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Background: Better survival for overweight and obese patients after ST-segment elevation myocardial infarction (STEMI) has been 
demonstrated. The association between body mass index (BMI), microvascular obstruction (MVO), and area at risk (AAR) after 
STEMI was evaluated.
Methods: A prospective observational study was performed to enrolled patients undergoing primary percutaneous coronary inter
vention (pPCI) for STEMI and cardiac magnetic resonance was performed within 5–7 days. Patients were classified as normal weight 
(18.5 ≤BMI <24.0 kg/m2), overweight (24.0 ≤BMI <28.0 kg/m2), or obese (BMI ≥28 kg/m2).
Results: Among 225 patients undergoing pPCI, 67 (30.00%) were normal weight, 113 (50.22%) were overweight, and 45 (20.00%) were 
obese. BMI ≥28 kg/m2 was significantly associated with less risk of MVO when compared with a normal BMI after multivariable adjustment 
(overweight: HR 0.29, 95% CI 0.13–0.68, p = 0.004). Compared with normal weight patients, obese and overweight patients tend to have larger 
hearts (greater left ventricular end-diastolic volume [LVEDV] and left ventricular [LV] mass). In adjusted analysis, increased BMI was 
significantly associated with a smaller AAR. In addition, obese patients had a smaller AAR (β = −0.252, 95% CI −20.298- −3.244, p = 0.007) and 
AAR, % LV mass (β = −0.331, 95% CI −0.211- −0.062, p < 0.001) than normal weight patients.
Conclusion: Obesity (BMI ≥28 kg/m2) is independently associated with lower risks of MVO and a smaller AAR, % LV mass than 
normal weight patients among subjects undergoing pPCI for STEMI.
Keywords: ST-segment elevation myocardial infarction, STEMI, microvascular obstruction, MVO, cardiac magnetic resonance, 
CMR, body mass index, BMI, area at risk, AAR

Introduction
Obesity remains a major health problem, as it is associated with numerous diseases including an increased risk for acute 
myocardial infarction.1 Obesity also increases risk for developing other cardiovascular risk factors such as diabetes, 
dyslipidemia, and hypertension.2 Despite its established adverse impact on general and cardiovascular health, numerous 
studies have demonstrated a better prognosis for overweight or obese patients after an acute coronary syndrome 
compared with their leaner counterparts.3–5 The mechanisms underlying this “obesity paradox” remain unknown.

Relatively favorable outcomes among obese patients with ST-segment elevation myocardial infarction (STEMI) may 
be related to smaller infarcts in overweight patients. Several studies found that reduced myocardial infarct size among 
obese patients versus nonobese patients.6,7 While an obesity paradox is documented, several studies question its presence 
in STEMI patients.8,9 Thus, it remains unclear whether a true “obesity paradox” exists, which could be attributed to the 
inherent limitations of body mass index (BMI) as a marker of adiposity.
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Cardiovascular magnetic resonance (CMR) has emerged as an important imaging modality for assessing microvas
cular obstruction (MVO) and relevant prognostic pathophysiological consequences of myocardial ischemia and reperfu
sion after an acute reperfused STEMI.10,11 Thus, CMR is uniquely positioned to be used to comprehensively evaluate the 
morphological, functional, and microvascular sequelae of the post-infarction patient.

Despite obesity being prevalent in patients with STEMI,12 its effects on infarct size are largely unexplored. Whether 
less extensive myocardial damage represents a potential mechanism for the more favorable clinical outcomes in over
weight and obese patients with myocardial infarction remains therefore controversial. In this study, we aimed to evaluate 
the association between BMI and the CMR prognosis of patients with STEMI undergoing primary percutaneous coronary 
intervention (pPCI).

