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Abstract: Objective: To explore the influence of obesity on microvascular obstruction (MVO) and myocardial area
at risk (AAR) in patients with ST-segment elevation myocardial infarction (STEMI). Methods: A retrospective analy-
sis was performed on patients with first-episode STEMI hospitalized at Nanjing University of Traditional Chinese
Medicine between May 2020 and May 2022. Patients were categorized into normal weight, overweight, and obese
groups based on their body mass index (BMI). Baseline characteristics, blood biochemical indexes and cardiac
magnetic resonance (CMR) parameters were compared among the groups. Pearson correlation analysis and binary
logistic regression were performed to assess the correlation between MVO ratio and BMI in each subgroup and to
identify the risk factors for MVO. Results: Of the 233 patients, 77 were of normal weight, 102 were overweight, and
54 were obese. Obese patients were younger than normal-weight and overweight patients. Both the obese and
overweight groups had significantly higher rates of hypertension and hyperlipidemia compared to the normal-weight
group. Hemoglobin (Hb), triglycerides (TAG), and high-density lipoprotein cholesterol (HDL-C) levels were higher in
obese patients, while creatine kinase isoenzyme (CK-MB) levels were lower (all P<0.05). MVO ratio showed a nega-
tive correlation with BMI across all patients (r=-0.133, P<0.05). Binary logistic regression confirmed that BMI was
an independent predictor of MVO [0.908 (0.838-0.984), P=0.019]. Additionally, the AAR ratio was significantly lower
in obese patients compared to those of normal weight. Conclusions: Overweight and obese patients are strongly
associated with a reduced risk of MVO, and BMI is an independent predictor of MVO. Obesity is significantly linked
to a smaller AAR in myocardial infarction.
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Introduction

Coronary artery disease (CAD) primarily refers
to coronary atherosclerosis, which leads to
significant coronary artery stenosis and in-
sufficient myocardial blood supply [1]. Acute
ST-segment elevation myocardial infarction
(STEMI) is the most severe manifestation of
CAD. It involves a drastic reduction or interrup-
tion of blood flow to the coronary arteries due
to pathological changes, resulting in severe
and persistent acute myocardial ischemic
necrosis, with high rates of morbidity and mor-
tality [2]. In developing countries, the preva-
lence and incidence of cardiovascular diseases

(CVD) are on the rise [3]. This increase can be
attributed to longer life expectancy, along with
lifestyle and dietary changes - particularly the
consumption of saturated fats and refined sug-
ars [4, B].

Obesity is now recognized as a chronic condi-
tion and a major risk factor for CVD [6, 7]. It
poses multiple health risks, impacts various
organ systems, and is associated with the early
onset of coronary heart disease and acute myo-
cardial infarction (M) [8, 9]. The mechanisms
through which obesity affects the cardiovas-
cular system include adipokine dysregulation,
inflammation, increased circulating free fatty
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acids, heightened oxidative stress, and adi-
pose tissue hypoxia, all of which contribute to
atherosclerosis and the formation of athero-
sclerotic plaques [10]. Studies have shown that
the revascularization rate is 43% in overweight
individuals and 24% in those with obesity [11].
However, the impact of obesity on the out-
comes of acute MI remains controversial [12,
13]. Some research suggests that obese pa-
tients have better prognoses than non-obese
patients, regardless of whether they undergo
percutaneous coronary intervention (PCl) or
coronary artery bypass grafting (CABG) - a phe-
nomenon referred to as the “obesity paradox”
[14, 15]. It has been proposed that this paradox
may be due to unrecognized confounding fac-
tors, such as age, comorbidities, and treatment
strategies [16, 17].

