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Introduction

It is well established that dyslipidemia, especially 
an increase in low-density lipoprotein cholesterol 
(LDL-C) levels, is one of the most important risk 
factors for atherosclerotic cardiovascular diseases 
(ASCVDs). Numerous randomized clinical trials have 
clearly indicated that the lower the LDL-C level, the 

lower the risk of future cardiovascular events1-2); 
moreover, all major guidelines recommend an early, 
in-hospital initiation of strong statin treatment, 
particularly in the context of acute coronary syndrome 
(ACS)3-4). In contrast, some studies have shown an 
association between low LDL-C levels and short-term 
poor prognosis in patients with cardio–cerebrovascular 
diseases—the so-called “cholesterol paradox” 5-6). 

Aim: Low-density lipoprotein cholesterol (LDL-C) level reduction is highly effective in preventing the occurrence 
of a cardiovascular event. Contrariwise, an inverse association exists between LDL-C levels and prognosis in some 
patients with cardiovascular diseases—the so-called “cholesterol paradox.” This study aimed to investigate 
whether the LDL-C level on admission affects the long-term prognosis in patients who develop acute coronary 
syndrome (ACS) and to examine factors associated with poor prognosis in patients with low LDL-C levels.

Methods: We enrolled 410 statin-naïve patients with ACS, whom we divided into low- and high-LDL-C groups 
based on an admission LDL-C cut-off (obtained from the Youden index) of 122 mg/dL. Endothelial function was 
assessed using the reactive hyperemia index 1 week after statin initiation. The primary composite endpoint 
included all-cause death, as well as myocardial infarction and ischemic stroke occurrences.

Results: D uring a median follow-up period of 6.1 years, 76 patients experienced the primary endpoint. 
M ultivariate Cox regression analysis revealed that patients in the low LDL-C group had a  2.3-fold higher risk of 
experiencing the primary endpoint than those in the high LDL-C group (hazard ratio, 2.34; 95% confidence 
interval, 1.29–4.27; p=0.005). In the low LDL-C group, slow gait speed (frailty), elevated chronic-phase high-
sensitivity C-reactive protein levels (chronic inflammation), and endothelial dysfunction were significantly 
associated with the primary endpoint.

Conclusions: Patients with low LDL-C levels at admission due to ACS had a significantly worse long-term 
prognosis than those with high LDL-C levels; frailty, chronic inflammation, and endothelial dysfunction were 
poor prognostic factors.

Key words:  Cholesterol paradox, Low-density lipoprotein cholesterol, Acute coronary syndrome, Frailty, 
Residual inflammatory risk
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statin therapy as soon as possible following admission. 
The study protocol was approved by the institutional 
review board of Yokohama City University Medical 
Center, and the need for written informed consent 
was waived by the institutional review board due to 
the retrospective nature of the study. The present 
study was conducted in accordance with the principles 
of the Declaration of Helsinki and the ethical 
standards of the responsible committee on human 
experimentation.

Clinical and Laboratory Measurement
Blood samples were obtained immediately on 

admission, and conventional glucose parameters 
(hemoglobin A1c and blood glucose) as well as LDL-
C, high-density lipoprotein cholesterol, triglycerides, 
creatinine, B-type natriuretic peptide (BNP), and 
high-sensitivity C-reactive protein (hs-CRP) levels 
were evaluated. The estimated glomerular filtration 
rate (eGFR) was calculated using the prediction 
equation proposed by the Japanese Society of 
Nephrology, based on the Modification of Diet in 
Renal Disease Study9). Elevated inflammatory status 
was defined as an hs-CRP concentration of ≥ 0.2 mg/
dL, which is commonly used10). We evaluated the 
nutritional status of the patients using the geriatric 
nutrition risk index (GNRI)11) on admission, and 
malnutrition was defined as a GNRI of ＜92, as 
previously reported12). The left ventricular ejection 
fraction (LVEF) was assessed using echocardiography 
on admission. LDL-C levels and reductions at 1 
month, 6 months, and 1 year after discharge were 
obtained from the electronic medical record with a 
margin of 3 months around each time point. Similarly, 
the inflammatory status in the chronic phase was 
assessed by the hs-CRP levels within 1–6 months after 
discharge. The LDL-C levels at 1 month, 6 months, 
and 1 year after discharge and hs-CRP levels in the 
chronic phase were available in 81.7% (n=335), 
84.1% (n=345), 79.5% (n=326), and 97.3% (n=399) 
of patients, respectively.

Assessment of Frailty and Endothelial Function 
Before discharge, all patients were enrolled in a 

cardiac rehabilitation program during their 
hospitalization in accordance with the Japanese 
Cardiovascular Society guidelines for the rehabilitation 
of patients with ACS8), as part  of which their gait 
speed, one of the components defining frailty, was 
evaluated as a measure of frailty13, 14). Patients were 
instructed to take a 200- or 500-m walk—at their 
usual pace without overexertion—in a wide hallway 
on a 50-m course during the daytime. Concomitantly, 
a trained physical therapist used a digital stopwatch to 

However, many of those studies have focused on all-
cause mortality rather than cardiovascular events such 
as cardiovascular death or myocardial infarction, 
showing the “cholesterol survival paradox,” which has 
been speculated to be caused by malnutrition and 
other comorbidities such as cancer. Nevertheless, little 
is known about the pathogenesis underlying this 
paradox, and there is also a paucity of data regarding 
the impact of the cholesterol paradox on subsequent 
atherosclerotic events and long-term prognosis in 
patients with ACS.

Aim

This study aimed to investigate whether LDL-C 
levels on admission affect the long-term prognosis in 
patients who develop ACS with low LDL-C levels and 
to examine factors associated with poor prognosis in 
these patients.

