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Background: High-density lipoprotein cholesterol (HDL-C) is a well-known predictor of
atherosclerotic cardiovascular diseases (ASCVD). We explored the relationships between
HDL-C levels and 10-year major adverse cardiovascular events (MACE) and provided sex-
specific upper reference limits for HDL-C levels.

Methods: Based on the Korean National Health Insurance Sharing Service, we identified
5,703,897 subjects (women, 48%) with age >40 years, eligible HDL-C results, and no
prior ASCVD in 2009. We investigated the distribution of 10-year MACE according to HDL-
C levels in 10 mg/dL (0.26 mmol/L) intervals and in three HDL-C groups (low: men <40
mg/dL [1.03 mmol/L], women <50 mg/dL [1.29 mmol/L]; high: between low and extremely
high levels; and extremely high: >90 mg/dL [2.33 mmol/L]).

Results: There were U-shaped relationships between HDL-C levels and 10-year MACE
with later inflection in women than in men (nadir: 80-99 mg/dL [2.07-2.56 mmol/L] and
50-59 mg/dL [1.29-1.53 mmol/L], respectively). In men, the extremely high HDL-C group
showed significantly higher 10-year MACE than the high group (28.1% vs. 24.6%, P<
0.0001). In women, the extremely high group showed the lowest 10-year MACE; if the ex-
tremely high starting point was raised to 130 mg/dL, it became similar to that in men and
showed higher 10-year MACE than the high group (25.6% vs. 20.1%, P<0.0001).

Conclusions: The 10-year MACE showed U-shaped relationships with HDL-C levels, and
extremely high HDL-C level at 90 mg/dL (2.33 mmol/L) in men was corresponding in risk
to 130 mg/dL (3.36 mmol/L) in women.
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INTRODUCTION

the pooled cohort ASCVD risk equation [5]. With new evidence

piling up, the traditional paradigm has been challenged, and the

High-density lipoprotein cholesterol (HDL-C) is a well-known
negative predictor of atherosclerotic cardiovascular diseases
(ASCVD) [1-4]. Traditionally, HDL-C has been a key variable in
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optimal cardioprotective HDL-C levels need to be clarified [6-9].
The lower optimal cutoffs are universally established.
The 2019 American College of Cardiology/American Heart As-
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sociation (ACC/AHA) guidelines on the primary prevention of
cardiovascular (CV) disease defined low HDL-C levels (men <40
mg/dL [1.03 mmol/L]; women <50 mg/dL [1.29 mmol/L]) as
one of the risk-enhancing factors in a 10-year ASCVD risk as-
sessment [10]. However, the upper optimal cutoff reports are
not entirely clear as to whether the relationship between HDL-C
levels and CV events is linear or U-shaped. The current ACC/
AHA-derived ASCVD risk calculator only allows HDL-C levels up
to 100 mg/dL (2.59 mmol/L), and the 2019 European Society of
Cardiology (ESC)/the European Atherosclerosis Society (EAS)
guidelines stated that HDL-C level improves the accuracy of the
ASCVD risk evaluation only up to 90 mg/dL (2.33 mmol/L) [11,
12]. Thus, an extremely high HDL-C level (>90 mg/dL [2.33
mmol/L]) cannot be used as a risk predictor [7, 12].

Recent studies have suggested that extremely high HDL-C lev-
els are not associated with cardioprotection and possibly even
paradoxically increase CV morbidities or mortalities [6-9, 13]. As
HDL-C levels are affected by complex factors, such as ethnicity,
lifestyle, and co-morbidities, it is worth assessing the optimal
upper reference limits, particularly, sex-specific limits, in various
demographics [14].

In 2009, the Korean National Health Insurance Service (NHIS)
started evaluating HDL-C levels in men >24 years and women
>40 years. As 10 years have passed, we could track actual 10-
year major cardiovascular events (MACE) in this nationwide co-
hort. We explored the relationships between baseline HDL-C
levels and 10-year MACE in South Koreans without prior AS-
CVD. The primary purpose of this study was to test the hypothe-
sis that the 2019 ESC/EAS-derived extremely high HDL-C level
(>90 mg/dL [2.33 mmol/L]) has higher 10-year MACE than the
usual high HDL-C level (men 40-90 mg/dL [1.03-2.33 mmol/L],
women 50-90 mg/dL [1.29-2.33 mmol/L]) for the total cohort
and for each sex. The secondary purpose was, if a U-shape ex-
ists, to provide an optimal upper reference limit, defined by the
HDL-C risk exceeding that of the reference HDL-C after the na-
dir, and a true extremely high HDL-C cutoff with a risk compara-
ble to that of the known dangerous low HDL-C group (men <40
mg/dL [1.03 mmol/L], women <50 mg/dL [1.29 mmol/L]) in
each sex.

