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ABSTRACT

Objective: The consequences of blood lipid abnormalities for cardiovascular disease risk in
young adults is unclear. Optimal lipid levels may also vary depending on whether a statin
drug is taken. It aimed to determine whether the optimal lipid levels in young adults differ
depending on statin use.

Methods: Using a nationally representative database from the Korean National Health
Insurance System, 6,350,400 participants aged 2039 years who underwent a health
examination between 2009-2012 were followed through to 2018. The primary outcome was
incident myocardial infarction (MI). We assessed the associations between prespecified lipid
levels and MI risk according to statin use.

Results: Among participants not taking statins, low-density lipoprotein cholesterol (LDL-C)
levels 120 mg/dL were significantly associated with MI risk (hazard ratio [HR], 1.33; 95%
confidence interval [CI], 1.27-1.40) compared with statin nonusers with LDL-C <80 mg/dL.
Statin users with LDL-C categories <80, 80-100, 100-120, and >120 mg/dL all had significantly
higher MI risk compared with statin nonusers with LDL-C <80 mg/dL; these HRs (95% ClIs)
were 1.66 (1.39-1.99), 1.68 (1.36-2.09), 1.63 (1.31-2.02), and 2.32 (2.07-2.60), respectively.
Conclusion: Young adults taking statins have an increased MI risk compared with statin
nonusers, even when they have similar LDL-C levels. Specific lipid targets may need to differ
depending on statin use.

Keywords: Statin; Cholesterol; Cardiovascular disease; Myocardial infarction

INTRODUCTION

Abnormal blood lipid levels are a major cause of coronary heart disease in middle-aged and
older adults.*? A higher than expected proportion of young adults also have nonoptimal
levels of low-density lipoprotein cholesterol (LDL-C >100 mg/dL), high-density lipoprotein
cholesterol (HDL-C <60 mg/dL), or triglyceride (TG 2150 mg/dL).! Nonoptimal LDL-C

and HDL-C levels during young adulthood are independently associated with coronary
atherosclerosis 20 years later.! However, there are insufficient guidelines for initiating
statin therapy in adults younger than age 40 years.>® It is also uncertain whether long-term
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statin treatment leads to better outcomes, in contrast with postponing treatment until
cardiovascular (CV) risk rises to a level at which treatment becomes warranted.>*

Current guidelines suggest that an LDL-C goal of 100 mg/dL is warranted in patients with type
2 diabetes mellitus (DM), and 70 mg/dL for patients with atherosclerotic cardiovascular disease
(CVD), regardless of whether either group are taking statins.’ We previously reported increased
CVD risk in patients with type 2 DM and an LDL-C level 2130 mg/dL who were not taking statins.
We also found that CVD risk was significantly higher in those taking statins who had an LDL-C
level >70 mg/dL.” Thus, optimal cholesterol levels may differ depending on whether a statin
drug is used. National Institute for Health and Care Excellence (NICE) guidelines aim to reduce
baseline LDL-C by >40%, rather than to specific target lipid levels. When >40% reduction in
baseline LDL-C within 24 months was defined as the optimal statin response, successful LDL-C
reduction was not achieved within two years by over half of the general population patients who
initiated statin therapy; these patients had significantly increased CVD risk.?

Thus, using a large, population-based cohort of young adults, we assessed the associations
between prespecified lipid levels and myocardial infarction (MI) risk, according to statin
use or nonuse. We also sought to determine whether the optimal lipid levels in young adults
differ depending on statin use.

MATERIALS AND METHODS

1. Study participants

The Korean National Health Insurance Service (NHIS) 2009-2018 database was used for
analyses. This single insurer provides comprehensive universal medical coverage for the
entire Korean population (<50 million individuals). Available data include sociodemographic
measures, medical expenses, diagnoses (based on the International Classification of Disease,
Tenth Revision of Clinical Modification [ICD-10]), use of inpatient and outpatient services,
pharmacy dispensing claims, and mortality.”'® All enrolled participants (ages >20 years) are
required to undergo annual or biannual health examinations. This health checkup includes a
physical examination, routine blood tests, chest radiograph, and medical history self-report;
all measures are included in the NHIS database. All data were anonymized.

