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ABSTRACT

BACKGROUND East Asian population has a low level of inflammation compared with Western population. The prog-
nostic implication of residual inflammatory risk (RIR) remains uncertain in East Asians.

OBJECTIVES This study sought to provide an analysis to estimate early-determined RIR and its association with clinical
outcomes in East Asian patients with coronary artery disease (CAD).

METHODS In an East Asian registry including patients with CAD undergoing percutaneous coronary intervention (PCI)
(n =4,562), RIR status was determined by measuring high-sensitivity C-reactive protein (hsCRP) serially at admission and
at 1-month follow-up. Patients were stratified into 4 groups according to hsCRP criteria (=2 mg/L): 1) persistent low RIR
(LoWon admission=LlOW1 month: 51.0%); 2) fortified RIR (lLoWop, admission-high 1 month: 10.3%); 3) attenuated RIR (highopn admission-
loW; month: 20.5%); and 4) persistent high RIR (highon admission=Night month: 18.3%). The risks of all-cause death, ischemic
events, and major bleeding were evaluated.

RESULTS In our cohort, median levels of hsCRP were significantly decreased over time (1.3 to 0.9 mg/L; P < 0.001).
Compared with hsCRP on admission, hsCRP at 1 month showed the greater associations with all-cause death and ischemic
event. During clinical follow-up, risks of clinical events were significantly different across the groups (log-rank test,

P < 0.001). Compared with other RIR groups, persistent high RIR showed the higher risk for all-cause death (HRagjusted:
1.92; 95% Cl: 1.44 to 2.55; P < 0.001), ischemic events (HR,gjusted: 1.26; 95% Cl: 1.02 to 1.56; P = 0.032), and major
bleeding (HR,gjusted, 1.98; 95% Cl: 1.30 to 2.99; P < 0.001), respectively.

CONCLUSIONS Approximately one-fifth of East Asian patients with CAD have persistent high RIR, which shows
the close association with occurrence of ischemic and bleeding events. (Gyeongsang National University Hos-
pital Registry [GNUH]; NCT04650529) (JACC: Asia 2022;2:323-337) © 2022 The Authors. Published by Elsevier
on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
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ABBREVIATIONS
AND ACRONYMS

AMI = acute myocardial
infarction

ASCVD = atherosclerotic
cardiovascular disease

CAD = coronary artery disease
CKD = chronic kidney disease
hsCRP = high sensitivity
C-reactive protein

LDL-C = low-density
lipoprotein cholesterol

MACE = major adverse
cardiovascular events

PCI = percutaneous coronary
intervention

RIR = residual inflammatory
risk

ystemic and vascular inflammation
plays crucial biological roles in the
progression and destabilization of
atherosclerosis, occurrence of atherothrom-
botic events,’ and long-term clinical out-
comes.”? Numerous clinical and
experimental evidences have supported use-
fulness of high-sensitivity C-reactive protein
(hsCRP) in assessing inflammatory level and
predicting clinical outcomes in healthy indi-
viduals* or patients with cardiovascular dis-
ease (CVD).>>°
Despite contemporary
lifestyle interventions and pharmacologic
strategies achieving a targeted level of low-
density lipoprotein cholesterol (LDL-C),
clinical events derived from atherosclerotic
cardiovascular disease (ASCVD) are substan-

evidence-based

tially maintained.”-® A biological pathway associated

with residual CV risk, in many patients with CVD
having the recommended LDL-C levels, has focused
on controlling residual systemic inflammation. In
addition, the phenotype of residual inflammatory risk
(RIR) has been become more important than before,

as therapeutic strategies to control inflammation are
emerging,” and several interventions could reduce
the risk of CV events.'°"*

It is very important to determine the reliable

strategy to select patients with CVD with realistic RIR
and introduction of the right therapy for these pa-
tients at the right time."® The levels of hsCRP can be
dynamically changed over the early phase in unstable
patients. Therefore, different measuring timing may
explain inconsistencies of its clinical implication in
clinical data. Serial assessment of inflammation sta-

tus has been suggested to decide the reliable RIR
phenotype in patients with coronary artery disease
(CAD),"'® but clinical usefulness in early determi-
nation of RIR following percutaneous coronary
intervention (PCI) remains uncertain.

Compared with Western patients, East Asian pa-

tients have shown a lower risk of post-PCI athero-

thrombotic

complications.””'® A low level of

thrombogenicity in East Asian vs other races may be a

crucial factor to account for this

“East Asian

Paradox.”'® It is intriguing that there are significant
racial differences in inflammatory activity (eg, Afri-
can Americans > East Asians), but its clinical impli-
cation according to the race has been remained
uncertain.'”® Therefore, we performed the cohort
analysis to validate early determination of RIR

phenotype and its association with long-term clinical
outcomes after PCI in East Asian patients with CAD.
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METHODS

STUDY DESIGN. The study population was derived
from the G-NUH (Gyeongsang-National University
Hospitals; NCT04650529) registry, which was a pro-
spective 2-center database that enrolled PCI-treated
patients with significant CAD (Jinju and Changwon)
and evaluated multiple hemostatic, vascular, and
physiologic parameters if indicated.”® In this retro-
spective analysis, we enrolled PCI-treated patients
with available on-admission hs-CRP measurement
between January 2010 and November 2018
(n = 5,840).

Patients were eligible for this analysis if they had
serial hs-CRP measurements (at admission and 1-
month follow-up post-PCI) and did not experience
major ischemic or bleeding events during 1 month
after the PCI procedure (Figure 1). Baseline de-
mographic, angiographic, and procedural character-
istics and clinical outcome data were collected
prospectively. Patients were routinely followed at 6
and 12 months after the PCI procedure and annually
thereafter. Further information was collected through
medical records or by telephone contact, if necessary.
The institutional review board of the hospital
approved the registry and waived the requirement for
written informed consent for access to an institu-
tional registry. The study was performed in accor-
dance with the Good Clinical Practice Guidelines and
the principles of the Declaration of Helsinki.

hsCRP MEASUREMENT AND POPULATION GROUP.
hsCRP was measured twice (on admission and
1-month follow-up after PCI). Baseline biochemical
assessment, including hsCRP, was performed in
whole blood samples drawn immediately after arrival
to the emergency department or general ward. The
hsCRP level was measured with a commercially
available enzyme-linked immunosorbent assay using
UniCel DxC 800 Synchron Clinical System (Beckman
Coulter, Inc.). Other biochemical measurements,
including complete blood count, lipid profile, and
chemistry profile, were performed using standard
laboratory assays. At 1-month (& 5 days) visit, follow-
up hsCRP measurement was performed using blood
collected from the antecubital vein at 2 to 6 hours
after the last drug administration.

