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High-density lipoprotein cholesterol (HDL-C) is inversely associated
with the risk of coronary heart disease (CHD). However, persons
with abnormally high HDL-C levels reportedly have a paradoxically
higher risk of developing atherosclerotic cardiovascular disease
(ASCVD) or related mortality.1,2 HDL that undergoes oxidation and
glycation loses its anti-atherosclerotic function, and its excess
increases the risk of developing atherosclerosis.3 Modified HDL is sus-
pected of contributing to the progression of atherosclerosis by bind-
ing to the lectin-like oxidized low-density lipoprotein (LDL) receptor-
1 (LOX-1).4 A novel method for measuring various types of modified
HDL that bind to LOX-1, designated as LOX-1 ligand containing
apoAI (LAA), was developed.4 The present study aimed to investigate
the effect of LAA as a marker of dysfunctional HDL on the incidence
of ASCVD in a large-scale Japanese community-based cohort study.

The Tsuruoka Metabolomics Cohort Study is a prospective study
involving 11 002 dwellers aged 35–74 years in Tsuruoka City,
Yamagata Prefecture, Japan. The baseline survey was conducted from
April 2012 until March 2015. We conducted a nested case–control
study, including 52 new ASCVD cases developed from the baseline
survey to 31 December 2017. The Medical Ethics of the Keio
University School of Medicine, Tokyo, Japan, approved the study (ap-
proval no. 20110264), and all participants provided written informed
consent. To determine the incidence of ASCVD events, i.e. CHD and
atherothrombotic cerebral infarction, the medical records of partici-
pants, suspected to have ASCVD were reviewed, and the final

diagnoses of the first incidence were made by a panel of experienced
physicians including at least two more of cardiologists and neurologists
based on patient’s symptoms, electrocardiogram, coronary angiog-
raphy, computed tomography, and magnetic resonance imaging. We
also performed a search of public death certificates to identify fatal
ASCVD-related events. For each ASCVD case, three controls without
a history of cardiovascular diseases were randomly selected from the
participants by matching them with the baseline year, sex, age (within
three years), and health check-up facility.

Of all participants in Tsuruoka Metabolomics Cohort Study, a total
of 208 participants (52 cases and 156 controls) were selected in the
present nested case–control study. The baseline serum samples of
participants had been stored at �80�C until the analysis was con-
ducted in Hokenkagaku West Co. Ltd., Kyoto, Japan. According to the
previously described method, LAA was measured using a LOX-1
binding-based enzyme-linked immunosorbent assay with recombinant
LOX-1 and anti-apoAI antibodies.4 The intra-assay and inter-assay
coefficients of variance were 6.9% (n = 16) and 12.7% (n = 13), re-
spectively. Conditional logistic regression models were used to calcu-
late the odds ratio (OR) and 95% confidence interval (CI) of the
incidence of ASCVD according to quartiles and 1-standard deviation
(SD) increment of log-transformed LAA levels adjusted for body mass
index, hypertension, diabetes, anti-hypercholesterolaemia medication,
LDL-C, HDL-C, chronic kidney disease, current smoking, current
drinking, and modified LDL, designated as LOX-1 ligand containing
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Table 1 Risk characteristics among cases and control participants

Cases Controls P for mean difference

No. 52 156

Age, years, mean ± SD 64.6 ± 6.9 64.6 ± 6.8

Men, % 71.2 71.2

Body mass index, kg/m2, mean ± SD 23.9 ± 3.0 23.7 ± 3.1 0.61

Hypertension, % 73.1 54.5 0.018

Anti-hypertensive mediation, % 48.1 38.5 0.22

Diabetes, % 30.8 9.6 <0.001

Medication for diabetes, % 23.1 5.1 <0.001

Anti-hypercholesterolaemia mediation, % 30.8 18.6 0.065

LDL cholesterol, mg/dL, mean ± SD 123 ± 32 116 ± 33 0.23

HDL cholesterol, mg/dL, mean ± SD 58 ± 15 65 ± 18 0.010

Chronic kidney disease, % 21.2 17.3 0.54

Current smoking, % 21.2 20.5 0.92

Current drinking, % 46.2 60.9 0.063

LABa, ng cs/mL (geometric min.–max.) 700–3500 500–3200 0.22

Hypertension was defined as systolic blood pressure >_140 mmHg, diastolic blood pressure >_90 mmHg, and/or use of anti-hypertensive medication. Diabetes was defined as
fasting glucose >_126 mg/dL, glycated haemoglobin >_6.5%, and/or medication use for diabetes. Chronic kidney disease was defined as positive for proteinuria and/or an eGFR of
<60 mL/min per 1.73 m2.
aLAB, lectin-like oxidized low-density lipoprotein receptor-1 ligand containing apoB.

..........................................................................................................

....................................................................................................................................................................................................................