Methods

Study Population
This is a retrospective observational study 

conducted at Yokohama City University Medical 
Center, Yokohama, Japan. Between June 2010 and 
November 2014, we enrolled patients who were 
hospitalized for ACS and participated in a study 
investigating the relationship between endothelial 
dysfunction and their prognosis7). ACS was defined as 
either or both the presence of anginal symptoms 
associated with an electrocardiographic ST-segment 
elevation or depression of at least 0.1 mV in two or 
more continuous leads and a rise in cardiac-specific 
troponin I level. All patients underwent either or both 
coronary angiography and computed tomography 
coronary angiography and were diagnosed with 
coronary artery diseases after hospitalization. We 
excluded patients who had no atherosclerotic coronary 
stenosis (＞75% lumen stenosis), were taking statin 
therapy on admission, wer e on hemodialysis, did not 
start regular or strong statins (atorvastatin, 
pitavastatin, or rosuvastatin) before discharge, and had 
no available LDL-C data. Patients on hemodialysis 
were excluded because the arm with an arteriovenous 
shunt may influence a reactive hyperemic reaction 
during endothelial function assessment. Coronary 
artery revascularization was performed as needed, and 
Japanese guideline-based medical treatments were 
administered8). The patients were divided into low 
LDL-C (≤ 122 mg/dl) and high LDL-C groups, and 
the maximum Youden index in predicting the primary 
endpoint was used to determine the cut-off value 
(Supplemental Fig. 1). All patients were initiated on 
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Continuous variables with normal or skewed 
distributions were expressed as mean±standard 
deviation or median [25th–75th percentile], 
respectively, whereas categorical variables were 
expressed as frequencies and percentages. Continuous 
variables were compared using the unpaired or paired 
Student t-test, Wilcoxon rank–sum test, Mann–
Whitney U test, or one-way analyses of variance, as 
appropriate. Categorical variables were compared 
using the chi-square test. Survival analysis was 
performed using the Kaplan–Meier method and the 
log-rank test. Hazard ratios and 95% confidence 
intervals were analyzed using Cox proportional 
hazards regression models. The association between 
low LDL-C levels at admission due to ACS and the 
primary composite outcome was evaluated using four 
multivariate models: Model 1 (adjusted for age, sex, 
diabetes mellitus, myocardial infarction history, eGFR, 
and LVEF); Model 2 (adjusted for age, sex, cancer, 
chronic-phase inflammation, malnutrition, and gait 
speed); Model 3 (adj usted for propensity score 
calculated using logistic regression analysis with a low 
or high LDL-C group as a dependent variable and all 
variables significantly associated with the primary 
composite outcome in the univariate analysis (age, 
diabetes mellitus, eGFR on admission, triglycerides on 
admission, BNP on admission, hs-CRP ≥ 0.2 mg/dL 
in the chronic phase, GNRI ＜92, LVEF on 
admission, multivessel disease, stron g statin use at 
discharge, gait speed, and logarithmic value of reactive 
hyperemia index) as independent variables.), 
respectively. A p-value of ＜0.05 was considered 
statistically significant.

Results

Patient Characteristics

We enrolled 410 statin-naïve patients with ACS, 
all of whom received statin therapy during the study 
period (Fig. 1). The patients were divided into low 
and high LDL-C groups using the LDL-C cut-off 
value of 122 mg/dl on admission. During the 
follow-up period, there were 45 deaths (28, 10, 3, and 
4 were deaths from cardiovascular diseases, cancer, 
pneumonia, and other causes, respectively). 
Cardiovascular d eaths included 9 sudden deaths, 8 
heart failure deaths, 2 stroke deaths, and 9 other 
cardiovascular causes. Moreover, 16, 19, 20, and 37 
patients had nonfatal myocardial infarction, nonfatal 
ischemic stroke, heart failure hospitalization, and 
unplanned coronary revascularization, respectively. 
The primary and secondary endpoints were 
experienced by 76 and 115 patients, respectively. The 

measure the patient’s gait speed. Participants who 
normally use canes and walkers in their daily lives 
were permitted to use them for the frailty evaluation. 
Data on gait speed was available in 83.9% of patients 
(n=344). Peripheral endothelial function was assessed 
by reactive hyperemia-peripheral arterial tonometry 
(RH-PAT)15-17) using EndoPAT2000 (Itamar Medical, 
Caesarea, Israel) just before discharge. Patients 
underwent RH-PAT in a fasting state, early in the 
morning, and prior to medication intake. RH-PAT 
data were automatically analyzed online in an 
ope r a to r - independen t  manne r  u s ing  th e 
EndoPAT2000 software (Itamar Medical, Caesarea, 
Israel). The logarithmic value of the reactive 
hyperemia index was used in the abovementioned 
analyses, as previously described18).

Endpoints
The primary endpoint of this study was defined 

as a composite of all-cause death and the first 
episode(s) of nonfatal myocardial infarction and 
nonfatal ischemic stroke. The secondary endpoint was 
defined as a composite of all-cause death and the first 
episode(s) of either or all of the following: nonfatal 
myocardial infarction, nonfatal ischemic stroke, 
hospitalization for heart failure, and unplanned 
coronary revascularization. Patients were followed up 
in January 2020 by two interviewers using electronic 
medical records, telephone calls to them or their 
families, and direct consultation with their attending 
physicians. All medical records were independently 
reviewed by three cardiologists from the event 
committee to confirm the diagnosis. If the diagnosis 
differed among them, the differences were adjudicated. 
Nonfatal myocardial infarction was defined as an 
increase or decrease in cardiac biomarker levels with at 
least one value above the 99th percentile of the upper 
limit of the reference range and at least one of the 
following findings: ischemia, electrocardiographic 
changes (new ST-T changes, left bundle branch block, 
or pathological Q wave development), and imaging 
evidence of new viable myocardium loss or new 
regional wall motion abnormality. Nonfatal ischemic 
stroke was defined as the presence of a documented 
focal neurologic deficit and clinically relevant 
radiological evidence of brain infarction. Congestive 
heart failure was defined as a condition—the presence 
of typical heart failure symptoms, pulmonary edema, 
or congestion on chest radiography—that required 
intravenous drug administration. 

