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Body Mass Index and Outcome of Acute Myocardial
Infarction — Is There an Obesity Paradox?
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Background: Although there have been some studies focusing on the relationship between body mass index (BMl),
coronary artery disease (CAD) and acute coronary syndrome, the clinical effects of BMI on outcomes after
percutaneous coronary intervention (PCI) in patients with acute myocardial infarction (AMI) are not well known in
a Taiwanese population.

Methods: From January 2005 to December 2011, 1298 AMI patients who received PCl were enrolled from a single
center in Taiwan. The patients were divided into 4 groups according to their BMI: underweight (BMI < 18.5 kg/mz);
normal weight (18.5 < BMI < 24 kg/m?); overweight (24 < BMI < 27 kg/m?) and obese (BMI > 27). All patients had
been followed up for at least 12 months, and 30-day and 5-year all-cause and cardiovascular-cause mortality were
compared among the study groups.

Results: The patients in the underweight group had a lower 30-day survival rate than the other 3 groups, and the
underweight and normal weight patients had a lower 5-year survival rate than the overweight and obese patients.
The multivariate regression analysis showed that Killip class = 2, non-use of statin, older age, hemoglobin < 12 g/d|I
and chronic kidney disease, but not BMI, are independent predictors of all-cause mortality.

Conclusions: In this present study, the major factors affecting long-term survival are lack of using statin and older
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age, but not obese paradox.
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mortality, and it is also associated with insulin resis-
tance, often resulting in diabetes mellitus, hyperten-
sion, and dyslipidemia."™ However, other previous stu-
dies suggested a phenomenon, called “obesity paradox”,
which meant that obese patients had better outcomes
than normal-weight patients after percutaneous coro-
nary intervention (PCI).>® In the BARI study, which en-
rolled patients with stable angina and multi-vessel coro-
nary artery disease (CAD), each unit increase in body
mass index (BMI) was associated with a 5.5% lower ad-
justed risk of a major in-hospital event, but BMI was not
associated with five-year mortality in the percutaneous
transluminal coronary angioplasty group.6 Acute myo-
cardial infarction (AMI) is a leading cause of morbidity
and mortality.’ However, evaluating the risk stratifica-
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tion in patients with AMI remains challenging.®*® Obe-
sity paradox was also found in patients with acute coro-
nary syndrome.'®"” However, these available large-scale
“obesity paradox” studies were largely based on the
western populations, not on the Asian population, and
the follow-up periods of the studies enrolling patients
with acute coronary syndrome were usually less than 2
years. It is well-known that the Asian population is gen-
erally leaner than the western population; therefore, is
the obesity paradox present in the Asian population?
Furthermore, there have been few articles published ad-
dressing the relationship between obesity and long-
term (more than 5 years) mortality. The clinical effects
of BMI on outcomes after percutaneous coronary inter-
vention (PCl) in patients with acute myocardial infarc-
tion also remain unknown in Taiwan. Therefore, we in-
tended to evaluate the clinical effects of BMI on the out-
comes in AMI patients after PCl in Kaohsiung Veterans
General Hospital Taiwan.

METHODS

Study population

From January 2005 to December 2011, 1491 con-
secutive AMI patients were retrospectively reviewed.
All patients were followed up through March 2013. All
living patients had been followed for at least 12 months.
This retrospective study protocol was approved by the
Human Research Committee of our hospital. The diag-
nosis of AMI was based on the Third Universal Criteria
of Myocardial Infarction'® and it should meet the de-
tection of a rise and/or fall of cardiac biomarker values
with at least one of the following: 1) symptoms of
ischemia; 2) new or presumed new significant ST-seg-
ment — T wave changes or new left bundle branch
block; 3) development of pathological Q waves in the
ECG; 4) imaging evidence of new loss of viable myo-
cardium or new regional wall motion abnormality; or
5) identification of an intracoronary thrombus by
angiography or autopsy.

