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Primary PCI
30-day prognostic outcome

not differ among the three groups. Multiple regression analysis showed the age, unsuc-
cessful reperfusion and lower left ventricular ejection fraction were most significant and

independent predictor of 30-day mortality.

Conclusion: BMI is not a predictor of 30-day prognostic outcome in Asians with STEMI un-

dergoing primary PCIL

At a glance commentary

Scientific background on the subject

This study surveyed whether body mass index was a
useful factor for predicting 30-day prognostic outcome in
Asians with STEMI undergoing PCI.

What this study adds to the field

Body mass index is not significantly predictive of 30-day

prognostic outcome in Asians with STEMI undergoing
primary PCL

Obesity is well-recognized as an important risk factor for the
development of coronary heart disease [1], stroke, heart fail-
ure, hypertension, and diabetes [1,2]. Additionally, epidemio-
logic studies have provided evidence that obesity is associated
with increased rates of myocardial infarction (MI) and death
from cardiovascular diseases [3,4]. Increasingly, studies have
also revealed a link between obesity and higher rates of ma-
lignancy and overall mortality [5,6]. Likely as a result of
studies such as these [1—4], the American Heart Association
and American College of Cardiology guidelines for secondary
prevention in coronary artery disease (CAD) list obesity as a
major modifiable cardiovascular risk factor [7]. Additionally,
obesity has been identified to increase insulin resistance,
augment free fatty acid turnover, increase basal sympathetic
tone, upregulate a hypercoagulable state, and promote sys-
temic inflammation, all of which can contribute to the
development and propagation of CAD |[8].

Contrarily, an increasing number of epidemiological
studies have revealed that obesity may offer protection in
some common disease settings [9—15] such as end-stage renal
disease, heart failure, atrial fibrillation and sudden death,
leading to the proposal of the “obesity paradox” [16,17].
Further, clinical observational studies, including one meta-
analysis, have demonstrated an “obesity paradox” after
percutaneous coronary intervention (PCI), whereby over-
weight and obese patients seem to have better outcomes
compared with normal weight individuals [15,17—-21].
Consistently, the “obesity paradox” has also been demon-
strated after coronary artery bypass graft (CABG) surgery [22].
Furthermore, additional investigations have reported better
outcomes among obese patients with acute coronary syn-
dromes [16,23—25], including obese patients with STEMI un-
dergoing primary PCI [26—28]. Other studies did not support
these data [29,30]. These inconsistent findings [15—30] suggest
the need for more comprehensive investigation to understand
the real impact of obesity on clinical outcome in patients with
CAD undergoing PCI, especially considering that AMI remains

the leading cause of death in patients hospitalized for CAD
disease.

Additionally, when we looked at previous publications
[15—26,28—30], we found that the majority of data originate
from Western countries, with very few reports from Asia [27].
It is well established that the eating habits and the incidence
of obesity are quite different in Western and Asian countries.
Thus, it is of interest to clarify whether obesity is a risk factor
for 30-day major adverse clinical outcome (MACO) in Asians
with STEMI undergoing primary PCI. We, therefore, examined
the database from the Kaohsiung Chang Gung Memorial
Hospital, Taiwan to determine the effect of BMI on 30-day
prognosis of patients with STEMI treated with primary PCIL.

Methods
Patient population, inclusion and exclusion criteria

All patients with acute STEMI are considered eligible for pri-
mary PCI at our institute. Informed consent was obtained
from each study subject to receive primary PCI. This was an
observational study. The Institutional Review Committee on
Human Research at our institution approved this observa-
tional study protocol.

Between October 2009 and December 2014, a total number
of 925 patients presenting with STEMI of <12 h duration un-
dergoing primary PCI were consecutively recruited into the
present study.

Definition of body mass index

Body mass index (BMI) was calculated by dividing the weight
in kilograms by the square of the height in meters. Patients
were classified as normal weight (<25 kg/m?), overweight
(>25.0 to < 30.0 kg/m?) and obese (>30.0 kg/m?) in line with the
World Health Organization classification system [45]. Addi-
tionally, height and weight values were measured at the time
of admission.

