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Background: We investigated whether low high-density lipoprotein cholesterol (HDL-C) and isolated and non-isolated low HDL-C
levels are associated with the risk of cardiovascular diseases and all-cause mortality among Korean adults.

Methods: We included 8,665,841 individuals aged =20 years who had undergone a health examination provided by the Korean Na-
tional Health Insurance Service (NHIS) in 2009 and were followed up until the end of 2018. The hazard ratios (HRs) and 95% confi-
dence intervals (Cls) for study outcomes were calculated using multivariable Cox proportional hazard regression analysis.

Results: During the 8.2 years of mean follow-up, myocardial infarction (MI), stroke, and all-cause mortality occurred in 81,431,
110,996, and 244,309 individuals, respectively. After adjusting for confounding variables (model 3), individuals with low HDL-C
and lower HDL quartiles were associated with significantly increased risks of all three outcomes, compared to those with normal
HDL-C and highest HDL-C quartile (all P<0.001), respectively. HRs for incident MI (1.28; 95% CI, 1.26 to 1.30), stroke (1.13;
95% CI, 1.11 to 1.15), and all-cause mortality (1.07; 95% CI, 1.05 to 1.08) increased in the non-isolated low HDL-C group com-
pared to the normal HDL-C group. Isolated low HDL-C also showed an increase in the HRs of incident stroke (1.06; 95% CI, 1.04
to 1.08) and all-cause mortality (1.30; 95% CI, 1.28 to 1.32).

Conclusion: Low HDL-C and non-isolated low HDL-C were associated with increased risk of MI, stroke, and all-cause mortality,
and isolated low HDL-C was associated with incident stroke and all-cause mortality risk.

Keywords: Low high-density lipoprotein cholesterol; Non-isolated low high-density lipoprotein cholesterol; Isolated low high-den-
sity lipoprotein cholesterol; Myocardial infarction; Stroke; Mortality

INTRODUCTION

Cardiovascular diseases (CVDs) account for about one-third of

annual deaths worldwide [1]. As a recognized modifiable risk
factor for CVD development and progression, dyslipidemia is
characterized by increased low-density lipoprotein cholesterol
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(LDL-C) and triglycerides as well as decreased high-density li-
poprotein cholesterol (HDL-C) [2]. In the well-known Framing-
ham Study, the coronary artery disease (CAD) risk increased
sharply as HDL-C levels decreased progressively to <40 mg/dL
[3]. In previous studies, low HDL-C levels occurred in more
than 60% of the patients with CAD [4] and increased the risk of
myocardial infarction (MI), stroke, postprocedural re-stenosis,
severe premature disease in the main coronary artery, and sud-
den death [5-8]. Several studies have shown that HDL-C levels
=40 mg/dL are ideal for patients with diabetes mellitus and
CVD [9-12]. Other prospective cohort studies have reported an
inverse linear association between HDL-C levels and mortality
[12].

However, recent trials have found that increasing HDL-C lev-
els failed to improve cardiovascular outcomes and suggested
that high HDL-C levels may not be a protective factor against
CVDs [13-18]. The association between decreased HDL-C lev-
els and mortality also remains controversial; in the Framingham
Heart Study, triglycerides levels were not routinely measured,
and the association between isolated low HDL-C levels and
CVD risk could not be determined [3]. Thus, whether high tri-
glycerides and low HDL-C levels are associated with different
risks of incident CVDs in various conditions of distinct popula-
tions remains unclear. Studies on how the low HDL-C pheno-
types (i.e., isolated and non-isolated low HDL-C) are associated
with the risks of CVDs and all-cause death are scarce. In partic-
ular, studies that examined the relationship between the HDL-C
phenotypes and cardiovascular outcomes and mortality using
population-based data are limited [19]. To help fill this gap in
the research, this study aimed to evaluate the associations be-
tween HDL-C phenotypes and cardiovascular outcomes, as well
as all-cause mortality, using South Korean population-based co-
hort data.

METHODS

Data source and study population

This study used the South Korean population-based cohort da-
tabase established by the South Korean National Health Insur-
ance Service (NHIS). The NHIS, which is the sole and universal
insurer system for Korea that began in 2002, provides a mini-
mum of health examinations every 2 years for all insured South
Koreans. Thus, there is a health information dataset available
within this system, including demographics, medical treatment,
diagnosis codes of diseases, and records of health examinations.
The medical claims for disease diagnosis and treatment were
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based on the International Classification of Diseases, 10th Revi-
sion, Clinical Modification (ICD-10-CM) [20].