Statistical Analysis
Statistical calculations were performed using 

JMP Pro® 15 (SAS Institute Inc., Cary, NC, USA). 
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(Fig. 3A and 3B). The abovementioned finding was 
significant, albeit observed only in patients taking 
strong statins (Supplemental Fig. 2A and 2B). There 
were significantly higher rates of all-cause death 
(18.0% vs. 5.9%, p=0.0002), cardiovascular death 
(9.9% vs. 4.6%, p=0.03), noncardiovascular death 
(8.1% vs. 1.3%, p=0.0008), and nonfatal myocardial 
infarction (6.4% vs. 2.1%, p=0.02) in the low LDL-C 
group than in the high LDL-C group (Table 2). 
Among cardiovas cular deaths, there were significantly 
higher rates of heart failure deaths in the low LDL-C 
group than those in the high LDL-C group (3.5% vs. 
0.8%, p=0.04); none of the other causes showed 
significant differences between the two groups (sudden 
death: 2.3% vs. 2.1%, p=0.77; stroke: 0.6% vs. 0.4%, 
p=0.79; other cardiovascular causes: 3.5% vs. 1.3%, 
p=0.12). The rate of hospitalization for heart failure 
was not significantly different between the two groups 
but tended to be higher in the low than in the high 
LDL-C group (7.0% vs. 3.4%, p=0.08).

Factors Associated with the Primary Composite 
Outcome

Univariate Cox regression analysis revealed that 
the following factors were associated with the primary 
composite outcome: older age, diabetes mellitus, 
eGFR, triglyceride levels, BNP levels, hs-CRP levels in 
the chronic phase, GNRI ＜92, LVEF, multivesse l 

patients in the low LDL-C group were older and had 
a higher prevalence of diabetes mellitus, lower levels of 
eGFR and HDL-C, higher levels of BNP, and a lower 
ST—segment elevation myocardial infarction 
(STEMI) proportion compared with those in the high 
LDL-C group. Strong statins w  ere less frequently 
administered in the low than in the high LDL-C 
group (Table 1).

Changes in LDL-C Levels among the Low and 
High LDL-C Groups

The reduction in LDL-C levels was evident after 
1 month of statin use and was maintained until 1 year 
after discharge in both the low and high LDL-C 
groups (Fig. 2A). LDL-C levels were significantly 
lower throughout the year after enrollment in the low 
LDL-C group than in the high LDL-C group. In 
contrast, the percent reduction in LDL-C levels from 
baseline was consistently and significantly greater in 
the high LDL-C group than in the low LDL-C group 
at any observational point (Fig. 2B).

Impact of Low LDL-C Levels on Long-Term 
Outcomes

Kaplan–Meier analysis over a median follow-up 
period of 6.1 years revealed a significantly lower event-
free rate for the primary and secondary composite 
outcomes in the low than in the high LDL-C group 

Fig. 1. Study flow chart
ACS, acute coronary syndrome; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; HF, heart failure
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Table 1. Baseline characteristics of patients in the low and high LDL-C groups

Overall 
(n =410)

Low LDL-C group 
(n =172)

High LDL-C group 
(n =238)

p-value

Age, years 65±13 68±12 63±12 ＜0.0001
Male sex, n (%) 337 (82.2) 147 (85.5) 190 (79.8) 0.14
Body mass index, kg/m² 24.0±3.5 23.9±3.7 24.0±3.4 0.56
Hypertension, n (%) 247 (60.2) 112 (65.1) 135 (56.7) 0.09
Diabetes mellitus, n (%) 122 (29.8) 66 (38.4) 56 (23.5) 0.001
Current smoker, n (%) 201 (49.1) 82 (48.0) 119 (50.0) 0.68
History of MI, n (%) 21 (5.1) 6 (3.5) 15 (6.3) 0.20
With cancer, n (%) 17 (4.2) 8 (4.7) 9 (3.8) 0.66
eGFR on admission, mg/dL 68.0 [55.6-80.4] 66.3 [51.6-75.1] 70.6 [57.4-83.5] 0.004
HDL-C on admission, mg/dL 44 [38-52] 42 [37-51] 45 [39-53] 0.02
LDL-C on admission, mg/dL 130 [108-156] 103 [92-113] 152 [137-171] ＜0.0001
TG on admission, mg/dL 121 [81-186] 119 [76-192] 122 [85-183] 0.96
BNP on admission, pg/mL 49 [21-120] 57 [25-151] 44 [17-108] 0.03
hs-CRP ≥ 0.2 mg/dL on admission, n (%) 191 (46.7) 79 (45.9) 112 (47.3) 0.79
hs-CRP ≥ 0.2 mg/dL in the chronic phase, n (%) (n =399) 90 (22.6) 43 (25.4) 47 (20.4) 0.24
GNRI ＜92, n (%) 33 (8.1) 17 (9.9) 16 (6.8) 0.24
LVEF on admission, % 50±11 50±12 50±11 0.84
STEMI, n (%) 301 (73.4) 117 (68.0) 184 (77.3) 0.04
Multivessel disease, n (%) 182 (44.4) 82 (47.7) 100 (42.0) 0.26
Medication at discharge