Procedure, protocol, and medication for study patients
undergoing primary PCI

Primary PCI was performed according to a previously
described protocol [31—33]. A transradial artery approach
utilizing a 6-French arterial sheath is a routine procedure for
acute STEMI at our institute unless Allen's test is positive on
both sides. A 6-French Kimny guiding catheter (Boston Sci-
entific, Scimed, Maple Grove, MN) was used for both the
diagnosis of coronary artery occlusion and primary PCI. Intra-
aortic balloon pump (IABP) support was performed via a right
or left femoral arterial approach in patients experiencing
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acute pulmonary edema associated with unstable condition
or hemodynamic instability.

All patients received a loading dose of clopidogrel (300 mg,
orally) in the emergency room, followed by a maintenance
dose (75 mg/day, orally) for at least 12 months after primary
PCI. Aspirin (100 mg/day, orally) was given indefinitely to each
patient. Other commonly prescribed medications also
included angiotensin-converting enzyme inhibitors (ACEIs),
angiotensin II type I inhibitors (ARBs), statins, beta-blockers,
isonitrate, and diuretics.

A loading dose of tirofiban (30 pg/kg of body weight) was
administered to patients upon presentation at the emergency
room, followed by a maintenance infusion of 0.15 pg/kg/min
for 18—24 h at the beginning of this study. However, tirofiban
therapy was subsequently withheld for routine administra-
tion to STEMI patients except for patients with high-burden
thrombus formation [31] observed in infarct-related artery
(IRA) at angiography study because it failed to provide any
additional benefit to STEMI patients who underwent primary
PCI [32]. Therefore, only 287 patients (31.0%) received tirofiban
therapy in this study.

PercuSurge GuardWire was utilized when angiographic
morphologic features of high-burden thrombus formation
were noted in the infarct-related artery. The indications and
procedures were based on our previous reports [33,34].

Criteria for extracorporeal membrane oxygenation
installation

Extracorporeal membrane oxygenation (ECMO) was imple-
mented in the catheterization room for patients whose sys-
tolic blood pressure could not be maintained above 75 mmHg
after IABP support and intravenous administration of
dopamine > 20 pg/kg/min. The procedure and protocol for
ECMO support was described in our previous report [35].

Functional assessment by echocardiography

Left ventricular (LV) function was assessed using trans-
thoracic echocardiography. With the patients in a supine po-
sition, left ventricular internal dimensions [i.e., end-systolic
diameter (ESD) and end-diastolic diameter (EDD)] were
measured according to the American Society of Echocardiog-
raphy leading-edge method using at least 3 consecutive car-
diac cycles. The LV ejection fraction (LVEF) was calculated as:
LVEF (%) = [(LVEDD? — LVEDS®)/LVEDD?] x 100.

Definitions

The definitions of STEMI and procedural success have been
reported in our previous studies [31—34]. In detail, STEMI was
defined as: (1) typical chest pain lasting for more than 30 min
with ST-segment elevation >1 mm in two consecutive pre-
cordial or inferior leads and; (2) typical chest pain lasting for
more than 30 min with a new-onset complete left bundle
branch block. Procedural success was defined as a reduction
to residual stenosis of <20% by balloon angioplasty or suc-
cessful stent deployment at the desired position with a re-
sidual stenosis <10% followed by thrombolysis in myocardial
infarction (TIMI) grade 3 flow in the IRA. Multi-vessel disease

was defined as stenoses of >50% in >2 major pericardial cor-
onary arteries. Advanced Killip score was defined as >Killip
score 3 upon presentation. Advance congestive heart failure
(CHF) was defined as >New York Heart Association Functional
Class III, and combined 30-day MACO was defined as
advanced CHF, advanced Killip score, or 30-day mortality.

The utilizations of ACEI/ARB, stain and beta-blocker were
recorded as the relevant parameters only when they were
utilized more than two days in the current study.

Data collection

The primary PCI program started at our institute in May 1993.
For the purpose of this study, all patients undergoing primary
PCI were prospectively recruited. Detailed in-hospital and
follow-up data including age, gender, coronary risk factors,
Killip score on admission, peak level of creatine phosphoki-
nase (CK)-MB arrival time, duration from puncture to first
balloon inflation, reperfusion time, duration of procedure,
both pre- and post-PCI TIMI flow grades, angiographic results,
number of diseased vessels, in-hospital adverse events, and
30-day mortality were obtained. These data were collected
prospectively and entered into a digital database.