MATERIALS AND METHODS

Data sources

De-identified data regarding general medical checkups were
provided by the Korean National Health Insurance Sharing Ser-
vice (NHISS), which contains all charged medical and phar-
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macy claims on all healthcare in South Korea. Information re-
garding all-cause mortality was obtained from the National Death
Registry of Korea. As the customized sample cohort data con-
tains personal sensitive information, access was restricted to
authorized locations on pre-approved dates. The study protocol
was designed according to the criteria of the Declaration of Hel-
sinki and was approved by the Institutional Review Board of Kon-
kuk University Medical Center (KUMC 2020-03-037), Seoul,
Korea, and the NHISS official review committee (NHIS-2021-1-
622).

Study design and subject selection
This was a retrospective nationwide population-based cohort

study. The study flow diagram is presented in Fig. 1. Approxi-
mately 22% of the total South Korean population underwent a
national health checkup in 2009 (the index year). Of those, we
enrolled subjects with age >40 years and eligible HDL-C re-
sults; we excluded subjects with no HDL-C testing, HDL-C levels
>200 mg/dL, or a prior history of ASCVD before the index year
based on the 8th Korean Standard Classification of Diseases
(KCD) codes, an extension of the International Classification of
Diseases 10th revision: angina pectoris (120), acute myocardial
infarction or acute coronary syndrome (121-24), chronic isch-
emic heart disease (125), presence of a coronary angioplasty
implant and graft (Z95.5), presence of an aortocoronary bypass
graft (Z95.1), stroke (163-66), transient ischemic attack (G45),
or peripheral arterial disease (173) [15]. Finally, we analyzed
5,703,897 ASCVD-free subjects.

Definitions

The index date for each subject was defined as the date on which
the subject’'s 2009 national health checkup was performed. Data
collected on the index date included age, sex, body mass index
(BMI), waist circumference, smoking, alcohol consumption, blood
pressure (BP), and blood test results. Blood samples were drawn
after an overnight fast and the following parameters were mea-
sured using standard laboratory methods: glucose, serum cre-
atinine, total cholesterol (TC), HDL-C, and triglycerides. Low-den-
sity lipoprotein cholesterol (LDL-C) was calculated using the Frie-
dewald formula: LDL-C=TC-(triglycerides/5)-HDL-C. Obesity
was defined as a BMI >25 kg/m?, while abdominal obesity was
defined as waist circumference >90 cm for men and >85 cm
for women [16]. A medical history of hypertension and diabetes
mellitus (DM) was determined based on the 8th KCD codes (hy-
pertension: 110*, 111*, 112*, 113*, 115*, 1674; DM: E10*, E11%)
within one year of the index year. Hypertension was defined as
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Fig. 1. Flow diagram of the study population enroliment in the retrospective nationwide cohort study.

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ASCVD, atherosclerotic cardiovascular diseases (angi-
na, acute myocardial infarction or acute coronary syndrome, prior myocardial infarction or chronic ischemic heart disease, prior coronary arterial revascular-
ization, stroke, transient ischemic attack, and peripheral arterial disease); MACE, major adverse cardiovascular events (new-onset angina, acute myocardial

infarction, cardiac arrest, stroke, and all-cause mortality).

having either systolic BP =140 mm Hg at the index date or a
medical history of hypertension. DM was defined having either
fasting glucose >126 mg/dL (7.0 mmol/L) at index date or a
medical history of DM. The medications used at baseline were
determined from the prescription records (oral anti-thrombotic
drugs in 430 products including aspirin, warfarin, and P2Y12
inhibitors; statins in 1,426; fenofibrate in 49) within one year of
the index year.

We categorized the HDL-C levels according to two schemes
(Fig. 1): one using the classic three-group model (low: men <40
mg/dL [1.03 mmol/L], women <50 mg/dL [1.29 mmol/L]; high:
men 40-90 mg/dL [1.03-2.33 mmol/L], women 50-90 mg/dL
[1.29-2.33 mmol/L]; and extremely high: >90 mg/dL [2.33 mmol/
L1) and the other using 10 mg/dL (0.26 mmol/L) intervals. The
classic model is based on the following two guidelines: (1) the
risk-enhancing factors in the 2019 ACC/AHA guidelines on the
primary prevention of CV disease (low HDL-C <40 mg/dL [1.03
mmol/L] in men; <50 mg/dL [1.29 mmol/L] in women), and (2)

https://doi.org/10.3343/alm.2022.42.4.415

the statement in the 2019 ESC/EAS guidelines for the manage-
ment of dyslipidemia: at extremely high HDL-C levels (>90 mg/
dL [2.33 mmol/L]), there appears to be an increased risk of AS-
CVD [10, 12]. MACE in this study were defined as new-onset
angina, acute myocardial infarction, cardiac arrest, stroke, or all-
cause mortality. All subjects were followed for 10 years; 35,744
(0.6%) were lost to follow-up (Supplemental Data Table S1). The
MACE-free survival time was defined as the duration between
the index date and the first occurrence of MACE in each subject.