Aspirin, n (%) 406 (99.0) 170 (98.8) 236 (99.0) 0.74
Beta blocker, n (%) 252 (61.6) 102 (59.7) 150 (63.0) 0.49
ACE-I or ARB, n (%) 333 (81.2) 137 (79.7) 196 (82.4) 0.49
Strong statin, n (%) 382 (93.2) 146 (84.9) 236 (99.2) ＜0.0001

Gait speed, m/s (n =344) 0.85±0.23 0.84±0.22 0.86±0.23 0.45
Ln RHI 0.59±0.26 0.57±0.25 0.61±0.26 0.12

Variables are expressed as numbers (percentages), mean±SD, or median [25th-75th percentile].
ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BNP, B-type natriuretic peptide; eGFR, estimated 
glomerular filtration rate; GNRI, geriatric nutritional risk index; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive 
protein; LDL-C, low-density lipoprotein cholesterol; Ln RHI, logarithmic value of reactive hyperemia index; LVEF, left ventricular ejection 
fraction; MI, myocardial infarction; SD, standard deviation; STEMI, ST-segment elevation myocardial infarction; TG, triglycerides.

Fig. 2. Changes in LDL-C levels among low and high LDL-C group patients
(A) LDL-C levels over time, (B) Percent reduction in LDL-C levels
ACS, acute coronary syndrome; LDL-C, low-density lipoprotein cholesterol.
The reduction in LDL-C levels was maintained until 1 year after discharge in both the low and high LDL-C groups. The percent reduction in 
LDL-C levels from baseline was consistently and significantly greater in the high than in the low LDL-C group at any observational point.
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disease (sex, myocardial infarction history, renal 
function, diabetes mellitus, and LVEF) and the 
proportion of patients undergoing strong statin 
therapy at discharge were comparable between patients 
in the low LDL-C group with and without a primary 
outcome. Univariate analysis revealed that older age, 
elevated levels of chronic-phase inflammatory response 
markers, slow gait speed, and endothelial dysfunction 
were significantly associated with the primary outcome 
in the low LDL-C group (Supplemental Table 3). In 
contrast, in the high LDL-C group, endothelial 
dysfunction was similarly a significant predictor of 
primary outcome, while chronic-phase inflammation 
and slow gait speed were not associated with primary 
outcome occurrence (Supplemental Table 4).

disease, strong statin use at discharge, gait speed, RHI, 
and low LDL-C levels on admission (Supplemental 
Table 1). The multivariate models revealed that a low 
LDL-C level at admission due to ACS was 
significantly and independently associated with the 
primary composite outcome (Table 3).

Risk Factors of Cardiovascular Events in the Low 
LDL-C Group

During the follow-up period, the primary 
endpoint occurred in 49 patients in the low LDL-C 
group. Baseline characteristics of patients in the low 
LDL-C group with or without a primary outcome are 
shown in Supplemental Table 2. The prevalence of 
established prognostic factors for coronary heart 

Fig. 3.  Kaplan–Meier curves of event-free cumulative rate for primary and secondary composite outcomes in the low and high 
LDL-C groups

(A) Primary composite outcome, (B) Secondary composite outcome
LDL-C, low-density lipoprotein cholesterol.
Kaplan–Meier analysis revealed a significantly lower event-free rate for the primary and secondary composite outcomes in the low than in the 
high LDL-C group.

Table 2. Primary and secondary composite outcomes after ACS in patients with low and high LDL-C levels

Overall 
(n =410)

Low LDL-C group 
(n =172)

High LDL-C group 
(n =238)

p-value

Primary composite outcome: all-cause death, nonfatal 
MI, or nonfatal ischemic stroke, n (%)

76 (18.5) 49 (28.5) 27 (11.3) ＜0.0001

Secondary composite outcome: all- cause death, nonfatal 
MI, nonfatal ischemic stroke, hospitalization for HF, or 
unplanned revascularization, n (%)

115 (28.0) 66 (38.4) 49 (20.6) 0.0002

All-cause death, n (%) 45 (11.0) 31 (18.0) 14 (5.9) 0.0002
Cardiovascular death, n (%) 28 (6.8) 17 (9.9) 11 (4.6) 0.03
Non-cardiovascular death, n (%) 17 (4.1) 14 (8.1) 3 (1.3) 0.0008

Nonfatal MI, n (%) 16 (3.9) 11 (6.4) 5 (2.1) 0.02
Nonfatal ischemic stroke, n (%) 19 (4.6) 8 (4.7) 11 (4.6) 0.93
Hospitalization for HF, n (%) 20 (4.9) 12 (7.0) 8 (3.4) 0.08
Unplanned revascularization, n (%) 37 (9.0) 18 (10.5) 19 (8.0) 0.33

Data were expressed as counts (percentages). Significance was assessed by the log-rank test. ACS, acute coronary syndrome; HF, heart failure; LDL-
C, low-density lipoprotein cholesterol; MI, myocardial infarction
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findings, the present study found significantly higher 
primary outcome rates in patients in the low than in 
the high LDL-C group. Similarly, Cho et al. recently 
showed that a baseline LDL-C level below 70 mg/dl 
was significantly associated with an increased 
subsequent cardiovascular event in patients with acute 
myocardial infarction22), while our present study is the 
first to extend their finding to patients with ACS and 
to demonstrate that lower LDL-C levels at admission 
due to ACS were associated with primary outcome 
occurrence even after adjusting for classical coronary 
artery disease risk factors, as well as nutritional status, 
cancer, frailty, and chronic inflammation. Aggressive 
lipid-l owering strategies with statins have an 
undeniable benefit; nonetheless, further addressing 
residual risk may be required for patients who develop 
ACS with low LDL-C levels.