This study was based on the Declaration of Helsinki
(revised 2013). Written informed consent was obtained from
all study participants. And this study was approved by the
Institutional Review Committee on Human Research at
Kaohsiung Chang Gung Memorial Hospital (IRB number: 104-
7056B).

Statistics

Data were expressed as mean + SD. Categorical data were
analyzed by 7 test. Continuous variables among three groups
were compared using one-way ANOVA followed by Bonferroni
multiple comparison procedure. Multivariable logistic
regression analysis and was utilized to determine correlations
between independent parameters and 30-day mortality.
Hazard ratio (HR) for long-term mortality was assessed using
multiple Cox-regression analysis. Statistical analysis was
performed using SPSS statistical software for Windows
version 13 (SPSS for Windows, version 17; SPSS, IL, U.S.A.). A p-
value of less than 0.05 was considered statistically significant.

Results
Baseline characteristics of 925 study patients

Table 1 showed the baseline of variables among the normal
weight, overweight and obese patients. Normal weight pa-
tients were significantly older than overweight and obese
patients, and overweight patients significantly older than
obese patients. Additionally, the incidence of smoking
showed an identical pattern to age among the three groups.
On the other hand, male gender was significantly lower in
normal weight patients than in overweight and obese pa-
tients, but there was no statistical difference between genders
in the overweight patients and obese patients. Furthermore,
the incidence of diabetes mellitus (DM) was significantly lower
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Table 1 Baseline characteristics of 925 study patients.

Variables Normal weight (n = 449) Overweight (n = 391) Obese (n = 85) p-value®
(<25 kg/m?) (>25.0 to <30.0 kg/m?) (>30.0 kg/m?)

Age (yrs) 63.6 + 12.9% 59.5 + 12.4° 53.1 + 12.2° <0.001
Male gender 79.3% (356)* 86.2% (337)° 87.1% (74)° 0.017
Smoking 45.4% (204)® 205 (52.4%)° 53 (62.4%)° 0.007
Hypertension 57.0% (256) 61.4% (240) 63.5% (54) 0.317
Diabetes mellitus 30.7% (138)* 32.0% (125) 44.7% (38)° 0.040
Old myocardial infarction 6.9% (31) 8.2% (32) 10.6% (9) 0.472
Previous stroke 6.9% (31) 6.9% (27) 4.7% (4) 0.742
End-stage renal disease 4.7% (21) 3.8% (15) 3.5% (3) 0.789
Creatinine level (mg/dL) 15+16 1.6 +1.9 15+18 0.736
WBC count (x10%/mL) 11.19 + 4.40 11.71 + 4.63 12.24 + 4.66 0.078
Total cholesterol 169.5 + 55.7 173.5 + 49.5 180.9 + 54.3 0.157
LDL 105.6 + 43.1 111.3 + 40.2 113.3 + 46.2 0.087
Troponin-I (ng/ml) 9.2 +30.5% 3.8+ 12.4° 7.6 + 33.5°° 0.008
Hemoglobin (g/dl) 13.7 +2.2% 14.8 + 5.5° 14.8 +2.1° <0.001
Platelets (x10%/ul) 227.6 + 70.52 215.9 + 60.7° 225.0 + 68.9%° 0.036
Anterior wall MI 58.4% (262)* 49.6% (194)° 51.8% (44)° 0.037
Advanced Killip-score® 23.6% (106) 23.0% (90) 22.4% (19) 0.960
Advanced CHF® 12.0% (54) 8.2% (32) 10.6% (9) 0.186
SBP upon presentation 132.1 + 34.8 137.1+£33.3 131.6 £27.2 0.079
DBP upon presentation 65.8 +25.3 63.4 +27.8 66.3 + 27.1 0.376
LVEF (%)“ 56.0 + 13.9 57.6 +13.8 57.6 +12.8 0.232
ACEI/ARB use 86.6% (389) 89.0% (348) 91.8% (78) 0.315
Statin use 72.8% (327) 79.5% (311) 80.0% (68) 0.052
Beta-blocker use 72.6% (326) 74.4% (291) 78.8% (67) 0.624
IIb/Ila inhibitor use 28.7% (129) 34.3% (134) 28.2% (24) 0.188

Data were expressed as mean + SD or % (no).