Despite advances in PCI techniques improving
the overall prognosis of STEMI patients, some
patients still experience the “no-reflow” phe-
nomenon during surgery. This condition results
in poor perioperative outcomes and long-term
adverse events, with myocardial microvascular
obstruction (MVO) being the key pathophysio-
logical mechanism [18]. Post-reperfusion MVO
is reported to occur in 60% to 70% of STEMI
patients, regardless of the reperfusion method
used, including PCI and thrombolysis [19, 20].
Cardiac magnetic resonance (CMR) imaging
has been shown to effectively identify and
quantitatively assess MVO using gadolinium-
based contrast enhancement [21]. CMR pro-
vides a comprehensive evaluation of post-
infarction patients, encompassing morpho-
logical, functional, and microvascular conse-
quences. However, there is a lack of large-scale
studies investigating the influence of body
mass index (BMI) on MVO and the area at risk
(AAR) in Chinese STEMI patients. This study
aims to retrospectively analyze consecutive
STEMI patients who underwent PCl and com-
pare the effects of BMI across three groups -
normal weight, overweight, and obese - on MVO
and AAR.

Materials and methods
Study population

A retrospective analysis was performed on
patients with first-episode STEMI who were
hospitalized at Nanjing University of Traditional
Chinese Medicine between May 2020 and May
2022. STEMI was diagnosed based on the diag-
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nostic criteria established by the World Health
Organization (WHO).

Inclusion criteria: (1) Patients with first-episode
STEMI [22] successfully treated with PCI within
12 hours of symptom onset; (2) Patients who
successfully underwent CMR examination; (3)
Patients with a BMI>18.5; (4) Patients with
complete medical records. Exclusion criteria:
(1) Prior MI, revascularization, or congestive
heart failure with left ventricular ejection frac-
tion (LVEF) <40%; (2) Abnormal hemodynamic
parameters such as blood pressure or heart
rate; (3) Presence of arrhythmias such as atrial
fibrillation; (4) Acute infectious or rheumatic
diseases within the past 3 months; (5) Ma-
lignant tumors; (6) Poor CMR image quality; (7)
Incomplete medical records. Based on these
criteria, 235 patients were selected, and their
clinical data were collected.

According to the guidelines for the Prevention
and Control of Overweight and Obesity in
Chinese Adults [13], BMI (BMI = weight/height?
[kg/m?]) was used as the evaluation index,
and patients were categorized into normal
weight (18.5<BMI<24.0), overweight (24.0<
BMI<28.0), and obesity (BMI>28.0) groups.
This study was approved by the Ethics Com-
mittee of Nanjing University of Traditional
Chinese Medicine.

Data gathering

(1) Baseline data: Baseline information was col-
lected from patients’ medical records, includ-
ing sex, age, height, weight, history of hyperten-
sion, diabetes, hyperlipidemia, smoking history,
history of chest pain, time from symptom onset
to reperfusion, heart rate and systolic blood
pressure at admission, Killip classification, and
time from symptom onset to CMR examination.
(2) Laboratory data: Fasting venous blood (4
mL) was collected within 24 hours of admis-
sion, and a Roche COBAS INTEGRA 800 auto-
mated biochemical analyzer was used to mea-
sure C-reactive protein (CRP), white blood cell
count (WBC), hemoglobin (Hb), platelets (PLT),
and serum creatinine (Scr). Fasting venous
blood was also collected the morning after
admission, and serum was obtained by centrif-
ugation. Total cholesterol (TC), high-density Ii-
poprotein cholesterol (HDL-C), and low-density
lipoprotein cholesterol (LDL-C) were measured
using biochemical analyzers, while serum cre-
atine kinase isoenzyme (CK-MB) was assess-
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Table 1. Comparison of clinical baseline data