Methods
Study Population
In this prospective observational study, consecutive patients were included with first acute STEMI admitted to the 
coronary care unit (CCU) of Beijing Friendship Hospital. Patients were included if they were first STEMI defined in 
accordance with the redefined committee criteria,13 and were successfully treated by pPCI within 12 h from symptom 
onset. Exclusion criteria were previous myocardial infarction (MI) or revascularization, congestive heart failure with left 
ventricular ejection fraction (LVEF) <40%, atrial fibrillation, renal failure with glomerular filtration <30 mL/min, acute 
infections disease within 3 months, rheumatic disease, malignant tumors, claustrophobia, and other contraindications to 
CMR. According to the above inclusion and exclusion criteria, a total of 226 patients were enrolled from December 11, 
2018 to November 19, 2021. The study complied with the Declaration of Helsinki. The study data collections were 
approved by the Institutional Review Board of Beijing Friendship Hospital affiliated to Capital Medical University, and 
written informed consent was obtained from all patients.

CMR Protocol
All patients were studied with a 3.0-T scanner (MAGNETOM Prisma; Siemens Healthcare, Erlangen, Germany) within 5–7 
days after pPCI. Patients were scanned with electrocardiogram (ECG) triggering in the supine position using 32-channel 
surface phased array coils. The imaging protocol included whole LV coverage for T1- and T2-weighted, perfusion, cines, and 
Late gadolinium enhancement (LGE) images. After obtaining T1- and T2-weighted images, gadolinium was administered 
intravenously (0.2 mmol/kg, gadopentetate dimeglumine, Magnevist, Bayer Healthcare Pharmaceuticals, Wayne, NJ, USA) 
for perfusion, and then obtaining cine images. Ten minutes after contrast administration, a segmented IR cine bSSFP inversion 
time (TI) scouting sequence was performed to null the signal of the normal myocardium to insure the quality of LGE images. 
LVEDV, LVESV, LVEF and LV mass were calculated from the short axis cine images. Area at risk (AAR) was defined as 
a hyperintense area on T2-weighted images when the signal intensity was >2 SD above the mean intensity of normal 
myocardium and it was measured as absolute mass and as a percentage of entire LV mass. Infarct size and AAR are often used 
by studies to show which effect myocardial infarction has on the heart.14 MVO was defined as the hypo-enhanced region 
within the LGE area and was quantified by careful manual delineation of this hypo-enhanced region. Both LGE and MVO 
were finally measured as absolute mass and as percentage of entire LV mass. Infarct size was also shown as percentage of LV 
mass. Infarct size >19% was defined as large infarct size according to the prognostic data published.15 For all post-processing 
analyses, commercially available software was used CVI42 (Release 5.12.2, Circle Cardiovascular Imaging, Calgary, Canada). 
All CMR images were evaluated by experienced observers, blinded to clinical events and angiographic results.

Clinical Characteristics
Clinical history was recorded from each patient by 1 trained physician. The following variables were collected: 
demographic characteristics (age, sex, and body mass index [BMI]) and cardiovascular risk factors including hyperten
sion; current or previous smoking; hyperlipidemia; diabetes mellitus; family history of CAD in first-degree relatives; 
medical therapy; vital parameters including blood pressure and heart rate, site of MI and Killip class.
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Definition of BMI
BMI was defined as weight in kilograms divided by the square of height in meters. Two sets of analyses were conducted 
to assess the association among BMI and CMR outcomes. In the first analysis, patients were categorized into three 
different BMI groups: normal weight (18.5≤BMI<24.0 kg/m2), overweight (24.0≤BMI<28.0 kg/m2), and obesity (BMI 
≥28.0 kg/m2) according to the classification of the Criteria of Weight for Adults released by the Ministry of Health of 
China.16 For this analysis, 1 patient who was underweight (defined as BMI <18.5 kg/m2) was excluded. In the second 
analysis, BMI was modeled as a continuous variable.

Statistical Analysis
Baseline characteristics were summarized for patients in each BMI category. All variables were expressed as mean ± SD for 
normally distributed continuous variables or median (25th to 75th percentile) for non-normally distributed continuous variables or 
numbers (percent) for categorical variables. Comparisons between groups were performed using one-way analysis of variance 
(ANOVA) or Mann–Whitney U-test for continuous variables. Categorical variables were compared by Pearson’s Chi square test.

