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Aim: Early and intensive low-density lipoprotein (LDL-C)-lowering therapy plays important roles in secondary
prevention of acute coronary syndrome (ACS), but the treatment period for further clinical benefit remains
undefined. This single-center, retrospective study explored LDL-C trajectory after ACS and its associations with
subsequent cardiovascular events (CVE).

Methods: In 831 patients with ACS, we evaluated LDL-C reduction during the first 2 months post-ACS as an
index of early intervention and the area over the curve for LDL-C using 70 mg/dl as the threshold in the next 6
months (AOC-70) as a persistent intensity index. Patients were followed for a median of 3.0 (1.1-5.2) years for
CVE, defined as the composite of cardiovascular death, non-fatal myocardial infarction, angina pectoris requiring
revascularization, cerebral infarction, and coronary bypass grafting.

Results: LDL-C decreased from baseline to 2 months post-ACS (107 =38 mg/dl to 78 =25 mg/dl, p<0.001)
through high-intensity statin prescription (91.8%), while achieving rates of LDL-C <70 mg/dl at 2 months
remained only 40.2% with no significant changes thereafter. During the follow-up period, CVE occurred in 200
patients. LDL-C reduction during the first 2 months and AOC-70 in the next 6 months were both associated
with subsequent CVE risk (sub-HR [hazard ratio] [95% confidence interval]: 1.48 [1.16-1.89] and 1.22 [1.05-
1.44]). Furthermore, early intervention followed by persistently intensive LDL-C-lowering therapy resulted in
further CVE risk reduction.

Conclusions: The present study observed that achieving early and intensive LDL-C reduction within the first
two months after ACS and maintaining it for the next six months suppressed subsequent CVE risk, suggesting
the importance of early, intensive, and persistent LDL-C-lowering therapy in the secondary prevention of ACS.
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Residual risk

. ACS is the development and disruption of coronary

Introduction T :
artery plaque, and low-density lipoprotein cholesterol
Acute coronary syndrome (ACS) remains a (LDL-C) plays a central role in the initiation and
leading cause of mortality and morbidity worldwide progression of atherosclerosis®®. Lipid-lowering
and continues to be a substantial proportion of the therapy with statins is considered to suppress plaque
global disease burden'?. The primary pathogenesis of progression and destabilization and prevent recurrent

Address for correspondence: Kozo Okada, Division of Cardiology, Yokohama City University Medical Center, 4-57 Urafune-cho, Minami-ku, Yokohama City
232-0024, Japan  E-mail: kokada2@yokohama-cu.ac.jp

Received: March 23, 2024  Accepted for publication: May 1, 2024

Copyright©2024 Japan Atherosclerosis Society
This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License.

1748



Strike Early, Strong, and Persistently

cardiovascular events (CVE) after ACS7'%. Multiple
large-scale, prospective, randomized, controlled trials
(RCTs) have confirmed this and shown the beneficial
effects of early and/or aggressive LDL-C-lowering
therapy with high-intensity statins on coronary
plaques, CVE, and residual risk factors, such as
inflammation!"'¥. Recent investigations have also
suggested the importance of persistently maintaining
LDL-C reduction by focusing on the association
between cumulative lifetime exposure to LDL-C and
the risk of CVE for primary prevention?. However,
data (especially, real-world clinical data) on the
combined effects of the degree of early, intensive, and
persistent LDL-C reduction in a specific period after
the onset of ACS on the secondary prevention of CVE
and associated residual risks is lacking.

Therefore, the present study analyzed
longitudinally and in detail the trajectories of LDL-C,
focusing on the first two to eight months after the
onset of ACS, and explored their associations with
subsequent CVE and residual risk factors, using data
from a single-center, retrospective, observational
cohort.

Methods

Study Population

The present study included patients who were
diagnosed with ACS and underwent percutaneous
coronary intervention (PCI) with stent implantation
at the Yokohama City University Medical Center in
Japan between January 2013 and December 2022.
Patients treated with balloon angioplasty (including
drug-coated balloon) alone or those with severely
calcified lesions required for rotational atherectomy
were excluded because both patient subsets may relate
to increased risks of target lesion failure. Patients with
less than two examinations of LDL-C, high-density
lipoprotein cholesterol (HDL-C), triglyceride (TG),
and hemoglobin Alc (HbAlc) during the six-month
period from two to eight months after PCI, those with
missing data on covariates (e.g. coronary risk factors,
lipid and glucose parameters, and medications), and
those with an observational period of less than three
months after PCI were excluded.

All clinical data were collected from electronic
medical records at baseline (defined as the date of the
index PCI) and 2, 4, 6, 8, 10, 12, 24, 36, and 48
months after PCI. Data on high-sensitive C-reactive
protein (hsCRP) were collected at baseline and 12
months after PCI. Prescription records were collected
at each visit point, and the average daily dose and
cumulative dose were tabulated for lipid-lowering

drugs, based on the defined daily dose (DDD) set by

the World Health Organization'¥. In the present
study, atorvastatin, rosuvastatin, and pitavastatin were
defined as strong statins, and the other statins were
defined as standard statins!?.

Informed consent was obtained via an opt-out
method on the website, and patients who opted out
were excluded. The study protocol was approved by
the ethics committee of Yokohama City University
and followed the principles of the Declaration of
Helsinki.

