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Cardiovascular Risk and Treatment
Outcomes in Severe Hypercholesterolemia:
A Nationwide Cohort Study

Chan Joo Lee, MD, PhD*; Sanghyun Park

, BSc*; Kyungdo Han ", PhD; Sang-Hak Lee =/, MD, PhD
BACKGROUND: This study aimed to evaluate the cardiovascular risk and outcomes after lipid reduction in patients with severe

hypercholesterolemia using a nationwide cohort.

METHODS AND RESULTS: This study used the database from the National Health Insurance Service of Korea. Among individuals
who underwent regular health examination and follow-up, 2 377 918 were enrolled and categorized into 3 groups with severe
hypercholesterolemia according to low-density lipoprotein cholesterol (LDL-C) levels, namely, >260, 225 to 259, and 190 to
224 mg/dL groups, and a control group (<160 mg/dL). Risks of composite cardiovascular events (myocardial infarction, coro-
nary revascularization, and ischemic stroke) and total mortality were compared. In statin new users, the outcomes after statin
use were further analyzed according to posttreatment LDL-C levels. The prevalence of individuals with LDL-C>190 mg/dL was
1 of 106. Adjusted hazard ratios of composite events and total mortality (median follow-up, 6.1 years) in the groups ranged up
to 2.4 (log-rank P<0.0001) and 2.3 (log-rank P=0.0002), respectively, and were dependent on LDL-C levels. The risks of each
event were up to 4.1-, 3.8-, and 1.9-fold higher, respectively, in these groups. The risk of composite events (median follow-up,
6.2 years) was lower after lipid lowering; particularly, the risk was lowest in the group showing LDL-C<100 mg/dL after treat-
ment (hazard ratio, 0.56, log-rank P=0.043).

CONCLUSIONS: Using large Korean cohort data, our study proved incrementally elevated cardiovascular risk and clinical benefit
associated with LDL-C<100 mg/dL in individuals with severe hypercholesterolemia. These results support aggressive lipid
lowering and provide evidence for the LDL-C target in this population.
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panying familial hypercholesterolemia (FH), has

been spotlighted for its global clinical burden.!
Many academic societies recently concentrate on it
to promote its awareness and improve timely diag-
nosis and treatment; however, the results remain in-
sufficient.? The risk of atherosclerotic cardiovascular
disease (ASCVD) is =3 times higher in these individuals
than in the general population,® although the data were
inconsistent in different studies. Because elevated
low-density lipoprotein cholesterol (LDL-C) is the major

Severe hypercholesterolemia, frequently accom-

contributor to ASCVD development? in this population,
special attention to its severe form is suggested.*
Since the early 2010s, guidelines on lipid-lowering
therapy have been revised in many areas worldwide.5~"
Along with the introduction of new lipid-modifying
agents, such as proprotein convertase subtilisin/kexin
type 9 inhibitors,2 some guidelines have lowered tar-
get LDL-C levels,>” European and American guide-
lines recommended LDL-C <70 mg/dL for high-risk
groups and the former advised LDL-C <55 mg/dL
for very-high-risk individuals. Furthermore, European
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CLINICAL PERSPECTIVE

What Is New?

e Incremental risk elevation and its dependency
on low-density lipoprotein cholesterol levels
were demonstrated in severe hypercholester-
olemia by large-scale analysis.

e A significant association between ischemic
stroke and severe hypercholesterolemia was
observed.

e Lower risk was observed more clearly when
low-density lipoprotein cholesterol <100 mg/
dL was achieved after statin therapy in these
patients.

What Are the Clinical Implications?

e By providing evidence on vascular risk and tar-
get low-density lipoprotein cholesterol levels
from large cohort data, this study strongly helps
clinicians to choose more aggressive lipid-
lowering therapy in this population.

Nonstandard Abbreviations and Acronyms

FH familial hypercholesterolemia
NHIS National Health Insurance Service

guidelines classified patients with FH into specific risk
groups according to the presence of other cardiovas-
cular conditions.” This called attention to the clinical
importance of patients with FH and appropriate lipid
management for them.

To date, few studies have evaluated the effect of
lipid-lowering therapy, mostly by statins, on cardiovas-
cular risk or mortality in patients with severe hypercho-
lesterolemia.®'® Although they provided evidence to
support lipid management in this population, it is insuf-
ficient to suggest specific target LDL-C levels in these
individuals. This study aimed to evaluate the preva-
lence, cardiovascular risk, and total mortality of indi-
viduals with severe hypercholesterolemia. In addition,
the effect associated with lipid-lowering therapy on
the risks was analyzed in a subgroup receiving statins.
A large nationwide cohort of >2 million individuals,
>20 000 with LDL-C>190 mg/dL, including >10 000
statin users, was enrolled and followed up.