The study flowchart is illustrated in Fig. 1. Adults aged 20-39 years who underwent routine
NHIS health checkups from 2009-2012 were selected for analyses. Among these, subjects
who had a history of MI (ICD-10 codes: 121, 122), stroke (ICD-10 codes: 163, 164) before 2009
were excluded (n=43,140). We also excluded 486,899 who had data missing for one or more
variables. All participants with the occurrence of an endpoint prior to the one-year follow-up
were also excluded from analyses. Finally, 6,350,400 participants were included in analyses.
The study was approved by the Institutional Review Board of Yeouido St. Mary’s Hospital,
The Catholic University of Korea (No. SC20ZISI0034).

2. Measurements and definitions

Statin users were defined based on a history of statin use during the year of the index date.
We did not include other classes of hyperlipidemic drugs such as ezetimibe, fibrate or
omega-3 fatty acid. Covariates, based on index year data, included age, sex, socioeconomic
status (income level), body mass index (BMI; kg/m?), current smoking status, alcohol
consumption, physical activity (no, yes), and systolic/diastolic blood pressure (mmHg). Blood
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Adult subjects aged between 20 and 39 years in the Korea
National Health Insurance Service who had undergone
health examination between 2009 and 2012
(n=6,891,399)

Exclusion criteria

- Subjects who had Ml or stroke before the index year
(n=43,140)

- Subjects who had M, stroke, or death during the 1-year
lag period (n=10,960)

- Subjects with missing data at least one variable
(n=486,899)

Y

Young subjects eligible for inclusion
(n=6,350,400)

Median follow-up duration: 7.7 years

A,
Followed from index year to the date of death or Ml
or until Dec 31, 2018

Fig. 1. Flow chart of the study population.
MI, myocardial infarction.

samples for the measurement of lipid profiles and glucose were drawn after an overnight fast.
Lipid profiles, including the levels of total cholesterol (TC), HDL-C, and TG, were measured
using an enzymatic method. LDL-C levels were calculated using the Friedewald formula™:

LDL-C =TC - HDL-C - (TG/5).

We excluded those with a TG level >400 mg/dL in LDL-C analysis. Laboratory test quality
controls were conducted in accordance with the procedures of the Korean Association of
Laboratory Quality Control.

3. Study outcomes and follow-up

The study endpoint was MI (defined as newly recorded ICD-10 code I21 or 122 during
hospitalization) and only the first events of MI were included in this study. Participants
without MI by follow-up (December 31, 2018) were considered to have completed the study
on the date of their death or the end of follow-up, whichever occurred first.

4. Statistical analysis

Baseline characteristics are presented as the mean + standard deviation (SD), median
(interquartile range) or number (percentage). The primary outcome incidence rate was
calculated by dividing the number of incident cases by the total follow-up duration (person
years). The overall sample was divided into statin users or nonusers. Participants in each statin
use group were then subdivided into categories based on each lipid component, and cutoffs were
used for all analyses. The Cox proportional-hazards model was used to estimate hazard ratios
(HR) and 95% confidence interval (CI) values for study outcomes according to the categories of
lipid parameters: TC <160 mg/dL was the reference group, with 20 mg/dL intervals; TG <60 mg/
dL was the reference group, with 30 mg/dL intervals; LDL-C <80 mg/dL was the reference group,
with 20 mg/dL intervals; HDL-C <45 mg/dL was the reference group, with 10 mg/dL intervals.
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Multivariate adjusted proportional hazards models were used. Model 1 was adjusted for age

and sex. Model 2 was additionally adjusted for BMI, income level, smoking, alcohol intake,
physical activity, DM, hypertension and chronic kidney disease (defined as estimated glomerular
filtration rate <60 mL/min/1.73 m?). Potential modifying effects of age, sex, and hypertension
were evaluated by stratified analyses, and interactions evaluated by a likelihood ratio test.
Subgroup analyses were also conducted based on age group (20-29 or 30-39 years), sex, and
hypertension. Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA), and p<0.05 was considered statistically significant.

RESULTS

1. Baseline characteristics

The sample included 74,876 (1.2%) statin users. Individuals taking statins were older (mean
age 34.5 vs. 30.8 years), more likely to be men (83.6% vs. 59.1%), and had higher baseline TC
and LDL-C levels. The prevalence of DM and hypertension was higher in statin users (Table 1).