Normal weight ~ Overweight Obese group F p
group (n=77)  group (n=102) (n=54)
Age (years old) 59.91+9.66 59.05+9.89" 55.13+8.47"* 4.406 0.013
Sex (male) 60 79 42 0.006 0.997
BMI (kg/m?) 21.98+1.07 25.76+£0.94" 30.67+1.50"* 933.7 <0.001
Diabetes mellitus 20 (26.0) 26 (25.5) 13 (24.1) 0.063 0.969
Hypertension 36 (46.8) 60 (58.8) 37 (68.5) 6.362 0.042
Hyperlipidemia 5(6.5) 11 (10.8) 13(24.1) 9.462 0.009
Smoking history 52 (67.5) 62 (60.8) 31(57.4) 1.546 0.462
Drinking history 26 (33.8) 36 (35.3) 20 (37.0) 0.150 0.928
Killip classification 2.224 0.898
| 41 (53. 54 (52.9) 32 (59.3)
I 28 (36. 41 (40.2) 17 (31.5)
1 5 (6. 5(4.9) 4(7.4)
% 3(3. 2(2.0) 1(1.9)
Heart rate at admission (bpm) 74.09+9.75 74.75+17.14 76.20+18.97 0.296 0.744
Systolic blood pressure at admission (mmHg) 122.86+12.44 124.0319.19 126.17+7.83 1.709 0.183
Onset-to-reperfusion time (h) 5.59+1.57 5.41+1.28 557+1.15 0.464 0.630

Notes: BMI, body mass index; “P<0.05 vs. normal weight group; P<0.05 vs. overweight group.

ed using an immunochemiluminescence me-
thod.

CMR

Echocardiographic data were obtained from
echocardiograms performed on the same day
as the CMR examination. The CMR procedure
was conducted using a 3.0T scanner (Philips
Intera, Best, The Netherlands) 5-7 days after
PCI. Images were acquired using electrocardio-
gram gating and breath-holding at end-inspira-
tion. CMR scans included vertical and horizon-
tal planes in both long and short axes. Follow-
ing acquisition of the plain scans, black-blood
T2-weighted images were obtained using fast
spin-echo sequences in the short-axis plane,
with fat suppression applied. Late gadolinium
enhancement imaging was performed 10 min-
utes after the intravenous injection of 0.2
mmol/kg of gadolinium contrast agent, using
an inversion-recovery sequence. Data were in-
dependently analyzed by investigators using
CMR software (MASS v7.2, Medis, Netherlands).
The CMR parameters assessed included left
ventricular ejection fraction (LVEF), myocardial
infarct (MI) volume, and microvascular obstruc-
tion (MVO) ratio. The AAR was defined as the
hyperenhanced region on T2-weighted images,
while the MVO was identified as the hypoen-
hanced region within the Ml area.
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Statistical analysis

Data were analyzed using SPSS 22.0. As no
specific hypothesis was tested, sample size
estimation was not performed. After assess-
ing the normality of continuous variables using
the Kolmogorov-Smirnov test, data following a
normal distribution were presented as mean +
standard deviation and compared between
groups using one-way ANOVA. Non-normally
distributed data were expressed as Median
(P25, P75) and analyzed using non-parametric
tests. Categorical data were described as per-
centages or composition ratios, with group
comparisons made using the x? test. Binary
logistic regression was used to identify risk fac-
tors for MVO. A two-tailed P-value of <0.05 was
considered statistically significant.

Results
Comparison of baseline characteristics

A total of 233 patients were included in the
analysis. Obese patients were younger than
those in the normal and overweight groups,
and the proportions of hypertension and hyper-
lipidemia were significantly higher in both the
obese and overweight groups compared to the
normal weight group (P<0.05). No other base-
line characteristics showed statistically signifi-
cant differences (all P>0.05). See Table 1.
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Table 2. Comparison of blood biochemical indexes

Normal weight group Overweight group _
(n=77) (n=102) Obese group (n=54) F P
WBC (x10°/L) 10.75 (8.97, 12.32) 10.36 (8.51, 12.34) 9.55 (8.67, 11.34) 2.865 0.059
Hb (g/L) 137.03 (125.97, 150.11) 145.75 (128.68, 151.18) 147.83 (141.32, 152.06)  6.037 0.001

PLT (x10*2/L)

198.33 (178.33,229.37)  194.52 (176.18, 212.77)  196.50 (174.49, 233.45) 2.784 0.064