For our study, we initially identified 10,490,501 adults aged
=20 years who had undergone a health examination conducted
by the NHIS between January 1, 2009, and December 31, 2009.
Thereafter, we excluded those who had been given a prior MI or
stroke diagnosis between 2002 and the time of enrollment
(n=762,247), those with missing data for any of the study vari-
ables (n=385,917), and those treated with lipid-lowering medi-
cation (n=676,496). The remaining 8,665,841 individuals
(4,863,046 men and 3,802,795 women) were eligible for the
analyses. Requirements for obtaining informed consent were
waived because the data comprised of fully anonymized and de-
identified information. Our study protocol conforms to the ethi-
cal guidelines of the Declaration of Helsinki and was approved
by the Institutional Review Board of Korea University Guro
Hospital (No 2018GR0096).

Study outcomes

The study endpoints were newly diagnosed MI, stroke, or all-
cause mortality (whichever occurred first until December 31,
2018). MI was identified based on the recorded ICD-10-CM
codes for MI (i.e., 121 or 122) during hospitalization. Stroke was
determined based on the recorded ICD-10-CM code for stroke
(i.e., 163 or 164) during hospitalization and on claims for brain
image testing such as computerized tomography or magnetic
resonance imaging. Information regarding mortality was identi-
fied from the records of Korea National Statistical Office, as
each individual’s unique de-identified number in the NHIS was
linked to mortality information from the Korea National Statis-
tical Office. The study individuals were followed up with until
December 31, 2018 or until the occurrence of either of the study
endpoints.

Assessment and definitions

The South Korean NHIS provides detailed information on par-
ticipants’ demographics and lifestyles, which is regularly ob-
tained through standardized self-report questionnaires. Smoking
status is classified as either non-smoker or current smoker based
on history. Heavy alcohol drinkers were defined as individuals
who consumed =30 g of alcohol per day [21]. Regular exercise
was defined as high-intensity exercise =3 days per week or
moderate-intensity exercise =5 days per week. Low-income
was assigned to the lowest 20% of income, and the rest defined
as non-low-income. The health examinations conducted by the
NHIS included both anthropometric and laboratory findings.
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The participants’ height, weight, and waist circumference (WC)
measurements were included. Body mass index (BMI) was cal-
culated as weight (kg) divided by height (m) squared. Blood
pressure (BP) was measured with the participant in a seated po-
sition after at least 5 minutes of rest. Laboratory samples were
obtained after overnight fasting, and the following measure-
ments taken: serum glucose levels, creatinine, and a cholesterol
battery (total cholesterol, triglycerides, HDL-C, and LDL-C).

Regarding HDL-C categories, we defined low HDL-C as less
than 40 mg/dL in men and less than 50 mg/dL in women. Sub-
sequently, we divided the participants into HDL-C quartile
groups; the cutoff HDL-C levels were 44, 50, and 59 mg/dL in
men and 48, 57, and 67 mg/dL in women. In addition, low
HDL-C was categorized into isolated low HDL-C and non-iso-
lated low HDL-C groups. Non-isolated low HDL-C was de-
fined as low HDL-C with triglycerides =150 mg/dL or LDL-C
=130 mg/dL and isolated low HDL-C was defined as low
HDL-C with triglycerides <150 mg/dL and LDL-C <130 mg/
dL. In patients with type 2 diabetes, non-isolated low HDL-C
was defined as low HDL-C with triglycerides =150 mg/dL or
LDL-C =100 mg/dL, and isolated low HDL-C was defined as
low HDL-C with triglycerides <150 mg/dL and LDL-C <100
mg/dL. In addition, we defined high LDL-C to HDL-C ratio as
=2.5 and divided the participants into LDL-C/HDL-C quartile
groups [22].

We defined underlying comorbidities based on health exami-
nation results and medical claims made for disease diagnosis.
Hypertension was defined as BP =140/90 mm Hg or at least
one medication prescription claim made per year with the ICD-
10-CM codes 110-113 or I15. Type 2 diabetes was defined as a
fasting serum blood glucose level =126 mg/dL or at least one
medication prescription claim per year with the ICD-10-CM
codes E11-E14. Estimated glomerular filtration rate (eGFR)
was calculated using the method devised in the Modification of
Diet in Renal Disease study [23]. Individuals with eGFR of less
than 60 mL/min/1.73 m? were defined as chronic kidney disease
patients.