Potential Mechanisms of the Cholesterol Paradox
Consistent evidence has shown that statin use 

reduces cardiovascular event occurrence in both the 
primary and secondary prevention settings, although 
up to 40% of patients experience life-threatening 
subsequent cardiovascular events despite control of 
LDL-C levels below the currently recommended 
targets 23). Recently, atherogenic dyslipidemia, 
inflammation, and frailty have received sufficient 
attention as residual risk factors for cardiovascular 
disease24-25). In the Further Cardiovascular Outcomes 
Research with PCSK9 Inhibition in Subjects with 
Elevated Risk and the Studies of PCSK9 Inhibition 
and the Reduction of Vascular Events trials, a 
persistently high hs-CRP level remained an unabated 
predictor of cardiovascular risk, despite extremely low 
LDL-C levels19-20). Based on the abovementioned 
findings, Everett et al. proposed the need for 

Discussion

Our study had two main findings. First, lower 
LDL-C levels at admission due to ACS were 
significantly associated with worse long-term 
prognosis, particularly with cardiovascular and 
noncardiovascular death and myocardial infarction, 
and this association was significant even after 
adjustment for clinically important and associated 
variables, traditional coronary artery disease risk 
factors, and several factors involved in lipid 
metabolism. Second, in the low LDL-C group, 
persistent inflammatory response, slow gait speed, and 
endothelial dysfunction were significantly associated 
with primary outcome occurrence. The present study 
suggests the necessity of applying interventions 
targeting chronic inflammation and frailty, in addition 
to guideline-recommended therapies (including 
cholesterol-lowering therapy), to improve the 
prognosis of patients who develop ACS with low 
LDL-C levels (Fig. 4).

Prognostic Impact of LDL-C Levels at ACS 
Admission

Aggressive LDL-C-lowering therapy with statins, 
ezetimibe, and proprotein convertase subtilisin-kexin 
type 9 (PCSK9) inhibitors is an established treatment 
option for patients with ASCVDs19-21). In the present 
stu dy, LDL-C levels in the chronic phase and an 
absolute reduction in LDL-C levels also tended to 
ameliorate the prognosis (Supplemental Table 1), 
thereby demonstrating the benefit of lipid-lowering 
statin therapy. However, some previous studies have 
demonstrated that higher LDL-C levels at the onset of 
cardio–cerebrovascular diseases are associated with 
better clinical outcomes5-6). Consistent with these 

Table 3. Multivariate Cox proportional hazards analysis for the primary composite outcomes

Primary composite outcome

HR 95%-Cl p-value

Model 1
Adjusted for age, sex, DM, history of MI, eGFR, LVEF 1.94 1.16-3.22 0.01

Model 2
Adjusted for age, sex, cancer, inflammation, malnutrition, gait speed 2.13 1.23-3.70 0.007

Model 3
Adjusted for propensity score 2.34 1.29-4.27 0.005

The propensity score was calculated using logistic regression analysis with a low or high LDL-C group as a dependent variable and all variables 
significantly associated with the primary composite outcome in the univariate analysis (age, DM, eGFR on admission, TG on admission, BNP on 
admission, hs-CRP ≥ 0.2 mg/dL in the chronic phase, GNRI ＜92, LVEF on admission, multivessel disease, strong statin use at discharge, gait 
speed, and Ln RHI) as independent variables. BNP, B-type natriuretic peptide; CI, confidence interval; DM, diabetes mellitus; eGFR, estimated 
glomerular filtration rate; GNRI, geriatric nutrition risk index; HR, hazard ratio; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density 
lipoprotein cholesterol; Ln RHI, logarithmic value of reactive hyperemia index; LVEF, left ventricular ejection fraction; TG, triglycerides.
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significantly lower in the low LDL-C group than in 
the high LDL-C group, the use of strong statins in the 
low LDL-C group was significantly lower, with its use 
being significantly associated with a better prognosis 
(Table 1, Supplemental Table 1). Strong statins have 
also been reported to induce a significant regression of 
coronary plaque volume in patients with ACS 
independent of LDL-C levels after statin therapy 
compared with standard statins29). Taken together, the 
pleiotropic effect of strong statins beyond their 
lowering LDL-C levels might have partially influenced 
the prognosis in the low LDL-C group.

Meanwhile, in the low LDL-C group, patients 
with primary outcomes were significantly older, had 
higher levels of BNP and systemic inflammation in 
the chronic phase, and had worse endothelial function 
than those without primary outcomes (Supplemental 
Table 2). Chronic inflammation promotes coronary 
atherosclerosis and myocardial dysfunction or 
remodeling while causing physical frailty from skeletal 
muscle wasting30-31). Endothelial dysfunction is a 
surrogate marker of cardiovascular disease and is also 
reported to be associated with physical frailty and 

interventions in the “residual inflammatory risk” of 
recurrent ischemic heart disease in addition to 
aggressive lipid-lowering therapy26). In addition, 
Ridker et al. recently suggested that an anti-
inflammatory therapy targeting interleukin-6—a 
central pro-inflammatory cytokine—could be a new 
therapeutic strategy for patients with ACS and chronic 
atherosclerosis27). Furthermore, we previously reported 
that frailty, assessed by slow gait speed and low skeletal 
muscle mass, was significantly and independently 
associated with an increased risk of future 
cardiovascular events in patients with STEMI13, 28). 
Comparably, the present study observed that slow gait 
speed and chronic inflammation are significantly 
associated with subsequent cardiovascular events in 
patients in the low LDL-C group (Supplemental 
Table 3). Also, while both groups showed a 
comparable LVEF, the low LDL-C group was older, 
had a higher prevalence of diabetes, and had worse 
kidney function than the high LDL-C group (Table 
1), which all contribute to exacerbating coronary 
atherosclerosis and heart failure. Furthermore, 
although LDL-C levels in the chronic phase were 