2. Ml risk according to lipid profile in statin users and nonusers

During the median follow-up of 7.7 years (interquartile range 6.6-8.3 years), the number

of cases of MI was 15,540 (0.24%). First, we compared MI risk after dividing participants
according to statin use (Table 2), with reference groups defined as LDL-C <80 mg/dL within
each group. Among participants not taking statins, LDL-C levels 2120 mg/dL were significantly
associated with MI risk (1.33 [1.27-1.40]). LDL-C >120 mg/dL was significantly associated with
increased MI risk in statin users compared with statin users with LDL-C <80 mg/dL. Compared
with LDL-C <80 mg/dL in each group, LDL-C categories 80-100 and 100-120 mg/dL were not
associated with increased MI risk in either statin users or nonusers (Table 2).

Table 1. Baseline characteristics of the study population

Characteristics Statin non-user Statin user

No. of patients 6,275,524 74,876

Age (yr) 30.8+5.0 34.5+3.9

Sex (male) 3,705,715 (59.1) 62,556 (83.6)
BMI (kg/m?) 292.96:+3.59 26.93+3.93
Systolic BP (mmHg) 117.62+13.14 125.53+14.76
Diastolic BP (mmHg) 73.7+9.42 79.36+10.72
Fasting glucose (mg/dL) 90.67+15.94 107.73+43.7
eGFR (mL/min/1.73 m?) 96.1+49.6 92.7+54.3
Baseline TC (mg/dL) 184.3+35.8 219.3+52.9
Baseline HDL-C (mg/dL) 57.8+27.6 59.9+43.0
Baseline TG (mg/dL) 96.1 (96.0-96.1) 186.1 (185.3-187.0)
Baseline LDL-C (mg/dL) 102 (84-122) 120 (87-158)
Current smoker 2,177,566 (34.7) 34,981 (45.8)
Alcohol drinking” 549,285 (8.75) 10,477 (14.0)
Regular exercise’ 802,702 (12.8) 11,661 (15.6)
Income (lower 25%) 1,357,336 (21.6) 12,137 (16.2)
Diabetes mellitus 107,711 (1.7) 14,873 (19.9)
Hypertension 438,053 (7.0) 27,810 (37.1)

Data are expressed as the means+standard deviation, median (25-75%), or number (%). The p-values for the
trend were <0.001 for all variables because of the large size of the study population.

BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; TC, total cholesterol;
HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol.
*Individuals who consumed 230 g of alcohol per day were defined as alcohol drinking.