Analyses of LDL-C and Residual Risk Factors and
the Primary Endpoint

High-intensity statins were assessed by
prescription of strong statins and the DDD. Residual
risk factors included the HDL-C, TG, HbAlc, hsCRP,
kidney function defined by estimated glomerular
function rate (eGFR), uric acid, and history of chronic
obstructive pulmonary disease (COPD). Longitudinal
management intensity of LDL-C and residual risk
factors during the study period was evaluated by
referring to target values set by the guidelines'"'. For
each observational time-point from two months to
eight months post-PCI, we calculated the area over
the curve (AOC) for LDL-C, percent LDL-C to
baseline (% LDL-C=LDL-C levels at each visit divided
by LDL-C levels at baseline times 100, %), TG and
HbAlc, and area under the curve (AUC) for HDL-C
using 70 mg/dl, 50%, 175 mg/dl, 7.0%, and 40 mg/
dl as guideline-based thresholds for reference!'"!?,
respectively. The AOC and AUC values served as
indicators of the degree of deviation from the target
values during the observational period, and smaller
values indicated better control (Fig.1)'. Early
therapeutic intervention for LDL-C was assessed by
LDL-C levels and %LDL-C at two months after PCI
as well as absolute changes (ALDL-C) from baseline
to two months. Effects of early, intensive, and
persistent LDL-C-lowering therapy during the first
two to eight months on residual risks as pleiotropic
effects were evaluated by changes in lipid variables
other than LDL-C, HbAlc, eGFR, uric acid, and
hsCRP from baseline to one year post-PCI.

The primary endpoint was composite CVE
(cardiovascular death, non-fatal myocardial infarction,
angina pectoris requiring revascularization, cerebral
infarction, and coronary artery bypass grafting) at two
months after the index PCI, as the possibility of pre-
planned staged coronary revascularization could not

be excluded.
Statistical Analyses

All analyses were performed with the R software
program version 4.2.0 (R Foundation for Statistical
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Fig.1. Schematic diagram of the calculation of areas over the curve
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To quantify the degrees of intensity and maintenance of LDL-C-lowering therapy during the six-month period from two to eight months
after percutaneous coronary intervention (PCI), excluding the baseline value, we plotted the available LDL-C values from two to eight
months after PCI. We then calculated the total trapezoidal area under these linearly connected points above a threshold. LDL-C = low-density

lipoprotein cholesterol.

Computing, Vienna, Austria). Significance was
defined as p<0.05. Data are expressed as frequencies
and percentages for categorical variables, and as the
mean =standard deviation and the median with
interquartile range for continuous variables.
Categorical comparisons were performed using a chi-
square test or Fisher’s exact test. Continuous values
were compared using an unpaired #test or Mann-
Whitney U test, as appropriate. Hazard ratios (HRs)
were estimated using an extended Cox regression
model with LDL-C, HDL-C, log-transformed TG,
and log-transformed HbAlc values at each
observational point as time-varying covariates'®. As
multivariable models, model 1 was adjusted for the
age, sex, and body mass index (BMI). Model 2 was
additionally adjusted for hypertension, COPD, the
administration of anti-platelet drugs as time-invariant
covariates, and the eGFR and log-transformed hsCRP
as time-varying covariates. As a non-linear model, we
applied penalized spline functions in the Cox
proportional hazards model. For the sensitivity
analysis, we constructed a piece-wise exponential
additive mixed model using penalized spline functions
as well 7).

Survival analyses for composite CVE during the
remaining observation period beyond eighth months
post-PCI were conducted!. The sub-hazard ratio
(sub-HR) was calculated using a flexible risk regression
with the Fine-Gray model, considering non-CVE-
related death as a competing risk!'®. For sensitivity
analysis, regression analyses for the absolute risk were
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conducted!. Due to the skewed distribution, we
performed Yeo-Johnson transformation on the AOC
for %LDL-C >50% to improve normality??. Models
were adjusted for the age, sex, BMI, AUC for HDL-C
<40 mg/dl, AOC for TG >175 mg/dl, and AOC for
HbAlc >7.0% in model 1 and additionally included
the use of anti-platelet drugs, a history of COPD,
hypertension, and the baseline LDL-C, eGFR, and
log-transformed hsCRP in model 2. In addition to
calculations for an LDL-C of 70 mg/dl, we also
calculated the AOC for 55, 40, and 0 mg/dl and
created a risk curve predicted for maintaining arbitrary
LDL-C levels using the last model (i.e. 0 mg/dl
model).

Regarding early therapeutic intervention for
LDL-C levels, the relationship between the LDL-C
levels at two months after PCI and subsequent CVE
was analyzed using the Fine-Gray model. LDL-C
levels were incorporated in the models as identical
forms of ALDL-C or %LDL-C. To assess the
combined impacts of early, intensive, and persistent
LDL-C-lowering therapy on subsequent CVE,
patients were further classified into 4 groups based on
the median values of ALDL-C in the first 2 months
after PCI (21 mg/dl) and AOC for LDL-C >70 mg/
dl within the next 6 months (40 mgx month/dl):
‘Early (+ or -)’ and ‘Intensive/Persistent (+ or -)’. CVE
risk was predicted for each group utilizing unadjusted
Fine-Gray models. Changes in the HDL-C, TG,
HbAlc, hsCRP, uric acid, and eGFR values were also
compared between the groups with Early (+) and
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Table 1. Clinical characteristics

Variables Opverall (z=831)
Age, years 69+11
Women, 7 (%) 172 (20.7)
BMI, kg/m? 23.8+3.8
History of diabetes mellitus, 7 (%) 431 (51.9)
History of dyslipidemia, 7 (%) 720 (86.6)
History of hypertension, 7 (%) 679 (81.7)
History of COPD, 7 (%) 51 (6.1)
Uses of antihypertensive drugs, 7 (%) 565 (68.0)
CCB, 7 (%) 247 (29.7)
ACEi, 7 (%) 221 (26.6)
ARB, 7 (%) 226 (27.2)
Thiazides, 7 (%) 26 (3.1)
Alpha-blockers, 7 (%) 15 (1.8)
Beta-blockers, 7 (%) 371 (44.6)
MRB, 7 (%) 74 (8.9)
eGFR, mL/min/1.73 m? 60.5+20.8
LDL-C, mg/dl 107+ 38
HDL-C, mg/dl 47 +12
TG, mg/dl 124 (87 to 186)