Statistical analysis

Data are expressed as frequency (percentage) for categorical
variables, and as mean +standard deviation or median and the
interquartile range for continuous variables. In the classic three-
group model, frequencies of demographics and distributions of
influential factors were compared using a chi-square test. Con-
tinuous variables were examined using ANOVA with Scheffé’s
test if the distribution was homogeneous.

www.annlabmed.org 417
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For the primary-purpose analysis, we compared the 10-year
MACE between the three classic groups (low, high, and extremely
high HDL-C) in the entire cohort as well as in each sex using a
chi-square test.

For the secondary-purpose analysis, initially, the relationship
between 10-year MACE and baseline HDL-C level was exam-
ined to determine the risk from below 20 mg/dL (0.52 mmol/L)
to 199 mg/dL (5.15 mmol/L) in 10 mg/dL (0.26 mmol/L) inter-
vals. For each sex, exploring optimal upper reference limits or
true extremely high HDL-C cutoffs started from the risk nadir. We
compared the 10-year MACE between the three new HDL-C
groups (low: men <40 mg/dL [1.03 mmol/L], women <50 mg/
dL [1.29 mmol/L]; high: between; extremely high: >new refer-
ence cutoffs) using a chi-square test. Model | (upper optimal
cutoff) was defined using a three-group model with an extremely
high HDL-C risk exceeding that of the reference HDL-C after the
nadir, and model Il (true extremely high HDL-C cutoff) was de-
fined using a three-group model with an extremely high HDL-C
risk comparable to that of the known dangerous low HDL-C
group (men <40 mg/dL [1.03 mmol/L], women <50 mg/dL
[1.29 mmol/L]) in each sex. With these models (classic, model |,
and model II), both unadjusted and adjusted Cox proportional
hazard analyses were performed. Ultimately, the relationship
between 10-year MACE and HDL-C level on a continuous scale
was analyzed using cubic splines in a Cox proportional hazard
regression model. After checking the assumption using Schoen-
feld residuals, we examined separate sex-stratified models to
determine the risk, as women have higher HDL-C levels. The
MACE-free survival models were initially assessed via the spline
effects of HDL-C, and then adjusted for age, BMI, LDL-C, tri-
glycerides, hypertension, DM, smoking, and alcohol consump-
tion frequency.

Covariates for statistical adjustment (Supplemental Data Fig.
S1) were chosen from the essential parameters of the ASCVD
risk calculator (age, sex, ethnicity, systolic BP, TC, HDL-C, his-
tory of DM, smoking, and hypertension treatment) [5, 11, 17].
Among these, we excluded two variables (sex and ethnicity) due
to the cohort including only Koreans, stratified by sex, and added
two variables (BMI and alcohol) as potential confounding factors
with HDL-C [14]. Instead of systolic BP and hypertension treat-
ment, we included hypertension, which collectively represented
those variables in this study. Instead of TC, we included LDL-C
and triglycerides as causal risk factors for MACE [18]. All analy-
ses were performed using SAS Enterprise Guide 7.1 software
(SAS Institute Inc., Cary, NC, USA). The level of significance (al-
pha) was set to 0.05.
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RESULTS

Baseline characteristics

Baseline characteristics of the study population are presented in
Table 1. Just over a half (52%) were men, and the mean age at
the index date was 52.6 years. Baseline HDL-C levels had a slight
positive skew (skewness of 0.93) and a platykurtic (kurtosis of
2.6) pattern with a mean of 54.7 mg/dL (1.41 mmol/L), and the
mean value was significantly lower in men than in women (52.1
mg/dL [1.35 mmol/L] vs. 57.5 mg/dL [1.49 mmol/L], P<0.0001).
Approximately 22% of the subjects had low HDL-C levels: 15%
of men and 30% of women had levels below the recommended
targets (<40 mg/dL [1.03 mmol/L] and <50 mg/dL [1.29 mmol/
L], respectively). Approximately 1.6% of the cohort showed HDL-
C levels >90 mg/dL (2.33 mmol/L): 1.1% of men and 2.1% of
women.

When the classic model was applied, in both men and women,
the extremely high HDL-C group showed significantly less obe-
sity, less oral anti-thrombotic or fenofibrate medication, and lower
levels of LDL-C and triglycerides, but more frequent alcohol con-
sumption than other groups (all, P<0.0001). Sex-specific find-
ings were observed in hypertension: the highest BP and frequency
of hypertension were observed in the extremely high HDL-C group
in men, but in the low HDL-C group in women.

Classic three-group comparisons of 10-year MACE and
all-cause mortality

Ten-year MACE were observed in 1,341,669 subjects (23.5%)
of the total cohort and were significantly higher in men than in
women (746,182 [25.2%] vs. 597,487 [21.8%], P<0.0001). In
men, the classic extremely high HDL-C group showed significantly
higher 10-year MACE than the high group (28.1% vs. 24.6%,
P<0.0001), but the same as the low group (28.1% vs. 28.1%,
P=0.92). However, in women, the classic extremely high HDL-C
group showed the lowest 10-year MACE among the three groups
(Table 2). The low HDL-C group showed higher 10-year MACE
than the other groups in the age range 40-69 years, but the dif-
ference was no longer observed at ages >70 years.

