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Abstract

Background: The prevalence of obesity in the United States is high. 
Obesity is one of the leading risk factors in the development of acute 
myocardial infarction (AMI). Nevertheless, how obesity impacts 
AMI in-hospital outcomes remains controversial.

Methods: Using National Inpatient Sample (NIS) database, we iden-
tified patients diagnosed with AMI from the year 2015 to 2018. We 
divided these patients into five subgroups based on their body mass 
index (BMI). We compared outcomes such as mortality, length of in-
patient stay, and inpatient complications between our subgroups. Sta-
tistical analysis was done using the program STATA. Our nationally 
representative analysis included 561,535 patients who had an AMI 
event across various weight classes.

Results: Most of our sample was obese (BMI > 30 kg/m2) and male. 
Obese patients were significantly younger than the rest. Length of 
stay (LOS) for AMI was highest for those with a BMI of less than 24 
kg/m2. In-hospital mortality is highest for those with a BMI of < 30 
kg/m2 and lowest for those with a BMI of 30 - 40 kg/m2. Inpatient 
complications are highest in the lower BMI population (BMI < 24 
kg/m2).

Conclusion: The current analysis of a nationally representative sam-

ple showed the clinical implications of BMI in patients with AMI. 
Patients with a BMI of 30 - 40 kg/m2 had more favorable LOS, in-
patient complications, and in-hospital mortality when compared to 
those with an ideal body weight. Hence, this supports and expands on 
the concept of the “obesity paradox”. Further studies are needed to 
further investigate the possible mechanism behind this.
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Introduction

Acute myocardial infarction (AMI) is one of the most promi-
nent complications of cardiac disease [1]. It can present with 
cardiac arrest, shock, and multiple organ dysfunction [1]. The 
treatment of AMI usually requires inpatient hospitalization and 
close monitoring, which places a substantial financial burden 
not only on the patient but also on the healthcare system as a 
whole [2]. AMI has been linked with many conditions includ-
ing obesity [3]. What is not as well understood is the relation-
ship between obesity and outcomes once the AMI has already 
occurred.

Obesity has been on the rise in the United States over the 
past decades with its prevalence increasing from 6.2% to 32.7% 
between 1976 - 1980 and 2017 - 2018 [4]. Obese patients have 
been shown to incur higher medical costs and burdens which 
makes it vital to study this risk [5, 6]. The correlation between 
body mass index (BMI) and cardiac conditions has been well 
established, yet there remains controversy on whether it is an 
independent risk factor or not [3, 7, 8]. Obesity is associated 
with a higher prevalence of co-morbidities, including diabe-
tes, insulin resistance, hyperlipidemia, and hypertension, all 
of which can be the drivers of this cardiovascular risk [7, 8]. 
Interesting trends are seen in cardiovascular mortality with 
obesity. Most recently, a high BMI (> 27.5 kg/m2) has been as-
sociated with a protective effect on mortality across all patients 
that experience an AMI [9, 10].

Several studies have attempted to delve deeper into the 
correlation between BMI and AMI. A recent meta-analysis of 
five primary studies showed a clear correlation between obe-
sity and risk for AMI [11]. In addition, underweight patients 
have been shown to have a higher risk of cardiovascular events 
including cerebrovascular accidents and AMI [9, 10].
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The effect of BMI on morbidity and mortality in AMI is 
undeniable and further insight into these trends is crucial. This 
study aims to be the largest retrospective analysis of its kind to 
break down AMI by BMI, and then also other outcomes such 
as inpatient complications, mortality, and socioeconomic data.

Materials and Methods

This study used data from the NIS database from October 2015 
to 2018. The NIS is one of several databases managed by the 
Agency for Healthcare Research and Quality through a Fed-
eral-State-Industry partnership called the Healthcare Cost and 
Utilization Project (HCUP). The NIS contains administrative 
claims data from 7 million in-patient hospitalizations annually 
in 47 participating states plus the District of Columbia, repre-
senting 97% of the United States population. Because NIS data 
are compiled annually, the data can be used for the analysis of 
disease trends over time using trend weights compiled by the 
HCUP.

