (54.9) 294,050 (34.7)

Nonstatins 102 (10.5) 181 (12.3) 2962 (4.1) 42,489 (5.0)
Ezetimibe 86 (8.9) 135 (9.2) 1998 (2.7) 26,245 (3.1)
Other 28 (2.9) 65 (4.4) 1157 (1.6) 18,579 (2.2)

Values are n (%), unless otherwise indicated.
ASCVD, atherosclerotic cardiovascular disease; Q1, quartile 1; Q3, quartile 3; SD, standard deviation.
* Premature ASCVD defined as hospitalization for myocardial infarction, stroke, peripheral arterial disease, or prior percutaneous coronary intervention, cor-

onary artery bypass grafting, or carotid endarterectomy at < 55 years of age in men and < 65 years in women.
yObesity and smoking status obtained from the Canadian Community Health Survey completed by 29,405 individuals in our study cohort. Estimates are

weighted to be representative of the Ontario population.
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Two years following index cholesterol measurements,
68.9% of individuals with definite FH, 50.9% of those with
probable FH, and 41.2% of those with severe hypercholes-
terolemia attained LDL-C values < 50% of baseline values.
Very few individuals attained an LDL-C concentration of
< 2.0 mmol/Ld7.5% of those with definite FH, 19.9% of
those with probable FH, and 13.5% of individuals with severe
hypercholesterolemia. At 5-year follow-up, the percentage of
those achieving reductions in LDL-C concentration of > 50%
from baseline increasedd71.2% of those with definite FH,
57.9% of those with probable FH, and 47.5% of individuals
with severe hypercholesterolemia. An LDL-C concentration of
< 2.0 mmol/L was attained by 10.5% of individuals with
definite FH, 26.8% of those with probable FH, and 19.5% of
those with severe hypercholesterolemia.

Use of cholesterol-lowering therapies during the study
period

In our cohort, statins were used by 83.3% (24.5%
high-intensity) of those with definite FH, 77.5% (21.7%
high-intensity) of those with probable FH, 61.9% (7.0%
Table 2. Prevalence of familial hypercholesterolemia (FH) and severe hyper

Groups Number of subjects in the population Definite

Overall 922,646 0.10 (0.10
Sex

Men 419,738 0.05 (0.05
Women 502,908 0.15 (0.14

Values indicate prevalence as a percentage, with (95% confidence interval), unle
* Estimation of FH and severe hypercholesterolemia incorporated adjustment fo

cholesterol (LDL-C levels) for individuals with a known statin prescription in the 10
high-intensity) of those with severe hypercholesterolemia and
43.3% (8.6% high-intensity) of the general population at
initial diagnosis (Figs. 1 and 2). Nonstatin lipid-lowering
therapies were used by 10.5% of individuals with definite
FH, 12.3% of those with probable FH, 4.1% of those with
severe hypercholesterolemia, and 5.0% of the general popu-
lation. Use of statins, including high-intensity doses, and
other lipid-lowering therapies increased slightly in the 6
months following index measurements.

During the follow-up period of > 2 years, use of statins
declined, with 63.1% of those with definite FH, 67.0% of
those with probable FH, and 57.0% of those with severe
hypercholesterolemia having a statin claim. Use of nonstatins
also declined, with 18.1% of those with definite FH, 20.2%
of those with probable FH, 8.0% of those with severe hy-
percholesterolemia, and 5.8% of the general population on
these therapies at follow-up. Similar proportions of patients
were on statins at follow-up at > 5 years (those with definite
FH, 62.3%; those with probable FH, 66.9%; those with se-
vere hypercholesterolemia, 57.8%; general population,
48.9%), although the use of high-intensity doses increased
cholesterolemia in Ontario, stratified by sex*

FH Probable FH Severe hypercholesterolemia

, 0.11) 0.16 (0.15, 0.17) 7.90 (7.84, 7.96)

, 0.06) 0.08 (0.08, 0.09) 5.80 (5.73, 5.87)
, 0.16) 0.22 (0.21, 0.24) 9.66 (9.57, 9.74)

ss otherwise indicated.
r statin therapy use. This was done by multiplying low-density lipoprotein-
0 days prior to their LDL-C test by 1.43 to estimate untreated LDL-C levels.