Patients were stratified into 4 groups according to
hsCRP cutoff of 2 mg/L:'>'* 1) persistent low RIR
(10Won admission and 10W; montn); 2) fortified RIR (lowg,
admission and high; montn); 3) attenuated RIR (highon
admission and 1ow; montn); and 4) persistent high RIR
(highon admission and hlgh1 month)-
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FIGURE 1 Study Flow Diagram

(n = 5,840)

PCl-treated patients with on-admission hsCRP

Exclusion

"""""""""""" 2| Unmeasured hsCRP at 1 month (n = 1,135)

(n=4,562)

PCl-treated patients with serial hsCRP values
[on-admission & 1-month post-PCl]

Major clinical event during 1 month (n = 143)

Persistent low RIR Fortified RIR

10Won_aamission & NIGN1_month

10Won_admission & IOW+.montn
(n =2,325; 51.0%)

(n =468; 10.3%)

Attenuated RIR

highon.agmission & I0W1_month

(n =934; 20.5%)

Persistent high RIR

Nighon.admission & NIGN1_montn
(n =835; 18.3%)

hsCRP = high-sensitivity C-reactive protein; PCl = percutaneous coronary intervention; RIR = residual inflammatory risk.

CLINICAL OUTCOMES. The primary endpoint of this
analysis was occurrence of all-cause death after
1-month post-PCI. Secondary endpoints were major
adverse cardiovascular events (MACE), CV death,
myocardial infarction (MI), or cerebrovascular acci-
dent (CVA) and major bleeding after 1-month post-
PCI. We also evaluated the main determinants of
persistent high RIR and its clinical impact according
to the underlying risk.

All deaths were considered to be of CV cause unless
a definite non-CV cause could be established. Acute
MI (AMI) was defined as increased cardiac troponin
values with ischemic symptoms or ischemic changes
on electrocardiogram or imaging evidence of recent
loss of viable myocardium or new regional wall-
motion abnormality that were not related to proced-
ure.”’ CVA was defined as evidence of neurologic
deficit requiring hospitalization and with clinically
documented lesions on brain computed tomography
or magnetic resonance imaging. In addition, major
bleeding was defined as Bleeding Academic Research
Consortium (BARC) bleeding type 3 or 5.%*

STATISTICAL ANALYSIS. The Kolmogorov-Smirnov
test was performed to analyze the normal distribu-
tion of continuous variables. Continuous variables
were expressed as mean + SD or as median (IQR),
whereas categorical variables were presented as ab-
solute numbers and frequencies (%). The Student’s
unpaired t-test for parametric continuous variables
and the Mann-Whitney U test for nonparametric
continuous variables were used. Comparisons be-
tween categorical variables were performed using the
Pearson chi-square test or Fisher exact test when the
Cochran rule was not met for categorical variables.

All demographic characteristics and laboratory
measurements were evaluated in a univariate anal-
ysis for predicting presence of persistent high RIR.
Variables with P < 0.10 in univariable analysis were
then entered into multivariable logistic regression
with backward elimination providing OR and 95% CI.
Univariable and multivariable Cox proportional haz-
ard analysis were performed to estimate hazard ratios
for all-cause death/MACE/major bleeding among RIR
types and to adjust for known potential confounders
(index MI presentation, age, gender, body mass index
[BMI], smoking, diabetes mellitus [DM], hyperten-
sion, cholesterol level, chronic kidney disease [CKD],
hemoglobin, previous stroke, left ventricular ejection
fraction [LVEF], PCI for left anterior descending
[LAD] artery lesion, multivessel disease, use of
drug-eluting stents [DES], potent P2Y,, inhibitor, beta
blocker, angiotensin blockade, and statin). A
P value <0.05 was considered statistically significant.
All statistical analyses were done with IBM/SPSS
version 24.0 (IBM SPSS Statistics).

RESULTS

Of the 5,840 patients from the initial cohort, those
with clinical event during 1-month follow-up
(n = 143) and subjects without 1-month hsCRP mea-
surement (n = 1,135) were excluded, including 4,562
patients (78.1%) with serial hsCRP measurements in
the final analysis (Figure 1). Mean age in the final
cohort was 65.3 4 11.7 years. Approximately one-half
of the patients were initially presented with AMI
(57.1%) and mostly treated with drug-eluting stents
(89.5%).
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The hsCRP levels were significantly decreased from
1.3 (IQR: 0.5 to 3.8) mg/L at admission to 0.9 (IQR: 0.5-
2.3) mg/L at 1-month follow-up (P < 0.001). During a
median follow-up duration of 36.0 (IQR: 18.9 to 71.9)
months, a total of 238 cases of all-cause death (5.2%),
522 MACEs (11.4%) (92 CV deaths [2.0%], 272 nonfatal
MIs [6.0%], 158 nonfatal CVAs [3.5%]), and 111 cases
of major bleeding (2.4%) occurred. Compared with
the criteria of high hsCRP on admission (HR: 2.10;
95% CI: 1.63 to 2.71; P < 0.001) (Figure 2A), the criteria
of high hsCRP at 1 month (HR: 2.82; 95% CI: 2.19 to
3.64; P < 0.001) (Figure 2B) was more predictive of all-
cause death. This trend was similar in terms of asso-
ciation between high hsCRP criteria and occurrence of
MACE (on admission: HR, 1.41; 95% CI: 1.19 to 1.67;
P < 0.001 vs 1 month: HR: 1.60; 95% CI: 1.34 to 1.91;
P < 0.001) (Figures 2C to 2D).