Hemoglobin Alc, %

Uric acid, mg/dl

hsCRP, mg/dl

Uses of lipid-lowering drugs, 7 (%)
Statins, 7 (%)
Fibrates, 7 (%)
Ezetimibe, 7 (%)
PCSK9 inhibitor, 7 (%)

Uses of antidiabetic drugs
Insulin, 7 (%)
SGLT?2 inhibitors, 7 (%)
Biguanides, 7 (%)

6.1 (5.7 t0 7.0)
59+1.5
0.2 (0.1 t0 0.6)
620 (74.6)
616 (74.1)
11 (1.3)
65 (7.8)
1(0.1)
209 (25.2)
61 (7.3)
55 (6.6)
21 (2.5)

Data are expressed as the mean = SD for unskewed variables, median (interquartile) for skewed variables, and numbers (%) for categorical variables.
ACE:i = angiotensin-converting-enzyme inhibitors, ARB = angiotensin receptor blockers, BMI = body mass index, CCB = calcium channel blockers,
COPD = chronic obstructive pulmonary disease, hsCRP = high-sensitive C-reactive protein, eGFR = estimated glomerular filtration rate, HDL-C
= high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, MRB = mineralocorticoid receptor blockers, PCSK9 =
proprotein convertase subtilisin/kexin type 9; SD = standard deviation, SGLT2 = sodium-glucose co-transporter 2, TG = triglyceride.

Intensive/Persistent (+) vs. Early () and Intensive/
Persistent (—) to assess pleiotropic effects of early,
intensive, and persistent LDL-C-lowering therapy.

Results

Patient Characteristics and Lipid Status

A total of 1648 cases were evaluated for
eligibility, and after excluding 114 cases with missing
data, 679 without sufficient observations of lipid and
glucose parameters from 2 to 8 months after PCI, and
24 cases with a follow-up period of <3 months, 831
cases were included in the primary analysis (detailed

patient flow is shown in Supplementary Fig.1, and
patient characteristics of the largest excluded group of
679 cases are shown in Supplementary Table 1).
Patient characteristics are shown in Table 1. The
mean age was 69+11 years old, and 20.7% were
female. Baseline LDL-C levels at the index PCI were
107 38 mg/dl, which decreased to 78 25 mg/dl at
2 months after PCI (p<0.001) and remained at
approximately the same level thereafter (Table 2). A
total of 40.2% (295/733) of patients achieved LDL-C
levels of <70 mg/dl (target value according to the
guidelines) at 2 months, and 16.8% achieved <50%
of baseline LDL-C levels. In contrast, HDL-C, TG,
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Table 2. Management statuses of LDL-C and residual risk factors at each visit point

Month 0 Month 2 Month 4 Month 6 Month 8 Month 10 Month 12
LDL-C related values n=831 n=733 n=679 n=646 =606 n=551 n=583
LDL-C, mg/dl 10738 78+25 79+25 76+23 77+23 77+£25 76+23
%LDL-C, % 100 (100 to 100)  77.1 (56.1 to 100) 74.0 (56.1 to 100) 75.7 (54.9 t0 98.8) 76.1 (55.3 t0 98.7) 75.8 (54.3 t0 98.7) 73.7 (54.7 t0 98.0)
LDL-C <70 mg/dL, 7 (%) 128 (15.4) 295 (40.2) 258 (38.0) 273 (42.3) 236 (38.9) 232 (42.1) 245 (42.0)
LDL-C <55 mg/dl, n (%) 50 (6.0) 116(15 8) 103(15 2) 108 (16.7) 86 (14.2) 89 (16.2) 97 (16.6)
LDL-C <40 mg/dl, n (%) 11(1.3) 25(34) 20 (2.9) 25(3.9) 193.1) 17.3.1) 20 (34)
%LDL-C <50%, 1 (%) 0(0) 123 (16.8) 116 (17.1) 116 (18.0) 106 (17.5) 105 (19.1) 108 (18.5)
Residual risk factors
HDL-C, mg/dl 47+12 (n=831) 47=11(n=733) 4712 (n=679) 4713 (n=645) 4812 (n=605) 4912 (n=549) 48+12 (n=582)
TG, mg/dl 124 (87-186) 127 (89-180) 126 (90-177) 127 (90-185) 129 (89-181) 130 (93-181) 126 (90-179)
(n=831) (n=737) (n=680) (n=650) (n=6006) (n=553) (n=588)
HbAlc, % 6.1 (5.7-7.0) 6.1 (5.7-6.8) 6.2 (5.8-6.8) 6.2 (5.8-6.9) 6.2 (5.8-6.8) 6.2 (5.8-6.8) 6.2 (5.8-6.9)
(n=831) (n=721) (n=667) (n=620) (n=598) (n=538) (n=565)
hsCRP, mg/dl 0.2 (0.1-0.6) 0.1 (0.0-0.2)
(n=831) (n=604)