All-cause mortality was observed in 304,426 (5.3%) subjects,
about twice as often in men as in women (207,300 [7.0%] vs.
97,126 [3.6%], P<0.0001). In total, the classic extremely high
HDL-C group showed significantly higher mortality than the high
HDL-C group (6.0% vs. 5.2%, P<0.0001), but roughly the same
as the low HDL-C group (6.0% vs. 5.9%, P=0.26). In men, the
classic extremely high HDL-C group showed higher mortality than
the high HDL-C group (11.0% vs. 6.8%, P<0.0001), even higher
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Table 2. Ten-year MACE and all-cause mortality: the three classic groups categorized by baseline HDL-C levels
Total Low HDL-C High HDL-C Extremely high HDL-C p
(N=5,703,897) (N=1,257,072) (N=4,356,104) (N=90,721)
10-yr MACE
All cohorts, N (%) 1,341,669 (23.5) 333,011 (26.5) 988,579 (22.7) 20,079 (22.1) <0.0001*
By sex, N (% of each sex)
Men 746,182 (25.2) 124,908 (28.1) 611,767 (24.6) 9,507 (28.1) <0.0001
Women 595,487 (21.8) 208,103 (25.6) 376,812 (20.2) 10,572 (18.6) <0.0001*
By age, N (% of each age subgroup)
40-49 yr 327,168 (12.8) 69,690 (13.9) 252,406 (12.5) 5,072 (12.5) <0.0001*
50-59 yr 413,224 (23.1) 97,000 (24.8) 309,759 (22.7) 6,465 (21.4) <0.0001*
60-69 yr 355,175 (37.8) 93,092 (38.8) 256,890 (37.5) 5,193 (36.9) <0.0001*
70-79 yr 205,191 (55.6) 59,734 (55.6) 142,673 (55.5) 2,784 (55.5) 0.82
>80 yr 40,911 (77.8) 13,495 (77.7) 26,851 (77.9) 565 (75.7) 0.35
All-cause mortality
All cohorts, N (%) 304,426 (5.3) 74,034 (5.9) 224,967 (5.2) 5,425 (6.0) <0.0001"
By sex, N (% of each sex)
Men 207,300 (7.0) 35,411 (8.0) 168,166 (6.8) 3,723 (11.0) <0.0001*
Women 97,126 (3.6) 38,623 (4.8) 56,801 (3.0) 1,702 (3.0) <0.0001*
By age, N (% of each age subgroup)
40-49 yr 37,338 (1.5) 7,077 (1.4) 29,444 (1.5) 817 (2.0) <0.0001*
50-59 yr 58,971 (3.3) 12,342 (3.2) 45,400 (3.3) 1,229 (4.1) <0.0001*
60-69 yr 83,191 (8.9) 19,138 (8.0) 62,515 (9.1) 1,538 (10.9) <0.0001*
70-79 yr 92,910 (25.2) 24,886 (23.2) 66,632 (25.9) 1,392 (27.8) <0.0001*
>80 yr 32,016 (60.9) 10,591 (60.9) 20,976 (60.8) 449 (60.2) 0.90

Values are number (%).

P values are from a chi-square test on the classic three groups. *low vs. high or extremely high, high vs. extremely high; Thigh vs. low or extremely high; ‘low

vs. high or extremely high.

Abbreviations: HDL-C, high-density lipoprotein cholesterol; MACE, major adverse cardiovascular events.

creased risk for MACE occurring within 10 years after the index
date (adjusted HR [95% Cl] of 1.10 [1.09-1.10] and 1.09 [1.07-
1.111), respectively.

In women, in the classic model, the extremely high group was
associated with a lower (unadjusted HR of 0.92 [95% CI: 0.90-
0.941, P<0.0001) or indifferentiable risk (adjusted HR of 0.99
[95% Cl: 0.97-1.011, P=0.22). However, in model I, the low
and extremely high groups were associated with a 6% and 14%
increased risk of 10-year MACE (adjusted HR of 1.06 [95% ClI:
1.05-1.071 and 1.14 [1.04-1.25]), respectively.

Cubic spline Cox proportional hazard regression model

In the cubic spline models, the risk of 10-year MACE showed a
U shape for men and women on a continuous scale of HDL-C
levels (Fig. 3). Both low anJd extremely high levels were associ-
ated with a higher 10-year MACE risk, and the risk showed later

https://doi.org/10.3343/alm.2022.42.4.415

inflection in women.