Abbreviations: WBC: white blood cell; CHF: congestive heart failure; SBP: systolic blood pressure (mmHg); DBP: diastolic blood pressure (mmHg);
LVEF: left ventricular ejection fraction; ACEI/ARB: angiotensin converting enzyme inhibitor/angiotension II type I receptor blocker.

Letters (*>°) indicate significant difference (at 0.05 level) by Bonferroni multiple comparison procedure.

& By one-way ANOVA test or chi-square test, when it is appropriate.

b Defined as the Killip score > score 3 upon presentation.

¢ Defined as > New York Heart Association Functional Class III.

4 Indicated the echocardiograph was performed within 72 h after acute myocardial infarction.

Table 2 Reperfusion time, angiographic results and 30-day clinical outcome.

Variables Normal weight (n = 499) Overweight (n = 391) Obese (n = 85) p-value®
(<25 kg/m?) (>25.0 to <30.0 kg/m?) (>30.0 kg/m?)
Chest pain to ER (min) 185 + 162 180 + 157 199 + 181 0.632
Door to balloon (min) 77 + 80 82 + 96 71+ 60 0.495
Reperfusion time (min) 18 + 11 19 + 12 19+ 11 0.383
Procedural time (min) 40 + 23 39+24 42 + 27 0.609
Pre-PCI stenosis (%) 93.8 +9.9% 95.4 + 8.4° 95.4 + 8.5%° 0.028
Post-PCI stenosis (%) 14.6 + 8.17 14.7 + 8.1% 17.4 +12.1° 0.018
Pre-TIMI flow 08+1.1 0.6+1.0 0.6+1.0 0.062
Post-TIMI flow 29+ 04 29+ 04 29+03 0.786
Multi-vessel disease” 62.8% (282) 68.0% (266) 60.0% (51) 0.180
Thrombuster use 63.0% (283) 66.5% (260) 65.9% (56) 0.562
Percusurge use 19.6% (88) 19.7% (77) 17.6% (15) 0.906
Distal embolization® 2.4% (11) 2.6% (10) 1.2% (1) 0.743
IABP use 18.7% (84) 17.4% (68) 16.5% (14) 0.825
ECMO use 4.2% (19) 2.6% (10) 2.4% (2) 0.351
30-day mortality 7.1% (32) 7.7% (30) 5.9% (5) 0.839
Combined 30-day MACO? 29.6% (133) 27.4% (107) 25.9% (22) 0.671

Data were expressed as mean + SD or % (no).

Abbreviations: ER: emergency room; PCI: percutaneous coronary intervention; TIMI: thrombolysis in myocardial infarction; IABP: intra-aortic
balloon pump; ECMO: extracorporeal membrane oxygenator; MACO: major adverse clinical outcome.

Letters (*?) indicate significant difference (at 0.05 level) by Bonferroni multiple comparison procedure.

@ By one-way ANOVA test or chi-square test, when it is appropriate.

Y Defined as >2 vessels with >50% of stenosis.

¢ Defined as thromboembolization in distal infarct related artery.

4 Combined 30-day MACO was defined as advanced CHF, advanced Killip score, or 30-day mortality.
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in normal weight and overweight patients than in obese pa-
tients, but this parameter did not differ between the former
two groups [Table 1].

The incidences of hypertension, old MI, previous stroke
and end-stage renal disease with the requirement of hemo-
dialysis were similar among the three groups. Additionally,
the levels of total cholesterol, low-density of lipoprotein,
creatinine and white blood cell (WBC) count did not statisti-
cally differ among the three groups. The troponin level upon
presentation was significantly higher in normal weight pa-
tients than in overweight patients, but it showed no difference
between normal weight and obese patients or between over-
weight and obese patients. Furthermore, the incidence of
anterior wall STEMI was significantly higher in normal weight
patients than in those of overweight and obese patients, but it
exhibited no difference between the latter two groups of
patients.

The incidences of advanced CHF and advanced Killip were
similar among the three groups. Additionally, systolic and
diastolic blood pressure upon presentation, the left ventricu-
lar ejection fraction, and the incidences of ACEI/ARB, statin,
beta-blocker and IIb/Illa utilizations did not differ among the
three groups.