Fig. 4.  Residual risk in secondary prevention according to LDL-C levels at ACS admission
ACS, acute coronary syndrome; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction.
Irrespective of the adjusted models used, the future risk of death, myocardial infarction, and stroke is two times higher in patients with low 
than with high LDL-C levels at ACS admission. In addition to LDL-C-lowering therapy, therapies targeting personal residual risk factors such 
as chronic inflammation, frailty, and atherogenic dyslipidemia may be needed to improve the prognosis of patients who develop ACS with 
low LDL-C levels.
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systemic inflammatory response and reverse 
frailty43-44). Taken together, the combination strategies 
of specific anti-inflammatory therapies and cardiac 
rehabilitation might improve clinical outcomes in 
patients who develop ACS with low LDL-C levels. 

Study Limitations
The present study has several limitations. First, 

this was a retrospective, single-center study with a 
relatively small sample size, as it failed to include 
enough important groups with potentially poor 
outcomes for ACS, such as women, the elderly, and 
diabetic patients. In addition, due to the retrospective 
study design, we could not control for adherence to 
medication, including statins, or events such as cancer 
development during the follow-up period. The 
findings require confirmation using large-scale, 
prospective studies with predefined endpoints. 
Second, we used the cut-off value for LDL-C obtained 
from the Youden index, which predicts the primary 
endpoint, lowering the external validity of our 
findings. Third, the possible associations of frailty 
with muscle mass, social activities, mental state, and 
hormonal changes, as well as their impact on 
prognosis in patients with ACS, remain unclear. 
Indeed, frailty includes various conditions such as loss 
of muscle mass, social isolation, mental disorders, and 
testosterone insufficiency. Fourth, we did not routinely 
measure atherogenic lipoprotein levels and remnants. 
Recently, the Atherosclerosis Risk in Communities 
and the Treating to New Targets studies have 
demonstrated that atherogenic lipoproteins (such as 
lipoprotein (a), small dense LDL, remnants of very 
low-density lipoprotein, and chylomicrons) are risk 
factors for cardiovascular disease independent of 
LDL-C levels45-46). Therefore, the possible associations 
of the abovementioned factors with the cholesterol 
paradox in patients with ACS should be sufficiently 
investigated in the future. F ifth, blood samples were 
obtained at ACS admission; thus, the impact of 
decreasing cholesterol levels during the acute phase of 
ACS as shown in previous studies47-48) could not be 
considered. S ixth, there was no available data on lipid-
lowering drugs other than statins, such as PCSK9 
inhibitors and ezetimibe. Lastly, our study did not 
clarify whether chronic inflammation and frailty could 
be therapeutic targets to improve long-term clinical 
outcomes in patients with low LDL-C levels who 
developed ACS.

Conclusions

Low LDL-C levels at admission due to ACS were 
significantly and independently associated with a poor 

sarcopenia32). Furthermore, frailty is common in both 
heart failure with reduced ejection fraction and heart 
failure with preserved ejection fraction and is 
associated with a high risk of adverse outcomes, 
irrespective of LVEF levels33). Therefore, it could be 
inferred that patients who developed primary 
outcomes in the low LDL-C group had comparable 
LVEF as those without primary outcomes but were 
more complicated by frailty from chronic 
inflammation, endothelial dysfunction, and a 
predisposition to heart failure as well as aging.

Although the present findings do not shed light 
on the mechanism of the cholesterol paradox, the 
prognosis of patients with low LDL-C levels who 
developed ACS may involve frailty, chronic 
inflammation, endothelial dysfunction, and the 
pleiotropic effect of strong statins, as well as the 
traditional risks of atherosclerotic disease.

Clinical Implication
Previous studies have reported that endothelial 

dysfunction is associated with aging, inflammation, 
frailty, diabetes mellitus, and kidney dysfunction, 
indicating that endothelial dysfunction is a surrogate 
marker of cardiovascular event occurrence34-37). More 
recently, we demonstrated that endothelial dysfunction 
predicts subsequent major cardiovascular and bleeding 
events in patients with ACS7). In the present study, 
endothelial dysfunction was also associated with 
adverse cardiovascular event occurrence in both low 
and high LDL-C groups, while chronic inflammation 
and frailty were associated with prognosis only in the 
low LDL-C group. On the other hand, diabetes 
mellitus and renal dysfunction were predictors of 
adverse outcomes only in the high LDL-C group, 
suggesting that the underlying pathologies causing 
endothelial damage differ between the two groups.

Recently, the Canakinumab Anti-Inflammatory 
Thrombosis Outcomes Study trial involving stable 
patients with previous myocardial infarction showed 
that canakinumab, a therapeutic monoclonal antibody 
targeting interleukin-1β, significantly reduced the 
cardiovascular event recurrence rate38). Moreover, the 
Colchicine Cardiovascular Outcomes Trial revealed 
that low-dose colchicine reduces the risk of ischemic 
cardiovascular events among patients with recent 
myocardial infarction39). Although not a few anti-
inflammatory strategies have failed40-41), the results of 
these two trials support the potential benefits of anti-
inflammatory therapy after myocardial infarction. On 
the other hand, the efficacy of comprehensive cardiac 
rehabilitation in ASCVD prevention is well 
established42), with some evidence indicating that 
cardiac rehabilitation programs may also improve 
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Supplemental Fig. 1.  Receiver-operating characteristic curve defining the optimal LDL-C cut-off value for composite primary 
outcome prediction