Statistical analysis

We performed statistical analyses using SAS software version
9.4 (SAS Institute, Cary, NC, USA). The baseline characteris-
tics of the study subjects according to the HDL-C categories
were compared using analysis of variance for continuous vari-
ables and a chi-squared test for categorical variables. Incidence
rates of M1, stroke, and all-cause mortality were calculated by
dividing the number of events by 1,000 person-years. Kaplan—
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Meier curves were plotted to identify the cumulative incidence
probability of study outcomes according to the HDL-C catego-
ries. Multivariable Cox proportional hazard regression analyses
were performed to evaluate the association between HDL-C
categories and incident MI, stroke, and all-cause mortality; haz-
ard ratios (HRs) and 95% confidence intervals (Cls) were calcu-
lated. Model 1 was not adjusted, Model 2 was adjusted for age
and sex, and Model 3 was additionally adjusted for smoking
status, alcohol consumption, physical activity, income, BMI,
hypertension, type 2 diabetes, and eGFR. Model 4 was further
adjusted for LDL-C and triglycerides. We interpreted the find-
ings from Model 3 as main result due to possible multicollinear-
ity. We also examined the association between HDL-C catego-
ries and the risk of study outcomes in both sexes, patients with
type 2 diabetes, and participants after dividing them into six
groups based on LDL-C levels (<70, 70-99, 100-129, 130—
159, 160-189, =190 mg/dL). Stratified analyses by sex and age
were also performed. Statistical significance was set at a P value
of less than 0.05 (P<0.05).

Availability of data and materials

This study was conducted using a database from the Korea Na-
tional Health Insurance System, and the study results do not
necessarily represent the opinion of the Korea National Health
Insurance Corporation. Restrictions apply to the availability of
the data, which were used under license for this study.

RESULTS

Baseline characteristics

Table 1 shows baseline characteristics for 8,665,841 individuals
according to HDL-C categories. At baseline, 6,992,376 (80.7%)
individuals had normal HDL-C, 642,710 (7.4%) had isolated
low HDL-C, and 1,030,749 (11.9%) had non-isolated low HDL-
C. The proportion of men was higher than that of women in the
normal HDL-C group. Mean age increased across the normal,
isolated low HDL-C, and non-isolated low HDL-C groups.
There was a larger number of current smokers, heavy alcohol
drinkers, and regular exercisers in the normal HDL-C group
than in the other groups. The non-isolated low HDL-C group
exhibited the highest mean values of cardiometabolic parame-
ters, including weight, BMI, WC, BP, and serum levels of fast-
ing glucose, total cholesterol, triglycerides, and LDL-C. Indi-
viduals with non-isolated low HDL-C had the lowest mean val-
ues of serum HDL-C and eGFR, the highest proportion of hy-
pertension, type 2 diabetes, and chronic kidney disease.
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Table 1. Baseline Characteristics of the Study Population

Characteristic Normal HDL-C Isolated low HDL-C Non-isolated low HDL-C P value
Number 6,992,376 642,716 1,030,749

Male sex 4,196,294 (60.0) 184,739 (28.7) 482,013 (46.8) <0.001
Age, yr 4444134 46.0+14.1 50.2+13.3 <0.001
Current smoker 2,035,077 (29.1) 94,876 (14.8) 265,998 (25.8) <0.001
Heavy alcohol drinker 639,754 (9.2) 15,731 (2.5) 53,064 (5.2) <0.001
Regular exerciser 1,286,411 (18.4) 101,904 (15.9) 169,483 (16.4) <0.001
Low income 1,425,868 (20.4) 149,265 (23.2) 215,545 (20.9) <0.001
Height, cm 165.2+8.9 161.0£8.6 162.2+9.7 <0.001
Weight, kg 64.0+11.6 60.6+10.8 66.1+£12.2 <0.001
Body mass index, kg/m? 233+3.1 233432 25.0£3.1 <0.001
‘Waist circumference, cm 79.3£9.0 77.8+8.8 83.2+8.4 <0.001
Systolic BP, mm Hg 121.4+14.6 118.7£14.6 124.5+14.9 <0.001
Diastolic BP, mm Hg 759499 73.84+9.7 77.6%£9.9 <0.001
Fasting glucose, mg/dL 95.2420.2 93.1+18.3 99.74+25.0 <0.001
Total cholesterol, mg/dL 19534344 160.7+21.4 203.04+32.0 <0.001
HDL-C, mg/dL 59.7£20.9 41.1+5.7 38.7£6.0 <0.001
Triglycerides, mg/dL 104.0 (104.0-104.1) 89.6 (89.5-89.7) 183.9 (183.7-184.0) <0.001
LDL-C, mg/dL 113.4+48.4 100.1+18.9 123.04+43.8 <0.001
eGFR, mL/min/1.73 m? 88.8+46.8 89.9+41.5 86.0+£44.3 <0.001
Hypertension 384,569 (5.5) 37,373 (5.8) 105,893 (10.3) <0.001
Diabetes mellitus 1,336,237 (19.1) 117,170 (18.2) 301,048 (29.2) <0.001
Chronic kidney disease 374,572 (5.4) 38,655 (6.0) 83,013 (8.1) <0.001
Values are expressed as number (%), mean+standard deviation, or median (interquartile range).