The associations between BMI and LV parameters and AAR were assessed using multiple linear regression. Binary 
logistic regression was used to assess the association between baseline covariates and the BMI groups (results presented 
as odds ratio [OR] and 95% confidence interval [CI]). In the model, we adjusted for variables that were significant in the 
univariate analysis and variables with potential influence of presence of MVO. Also, intercorrelations among variables 
were taken into consideration in the multivariate analysis. All tests were 2-tailed, and a value of p < 0.05 was considered 
to be statistically significant. Statistical analysis was performed with SPSS version 25 (SPSS Inc., Chicago, Illinois) and 
R version 2.15.2 (R Foundation for Statistical Computing, Vienna, Austria).

Results
A total of 225 patients with STEMI undergoing pPCI (83.1% men; mean age, 58.41 ± 11.53 years) were included in this 
analysis, with 67 (30.00%), 113 (50.22%) and 45 (20.00%) patients being categorized as normal weight, overweight, and 
obesity, respectively.

Characteristics of the Study Population
Baseline characteristics according to categories of BMI are detailed in Table 1. Compared with those of normal weight, 
overweight and obese patients were younger and have a higher prevalence of hypertension. They also had higher levels 
of SBP, DBP, waist circumference and triglyceride. The use of angiotensin-converting enzyme inhibitor/angiotensin 
receptor blocker (ACEIs/ARB) was also more common among those patients. In contrast, normal weight patients were 
older, had a higher prevalence of dyslipidemia and family history of CAD, as well as higher level of peak CK-MB, total 
cholesterol, HDL-C and LDL-C.

CMR Parameters
Overweight and obese patients showed a lower prevalence of MVO (40.0%, 50.4%3 vs 65.7%; p = 0.006) when 
compared with normal weight patients (Figure 1). Also, normal weight patients showed higher amounts of infarct size 
>19% compared with other patients (Figure 1), but the difference was not significant. Overall, BMI and most LV 
geometry and function parameters assessed early after STEMI were only weakly correlated. In agreement with previous 
reports, strongest correlations were seen for total LV mass, which were significantly greater in overweight and obese 
patients compared with normal weight patients (by 128.01 ± 25.17, 112.17 ± 23.31 and 105.24 ± 24.47, respectively, p < 
0.001, Table 2). Overweight and obese patients also showed significant differences in diastolic parameters (higher left 
atrial volume) compared with normal weight patients (by 148.59 ± 36.84, 141.85 ± 32.76 and 130.58 ± 28.46, 
respectively, p = 0.011). Also, overweight and obese patients were found to have smaller AAR, % LV mass (Table 2).

BMI and imagine endpoints.
The results of the univariate and multivariate logistic regression analyses are shown in Table 3. On univariate 

analysis, increased waist circumference, Killip class, glycated hemoglobin and a higher BMI were significantly 
associated with MVO. Correlation analysis showed that waist circumference was significantly correlated with BMI 
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(r = 0.690, p < 0.001). Therefore, waist circumference was not included in the multivariate model. After multivariable 
adjustment, when compared with a normal BMI, a higher BMI was associated with a lower risk of MVO (overweight: 
HR 0.44, 95% CI 0.23–0.86, p=0.017, and obesity: HR 0.29, 95% CI 0.13–0.68, p = 0.004) (Table 3). As a continuous 
variable, increased BMI was significantly associated with larger LVEDV and total LV mass in both unadjusted and 
adjusted analysis (Table 4). In contrast, increased BMI was significantly associated with smaller AAR, % LV mass (β = 
−0.151, 95% CI −0.017- −0.001, p = 0.023) (Table 4). When compared with normal weight patients, obese patients had 
a significantly decreased AAR (β = −0.252, 95% CI −20.298- −3.244, p = 0.007) and AAR, % LV mass (β = −0.331, 
95% CI −0.211- −0.062, p < 0.001) (Table 5) (Figure 2).