Data are expressed as the mean = SD for unskewed variables, median (interquartile range) for skewed variables, and numbers (%) for categorical

variables. HbAlc = hemoglobin Alc, HDL-C = high-density lipoprotein cholesterol, hsCRP = high-sensitive C-reactive protein, LDL-C = low-
density lipoprotein cholesterol, TG = triglycerides.
Table 3. Longitudinal changes of prescription statues of lipid-lowering drugs before and after PCI
Before MonthOto Month2to Month4to Month6to  Month8to Month 10 to
intervention Month 2 Month 4 Month 6 Month 8 Month 10 Month 12
Lipid-lowering drugs, # (%) 620 (74.6) 763 (91.8) 674 (84.5) 605 (79.5) 547 (75.3) 546 (74.5) 521 (76.5)
(n=831) (n=831) (n=798) (n=761) (n=726) (n=733) (n=681)
Statins, 7 (%) 616 (74.1) 759 (91.3) 667 (83.6) 594 (78.1) 537 (74.0) 538 (73.4) 511 (75.0)
(n=831) (n=831) (n=798) (n=761) (n=726) (n=733) (n=681)
Statins, per DDD 0.62+0.37 0.66+0.37 0.66+0.38 0.65+0.37 0.66+0.39 0.65%0.39 0.65+0.38
(n=616) (n=759) (n=667) (n=594) (n=537) (n=538) (n=511)
Fibrates, 7 (%) 11 (1.3) 11 (1.3) 8 (1.0) 8 (1.1) 5(0.7) 7 (1.0) 6 (0.9)
(n=831) (n=831) (n=798) (n=761) (n=726) (n=733) (n=681)
Fibrates, per DDD 0.75=0.50 0.65+0.56 0.98+0.47 0.79+0.31 0.81+0.27 0.80+0.27 0.76+0.28
(n=11) (n=11) (n=8) (n=8) (n=5) (n=7) (n=06)
Ezetimibe, 7 (%) 65 (7.8) 90 (10.8) 80 (10.0) 84 (11.0) 82 (11.3) 84 (11.5) 86 (12.6)
(n=831) (n=831) (n=798) (n=761) (n=726) (n=733) (n=681)
Ezetimibe, per DDD 0.78+0.28 0.81+0.31 0.92+0.19 0.97+0.20 0.97+0.13 0.92+0.20 0.93+0.21
(n=65) (n=90) (n=80) (n=84) (n=82) (n=84) (n=86)
PCSK9 inhibitors, 7 (%) 1(0.1) 0 (0.0) 1(0.1) 3 (0.4) 3 (0.4) 3 (0.4) 3 (0.4)
(n=831) (n=831) (n=798) (n=761) (n=726) (n=733) (n=681)

Uses and doses of lipid-lowering drugs prescribed in each period before and after percutaneous coronary intervention (PCI) are shown. The mean
and standard deviation of the dosage were calculated only for cases that were taking the medication. DDD = defined daily dose. PCSK9 =

proprotein convertase subtilisin/kexin type 9.

HbAlc, and hsCRP values had remained at
approximately the same levels over one year (Table 2).
At the time of PCI, 74.6% of patients were taking
lipid-lowering medications, mostly statins, but this
rate increased to 91.8% at the 2 months and then
gradually declined thereafter (Table 3). Daily doses of
statins slightly increased from 0.62+0.37 at baseline
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to 0.66%0.37 per DDD at 2 months. The rate of
ezetimibe uses also increased from 7.8% at baseline to
10.8% at 2 months.

Associations of Changes in LDL-C and Residual
Risk Factors with CVE
Patients were followed for up to 6 (median 3.0
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Table 4. Lipid and glucose management statuses and subsequent CVE risks

A HR (95% CI)

Unadjusted model Adjusted model 1 Adjusted model 2
LDL-C, mg/dl 1.20 (1.02 to 1.41)* 1.25 (1.05 to 1.47)* 1.23 (1.04 to 1.46)*
HDL-C, mg/dl 0.90 (0.77 to 1.04) 0.87 (0.74 to 1.03) 0.90 (0.77 to 1.06)
TG, mg/dl 1.05 (0.91 to 1.21) 0.97 (0.82 to 1.14) 0.97 (0.82 to 1.14)
Hemoglobin Alc, % 1.09 (0.95 to 1.26) 1.06 (0.92 to 1.23) 1.05 (0.90 to 1.21)
B sub-HR (95% CI)

Unadjusted model Adjusted model 1 Adjusted model 2

AOC for LDL-C >70 mg/dl
AOC for LDL-C >55 mg/dl
AOC for LDL-C >40 mg/dl
AOC for LDL-C >0 mg/dl
AOC for %LDL-C >50%

1.17 (1.01 to 1.35)*
1.18 (1.01 to 1.37)*
1.19 (1.01 to 1.39)*
1.19 (1.02 to 1.39)*
1.14 (30.98 to 1.33)

*

1.18 (1.02 to 1.37
1.19 (1.02 to 1.39
1.20 (1.02 to 1.40
(
(

*
*

*

1.20 (1.02 to 1.41
1.13 (0.97 to 1.32

—_— T =

1.22 (1.05 to 1.44)*
1.25 (1.05 to 1.48)*
1.26 (1.06 to 1.50)7
1.27 (1.07 t0 1.52)"
1.20 (0.97 to 1.47)

C

sub-HR (95% CI

=

Unadjusted model

Adjusted model 1

Adjusted model 2

AUC for HDL-C <40 mg/dl
AOC for TG >175 mg/dl
AOC for HbAlc >7.0%

1.19 (1.03 to 1.37)*
1.03 (0.87 to 1.21)
0.99 (0.83 to 1.19)

1.23 (1.07 to 1.40)"
1.06 (0.92 to 1.23)
0.97 (0.80 to 1.18)

1.20 (1.05 to 1.37)7
1.08 (0.92 to 1.26)
0.90 (0.73 to 1.11)