Table 2 Univariate and matched and multivariable-adjusted odds ratios of atherosclerotic cardiovascular disease
(coronary heart disease and atherothrombotic cerebral infarction) according to serum LAA levels

Quartiles of serum total LAA,b ng/mL OR per 1-SD

increment of

log-transformed

LAA

1 (Low) 2 3 4 (High)

Total LAA, ng/mL

Median 90.5 129.5 165.7 223.3

Range 37.8–108.5 109.4–145.8 147.0–181.8 182.2–684.0

Atherosclerotic cardiovascular disease

No. of cases 11 8 16 17

No. of controls 41 44 36 35

Matched OR 1.00 0.811 (0.270–2.44) 1.88 (0.669–5.28) 2.12 (0.744–6.03) 1.64 (1.12–2.39)

Matched and multivariable-adjusted ORa 1.00 0.886 (0.229–3.43) 2.07 (0.597–7.16) 2.50 (0.703–8.86) 2.16 (1.28–3.64)

Coronary heart disease

No. of cases 6 5 10 12

No. of controls 28 28 21 22

Matched OR 1.00 1.07 (0.248–4.65) 2.42 (0.653–9.00) 3.05 (0.805–11.6) 1.74 (1.11–2.74)

Matched and multivariable-adjusted ORa 1.00 1.35 (0.213–8.59) 2.98 (0.578–15.3) 4.23 (0.752–23.8) 2.43 (1.24–4.74)

Atherothrombotic cerebral infarction

No. of cases 5 3 6 5

No. of controls 13 16 15 13

Matched OR 1.00 0.522 (0.094–2.88) 1.07 (0.184–6.23) 1.03 (0.177–5.99) 1.40 (0.685–2.85)

Matched and multivariable-adjusted ORa 1.00 0.523 (0.040–6.89) 1.59 (0.107–23.6) 2.49 (0.187–33.1) 2.63 (0.794–8.69)

aMultivariable adjusted for body mass index, hypertension, diabetes, anti-hypercholesterolaemia mediation, LDL cholesterol, HDL cholesterol, chronic kidney disease, current
smoking, current drinking, and lectin-like oxidized LDL receptor-1 ligand containing apoB.
bLAA, lectin-like oxidized low-density lipoprotein receptor-1 ligand containing apoAI.
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..apoB.5 All statistical analyses were performed with SAS 9.4 software
(SAS Institute, Inc., Cary, NC, USA).

As for the participants’ baseline characteristics in Table 1, the mean
age was 64.6 years, and 71.2% were male. The proportion of partici-
pants with hypertension, diabetes, and use of anti-hypercholesterol-
aemia medication was higher in cases than in controls (73.1% vs.
54.5%, P = 0.018; 30.8% vs. 9.6%, P < 0.001; 30.8% vs. 18.6%,
P = 0.065). The mean value of HDL-C was lower in cases than in con-
trols (58 mg/dL vs. 65 mg/dL, P = 0.010). The mean follow-up period
of study participants was 3.9 years. On multivariable analysis (Table 2),
the matched OR (95% CI) of ASCVD for the highest vs. lowest quar-
tiles of LAA was 2.50 (0.703–8.86), and that for the 1-SD increment of
LAA was 2.16 (1.28–3.64). LAA was associated with the incidence of
CHD or atherothrombotic cerebral infarction. The corresponding
ORs (95% CIs) were 4.23 (0.752–23.8) and 2.43 (1.24–4.74) for CHD,
and 2.49 (0.187–33.1) and 2.63 (0.794–8.69) for atherothrombotic
cerebral infarction.

Various modified HDL types with impaired anti-atherosclerotic
function lead to atherosclerosis by binding to LOX-1. Previous studies
have demonstrated the effect of the specific type of modified HDL
(e.g. myeloperoxidase HDL) on cardiovascular disease in haemodialy-
sis6 or psoriasis patients.7 However, there has been little evidence
regarding the effect of modified HDL that can bind to LOX-1 on car-
diovascular events. The present study revealed that the risk of
ASCVD increased with elevated LAA levels. This was in line with a
previously published cross-sectional study, which positively associated
LAA with coronary artery calcification, regardless of HDL-C and HDL
particle concentration levels.8 LAA reflects the total impact of modi-
fied HDL that can bind to LOX-1. This finding provided valuable evi-
dence for the underlying mechanism of the proatherogenic effect of
modified HDL.

The present study had several limitations. First, the follow-up
period was not long. Longer follow-up period may make more robust
association between LAA and ASCVD. Second, we did not measure
other lipid-related risk factors, such as lipoprotein(a) [Lp(a)], which is
considered as an inherited risk factor of ASCVD.9

In conclusion, the present study suggested that elevated LAA
affected the incidence of ASCVD events independent of HDL-C levels
in Japanese community-dwellers, and LAA was a potentially useful
marker of dysfunctional HDL to predict the progression of athero-
sclerosis. Further investigation involving a larger scale longitudinal
study with a longer follow-up period is warranted.
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