Institutional Review Board approval and informed con-
sent were not required for this study because NIS data are de-
identified and publicly available. The research qualifies as no 
risk or minimal risk to subjects and our institution does not 
require ethical approval for NIS database studies. We identi-
fied hospitalizations for AMI with the International Classifica-
tion of Diseases, Tenth Revision (ICD-10). We included hos-
pitalizations with a primary diagnosis of AMI and those with 
a secondary diagnosis of AMI if the primary diagnosis was 
either percutaneous coronary intervention (PCI) (Z9861 and 
PCS codes: 0271, 0272, 0273) or coronary artery bypass graft 
(CABG) surgery (PCS codes: 0211, 0212, 0213) or thrombo-
lytics (3E05017, 3E05317, 3E04017, 5A0935B, 5A09457, 
5A09458, 3E04317, 3E05017, 3E05317) or atrial fibrillation 
(I48.1, I48.2, I48.91) or ventricular tachycardia (I47.2) or ven-
tricular fibrillation (I49.01) or heart failure (I50).

We also identified patients whose BMI codes were col-
lected and divided into five BMI groups: underweight (< 20 
kg/m2), normal weight (20 - 24.9 kg/m2), overweight (25 - 30 
kg/m2), obese class I and II (31 - 39.9 kg/m2), and obese class 
III (≥ 40 kg/m2). ICD codes used were Z68.1, Z68.2, Z68.3, 
and Z68.4. The included population in our analysis were pa-
tients aged above 18, who we identified as presenting with an 
MI as described above and had BMI codes identifying their 
obesity status.

Descriptive statistics were presented as frequencies with 
percentages for categorical variables and as means with stand-
ard deviations and medians with interquartile ranges for con-
tinuous variables. Baseline characteristics were compared 
using a Pearson Chi-square test, Fisher’s exact test for categor-
ical variables, and the Student’s t-test and Mann-Whitney U 
test for continuous variables. Multivariate regression analysis 
was done to adjust for possible confounders while calculating 
in-hospital mortality. The patient and hospital characteristics, 
as well as comorbidities, were obtained from the literature re-
view. A univariate screen was done to further confirm these 
factors. Variables with P < 0.2 on a univariate screen were 
included in the multivariable regression model. A P-value of 

0.05 was set as the threshold for statistical significance in the 
multivariate regression analysis. All analyses were conducted 
by weighting samples for national estimates in conjunction 
with the HCUP regulations for using the NIS database. Sta-
tistical analyses were performed using STATA version 17 for 
Windows and RStudio 2022.02.0.

Results

From October 2015 to 2018, 561,520 estimated weighted ad-
missions with AMI were identified. Table 1 shows the baseline 
characteristics of our AMI hospitalization cohort. Average age 
was 63 ± 13 years, with gender less likely to be female (n = 
233,115 (42%)). The majority of those presenting with AMI 
were white (397,085 (73%)) and had Medicare insurance (n = 
284,825 (51%)). The breakdown according to BMI groups is 
as detailed in tables.

Table 2 demonstrates the difference in comorbidities be-
tween different groups; most of our cohort had hypertension 
(n = 486,270 (87%)), with the highest percentage in patients 
with BMI > 40 kg/m2 (89%, P < 0.001). Diabetes mellitus was 
also highest in patients with BMI > 40 kg/m2 with an incre-
mental increase in percentage with elevated BMI (21%, 35%, 
48%, 54%, and 61%). The presence of chronic kidney disease 
was higher at both extremes of BMI groups (both at 28%, P 
< 0.001). Heart failure as a comorbidity was notably higher 
in lower BMI groups (BMI < 24 (50%, P < 0.001)). Similar-
ly, atrial fibrillation history was higher in those with BMI < 
25 kg/m2 (P < 0.001). Stroke and transient ischemic attacks 
were higher in both BMI groups below 25 kg/m2 (P < 0.001). 
Charleston comorbidity index was higher in both BMI groups 
below 25 kg/m2 (P < 0.001).