Ser (mol/L) 78.06 (69.73, 98.62) 81.68 (71.12, 101.03) 79.13(69.40,90.00)  0.440  0.644
TAG (mmol/L) 1.27 (0.94, 1.78) 1.47 (1.01, 1.81) 1.56 (112, 2.08) 5.894  0.030
TC (mmol/L) 4.15 (3.45, 4.93) 4.08 (3.71, 4.83) 4.20 (4.00, 4.92) 0352  0.704
LDL:C (mmol/L) 2.84 (2.25, 3.15) 2.88 (2.32, 3.09) 2.91 (2.39, 3.41) 2.715  0.068
HDL-C (mmol/L) 1.02 (0.86, 1.25) 0.95 (0.88, 1.02) 1.19 (0.83, 1.36) 9.417  0.001

CK-MB (ng/mL)  217.78 (187.65, 227.48)  194.85 (164.06,211.39)  185.73 (132.23,234.53) 12.54 <0.0001

Notes: WBC, white blood cell count; Hb, hemoglobin; PLT, platelet; Scr, serum creatinine; TAG, triglyceride; TC, total cholesterol; HDL-C/LDL-C,

high/low density lipoprotein cholesterol; CK-MB, creatine kinase isoenzyme.

Table 3. Comparison of CMR parameters

Normal weight
group (n=77)

Overweight Obese group

group (n=102) (n=54) F P

Left ventricular end-diastolic volume (mL) 132.52+19.61 142.66+26.20" 149.22+29.14" 7.578 <0.001

Left ventricular end-systolic volume (mL) 67.88+13.19
43.35+6.89
21.71+3.15
34.60+£7.91
2.07£1.92

Left ventricular ejection fraction (%)
Myocardial infarction rate (%)
Areas at risk of infarction (%)
Microvascular obstruction (%)

71.89+18.54  73.39+11.85 2.361 0.097
42.61+7.15 44224735 0.922 0.399
21.40+3.94 20.94+3.87 0.695 0.500
32.36+13.46 26.72+10.48"* 8.082 <0.001
1.56+£1.73 1.83+1.87 1.725 0.180

Notes: "P<0.05 vs. normal weight group; #P<0.05 vs. overweight group.

Comparison of blood biochemical indexes

As shown in Table 2, significant differences
were observed in Hb (P=0.001), TAG (P=
0.030), HDL-C (P=0.001) and CK-MB (P<
0.0001) among the three groups. Obese pa-
tients had higher Hb, TAG, and HDL-C levels,
while CK-MB levels were lower compared to the
other groups (all P<0.05).

Comparison of CMR parameters

The analysis of CMR parameters (Table 3)
showed significant differences in left ventricu-
lar end-diastolic volume (LVEDV) and AAR
among the three groups (all P<0.05). Obese
patients had higher LVEDV and lower AAR ra-
tios compared to the normal group (all P<0.05).

Correlation between BMI and MVO

Pearson correlation analysis (Figure 1) demon-
strated an inverse relationship between BMI
and MVO across all patients (P<0.05). How-
ever, BMI and MVO ratio were not significantly
correlated in normal-weight patients (r=-0.156,
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P=0.178). In contrast, significant correlations
were found in overweight (r=-0.263, P=0.008)
and obese patients (r=-0.380, P=0.005).

Analysis of influencing factors of MVO

The analysis of factors influencing MVO (Table
4) identified BMI, Killip classification, CK-MB,
and LVEDV as independent influencing factors.
BMI (HR: 0.908, P=0.019) and LVEDV (HR:
0.989, P=0.042) were found to be protective
factors.