Table 1 Baseline Characteristic Comparisons According to General Obesity

Variables All Patients (n=225) BMI ≥28 kg/m2 (n=45) 24.0 ≤BMI <28.0 kg/ 
m2 (n=113)

18.5 ≤BMI <24.0 kg/m2 

(n=67)
P-value

Age, years 58.41 ± 11.53 55.76 ± 13.28 57.65 ± 11.50 61.48 ± 9.66 0.021

Male 187 (83.1) 41 (91.1) 92 (81.4) 54 (80.6) 0.180

SBP, mmHg 125.13 ± 19.97 125.73 ± 25.69 126.80 ± 19.09 121.91 ± 16.72 0.278

DBP, mmHg 77.14 ± 13.38 78.82 ± 17.14 77.75 ± 12.69 74.97 ± 11.48 0.259

HR, bpm 74.76 ± 14.66 75.11 ± 15.69 74.50 ± 14.58 74.97 ± 14.28 0.963

BMI, kg/m2 25.83 ± 3.40 31.01 ± 2.23 25.93 ± 1.14 22.16 ± 1.29 <0.001

Waist circumference, cm 92.92 ± 9.78 104.36 ± 7.59 91.86 ± 8.18 86.97 ± 6.68 <0.001

Cardiovascular risk factors

Current or previous smoking, n (%) 159 (70.7) 36 (80.0) 74 (65.5) 49 (73.1) 0.596

Hypertension, n (%) 128 (56.9) 32 (71.1) 66 (58.4) 30 (44.8) 0.005

Diabetes mellitus, n (%) 58 (25.8) 10 (22.2) 32 (28.3) 16 (23.9) 0.943

Dyslipidemia, n (%) 91 (40.4) 19 (42.2) 44 (38.9) 28 (41.8) 0.984

Family history of CAD, n (%) 81 (36.0) 15 (33.3) 39 (34.5) 27 (40.3) 0.420

Medication before admission

Antiplatelet agents, n (%) 25 (11.1) 6 (13.3) 14 (12.4) 5 (7.5) 0.298

ACE-I/ARB, n (%) 47 (20.9) 11 (24.4) 29 (25.7) 7 (10.4) 0.044

Beta-blockers, n (%) 16 (7.1) 4 (8.9) 9 (8.0) 3 (4.5) 0.343

Ca-blockers, n (%) 60 (26.7) 13 (28.9) 30 (26.5) 17 (25.4) 0.689

Statins, n (%) 10 (4.4) 2 (4.4) 3 (2.7) 5 (7.5) 0.351

Killip class, n (%) 0.975

I 183 (81.3) 39 (86.7) 89 (78.8) 55 (82.1)

II 35 (15.6) 5 (11.1) 19 (16.8) 11 (16.4)

III 3 (1.3) 0 (0) 2 (1.8) 1 (1.5)

IV 4 (1.8) 1 (2.2) 3 (2.7) 0 (0)

Site of myocardial infarction

Anterior myocardial infarction 106 (47.1) 22 (48.9) 51 (45.1) 33 (49.3) 0.904

Myocardial enzyme

Peak CK-MB, ng/mL 207.92 (186.55–229.29) 184.33 (136.87–231.79) 194.65 (165.13–224.17) 246.14 (186.55–229.29) 0.067

Total cholesterol, mmol/L 4.96 ± 1.09 4.92 ± 1.00 4.92 ± 1.14 5.04 ± 1.10 0.780

Triglyceride, mmol/L 1.97 ± 1.40 2.21 ± 1.02 2.10 ± 1.73 1.59 ± 0.82 0.027

HDL-C, mmol/L 1.00 ± 0.21 0.95 ± 0.18 0.98 ± 0.21 1.04 ± 0.21 0.053

LDL-C, mmol/L 3.00 ± 0.72 2.97 ± 0.67 2.97 ± 0.75 3.05 ± 0.70 0.773

HbA1c, % 6.60 ± 1.70 6.49 ± 1.34 6.67 ± 1.73 6.55 ± 1.87 0.811

Creatinine, umol/L 71.53 ± 15.84 72.20 ± 14.67 71.67 ± 16.28 70.83 ± 16.06 0.896

eGFR, mL/min/1.732 99.99 ± 19.61 104.39 ± 21.67 99.73 ± 19.36 97.47 ± 18.41 0.184