BASELINE CHARACTERISTICS ACCORDING TO TYPE
OF RESIDUAL INFLAMMATORY RISK. According to
serial hsCRP measurements, 2,325 patients were classi-
fied as persistent low RIR (51.0%), 468 fortified RIR
(10.3%), 934 attenuated RIR (12.1%), and 835 persistent
high RIR (18.3%) (Figure 1). Patents with persistent high
RIR had higher prevalence of DM and CKD and were
more frequently current smokers and presented with
MI compared with the other groups (Table 1). In addi-
tion, those patients showed higher levels of white blood
cell (WBC) count and total cholesterol level and had
higher prevalence of anemia and multivessel disease. On
multivariable logistic regression analysis, persistent high
RIR phenotype was independently associated with age
(per 1 year increase: OR: 1.02; 95% CI: 1.01 to 1.02; P <
0.001), smoking (OR: 1.57; 95% CI: 1.30 to 1.89; P <
0.001), CKD (OR: 1.91; 95% CI: 1.55 to 2.35; P < 0.001),
hemoglobin (per 1 g/dL increase: OR: 0.90; 95% CI: 0.85
to 0.94; P < 0.001), WBC count (per 10°*/mm? increase:
OR: 1.07; 95% CI: 1.04 to 1.09; P < 0.001), HDL-
cholesterol (per 1 mg/dL increase: OR: 0.99; 95% CI:
0.98 to 0.99; P < 0.001), LDL-cholesterol (per 1 mg/dL
increase: OR: 1.00; 95% CI: 1.00 to 1.01; P < 0.001),
multivessel disease (OR: 1.30; 95% CI: 1.10 to 1.52;
P = 0.002) and discharge medication of statin (OR: 0.65;
95% CI: 0.46-0.92; P < 0.001) (Table 2).

CLINICAL OUTCOMES ACCORDING TO TYPE OF
RESIDUAL INFLAMMATORY RISK. During the follow-
up period, there were significant differences in the
risks of all-cause death, MACE, and major bleeding
across the RIR groups (all P < 0.001) (Table 3,
Figure 3). When adjusted with known important
covariates, patients with persistent high RIR showed
significantly increased rates of all-cause death (HR:
2.16; 95% CI: 1.54 to 3.03; P < 0.001), MACE (HR: 1.41;
95% CI: 1.12 to 1.78; P = 0.004), and major bleeding

JACC: ASIA, VOL. 2, NO. 3, 2022
JUNE 2022:323-337

(HR: 2.58; 95% CI: 1.57 to 4.23; P < 0.001) compared
with those with persistent low RIR (Table 4).

For the next step, we evaluated the prognostic
implication of persistent high RIR in this cohort.
Persistent high RIR was significantly associated with
higher incidence of all-cause death (adjusted HR:
1.92; 95% CI: 1.44 to 2.55; P < 0.001), MACE (adjusted
HR: 1.26; 95% CI: 1.02 to 1.56; P = 0.032), and major
bleeding (adjusted HR: 1.98; 95% CI: 1.30 to 2.99; P <
0.001), the findings of which remained consistent in
the fully adjusted model (Figure 4, Table 4).

IMPACT OF PERSISTENT HIGH RIR ACCORDING TO
SUBGROUPS. We evaluated the clinical impact of
persistent high RIR on the occurrences of all-cause
death, MACE, and major bleeding across the sub-
groups (Figure 5). Compared with patients without
persistent high RIR, subjects with persistent high RIR
showed the worse outcomes in all-cause death,
MACE, and major bleeding across all subgroups. The
significant interaction was observed only in the re-
death
(P = 0.016), in which the magnitude was significantly
larger among younger patients.

lationships between age and all-cause

DISCUSSION

This analysis is the first analysis to evaluate the
prognostic implication of early-determined RIR
phenotype (on admission and at 1 month post-PCI) in
East Asian patients with significant CAD. The principal
findings of this study are as follows: 1) prevalence of
persistent high RIR (hsCRP =2 mg/L on admission and
at 1 month: 18.3% of the total cohort) was relatively
low in this East Asian registry; 2) persistent high RIR
was significantly associated with baseline character-
istics (age, smoking, CKD, hemoglobin, WBC count,
cholesterol level, multivessel disease) and a concom-
itant medication (statin); and 3) early determined
phenotype of persistent high RIR showed the consis-
tent associations with adverse CV outcomes including
ischemic and bleeding events. Previous reports
assessed inflammation status based on serial hsCRP
measurements with long-time interval (about 35 to
56 weeks),'"'® whereas the current PCI registry sug-
gested the prognostic implication in early determi-
nation of inflammation status (approximately
4 weeks). The latter strategy can give PCI-treated pa-
tients more clinical benefits, as it may determine the
appropriate patients with RIR earlier and guide the
introduction of anti-inflammatory therapy faster.