Comparison of ARR of infarction

AAR was significantly lower in obese patients
compared to those with normal weight (P<
0.05), while no significant difference was ob-
served between overweight and normal-weight
patients (P>0.05; Table 5). As shown in Figure
2, in a patient with a BMI of 23.2, the ventricu-
lar septum was slightly thickened, with a maxi-
mum diameter of 1.4 cm. No obvious abnor-
malities were found in the apical or septal
myocardium signals during the plain scan, and
first-pass perfusion was slightly reduced before

Am J Transl Res 2024;16(11):6736-6744



Patients with ST-segment elevation myocardial infarction

BMI (kg/m?)

r=0.133 B 8 r=-0.156
P=0.042 P=0.178
° : ®e
L8 e °
. ~o. °® °
. C
- % .
T omelome—
20 22 24 26
BMI (kg/m?)
r=-0.380
P=0.005
e o

e “r 1

28 30 32 34 36

BMI (kg/m?)

Figure 1. Correlation analysis between body mass index (BMI) and microvascular obstruction (MVO) ratio. A: Cor-
relation of BMI with MVO in all patients; B: Correlation of BMI with MVO in the normal weight group; C: Correlation of
BMI with MVO in overweight patients; D: Correlation of BMI with MVO in obese patients.

Table 4. Binary logistic analysis of influencing factors of MVO

B S.E. P OR (95% Cl)

Age 0.007 0.014 0.629 1.007 (0.979-1.036)
Sex 0.149 0.328 0.649 1.161 (0.610-2.210)
BMI -0.096 0.041 0.019 0.908 (0.838-0.984)
Diabetes mellitus ~ 0.000 0.318 0.999 1.000 (0.536-1.865)
Hypertension 0.150 0.281 0.594 1.161(0.670-2.014)
Hyperlipidemia 0.539 0.458 0.239 1.714 (0.699-4.027)
Killip classification 1.081 0.264 0.000 2.946 (1.755-4.946)
Hb (g/L) 0.012 0.010 0.228 1.012 (0.992-1.033)
TAG (mmol/L) 0.278 0.305 0.361 1.321 (0.727-2.402)
HDL-C (mmol/L)  0.966 0.628 0.124 2.628 (0.767-9.000)
CK-MB (ng/mL) 0.009 0.004 0.040 1.009 (1.000-1.017)
LVEDV (mL) -0.011 0.005 0.042 0.989 (0.979-1.000)

Notes: MVO, microvascular occlusion; BMI,

body mass index; Hb, hemoglo-

bin; TAG, triglyceride; HDL-C, high density lipoprotein; CK-MB, creatine kinase
isoenzyme; LVEDV, left ventricular end-diastolic volume.

the enhanced scan. In a patient with a BMI of
25.1, T2WI hyperintensities were observed in
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the apical and inferior wall myocar-
dia, with poorly defined hyperinten-
sity of adipose tissue. First-pass
perfusion was reduced on enhanc-
ed scans, and delayed enhance-
ment was noted.

Discussion

Obesity is currently a global health
issue. It is not only a disease in its
own right but also a major risk fac-
tor for type 2 diabetes, CVD, hyper-
tension, stroke, and various can-
cers. As a result, the World Health
Organization lists obesity as one of
the top ten risk factors contributing
to the global disease burden [23].
Numerous guidelines, both domes-
tic and international, recommend

body weight control for the prevention and
treatment of cardio-cerebrovascular diseases.

Am J Transl Res 2024;16(11):6736-6744
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Table 5. Comparison of areas at risk of infarction

Normal weight vs. Overweight
Adjusted Difference (95% CI) P
-0.004 (-0.011, 0.002) 0.195

Normal weight vs. Obese
Adjusted Difference (95% Cl) P
-0.040 (-0.056, -0.024) 0.000

Area at risk (%)

Figure 2. CMR images of normal weight and overweight patients. A: Normal-weight (BMI=23.2) patients; B: Over-

weight (BMI=25.1) patients. Arrow indicates the location of the lesion.