DISCUSSION

This large population-based cohort study covering approximately
12% of the total South Korean population explored the relation-
ship between HDL-C levels and 10-year MACE in ASCVD-free
subjects who may need 10-year CV risk assessment for primary
prevention. We found a U-shaped relationship between HDL-C
levels and 10-year MACE, with later inflection in women than in
men. There are conflicting reports on whether there is a U-shaped
relationship between HDL-C and CV risk or mortality. Although
complex factors may affect individual studies, an accurate inter-
pretation of extremely high HDL-C levels is critical to understand
the right end of the curve (linear, plateau, or U-shape). Two is-
sues should be emphasized: (1) the definition of “extremely high
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<20 2029 3039 4049 5069 6069 7079 8089 90899 100-109110-119 120-129 130-139 140-149 150-159 160-169 170-179 180-189 190-199
<05 0508 0810 10-1.3 1315 16-1.8 1.8-20 21-23 2326 26-28 2831 3.1-33 3.4-36 36-3.9 3941 41-44 4446 47-49 4951

Baseline HDL-C level
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(1.0 mmol/L) (1.8 mmol/L) (2.3 mmol/L)
40 mg/dL 70 mg/dL 90 mg/dL

50 mg/dL 110 mg/dL 130 mg/dL
(1.3 mmoljL) (2.8 mmoljL) (3.4 mmoljL)

0 Male

Nadir: 50-59 mg/dL (1.3-1.5 mmol/L)

35 oFemale  Nadir: 80-99 mg/dL (2.1-2.6 mmol/L)
B B S —— L DS I
R | )
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=
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= | N B B B R R R
=
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=
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(mg/dL) <20 2029 3039 4049 5059 6069 7079 8089 9099 100-109 110-119 120-129 130-139 140-149 150-159 160-169 170-179 180-189 190-199
(mmolL) <05 0508 0810 1013 1315 16-18 1820 21-23 2326 26-28 2831 3.1-3.3 3.4-36 36-39 39-41 41-44 4446 47-49 4951
Number atrisk Baseline HDL-C level

Male 2618 39276 402796 963432 816450 455702 182800 66670 23512 7720 3116 1424 687 469 280 182 148 %0 80
Female 1234 15314 181909 613925 824749 615770 300688 119280 42034 13275 4621 1683 788 473 252 175 122 82 71

Fig. 2. Distribution of subjects with 10-year MACE by the baseline HDL-C levels in 10 mg/dL (0.26 mmol/L) intervals and by the three-groups
exploring extremely high HDL-C levels. (A) For all subjects (N=5,703,897), the relationship between HDL-C levels and 10-year MACE is U-
shaped. A polynomial trend line (red dots) shows R? of 0.986 (y=0.0005x*-0.032x%+0.81x?-7.55x+44.08). The nadir of the HDL-C interval
is 70-79 mg/dL (1.81-2.04 mmol/L). (B) From each sex (men, N=2,967,452; women, N=2,736,445), a U-shaped pattern exists with dif-
ferent inflection points. Blue color bars represent the percentage distribution of men subjects, with the nadir at 50-59 mg/dL (1.29-1.53
mmol/L); red color bars for women subjects, with the nadir at 80-99 mg/dL (2.07-2.56 mmol/L). For men, a polynomial trend-line (blue dots)
fit R? of 0.959 (y=0.0022x*-0.11x>+1.85x>~11.99x+50.1); for women, a polynomial trend-line (red dots) fit R? of 0.914 (y=-0.0029x*+
0.28x%-4.41x+37.37). (Continued to the next page)
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e Three-group comparisons
Male (Nadir 50-59 mg/dL, 1.3-1.5 mmol/L)

Ext. High >60 mg/dL Ext. High >70 mg/dL Ext. High >80 mg/dL Ext. High >90 mg/dL
_ (1.6 mmol/L) _ (1.8 mmol/L) _ (2.1 mmol/L) _ (2.3 mmol/L)
S B, S B, 5 3 = 3
R P=0.51 N P<0.0001 xR * P<0.0001 R P=0.92
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20 20 20 20
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Female (Nadir 80-99 mg/dL, 2.1-2.6 mmol/L)
Ext. High >90 mg/dL Ext. High > 100 mg/dL Ext. High > 110 mg/dL Ext. High > 120 mg/dL Ext. High >130 mg/dL
_ (2.3 mmol/L) _ (2.6 mmol/L) _ (2.8 mmol/L) _ (3.1 mmol/L) _ (3.4 mmol/L)
% 35 . = 35 % 35 % 35 % 35 -
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N: 812,382 1,867,219 56,844 812,382 1,904,795 19,268 812,382 1,916,606 7,457 812,382 1,920,689 3,374 812,382 1,922,229 1,834

Fig. 2. Continued. (C) Exploring extremely high (ext. high) HDL-C cutoffs: comparisons of the three HDL-C categories by sex. Three-group
comparisons [low HDL-C group: men<40 mg/dL (1.03 mmol/L), women <50 mg/dL (1.29 mmol/L); high HDL-C group: between; ext. high
HDL-C group >values as explored] by chi-square test. *P<0.0001 (low vs. high or ext. high); "P<0.0001 (high vs. low or ext. high). In
men (N=2,967,452), the 10-year MACE of the ext. high HDL-C group is higher than that of the high HDL-C group at >70 mg/dL (1.81
mmol/L) or >80 mg/dL (2.07 mmol/L) (P<0.0001) and similar to the low group at >90 mg/dL (2.33 mmol/L) (P=0.92). Note the classic
model [ext. high >90 mg/dL (2.33 mmol/L)]. In women (N=2,736,445), that point is delayed. The 10-year MACE of ext. high HDL-C
group exceeds the high HDL-C group at >110 mg/dL (2.84 mmol/L) (P=0.044) or >120 mg/dL (3.10 mmol/L) (P<0.0001) and is similar
to the low HDL-C group at >130 mg/dL (3.36 mmol/L) (P=0.97). Note that in the classic model [ext. high >90 mg/dL (2.33 mmol/L)], the
ext. high HDL-C group has a significantly lower 10-year MACE than the high HDL-C group (P<0.0001).