Table 3. Cholesterol profile of patients aged � 66 years with familial hypercholesterolemia (FH) and severe hypercholesterolemia at diagnosis and
follow-up

Characteristic

Definite FH Probable FH Severe hypercholesterolemia General population

n ¼ 968 n ¼ 1,472 n ¼ 72,893 n ¼ 847,313

Cholesterol at index diagnosis, mmol/L*
Total cholesterol 9.35 � 1.34 6.68 � 0.94 6.84 � 0.99 4.94 � 1.08
LDL-C 7.03 � 1.29 4.53 � 0.81 4.71 � 0.82 2.92 � 0.89
LDL-C (adjusted)y 9.52 � 1.19 5.83 � 0.76 5.73 � 0.70 3.33 � 0.80
HDL-C 1.48 � 0.39 1.39 � 0.35 1.46 � 0.36 1.40 � 0.41
Triglyceride 2.09 � 0.84 1.93 � 0.82 1.75 � 0.72 1.44 � 0.68

Cholesterol at 2þ years follow-up, mmol/L
Number of individuals with follow-up n ¼ 953 n ¼ 1435 n ¼ 72,166 n ¼ 830,278
Time of follow-up, d 883 (784e1088) 893 (790e1106) 911 (791e1142) 919 (784e1180)

Total cholesterol 6.16 � 1.79 5.11 � 1.34 5.34 � 1.28 4.43 � 1.07
LDL-C 3.88 � 1.64 2.94 � 1.12 3.16 � 1.11 2.39 � 0.87
HDL-C 1.47 � 0.36 1.38 � 0.37 1.45 � 0.37 1.40 � 0.42
Triglyceride 1.75 � 0.98 1.72 � 0.94 1.58 � 0.76 1.41 � 0.75

Control of LDL cholesterol at 2þ years follow-up
LDL-C < 2.0 mmol/L 71 (7.5) 285 (19.9) 9,764 (13.5) 286,346 (34.5)
� 50% reduction in LDL-C 657 (68.9) 730 (50.9) 29,707 (41.2)

Cholesterol values at 5þ years follow-up, mmol/L
Number of individuals with follow-up n ¼ 896 n ¼ 1324 n ¼ 68,760 n ¼ 762,977
Time of follow-up, in d 2017 (1902e2227) 2020 (1899e2221) 2030 (1910e2246) 2046 (1915e2284)

Total cholesterol 5.85 � 1.78 4.88 � 1.32 5.11 � 1.30 4.33 � 1.09
LDL-C 3.58 (1.60) 2.72 (1.11) 2.93 (1.12) 2.27 (0.89)
HDL-C 1.48 � 0.39 1.39 � 0.38 1.46 � 0.39 1.41 � 0.43
Triglyceride 1.72 � 1.02 1.71 � 0.90 1.58 � 0.78 1.44 � 0.79

Control of LDL cholesterol at 5þ years follow-up
LDL-C < 2.0 mmol/L 94 (10.5) 355 (26.8) 13,418 (19.5) 291,369 (38.2)
� 50% reduction in LDL-C 638 (71.2) 767 (57.9) 32,641 (47.5)

Values are mean � standard deviation, median (interquartile range), or n (%).
FH, familial hypercholesterolemia; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
* SI conversion factors: to convert LDL-, HDL-, and total cholesterol and triglyceride levels to milligrams per decilitre, divide by 0.0259.
yAdjusted LDL-C was estimated by multiplying LDL-C levels for individuals with a known statin prescription in the 100 days prior to their LDL-C test by 1.43

to estimate untreated LDL-C levels.
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(those with definite FH, 28.3%; those with probable FH,
29.6%; those with severe hypercholesterolemia, 16.2%; gen-
eral population, 13.1%). The proportions of patients on
nonstatin therapies at 2 and 5 years were also similar (those
with definite FH, 19.9%; those with probable FH, 21.0%;
those with severe hypercholesterolemia, 9.3%; general popu-
lation, 5.7%). However, notable increases were observed in
the use of ezetimibe from index to > 5 year follow-up, as
follows: those with definite FH, 8.9% vs 17.6%; those with
probable FH, 9.2% vs 18.5%; those with severe hypercho-
lesterolemia, 2.7% vs 8.3%; and the general population, 3.1%
vs 4.4%.