Table 3 shows the distribution of the clinical presentation 
and course, as well as revascularization therapy utilization dur-
ing hospitalization. Presentation with ST-elevation MI in 21%, 
non-ST-elevation MI in 71%, and other presentations besides 
STEMI and NSTEMI were in 3.1% of hospitalizations. Ven-
tricular tachycardia was notable in 6.6% of the cohort, without 
differences between groups. Ventricular fibrillation was more 
likely in BMI groups (25 - 29 and > 40 kg/m2) with 3.5% and 
3.3% respectively (P < 0.001). PCI was performed in 46% of 
patients, most commonly in the BMI 30 - 40 kg/m2 group with 
51% (P < 0.001). CABG was performed in 13% of all patients, 
but mostly in BMI > 20 - 29 kg/m2 and BMI 30 - 40 kg/m2 
groups with 15% for both (P < 0.001). Systemic thrombolysis 
was only administered in 1.8% of hospitalizations and more 
commonly in the lowest BMI group < 20 kg/m2 with 3.9% (P 
< 0.001).

Table 4 shows inpatient complications and resource utili-
zation during the hospital stay. Length of stay (LOS) was long-
est in the 20 - 24 kg/m2 BMI group with an average stay of 
6.7 ± 7 days (P < 0.001). Total admission charges were least 
for BMI < 20 kg/m2 group with an average of $89,245 per ad-
mission. Respiratory failure requiring mechanical ventilation 
was highest in BMI < 20 kg/m2 group with 7.2% (P < 0.001). 
Multiple in-hospital complications were highest for 20 - 24 kg/
m2 BMI group including upper gastrointestinal (GI) bleeding 
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(4.1%, P < 0.001), acute kidney injury (31%, P < 0.001), cir-
culatory shock (7.7%, P < 0.001), and requiring packed red 
blood cell (PRBC) transfusion (9.7%, P < 0.001). However, 

in-hospital mortality was highest in BMI < 20 kg/m2 group 
with 9.3% (P < 0.001) (Fig. 1) [12].

Table 5 shows a univariate and multivariate logistic model 

Table 3.  Distribution of Clinical Course and Utilization of Revascularization Procedures by Body Mass Index

Characteristics Overall  
(n = 561,520a)

Body mass index
P-valueb< 20  

(n = 34,705a)
20 - 24  
(n = 20,475a)

25 - 29  
(n = 51,690a)

30 - 40  
(n = 294,365a)

> 40  
(n = 160,285a)

STEMI 119,885 (21%) 5,240 (15%) 3,300 (16%) 12,680 (25%) 68,935 (23%) 29,730 (19%) < 0.001
NSTEMI 397,565 (71%) 24,660 (71%) 14,435 (71%) 35,165 (68%) 206,515 (70%) 116,790 (73%) < 0.001
Other MI (not MI/NSTEMI) 17,340 (3.1%) 2,215 (6.4%) 1,330 (6.5%) 1,590 (3.1%) 6,845 (2.3%) 5,360 (3.3%) < 0.001
Ventricular tachycardia 37,030 (6.6%) 2,315 (6.7%) 1,265 (6.2%) 3,650 (7.1%) 19,060 (6.5%) 10,740 (6.7%) 0.14
Ventricular fibrillation 16,735 (3.0%) 765 (2.2%) 540 (2.6%) 1,785 (3.5%) 8,355 (2.8%) 5,290 (3.3%) < 0.001
PCI 258,650 (46%) 7,380 (21%) 5,635 (28%) 23,935 (46%) 149,550 (51%) 72,150 (45%) < 0.001
CABG 72,465 (13%) 1,530 (4.4%) 1,725 (8.4%) 7,780 (15%) 44,935 (15%) 16,495 (10%) < 0.001
Systemic thrombolysis 10,085 (1.8%) 1,350 (3.9%) 640 (3.1%) 675 (1.3%) 3,665 (1.2%) 3,755 (2.3%) < 0.001

an (%). bChi-squared test with Rao and Scott’s second-order correction. STEMI: ST-elevation myocardial infarction; NSTEMI: non-ST-elevation myo-
cardial infarction; PCI: percutaneous coronary intervention; CABG: coronary artery bypass graft.