Abbreviations: HDL-C, high-density lipoprotein cholesterol; MACE, major adverse cardiovascular events (new-onset angina, acute myocardial infarction, car-
diac arrest, stroke, and all-cause mortality).

HDL-C” level and (2) outcome variables. mmol/L in women) implied an increased hazard of non-CV mor-
Based on our HDL-C distribution data, nearly all (98% of sub-  tality [6]. The Copenhagen study (N=52,268) demonstrated in-
jects were <2.33 mmol/L) fit a conventional-wisdom inverse re-  creased risks of all-cause mortality in their extremely high HDL-
lationship: the low HDL-C group showed higher 10-year MACE ~ C group in men (2.5-2.99 mmol/L and >3.0 mmol/L, reference
than the usual high HDL-C group (26.5% vs. 22.7%, P<0.0001). 1.9 mmol/L; HR 1.36 and 2.06, respectively) and women (3.0-
Most of the early epidemiological studies strongly supporting a  3.49 mmol/L and >3.5 mmol/L, reference 2.4 mmol/L; HR 1.10
linear inverse relationship did not pay attention to the small pro-  and 1.68, respectively) [7].
portion of extremely high HDL-C levels [1-4]. Recent big-data The EPOCH-JAPAN study (N=43,407) demonstrated that
studies supporting U-shaped relationships have focused on ex-  extremely high HDL-C levels (>2.33 mmol/L) were associated
tremely high HDL-C levels and revealed an increased risk of all-  with increased ASCVD mortality [9]. However, regarding coro-
cause mortality. The U.S. Veterans study (N=1,764,986) dem-  nary artery diseases outcomes, there have been heterogeneous
onstrated a U-shaped relationship between HDL-C levels and  risk patterns: plateau or continuously inverse linear [19, 20]. Simi-
all-cause mortality [8]. The CANHEART study (N=631,762) re-  larly, two Korean studies based on the NHIS cohort (Oh, et al.
vealed that higher HDL-C levels (>1.81 mmol/L in men, >2.33  [21], N=365,457, median follow-up; 3.5 years; Yang, et al. [22],
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Table 3. Hazard ratios of 10-year MACE by reference ranges in each sex

Yang HS, et al.
Sex-specific HDL-C levels and 10-year MACE

Unadjusted HR

Adjusted HR*

Reference range for HDL-C, mg/dL (mmol/L) ~ Group variable (95% Cl) P (95% Cl) P*
Men
Classic 40-90 (1.03-2.33) Low 1.17 (1.16-1.17) <0.0001 1.10 (1.09-1.10) <0.0001
Extremely high 1.17 (1.14-1.19) <0.0001 1.09 (1.07-1.11) <0.0001
Model | 40-70 (1.03-1.81) Low 1.17 (1.16-1.18) <0.0001 1.10 (1.09-1.10) <0.0001
Extremely high 1.03 (1.03-1.04) <0.0001 1.02 (1.01-1.02) 0.0003
Model I 40-90 (1.03-2.33) Low 1.17(1.16-1.17) <0.0001 1.10 (1.09-1.10) <0.0001
Extremely high 1.17(1.14-1.19) <0.0001 1.09 (1.07-1.11) <0.0001
Women
Classic 50-90 (1.29-2.33) Low 1.31(1.30-1.31) <0.0001 1.06 (1.05-1.06) <0.0001
Extremely high 0.92 (0.90-0.94) <0.0001 0.99 (0.97-1.01) 0.22
Model | 50-110 (1.29-2.84) Low 1.31(1.30-1.32) <0.0001 1.06 (1.05-1.07) <0.0001
Extremely high 1.05 (1.00-1.11) 0.047 1.05 (1.00-1.10) 0.06
Model I 50-130 (1.29-3.36) Low 1.31(1.30-1.32) <0.0001 1.06 (1.05-1.07) <0.0001
Extremely high 1.30(1.18-1.42) <0.0001 1.14 (1.04-1.25) 0.01

*Adjusted for age, BMI, LDL-C, triglycerides, hypertension, DM, smoking, and alcohol consumption; for variables, refer to Table 1.
Abbreviations: HR, hazard ratio; MACE, major adverse cardiovascular events; Cl, confidence interval; BMI, body mass index; LDL-C, low-density lipoprotein-

cholesterol; DM, diabetes mellitus; HDL-C, high-density lipoprotein cholesterol.
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Fig. 3. Multivariate adjusted HR for 10-year MACE by HDL-C levels (continuous variables). The relationship between HDL-C levels on a
continuous scale and 10-year MACE risk was U-shaped for men (A) and women (B).
Abbreviations: HR, hazard ratio; HDL-C, high-density lipoprotein cholesterol; MACE, major adverse cardiovascular events (new-onset angina, acute myocar-

dial infarction, cardiac arrest, stroke, and all-cause mortality).