D

sub-HR (95% CI)

Unadjusted model

Adjusted model 1

Adjusted model 2

LDL-C at 2 months, mg/dl
%LDL-C at 2 months, %
ALDL-C from baseline to 2 months, mg/dl

1.19 (1.03 to 1.37)*
1.24 (1.06 to 1.44)"
1.29 (1.09 to 1.52)"

1.21 (1.06 to 1.40)"
1.22 (1.05 to 1.43)*
1.26 (1.06 to 1.50)"

1.29 (1.10 to 1.52)F
1.36 (1.10 to 1.68)"
1.48 (1.16 to 1.89)"

A) Standardized hazard ratios (HR) and 95% confidence interval (CI) were estimated by extended Cox regression models by including low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), log-transformed Triglyceride (TG), and log-transformed
hemoglobin Alc (HbAlc) as time-varying covariates. B) and C) Standardized sub-distribution hazard ratios (sub-HR) and 95% CI were estimated
by flexible risk regression with Fine-Gray model using areas over/under the curve (AOC/AUC) during the early six months after coronary
intervention. D) Sub-HR and 95% CI were estimated by risk regression with Fine-Gray model using LDL-C, %LDL-C, and ALDL-C. CVE =

cardiovascular event. *»<0.05, Tp <0.01.

[1.1-5.2]) years after PCIL. During the follow-up
period, 200 patients (75.1/1000 person-years)
experienced CVE (10 cardiac deaths, 109 non-fatal
myocardial infarctions, 63 angina pectoris requiring
revascularization [comprising 28 de novo lesions and
35 recurrences at the final treatment sites], 4 coronary
artery bypass grafting surgeries, and 14 cerebral
infarctions). In the extended COX model as a time-
varying analysis, changes in LDL-C levels were
associated with CVE even after adjusting for
multivariable covariates (HR [95% CI]: 1.23 [1.04-
1.46]), while changes in HDL-C, TG, or HbAlc
levels were not (Table 4A). The association between
the LDL-C management status and increased CVE
risk was preserved in the 2 non-linear models (»<0.05
for both), approximating closely linear relationships in

both models (Fig.2).

Regarding residual risk factors, a history of
COPD (HR [95% CI]J: 1.82 [1.13-2.93]) and hsCRP
(HR [95% CI]: 1.25 [1.08-1.44]) were also associated
with CVE.

Longitudinal Management Statuses of LDL-C and
Residual Risk Factors and CVE

The analyses included 801 patients, with a
median follow-up period of 2.8 years counting from 8
months after PCI (i.e. after calculating the AOC
during the first 2 to 8 months post-PCI). During this
period, 164 CVE occurred (73.1/1000 person-years).
The AOC for LDL-C >70 mg/dl during the early 6
months after PCI was statistically associated with
subsequent CVE in both the unadjusted and adjusted
models (adjusted sub-HR [95% CIJ: 1.22 [1.05-
1.44]) (Table 4B). Similarly, the AOC for LDL >55
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Fig.2. Association between LDL-C and CVE in the non-linear models

Partial estimates and 95% confidence intervals for LDL-C expressed as an exponential form in (A) a Cox proportional hazard model with
splines and (B) piece-wise exponential additive mixed model with splines. Both models were adjusted for the age, sex, body mass index,
estimated glomerular filtration rate, high-density lipoprotein cholesterol, triglyceride, hemoglobin Alc, history of chronic obstructive
pulmonary disease, hypertension, use of anti-platelet drugs, and high-sensitive C-reactive protein. CVE = cardiovascular event; LDL-C = low-

density lipoprotein cholesterol.
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Fig.3. Impacts of longitudinal LDL-C management during the early six months after PCI on CVE

Predicted risk curves for cardiovascular events (CVE) were estimated by a multi-covariate-adjusted model (model 2) assuming that each
LDL-C value continues during the first six months after percutaneous coronary intervention (PCI).

mg/dl, >40 mg/dl, and even >0 mg/dl were all
associated with an increased CVE risk. If we assumed
that LDL-C levels were sustained at a specific value
over six months after PCI, subsequent CVE risks were
predicted as in Fig.3. When computing the AOC
with a cut-off value of >50% reduction from
baseline, a similar trend was observed with no
statistical significance (adjusted sub-HR [95% CI]:
1.20 [0.97-1.47], p=0.09). Regarding management

1754

statuses of residual risk factors, AUC for HDL <40
mg/dl was associated with subsequent CVE (adjusted
sub-HR [95% CI]: 1.20 [1.05-1.37]), whereas AOC
for HbAlc >7.0% or TG >175 mg/dl was not
(Table 4C). Similar results were also seen in the
analyses of absolute risk regression (data not shown).
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Table 5. Comparison of clinical characteristics between LDL-C > 70 vs. LDL-C <70 mg/dl at 2 months among patients who had

not taken any lipid-lowering medications at baseline

LDL-C 270 mg/dlat2 LDL-C <70 mg/dl at 2 p value
months (z=102) months (2=76)

Age, years

Women, 7 (%)

BMI, kg/m?

History of diabetes mellitus, 7 (%)

History of dyslipidemia, 7 (%)

History of hypertension, 7 (%)

History of COPD, 7 (%)

Use of anti-hypertension drugs, 7 (%)

Baseline eGFR, ml/min/1.73 m?