Table 4.  Patient Complications and Resource Utilization by Body Mass Index

Characteristics Overall  
(n = 561,520a)

Body mass index
P- valueb< 20  

(n = 34,705a)
20 - 24  
(n = 20,475a)

25 - 29  
(n = 51,690a)

30 - 40  
(n = 294,365a)

> 40  
(n = 160,285a)

Length of hospital 5.0 (SD 5.7) 6.6 (SD 7.5) 6.7 (SD 7.0) 5.3 (SD 6.2) 4.6 (SD 4.9) 5.2 (SD 6.3) < 0.001
Total charges 105,172  

(SD 121,538)
89,245  
(SD 117,306)

110,480  
(SD 147,366)

116,281  
(SD 132,570)

105,114  
(SD 110,906)

104,445  
(SD 132,798)

< 0.001

Mechanical ventilation 27,785 (4.9%) 2,495 (7.2%) 1,260 (6.2%) 1,960 (3.8%) 11,615 (3.9%) 10,455 (6.5%) < 0.001
Upper GI bleeding 8,900 (1.6%) 1,380 (4.0%) 830 (4.1%) 1,015 (2.0%) 3,345 (1.1%) 2,330 (1.5%) < 0.001
Acute kidney injury 122,995 (22%) 9,675 (28%) 6,345 (31%) 11,940(23%) 55,805 (19%) 39,230 (24%) < 0.001
PRBC transfusion 20,505 (3.7%) 2,220 (6.4%) 1,585 (7.7%) 2,505 (4.8%) 9,150 (3.1%) 5,045 (3.1%) < 0.001
Circulatory shock 36,945 (6.6%) 2,940 (8.5%) 1,985 (9.7%) 4,200 (8.1%) 17,360 (5.9%) 10,460 (6.5%) < 0.001
Mortality 19,910 (3.5%) 3,220 (9.3%) 1,615 (7.9%) 1,890 (3.7%) 7,105 (2.4%) 6,080 (3.8%) < 0.001

aMean (SD); n (%). bWilcoxon rank-sum test for complex survey samples; Chi-squared test with Rao and Scott’s second-order correction. GI: gas-
trointestinal; PRBC: packed red blood cell.

Table 2.  Patient Baseline Comorbidities by Body Mass Index

Characteristics Overall  
(n = 561,520a)

Body mass index
P-
valueb< 20  

(n = 34,705a)
20 - 24  
(n = 20,475a)

25 - 29  
(n = 51,690a)

30 - 40  
(n = 294,365a)

> 40  
(n = 160,285a)

Hypertension 486,270 (87%) 25,995 (75%) 16,620 (81%) 43,735 (85%) 257,195 (87%) 142,725 (89%) < 0.001
Diabetes mellitus 296,520 (53%) 7,305 (21%) 7,230 (35%) 24,855 (48%) 158,845 (54%) 98,285 (61%) < 0.001
Chronic kidney disease 143,585 (26%) 9,750 (28%) 6,815 (33%) 13,320 (26%) 68,720 (23%) 44,980 (28%) < 0.001
Heart failure 214,075 (38%) 17,205 (50%) 10,320 (50%) 18,985 (37%) 98,010 (33%) 69,555 (43%) < 0.001
Stroke 5,730 (1.0%) 565 (1.6%) 360 (1.8%) 650 (1.3%) 2,615 (0.9%) 1,540 (1.0%) < 0.001
Transient ischemic attack 1,570 (0.3%) 165 (0.5%) 100 (0.5%) 105 (0.2%) 745 (0.3%) 455 (0.3%) < 0.001
Atrial fibrillation 115,670 (21%) 10,180 (29%) 6,175 (30%) 10,530 (20%) 55,015 (19%) 33,770 (21%) < 0.001
Charleston comorbidity index 3.2 (SD 4.6) 3.9 (SD 4.8) 4.0 (SD 5.1) 3.2 (SD 4.6) 3.0 (SD 4.2) 3.4 (SD 5.1) < 0.001