METHODS

The present study was performed according to the
Declaration of Helsinki and approved by the Institutional
Review Board of Severance Hospital (4-2019-0516)
and National Health Insurance Service (NHIS) of Korea
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(NHIS-2020-4-160). The NHIS database has been
made for wider use of the health screening data with
anonymous and deidentified information. Therefore,
the requirement for informed consent was waived.
Patients or the public were not involved in the de-
sign, or conduct, or reporting, or dissemination plans
of our research. The data that support the findings of
this study are available from the corresponding author
upon reasonable request.

Data Source and Study Population

This nationwide population-based cohort study used
the database from the NHIS of Korea,'""? contain-
ing demographic data, diagnoses encoded by the
International Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10), use of in- and outpatient
services, pharmacy claims, and mortality. The NHIS
of Korea provides a biennial health examination for
all Korean adults aged >20 years. This includes self-
questionnaires on medical history, physical examina-
tions, and blood tests, such as complete blood counts
and cholesterol profile. Health examination results are
included in the NHIS database anonymously.

The study enroliment flow is presented in Figure 1.
Subjects who underwent the first NHIS health exam-
ination between January and December 2009 were
screened. Among them, those who underwent >1
follow-up health examination were identified. The last
follow-up occurred in December 2018. The exclusion
criteria were prior cardio- or cerebrovascular disease
or coronary revascularization, prior statin use, no
timely follow-up health examination, missing laboratory
values, suspicious errors in cholesterol levels, starting
statins at O- to 1-year follow-up, or death or cardio-/
cerebrovascular events in <1-year follow-up. Finally,
2 377 918 individuals were enrolled: 2 261 332 statin
nonusers and 116 586 statin new users.

The study subjects were categorized by LDL-C
levels, which are as follows: >260, 225 to 259, 190
to 224, 160 to 189, and <160 mg/dL. The 260 mg/
dL level is from the American Make Early Diagnosis to
Prevent Early Death criteria for people with FH aged
>40 years,'® which is the age range of most individuals
in our cohort. The 225-mg/dL level is from the LDL-C
threshold for carriers of putative FH-associated muta-
tions from our previous analysis.'* The 190-mg/dL level
is from the cutoff value of severe hypercholesterolemia
in the latest American guidelines for lipid-lowering
therapy.® Because LDL-C >160 mg/dL is considered
“high,”™® we used individuals with LDL-C <160 mg/dL
as a reference group.

Variables and Definitions

Subjects’ demographic information, including age and
sex, and cardiovascular risk factors are summarized in
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Screening (n=4 234 341)
Subjects who underwent first health examination
in 2009 & >1 follow-up examination

Exclusion (n=1 856 423)

« Prior cardio- or cerebrovascular disease or
coronary revascularization (n=16 578)

 Prior statin user (n=517 929)

* No follow-up health examination in 2011
(n=1084 453)

» Missing laboratory values (n=138 967)

« Suspicious errors in cholesterol levels
(n=12 686)

« Starting statins at 0-2 year follow-up (n=72 794)

« Death or cardio- or cerebrovascular events in
<1 year follow-up (n=13 016)

v

[ Enroliment (n=2 377 918) |

v v
« Statin nonuser (n=2 261 332) (Table 1) » Statin new user (n=116 586)
LDL-C <160 (n=2 125 867) LDL-C >190 (n=11 037) (Table 3)
LDL-C >190 (n=21 267) } (Table 2)

Figure 1.

Flow of patient enroliment.

LDL-C indicates low-density lipoprotein cholesterol.

Table 1. Diabetes, hypertension, and body mass index
were assessed as baseline characteristics. Subjects’
smoking status was assessed on the basis of self-
questionnaires. Blood samples for the lipid profiles
were obtained after overnight fasting, and the levels
were measured using an enzymatic method. Diabetes

and hypertension were defined as previous diagnoses
(ICD-10 codes) and use of >1 antidiabetic or antihyper-
tensive agent, respectively.