HDL-C, high-density lipoprotein cholesterol; BP, blood pressure; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration
rate.

Incidence and risk of study outcomes according to HDL-C
phenotypes

During the 8.2 years of mean follow-up, the number of cases of
M1, stroke, and all-cause death were 81,431 (0.94%), 110,996
(1.28%), and 244,309 (2.82%), respectively. Table 2 presents
the incidence rate and HR (95% CI) of M1, stroke, and all-cause
mortality in each HDL-C group. The low HDL-C group exhib-
ited 1.2-, 1.1-, and 1.2-fold higher incidence rates of MI, stroke,
and all-cause mortality, respectively, than the normal HDL-C
group. The low HDL-C group was associated with increased
risk of incident MI, stroke, and all-cause mortality compared to
the normal HDL-C group, even after adjusting for potential
confounding variables (Model 3) (HR, 1.20; 95% CI, 1.18-1.22
for MI; HR, 1.11; 95% CI, 1.09 to 1.12 for stroke; and HR, 1.15;
95% CI, 1.14 to 1.16 for all-cause mortality). The HRs of the
study outcomes significantly increased in the lower HDL-C
quartile groups compared to the highest quartile group (Q1 vs.
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Q4 of HDL-C in Model 3: HR, 1.27; 95% CI, 1.24 to 1.29 for
MI; HR, 1.12; 95% CI, 1.11 to 1.14 for stroke; and HR, 1.08;
95% CI, 1.07 to 1.10 for all-cause mortality). High LDL-C/
HDL-C and higher LDL-C/HDL-C quartiles were associated
with higher risks of study outcomes than normal LDL-C/HDL-
C group and the lowest LDL-C/HDL-C quartile, respectively
(Supplemental Table S1).

The Kaplan—Meier curves in Fig. 1 show the incidence prob-
abilities of the study outcomes according to HDL-C categories.
The non-isolated low HDL-C group had the highest incidence
probabilities of MI and stroke, which was followed by the iso-
lated low HDL-C and normal HDL-C groups (log-rank
P<0.001). However, the isolated low HDL-C group had the
highest incidence probability of all-cause mortality in approxi-
mately 7 years, followed by the non-isolated low HDL-C and
normal HDL-C groups (log-rank P<0.001). Compared to the
normal HDL-C group, the non-isolated low HDL-C group had