an (%). bChi-squared test with Rao and Scott’s second-order correction. SD: standard deviation.
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for risk factors for mortality. Using BMI group < 20 kg/m2 as a 
baseline, we noticed that higher BMI predicted lower in-patient 
mortality in AMI patients with the lowest being in the 30 - 40 kg/
m2 BMI group. The difference was still maintained even when 
adjusting for age, gender, and comorbidities. Other variables 

were assessed; the female gender was found to be protective 
with odds ratio (OR) 0.88 (95% confidence interval (CI) 0.82 
- 0.94, P < 0.001). Atrial fibrillation and heart failure predicted 
mortality with OR 1.26 (95% CI 1.17 - 1.36, P < 0.001) and OR 
2.03 (95% CI 1.89 - 2.18, P < 0.001), respectively.

Table 5.  Regression Model for Predictors of Mortality

Characteristics
Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value
BMI groups
  < 20 Ref Ref Ref Ref
  20 - 24 0.87 (0.75 - 1.00) 0.057 0.84 (0.73 - 0.96) 0.013
  25 - 29 0.56 (0.48 - 0.64) < 0.001 0.37 (0.33 - 0.42) < 0.001
  30 - 40 0.44 (0.39 - 0.49) < 0.001 0.24 (0.22 - 0.27) < 0.001
  > 40 0.73 (0.65 - 0.82) < 0.001 0.39 (0.35 - 0.43) < 0.001
Age 1.03 (1.03 - 1.04) < 0.001 1.05 (1.04 - 1.05) < 0.001
Gender (female) 0.88 (0.82 - 0.94) < 0.001 1.13 (1.06 - 1.21) < 0.001
Atrial fibrillation 1.26 (1.17 - 1.36) < 0.001 1.93 (1.80 - 2.06) < 0.001
Heart failure 2.03 (1.89 - 2.18) < 0.001 2.55 (2.38 - 2.72) < 0.001
Hypertension 0.51 (0.47 - 0.55) < 0.001 0.59 (0.54 - 0.64) < 0.001
Diabetes mellitus 1.00 (0.93 - 1.08) > 0.9 0.90 (0.85 - 0.96) 0.002

BMI: body mass index; OR: odds ratio; CI: confidence interval.

Figure 1. Differences in patient characteristics, resource utilization and in-hospital outcomes among those admitted for acute 
myocardial infarction based on body mass index [12].
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Discussion

This study is a nationally representative cohort of 561,535 pa-
tients who had an AMI event across various weight classes. 
This analysis examined the relationship between BMI and in-
hospital outcomes of patients with AMI. To our knowledge, 
this is the largest study to explore this relationship. The pri-
mary findings were as follows: 1) The majority of our sample 
was obese (BMI > 30 kg/m2) and male. 2) Obese patients were 
significantly younger than the rest. 3) LOS for AMI was high-
est for those with a BMI less than 24 kg/m2. 4) In-hospital 
mortality is highest in those with a BMI < 25 kg/m2 and lowest 
for those with a BMI of 30 - 40 kg/m2. 5) Inpatient complica-
tions are significantly higher in the lower BMI population.

It is well established that risk factors for having AMI in-
clude being obese and male [3, 7]. This study supports these 
findings as the majority of our sample were male and obese. 
Despite the male gender being a predictor of decreased mortal-
ity in our multivariate analysis, female patients made up most 
patients who were underweight which is consistent with the 
literature [13]. Obese patients were more likely to be younger 
when presenting with AMI, which could be related to obesity 
being a risk factor for coronary artery disease (CAD). A total 
of 111,847 patients were involved in a retrospective analysis 
comparing NSTEMI frequency and risk factors, revealing that 
excess adipose tissue is a primary risk factor for a premature 
cardiac event [13, 14]. Obese patients were more likely to have 
diabetes mellitus and hypertension, as it is well established 
that obese patients have higher rates of metabolic disease [4, 
14, 15]. The higher prevalence of these two additional CAD 
risk factors in obese patients may also contribute to them pre-
senting at a younger age with AMI than in lower BMI groups 
[14, 16]. Although these patients’ young age may contribute to 
the decreased mortality rate in those with class I and II obe-
sity, when we adjusted for age and other patient characteristics, 
they continued to have lower inpatient mortality rates.