Reperfusion time, angiographic results and 30-day clinical
outcome among three groups

There were no statistical differences in terms of chest pain
onset to emergency room, door to balloon time, reperfusion
time, procedure time, pre-TIMI flow and post TIMI-flow
among the three groups. Additionally, the incidences of
multi-vessel disease, distal embolization and the utilizations
of thrombuster, PercuSurge protective device, IABP and ECMO
were similar among the three groups of patients. Moreover,
the incidence of 30-day mortality or 30-day MACO did not
differ among the three groups [Table 2].

The pre-PCI stenosis was significantly lower in normal
weight patients than in overweight and obese patients, but it
displayed no difference between overweight and obese pa-
tients. Additionally, post-PCI residual stenosis was signifi-
cantly higher in obese patients than in normal weight and
overweight patients, but it exhibited no difference between
the latter two groups.

Comparison of baseline variables between patients with and
without 30-day death after STEMI

Table 3 showed the baseline characteristics among patients
with and without 30-day mortality. Age, mean of body mass
index, and incidences of male gender, hypertension, diabetes
mellitus, smoking, old MI and end-stage renal disease with the
requirement of hemodialysis did not differ among the three
groups of patients. Additionally, the levels of CK-MB and
troponin-I did not differ between the two groups. However,
the levels of creatinine and WBC count were significantly
higher in dead patients than in surviving patients, whereas
the levels of total cholesterol, LDL showed a reversed pattern
of the CK-MB between the two groups [Table 3].

The systolic and diastolic blood pressure and the LVEF
were significantly lower, whereas, the incidences of advanced

Table 3 Comparison of baseline variables between
patients with and without 30-day death after STEMI.

Variables Mortality  Survival p-value
(n=67) (n=2858)
Age (yrs) 67.5+13.9 604+128  <0.001
Male gender 79.1% (53)  83.2% (714)  0.389
Hypertension 62.7% (42)  59.2% (508)  0.608
Diabetes mellitus 44.8% (30)  31.6% (271)  0.026
Smoking 38.8% (26)  50.8% (436)  0.075
Mean body mass 233+85 254+7.3 0.052
index (kg/m?)
Obese (>30.0 kg/m?) 7.5% (5) 9.3% (80) 0.826
Previous stroke 17.9% (12) 5.8% (50) <0.001
Old myocardial infarction 9.0% (6) 9.7% (66) 0.710
End-stage renal disease 7.5% (5) 4.0% (34) 0.170
WBC count (x10%/mL) 14.13 £+ 9.23 11.30+3.87 0.015
Creatinine (mg/dl) 24 +22 15+ 17 0.002
Total cholesterol (mg/dL) 120.3+67.9 1763 +49.6 <0.001
Low-density lipoprotein 746 +47.7 1113 +40.6 <0.001
(mg/dL)

CK-MB (ng/ml) 466+769 284+622  0.079
Troponin-I (ng/ml) 16.5+433 6.0+229 0.054
Systolic blood pressure 113.2 + 46.6 135.8 +31.8 <0.001

upon presentation (mmHg)
Diastolic blood pressure
upon presentation (mmHg)

57.2+26.2 654 +26.5 0.016

Advanced Killip score® 45 (67.2%) 170 (19.8%)  <0.001

Advance congestive 19 (28.4%) 76 (8.9%) <0.001
heart failure”

Left ventricular 450+ 16.0 57.6+13.3 <0.001
ejection fraction (%)

ACEI/ARB use 493% (33) 91.1% (782)  <0.001

Beta-blocker use 38.8% (26) 76.7% (658)  <0.001

Statin use 37.3% (25)  79.4% (681)  <0.001

IIb/Illa inhibitor use
Chest pain to ER (min)

17.9% (12)  32.1% (275)  0.019
193.7 + 174.2 183.6 + 161.0 0.681

Door to balloon (min) 97.2+91.6 769+85.4 0.078
Reperfusion time (min) 254 +16.0 18.0+10.7 <0.001
Procedural time (min) 63.2+33.1 37.8+220 <0.001
Pre-PCI TIMI flow 04+08 0.7+1.1 0.001
Post-PCI TIMI flow 25+0.8 29+ 04 <0.001
Final TIMI-3 flow 62.7% (42)  92.8% (796)  <0.001
Pre-PCI stenosis (%) 96.7 + 7.4 94.5 +£9.3 0.022
Post-PCI stenosis (%) 159+94 14.8 + 8.5 0.321