TRegular exercise was defined as >30 minutes of moderate physical activity performed >5 times per week or >20
minutes of strenuous physical activity performed >3 times per week.
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Table 2. Hazard ratios and 95% confidence intervals for myocardial infarction according to lipid profiles in statin users and nonusers
Lipid profiles Events Incidence rate (per 1,000 person-years) Model 1 Model 2
LDL-C (mg/dL)
Statin non-user
<80 2,498 0.97 1 (Ref.) 1 (Ref.)
80-100 3,169 0.26 0.93 (0.88-0.98) 0.96 (0.91-1.02)
100-120 3,350 0.29 0.95 (0.90-1.00) 0.97 (0.92-1.03)
2120 5,938 0.46 1.35 (1.29-1.42) 1.33 (1.27-1.40)
Statin user
<80 133 1.21 1 (Ref.) 1 (Ref.)
80-100 89 m 0.94 (0.72-1.22) 1.01 (0.77-1.32)
100-120 86 1.02 0.88 (0.67-1.15) 0.98 (0.75-1.28)
>120 347 1.23 1.07 (0.88-1.31) 1.39 (1.14-1.70)
TC (mg/dL)
Statin non-user
<160 2,444 0.23 1 (Ref.) 1 (Ref.)
160-180 2,833 0.95 1.03 (0.98-1.09) 1.03 (0.97-1.08)
180-200 3,077 0.29 1.09 (1.04-1.15) 1.06 (1.01-1.12)
2200 6,531 0.48 1.63 (1.56-1.71) 1.49 (1.42-1.56)
Statin user
<160 77 118 1 (Ref.) 1 (Ref.)
160-180 60 0.96 0.81(0.58-1.14) 0.88 (0.63-1.23)
180-200 87 112 0.94 (0.69-1.28) 1.07 (0.79-1.46)
200 431 1.22 1.04 (0.82-1.33) 1.32 (1.03-1.68)
TG (mg/dL)
Statin non-user
<60 1,918 0.19 1 (Ref.) 1 (Ref.)
60-90 2,884 0.23 1.05 (1.00-1.12) 1.01 (0.96-1.07)
90-140 3,740 0.32 1.95 (1.18-1.32) 1.3 (1.07-1.20)
>140 6,343 0.54 1.85 (1.75-1.95) 1.49 (1.40-1.57)
Statin user
<60 14 0.69 1 (Ref.) 1 (Ref.)
60-90 41 0.77 0.99 (0.54-1.82) 0.94 (0.51-1.72)
90-140 106 0.93 1.09 (0.62-1.90) 0.94 (0.54-1.65)
140 494 1.33 1.46 (0.86-2.48) 1.15 (0.67-1.95)
HDL-C (mg/dL)
Statin non-user
45 4,393 0.50 1 (Ref.) 1 (Ref.)
45-55 4,566 0.34 0.77 (0.74-0.81) 0.82 (0.78-0.85)
55-65 3,148 0.26 0.66 (0.63-0.69) 0.72 (0.69-0.76)
65 2,848 0.23 0.68 (0.64-0.71) 0.76 (0.72-0.79)
Statin user
<45 305 1.55 1 (Ref.) 1 (Ref.)
45-55 178 1.01 0.67 (0.55-0.80) 0.71 (0.59-0.86)
55-65 102 0.98 0.67 (0.54-0.84) 0.76 (0.61-0.95)
265 70 0.87 0.67 (0.51-0.87) 0.79 (0.61-1.03)

Reference groups for both users and nonusers were LDL-C <80 mg/dL, TC <160 mg/dL, TG <60 mg/dL, and HDL-C <45 mg/dL. Model 1: adjusted for age and
sex; Model 2: adjusted for age, sex, body mass index, income status, smoking, alcohol intake, physical activity, presence of diabetes mellitus, hypertension or

chronic kidney disease.

LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol.

https://e-jla.org

Compared with TC <160 mg/dL in each group, TC >200 mg/dL was associated with increased
MI risk in both statin users and nonusers. Among participants not taking statins, TG
categories 90-140 and >140 mg/dL significantly increased MI risk compared with statin
nonusers with TG <60 mg/dL (Table 2). Among participants taking statins, TG >140 mg/dL
was not associated with increased MI risk compared with statin users with TG <60 mg/dL.