N=343,687, median follow-up, 6 years) reported an inverse lin-
ear relationship between HDL-C levels and CV mortality, but U-
or J-shaped curves for all-cause mortality. Compared with the
two Korean reports, the present study used well-balanced co-
hort data, which covered all follow-up records of those who were
enrolled in 2009 (N=5,703,897, single index year, exclusion of
all prior clinical ASCVD, 10-year follow-up). Although we did not
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examine each CV disease, this large population-based study clearly
confirmed that a U-shaped relationship exists between HDL-C
levels and 10-year composite end points of MACE (including all-
cause mortality) in the South Korean population (Fig. 3).

In this study, the hypothesis that the classic extremely high
HDL-C level (>90 mg/dL [2.33 mmol/L]) is associated with higher
10-year MACE than the high HDL-C level (men 40-90 mg/dL
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[1.03-2.33 mmol/L], women 50-90 mg/dL [1.29-2.33 mmol/L])
was true for men, but not for women. This study offers two po-
tentially important lessons: cutoff values should first be chosen
by looking at the entire distribution and then should be sepa-
rated by sex. In women, our approach to shifting the reference
beyond the nadir (80-99 mg/dL [2.07-2.56 mmol/L]) seemed
appropriate given the U-shaped distribution, and the true ex-
tremely high HDL-C level, not >90 mg/dL (2.33 mmol/L) but
>130 mg/dL (3.36 mmol/L), revealed a significant HR of 10-
year MACE (0.99 [95% CI: 0.97-1.011, 1.14 [1.04-1.25], re-
spectively) (Table 3).

Sex-specific reference limits are essential in HDL-C studies.
The proportion of women increases with increasing HDL-C level
[6, 7]. Men have a more atherogenic profile than women, with
lower levels of HDL2 subfraction [23]. Sex-specific clinical stud-
ies may yield different results when the extremely high HDL-C
level is set higher in women: extremely high HDL-C level (in this
case, >2.07 mmol/L) was associated with a significant reduc-
tion in flow-mediated vasodilation in men, but not in women [24,
25]. Sex-specific reference limits have already been applied for
the lower optimal cutoffs (men <40 mg/dL [1.03 mmol/L], women
<50 mg/dL [1.29 mmol/L]) [10]. Our extremely large study has
clinical value in that it is the first to recommend sex-specific op-
timal upper reference limits and true extremely high HDL-C cut-
offs in the Korean population.

The pathophysiological role of extremely high HDL-C levels
being linked with MACE risk remains to be elucidated. Mende-
lian genetic randomization failed to prove causal effects, and
several pharmacological trials to increase HDL-C levels failed to
reduce the risk of ASCVD [26-29]. Several pathological condi-
tions could contribute to both extremely high HDL-C levels and
alleged CV risk factors: genetic alterations, inflammatory diseases,
thyroid disorders, and liver diseases. For example, scavenger
receptor Bl increases the HDL-C level as well as the risk of coro-
nary heart diseases [30]. Reduced cholesterol efflux capacity
and HDL phospholipid content have been associated with ex-
tremely high HDL-C levels and coronary artery diseases [31]. In
this study, alcohol consumption, known to increase HDL-C lev-
els, was higher in both men and women in the extremely high
HDL-C group, in line with findings in the Copenhagen study [7].
In men, but not in women, elevated BP, possibly related to alco-
hol consumption, was also more frequent in the extremely high
HDL-C group; this finding may indicate that extremely high
HDL-C levels may be a marker of an unhealthy lifestyle. We can
speculate that in some cases, the dysfunctional HDL particles
(boosted by pathological conditions), not the good HDL particles
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(boosted by good lifestyles), induced extremely high HDL-C lev-
els; in such cases, this disease marker may have contributed to
the higher all-cause mortality [21, 32].

In the general population, having a high HDL-C level should
not be presumed to always be protective. In clinical practice,
extremely high HDL-C levels should not be used in the pooled
cohort ASCVD risk equation or in the non-HDL-C calculation (TC-
HDL-C), as they may underestimate the actual ASCVD risk [5,
10, 12]. Emphasizing the sex-specific values, the ESC/EAS guide-
lines description of the extremely high HDL-C level >90 mg/dL
(2.33 mmol/L) could possibly be updated, at least for the Korean
population, with sex-specific reference limits: the extremely high
HDL-C level at 90 mg/dL (2.33 mmol/L) in men corresponded
in risk to 130 mg/dL (3.36 mmol/L) in women [12]. Our study is
particularly meaningful to women who have an HDL-C level in
the range 90-99 mg/dL (2.33-2.56 mmol/L)—a risk nadir in wo-
men—but are misclassified as having higher risk based on the
current guidelines.