Anterior wall myocardial 0.374

infarction

59.7% (40)  53.6% (460)

Multi-vessel disease 82.1% (55) 63.4% (544)  0.002
Thrombuster use 55.2% (37) 65.5% (562)  0.09
PercuSurge use 1.5% (1) 20.9% (179)  <0.001
Distal embolization 10.4% (7) 1.7% (15) <0.001
IABP use 65.7% (44) 14.2% (122) <0.001
ECMO use 22.4% (15)  1.9% (16) <0.001

Data were expressed as mean + SD or % (no).

Abbreviations: WBC: white blood cell; ACEI/ARB: angiotensin con-
verting enzyme inhibitor/angiotension II type I receptor blocker;
PCL: percutaneous coronary intervention; TIMI: thrombolysis in
myocardial infarction; IABP: intra-aortic balloon pump;
ECMO: extracorporeal membrane oxygenator.

# Defined as the Killip score > score 3 upon presentation.

b Defined as >New York Heart Association Functional Class III.

Killip sore and advanced CHF were significantly higher in dead
patients than in surviving patients. Additionally, the in-
cidences of ACEI/ARB, beta-blocker, stain and IIb/Ila inhibitor
use were significantly lower in dead patients than in surviving
patients. This difference could be explained either as due to
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death occurring very quickly after primary PCI or as those
dead patients who had hemodynamic compromise were not
candidates for the ACEI/ARB or beta-blocker use, or had con-
traindications for IIb/Ila inhibitor therapy.

The chest pain onset to emergency room and the door to
balloon time were similar in the two groups of the patients.
However, the reperfusion time and the procedure time were
significantly higher in the dead group than in the survival
group. Additionally, the pre-PCI TIMI flow, post-PCI TIMI flow
and final TIMI-3 flow were significantly lower, whereas the
pre-PCI restenosis rate was significantly higher in dead pa-
tients than in surviving patients. On the other hand, the post-
PCI residual stenosis and the incidences of anterior wall
myocardial infarction and thrombuster use did not differ be-
tween these two groups of patients.

The incidences of multi-vessel disease, distal embolization
and the requirement of IABP and ECMO use were significantly
higher in dead patients than in surviving patients.

Univariate analysis of predictors of 30-day mortality

Univariate analysis showed that old age, previous stroke,
higher WBC count and creatinine level, higher incidences of
advanced Killip score, advanced CHF and distal embolization,
longer reperfusion time and procedure time, and lower sys-
tolic blood pressure, hemoglobin, pre-TIMI flow, post-TIMI
flow and LVEF were significantly most strongly associated
with 30-day mortality. Additionally, diabetes mellitus, multi-
vessel disease, lower diastolic blood pressure and pre-PCI
TIMI flow, as well as without utilizations of IIb/Illa inhibitor
and PercuSurge distal protection device were also significantly
associated with 30-day mortality [Table 4].

When categorized variables of BMI were utilized into uni-
variate analysis, the results showed that BMI was not a pre-
dictor of 30-day mortality (all p > 0.6). However, when BMI was
considered as continuous variable to be univariate analysis,
the results showed that BMI was significantly predictive of 30-
day mortality (p < 0.001).

Multivariable logistic regression analysis of predictors of 30-
day mortality

The results of multivariate logistic regression analysis showed
that old age, advanced Killip score and lower LVEF were most
strongly and independently predictive of 30-day mortality.
Additionally, longer reperfusion time, higher creatinine level
and WBC count, and lower pre- and post-TIMI flow were also
significantly and independently predictive of 30-day mortality,
whereas utilization of PercuSurge was significantly and inde-
pendently predictive of free from 30-day mortality [Table 5].