Next, MI risk was compared with nonusers with LDL-C <80 mg/dL as a reference group
(Table 3). MI risk was increased by 1.66 [1.39-1.99] in statin users with LDL-C <80 mg/dL
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Table 3. Hazard ratios and 95% confidence intervals for myocardial infarction according to lipid profile
Lipid profiles Events Incidence rate (per 1,000 person-years) Model 1 Model 2
LDL-C (mg/dL)
Statin non-user
<80 2,498 0.27 1 (Ref.) 1 (Ref.)
80-100 3,169 0.26 0.93 (0.88-0.98) 0.96 (0.91-1.02)
100-120 3,350 0.29 0.95 (0.90-1.01) 0.97 (0.92-1.03)
2120 5,938 0.46 1.35 (1.29-1.42) 1.33 (1.27-1.40)
Statin user
<80 133 1.21 2.81(2.36-3.35) 1.66 (1.39-1.99)
80-100 89 1 2.63 (2.13-3.26) 1.68 (1.36-2.09)
100-120 86 1.02 92.47 (1.99-3.06) 1.63 (1.31-2.02)
>120 347 1.23 3.02 (2.70-3.38) 2.32 (2.07-2.60)
p for trend <0.0001 <0.0001
TC (mg/dL)
Statin non-user
<160 92,444 0.23 1 (Ref.) 1 (Ref.)
160-180 2,833 0.25 1.03 (0.98-1.09) 1.03 (0.97-1.08)
180-200 3,077 0.29 1.09 (1.04-1.15) 1.06 (1.01-1.12)
900 6,531 0.48 1.63 (1.56-1.71) 1.49 (1.42-1.56)
Statin user
<160 77 1.18 3.30 (2.63-4.14) 1.85 (1.47-2.32)
160-180 60 0.96 2.68 (2.07-3.46) 1.62 (1.25-2.10)
180-200 87 112 3.1 (2.51-3.85) 1.98 (1.59-2.46)
2200 431 1.22 3.44 (3.10-3.81) 2.43 (2.19-2.70)
p for trend <0.0001 <0.0001
TG (mg/dL)
Statin non-user
<60 1,918 0.9 1 (Ref.) 1 (Ref.)
60-90 2,884 0.23 1.05 (1.00-1.12) 1.01 (0.96-1.07)
90-140 3,740 0.32 1.25 (1.18-1.32) 1.13 (1.07-1.20)
>140 6,343 0.54 1.85 (1.75-1.95) 1.49 (1.40-1.57)
Statin user
<60 14 0.69 2.75 (1.62-4.65) 2.09 (1.23-3.53)
60-90 41 0.77 2.72 (2.00-3.71) 1.95 (1.43-2.67)
90-140 106 0.93 2.99 (2.46-3.65) 1.97 (1.61-2.40)
>140 494 1.33 4.01 (3.62-4.44) 2.39 (2.15-2.66)
p for trend <0.0001 <0.0001
HDL-C (mg/dL)
Statin non-user
<45 4,393 0.50 1 (Ref.) 1 (Ref.)
45-55 4,566 0.34 0.77 (0.74-0.81) 0.83 (0.78-0.85)
55-65 3,148 0.26 0.66 (0.63-0.69) 0.72 (0.69-0.76)
265 92,848 0.23 0.68 (0.64-0.71) 0.76 (0.72-0.79)
Statin user
<45 305 1.55 2.58 (2.30-2.90) 1.76 (1.56-1.98)
45-55 178 1.01 1.72 (1.48-2.00) 1.26 (1.08-1.46)
55-65 102 0.98 1.74 (1.43-2.12) 1.34 (1.10-1.63)
265 70 0.87 1.72 (1.36-2.18) 1.39 (1.10-1.76)
p for trend <0.0001 <0.0001

Statin nonusers with LDL-C <80 mg/dL, TC <160 mg/dL, TG <60 mg/dL, and HDL-C <45 mg/dL were used as references. Model 1: adjusted for age and sex; Model 2:
adjusted for age, sex, body mass index, income status, smoking, alcohol intake, physical activity, presence of diabetes mellitus, hypertension or chronic kidney disease.
LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol.

https://e-jla.org

compared with statin nonusers with LDL-C <80 mg/dL. Statin users with LDL-C categories
80-100 mg/dL, 100-120 mg/dL, and 2120 mg/dL all had significantly associated MI risk (1.68

[1.36-2.09], 1.63 [1.31-2.02], and 2.32 [2.07-2.60], respectively) (Table 3).

Results were similar for analyses performed using TC, TG, and HDL-C. MI risk increased by
1.85 (1.47-2.32) in statin users with TC <160 mg/dL compared with nonusers with TC <160
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mg/dL. MI risk increased by 2.43 (2.19-2.70) in statin users with TC >200 mg/dL compared
with nonusers with TC <160 mg/dL. MI risk increased by 1.76 (1.56-1.98) in statin users with
HDL-C <45 mg/dL compared with statin nonusers with HDL-C <45 mg/dL.