ASSOCIATION BETWEEN INFLAMMATION STATUS
AND PROGNOSIS IN PATIENTS WITH CAD.
Among patients with stable CAD*>** or ACS,”>* a
strong correlation between hsCRP measured at
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FIGURE 2 Kaplan-Meier Curves for Adverse Clinical Events, According to hsCRP Criteria at on Admission and at 1 Month
A\ All-cause death by on-admission hsCRP criteria B All-cause death by 1-month hsCRP criteria
124 . o 124
- = = high hs-CRP (on admission) - = = high hs-CRP (one-month post-PCl) o
S =101 low hs- dmissi S __ 104 -
o = low hs-CRP (on admission) = = low hs-CRP (one-month post-PCl) .
e g ==’
§ % 81 HR, 2.10; 95% Cl, 1.63 to 2.71; P < 0.001 L= - § % 81 HR, 2.82; 95% Cl, 2.19 to 3.64; P< 0.001,- e
£3 g8 —em"
o 9 o @
>0 > o
g3 g3
E% %
5% ®
3 3
1 12 24 36 48
Months Months
LowCRP 2,793 2,507 1,949 1475 1,250 LowCRP 3,259 2917 2,280 1,733 1473
High CRP 1,769 1,532 1,179 878 737 High CRP 1,303 1,122 848 620 514
Number atrisk Number atrisk
C MACE by on-admission hsCRP criteria D mAcEe by 1-month hsCRP criteria
20+ ) o 20+
5 = = high hs-CRP (on admission) 5 = = high hs-CRP (one-month post-PCl)
3 - = low hs-CRP (on admission) ® == low hs-CRP (one-month post-PCl) ,
J . o 15] -
& e~ - -
§°\? HR, 1.41; 95% CI, 1.19 to 1.67; P < 0.001 '_," ’ §‘°\? HR, 1.60; 95% CI, 1.34 to 1.91; P < 0.001 _et”
Q ~ Q ~ -
£ w 4. o=’ £ .-
0010 - wgw- ,-"‘
> g _” - > é -
E L= - E oo’ -
g 51 L= " g 51 L
o e a e
g L0 ’
0 T T T 1 0 T T T 1
1 12 24 36 48 1 12 24 36 48
Months Months
LowCRP 2,793 2,480 1917 1,449 1,233 LowCRP 3,259 2,882 2237 1,703 1,456
High CRP 1,769 1511 1,153 862 727 High CRP 1,303 1,109 833 608 504
Number at risk Number at risk
E Major bleeding by on-admission hsCRP criteria F Major bleeding by 1-month hsCRP criteria
20- ) L 201
5 = = high hs-CRP (on admission) - == high hs-CRP (one-month post-PCl)
3z = |ow hs-CRP (on admission) g = — low hs-CRP (one-month post-PCl)
¥ 3 ¥
§ X 15 § 15
] 2 HR, 2.77; 95% Cl, 1.88 to 4.07; P < 0.001 s 2 HR, 2.20; 95% CI, 1.51 to 3.20; P < 0.001
g3 23
£3 40] £ 9 10
o2 o2
>3 e >3
gs ’-"--- gs ---'-----
T el 2 ] 3
gg 5 "'..40 gE 5 --“‘r
© b ° emmmaeet
____.—---- _.--------'
0= T T T J 0= T T T T
1 12 24 36 48 12 24 36 48
Months Months
LowCRP 2,793 2,340 1433 707 306 LowCRP 3,259 2730 1,688 882 406
High CRP 1,769 1411 845 439 216 High CRP 1,303 1,021 590 264 116
Number at risk Number at risk
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Figure 1.
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TABLE 1 Baseline Characteristics According to Type of Residual Inflammatory Risk

Overall Population Persistent Low RIR Fortified RIR Attenuated RIR Persistent High RIR
(N = 4,562) (n = 2,325) (n = 468) (n=934) (n = 835) P Value
On-admission hsCRP, mg/L 7.5+253 0.7+ 0.5 0.9 +0.5 16.1 + 35.0 204 + 41.4 <0.001
Median (IQR) 1.3 (0.5-3.8) 0.6 (0.4-1.0) 0.9 (0.5-1.3) 4.8 (2.9-11.4) 5.9 (3.3-16.7) <0.001
1-month hsCRP, mg/L 3.9+ 129 0.7+ 0.4 9.3+ 14.8 0.9 + 0.5 13.2 +£ 25.4 <0.001
Median (IQR) 0.9 (0.5-2.3) 0.6 (0.4-0.9) 3.9 (2.5-7.6) 0.8 (0.5-1.2) 4.9 (2.9-11.1) <0.001
Index presentation <0.001
Stable angina 1,531 (33.6) 845 (36.3) 173 (37.0) 280 (30.0) 233 (27.9)
Unstable angina 427 (9.4) 251 (10.8) 39 (8.3) 71 (7.6) 66 (7.9)
NSTEMI 1,414 (31.0) 642 (27.6) 136 (29.1) 332 (35.5) 304 (36.4)
STEMI 1,190 (26.1) 587 (25.2) 120 (25.6) 251 (26.9) 232 (27.8)
Age, y 653 +11.7 642 +£11.3 66.8 £11.9 65.6 £ 11.7 67.2 £12.3 <0.001
Male 3,222 (70.6) 1643 (70.7) 335 (71.6) 647 (69.3) 597 (71.5) 0.720
Body mass index, kg/m? 243 +35 244 £33 23.8 £33 243 +35 241+ 4.0 0.022
Risk factors
Smoking 1,473 (32.3) 676 (29.1) 162 (34.6) 319 (34.2) 316 (37.8) <0.001
Diabetes mellitus 1,405 (30.8) 690 (29.7) 137 (29.3) 295 (31.6) 283 (33.9) 0.116
Hypertension 2,387 (52.3) 1216 (52.3) 241 (51.5) 493 (52.8) 437 (52.3) 0.976
Dyslipidemia 2,444 (53.6) 1256 (54.0) 264 (56.4) 481 (51.5) 443 (53.1) 0.333
Chronic kidney disease 739 (16.2) 262 (11.3) 74 (15.8) 166 (17.8) 237 (28.4) <0.001
Anemia 1,329 (29.1) 560 (24.1) 122 (26.1) 312 (33.4) 335 (40.1) <0.001
Previous history
Previous Ml 274 (6.0) 157 (6.8) 34 (7.3) 54 (5.8) 29 (3.5) 0.004
Previous PCI 671 (14.7) 377 (16.2) 74 (15.8) 123 (13.2) 97 (11.6) 0.005
Previous CABG 26 (0.6) 16 (0.7) 1(0.2) 7(0.7) 2(0.2) 0.288
Previous stroke 316 (6.9) 146 (6.3) 28 (6.0) 70 (7.5) 72 (8.6) 0.096
Laboratory findings
LV ejection fraction, % 56.1+ 9.1 57.7 £ 8.0 56.0 + 9.1 54.8 £ 9.5 53.2 £ 10.6 <0.001
WBC, x 103/mm3 8.9 +35 84 +34 89 +36 93+35 9.8 £3.7 <0.001
Hemoglobin, g/dL 134 £19 13.7+1.8 135+ 1.8 13.3+ 2.0 13.0 £2.2 <0.001
Platelet, x 103/mm?® 238.5 + 69.4 234.4 + 63.1 237.7 + 63.6 2403 +73.8 248.2 + 82.4 <0.001
GFR (MDRD), mL/min/1.73 m? 86.2 +29.8 89.6 + 26.5 85.6 + 28.7 86.2 + 31.0 773 £35.2 <0.001
Total cholesterol, mg/dL 179.2 + 47.8 176.8 + 45.9 181.8 + 47.0 178.7 + 48.4 184.8 + 52.0 <0.001
LDL cholesterol, mg/dL 115.9 + 42.4 113.6 + 41.0 119.8 + 43.6 115.9 + 433 120.2 + 43.9 <0.001
HDL cholesterol, mg/dL 44.9 +13.7 457 £13.3 45.0 +12.0 445 +£13.7 43.0 +15.4 <0.001
HbA;c, % 6.4 +13 6.4 +13 6.4 +12 6.5+ 14 6.6 £1.4 <0.001
Procedural characteristics
AHA/ACC lesion: type B2/C 4,026 (88.3) 2022 (87.0) 415 (88.7) 841 (90.0) 748 (89.6) <0.001
Multivessel disease 2,128 (46.6) 1005 (43.2) 217 (46.4) 455 (48.7) 451 (54.0) <0.001
Multivessel PCI 861 (18.9) 393 (16.9) 93 (19.9) 198 (21.2) 177 (21.2) 0.006
Target lesion 0.634
Left main coronary artery 43 (0.9) 20 (0.9) 3(0.6) 12 (1.3) 8 (1.0)
Left anterior descending artery 2,174 (47.7) 1128 (48.5) 210 (44.9) 447 (47.9) 389 (46.6)
Left circumflex artery 905 (19.8) 455 (19.6) m (23.7) 184 (19.7) 155 (18.6)
Right coronary artery 1,435 (31.5) 719 (30.9) 144 (30.8) 290 (31.0) 282 (33.8)
Others 5(0.1) 3(0.1) 0 (0.0) 1(0.1) 1(0.1)
Treatment method 0.405
Drug-eluting stent 4,085 (89.5) 2071 (89.1) 423 (90.4) 839 (89.8) 752 (90.1)
Bioresorbable scaffold 79 (1.7) 48 (2.1) 8 (1.7) 15 (1.6) 8 (1.0)
Bare metal stent 18 (0.4) 13 (0.6) 0 (0.0) 2(0.2) 3(0.4)
Drug-coated balloon 148 (3.2) 83 (3.6) 12 (2.6) 30 3.2) 23 (2.8)
POBA 232 (5.1) 110 (4.7) 25 (5.3) 48 (5.1) 49 (5.9)
Number of stents 1.5+0.8 14+ 0.7 1.5+0.8 1.5+ 0.8 1.5+ 0.8 <0.001
Stent length, mm 375+ 227 35.8 +£21.9 36.9 + 22.0 39.7 £ 234 40.1 + 241 <0.001
Stent diameter, mm 32+05 32+ 05 32+05 31+ 0.5 31+0.5 0.014