Discussion
Applying a modified version of the simplified Canadian

definition of FH to routinely collected health data, we
were able to provide important insights on this group of
patients at high risk of ASCVD. We estimated the prev-
alence of FH in older adults in Ontario to be at least 1 in
378, and the prevalence of severe hypercholesterolemia to
be 1 in 13. Second, control of lipid levels was found to be
suboptimal at follow-up. Only 68.9% and 50.9% of
treated individuals with definite and probable FH,
respectively, and 41.2% of individuals with severe hyper-
cholesterolemia attained LDL-C values < 50% of baseline,
as targeted by Canadian Cardiovascular Society guidelines.
Third, despite being at high risk for ASCVD, among
individuals older than 65 years, approximately two-fifths of
those with FH and severe hypercholesterolemia went
untreated with statins long-term.

Two recent large-scale meta-analyses2,19 have reported
that FH affects approximately 1 in 300 individuals globally,
with considerable variation across geographic regions and
according to the diagnostic criteria employed. The preva-
lence estimates we obtained for FH among older adults (at 1
in 378) were similar to those found in these meta-analyses, as
well as those from contemporary cohorts in nearby juris-
dictions.17,18 However, a point to note is that we were un-
able to consider data on tendon xanthomas or first-degree
relatives with elevated LDL-C level or premature ASCVD in
identifying FH in our cohort. Additionally, screening for
candidate mutations in FH is not routinely conducted in
Ontario. Results from the Copenhagen General Population
Study demonstrate that the combination of these genetic
data with aforementioned clinical criteria led to greater
capture of disease prevalence than either alone.20 In the
absence of such data, FH diagnosis in our cohort relied solely
on identified hypercholesterolemia and individual histories of
premature cardiovascular disease. Contemporary cohorts of
genetically defined FH heterozygotes suggest that only a
small fraction of individuals with FH have LDL concentra-
tions > 8.5 mmol/L; accordingly, our sample may be
representative of only individuals with the most-deranged
cholesterol. Taken together, these limitations mean that we
likely have underestimated the true population prevalence in
Ontario. However, the preponderance of contemporary



Figure 1. Use of statin therapy and other lipid-lowering therapy for patients (aged > 65 years) with familial hypercholesterolemia (FH) and severe
hypercholesterolemia. Index values represent lipid-lowering prescription claims filled within 100 days prior to the index low-density lipoprotein-
cholesterol measurement. Follow-up values indicate prescription claims filled within 100 days of the follow-up low-density lipoprotein-cholesterol
measurement.
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estimates of FH are derived from mostly White European
samples1,2,19; and the true prevalence in Ontario may be
lower, given that people of non-European descent comprise
over 28% of the population.13,21

Current Canadian guidelines recommend LDL-C
level targets of < 2.0 mmol/L for FH patients with estab-
lished ASCVD. For those without ASCVD, LDL-C reduction
of > 50% has been recommended with a target of < 2.5
mmol/L.3 At 2 and 5 years following diagnostic lipid panels,
LDL-C levels were persistently elevated in hypercholesteremic
patients in Ontario. Even with treatment, 30%-50% of these
patients failed to meet more-liberal primary prevention targets.
These findings are not isolated. In the British Columbia
Familial Hypercholesterolemia Registry, only one-third of pa-
tients achieved � 50% reductions in LDL-C level from base-
line at w10-year follow-up, despite using maximal-dose
combination agents, and < 10% reached an LDL-C concen-
tration < 2.0 mmol/L.12 Similar findings have been demon-
strated in larger registries22 and population-based studies,23 in
multiple jurisdictions,22-29 with greater duration of follow-
up.28 Patients with FH seem to have a response to lipid-
lowering therapies similar to that of patients without FH.30