It is well established that patients with STEMI have higher 
rates of mortality than those with NSTEMI [17-20]. Interest-
ingly despite the two lower BMI groups (< 25 kg/m2) having 
fewer rates of STEMI, they experienced higher mortality rates. 
The higher rates of STEMI in class I and II obesity likely also 
contributed to these patients receiving higher rates of coronary 
revascularization through PCI and CABG.

When patients who have higher BMI have more favorable 
outcomes than those with ideal body weight it is often referred 
to as the “obesity paradox”. This was described in multiple 
large observational studies in patients presenting with acute 
coronary syndrome (ACS) [10, 15, 16]. A Swedish registry 
study of 64,436 ACS patients demonstrated the highest sur-
vival rates in those who are overweight in slight contrast to 
our study which showed that class I and II obesity had the low-
est mortality rates [13]. Like our study, Angeras et al showed 
the highest rate of mortality in the underweight group [13]. A 
European meta-analysis in 2014 of 218,532 people reinforced 
this point of significantly higher mortality with lower BMI 
[10]. Several other studies showed decreased survival rates 
once BMI went past 40 kg/m2 as also demonstrated by our 
study [10, 14, 21, 22].

The relationship between a higher BMI and better surviv-
al rates post-ACS is not very well understood. One concept 
proposed is “metabolically healthy obesity”, which indicates 
despite these patients having large adipose reserves some do 
not have classic sequela of metabolic disease [23, 24]. Several 
other mechanisms have been postulated such as improved nu-
tritional and caloric reserve may hinder the metabolic effects 
of the disease for those who are critically ill [25-28]. Another 
hypothesis includes the idea that lower weight may represent 
a severe cardiovascular disease state like cardiac cachexia in 
heart failure patients [29, 30]. Other studies challenge the use 
of BMI as a surrogate for excess body fat as it represents both 
the sum of the fat-mass index and fat-free mass index (skeletal 
muscle mass, bone, and organs) [31]. They argue that markers 
of obesity such as waist circumference and waist-to-hip ratio 
have correlated better with CAD [28].

We examined hospital LOS as it offers information regard-
ing resource utilization and health economics. Patients who 
had an ideal body weight or were underweight had a higher 
LOS. LOS was lowest in those with class I and II obesity. A 
possible mechanism for this would be that higher caloric re-
serve and improved nutritional status allow for superior heal-
ing rates and therefore shorter hospital stays [25].

Limitations

NIS allows for large-scale, real-world, and nationally repre-
sentative data analysis of hundreds of clinical and non-clinical 
variables. Despite this, the findings of this study should be in-
terpreted with the following limitations in mind. Firstly, limi-
tations are inherent to the observational nature of this study. 
Secondly, this study is subject to suboptimal coding or coding 
errors which could lead to bias. Thirdly, NIS data are limited 
to in-hospital outcomes, and therefore important information 
such as 30-day readmission and 30-day mortality is not possi-
ble to extract. Fourthly, patients identified with NSTEMI may 
include a portion of the population with a type 2 MI secondary 
to myocardial ischemia from mismatched myocardial oxygen 
supply and demand that is not related to unstable CAD. More-
over, residual confounding due to unmeasured confounders 
could have influenced the observed results. Due to limitations 
in our database, we were unable to further define patients’ 
clinical status with information regarding frailty. Finally, the 
use of BMI as a surrogate for excess body fat without informa-
tion regarding waist-to-hip ratio and percent body fat. Unfor-
tunately, the NIS database does not contain these measures of 
excess body fat.

Conclusion

The current analysis of a nationally representative sample 
demonstrated the clinical implications of BMI in patients with 
AMI. Patients with a BMI of 30 - 40 kg/m2 had more favorable 
LOS, inpatient complications, and in-hospital mortality when 
compared to those with ideal body weight. Hence, this sup-
ports and expands on the concept of the “obesity paradox”. 
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Further studies are needed to further investigate the possible 
mechanism behind this.
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