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A B S T R A C T   

Background: The obesity paradox in patients with coronary artery disease is well established, but the role of the 
metabolic syndrome associated with obesity is not well studied. Our study aims to evaluate the in-hospital 
outcomes of percutaneous coronary intervention (PCI) in metabolically healthy individuals with obesity 
(MHO) and metabolically unhealthy (MUHO) individuals with obesity over 65 years of age with acute coronary 
syndrome (ACS) between 2016 and 2020. 
Methods: This was a retrospective and observational study. Patients were identified through utilizing the National 
Inpatient Sample (NIS) Database (2016–2020) and ICD-10 codes. By employing a t-test and Pearson’s Chi-square 
test, we assessed and contrasted the initial attributes, concurrent conditions, and results pertaining to all-cause 
mortality (ACM), cardiogenic shock (CS), length of stay (LOS), and hospitalization expense. Moreover, pro
pensity score matching was conducted in a 1:1 ratio with respect to age, gender, and race. We also utilized 
multivariable logistic regression to compare MHO and MUHO in terms of the impact on all-cause mortality. 
Results: Out of a total of 135,395 patients identified, 2995 patients with MUHO were matched with 2995 MHO 
patients. Patients in the MUHO group had a higher prevalence of chronic pulmonary disease (24.9 % vs. 19.5 %), 
peripheral vascular disease (9.3 % vs. 6.7 %), hypothyroidism (16 % vs. 11.5 %), prior myocardial infarction 
(15.9 % vs. 6.2 %), and prior stroke (7.5 % vs. 2.8 %). Patients in the MHO group had a higher ACM (12.4 % vs. 
2.8 %, p < 0.001), CS (18.55 % vs. 7 %, p < 0.001), stroke (2.2 % vs. 1 %, p < 0.001), ventricular assist device 
insertions (5.2 % vs. 2.7 %, p < 0.001), and IABP insertions (8.8 % vs. 3.8 %) compared to the MUHO cohort. 
Conclusion: Our study revealed an obesity paradox in individuals over 65 years of age undergoing PCI demon
strating worse outcomes, including higher in-hospital mortality, CS, stroke, Ventricular assist device and IABP 
insertion in MHO patients compared to the MUHO cohort.   

1. Introduction 

Obesity is associated with an increased risk of cardiometabolic risk 
factors such as hypertension, diabetes, metabolic syndrome, and 

dyslipidemia. The risk factors are shared commonly by coronary artery 
disease and acute coronary syndrome (ACS). Mechanisms explaining 
this link include but are not limited to, elevated circulatory pro- 
inflammatory markers and hormonal and upregulated enzyme 
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activities, including increased clotting factors, decreased fibrinolysis, 
increased TNF-a and leptin levels associated with poor outcomes in CAD 
and in-stent restenosis [1]. Obesity is an independent risk factor for 
coronary artery disease (CAD). However, upon analyzing epidemiolog
ical data, mostly from hospitalized registries, in recent studies, it is 
linked to enhanced survival (“obesity paradox”). Studies have described 
the obesity paradox, where obesity appears to offer protective benefits in 
terms of in-hospital mortality and adverse outcomes in certain pop
ulations with CAD, heart failure, atrial fibrillation, post-PCI, and 
post-CABG patients [2–5]. In our study, we set out to analyze the impact 
of metabolic health on in-hospital adverse outcomes, including mortal
ity, and discuss the potential mechanisms and biases that might explain 
why metabolically healthy (MHO) patients with obesity undergoing 
percutaneous coronary intervention (PCI) experienced worse outcomes 
compared to their metabolically unhealthy (MUHO) counterparts. 

2. Methods 

This was a retrospective and observational study. In this study, we 
utilized data from the National Inpatient Sample (NIS) for the years 
2016–2019 to identify patients with ACS aged ≥65 years undergoing 
PCI into MHO and MUHO using the International Classification of Dis
eases, 10th Revision-Clinical Modification (ICD-10- CM) codes. Of which 
those without concomitant metabolic risk factors were defined as 
metabolically healthy (MHO) (no hypertension, diabetes, or hyperlip
idemia), and the other cohort was defined as metabolically unhealthy 
obesity (MUHO). 

The data selection process involved 1:1 propensity score matching, 
with age, sex, race, median household income, primary payer, location 
and region of hospital, and type of admissions, whether elective or non- 
elective as matching criteria with a caliper width of 0.01 and near 
neighbor matching method. Comorbid conditions such as hypothyroid
ism, chronic pulmonary disease, peripheral vascular disease, alcohol 
and drug abuse, depression, history of prior MI, transient ischemic 
attack (TIA), or stroke were also matched. 