Baseline LDL-C, mg/dl

Baseline HDL-C, mg/dl

Baseline TG, mg/dl

Baseline HbAlc, %

Baseline uric acid, mg/dl

Baseline high-sensitive C-reactive protein, mg/dl
Baseline use of lipid-lowering drugs, 7 (%)

Baseline use of antidiabetic drugs

Use of lipid-lowering drugs during M0 to M2, 7 (%)
Cumulative DDD of statins during MO to M2
Cumulative DDD of standard statins during MO to M2
Cumulative DDD of strong statins during M0 to M2
Cumulative DDD of fibrates during M0 to M2
Cumulative DDD of ezetimibe during M0 to M2

Cumulative DDD of other lipid-lowering drugs during MO to M2

6812 7012 0.40
20 (19.6) 11 (14.5) 0.43
24.0+4.4 23.7+3.5 0.68
44 (43.1) 30 (39.5) 0.65
71 (69.6) 56 (73.7) 0.62
76 (74.5) 58 (76.3) 0.86
7 (6.9) 4 (5.3) 0.76
24 (23.5) 15 (19.7) 0.59
61.3+24.2 63.6%23.0 0.52
126+ 38 110=32 <0.017
4411 4512 0.48
118 (69 to 198) 121 (74 to 223) 0.59
6.1 (5.7 t0 6.7) 6.0 (5.7 to 6.6) 0.58
63+1.6 5.8+1.7 0.09
0.2 (0.1-0.4) 0.2 (0.1-0.4) 0.83
0 (0.0) 0 (0.0) NA
9 (8.8) 6(7.9) 1.00
83 (81.4) 69 (90.8) 0.09
31.3+23.6 40.5+22.8 <0.01
03+2.2 03+1.8 0.98
31.0+23.9 40.2+23.2 <0.05
0.0+0.0 0.0+0.0 NA
1.8+9.4 4.1x13.1 0.18
0.0+0.4 0.0+0.0 0.32

Data are expressed as the mean+SD for unskewed variables, median (interquartile range) for skewed variables, and counts (%) for countable
variables. BMI = body mass index, COPD = chronic obstructive pulmonary disease, DDD = defined daily dose, eGFR = estimated glomerular
fileration rate, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, TG = triglyceride. MO = baseline, M2=

visit point two months after the baseline. NA = not available.

Combined Impacts of Early, Intensive, Persistent
LDL-C-Lowering Therapy on CVE

LDL-C levels and %LDL-C at two months after
PCI and ALDL-C from baseline to two months were
all associated with subsequent CVE (Table 4D).
Significantly greater cumulative DDD of statins,
especially of strong statins, within the first 2 months
were seen in patients with vs. without LDL-C <70
mg/dl at 2 months post-PCI (Table 5). Patients who
could achieve and maintain early, intensive, persistent
LDL-C- reduction (Early [+] and Intensive/Persistent
[+] group) showed further lower CVE risk compared
with those who did not (Early [-] and Intensive/
Persistent [-] group) (Fig.4). Compared to the
reference group of achieving early, intensive, and
persistent LDL-C reduction, groups that failed to
achieve these components showed sub-HR [95% ClI]
values of 1.90 [1.20-3.01] for Early (-) and Intensive/
Persistent (-), 1.20 [0.70-2.07] for Early (+) and
Intensive/Persistent (-), and 1.57 [0.94-2.65] for Early

(-) and Intensive/Persistent (+), respectively (Fig.4).
In addition, patients in the Early (+) and Intensive/
Persistent (+) group showed significantly decreased
hsCRP (-0.1 [-0.5 to —0.0] vs. 0.0 [-0.2 to 0.1] mg/
dl, p<0.001) and TG (-7.5 [-52.2 to 21.2] vs. 6.0
[-43.0 to 49] mg/dl, p<0.05) levels from baseline to
one-year post-PCI, and suppressed eGFR reduction
during 1 year (-0.6 [-7.3 to 5.7] vs. -3.7 [-8.7 to 1.1]
ml/min/1.73 m?, p<0.05) compared with those of
the Early (-) and Intensive/Persistent (—) group.

Discussion

The present study was an important one
suggesting the synergetic benefits for secondary
prevention of comprehensively achieving and
maintaining an early, intensive, and persistent LDL-C
reduction for the first eight months after ACS.
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Fig.4. Combined impact of early and intensive LDL-C-lowering therapy on CVE

Predicted risk curves for cardiovascular events (CVE) were estimated by the Fine-Gray model. Patients who achieved early, intensive, and
persistent LDL-C-lowering therapy showed the lowest CVE risk. **p<0.01 compared with the E(+) & IP(+) group. E = carly, IP = intensive

and persistent.

High-Intensity Statins for Achieving Target LDL-C
Levels

A number of RCTs have demonstrated the
benefit of high-intensity statins, and guidelines
recommend strict and early control of LDL-C to <70
mg/dl with the use of high-intensity statins in patients
with ACS? 719, The present study also confirmed the
efficacy of high-intensity statins using real-world
clinical data over a decade from a specialized CAD
treatment center and observed that the cumulative
dose of strong statins was a statistically significant
determinant of achievements of LDL-C <70 mg/dl at
2 months after PCI, especially in patients who were
statin-naive at baseline. In contrast, the present study
reaffirmed another issue, as reported in previous
studies?! 22, that the achievement rates of LDL-C <
70 mg/dl at 2 months was insufficient (approximately
40%), with no significant changes seen afterward. The
present results underscore the importance of using
high-dose strong statins immediately after
intervention, as well as the intensification of statin
therapy, including combination therapy with the other
lipid-lowering agents, without delay when target
LDL-C levels are not achieved at least 2 months after
the intervention. Indeed, the present study found that
the dose of statins at 2 months was not adequate,
being limited to around 0.6 to 0.7 per DDD despite a
high prescription rate of strong statins, and the
administration rate of ezetimibe was also small about
10%. It was also revealed that, as reported in a
previous study?”, LDL-C levels did not decrease
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significantly after the first two months, suggesting
clinical inertia as well as the importance of early
therapeutic intervention with LDL-C-lowering
therapy.