LDL-C, low-density lipoprotein cholesterol; AUC, area under the curve

Supplemental Fig. 2.  Kaplan-Meier curves of cumulative event-free rate for primary and secondary composite outcomes in patients 
taking strong statins in the low and high LDL-C groups

(A) Primary composite outcome (B) Secondary composite outcome
LDL-C, low-density lipoprotein cholesterol.
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Supplemental Table 1. Factors associated with the primary composite outcome

Variables Univariate analysis

HR 95% CI p-value

Age, years 1.06 1.04-1.09 ＜0.0001
Male 0.80 0.46-1.39 0.43
Body mass index, per 1 kg/m² 0.94 0.88-1.01 0.08
Hypertension 0.97 0.61-1.54 0.90
Diabetes mellitus 1.71 1.08-2.71 0.02
Current smoker 0.89 0.57-1.41 0.63
History of MI 1.85 0.80-4.28 0.15
With cancer 0.60 0.15-2.44 0.47
eGFR on admission, per 10 mL/min/1.73m² 0.84 0.75-0.94 0.003
HDL-C on admission, per 10 mg/dL 0.92 0.76-1.09 0.36
LDL-C on admission, per 10 mg/dL 0.99 0.98-0.99 0.0007
LDL-C after discharge (1 month), per 10 mg/dL (n =335) 0.90 0.80-1.01 0.08
Reduction in LDL-C levels after discharge (1 month), per 10 mg/dL (n =335) 0.93 0.86-1.00 0.05
TG on admission, per 10 mg/dL 0.97 0.94-0.99 0.02
BNP on admission, per 100 pg/mL 1.13 1.07-1.19 ＜0.0001
hs-CRP ≥ 0.2 mg/dL on admission 1.02 0.65-1.61 0.92
hs-CRP ≥ 0.2 mg/dL in the chronic phase (n =399) 1.85 1.13-3.02 0.01
GNRI ＜ 92 2.37 1.28-4.42 0.006
LVEF on admission, per 10% 0.70 0.57-0.85 0.0003
STEMI 1.42 0.82-2.47 0.22
Multivessel disease 1.59 1.01-2.51 0.04
Medication at discharge

Beta blocker 1.37 0.84-2.21 0.21
ACE-I or ARB 1.16 0.64-2.11 0.63
Strong statin 0.50 0.26-0.99 0.04

Gait speed, per 0.1 m/s (344 patients) 0.82 0.74-0.92 0.0006
Ln RHI, per 0.1 0.78 0.71-0.86 ＜0.0001
Low LDL-C group 2.66 1.66-4.26 ＜0.0001

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BNP, B- type natriuretic peptide; eGFR, estimated 
glomerular filtration rate; GNRI, geriatric nutritional risk index; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive 
protein; LDL-C, low-density lipoprotein cholesterol; Ln RHI, logarithmic value of reactive hyperemia index; LVEF, left ventricular ejection 
fraction; MI, myocardial infarction; STEMI, ST-segment elevation myocardial infarction; TG, triglycerides.
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Supplemental Table 2. Baseline characteristics of patients with and without primary outcome in the low LDL-C group

Primary outcome

Overall (n =172) Present (n =49) Absent (n =123) p-value

Age, years 68±12 74±11 66±12 ＜0.0001
Male sex, n (%) 147 (85.5) 39 (79.6) 108 (87.8) 0.17
Body mass index, kg/m² 23.9±3.7 23.5±3.6 24.1±3.8 0.24
Hypertension, n (%) 111 (65.3) 29 (59.2) 83 (67.5) 0.30
Diabetes mellitus, n (%) 65 (38.2) 20 (40.8) 46 (37.4) 0.68
Current smoker, n (%) 81 (47.9) 23 (47.9) 59 (48.0) 0.99
History of MI, n (%) 6 (3.5) 3 (6.1) 3 (2.4) 0.23
With cancer, n (%) 8 (4.7) 2 (4.1) 6 (4.9) 0.82
eGFR on admission, mg/dL 66.3 [51.6-75.1] 59.7 [48.3-73.7] 66.8 [55.4-77.6] 0.17
HDL-C on admission, mg/dL 42 [37-51] 43 [37-54] 41 [36-51] 0.79
LDL-C on admission, mg/dL 103 [92-113] 105 [93-112] 101 [92-114] 0.85
LDL-C after discharge (1 month), mg/dL 70 [57-83] 71 [60-82] 69 [57-85] 0.99
TG on admission, mg/dL 119 [76-192] 103 [73-158] 124 [80-226] 0.07
BNP on admission, pg/mL 57 [25-151] 82 [44-250] 43 [22-121] 0.004
hs-CRP ≥ 0.2 mg/dL on admission, n (%) 79 (45.9) 21 (42.9) 58 (47.2) 0.61
hs-CRP ≥ 0.2 mg/d in the chronic phase, n (%) 43 (25.4) 18 (36.7) 25 (20.8) 0.03
GNRI ＜92, n (%) 17 (9.9) 6 (12.2) 11 (9.0) 0.52
LVEF on admission, % 50±12 47±13 51±12 0.14
STEMI, n (%) 117 (68.0) 38 (77.6) 79 (64.2) 0.09
Multivessel disease, n (%) 82 (47.7) 31 (63.3) 51 (41.5) 0.01
Medication at discharge

Aspirin, n (%) 170 (98.8) 49 (100) 121 (98.4) 0.37
Beta blockers, n (%) 102 (59.7) 31 (63.3) 71 (58.2) 0.54
ACE-I or ARB, n (%) 137 (79.7) 39 (79.6) 98 (79.7) 0.99
Strong statin, n (%) 146 (84.9) 39 (79.6) 107 (87.0) 0.22