Copyright © 2022 Korean Endocrine Society
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Table 2. Incidence and Risk of Study Outcomes in the Low HDL-C Group and the Quartile Groups of HDL-C
HR (95% CI)
Variable Number Event [R*
Model 1° Model 2¢ Model 3¢ Model 4¢
Myocardial infarction
Normal HDL-C 6,992,376 60,062 1.04 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Low HDL-C 1,673,465 21,369 1.55 148 (1.46-1.51) 1.29(1.27-1.31) 1.20(1.18-1.22) 1.13(1.09-1.17)
HDL-C quartiles
Ql 2,155,921 27,594 1.56 1.72 (1.69-1.76)  1.40(1.37-1.42) 1.27(1.24-1.29) 1.16(1.10-1.22)
Q2 2,138,155 20,244 1.15 1.27(1.24-1.30)  1.18(1.16-1.21) 1.12(1.10-1.15) 1.07(1.01-1.13)
Q3 2,194,204 17,426 0.96 1.07 (1.04-1.09) 1.06(1.04-1.08) 1.04(1.02-1.06) 1.03 (0.97-1.09)
Q4 2,177,561 16,167 0.90 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Pvalue <0.001 <0.001 <0.001 <0.001
Stroke
Normal HDL-C 6,992,376 81,770 1.42 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Low HDL-C 1,673,465 29,226 2.13 1.49 (1.47-1.51) 1.18(1.16-1.19)  1.11(1.09-1.12) 1.09 (1.06-1.13)
HDL-C quartiles
Q1 2,155,921 36,533 2.07 1.59 (1.56-1.62) 1.21(1.19-1.23) 1.12(1.11-1.14)  1.08 (1.04-1.12)
Q2 2,138,155 27,103 1.54 1.19(1.17-1.21)  1.07 (1.05-1.09)  1.04 (1.02-1.06) 1.01 (0.97-1.05)
Q3 2,194,204 24,175 1.34 1.03 (1.01-1.05)  1.02(1.00-1.04) 1.01(0.99-1.03) 0.98 (0.94-1.03)
Q4 2,177,561 23,185 1.29 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Pvalue <0.001 <0.001 <0.001 <0.001
All-cause mortality
Normal HDL-C 6,992,376 185,783 3.21 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Low HDL-C 1,673,465 58,526 423 1.31(1.30-1.32) 1.20(1.11-1.13)  1.15(1.14-1.16)  1.13(1.11-1.16)
HDL-C quartiles
Q1 2,155,921 76,275 428 1.30(1.29-1.32)  1.02(1.01-1.03) 1.08(1.07-1.10)  1.06 (1.04-1.09)
Q2 2,138,155 56,195 3.17 0.97 (0.95-0.98)  0.91(0.90-0.92)  0.97 (0.96-0.98)  0.95 (0.93-0.98)
Q3 2,194,204 52,862 291 0.89 (0.88-0.90)  0.90(0.89-0.92)  0.95(0.94-0.96)  0.94 (0.92-0.97)
Q4 2,177,561 58,977 3.28 1 (ref) 1 (ref) 1 (ref) 1 (ref)
P value <0.001 <0.001 <0.001 <0.001
HDL-C, high-density lipoprotein cholesterol; IR, incidence rate; HR, hazard ratio; CI, confidence interval; Q, quartile.
“Incidence per 1,000 person-years; "Model 1 was unadjusted; “Model 2 was adjusted for age and sex; “Model 3 was adjusted for age, sex, smoking status,
alcohol consumption, physical activity, income, body mass index, hypertension, diabetes mellitus, and estimated glomerular filtration rate; “Model 4 was
adjusted for age, sex, smoking status, alcohol consumption, physical activity, income, body mass index, hypertension, diabetes mellitus, estimated glo-
merular filtration rate, low-density lipoprotein cholesterol, and triglycerides.

increased HRs for incident MI (HR, 1.28; 95% CI, 1.26 to 1.30),
stroke (HR, 1.13; 95% CI, 1.11 to 1.15), and all-cause mortality
(HR, 1.07; 95% CI, 1.05 to 1.08) in Model 3, whereas the iso-
lated low HDL-C group had increased HRs for incident stroke
(HR, 1.06; 95% CI, 1.04 to 1.08) and all-cause mortality (HR,
1.30; 95% CI, 1.28 to 1.32) (Table 3).

We further analyzed the risk of study outcomes according to
the HDL-C phenotypes in groups divided by sex. In both men
and women, low HDL-C was associated with an increased risk

Copyright © 2022 Korean Endocrine Society

of study outcomes compared to the normal HDL-C, and the
HRs of the study outcomes significantly increased in the lowest
HDL-C quartile groups compared to the highest quartile group
(Supplemental Table S2). The non-isolated low HDL-C group
had the highest HRs for incident MI, while the isolated low
HDL-C group had the highest HRs for incident stroke and all-
cause mortality in both sexes (Supplemental Table S3).
Supplemental Tables S4, S5 present the incidence and HRs of
study outcomes according to HDL-C phenotypes among pa-
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tients with type 2 diabetes (2=527,835). In all the models, the
HRs of outcomes significantly increased among the low HDL-
C group compared with the normal HDL-C group and the HRs
of outcomes significantly increased in the lowest HDL-C quar-
tile groups compared to the highest quartile group (Supplemen-
tal Table S4). The non-isolated low HDL-C group had the high-
est HRs for incident MI and stroke, whereas the isolated low
HDL-C group had the highest HRs for all-cause mortality (Sup-
plemental Table S5).