All-cause mortality (ACM) was the primary outcome of interest, 
while cardiogenic shock (CS), use of mechanical circulatory devices 
(MCDs) such as Ventricular assist device and intra-aortic balloon pump 
(IABP), post-PCI related bleeding, and patient disposition were consid
ered secondary outcomes. We conducted descriptive and inferential 
statistical analyses to compare outcomes between the two cohorts. 
Descriptive statistics were used to summarize patient characteristics, 
while inferential statistics were used to compare outcomes between the 
two cohorts. Mann-Whitney test was used to compare continuous vari
ables given a non-normal distribution curve, and Pearson chi-square was 
utilized to compare categorical variables. We utilized multivariable lo
gistic regression to compare MHO and MUHO in terms of the impact on 
all-cause mortality, while controlling for all confounding variables, 
including age at admission, sex, race, payer status, median household 
income quartile, hospital location/teaching status, and comorbidities 
including, hypertension, diabetes, hyperlipidemia, depression, drug 
abuse including alcohol and tobacco use disorder, COPD, peripheral 
vascular disease, thyroid disorders, prior history of myocardial infarc
tion, prior history of bariatric surgery, valvular heart diseases and can
cer. The outcome was deemed to be non-significantAll analyses were 
interpreted with a significance level of 0.05. IBM Statistical Package for 
the Social Sciences (SPSS) v25.0 (IBM Corp., Armonk, NY, USA) was 
utilized to perform the analyses. 

3. Results 

Out of a total of 135,395 individuals over 65 years of age with 
obesity, (97.8 % were MUHO, and 2.2 % were MHO) admitted for ACS 
undergoing PCI, 2995 patients with MUHO were matched with 2995 
MHO patients after propensity matching. Baseline characteristics, 
including sex, race, insurance, and median household income, were 

comparable in both groups. Patients in the MUHO group had a higher 
prevalence of depression (12.7 % vs. 6.5 %), drug use (2.3 % vs. 1.5 %), 
chronic pulmonary disease (24.9 % vs. 19.5 %), peripheral vascular 
disease (9.3 % vs. 6.7 %), hypothyroidism (16 % vs. 11.5 %), prior 
myocardial infarction (15.9 % vs. 6.2 %), and prior stroke (7.5 % vs. 2.8 
%). 

Patients in the MHO group had a higher ACM (12.4 % vs. 2.8 %, p <
0.001), CS (18.55 % vs. 7 %, p < 0.001), stroke (2.2 % vs. 1 %, p <
0.001), Ventricular assist device insertions (5.2 % vs. 2.7 %, p < 0.001), 
and IABP insertions (8.8 % vs. 3.8 %) compared to the MUHO cohort. 
We utilized multivariable logistic regression to compare MHO and 
MUHO in terms of the impact on ACM, while controlling for all con
founding variables, which failed to show any significant difference in 
outcomes between MHO vs. MUHO cohorts (OR 2.00; 95%CI 0.47–8.61, 
p = 0.35) [Table 1]. 

4. Discussion 

Our nationwide analysis from 2016 to 2020 of individuals over 65 
years of age undergoing PCI for ACS highlights a nuanced understanding 
of the obesity paradox, where MHO patients exhibited worse in-hospital 
outcomes compared to their MUHO counterparts. Individuals in the 
MHO group had notably elevated rates of ACM (12.4 % vs. 2.8 %) and 
complications such as cardiogenic shock (18.55 % vs. 7 %), stroke (2.2 % 
vs. 1 %), and implantation of mechanical circulatory devices. This 
finding is consistent with other studies suggesting that obesity, espe
cially in relation to metabolic health, has a multifaceted impact on 
cardiovascular disease results [3,4]. 