Hs-CRP, mg/L 10.79 ± 10.86 11.33 ± 11.26 11.12 ± 10.87 9.87 ± 10.73 0.708

GRACE risk score 143.45 ± 26.55 137.89 ± 29.47 143.16 ± 27.81 147.67 ± 21.48 0.159

LVEF (Simpson’s), % 51.84 ± 7.97 51.32 ± 7.55 51.82 ± 8.35 52.25 ± 7.68 0.834

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor 
blocker; CAD, coronary heart disease; HR, heart rate; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; HbA1c, glycated 
hemoglobin; eGFR, estimated glomerular filtration rate; CK-MB, creatine kinase MB; Hs-CRP, hypersensitive C-reactive protein; LVEF, left ventricular ejection fraction; 
GRACE, Global Registry of Acute Coronary Event.
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Discussion
In the present study, overweight status was significantly associated with a lower risk of MVO presence and smaller AAR, 
% LV mass compared with normal BMI. BMI ≥28 kg/m2 was found to be independently and significantly associated with 
a smaller infarct size than normal BMI. Obese patients with greater BMI exhibit the most LV structural remodeling early 
after the infarction compared with normal and overweight patient groups. To the best of our knowledge, the present study 
is the first analysis examining the association between BMI and MVO measured by contrast-enhanced CMR in Chinese 
patients undergoing primary PCI for STEMI.

Recent studies raised the hypothesis that CMR-based parameters of irreversible myocardial ischemic damage, such as 
microvascular obstruction (MVO), are closely associated with adverse events among STEMI patients.11,17,18 Symons 
et al reported that MVO extent ≥2.6% of LV was a strong independent predictor of all deaths and HF hospitalizations in 
addition.11 In another pooled study which enrolled 1688 patients with STEMI after pPCI, a strong independent 
relationship between MVO measured within 7 days after reperfusion and the occurrence of mortality and heart failure 
hospitalization within 1 year was found.17 In addition, STEMI patients with MVO were associated with increased risks of 
major adverse cardiac events (MACEs). After 6 years of follow-up, the extent of MVO remained a strongest predictor for 
occurrence of MACEs.18 MVO is now firmly accepted to be a prognostic significance predictor of adverse left ventricular 

Figure 1 Percentage MVO and infarct size according to body mass index category. 
Abbreviations: BMI, body mass index; MVO, microvascular obstruction.

Table 2 CMR Baseline Characteristics

Variables All Patients 
(n=225)

BMI ≥28 kg/m2 

(n=45)
24.0 ≤BMI <28.0 kg/ 
m2 (n=113)

18.5 ≤BMI <24.0 kg/m2 

(n=67)
P-value

LVEDV, mL 139.85 ± 32.94 148.59 ± 36.84 141.85 ± 32.76 130.58 ± 28.46 0.011

LVESV, mL 71.59 ± 28.22 75.91 ± 29.21 72.75 ± 30.10 66.73 ± 23.60 0.199
LVEF, % 42.39 ± 20.21 44.23 ± 18.67 40.55 ± 22.08 44.26 ± 17.72 0.392

LV mass, g 113.28 ± 25.22 128.01 ± 25.17 112.17 ± 23.31 105.24 ± 24.47 <0.001

AAR, g 37.89 ± 23.64 31.98 ± 23.70 38.77 ± 24.32 40.37 ± 22.08 0.157
AAR, % LV mass 32.40 ± 20.40 23.93 ± 18.47 33.11 ± 20.60 36.87 ± 19.86 0.004