Combination of Early, Intensive, and Persistent
LDL-C-Lowering Therapy

Previous studies have reported the clinical
benefits of early and intensive LDL-C-lowering
therapy immediately after the onset of ACS* 229,
Multiple studies have shown that early and intensive
LDL-C-lowering therapy with high-intensity statins
alone, statins plus ezetimibe, or statins plus proprotein
convertase subtilisin/kexin type 9 (PCSK9) inhibitors
improved long-term clinical outcomes compared with
standard statin therapy?-?. Comprehensive studies of
intracoronary imaging have reported that intensive
LDL-C-lowering therapy starting from early after the
onset of ACS resulted in plaque regression and/or
increased fibrous cap thickness at one year compared
to standard therapy?® 2. The present study also
identified that greater LDL-C reduction during the
first two months after PCI was associated with a
subsequent reduction in CVE risk, contributing to the
cumulative evidence.

However, the clinically important question of the
minimum duration of continuing such early and
intensive LDL-C-lowering therapy to achieve further
clinical benefit remains unanswered. The present
study used quantitative methods of AOC/AUC during
the early six months (two to eight months) post-PCI
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to demonstrate that maintaining an LDL-C below
guideline-recommended target levels of 70, 55, and
40 mg/dl'""» for as long as possible during this
6-month period was associated with further CVE risk
reduction. Notably, the correlation between the
longitudinal intensity of LDL-C-lowering therapy
during the early six months and subsequent CVE risks
appeared almost linear, with no minimum threshold
for LDL-C target values. In addition, such persistently
intensive LDL-C-lowering, when combined with early
intervention, was observed to have synergetic clinical
benefits for both CVE and residual risk factors (e.g.
inflammation, TG, kidney function), building on the
findings of previous studies. The results not only
supported the concept of “strike early, strike strong
(the lower, the better)”!'%!® but also indicated the
importance of maintaining the concept for more than
six months, at least for the secondary prevention of

ACS.

Clinical Implications

Despite the growing body of evidence regarding
early and intensive LDL-C-lowering therapy, it is not
easy to implement and sustain it in the clinical setting,
for various reasons, including medical costs,
adherence, and clinical inertia. The present study
showed that rapidly lowering the LDL-C level in the
first two months and then maintaining it for six
months (eight months total) could reduce the risk of
recurrence of CVE, findings that may prove useful for
physicians. Indeed, it was reported that most of the
cumulative number of recurrent CVE after ACS occur
within the first year after the onset of ACS?. In
contrast, previous studies have shown that coronary
plaque stabilization and regression can be seen after
high-intensity statin therapy of several weeks to
months®32. A previous case report showed that
reduction in plaque volume and its lipid components
with intensive LDL-C-lowering therapy using a
PCSK9 inhibitor for eight months was maintained at
one year after discontinuing the PCSK9 inhibitor,
suggesting a legacy effect?®. These previous studies
partially support the suggestion that our results would
be clinically applicable.

The present study may also offer a treatment
option in combination with the interfering ribonucleic
acid (siRNA) therapeutic inclisiran, which reduces
hepatic production of PCSK9 and results in sustained
LDL-C reduction (effects last for six months with a
single dose)?¥. Although medical cost remains an
issue, introduction of inclisiran early after ACS onset
followed by additional dosing three months later per
protocol could help achieve early, intensive, and
persistent (at least nine months) LDL-C reduction,

thus overcoming the issues of poor adherence and
clinical inertia and improving clinical outcomes.

The present study suggested not only the
prognostic and pleiotropic effects of early, intensive,
persistent LDL-C-lowering therapy but also the
importance of managing residual risk factors, such as
low HDL-C levels, COPD, and increased
inflammation, as in previous studies!'!"33%. Although
not all of these factors could be analyzed in detail due
to the retrospective nature of the study, our study
reaffirmed the clinical relevance of a comprehensive
lipid-lowering strategy considering high-intensity
Statins, maintenance of intensive lipid-Lowering,
Early therapeutic intervention, Residual risks, and
Pleiotropic effects (SLERP components) in the
secondary prevention of ACS. Further studies are
required to investigate synergetic benefits and the
associated mechanisms of comprehensively achieving
SLERP components.

Limitations

Several limitations should be noted. First, as this
was a single-center, relatively large-scale analysis with
homogeneous data, our results will need external
validation with a larger sample size and heterogeneous
population. The patients included in the analysis were
those who visited our hospital over a long period and
underwent frequent testing. This may have introduced
a selection bias. Second, the prescription data collected
in this study were based on electronical medical
records of our hospital, so we may not have accurately
extracted information on medications prescribed by
their family doctors. Third, due to the nature of our
tertiary medical institution, some patients had been
referred to their family doctors in the middle of the
study period. This may have affected clinical inertia
with lipid-lowering therapy (i.e. possibility of not
being aggressive enough to consider intensifying statin
doses and combination therapy with ezetimibe and
PCSK9 inhibitors when insufficient). Indeed, the use
of PCSK9 inhibitors was very low in this study cohort.
Fourth, the present study was not designed to assess
residual confounders, such as changes in blood
pressure, preferences (e.g. smoking), and dietary
habits. Fifth, due to the limited sample size, we could
not perform detailed analyses based on the causes and
mechanisms of CVE (such as de novo lesions,
restenosis, and stent thrombosis, etc.), risk scores and
baseline LDL-C values, which warrants future studies.
Finally, the combined impact of pre-treatment risk
scores and post-treatment strategy of early, intensive,
and persistent LDL-lowering on the reduced CVE

risks, as well as their mechanisms, fell outside the
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scope of the present study, necessitating further
investigation.