Continued on the next page
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TABLE 1 Continued
Overall Population Persistent Low RIR Fortified RIR Attenuated RIR Persistent High RIR
(N = 4,562) (n = 2,325) (n = 468) (n =934) (n = 835) P Value
Concomitant medications
Aspirin 100 mg qd 4,504 (98.7) 2,299 (98.9) 457 (97.6) 925 (99.0) 823 (98.6) 0.129
Type of P2Y;; inhibitor 0.950
Clopidogrel 75 mg qd 3,654 (80.1) 1,861 (80.0) 369 (78.8) 750 (80.3) 674 (80.7)
Prasugrel 208 (4.6) 101 (4.3) 27 (5.8) 42 (4.5) 38 (4.6)
Ticagrelor 614 (13.5) 322 (13.8) 64 (13.7) 122 (13.1) 106 (12.7)
Beta blocker 2,961 (64.9) 1,479 (63.6) 273 (58.3) 640 (68.5) 569 (68.1) <0.001
Angiotensin blockade 3,402 (74.6) 1,732 (74.5) 323 (69.0) 717 (76.8) 630 (75.4) 0.016
Calcium channel blocker 328 (7.2) 186 (8.0) 33 (7.1) 56 (6.0) 53 (6.3) 0.159
Statin 4,335 (95.0) 2,223 (95.6) 439 (93.8) 893 (95.6) 780 (93.4) 0.038
Proton pump inhibitor 2,744 (60.1) 1,333 (57.3) 302 (64.5) 572 (61.2) 537 (64.3) <0.001

Values are mean + SD, median (IQR), or n (%).

ACC = American College of Cardiology; AHA = American Heart Association; CABG = coronary artery bypass graft; CKD = chronic kidney disease; GFR = glomerular filtration rate; HbA;. = hemoglobin Alc;
HDL = high-density lipoprotein; hsCRP = high-sensitivity C-reactive protein; LDL = low density lipoprotein; LV = left ventricular; NSTEMI = non-ST-segment elevation myocardial infarction;
PCl = percutaneous coronary intervention; POBA = plain optimal balloon angioplasty; RIR = residual inflammatory risk; STEMI = ST-segment elevation myocardial infarction; WBC = white blood count.

baseline and future CV events has been demonstrated
in most studies. In patients with ACS, the elevated
phenotype of hsCRP measurement can not only be a
marker of widespread underlying vascular inflam-
mation but also be a strong predictor for a worse
short- and long-term clinical prognosis.