The inclusion criteria was AMI patients who re-
ceived PCI during hospitalization due to AMI, and the
exclusion criteria included patients who ever received
coronary artery bypass surgery, AMI patients who did
not received PCl during the hospitalization due to AMI,
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preexisting severe left-sided valvular heart diseases,
congenital heart diseases, hypertrophy or dilated car-
diomyopathy, and patients who had profound cardio-
genic shock and died in the first 24 hours after present-
ing to our emergency room. Medical treatment of AMI
patients followed the ACC/AHA ST-elevation and non-
ST-elevation myocardial infarction guidelines.lg‘22 The
coronary angiograms were performed by experienced
cardiologists via Philips MultiDiagnost Eleva interven-
tional radiography/fluoroscopy system. Following bal-
loon dilatation, the choice of bare-metal stent or drug-
eluting stent deployment was dependent on the deci-
sion of operators.

Body mass index

Body mass index is defined as an individual’s body
weight divided by the square of their height. For the
analysis, patients were classified into 4 groups based on
a recommendation by the Taiwan Department of Health
for the Taiwanese population: underweight (group 1:
BMI < 18.5 kg/m?); normal weight (group 2: 18.5 < BMI
< 24 kg/m’); overweight (group 3: 24 < BMI < 27 kg/m?)
and obese (group 4: BMI = 27 kg/m°).

Clinical evaluation and outcomes

The characteristics of patients consisted of medical
history (hypertension, diabetes mellitus, current smoker,
hyperlipidemia, previous coronary artery disease, and
previous ischemic cerebral event), hemodynamic para-
meters (systolic blood pressures and heart rates) at the
emergency room, and the laboratory parameters. The
definition of chronic kidney disease was defined as pre-
vious known estimated glomerular filtration rate < 60
ml/min/1.73 m?. The blood biochemistry tests (including
renal function tests, electrolytes, serum lipids, high-
sensitivity C-reactive protein) and complete blood cell
counts were measured at the emergency room and on
the first day of hospitalization. The length of hospital
stay was defined by the medical record. To determine
the status and the causes of mortality, we used 2
methods. First, we used chart review to confirm the
cause of mortality if the patient died or was discharged
in critical condition from our hospital; otherwise, we
used telephone interview. The causes of death were
defined as all-cause mortality and cardiovascular-cause
mortality.
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Statistics

All statistical analyses were performed with SPSS
software, version 21 (IBM Inc., USA). Categorical data
are presented as absolute values and percentages,
whereas continuous variables are summarized as mean
values + standard deviation. The Chi-squared test was
used for comparison of categorical data, and ANOVA
with post hoc correction was applied for comparison of
continuous variables among the 4 groups. To evaluate
the influence of age on survival rate using Kaplan-
Meier survival analysis, we also divided the patients
into 4 groups by age: 1) age < 55 years; 2) = 55 years
and < 65 years; 3) 65 = age but < 75 years; 4) age > 75
years. The analysis of survival rate after AMI was esti-
mated using the Kaplan-Meier method with the log-
rank test to compare mortality among the 4 BMI groups
with stratification by age category. Univarate and
multivariate regression analysis were done to identify
the prognostic factors affecting the long-term and
short-term mortality. Differences were considered sta-
tistically significant if the p value was < 0.05 with a 95%
confidence interval.

RESULTS

Baseline characteristics

After reviewing medical records, 1298 patients were
enrolled in this study (Figure 1). The 4 groups were clas-
sified as underweight group (n = 52), normal weight
group (n = 477), overweight group (n = 428) and obese
group (n = 340), according to the pre-defined BMI cate-
gories. The basic clinical characters of each group were
listed in Table 1. The age of patients was all statistically
significant among the 4 study groups, in that the obese
patients had lowest ages and the underweight patients
had the highest ages. The patient’s previous medical his-
tory, including diabetes mellitus, hypertension, current
smoker and previous known CAD and ischemic cerebral
events, were not statistically different among the 4 study
groups. We enrolled patients with non-ST-elevation myo-
cardial infarction (NSTEMI) or ST-elevation myocardial in-
farction (STEMI), but there was no difference in the sub-
type of AMI among the groups. However, the patients in
the underweight group had increased the severity of
AMI, with Killip classification > 2.