LGE mass, g 35.85 ± 26.12 35.69 ± 28.18 36.02 ± 25.74 35.66 ± 25.72 0.995

LGE, % LV mass 30.23 ± 21.15 27.03 ± 21.52 30.69 ± 20.83 31.62 ± 21.54 0.505
MVO mass, g 2.24 ± 4.51 2.60 ± 6.21 2.01 ± 4.01 2.38 ± 3.99 0.727

MVO mass, % LV mass 1.75 ± 3.68 1.86 ± 4.37 1.51 ± 3.00 2.08 ± 3.68 0.560

MVO mass, % LGE mass 4.06 ± 7.02 3.88 ± 8.31 3.71 ± 6.51 4.78 ± 6.96 0.601

Abbreviations: BMI, body mass index; AAR, area at risk; CMR, cardiac magnetic resonance; LGE, late gadolinium enhancement; LVEDV, left ventricular end-diastolic 
volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume; LV, left ventricular; MVO, microvascular obstruction.
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remodeling, major adverse cardiac events, and cardiovascular death.19 However, data on the association between MVO 
among STEMI patients and BMI was limited.

Obesity may be associated with a survival benefit once acute myocardial infarction has occurred.20 It is referred to as 
the “obesity paradox”. However, this pathophysiological mechanism behind this phenomenon remains controversial.21,22

Table 3 Univariable and Multivariable Predictors of Presence of MVO

Variables Univariable Analysis Multivariable Analysis

OR (95% CI) P-value OR (95% CI) P-value

Age, years 0.99 (0.97–1.02) 0.649 0.99 (0.96–1.01) 0.250

Male 0.89 (0.44–1.80) 0.891 1.09 (0.50–2.38) 0.822
SBP, mmHg 1.00 (0.99–1.02) 0.665

DBP, mmHg 1.01 (0.99–1.03) 0.345

HR, bpm 1.02 (1.00–1.03) 0.094 1.01 (0.99–1.03) 0.296
Waist circumference, cm 0.98 (0.95–1.01) 0.125

18.5≤BMI<24.0 kg/m2 1.00 1.00

24.0≤BMI<28.0 kg/m2 0.53 (0.29–0.99) 0.048 0.44 (0.23–0.86) 0.017
BMI ≥28 kg/m2 0.35 (0.16–0.76) 0.008 0.29 (0.13–0.68) 0.004

Cardiovascular risk factors

Current or previous smoking 0.91 (0.51–1.62) 0.748
Hypertension 1.02 (0.60–1.73) 0.935

Diabetes mellitus 1.83 (0.99–3.38) 0.055

Dyslipidemia 0.55 (0.32–0.94) 0.028
Family history of CAD 0.80 (0.47–1.39) 0.430

Killip class 2.30 (1.25–4.24) 0.008 2.48 (1.32–4.65) 0.005

Site of myocardial infarction
Anterior myocardial infarction 1.15 (0.68–1.94) 0.604

Myocardial enzymes

Peak CK-MB, ng/mL 1.005 (1.003–1.007) <0.001 1.005 (1.003–1.007) <0.001
Total cholesterol, mmol/L 0.89 (0.70–1.13) 0.327

Triglyceride, mmol/L 0.87 (0.70–1.07) 0.867

HDL-C, mmol/L 1.07 (0.30–3.81) 0.913
LDL-C, mmol/L 0.90 (0.63–1.30) 0.584

HbA1c, % 1.24 (1.05–1.47) 0.013 1.25 (1.04–1.51) 0.019
GRACE risk score 1.005 (0.995–1.016) 0.285

Abbreviations: MVO, microvascular obstruction; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; CAD, coronary heart disease; HR, 
heart rate; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; HbA1c, glycated hemoglobin; 
eGFR, estimated glomerular filtration rate; CK-MB, creatine kinase MB; GRACE, Global Registry of Acute Coronary Event; OR, 
odd ratio.