Additionally, we analyzed the HRs of study outcomes accord-
ing to HDL-C phenotypes in groups divided by six LDL-C cate-
gories (LDL-C: <70, 70-99, 100-129, 130159, 160-189, =190
mg/dL). Generally, HRs of study outcomes increased in the low
HDL-C and the lowest HDL-C quartile groups compared to nor-
mal HDL-C group and the highest HDL-C quartile groups, re-
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Fig. 1. Incidence probabilities of study outcomes by high-density
lipoprotein cholesterol (HDL-C) categories (all log-rank £<0.001).
(A) Myocardial infarction. (B) Stroke. (C) All-cause mortality.

spectively (Supplemental Table S6). In groups with LDL-C
<130 mg/dL, the isolated low HDL-C group had the highest
HRs for study outcomes compared to the normal HDL-C group
(Supplemental Table S7).

Risk of study outcomes according to HDL-C phenotypes
in the subgroups

Table 4 presents the results of the stratified analyses according
to sex and age. The associations between non-isolated low
HDL-C and incident MI were stronger in men and younger in-
dividuals than in women and older individuals (P for interaction
<0.001) and those between non-isolated low HDL-C and stroke
were stronger in younger individuals (P for interaction=0.003).
Men and individuals aged 40 to 64 years showed stronger asso-
ciations between isolated low HDL-C and all-cause mortality

Copyright © 2022 Korean Endocrine Society
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Table 3. Incidence and Risk of Study Outcomes in Individuals with Isolated Low HDL-C and Non-Isolated Low HDL-C

HR (95% CI)

Variable Number Event IR*
Model 1° Model 2° Model 3 Model 4°
Myocardial infarction
Normal HDL-C 6,992,376 60,062 1.04 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Isolated low HDL-C 642,716 5,621 1.06 1.02 (0.99-1.04) 1.03 (1.00-1.06) 1.02 (0.99-1.04) 1.08 (0.98-1.19)
Non-isolated low HDL-C 1,030,749 15,748 1.86 1.78 (1.74-1.81) 1.41 (1.39-1.44) 1.28 (1.26-1.30) 1.14 (1.09-1.18)
P value <0.001 <0.001 <0.001 <0.001
Stroke
Normal HDL-C 6,992,376 81,770 1.42 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Isolated low HDL-C 642,716 8,691 1.65 1.16 (1.13-1.18) 1.07 (1.05-1.10) 1.06 (1.04-1.08) 1.07 (0.99-1.15)
Non-isolated low HDL-C 1,030,749 20,535 243 1.70 (1.68-1.73) 1.23 (1.21-1.25) 1.13 (1.11-1.15) 1.10 (1.06-1.13)
P value <0.001 <0.001 <0.001 <0.001
All-cause mortality
Normal HDL-C 6,992,376 185,783 321 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Isolated low HDL-C 642,716 22,057 4.15 1.29 (1.27-1.31) 1.29 (1.27-1.31) 1.30 (1.28-1.32) 1.40 (1.34-1.46)
Non-isolated low HDL-C 1,030,749 36,469 4.28 1.33(1.31-1.34) 1.04 (1.02-1.05) 1.07 (1.05-1.08) 1.08 (1.05-1.10)

P value

<0.001

<0.001

<0.001

<0.001

HDL-C, high-density lipoprotein cholesterol; IR, incidence rate; HR, hazard ratio; CI, confidence interval.

“Incidence per 1,000 person-years; "Model 1 was unadjusted; “Model 2 was adjusted for age and sex; *“Model 3 was adjusted for age, sex, smoking status,
alcohol consumption, physical activity, income, body mass index, hypertension, diabetes mellitus, and estimated glomerular filtration rate; “Model 4 was
adjusted for age, sex, smoking status, alcohol consumption, physical activity, income, body mass index, hypertension, diabetes mellitus, estimated glo-
merular filtration rate, low-density lipoprotein cholesterol, and triglycerides.

Table 4. Subgroup Analysis

Variable Myocardial infarction P for interaction Stroke P for interaction  All-cause mortality P for interaction
Sex <0.001 0.796 <0.001
Men
Isolated low HDL-C 1.00 (0.96-1.05) 1.05 (1.02-1.09) 1.36(1.33-1.38)
Non-isolated low HDL-C 1.39(1.35-1.42) 1.14 (1.11-1.17) 1.08 (1.06-1.09)
Women
Isolated low HDL-C 1.01 (0.97-1.04) 1.06 (1.03-1.09) 1.25(1.23-1.28)
Non-isolated low HDL-C 1.15(1.12-1.18) 1.12 (1.10-1.15) 1.02 (1.01-1.04)
Age, yr <0.001 0.003 <0.001
20-39