In patients with ACS achieving recommended LDL-
cholesterol levels with intensive statin treatment,
quite a few subjects still experience ischemic events.
One important target to reduce this residual CV risk
has focused on addressing inflammation. In post hoc
analyses of the PROVE IT-TIMI 22 (Pravastatin or
Atorvastatin Evaluation and Infection Therapy-
Thrombolysis In Myocardial Infarction 22) trial
including stabilized patients with ACS (n = 3,745),2°
the proportion of RIR (on statin hsCRP =2 mg/L) was

43%. Even after statin treatment, the risk of coronary
death and recurrent MI was increased in those with
hsCRP =2 mg/L vs hsCRP <2 mg/L (3.9 vs 2.8 events
per 100 person-years, P = 0.006). Similar data were
observed in the IMPROVE-IT (Improved Reduction of
Outcomes: Vytorin Efficacy International) trial
including 15,179 patients stabilized after ACS.?® At
1 month after randomization, 39% achieved the dual
LDL-cholesterol (<70 mg/dL) and hsCRP (<2 mg/L)
targets, 14% met neither target, 14% met only the
hsCRP target, and 33% met only the LDL-cholesterol
target. Achievement of hsCRP target (<2 mg/L) only
was associated with an 11% lower relative risk in the
primary endpoint in comparison with meeting neither
target (adjusted HR: 0.89; 95% CI: 0.79 to 0.99;
P = 0.041).

TABLE 2 The Determinants of Persistent High RIR vs Other RIRs
Univariable Analysis Multivariable Analysis

OR (95% CI) P Value OR (95% CI) P value
Index presentation with MI 1.44 (1.23-1.68) <0.001 = =
Age (per 1-y increase) 1.02 (1.01-1.02) <0.001 1.02 (1.01-1.02) <0.001
Smoking 1.35 (1.16-1.58) <0.001 1.57 (1.30-1.89) <0.001
Diabetes mellitus 1.19 (1.00-1.40) 0.032 - -
Chronic kidney disease 2.55 (2.13-3.04) <0.001 1.91 (1.55-2.35) <0.001
Hemoglobin (per 1 g/dL increase) 0.86 (0.83-0.90) <0.001 0.90 (0.85-0.94) <0.001
Previous stroke 1.35 (1.02-1.76) 0.033 - -
WBC (per 103/mm? increase) 1.08 (1.06-1.11) <0.001 1.07 (1.04-1.09) <0.001
LDL cholesterol (per 1 mg/dL increase) 1.00 (1.00-1.01) 0.002 1.00 (1.00-1.01) <0.001
HDL cholesterol (per 1 mg/dL increase) 0.99 (0.98-0.99) <0.001 0.99 (0.98-0.99) <0.001
Multivessel disease 1.44 (1.24-1.67) <0.001 1.30 (1.10-1.52) 0.002
Medication: statin 0.69 (0.51-0.95) 0.019 0.65 (0.46-0.92) 0.016
MI = myocardial infarction; other abbreviations as in Table 1.
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TABLE 3 Clinical Outcomes According to Phenotype of Residual Inflammatory Risk

Overall Population Persistent Low RIR Fortified RIR Attenuated RIR Persistent High RIR

(N = 4,562) (n = 2,325) (n = 468) (n = 934) (n = 835) P Value

All-cause death 238 (5.2) 7130 34 (7.3) 47 (5.0) 86 (10.3) <0.001
MACE 522 (11.4) 217 (9.3) 66 (14.1) 15 (12.3) 124 (14.9) <0.001
CV death 92 (2.0) 28 (1.2) 15 (3.2) 17 (1.8) 32(3.8) <0.001
Nonfatal MI 272 (6.0) 122 (5.2) 27 (5.8) 71 (7.6) 52 (6.2) 0.081
Nonfatal stroke 158 (3.5) 67 (2.9) 24 (5.) 27 (2.9) 40 (4.8) 0.009
Major bleeding m (2.4) 32 (1.4) 9 (1.9) 31(3.3) 39 (4.7) <0.001

Values are n (%). Major adverse cardiac events (MACE) included CV death, nonfatal MI, and nonfatal stroke.
Abbreviations as in Table 1.

FIGURE 3 Kaplan-Meier Curves for Adverse Clinical Events, Stratified by Phenotype of Residual Inflammatory Risk

A All-cause death across RIR phenotype B MACE across RIR phenotype
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TABLE 4 Hazard Ratio for Clinical Outcomes According to Risk Groups
Phenotype of Residual Inflammatory Risk (Reference: Persistent Low RIR)
Unadjusted Model Adjusted Model®
Events Group HR 95% ClI P Value HR 95% ClI P Value
All-cause death Fortified RIR 2.60 1.73-3.92 <0.001 1.64 1.07-2.53 0.024
Attenuated RIR 1.68 1.16-2.43 0.006 1.20 0.83-1.75 0.336
Persistent high RIR 3.80 2.77-5.20 <0.001 2.16 1.54-3.03 <0.001
MACE Fortified RIR 1.68 1.27-2.21 <0.001 1.49 1.12-1.98 0.006
Attenuated RIR 1.36 1.08-1.70 0.008 121 0.96-1.52 0.109
Persistent high RIR 1.81 1.45-2.25 <0.001 141 1.12-1.78 0.004
Major bleeding Fortified RIR 1.61 1.61-3.38 <0.001 1.26 0.60-2.67 0.549
Attenuated RIR 237 1.44-3.88 0.006 1.85 1.11-3.08 0.018
Persistent high RIR 3.87 2.42-6.18 <0.001 2.58 1.57-4.23 <0.001
Persistent High RIR vs Other RIRs
Rates Unadjusted Model Adjusted Model®
Events Persistent High RIR (n = 835) Other RIRs (n = 3,727) HR 95% CI P Value HR 95% CI P Value
All-cause death 86 (10.3) 152 (4.1) 2.80 2.15-3.65 <0.001 1.92 1.44-2.55 <0.001
MACE 124 (14.9) 398 (10.7) 1.55 1.27-1.89 <0.001 1.26 1.02-1.56 0.032
CV death 32(3.8) 60 (1.6) 2.63 1.71-4.04 <0.001 1.59 1.00-2.53 0.051
Non-fatal Ml 52 (6.2) 220 (5.9) 1.16 0.81-1.66 0.421 1.00 0.70-1.45 0.983
Non-fatal stroke 40 (4.8) 72 (1.6) 1.56 1.14-2.15 0.006 137 0.98-1.92 0.066
Major bleeding 39 (4.7) 58 (1.6) 2.72 1.84-4.02 <0.001 1.98 1.30-2.99 <0.001
Values are n (%). Major adverse cardiac events (MACE) included CV death, nonfatal MI, and nonfatal stroke. *Adjusted for index myocardial infarction (MI) presentation, age, gender, body mass index,
smoking, diabetes, hypertension, dyslipidemia, chronic kidney disease, anemia, previous stroke, left ventricular ejection fraction, percutaneous coronary intervention for left anterior descending artery lesion,
multivessel disease, potent P2Y;; inhibitor, beta-blocker, angiotensin blockade, and statin.