Some of the biological mechanisms of metabolically healthy obesity 
involve reduced levels of ectopic fat (visceral and liver), increased leg fat 
deposition, enhanced expandability of subcutaneous adipose tissue, 
maintained insulin sensitivity, beta-cell function, and improved 
cardiorespiratory fitness when compared to unhealthy obesity [6]. In 
pooled data analysis of 1.46 million individuals, it was noted that among 
metabolically healthy non-smokers, there was a J-shaped relationship 
between BMI and ACM, with the lowest odds of ACM seen at a BMI range 
of 20.0–24.9, on a long-term follow up [7]. However, such studies on 
long-term follow-up are subject to limitations given their reliance on 
anthropometric measurements and disease conditions at a single point 
in time. The concept of BMI is not optimal since it has limitations in 
differentiating between fat and lean body mass. Our study is also similar 
in the sense, ninety percent of the population is also white, as in the 
study by Gonzalez et al. [7]. The obesity paradox might be explained 
through various mechanisms: Individuals with obesity often possess 
greater metabolic reserves and exhibit less cachexia, potentially 
contributing to better outcomes in certain conditions. They tend to 
present with coronary artery disease (CAD) at a younger age, which 
might lead to more aggressive medical therapy and diag
nostic/revascularization procedures. Increased muscle mass and 
potentially better cardiorespiratory fitness, despite obesity, could offer 
advantages. Additionally, an attenuated hormonal response, particu
larly within the renin-angiotensin-aldosterone system, might play a role. 
However, unmeasured confounders, including selection bias, where the 
etiology of CAD in individuals with obesity versus lean individuals dif
fers, could influence these observations. A stronger evidence can be 
noted from this study by Cortigiani et al. as a more robust evidence of 
protective effect of obesity (BMI ≥30) in patients with stress-induced 
ischemia and/or coronary microvascular dysfunction [8]. 

Many studies have disclosed the obesity paradox in CAD, but most 
are based on the BMI group. A cohort study found that a higher BMI was 
linked to a reduced risk of all-cause mortality over 3 years, even after 
adjusting for age, renal function, history of stroke, coronary artery 
bypass graft, peripheral arterial disease, heart failure, and CTO revas
cularization status [9]. Explanations for the obesity paradox have 
pointed out confounding factors that can introduce bias, which is linked 
to the perceived survival advantage of individuals with obesity [10,11]. 
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The paradox regarding the independent association of elevated BMI with 
reduced mortality after PCI was also evident in contemporary U.K. and 
Japan based studies [12,13]. 

Evidenced by all these studies, we are bound to come up with a new 
assessment standard for obesity, or more precisely, measuring the car
diovascular comorbidity of a person that makes him prone to cardio
vascular adverse events. Critics contend that a more significant indicator 
of obesity, as indicated by several studies, should be assessed by waist 
circumference, waist-to-hip ratio, or body fat [3]. A recent study intro
duced a new scoring system, the Relative Fat Mass (RFM) Index, to assess 
body fat percentage (BFP). This index was found to be a more accurate 
and consistent indicator of obesity and the severity of CAD compared to 
BMI [14]. Adjusting BMI parameters to classify obesity based on ethnic 
variations may help identify different CAD risk categories within diverse 
ethnic populations. 

5. Limitation 

Our study, although hypothesis generating, is not without limita
tions. Our study sample included more white and less black patients in 
MHO group. It potentially could have introduced sampling bias. The use 
of the NIS database restricts our analysis to hospitalized individuals 
only, limiting generalizability of the findings to the wider population. 
Furthermore, given the cross-sectional design of the study, it’s difficult 
to establish causality. The study lacks longitudinal data, which would be 
crucial to understand the long-term outcomes and the potential transi
tion from metabolically healthy obesity to metabolically unhealthy 
states. Our study relies on administrative codes for categorizing obesity 
and metabolic health, which has been primarily established for a white 
population, and not for black population as mentioned earlier. This 
method might not capture the nuances of metabolic health and obesity, 
particularly in a diverse population, who may have different metabolic 
profiles at lower BMI levels. Although we attempted comprehensive 
multivariable regression assessing the primary endpoint—all-cause 
mortality, it was not possible to evaluate all end-points while controlling 
for confounding variables, which in fact necessitates larger-scale 
investigations. 

6. Conclusion 

Our study illuminates the complexity of the obesity paradox in in
dividuals over 65 years of age undergoing PCI for ACS, revealing that 

Table 1 
Baseline Characteristics and In-hospital outcomes following PCI for Acute cor
onary syndrome-related Hospitalizations in Individuals over 65 years of age with 
Metabolically Healthy vs. Metabolically Unhealthy Obesity: A Nationwide Pro
pensity Score Matched Analysis [2016–2020].  