Hemodynamic and laboratory data

Table 2 showed the initial hemodynamic parameters
and serum laboratory data at the emergency room and
on the first day of admission among the 4 groups. Al-
though the underweight group had higher Killip class
(shown in Table 1) than other groups, there were no sig-
nificant differences in heart rates and systolic blood
pressures at ER among the study groups. The over-
weight and obese patients had higher hemoglobin than
the patients in the other 2 groups (group 1: 11.2 + 2.6
g/dl, group 2: 12.8 £ 5.5 g/dl, group 3: 13.6 + 2.5 g/dlI,
and group 4: 14.1+ 2.7 g/dl, p < 0.001), and there was a
significant difference in white blood cell count between
the obese patients and the normal weight patients
(group 2: 10.7 + 4.1 *1000/mm?, group 4: 11.6 + 4.5
*1000/mm3, p = 0.04). However, there was no signifi-
cant difference in the serum concentration of high-sen-
sitivity C-reactive protein, creatinine and uric acid. Re-
garding the lipid profile, the underweight patients had
the lowest concentration of serum total cholesterol,

1491 consecutive AMI patients
(from Jan 2005 to Dec 2011)

15 patients with

previous CABG 21 patients had

preexisting severe
MS, MR, AR or AS

1 patients had
HOCM 2 patients had ASD

or VSD

6 patients died within
24 hours

A 4

1298 AMI patients
received PCI during
the hospitalization

147 patients did not
received PCI during
the hospitalization

Figure 1.  Enrollment algorithm. AMI, acute myocardial infarction; AR,
aortic regurgitation,; AS, aortic stenosis; ASD, atrial septal defect; CABG,
coronary artery bypass surgery; HOCM, hypertrophic obstructive
cardiomyopathy; MR, mitral regurgitation; MS, mitral stenosis; PCl,
percutaneous coronary intervention; VSD, ventricular septal defect.
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Table 1. Baseline characteristics of the 4 study groups

All Underweight Normal weight Overweight Obese
(n = 1298) (BMI<18.5) (18.5<BMI<24) (24 <BMI<27) (BMI > 27) p value
(Group 1, n=52) (Group 2, n =477) (Group 3, n =428) (group 4, n = 340)

Age, years 63.6+4.5 77.8+11.0 67.74+3.6 61.9+13.7 57.9+145  <0.001
Male 1074 (82.7%) 42 (80.8%) 382 (80.1%) 361 (84.3%) 289 (85%) 0.23
Hypertension 717 (55.2%) 29 (55.7%) 255 (53.5%) 239 (55.8%) 194 (56.2%) 0.94
Diabetes mellitus 463 (35.7%) 20 (38.5%) 175 (36.7%) 156 (36.4%) 112 (32.9%) 0.66
Current smoker 533 (41.0%) 25 (48.1%) 210 (44.0%) 173 (40.4%) 124 (36.5%) 0.12
Previous CAD 83 (6.4%) 4(7.7%) 33 (6.9%) 25 (5.8%) 21 (6.2%) 0.84
Previous cerebral events 82 (6.3%) 5(9.6%) 24 (5.0%) 31(7.2%) 22 (6.5%) 0.48
Gout 94 (7.2%) 5(9.6%) 37 (7.8%) 23 (5.4%) 29 (8.5%) 0.28
STEMI 855 (65.9%) 29 (55.8%) 301 (63.1%) 291 (68.0%) 234 (68.8%) 0.32
Killip class > 2 728 (56%) 39 (75%) 277 (58.1%) 242 (56.5%) 170 (50%) 0.004
Medication at discharge

Aspirin 1289 (99.3%) 51(98.1%) 474 (99.4%) 426 (99.5%) 338 (99.4%) 0.75

Clopidogrel 1282 (98.8%) 52 (100%) 471 (98.7%) 427 (99.8%) 332 (97.6%) 0.10

B-blockers 1116 (86.0%) 46 (88.5%) 398 (83.4%) 373 (87.1%) 299 (87.9%) 0.24

ACEIs/ARBs 1143 (88.1%) 45 (86.5%) 408 (88.5%) 381 (89.0%) 309 (90.9%) 0.12

Statins 633 (48.8%) 14 (26.9%) 198 (41.5%) 213 (49.8%) 208 (61.2%) <0.001

Category data were expressed as patients number and percentage; continuous data were expressed as mean £ SD.

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin |l receptor blocker; BMI, body mass index; CAD, coronary artery
disease or myocardial infarction; STEMI, ST-segment-elevation myocardial infarction.
* Statistical significance between underweight group and normal weight group; " Statistical significance between underweight

group and overweight group; * Statistical significance between underweight group and normal BMI group; $ Statistical significance

between normal weight group and overweight group; # Statistical significance between normal weight group and obese group;
** Statistical significance between overweight group and obese group.