The primary end point was a composite of incident
myocardial infarction (MI), coronary revasculariza-
tion, and ischemic stroke. The secondary end points

Table 1. Clinical Characteristics of the Patient Groups Classified by LDL-C Levels Without Statin Therapy
Patient group by LDL-C levels, mg/dL (N=2 261 332)
2260 225-259 190-224 160-189 <160
Veifalsles (N=487;0.02%) | (N=1936;0.09%) | (N=18844;0.83%) | (N=114198;5.1%) | (N=2125867;94%) | pyvalue
Age,y
20-39 172 (33.3) 561 (29.0) 5044 (26.8) 29 359 (25.7) 761 720 (35.8) <0.0001
40-49 128 (26.8) 499 (25.8) 5073 (26.9) 32 539 (28.5) 592 368 (27.9)
50-59 111 (22.8) 517 (26.7) 5264 (27.9) 31 940 (28.0) 441 218 (20.8)
>60 76 (15.6) 359 (18.5) 3463 (18.4) 20 360 (17.8) 330561 (15.6)
Male sex 283 (58.1) 1067 (55.1) 11 303 (60.0) 70 057 (61.4) 1278 196 (60.1) <0.0001
Medical history
Diabetes 61 (12.5) 174 (9.0) 1287 (6.8) 5971 (5.2) 109 350 (5.1) <0.0001
Hypertension 117 (24.0) 406 (21.0) 4107 (21.8) 23074 (20.2) 394 907 (18.6) <0.0001
Current smoker 158 (32.4) 346 (28.2) 5597 (29.7) 31702 (27.8) 581 068 (27.3) <0.0001
Body mass index, 24.8+3.5 25.0+3.3 24.9+3.1 24.6+3.1 23.56+£3.2 <0.0001
kg/m?
Lipid profile, mg/dL
Total cholesterol 398+106 320+22 282+19 250+17 188+29 <0.0001
Triglyceride 138 (95-204) 135 (99-184) 128 (94-174) 119 (87-162) 103 (71-154) <0.0001
HDL-C 57.6+44.9 55.1+14.2 54.0+17.0 53.8+17.6 55.6+21.1 <0.0001
LDL-C 308+82 236+9 201+9 17048 107+26 <0.0001
Antiplatelet agent 17 (3.5) 61(3.2) 684 (3.6) 4430 (3.9) 102 690 (4.8) <0.0001

Data are presented as number (%), mean+SD, or median (interquartile range) unless defined otherwise. HDL-C indicates high-density lipoprotein-cholesterol;

and LDL-C, low-density lipoprotein-cholesterol.
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were each component of the primary end point and
total mortality. Ml was defined by /ICD-10 codes (121-
122) during hospitalization or these diagnostic codes
documented at least twice in the outpatient records.
Coronary revascularization included percutaneous
coronary intervention and coronary artery bypass
graft. Percutaneous coronary intervention was defined
as procedure codes M655*-M657* in NHIS, and cor-
onary artery bypass graft was defined as the codes
OAB31*-OAB39*, OB631*-0B639*, OAB41*, OAB42%,
00161*-00171*, and O1641*-01647*. Ischemic stroke
was defined by ICD-10 codes during hospitalization
plus claims for brain imaging studies, including mag-
netic resonance imaging and computed tomography.
Total mortality was defined as those included in the
NHIS linked to mortality data provided by Statistics
Korea.'® The study population was followed up until the
date of vascular events or death.

Statistical Analysis

Continuous variables were tested for normality using
the Shapiro-Wilk normality test. Variables with normal
distribution are presented as mean+SD, those with
skewed distribution as median (interquartile ranges),
and categorical variables as numbers (percentages).
For between-group comparisons, Student’s t test and
the chi-square test were used for continuous and cat-
egorical variables, respectively.

Cox proportional hazards models were used to
evaluate the association between categorized baseline
LDL-C levels and risk of composite events and total
mortality. Hazard ratios (HRs) and 95% Cls were calcu-
lated in an unadjusted model 1 and adjusted for covari-
ates. Eight prespecified potential confounders were
adjusted in model 2, which are as follows: age, sex,
body mass index, diabetes, hypertension, smoking,
triglycerides, and antiplatelet agents. The trend of risk
was presented as Kaplan-Meier curves and compared
using the log-rank test. Risk of events and mortality
was compared between the population with baseline
LDL-C <160 mg/dL and those with baseline LDL-C
>190 mg/dL. Individuals in the latter group who started
statin therapy were further analyzed. Finally, the risk of
events and mortality was analyzed according to post-
treatment LDL-C levels as <100, 100 to 129, 130 to
159, and >160 mg/dL.

RESULTS

Baseline Characteristics

Of all individuals included, 2 261 332 did not undergo
statin therapy. Among them, the percentages of indi-
viduals with LDL-C >260, >225, and >190 mg/d were
0.02%, 0.11%, and 0.94%, respectively (Table 1), which
translates to 1 of 5000, 909, and 106 individuals,
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respectively. Individuals aged 20 to 39 years were
more common in the LDL-C >260 mg/dL group than
in the LDL-C 190 to 259 mg/dL group, whereas those
aged >60 years were less common in the former group
(Table 1). Frequencies of diabetes, hypertension, and
current smoker were higher in groups with higher
LDL-C levels.