EMERGING ROLE OF ANTI-INFLAMMATORY THERAPY IN
CARDIOVASCULAR DISEASE. Several
have suggested direct evidence of pharmacologic
anti-inflammatory intervention to improve clinical
outcomes in patients with ASCVD.?° These clinical
trials have transformed influence of inflammation on

clinical trials

atherosclerotic progression from theory to practice.
The CANTOS (Canakinumab Anti-inflammatory
Thrombosis Outcomes Study) demonstrated that
interleukin (IL)-18 antagonist, canakinumab at a dose
of 150 mg every 3 months, reduced composite
ischemic events (HR: 0.85; 95% CI: 0.74 to 0.98;
P = 0.021) in patients at least 1 month post-MI with
hsCRP =2 mg/L.'"° Two large-scale clinical studies
have shown that colchicine treatment—a microtubule
inhibitor that putatively decreases the level of hsCRP
and IL-6—can reduce recurrent CV events. The
Colchicine Cardiovascular Outcomes Trial (COLCOT),
including 4,745 patients within a median of 14 days
following AMI, demonstrated 33% reduction in
occurrence of ischemic events (5.5% in the colchicine
group vs 7.1% in the placebo group: HR: 0.77; 95% CI:
0.61 to 0.96; P = 0.02)."" Likewise, the benefit of low-
dose colchicine (0.5 mg once daily) has been proven
among patients with chronic coronary syndrome (2.5
vs 3.6 ischemic events per 100 person-years in the
colchicine vs placebo group; HR: 0.69; 95% CI: 0.57 to

0.83; P < 0.001)."? In contrast, the CIRT (Cardiovas-
cular Inflammation Reduction Trial) failed to
demonstrate clinical benefit of low-dose metho-
trexate in secondary prevention. The level of hsCRP
measurement was very low (median, 1.5 mg/L), and
methotrexate overall had limited effect on controlling
IL-1R, IL-6, or hsCRP.*'

Much work remains to optimize further anti-
inflammatory interventions, minimize unwanted
actions, and refine patient selection.’° In this
context, reliable biomarkers (eg, hsCRP) may give
great hope to point the right patient, with the right
therapy, at the right time: the tenets of precision
medicine.”® This biomarker-based approach and
opens a new avenue to reducing CV risk that remains
despite current guideline-recommended treatments
for ASCVD.

TEMPORAL VARIABILITY OF INFLAMMATION STATUS
AND IMPORTANCE OF SERIAL ASSESSMENT.
Previous clinical registries mostly decided the in-
flammatory risk based on hsCRP at admission under
the limited effects of concomitant medications (eg,
statins).>**® Otherwise, post hoc analysis from ran-
domized clinical trials for statin strategies deter-
mined the risk of RIR at approximately 1 to 3 months
on statins.'>?%:3° The current analysis demonstrated
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FIGURE 4 Kaplan-Meier Curves for Adverse Clinical Events Between Persistent High RIR vs Other RIRs
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Abbreviations as in Figure 1.

that hsCRP criteria at 1 month on treatment vs on
admission showed more statistical power for pre-
dicting ischemic events in PCI-treated patients.
Contrary to LDL-cholesterol with on-treatment
stable value, inflammatory level appears variable
over time. The latter finding may be related with its
tendency to increase easily with various stimuli,
between-patient variability in the balance of under-
lying mechanisms contributing to atheroprogression,
and various responses to current medications with
anti-inflammatory effects.”> Local and
inflammation may precipitate atherothrombosis as
well as increase according to the extent of myocardial

systemic

damage following MI. In patients presented with AMI,
hsCRP rises rapidly, peaking at 2 to 4 days.?” After
several weeks, hsCRP gradually returns to baseline

but remains elevated in some patients for longer pe-
riods.” To use hsCRP as a reliable RIR biomarker, its
measurement may be delayed for at least 4 to 6 weeks
after an MI to permit resolution of the acute-phase
reaction.>*

The recent PCI data including our registry data
have suggested clinical usefulness of RIR assessment
based on serial hsCRP measurement,'*'® which may
reduce the risk of misunderstanding for the realistic
RIR phenotype. Compared with other RIR pheno-
types, persistent high RIR (hsCRP =2 mg/L both on
admission and at follow-up) showed the strongest
association with occurrence of ischemic events
following PCI. Previous analysis data have some is-
sues for clinical application,'*'° as their time interval
between hsCRP measurements was long and
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FIGURE 5 Comparative Hazard Ratios of Adverse Clinical Events Across Subgroups
A All-cause death
Subgroups HR 95% ClI P for interaction
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CKD = chronic kidney disease; DM = diabetes mellitus; other abbreviations as in Figures 1 and 2.