Importantly, the continuous variable of BMI was no longer
an independent predictor of 30-day mortality. Further anal-
ysis exhibited that BMI and age had a very high negative
correlation (r = —0.157, p < 0.001). Moreover, the result of
receiver operating characteristic curve (ROC) curve [Fig. 1]
showed that the area under curve (AUC) = 0.477 (p = 0.539),
i.e.,, no discrimination ability. These findings could explain
why continuous variable of BMI was not an independent
predictor of 30-day mortality in STEMI patients undergoing
primary PCL

Table 4 Univariate analysis of predictors of 30-day

mortality.

Variables OR (95% CI) p-value
Age (yrs) 1.045 (1.024—1.066)  <0.001
Diabetes mellitus 1.756 (1.062—2.903)  0.028
Previous stroke 3.526 (1.774—7.006)  <0.001
White blood cell count 1.098 (1.051-1.147)  <0.001
Hemoglobin 0.813 (0.733—0.901)  <0.001
Creatinine level 1.182 (1.080—1.294)  <0.001
Systolic blood pressure 0.981 (0.974—0.988)  <0.001
Diastolic blood pressure 0.990 (0.981—-0.998)  0.017
Advanced Killip score® 8.278 (4.839—-14.160) <0.001
Advanced congestive heart failure® 4.073 (2.278-7.282)  <0.001
Left ventricular ejection fraction = 0.934 (0.914—0.955)  <0.001
IIb/Illa inhibitor use 0.463 (0.244—0.878)  0.018
Reperfusion time 1.036 (1.020—1.052)  <0.001
Procedure time 1.029 (1.021-1.037)  <0.001
Pre-PCI TIMI flow 0.661 (0.483—0.904)  0.010
Post-PCI TIMI flow 0.271 (0.186—0.396)  <0.001
Multi-vessel disease® 2.646 (1.395-5.016)  0.003
Percusurge use 0.057 (0.008—0.417)  0.005
Distal embolization 6.557 (2.575—16.694) <0.001
BMI (continuous variable) 0.932 (0.893—0.973)  <0.001
BMI > 25/BMI < 25 1.034 (0.629-1.701)  0.895
BMI > 30/BMI < 30 0.784 (0.306—2.007)  0.612
Abbreviations: OR: O0dds ratio; CI: confidence interval;

PCI: percutaneous coronary intervention; TIMI: thrombolysis in
myocardial infarction; BMI: body mass index.

@ Defined as the Killip score > score 3 upon presentation.

b Defined as > New York Heart Association Functional Class III.
¢ Defined as >2 vessels with >50% of stenosis.

Table 5 Multivariable logistic regression analysis of

predictors for 30-day mortality.

Variables OR (95% CI) p-value
Age (yrs) 1.053 (1.024—1.082) <0.001
Advance Killip score® 3.672 (1.859—7.254) <0.001
Left ventricular ejection fraction  0.956 (0.932—0.980) <0.001
Post-PCI TIMI flow 0.396 (0.227—0.692) 0.001
Creatinine (mg/dl) 1.175 (1.032—1.338) 0.015
Percusurge use 0.077 (0.009—0.631) 0.017
White blood cell count (x10°/mL)  1.091 (1.014—1.174) 0.019
Reperfusion time 1.025 (1.004—1.047) 0.021
Pre-PCI TIMI flow 0.634 (0.429—0.936) 0.022
BMI 0.995 (0.959—1.033) 0.804
Abbreviations: OR: Odds ratio; CI: confidence interval;

PCI: percutaneous coronary intervention; TIMI: thrombolysis in

myocardial infarction.

& Defined as the Killip score > score 3 upon presentation.

Discussion

This study investigated the impact of obesity on 30-day clin-
ical outcome in patients with STEMI undergoing primary PCI.
The results had several clinical implications. First, the results
of the present study did not show a correlation between
obesity and the incidences of advanced Killip score, advanced
CHF, multiple vessel disease and final TIMI-3 flow. Second, the
BMIs (normal weight, overweight and obesity) were not sig-
nificant predictors of 30-day MACO. Third, only traditional
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Fig. 1 Receiver operating characteristic (ROC) plot of body

mass index (BMI) predicted 30-day mortality. The area under
the curve (AUC) was 0.0.477 (p = 0.539).

predictors such as age, advanced Killip score, lower LVEF and
unsuccessful reperfusion, could be the significant and inde-
pendent predictors of 30-day MACO.