Gait speed, m/s 0.84±0.22 0.74±0.21 0.88±0.21 0.0007
Ln RHI 0.57±0.26 0.47±0.28 0.60±0.24 0.005

Variables are expressed as numbers (percentages), mean±SD, or median [25th-75th percentile]. ACE-I, angiotensin-converting enzyme inhibitor; 
ARB, angiotensin II receptor blocker; BNP, B- type natriuretic peptide; eGFR, estimated glomerular filtration rate; GNRI, geriatric nutritional risk 
index; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; Ln 
RHI, logarithmic value of reactive hyperemia index; LVEF, left ventricular ejection fraction; MI, myocardial infarction; SD, standard deviation; 
STEMI, ST-segment elevation myocardial infarction; TG, triglycerides.
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Supplemental Table 3. Factors associated with the primary composite outcome in the low LDL-C group

Variables Univariate analysis

HR 95% CI p-value

Age, years 1.06 1.03-1.09 0.0001
Male 0.60 0.30-1.20 0.15
Body mass index, per 1 kg/m² 0.96 0.88-1.04 0.30
Hypertension 0.71 0.40-1.26 0.25
Diabetes mellitus 1.09 0.61-1.93 0.77
Current smoker 0.98 0.55-1.72 0.93
History of MI 2.10 0.65-6.79 0.21
With cancer 0.93 0.23-3.84 0.92
eGFR on admission, per 10 mL/min/1.73m² 0.90 0.77-1.05 0.20
HDL-C on admission, per 10 mg/dL 0.97 0.78-1.17 0.77
LDL-C on admission, per 10 mg/dL 0.99 0.98-1.02 0.96
LDL-C after discharge (1 month), per 10 mg/dL 0.95 0.80-1.11 0.52
Reduction in LDL-C levels after discharge (1 month), per 10 mg/dL 1.06 0.93-1.21 0.40
TG on admission, per 10 mg/dL 0.98 0.95-1.00 0.11
BNP on admission, per 100 pg/mL 1.09 0.96-1.21 0.12
hs-CRP ≥ 0.2 mg/dL on admission 1.01 0.57-1.78 0.98
hs-CRP ≥ 0.2 mg/dL in the chronic phase 1.92 1.07-3.46 0.03
GNRI ＜92 1.14 0.48-2.69 0.77
LVEF on admission, per 10% 0.82 0.66-1.03 0.09
STEMI 1.73 0.88-3.40 0.11
Multivessel disease 1.79 0.99-3.21 0.05
Medication at discharge

Beta blocker 1.17 0.66-2.10 0.59
ACE-I or ARB 1.02 0.50-2.04 0.96
Strong statin 0.73 0.36-1.46 0.37

Gait speed, per 0.1 m/s 0.81 0.71-0.93 0.002
Ln RHI, per 0.1 0.83 0.73-0.94 0.003

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BNP, B- type natriuretic peptide; eGFR, estimated 
glomerular filtration rate; GNRI, geriatric nutritional risk index; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive 
protein; LDL-C, low-density lipoprotein cholesterol; Ln RHI, logarithmic value of reactive hyperemia index; LVEF, left ventricular ejection 
fraction; MI, myocardial infarction; STEMI, ST-segment elevation myocardial infarction; TG, triglycerides.
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Supplemental Table 4. Factors associated with the primary composite outcome in the high LDL-C group

Variables Univariate analysis

HR 95% CI p-value

Age, years 1.05 1.02-1.09 0.003
Male 0.88 0.36-2.19 0.79
Body mass index, per 1 kg/m² 0.91 0.81-1.03 0.15
Hypertension 1.25 0.57-2.74 0.57
Diabetes mellitus 2.59 1.19-5.60 0.02
Current smoker 0.81 0.38-1.73 0.59
History of MI 2.31 0.69-7.75 0.17
With cancer 1.92 - 0.99
eGFR on admission, per 10 mL/min/1.73m² 0.81 0.67-0.98 0.03
HDL-C on admission, per 10 mg/dL 0.90 0.64-1.25 0.56
LDL-C on admission, per 10 mg/dL 0.99 0.98-1.01 0.68
LDL-C after discharge (1 month), per 10 mg/dL 0.96 0.78-1.15 0.64
Reduction in LDL-C levels after discharge (1 month), per 10 mg/dL 0.99 0.85-1.13 0.88
TG on admission, per 10 mg/dL 0.93 0.86-0.98 0.02
BNP on admission, per 100 pg/mL 1.17 1.08-1.25 ＜0.0001
hs-CRP ≥ 0.2 mg/dL on admission 1.17 0.55-2.51 0.68
hs-CRP ≥ 0.2 mg/dL in the chronic phase 1.37 0.55-3.44 0.50
GNRI ＜92 6.27 2.48-15.88 0.0001
LVEF on admission, per 10% 0.51 0.35-0.73 0.0002
STEMI 1.34 0.51-3.53 0.56
Multivessel disease 1.13 0.53-2.41 0.76
Medication at discharge

Beta blocker 2.06 0.83-5.11 0.12
ACE-I or ARB 1.83 0.55-6.08 0.33
Strong statin - - 0.99

Gait speed, per 0.1 m/s 0.89 0.74-1.09 0.25
Ln RHI, per 0.1 0.72 0.61-0.84 ＜0.0001

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BNP, B- type natriuretic peptide; eGFR, estimated 
glomerular filtration rate; GNRI, geriatric nutritional risk index; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive 
protein; LDL-C, low-density lipoprotein cholesterol; Ln RHI, logarithmic value of reactive hyperemia index; LVEF, left ventricular ejection 
fraction; MI, myocardial infarction; STEMI, ST-segment elevation myocardial infarction; TG, triglycerides.
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