Continued on the next page
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FIGURE 5 Continued
C Major bleeding
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nonconstant (56.0 + 78.2 weeks in the American
cohort and 34.7 + 3.7 weeks in the Japanese cohort).
We classified RIR phenotype based on hsCRP mea-
surements with a relatively constant time interval: a
strategy that can maximize clinical benefit by intro-
duction of anti-inflammatory therapy during the early
phase with a higher risk of ischemic events.
INFLAMMATION: AHIDDEN KEY TO EXPLAIN RACIAL
DIFFERENCES IN CLINICAL PROGNOSES. An
increasing body of evidence demonstrates that East
Asian patients have a lower risk of atherothrombotic
events and a higher tendency of serious bleeding
during antithrombotic treatment compared with
Caucasian patients.’”® In a recent meta-analysis
including PCI-treated patients (n = 16,518), ischemic
events occurred more frequently in non-East Asians
(0.8% vs 1.8%; P < 0.001), whereas major bleeding
events occurred more frequently in East Asians (0.6%
VS 0.3%, P = 0.001)."” East Asians show a lower level
of intrinsic thrombogenicity (eg, inflammation and
coagulation activity) compared with Caucasians,
which may, in part, explain the lower morbidity and
mortality associated with ASCVD in East Asians
compared with Westerners.'®

There are significant racial differences in inflam-
matory activity. Overall, African Americans exhibit
the highest, and East Asians appear to have the
lowest levels of inflammation.'® A recent large pooled
database of 10 randomized clinical trials (n = 22,638)
assessed the race-based difference of ischemic
endpoint in PCI-treated patients. Five-year major CV
event rates were 18.8% in White patients (reference
group), compared with 23.9% in Black patients
(P = 0.0009), 11.2% in Asian patients (P = 0.0007),
and 21.5% in Hispanic patients (P = 0.07). Multivar-
iate analysis demonstrated an independent associa-
tion between black race and occurrence of CV events
(HR: 1.28; 95% CI: 1.05 to 1.57; P = 0.01).%°

After guideline-recommended treatment, Western
clinical data showed a higher rate of enhanced RIR (on-
treatment hsCRP =2 mg/L) up to 43% to 61% in
patients with CAD.'°-?%:29 In the American PCI cohort,'*
median values of hsCRP were 2.2 (IQR: 0.9 to 5.4) mg/L
at admission and 1.8 (IQR: 0.8 to 4.4) mg/L at the last
follow-up, and persistent high RIR was observed in
36.5% (Central Illustration). In our Korean registry,
their median values were 1.2 (IQR: 0.5 to 3.7) mg/L
on admission and 0.9 (IQR: 0.5 to 2.3) mg/L at 1 month,
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CENTRAL ILLUSTRATION Prognostic Implications According to Phenotype of Residual
Inflammatory Risk in PCI-Treated Patients

Persistent high Fortified Attenuated Persistent low
RIR RIR RIR RIR

T

Baseline hsCRP High High
Follow-up hsCRP High ngh Low Low

Prevalence of each group

East Asian cohort 18.3% 10.3% 20.5% 51.0%

Adjusted hazard risk for 1-year events (American cohort)

MACE 1.72 1.31 0.93
(P<0.01) (P=0.13) (P=0.67)

Adjusted hazard risk for 4-year events (East Asian cohort)

All-cause death 216 1.64 1.20 ref.
(P < 0.001) (P =0.024) (P =0.336)

MACE 141 1.49 1.21 ref.
(P=0.004) (P =0.006) (P=0.109)

Major bleeding 2.58 1.26 1.85 ref.

(P <0.001) (P = 0.549) (P =0.018)

Ahn J-H, et al. JACC: Asia. 2022;2(3):323-337.

Residual inflammatory risk (RIR) was determined by serial measurements of high-sensitivity C-reactive protein (hsCRP) at on-admission and
1-month follow-up. Compared with American cohort (Mount Sinai Hospital registry), East Asian cohort (GNUH registry) had a lower prev-
alence of persistent high RIR (18.3% vs 36.5%). Compared with other RIR phenotypes, persistent high RIR phenotype showed higher risks of
all-cause death and major bleeding in patients undergoing percutaneous coronary intervention (PCl). MACE = major adverse cardiovascular
events.
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and persistent high RIR was observed in 18.3% (~50%
compared with the American registry). This difference
would be another important piece of biological evi-
dence to support better clinical outcomes in East Asian
patients with significant CAD.

STUDY LIMITATIONS. First, this is a retrospective
analysis from a prospective registry, but hsCRP mea-
surements were performed with relatively consistent
time intervals. Second, considerable portion of pa-
tients (approximately 20%) were excluded from this
analysis because there were unmeasured 1-month
hsCRPs. Third, we used the criteria of hsCRP (=2 mg/L)
based on the previous report from the Western regis-
try;'4 therefore, these criteria can be different with the
realistic high-risk cutoff in East Asian patients.
Finally, hsCRP levels may be affected by certain clin-
ical situations such as infection and other inflamma-
tory disease. Information regarding these entities was
not available in the current study.

CONCLUSIONS

This is the first study to show that early determina-
tion of RIR status can help to choose the appropriate
high-risk patients undergoing PCI. Approximately
one-fifth of East Asian patients with CAD have
persistent high RIR, which appears to have distinct
impact on ischemic and bleeding events. The unique
RIR profiles of these patients may partly explain their
better clinical outcomes compared with Western
populations.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE: Clinical evi-
dences have supported usefulness of measuring
hsCRP in assessing level of inflammation and pre-
dicting clinical outcomes in healthy individuals and
patients with cardiovascular disease. Because inflam-
matory levels appear variable over time, serial hsCRP
assessment has been suggested to determine the
reliable residual inflammatory risk phenotype in high-
risk patients. In the American cohort including pa-
tients treated with percutaneous coronary interven-
tion, persistent high RIR (hsCRP =2 mg/L by serial
measurements) was observed in ~40%, the pheno-
type of which was significantly associated with the
risks of all-cause death and ischemic events.

TRANSLATIONAL OUTLOOK: In the East Asian PCI
registry, prevalence of persistent high RIR

(hsCRP =2 mg/L on admission and at 1 month) was
relatively low (~18.3% of the total cohort). Persis-
tent high RIR was significantly associated with multi-
ple covariates (eg, CV risk factors, laboratory
measurements, and concomitant medication). Early
determination of persistent high RIR was significantly
associated with the prevalence of major bleeding as
well as the risks of all-cause death and ischemic
events.
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