Conclusions

Using real-world data obtained over a decade in a
specialized treatment center for CAD, the present
study observed that achieving early and intensive
LDL-C reduction within two months after the onset
of ACS and maintaining it for the next six months
suppressed subsequent CVE risk, suggesting the
importance of early, intensive, and persistent LDL-C-
lowering therapy in the secondary prevention of ACS.
Further investigations are warranted to evaluate the
clinical benefits of treatment strategies designed by
incorporating our results.
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Patients screened (n=1648)
(1) who was diagnosed with acute coronary syndrome
(2) who received PCI with stent implantation
(3) between January 2013 and December 2022

Missing data on baseline variables and covariates (n=114)
Without at least two observations of lipid and glucose parameters from two to eight months after PCI (n=679)
Duration of follow-up period <3 months (n=24)

Patients enrolled for survival analysis using time-varying covariates (n=831) ‘

HFollow-up period <8 months (n:30)‘

Survival analysis using AUC/AOC with each thresholds (n=801) ‘

|

Missing data on LDL-C at 2-month visit point (n=97) ‘

Survival analysis using LDL-C at 2-month visit point (n=704)‘

HAlready treated with lipid-lowering medications (n:526)‘

’ Comparison between LDL-C <70 versus LDL-C =70 mg/dL at 2-month visit point (n=178) ‘

Supplementary Fig. 1. Patient flowchart

AUC = area under the curve; AOC = area over the curve; LDL-C = low-density lipoprotein cholesterol; PCI = percutaneous coronary
intervention.
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Supplementary Table 1. Clinical characteristics of patients without sufficient observations of lipid and glucose parameters from
two to eight months after PCI

Variables Patients enrolled in the main analysis Patients excluded due to insufficient p value
(n=831) measurements (7 =679)
Age, years 69.4+11.2 71.8+12.0 <0.001
Women, 7 (%) 172 (20.7) 162 (23.9) 0.14
BMI, kg/m? 23.8+3.8 23.6+3.9 0.26
History of diabetes mellitus, 7 (%) 431 (51.9) 318 (46.8) 0.05
History of dyslipidemia, 7 (%) 720 (86.6) 522 (76.9) <0.001
History of hypertension, 7 (%) 679 (81.7) 511 (75.3) <0.01
History of COPD, 7 (%) 51 (6.1) 54 (8.0) 0.17
Uses of antihypertensive drugs, 7 (%) 565 (68.0) 470 (69.2) 0.61
CCB, 7 (%) 247 (29.7) 240 (35.3) <0.05
ACEi, 7 (%) 221 (26.6) 123 (18.1) <0.001
ARB, 7 (%) 226 (27.2) 190 (28.0) 0.73
Thiazides, 7 (%) 26 (3.1) 15 (2.2) 0.27
Alpha-blockers, 7 (%) 15 (1.8) 15 (2.2) 0.58
Beta-blockers, 7 (%) 371 (44.6) 279 (41.1) 0.17
MRB, 7 (%) 74 (8.9) 54 (8.0) 0.51
eGFR, mL/min/1.73 m? 60.5+20.8 56.3+24.1 <0.001
LDL-C, mg/dl 106.6+38.2 102.3+38.7 <0.05
HDL-C, mg/dl 46.7+12.2 48.0£14.0 0.06
TG, mg/dl 124.0 (86.5, 186.0) 120.0 (80.0, 176.0) 0.06
Hemoglobin Alc, % 6.1 (5.7,7.0) 5.9 (5.6, 6.6) <0.001
Uric acid, mg/dl 59=+1.5 59+1.7 0.53
hsCRP, mg/dl 0.2 (0.1, 0.6) 0.2 (0.1, 0.6) 0.40
Uses of lipid-lowering drugs, 7 (%) 620 (74.6) 488 (71.9) 0.23
Statins, 7 (%) 616 (74.1) 476 (70.1) 0.08
Fibrates, 7 (%) 11 (1.3) 13 (1.9) 0.36
Ezetimibe, 7 (%) 65 (7.8) 54 (8.0) 0.93
PCSKY inhibitors, 7 (%) 1(0.1) 1(0.1) 0.89
Uses of antidiabetic drugs 209 (25.2) 149 (21.9) 0.15
Insulin, 7 (%) 61 (7.3) 39 (5.7) 0.21
SGLT?2 inhibitors, 7 (%) 55 (6.6) 34 (5.0) 0.19
Biguanides, 7 (%) 21 (2.5) 18 (2.7) 0.88

Data are expressed as mean+ SD for unskewed variables, median (interquartile) for skewed variables, and numbers (%) for categorical variables.
The cases excluded excluded due to the insufficient measurements had higher age and lower rates in diabetes mellitus, dyslipidemia, and
hypertension compared to the cases enrolled in the primary analysis. ACEi = angiotensin-converting-enzyme inhibitors, ARB = angiotensin receptor
blockers, BMI = body mass index, CCB = calcium channel blockers, COPD = chronic obstructive pulmonary disease, hsCRP = high-sensitive
C-reactive protein, ¢GFR = estimated glomerular filtration rate, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein
cholesterol, MRB = mineralocorticoid receptor blockers, PCSK9 = proprotein convertase subtilisin/kexin type 9; SD = standard deviation, SGLT2
= sodium-glucose co-transporter 2, TG = triglyceride.

1762




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