Table 4 Multivariable Adjusted Difference in LV Parameters and AAR per Unit Increase in Body Mass 
Index

Variables Unadjusted Difference Adjusted Difference

(95% Confidence Interval) P-value (95% Confidence Interval) P-value

LVEDV, mL 0.212 (0.807–3.309) 0.001 0.163 (0.303–2.861) 0.016
LV mass, g 0.333 (1.546–3.394) <0.001 0.234 (0.869–2.602) <0.001

AAR, g −0.073 (−1.426–0.406) 0.274 −0.094 (−1.562–0.252) 0.156
AAR, % LV mass −0.175 (−0.018- −0.003) 0.008 −0.151 (−0.017- −0.001) 0.023

Notes: The multivariable models were adjusted for the following covariate set: age, sex, hypertension, hyperlipidemia, diabetes, current 
smoking and anterior myocardial infarction. 
Abbreviations: AAR, area at risk; LVEDV, left ventricular end-diastolic volume; LV, left ventricular.
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In our study, compared with normal weight, the existence of MVO showed a graded reduction in obese and 
overweight patients when BMI was stratified according to Chinese classification. BMI ≥28 kg/m2 was associated with 
lower risks of MVO existence and smaller AAR, % LV mass. This is in accordance with existing studies that an obesity 
paradox is present in STEMI patients that patients with overweight might have a smaller infarct size as a possible 
explanation for better outcomes.6,7 However, these results were partially contradictory and derived from small numbers 
of included patients. Interestingly, in a pooled analysis performed from 6 randomized trials among 2238 patients 
undergoing pPCI, BMI was not associated with infarct size, MVO or LVEF.8 Another study also revealed no significant 

Table 5 Multivariable Adjusted Difference in LV Parameters and AAR According to Body Mass Index 
Category

Variables Overweight vs Normal Weight Obese vs Normal Weight

Adjusted Difference 
(95% Confidence 
Interval)

P-value Adjusted Difference 
(95% Confidence 
Interval)

P-value

LVEDV, mL 0.155 (0.593–19.676) 0.038 0.180 (−0.724–24.960) 0.064

LV mass, g 0.081 (−2.638–10.623) 0.236 0.279 (6.228–24.415) 0.001
AAR, g −0.042 (−9.181–5.124) 0.576 −0.252 (−20.298- −3.244) 0.007

AAR, % LV mass −0.074 (−0.094–0.032) 0.331 −0.331 (−0.211- −0.062) <0.001

Notes: The multivariable models were adjusted for the following covariate set: age, sex, hypertension, hyperlipidemia, diabetes, 
current smoking and anterior myocardial infarction. 
Abbreviations: AAR, area at risk; LVEDV, left ventricular end-diastolic volume; LV, left ventricular.

Figure 2 CMR of 2 patients with 18.5 ≤BMI <24.0 kg/m2 and BMI ≥28 kg/m2 after anterior STEMI and successful PPCI. The top row (A–C) showed a patient with BMI = 
23.66 kg/m2, the bottom row (D–F) showed a patient with BMI = 29.07 kg/m2. (A and D) T2-weighted imaging was used to detect AAR. (B, C, E and F) T1-weighted 
imaging in LV short and long axis was used to detect LGE and MVO. Despite similar clinical characteristics for 2 groups, patient in 18.5 ≤BMI <24.0 kg/m2 group showed both 
LEG and MVO that were not present in BMI ≥28 kg/m2 group. 
Abbreviations: BMI, body mass index; AAR, area at risk; CMR, cardiac magnetic resonance; LGE, late gadolinium enhancement; MVO, microvascular obstruction; pPCI, 
primary percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.
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association between BMI and infarct size.9 Differences among these studies may be explained by differences in patient 
populations, therapies administered, and variables used for multivariable adjustment.