Obesity [1,3—7] along with diabetes mellitus, hypertension,
hypercholesterolemia, and smoking are well established as
the traditional risk factors of CAD. Additionally, experimental
studies have shown that obesity impaired the recovery of
damaged endothelium, suppressed endothelial progenitor cell
function, angiogenesis ability and LVEF, and increased LV
remodeling [36—38]. Surprisingly, contradictory to the findings
[1,3—7] that obesity is a risk factor of CAD, obesity has been
paradoxically established to be a better prognostic factor in
patients with acute coronary syndromes [16,23—28] undergo-
ing PCI. Intriguingly, the paradoxical effects of smoking and
higher blood pressure on better prognostic outcome in acute
coronary syndrome patients have also been reported in some
previous studies [39—42]. Tentative explanations for these
paradoxical effects have been identified [16,23—-28,39—-42]. The
most important finding in the present study was that neither
normal weight and overweight, nor obesity was significantly
predictive of 30-day mortality or 30-day MACO. Of particular
importance was that our finding, focusing on an Asian popu-
lation, did not display the “paradox effect” of obesity on
favorable clinical outcome in setting of STEMI undergoing
primary PCI. Accordingly, our finding was not consistent with
the findings of previous studies that investigated Western
populations [16,23—26,28,39—42].

An association between obesity and hypercoagulation has
been well established by previous studies [43,44|. Additionally,
a link between the hypercoagulation and high-burden
thrombus formation in IRA and no-reflow phenomenon has
been well recognized in previous studies [31—-34]. An essential
finding in the present study was the final TIM-3 flow rate in
the IRA did not differ among normal weight, overweight and
obese patients. This finding suggests that obesity might not be
arisk factor thatimpeded the restoration of normal blood flow
in the IRA. In this way, our finding is not consistent with the
findings of previous studies [43,44]. Another essential finding
in the present study was that the incidence of multi-vessel
disease was similar among the three groups of patients. This

finding highlights obesity as not being a risk factor for diffuse
CAD/multi-vessel disease.

In contrast to the findings, that BMI did not provide clini-
cally relevant prognostic information, the traditional factors,
including age, advanced Killip score upon presentation, lower
LEVF, increased WBC count and creatinine level, unsuccessful
reperfusion, and prolonged reperfusion time were found to be
independent predictors of 30-day mortality in STEMI patients
undergoing primary PCI. Consistently, these parameters have
also been identified to be significant and independent pre-
dictors of untoward clinical outcomes in AMI patients un-
dergoing primary PCI [31-35]. Accordingly, our findings
corroborated those of previous studies [31—-35]. On the other
hand, the utilization of the PercuSurge distal protection device
for patients with high-burden thrombus formation was found
to be significantly and independently predictive of free from
30-day mortality. Intriguingly, our previous studies have
shown that the PercuSurge distal protection device offered
additional benefit in preserving integrity and microcirculation
and reducing in-hospital mortality in AMI patients undergoing
primary PCI [33,34]. In this way, the results of the present
study corroborated the findings of our previous studies [33,34].

Study limitation

This study had limitations. First, this study was a retrospec-
tive analytical study rather than a prospective clinical obser-
vational study. Therefore, bias in the present study cannot be
completely ruled out. However, all parameters in the present
study were prospectively entered into the computer for data
analysis, which reflected real world clinical practice. Second,
although nearly 1000 patients were enrolled into the study for
analysis, the sample size in the present cohort study was still
relatively small. Therefore, in view that realizable statistical
analysis may be distorted by a smaller sample size, bias of
statistical analysis cannot be completely ruled out in this
study. Third, the infarct site of the culprit artery did not be
utilized as a variate for statistical analysis. Thus, this study
did not provide information regarding the association be-
tween the infarct site and MACO in patients after STEMI un-
dergoing primary PCI.

Conclusion

Obesity is not a predictor of 30-day prognostic outcome in
Asians with STEMI undergoing primary PCI. Unlike those
traditional risk factors, BMI did not provide clinically relevant
prognostic information for STEMI undergoing primary PCI.
Age, advanced Killip score, lower LEVF and unsuccessful
reperfusion are statistically significantly related to 30-day
mortality in patients with STEMI undergoing primary PCI,
but BMI contributed little incremental prognostic information
in such an AMI clinical setting.
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