Variables  MUHO (n =
2995) 

MHO (n = 2995) P-value 

Age (years) at 
admission, 
median [IQR]  

70 70 0.599 

Sex Male 56.8 % 58.8 % 0.117  
Female 43.2 % 41.2 %  

Race White 89.5 % 90.7 % 0.422  
Black 3.0 % 3.0 %   
Hispanic 6.2 % 5.0 %   
Asian/PI 0.7 % 0.7 %   
Native 
American 

0.7 % 0.7 %  

Elective Non- 
elective 

94.8 % 96.0 % 0.033  

Elective 5.2 % 4.0 %  
Payer Type Medicare 85.4 % 85.0 % 0.969  

Medicaid 0.5 % 0.5 %   
Private 13.2 % 13.7 %   
Self-pay 0.9 % 0.9 %  

Median 
household 
income 
national 
quartile for 
patient ZIP 
Code 

0-25th 27.0 % 25.7 % <0.001 
26-50th 27.2 % 27.9 %  
51-75th 26.5 % 22.6 %  
76-100th 19.3 % 23.8 %  

Comorbidities     
Alcohol abuse  1.8 % 2.2 % 0.356 
Depression  12.7 % 6.5 % <0.001 
Drug abuse  2.3 % 1.5 % 0.019 
Chronic 

pulmonary 
disease  

24.9 % 19.5 % <0.001 

Peripheral 
vascular 
disease  

9.3 % 6.7 % <0.001 

Hypothyroidism  16.0 % 11.5 % <0.001 
Prior MI  15.9 % 6.2 % <0.001 
Prior TIA/Stroke 

without 
Neurologic 
deficit  

7.5 % 2.8 % <0.001 

Cancer  2.8 % 3.7 % 0.069 
In-hospital 

outcomes     
All-cause 

mortality  
2.8 % 12.4 % <0.001 

Cardiogenic 
Shock  

7.0 % 18.5 % <0.001 

Ventricular 
assist device  

2.7 % 5.2 % <0.001 

IABP  3.8 % 8.8 % <0.001 
Post PCI related 

bleeding  
0.8 % 1.7 % 0.004 

Postprocedural 
stroke  

1.0 % 2.2 % <0.001 

Disposition of 
patient 

Routine 72.4 % 63.1 % <0.001  

Transfer 
to Short- 
term 
Hospital 

1.8 % 2.5 %   

Transfer 
Other: 
SNF, ICF, 
another 
type of 
facility 

10.4 % 11.5 %   

HHC 12.4 % 10.2 %   

Table 1 (continued ) 

Variables  MUHO (n =
2995) 

MHO (n = 2995) P-value 

Length of Stay 
(days), 
Median [IQR]  

3 [2–5] 3 [2–6] 0.189 

Cost (USD), 
Median [IQR]  

104338 
[74706–167415] 

112714 
[75536–195398] 

<0.001 

Multivariable Odds Ratios MHO vs MUHO 
All-cause 

mortality 
Odds 
Ratio 

95 % CI UL 59 % CI LL P-value  

2.00 0.47 8.61 0.35 

Abbreviations: PCI Percutaneous coronary intervention; MUHO Metabolically 
unhealthy obese; MHO Metabolically healthy obese; PI Pacific Islanders; IQR 
Interquartile range; MI Myocardial infarction; TIA Transient ischemic attack; 
IABP Intraortic balloon pump; SNF Skilled Nursing Facility; ICF Intermediate 
Care Facility; HHC Home Health Care. 
Multivariable logistic regression was adjusted for age at admission, sex, race, 
payer status, median household income quartile, hospital location/teaching 
status, and comorbidities including, hypertension, diabetes, hyperlipidemia, 
depression, drug abuse including alcohol and tobacco use disorder, COPD, pe
ripheral vascular disease, thyroid disorders, prior history of myocardial infarc
tion, prior history of bariatric surgery, valvular heart diseases and cancer. 
P < 0.05 was considered statistically significant. 
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metabolically healthy obesity is associated with poorer in-hospital out
comes compared to metabolically unhealthy obesity, challenging con
ventional perceptions, and highlighting the need for nuanced clinical 
strategies. 

Key takeaway clinical message  

• Metabolically healthy obesity in individuals over 65 years of age 
undergoing PCI for ACS is associated with higher risk of in-hospital 
mortality, cardiogenic shock, post-PCI stroke events, and require
ment for mechanical circulatory devices.  

• Contrary to conventional beliefs, metabolically healthy obesity does 
not confer protective effects in cardiovascular interventions, 
emphasizing the importance of metabolic health status in predicting 
patient outcomes post-PCI.  

• This paradox within a paradox underscores the complex interplay 
between obesity, metabolic health, and cardiovascular outcomes, 
necessitating tailored clinical approaches for optimal patient 
management. 
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