This study has several limitations. First, as it was a retrospec-
tive cohort study, we could not confirm a causal relationship be-
tween HDL-C levels and MACE. Second, we analyzed all-cause
mortality instead of CV mortality in a composite end point of MACE,
as the National Death Registry of Korea provides only deceased
dates, without causes of death. Third, some variables had miss-
ing data. Fourth, the categorization of HDL-C levels may have
resulted in loss of information [33]. To determine reference ranges
in clinical practice, our approach using 10 mg/dL (0.26 mmol/L)
intervals seemed acceptable for an initial exploration; ultimately,
we also used continuous scale cubic splines in a Cox propor-
tional hazard regression model to confirm the relationship be-
tween HDL-C levels and 10-year MACE. Finally, HDL is a com-
plex molecule with a mixture of heterogeneous atheroprotective
subclasses, and the measured HDL-C level refers to the amount
of cholesterol contained in the HDL particle. Therefore, quanti-
tative measurement of total HDL-C levels does not necessarily
represent HDL particle numbers, subclass distribution, apolipo-
protein A-1, or HDL function [31, 34]. Qualitative measurement
is warranted in future studies.

We conclude that in the South Korean population without prior
ASCVD, HDL-C levels showed a U-shaped relationship with 10-
year MACE, with later inflection in women than in men (nadir:
80-99 mg/dL [2.07-2.56 mmol/L] and 50-59 mg/dL [1.29-1.53
mmol/L], respectively). This study, with a well-balanced and sub-
stantially larger population, reinforced and confirmed the find-
ings of other recent cohort studies [6-9]. We suggested sex-spe-
cific reference limits for men (optimal 40-70 mg/dL [1.03-1.81
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mmol/L]; extremely high >90 mg/dL [2.33 mmol/L]) and women
(optimal 50-110 mg/dL [1.29-2.841; extremely high >130 mg/
dL [3.36 mmol/L]). Our findings suggest that sex-specific extre-
mely high HDL-C levels should be a warning when estimating
CV risk in the pooled cohort ASCVD equation or non-HDL-C cal-
culation.
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Supplemental Data Table S1. Missing data

Total Low HDL-C High HDL-C Extremely high HDL-C
(N=5,703,897) (N=1,257,072) (N=4,356,104) (N=90,721)
Missing data at baseline
Body mass index, N (%) 1,609 (0.03) 522 (0.04) 1,071(0.02) 16 (0.02)
Men, N 861 157 700 4
Women, N 748 365 371 12
Waist circumference, N (%) 1,844 (0.03) 587 (0.05) 1,232 (0.03) 25(0.03)
Men, N 780 140 634 6
Women, N 1,064 447 598 19
Smoking, N (%) 35,744 (0.6) 8,612(0.7) 26,663 (0.6) 469 (0.5)
Men, N 15,956 2,514 13,320 122
Women, N 19,788 6,098 13,343 347
Alcohol, N (%) 71,588 (1.3) 19,457 (1.5) 51,385(1.2) 746 (0.8)
Men, N 30,040 5,685 24,185 170
Women, N 41,548 13,772 27,200 576
Lost to follow-up
Lost to follow-up, N (%) 35,744 (0.6) 7,182 (0.6) 27,884 (0.6) 678 (0.7)
Men, N 20,036 2,753 17,025 258
Women, N 15,708 4,429 10,859 420

Abbreviation: HDL-C, high-density lipoprotein cholesterol.
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Supplemental Data Figure S1. Covariates. Sex-stratified multifactorial adjustment was performed with four categorical variables [hyperten-
sion, diabetes mellitus, smoking (never, past, and current), alcohol consumption (none, 1 time/week, 2 times/week, and >3 times/week)]
and four continuous variables (age, body mass index (BMI), low-density lipoprotein cholesterol (LDL-C), triglycerides). All continuous vari-
ables revealed inverse weak correlations with the baseline high-density lipoprotein cholesterol (HDL-C) levels (all, P<0.0001): age (total
r=-0.048, men r=0.014, women r=-0.13), BMI (total r=-0.19, men r=-0.21, women r=-0.15), LDL-C (total r=-0.02, men r=-0.025,
women r=-0.029), and triglycerides (total r=-0.31, men r=-0.27, women r=-0.31). To convert the HDL-C levels from mg/dL to mmol/L,
divide by 38.6. (A) Hypertension (nadir: 50-59 mg/dL in men, 80-89 mg/dL in women). (B) Diabetes mellitus (nadir: 70-79 mg/dL in men,
90-99 mg/dL in women). (C) Obesity (body mass index (BMI) >25 kg/m?) (nadir: 100-109 mg/dL in both men and women); BMI was used
as a continuous variable for covariate adjustment. (Continued to the next page)
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Supplemental Data Figure S1. Continued. (D) Smoking (current); smoking behavior was classified into three categories (never, past, and
current) for covariate adjustment. (E) Alcohol (>three times/week) (peak: 110-119 mg/dL in men, 120-129 mg/dL in women); alcohol con-
sumption was classified into four categories (none, one time/week, two times/week, and >three times/week) for covariate adjustment.
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