3. Subgroup analyses

We performed stratified analyses by age, sex, and hypertension (Fig. 2). MI risk increased in
statin users compared with nonusers in all subgroups regardless of lipid profile. Subgroup
analyses revealed that the increased MI risk in statin users was more prominent in women,
those <30 years, and those without hypertension (p for interaction <0.01).
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Fig. 2. Subgroup analyses of associations between lipid components and myocardial infarction stratified by age, sex, and hypertension. Statin nonusers with
LDL-C <80 mg/dL, TC <160 mg/dL, TG <60 mg/dL, and HDL-C <45 mg/dL were used as reference groups. Gray shaded areas represent statin users. (A) LDL-C, (B)

TC, (C) TG, and (D) HDL-C.
Analyses adjusted for age, sex, body mass index, income status, smoking, alcohol intake, physical activity, presence of diabetes mellitus, hypertension or

chronic kidney disease.
LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; CI, confidence interval.
(continued to the next page)

294

https://e-jla.org https://doi.org/10.12997/jla.2022.11.3.288



Journal of

Lipid and
Statin Use and Optimal Lipid Levels Atherosclerosis
c Triglycerides (mg/dL) D HDL-cholesterol (mg/dL)
57 —O— Age <30 57 —-O— Age <30
4. Age >30 Age »30
~ p for interaction <0.001  ~ p for interaction <0.001
O 4] O
= X
Lo wn
e, )
o o
T T
1 Oy
0 T T T T T T T T 0 T T T T T T T T
L /QO \bp \D&O S P \b‘g \b‘o » (9/(,3‘3 /é) é’" »o /é’ 1/%‘0
o qo’ S go’ ¥ & % &
5 O— Men 51 —O— Men
4 Women 4 Women
~ p forinteraction =0.466 ~ ~ p for interaction =0.169
2 3- 2 3-
X B
3 )
= N ~ -
< 2 x 2
T I }5\ ¢
1 1 -
0 T T T T T T T T 0 T T T T T T T T
S & © %“0 S ® . ® » q{,,% & & ® ® g &
) © o L 4
54 .
—O— Hypertension (No)

—O— Hypertension (No)
Hypertension (Yes) 4
p for interaction =0.205

Hypertension (Yes)
p for interaction =0.003

= =
@) o
=S 2 31
3 3
~— N~ —
o ps 2
T T
1 Oz :
0 T T T T T T T T 0 T T T T T T T T
RS N S S SR N SR S - N I . -4
4 2 I\e (’g) N (0(9

Fig. 2. (Continued) Subgroup analyses of associations between lipid components and myocardial infarction stratified by age, sex, and hypertension. Statin
nonusers with LDL-C <80 mg/dL, TC <160 mg/dL, TG <60 mg/dL, and HDL-C <45 mg/dL were used as reference groups. Gray shaded areas represent statin users.

(A) LDL-C, (B) TC, (C) TG, and (D) HDL-C.
Analyses adjusted for age, sex, body mass index, income status, smoking, alcohol intake, physical activity, presence of diabetes mellitus, hypertension or

chronic kidney disease.
LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; Cl, confidence interval.

DISCUSSION

We found that statin users had increased MI risk compared with nonusers with similar

LDL-C levels. Among those with LDL-C <80 mg/dL, MI risk increased by 1.66 in statin users
compared with nonusers. Statin users with LDL-C >120 mg/dL, probably at high risk, had a
3-fold higher risk of MI after adjusting for age and sex. This finding supports the necessity for
intervention in young population with high CV risk. As shown herein, specific lipid targets

may vary depending on whether statins are used.

Our participants were young adults aged 20-39 years. Even within this age range, CV risk
associated with atherogenic lipid markers differed by age. The odds ratios for higher risk
from elevated TC, LDL-C, and apolipoprotein-B are significantly higher among those who
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are younger.”? This suggests that CVD risk associated with elevated LDL-C is higher in
younger individuals than it is in older individuals.”* This is consistent with the greater relative
benefits of LDL-lowering therapy in younger compared with older individuals, and argues for
initiating therapy in younger individuals with elevated lipids." The 2019 European Society
of Cardiology/European Atherosclerosis Society dyslipidemia guidelines have raised concerns
about young adults being treated inadequately for dyslipidemia, because a low absolute

risk might conceal a high relative risk that may require intensive lifestyle changes.>"* Even
moderate LDL-C and TC elevations, if sustained, can lead to considerable 10-year CV risk,
suggesting that important treatment opportunities are being lost.'*1

Currently, CVD risk is the primary guideline-base criterion for initiating lipid-lowering
therapy.*” Because age is the principal determinant of risk (as calculated by guideline
algorithms or risk engines), with the exception of those with markedly elevated LDL-C levels
or DM, lipid-lowering interventions become common only after age 60 years.*"” However,
almost half of all CV events in men, and one third in women, occur before age 65 years.!
Forty- and 50-year-olds account, quantitatively, for an important fraction of the total number
of events. Young adults who experience prolonged exposure to higher LDL-C levels have

a significantly higher risk of coronary heart disease during their next decade.*** It was
recently reported that cumulative LDL-C exposure during middle life is associated with risk
of incident CVD.*% These cumulative findings suggest that maintaining optimal LDL-C level
throughout middle age can minimize lifetime risk of atherosclerotic CVD.