Table 2. Hemodynamics and serum laboratory data of the 4 study groups

Al Underweight Normal weight Overweight Obese
(n = 1298) (BMI<18.5) (18.5<BMI<24) (24 <BMI<27) (BMI>27) p value
(Goup 1, n=52) (Group 2, n=477) (Group 3, n=428) (Group 4, n=340)
ER HR, beats per minute  83.9+23.5  92.4+20.4 83.5+24.2 84.1+22.8 83.0+23.6 0.104
ER systolic BP, mmHg ~ 138.4+31.4 138.8+29.3 136.8+32.4 138.6 +31.1 140.2 +30.7 0.561
WBC, *1000/mm> 11.1+4.2 10.9+45 10.7 £4.1 11.0+3.9 11.6 £4.5 0.037"
Hb, g/dl 13.3+4.0 11.2+2.6 12.8+5.5 13.6+2.5 14.1+2.7 <0.001"**
hs-CRP, mg/dl 7.2+7.9 6.7+8.2 8.8+7.9 7.6+7.6 6.7+8.2 0.384
cr, mg/dl 140+1.40  1.79+19 1.47 £ 1.46 1.39 + 1.44 1.27 £1.10 0.046
uric acid, mg/d| 6.6+2.1 57+2.6 6.5+2.4 6.6+2.0 6.8+1.7 0.163
Total cholesterol, mg/dl 177.0+43.6  147.2+36.8 170.4+43.0 180.6 + 42.7 185.7+43.6  <0.001 "
HDL cholesterol, mg/dl ~ 36.0+10.7  37.8+15.0 36.7+10.6 35.8+9.4 349+11.8 0.107
LDL cholesterol, mg;d/ 104.9+34.8  81.9+30.8 100.9 +33.9 108.0 + 35.2 109.9+34.2  <0.001 "
Triglyceride, mg/dl 116.3+114.5 62.8+39.4 98.4 +107.1 117.7+94.2 146.7+143.2  <0.001 "

Continuous data were expressed as mean = SD.
BMI, body mass index; BP, blood pressure; Cr, serum creatinine; ER, emergency room; Hb, hemoglobin; HDL, high-density
lipoprotein; HR, heart rate; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; WBC, white blood cell count.
* Statistical significance between underweight group and normal weight group; "Statistical significance between underweight
group and overweight group; ¥ Statistical significance between underweight group and normal BMI group; $ Statistical significance
between normal weight group and overweight group; # tatistical significance between normal weight group and obese group;

** Statistical significance between overweight group and obese group.
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low-density lipoprotein cholesterol, and triglyceride.
The concentration of serum total cholesterol increased
significantly (group 1: 147.2 + 36.8 mg/dl, group 2:
170.4 £ 43 mg/dl, group 3: 180.6 £ 42.7 mg/dl, and
group 4: 185.7 £ 43.6 mg/dl, p < 0.001) as BMI category
increase from 1 to 3, and there was no difference be-
tween group 3 and group 4. There was a similar finding
on the serum concentration of low-density lipoprotein
cholesterol (group 1: 81.9 + 30.8 mg/dI, group 2: 100.9
+ 33.9 mg/dl, group 3: 108 + 35.2 mg/dl, and group 4:
109.9 + 34.2 mg/dl, p < 0.001). The serum concentra-
tion of triglyceride increased as BMI category increased
from 1 to 4 (group 1: 62.8 + 39.4 mg/dl, group 2: 98.4 +
107.1 mg/dl, group 3: 117.7 + 94.2 mg/dl, and group 4:
146 + 143.2 mg/dl, p < 0.001). Therefore, a higher ratio
of group 4 patients had received statins to control
hyperlipidemia (Table 1).