Isolated low HDL-C

Non-isolated low HDL-C
40-64

Isolated low HDL-C

Non-isolated low HDL-C
=65

Isolated low HDL-C

Non-isolated low HDL-C

1.04 (0.93-1.16)
1.42(1.33-1.53)

1.01 (0.97-1.05)
1.31(1.28-1.34)

1.01 (0.97-1.05)
1.18 (1.14-1.21)

1.10 (0.97-1.24)
1.14 (1.04-1.25)

1.07 (1.03-1.11)
113 (1.11-1.16)

1.06 (1.03-1.09)
1.12 (1.09-1.14)

1.06 (0.98-1.14)
1.01 (0.95-1.08)

1.38 (1.34-1.41)
1.05 (1.03-1.07)

1.26 (1.24-1.29)
1.07 (1.06-1.09)

Values are presented as hazard ratio (95% confidential interval) using multivariable Cox proportional hazard regression analysis after adjusting for age,
sex, smoking status, alcohol consumption, physical activity, income, body mass index, hypertension, diabetes mellitus, and estimated glomerular filtra-

tion rate.

HDL-C, high-density lipoprotein cholesterol.
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than the other subgroups (P for interaction <0.001).

DISCUSSION

In our nationwide cohort study, we found that low HDL-C lev-
els were independently associated with increased risk of MI,
stroke, and all-cause mortality. Compared to the normal HDL-C
group, the non-isolated low HDL-C group had a 1.28-, 1.13-,
and 1.07-fold increased risk of MI, stroke, and all-cause mortal-
ity, respectively. The isolated low HDL-C group had a 1.06- and
1.30-fold increased risk of stroke and all-cause mortality. These
findings were similarly observed in both sexes. Our results indi-
cate that low HDL-C as well as non-isolated low HDL-C levels
may be risk factors for CVDs, such as MI and stroke, and mor-
tality, and that isolated low HDL-C may increase the risk of
stroke and, in particular, all-cause mortality in adults. Moreover,
our findings suggest that monitoring and managing low HDL-C
levels are particularly vital for the prevention of CVDs and
mortality, and that low HDL-C should be cautiously considered
arisk factor for stroke and mortality.

Although low HDL-C levels are a known risk factor for CVD
[24,25], recent studies failed to show that high HDL-C levels
reduces CVD risk [13-18]. In our study, low HDL-C levels in-
creased the risks of MI and stroke compared to a normal HDL-
C level, and HRs for MI and stroke significantly increased
across the groups with lower HDL-C quartiles. The Framing-
ham Heart Study revealed an association between low HDL-C
and CAD; however, it failed to show any relationship between
CAD and other cholesterol categories [11]. In our study, we fur-
ther classified low HDL-C level as isolated and non-isolated
low HDL-C levels. The non-isolated low HDL-C group had in-
creased HRs for MI and stroke compared to the normal HDL-C
group, and this group had the highest HR for stroke, which was
followed by the isolated HDL-C group. However, a previous
meta-analysis among Asian-Pacific participants with 6.8 years
of follow-up reported that isolated low HDL-C is associated
with increased risk of coronary heart disease but not risk of
stroke [26]. This discrepancy could be largely attributed to the
study design. Moreover, the meta-analysis included a significant
proportion of cross-sectional studies, and its overall sample size
was much smaller than our study population. Variations in ge-
netics and factors affecting low HDL-C levels, even among
Asian populations, may exist. Our study found that isolated low
HDL-C levels are also associated with an increased risk of
stroke, which indicates that high LDL-C and triglycerides levels
and low HDL-C levels are all associated with an increased
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stroke risk. In addition, compared to the normal HDL-C group,
the isolated low HDL-C group showed increased risk of MI,
stroke, and all-cause mortality among the LDL-C <130 mg/dL
group. Hence, isolated low HDL-C levels seem to play an im-
portant role in the development of MI, stroke, and all-cause
mortality among individuals with LDL <130 mg/dL [27].

The main function of protective atherogenesis of HDL-C is
reverse cholesterol transport [28]. In addition, high HDL-C lev-
els may reduce CVD risk for the following reasons: HDL-C re-
verses endothelial cell dysfunction, activates both vasodilatory
and antithrombotic vasodilator production, decreases endotheli-
al cell apoptosis, inhibits platelet aggregation, and inhibits LDL-
C oxidation [29]. Moreover, cholesterol efflux from macro-
phages is likely relevant to atheroprotection [30]. Thus, low
HDL-C along with high triglyceride and LDL-C levels also in-
creases the risk of CVDs and mortality.