Herein, about 1.2% of Koreans aged 20-39 years took statins. We found that statin users

had an increased MI risk compared with nonusers, even at similar LDL-C or TC levels. These
young adults who were taking statins were also more likely to have a greater number of CVD
risk factors. In this study, statin users had a higher risk of MI compared with statin nonusers,
even after adjusting for multiple confounding factors such as DM, hypertension, smoking,
and chronic kidney disease. However, there is still the possibility of an increased risk of MI
due to CV risk factors in statin users. Ultimately, even in the young population, the optimal
LDL-C level should differ depending on the CV risk factors, and further studies related to this
issue should be conducted. The risk of new-onset CVD is low before age 40 years, increases
steadily from age 40—60 years, and jumps sharply thereafter. By age 60 years, asymptomatic
intramural atherosclerotic disease is often advanced.? Those taking statins at a relatively early
age may also benefit from maintaining appropriate lipid levels during statin treatment, which
may differ from those of young adults who do not use statins.

The risk of MI increased linearly from TG levels 290 mg/dL among statin nonusers. However,
among statin users, elevated TG levels were not associated with an increased risk of MI.
Previous epidemiological studies have shown that the effect of TG levels on CVD was more
prominent in women, young adults (<50 vs. > 50 years), and those without other CVD risk
factors.'”? The CVD risk related to TG levels has been reported to be relatively weak in the
diabetes group but significant in subjects without DM.?® These results suggest that TG is an
independent risk factor for overall CVD events in the clinically healthy population.

This study was not without limitations. First, we lacked data on participants’ lipid profiles
prior to initiating statin treatment. We also had no information on statin intensity and
drug compliance or persistence. Second, a single lipid profile measurement was used;
repeated assessments would more accurately classify participants due to the potential for
day-to-day physiologic variability or laboratory error. Third, this was a retrospective study
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and, therefore, the association between lipid abnormalities and MI may not be causal, and
optimal lipid levels as we presented may not be conclusive. To minimize the possible effects
of reverse causality, we excluded those with previous MI or stroke and we set a lag period of
1year and excluded 54,100 subjects to ensure the diagnosis of MI were newly made. Fourth,
data on the study end points were obtained only from administrative data, which can be
misleading. There is the possibility of over- or under-estimation due to low sensitivity of
claim-based MI definition. However, the accuracy of NHIS claims data for the diagnosis of
MI has been previously validated.? Fifth, we did not consider other vascular outcomes such
as ischemic stroke or peripheral artery disease. Further studies on lipid levels associated with
an increased risk of ischemic stroke or peripheral artery disease should be conducted. Sixth,
some patients with LDL-C>120mg/dL in statin users may belong to the category of severe
hypercholesterolemia. According to the study on familial hypercholesterolemia (FH) in
Korea, patients with FH had a 2.18 times higher risk for CVD mortality.? This could act as a
confounder. However, the estimated prevalence of FH was low at 0.1% and of these, less than
0.6% had taken lipid lowering medications.? Finally, because these results were derived from
a single Asian country, they cannot necessarily be generalized to other regions or ethnicities.
Nevertheless, the current study was based on nationwide claims data covering 97.0% of the
Korean population, with a median follow-up duration of 7.7 years. This large-scale, long-term
observational study included 6,350,400 adults in their 20s and 30s. In addition to claims
data, we incorporated baseline clinical characteristics, including biochemical data from
health checkups, allowing adjustments for potential confounding factors.

In conclusion, young adults who take statins have increased MI risk compared with statin
nonusers, even at similar LDL-C levels. Specific lipid targets may differ depending on statin
use among young Korean adults without CVD.
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