Mortality and survival curve analysis

The obese patients had significantly lower all-cause
mortality (group 1: 28.8%, group 2: 19.3%, group 3:
12.1%, group 4: 8.5%, p < 0.001) and lower cardio-
vascular mortality (group 1: 21.2%, group 2: 13.6%,
group 3: 8.4%. group 4: 7.0%) than the other groups
(Figure 2). Kaplan-Meier survival curve analysis for
30-day survival showed significant lower overall survival
in the underweight group (log-rank p < 0.001) (Figure 3).
We also examined the long-term survival and found that
significant lower overall survival and survival free of
death from cardiovascular events in the underweight
and normal weight groups (log-rank p < 0.001) (Figure
4). In the 5-year follow-up, we found that survival of the
underweight patients almost reached the trough at 1
year and the survival rate of the normal weight patients
decreased more rapidly after the second year follow-up
(Figure 4). When processing Kaplan-Meier survival an-
alysis, we also stratified the patients by age and BMI
according the Method section. We found that patients’
age = 65 years resulted in lower survival rates in the un-
derweight and normal weight groups, and age = 75 year
resulted in lower survival rates in the overweight and
obese group. However, the survival rates were not sig-
nificantly different among the 4 age-categorized groups,
which stratified by BMI category. (data not shown).

To find out the predictors of 5-year all-cause mor-
tality, we used univariate regression analysis and found
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old age (age = 65 years), presence of chronic kidney dis-
ease (estimated glomerular filtration rate < 60 ml/kg/
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30% 28.80%
2 25%
0
]
= 20% 19.30%
p
=
S 15%
£ 12.10%
E
g 0% 8.50%
2 =3
2 7
ze
0%
A Underweight Normal weight Overweight Obese
259
S p=0.001
80
£ 21.20%
i~ 21.20%
E]
ot 20%
2
]
o
é 15% 13.60%
S
g
@
3
10%
; % o 8.40%
i 2 7.00%
g3
g2z 5%
g =
£Z
3 2
U %
B Underweight Normal weight Overweight Obese
Figure 2. The overall mortality significantly differed among the 4

study groups during the follow-up period (p < 0.001).
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2 0.8
5
wv
g
g 0.7
]
0.6
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0 10 20 30
Days after index acute myocardial infarction
No. at risk
BMI<18.5 52 46 44 43
18.55BMI<24 477 444 435 430
245BMI<27 428 407 403 398
BMI227 340 327 326 325
Figure 3. Kaplan-Meir survival curve analysis for 30-day survival rates

among 4 study groups (log rank p < 0.001).
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1.73m?), BMI < 24 kg/m?, heart rate and systolic blood
pressure at emergency room, lipid profile, and use of
aspirin, clopidogrel, B-blockers, and angiotensin con-
verting enzyme inhibitors/angiotensin |l receptor blockers
were related to mortality. In the multivariate regression
analysis, we found that Killip class > 2, lack of using
statin, age > 65 years, and hemoglobin < 12 g/d| were
strong predictors, and chronic kidney disease was a
weaker predictor. However, neither BMI < 24 kg/m2 nor

) w
Obese

091
e M Overweight
e,
= “‘qu
>
S 0.8 L TR,
5 4 Normal weight
wv
g .
g 0.7 Underweight
o
0.6
log rank p < 0.001
0.5
T T T T T T
0 12 24 36 48 60
A Months after index acute myocardial infarction

1.0
LM“ Obese
Overweight

s Normal weight

Underweight

Survival free of death from cardiovascular
events

0.7
0.6
log rank p < 0.001
0.5
T T T U T T
0 12 24 36 48 60
B Months after index acute myocardial infarction
No. at risk
BMI<18.5 52 38 28 21 12 2

18.5sBMI<24 477 407 331 240 151 57
24<BMI<27 428 386 316 214 131 49

BMI=27 340 318 255 188 106 41
Figure 4. Kaplan-Meir survival curve analysis for 5-year overall
survival rates (A) and survival free of death from cardiovascular events

(B) among 4 study groups (log rank p < 0.001).
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other parameters were independent predictors for
5-year all-cause mortality (Table 3).

DISCUSSION

In the present study, we enrolled all patients who
had acute myocardial infarction and received percu-
taneous coronary intervention, not only patients with
ST-elevation myocardial infarction (STEMI) but also
patients with non-ST-elevation myocardial infarction
(NSTEMI). This made our study population more hetero-
geneous and more similar with the real world of acute
coronary syndrome, unlike other studies which enrolled
only STEMI, NSTEMI/unstable angina, or chronic stable
angina patients.s’ﬁ’s’”’23
planted the ACC/AHA AMI treatment guidelines,
we had a very high percentage of AMI patients who tak-
ing aspirin (99.3%), clopidogrel (98.8%), B-blockers
(86%), and angiotensin converting enzyme inhibitors or
angiotensin Il receptor blockers (88.1%). Therefore, we
could eliminate the effects of these drugs, or non-use of
these drugs on mortality.