Cardiovascular Risk and Total Mortality in
Individuals With Different LDL-C Levels

During follow-up (median, 6.1 years), the rates of com-
posite events/1000 person-years were 5.91, 4.68,
4.08, and 2.06 in the LDL-C >260, 225 to 259, 190
to 224, and <160 mg/dL (reference) groups, respec-
tively. Unadjusted HRs of composite events in the first
3 groups were 2.90, 2.30, and 2.01, respectively. When
adjusted by prespecified confounding factors, HRs
were 2.40, 2.04, and 1.79, respectively, which were
significantly higher than that of the reference group
(P<0.0001) (Table 2).

Adjusted HRs of each event component in the first
3 groups were 2.42 to 4.06 for Ml (P<0.0001), 2.67
to 3.76 for coronary revascularization (P<0.0001),
and 1.44 to 1.89 for ischemic stroke, respectively
(P<0.0001). Adjusted HR of total mortality in the first
3 groups was 1.11 to 2.25 (P=0.0002) (Table 2). The
Kaplan-Meier curves for the composite events, each
event component, and total mortality are presented in
Figure 2.

Benefit Associated With Statin Therapy
According to Post-Treatment LDL-C
Levels

Among the study population receiving statin therapy,
those with LDL-C>190 mg/dL and followed up >1 year
with laboratory work-up (n=11 037) were analyzed for
composite events and total mortality. During follow-up
(median 6.2 years), the rates of composite events/1000
person-years in individuals with posttreatment LDL-C
<100, 100 to 129, 130 to 159, and >160 mg/dL (the
reference group) were 4.88, 6.81, 4.90, and 6.40, re-
spectively. The risk in individuals achieving <70 mg/dL
was not separately analyzed as their proportion was
only 2.9%. Unadjusted HRs of composite events in the
first 3 groups were 0.75, 1.05, and 0.76, respectively,
whereas when adjusted for confounding factors, the
HRs were 0.56, 0.84, and 0.69, respectively (P=0.0007)
(Table 3). Adjusted HRs of each event component in
these groups were 0.71 to 0.97 for Ml (P=0.69), 0.64
to 0.74 for coronary revascularization (P=0.058), and
0.51 to 1.00 for ischemic stroke (P=0.0056). Adjusted
HRs of total mortality in these groups were 0.81 to 0.96
(P=0.53) (Table 3). In log-rank tests, the risks of com-
posite events (log-rank P=0.043) and ischemic stroke
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Figure 2. Kaplan-Meier curves for clinical outcomes according to hyper-LDL-cholesterolemia severity in individuals

with LDL-C>190 mg/dL.

Clinical outcomes include composite events, each component of the events, and total mortality. LDL-C indicates low-density

lipoprotein cholesterol.
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(log-rank P=0.014) were significantly lower in the group
achieving <100 mg/dL than in the reference group.

DISCUSSION

The major findings of this study were (1) the prevalence
of individuals with severe LDL-C elevation was esti-
mated up to 1 of 106 but varied according to LDL-C
cutoffs; (2) adjusted HRs of composite cardiovascular
events and total mortality reached up to 2.40 and 2.25,
respectively, which were dependent on cutoff LDL-C
levels. The risks of coronary and cerebrovascular
events were also higher in individuals with this phe-
notype; and (3) in the group with statin therapy, HR of
composite events was as low as 0.56, and the risk was
lower in the group achieving LDL-C <100 mg/dL. HR
of total mortality was as low as 0.80. Although general
association between high LDL-C and cardiovascular
risk has been well reported, the current study is re-
markable to analyze the risk in the groups with LDL-C
>225 mg/dL and >260 mg/dL using a large-scale
analysis. Furthermore, this study suggested the clinical
benefits associated with an LDL-C level <100 mg/dL
after statin use in this population.

We estimated the prevalence of severe hypercho-
lesterolemia only from individuals without statin use.
Because we excluded patients who received statins
before or after enrollment, a substantial portion of them
are likely to have elevated cholesterol levels. Therefore,
it is possible that our calculation in the study popula-
tion could have underestimated the real prevalence of
this phenotype.