However, several epidemiological studies have
highlighted the protective effects of obesity in
certain conditions, such as end-stage renal fail-
ure, heart failure, atrial fibrillation, sudden car-
diac death, and coronary heart disease - a phe-
nomenon referred to as the “obesity paradox”.
For example, an observational study of 10,142
patients undergoing PCI in Japan found that
lower body weight was associated with an
increased incidence of PCl-related complica-
tions, particularly bleeding, and identified BMI
as an independent predictor of bleeding during
PCI [11]. Nevertheless, not all research sup-
ports the obesity paradox. A German study
involving 890 consecutive STEMI patients un-
dergoing PCI did not observe the paradox.

Our findings support the presence of the “obe-
sity paradox” in STEMI patients treated at our
hospital. Among the 233 patients analyzed,
obese patients were younger than those in the
normal- and overweight groups, and the obesity
and overweight groups had significantly higher
rates of hypertension and hyperlipidemia than
the normal-weight group. Additionally, Hb, TAG
and HDL-C levels were higher in obese patients,
while CK-MB levels were lower. An inverse as-
sociation between MVO ratio and BMI was
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observed in all patients. Binary logistic regres-
sion further identified BMI, Killip classification,
CK-MB, and LVEDV as independent factors in-
fluencing MVO. In the context of cardiovascu-
lar complications, microcirculatory disturbanc-
es and endothelial dysfunction precede athero-
sclerosis [24]. The difference in CK-MB levels
suggests that MVO is associated with more
severe myocardial and microvascular damage,
aligning with current pathophysiological re-
search and clinical experience [25]. Obese
patients often report dyspnea, which may
result from reduced left ventricular systolic or
diastolic function and increased ventricular fill-
ing pressure. Obesity is linked to ventricular
remodeling, which may normalize wall stress
while increasing stroke volume to meet meta-
bolic demands. It is also associated with el-
evated LVEDP, indicating a relationship with
diastolic dysfunction [26]. Furthermore, several
studies have demonstrated that the presence
of MVO is associated with worse prognosis and
more pronounced left ventricular remodeling
compared to infarction without MVO [27, 28].

We found a significant negative association
between the MVO ratio and BMI in all patients.
However, in the BMI subgroup analysis, there
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was no significant association between BMI
and MVO ratio in the normal weight group,
while a strong inverse relationship was ob-
served in the overweight and obese groups.
Some researchers suggest that Ml patients
with normal or low BMI may have a larger in-
farct size compared to obese patients [29].
Consistent with our findings, Lan et al. also
reported a lower prevalence of MVO in over-
weight and obese patients [30]. However, the
results of this study remain controversial. First,
we used BMI to classify overweight and obe-
sity. While BMI is easy to apply in clinical set-
tings, it does not accurately reflect true obesity.
It is hypothesized that more comprehensive
measures of body fat composition could better
correlate with cardiovascular risk and mortality
than BMI alone [31]. Indicators such as waist
circumference, body roundness index, and
body shape index may more accurately reflect
the differences in fat distribution and obe-
sity-related pathophysiological conditions [32].
Additionally, some studies suggest that over-
weight and obesity may not be associated with
infarct size or myocardial reperfusion injury in
acute STEMI patients treated with PCI [33].
Therefore, the “obesity paradox” requires fur-
ther investigation.

This study has several limitations. First, it is a
single-center retrospective study with a rela-
tively small sample size. Although this ensures
consistency in interventional therapy techni-
ques, future studies should include more pa-
tients and expand the sample size to improve
statistical power. Second, we did not evaluate
other obesity-related indicators apart from
BMI, and the data did not include factors such
as waist circumference, hip circumference,
weight changes during follow-up, and daily
activity, which can reflect body composition
and fat distribution. The inclusion of these
data would be valuable in future research.
Moreover, this study did not analyze patients
with low body mass. Future multi-center stud-
ies should aim to include more low body mass
patients and assess additional obesity-related
indicators beyond BMI.

In conclusion, BMI is associated with MVO and
AAR in STEMI patients undergoing PCI. Addi-
tionally, obesity may be linked to a lower risk of
MVO and AAR.
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