We also found the overweight and obese patients
had worse serum concentrations of total cholesterol,
low-density lipoprotein cholesterol and triglyceride, and
higher hemoglobin than the underweight and normal
weight patients. But the underweight and normal weight
patients were older than the other 2 groups. Further-
more, the underweight patients had higher incidence of
chronic kidney disease and were in a more severe clini-
cal situation after acute myocardial infarction, according
to the risk stratification by Killip class. After multivariate
regression analysis, we demonstrated that higher Killip
class, lack of using statin, elderly, anemia, and chronic

In our hospital, we strictly im-

19-22
and

Table 3. Multivariate analysis of 5-year mortality stratified by
presenting characteristics

Odds 95% confidence

ratio interval value
Killip class > 2 3.70 2.10-6.51 <0.001
Lacking of using statin 3.56 1.98-6.43 <0.001
Age > 65 years 3.05 1.78-5.23 <0.001
Hemoglobin < 12 g/dI 2.22 1.42-3.48 <0.001
Chronic kidney disease 2.04 1.07-3.91 0.03
Body mass index < 24 kg/m®  1.11 0.69-1.79 0.66




BMI and the Outcome of AMI

kidney disease were associated with higher short-term
and long-term mortality. The possible explanations of
anemia in the underweight patients are older age, poor
nutrition, and presence of chronic kidney disease.
Recently, Lawler et al. also reported a similar result in
which anemia in patients with acute coronary syndrome
was independently associated with a significantly in-
creased risk of early and late mortality.**

Some recent Asian clinical studies also demon-
strated that BMI is not an independent factor affecting
1-year mortality,”>?> and possible independent pre-
dictors included chronic kidney disease, no use of statin,
old age, higher Killip class and lower left ventricular
ejection fraction.”® These findings were similar to that of
our study, but our study had a longer follow-up period.
In the Kaplan-Meier survival curve analysis, we found
that lower 30-day survival rate occurred in the under-
weight patients after AMI, and the survival rate reached
the trough (76.9%) at 1 year. This may imply that Killip
class = 2 is the strongest predictor in underweight pa-
tients because other independent factors were chronic
parameters. Furthermore, the 30-day overall survival in
normal weight patients did not differ significantly when
compared to the overweight and obese patients. How-
ever, the long-term survival rate decreased significantly
after the 2-year follow-up. This may be due to other
chronic parameters, such as older age, lack of using
statin, chronic kidney disease and anemia. However,
higher Killip class might play a lesser role on mortality
after 2-year follow-up. In these independent predictors,
only lack of using statin is the treatable parameter. In
our study, we found that more patients were adminis-
tered statins due to higher serum lipid concentration in
the overweight and obese patients. Therefore, lack of
using statin may cause long-term mortality and mor-
bidity. The reason for lower rate of using statin may be
due to the criteria of reimbursement of Taiwan’s Bureau
of National Health Insurance, which did not reimburse
statin if the serum cholesterol is less than 160 mg/dl or
the low-density lipoprotein cholesterol is less than 100
mg/dl in AMI patients. Therefore, more aggressive treat-
ment strategy on dyslipidemia is necessary.

Limitations
There are still some limitations of the present study.
First, this study is not a prospective randomized study.
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Therefore, our study has all of the limitations of retro-
spective study. Second, it presents information from the
experience in a single medical center. Third, the number
of underweight patients is relatively small and the sta-
tistical power may be strong enough to exclude the
other negative data to be conclusive.

CONCLUSIONS

Compared with underweight and obese patients,
the underweight AMI patients had the worst 30-day and
5-year survival rates, and the normal-weight AMI pa-
tients had a similar 30-day mortality rate but a higher
mortality rate after 2 years. In the present study, the
major factors affecting long-term survival are more ag-
gressive statin treatment and older age, but not obese
paradox.
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