In this study, HRs of composite events in patients
with severe hypercholesterolemia not receiving statin
therapy were 1.79 to 2.40 compared with the gen-
eral population. The risks of composite events and
total mortality were incrementally higher according to
LDL-C levels, even in individuals with LDL-C >190 mg/
dL. This finding confirms the concept of greater car-
diovascular risk by exposure of the arteries to higher
cholesterol loading."” Adjusted risks of Ml and coro-
nary revascularization in our study were 2.4 to 4.1 and
2.7 to 4.5, respectively, which are in accordance with
prior studies that analyzed coronary heart disease—
associated events: coronary heart disease mortality of
patients with FH enrolled in the Simon Broome register
was 3.2-fold higher than that of the general popula-
tion in the prestatin era.® A Norwegian study showed
that the risks of events related to acute Ml or coronary
heart disease were 4.2- and 4.7-fold higher in men and
women with FH.'®® An American study reported 6- to
22-fold higher risk of coronary artery disease in indi-
viduals with LDL-C >190 mg/dL."® However, that analy-
sis used population with LDL-C <130 mg/dL, whereas
ours used those with LDL-C <160 mg/dL as controls.
In that study, the coronary risk was =42% lower in
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individuals with LDL-C <130 mg/dL than in those with
LDL-C 130 to 159 mg/L. Accordingly, different control
groups might have over- or underestimated the risk of
those with LDL-C >190 mg/dL.

To our best knowledge, this is the first study to iden-
tify the higher risk of future ischemic stroke in a pop-
ulation with FH-compatible cholesterol levels without
underlying ASCVD using large-scale analysis. To date,
the results on the relationship between these LDL-C
levels and ischemic stroke have been inconsistent. In
the Copenhagen General Population Study, no differ-
ence was noted in the risk of ischemic stroke between
participants with FH mutations and mutation-negative
individuals.?® However, that study had a limitation of in-
cluding a small number of participants with mutations.
In addition, the Spanish Familial Hypercholesterolemia
Cohort Study from Spain that analyzed 2752 patients
with FH mutations reported no difference in cere-
brovascular event risk compared with controls®'; the
cross-sectional design of the study might have been
a limitation. However, our study showed elevated isch-
emic stroke risk in a much larger number of individuals
with severe hypercholesterolemia using longitudinal
analysis.

The HR of total mortality in our study population
with LDL-C >190 mg/dL was 1.15-2.25, which was
slightly lower than that reported in a previous Korean
study that included participants as per the modified
Make Early Diagnosis to Prevent Early Death criteria.??
Although the reason for the difference is uncertain,
it may partly depend on different inclusion criteria or
the control group. In our study, the inclusion of indi-
viduals without prior ASCVD might have lowered the
death rate and a slightly higher LDL-C cut-off level for
the control group might have affected the relative risk.

Achievement rates of LDL-C target levels, such as
<70 or <100 mg/dL, were very low in our data: 2.9% and
16.2%, respectively. A previous Korean study enrolling
patients with FH revealed the rate of 28% for achieving
<100 mg/dL, and their treatment protocol might have
led to better results®® than the real-world data in the
present study. A study from the Netherlands showed
a rate of 21% in achieving LDL-C <100 mg/dL, similar
to ours,?* while another from Spain reported the rate
of 11%.2! Achievement rates may be improved when
proprotein convertase subtilisin/kexin type 9 inhibitors
are more widely used in the near future.

Our study has potential limitations. The primary
outcome variable was composite events, including
MI, coronary revascularization, and ischemic stroke.
However, data on cardiovascular death were not avail-
able. Although composite events similar to those used
in this study have been commonly used previously,
data on cardiovascular death might have strengthened
our study’s clinical power. Cardiovascular risk eleva-
tion was less obvious in our population compared with
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some of previous studies. As mentioned earlier, this
might have been influenced by the reference group in
our study with LDL-C <160 mg/dL; this was higher than
the level in the other groups and could have attenuated
the risk of individuals with severe hypercholesterolemia.
However, our reference group could better represent
the general population and contribute to more appro-
priate risk estimation for the patient group. In addition,
individuals with posttreatment LDL-C <70 mg/dL were
not analyzed because of the small sample size. In this
regard, it is difficult to evaluate the risk of individuals
showing LDL-C <70 mg/dL or <565 mg/dL after statin
use in the present study.

In conclusion, the estimated prevalence of severe
hypercholesterolemia was 1 of 106 in this cohort in-
cluding only statin-naive individuals. The cardiovascular
risk was higher in individuals with severe hypercholes-
terolemia, incrementally in those with higher LDL-C
levels within the population. Lower risk in individuals
receiving statin therapy, particularly those showing
LDL-C <100 mg/dL, in this large-scale analysis sup-
ports aggressive lipid lowering and provides evidence
for LDL-C target in this population.
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