In accordance with previous longitudinal studies [31,32], we
showed that low HDL-C levels increase mortality risk. One such
cohort study in Canada demonstrated that low HDL-C levels are
associated with increased HRs for both cardiovascular and non-
cardiovascular mortality [19]. We also found that the isolated
low HDL-C group was more prominently associated with all-
cause mortality than the non-isolated low HDL-C group. How-
ever, studies on the association between HDL-C phenotypes and
all-cause mortality were very limited and there were differences
between the results. In contrast to our study, a pooled analysis in
Japan showed that non-isolated low HDL-C increased the CVD
mortality by 1.37-fold compared to normal HDL-C; however,
isolated low HDL-C did not increase CVD mortality [33]. The
different findings between the studies may be attributed to meth-
odological issues; our study had a much larger sample size and
adjusted for various confounding factors, including type 2 dia-
betes that were assessed using a stricter measurement compared
to the Japanese study. The association of low HDL-C levels with
all-cause mortality risk may be caused by various factors, such
as smoking status, physical inactivity, and other comorbidities
[19]. Although the underlying mechanism behind the associa-
tion between isolated low HDL-C and all-cause mortality was
not fully revealed, we believe that nutritional status may play a
role in that association; a previous study showed that higher
mortality risk is correlated with lower LDL-C and triglyceride
levels, which are markers of malnutrition [34]. In addition, an
isolated low HDL-C level is a more prevalent lipid phenotype in
Asian populations and it has been more associated with in-
creased cardiovascular risk than a non-isolated low HDL-C level
in Asians in previous studies, although we could not assess

Copyright © 2022 Korean Endocrine Society
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cause-specific mortality in ours [26]. This may partly explain
the prominent association between isolated low HDL-C and
mortality risk, but additional studies are needed to confirm this
association. Further studies are needed to identify the role of
HDL-C phenotypes in cause-specific mortality.

In subgroup analysis, the associations between HDL-C phe-
notypes and the risk of MI and all-cause mortality were stronger
among younger individuals than among older individuals. This
suggests that control of low HDL-C may be important among
young adults. Although previous trials have clearly demonstrat-
ed the ability of lipid-lowering medications to significantly in-
crease HDL-C levels, these medications did not exhibit im-
proved clinical outcomes compared to placebos [16,18-20,35].
Our study showed consistent results regarding the association
between HDL-C phenotypes and CVD risk irrespective of lipid-
lowering medication use. However, the positive relationship be-
tween isolated low HDL-C level and all-cause death risk was
prominent in individuals who did not use lipid-lowering medi-
cations.

This study has some limitations. First, the database relies on
physicians’ decision of a diagnostic code for MI or stroke; thus,
misdiagnosis of MI or stroke was possible. Second, because we
conducted a retrospective study, causality could not be deter-
mined. Although individuals with a prior diagnosis of CVDs
before study enrollment were excluded to decrease the possibil-
ity of reverse causality, it was still possible based on the long
prodromal phase of CVDs. Third, we could not consider other
confounding variables affecting CVDs that were not available
in the NHIS database. Fourth, the duration and severity of
chronic diseases that possibly influenced the incidence of CVD
and death could not be considered owing to data limitations.
Lastly, our study was included only Korean adults; thus, other
ethnicities were not included. Nevertheless, our study had the
following strengths: it used a large-scale cohort; the effect of the
full categories of HDL-C on the risk of CVD and all-cause
death was examined; and comprehensive evaluations with ad-
justment for various variables that could affect CVDs and po-
tentially influence the results were performed.

In conclusion, we found that both low HDL-C and non-isolat-
ed low HDL-C levels were independently associated with in-
creased risk of MI, stroke, and all-cause mortality. Isolated low
HDL-C levels were associated with increased stroke and all-
cause mortality risk. Particularly, all-cause mortality risk was
more strongly associated with isolated low HDL-C than with
non-isolated low HDL-C. Our findings suggest that isolated low
HDL-C levels may also be a risk factor for stroke and all-cause

Copyright © 2022 Korean Endocrine Society

mortality in the general population. Strategies to increase HDL-
C levels may be helpful in preventing future cardiovascular
events and mortality. Future studies examining whether control-
ling each HDL-C phenotype can decrease the risk of CVD de-
velopment and all-cause mortality are warranted.
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