Several factors may contribute to this observed phenomenon. Age may partially explain the lower risk associated with 
overweight and obesity. Age was progressively lower in overweight and obese patients compared with normal weight subjects in 
most studies. In our study, we did observe a younger age in obese and overweight patients. However, the mean ages of subjects in 
three groups were not different and overweight was still an independent risk factor after multivariate analysis including age in our 
study. Therefore, the differences in baseline characteristics do not appear to be sufficient to explain the mechanism of the obesity 
paradox. Moreover, the association of BMI and adverse outcomes can also be modified by cardiorespiratory fitness (CRF). While 
obesity paradox has also been observed in patients with CHD, the prognostic role of BMI for adverse outcomes can be mitigated 
after adjusted for CRF.23 Studies have also shown that a higher level of CRF will substantially offset the adverse effects of obesity 
on morbidity and mortality.24 Besides, patients with overweight or obesity may get earlier and more aggressive intervention due to 
a higher prevalence of metabolic diseases such as hypertension or diabetes. In the present study, obese patients were more likely to 
have hypertension than nonobese patients, although there was no significant difference in baseline medications across BMI 
categories; however, data on whether obese patients were more aggressively treated than nonobese patients after admission were 
limited. In contrast, individuals with normal body weight have a lower pretest probability, and consequently present with more 
advanced disease, and thus a worse subsequent prognosis.

Multiple large registry studies investigating the effect of BMI on clinical outcomes after an acute coronary syndrome have 
either not described LV function according to BMI or have limited their analysis to LVEF.5 Obesity has been consistently 
associated with adverse, frequently subclinical, cardiac structural, and functional changes, leading to the development of 
established LV dysfunction and eventually heart failure.25 BMI was positively associated with increased LV mass and LV 
volume without change in ejection fraction among patients free of clinically apparent cardiovascular disease.25 Recognition of the 
independent structural and functional consequences of obesity itself on the myocardium has grown. Several studies have reported 
that there were significant positive correlations between severity of obesity and measures of LV mass, but not all studies assessing 
LV diastolic dimension or volume have reported a significant positive correlation between obesity and LV diastolic chamber 
size.26 Multiple factors have been identified that may increase LV mass in obese patients including hypertension and duration of 
obesity.27 Our findings are consistent with previous studies demonstrating LV mass was consistently significantly greater in obese 
than in normal weight subjects.25,28 We also find significant differences in LV end-diastolic volume across BMI groups in the 
present study. Obese patients had a significantly further impaired level of LV diastolic function compared with normal weight 
patients. It has been postulated that perivascular and interstitial fibrosis may contribute to LV diastolic dysfunction in obesity based 
on the presence of markers of collagen turnover and the high prevalence of diabetes mellitus in obese subjects.29 These results 
should be taken into consideration for future “obesity paradox” studies, particularly when evaluating optimized treatment 
strategies for this group of patients suffering acute STEMI.

Limitations
Our study had several limitations. First, our study was single-center study and the sample size was small, leading to a cautious 
generation of the results. Second, cardiorespiratory fitness data which may affect the obesity paradox was not assessed in this 
cohort. Third, updated information during follow-up was not included, which BMI may play an important role on prognosis of 
STEMI patients. Although BMI is the most commonly used measure of obesity, it failed directly distinguish between adipose and 
lean tissue or central and peripheral adiposity. Waist circumference or direct body fat measuring modalities, are likely to more 
accurately reflect true obesity burden. In addition, the present study did not take into account recent weight loss and shifts in body 
weight, which may be associated with significant increases in risk. Last, the classification of BMI in our study is from Criteria of 
Weight for Adults released by the Ministry of Health of China, this may not be applicable to other countries.

Conclusion
In conclusion, the current study demonstrated that BMI was associated with MVO and AAR, % LV mass among subjects 
undergoing pPCI for STEMI. BMI ≥28 kg/m2 in this population is independent of MVO and smaller AAR, % LV mass suggests 
focusing on alternative mechanisms by which higher BMI might confer better prognosis in the contemporary STEMI era.
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