Thus, our findings may simply reflect and underscore the
challenges of cholesterol reduction in these individuals, given
such prominent baseline elevations.31 Future research exploring
factors associated with treatment response in this population
may improve success in achieving treatment targets.18,26

Our study found that although statin prescriptions
increased after index lipid panels, including increasing use of
high-dose statins, persistence on these medications declined in
the hypercholesterolemic population long-term. A potential
explanation for this finding might be the increased use of
nonstatin alternatives (eg, ezetimibe), as observed in our
study. Yet, these increases were marginal overall. Unfortu-
nately, data suggest that most individuals affected by FH
receive suboptimal treatment,4,20,32,33 with as many as half
not receiving high-intensity statin-therapy.26 Even among
patients receiving lipid-lowering treatment, some reports
suggest that only two-thirds adhere to therapy long-term, and
less than half (47%) remain on statins.34 Relative to other
high-risk populations, patients with FH may actually
demonstrate greater adherence.35 Still, due to elevated lipid
levels from birth, FH contributes to higher ASCVD risk than
other causes of dyslipidemia, making adequate treatment more
important. Notable patient-level barriers to treatment adher-
ence identified in this population include the following:
mismatch between perceived and actual risk, concerns about
use of medications, and inadequate/incorrect knowledge of
treatment.36 Longitudinal and patient-specific education from
care providers regarding therapeutic options may help over-
come these challenges.37 At a provider level, interventions
providing decision-support tools may also facilitate appro-
priate prescribing.38 Finally, tolerability and perceived toler-
ability remain significant barriers to statin treatment in these
patients.25,26,39 Multi-drug therapy,40 including novel
proprotein subtilisin/kexin type 9 (PSCK9)-inhibitors,
may provide reasonable alternatives for those who are
statin-intolerant.41,42



Figure 2. Use of high-intensity statin therapy and ezetimibe in patients (aged > 65 years) with familial hypercholesterolemia (FH) and severe
hypercholesterolemia. Index values represent lipid-lowering prescription claims filled within 100 days prior to the index low-density lipoprotein
cholesterol measurement. Follow-up values indicate prescription claims filled within 100 days of the follow-up low-density lipoproteincholesterol
measurement.
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Although we were able to demonstrate the feasibility of
using a modified version of the simplified Canadian definition
to identify patients aged > 65 years with FH and assess lipid
control, several limitations of our study merit consideration.
First, as previously mentioned, we were unable to fully apply
the Canadian definition due to the absence of some major
(DNA mutations, tendon xanthomas) and minor (family
history of hypercholesterolemia, ASCVD) diagnostic criteria
from administrative databases, and thus may have under-
estimated the population prevalence of FH. Second, although
some studies suggest the presence of a strong tendency toward
lower incidences of traditional risk factors in the population
with FH, we observed higher incidences of diabetes and hy-
pertension among individuals classified into the probable FH
group.43,44 Thus, although Canadian Cardiovascular Society
Dyslipidemia Guidelines recommend lipid screening of all
individuals aged � 40 years, our study may be biased in the
selection of individuals with a greater baseline risk for hy-
percholesterolemia and ASCVD, who therefore received lipid
testing, which would bias our FH prevalence estimate upward.
Third, we lacked medication data in individuals aged < 65
years, precluding estimation of prevalence and treatment
patterns in this younger population. However, given that this
is a genetic disorder with autosomal dominant transmission,
the prevalence in younger individuals is likely comparable.
Finally, our study period predates the advent of novel lipid-
lowering therapies such as lomitapide and new proprotein
convertase subtilisin/kexin type 9 (PCSK9) inhibitors. Further
investigations on the impact of these medications on lipid
control in the Ontario population are warranted.
Conclusions
We found that FH and severe hypercholesterolemia are

common among older adults in the Ontario population, with
notable proportions of those affected going untreated
long-term. Greater use of current and emerging nonstatin
therapies may provide additional LDL-C and ASCVD-risk
reduction in this high-risk population.
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