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Abstract

Background: The impact of obesity on acute myocardial infarction
(AMI) risk in patients undergoing transcatheter aortic valve replace-
ment (TAVR) remains poorly characterized, particularly with respect
to the incidence and specific factors associated with this complica-
tion. This study aimed to determine the incidence, associated factors,
and clinical implications of in-hospital AMI among patients with obe-
sity undergoing TAVR.

Methods: We analyzed the National Inpatient Sample (2016-2022)
to identify adult patients with obesity (body mass index (BMI) > 30
kg/m?) undergoing TAVR, with non-obese patients as a comparative
cohort. Multivariable logistic regression identified factors associated
with in-hospital AML.

Results: Among 19,971 patients with obesity undergoing TAVR, 506
(2.5%) experienced in-hospital AMI, compared with 2.7% among
non-obese patients (P = 0.295). Patients with obesity were younger
(median age 75 vs. 81 years, P < 0.001) and had lower in-hospital
mortality (0.8% vs. 1.3%, P = 0.002) but longer hospital stays (3 vs.
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2 days, P < 0.001) and higher hospitalization costs ($217,785 vs.
$179,887, P <0.001) compared with patients without obesity. Factors
associated with higher AMI odds in the obesity cohort included medi-
um hospital size (odds ratio (OR) 1.687, 95% confidence interval (CI)
1.086-2.619), large hospital size (OR 1.840, 95% CI 1.234-2.744),
deficiency anemia (OR 1.466, 95% CI 1.196—1.796), chronic blood
loss anemia (OR 2.960, 95% CI 1.604-5.463), congestive heart failure
(OR 2.530, 95% CI 1.871-3.421), fluid and electrolyte disorders (OR
2.734,95% CI 2.239-3.338), other neurological disorders (OR 2.092,
95% CI 1.453-3.011), peripheral vascular disorders (OR 1.260, 95%
CI 1.017-1.561), pulmonary circulation disorders (OR 1.297, 95%
CI 1.054-1.595), and weight loss (OR 2.156, 95% CI 1.400-3.319).
Conversely, elective admission (OR 0.046, 95% CI 0.037-0.058) was
associated with lower AMI odds. AMI was associated with higher
mortality (3.8% vs. 0.8%), prolonged hospitalization (11 vs. 3 days),
and increased costs ($349,531 vs. $217,785) (all P < 0.001).

Conclusions: In-hospital AMI occurs in 2.5% of patients with obesity
undergoing TAVR—a rate comparable to that of patients without obe-
sity (2.7%, P = 0.295)—and is associated with worse outcomes. De-
spite lower overall mortality in the obesity cohort—consistent with the
obesity paradox—AMI risk was not similarly attenuated, suggesting
that the protective effect of obesity does not uniformly extend to all
periprocedural complications. Rather than simply documenting an ex-
pected complication rate, the clinical value of our study lies in identify-
ing potentially modifiable factors associated with AMI specifically in
the obesity cohort—including anemia, fluid and electrolyte disorders,
and weight loss—that may inform targeted preoperative optimization.

Keywords: Transcatheter aortic valve replacement; Acute myocardi-
al infarction; Patients with obesity; Risk factors; In-hospital outcomes

Introduction

Transcatheter aortic valve replacement (TAVR) has emerged
as a primary treatment alternative for patients with sympto-
matic severe aortic stenosis, particularly in those at intermediate
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to high surgical risk [1, 2], with its indications expanding to in-
creasingly lower-risk populations [3]. As procedural techniques
evolve, TAVR volumes continue to rise globally [4]. However,
acute myocardial infarction (AMI) remains a serious compli-
cation in patients undergoing TAVR, primarily resulting from
coronary embolism of dislodged calcific debris or valve frame
compression of the coronary ostia [5]. The clinical significance
of periprocedural AMI is underscored by meta-analyses dem-
onstrating its strong association with 30-day (odds ratio (OR)
8.5) and mid-term mortality (OR 6.5) [6], with one study report-
ing periprocedural myocardial injury in 20.5% of patients [7].
Identifying factors associated with in-hospital AMI is therefore
critical for optimizing perioperative management.

This topic is particularly relevant in the context of the
global obesity epidemic, as the proportion of obese patients
undergoing TAVR has increased substantially. While obesity
is associated with an increased prevalence of cardiovascular
risk factors, an “obesity paradox” has been described, wherein
obese patients exhibit lower post-TAVR mortality than their
normal-weight counterparts [8]. However, this paradigm has
recently been challenged by evidence demonstrating compa-
rable outcomes across body mass index (BMI) categories [9]
and, conversely, significantly higher risks for patients with su-
per obesity [10]. These seemingly contradictory findings high-
light the heterogeneous impact of obesity on TAVR outcomes,
suggesting that risk profiles may differ by complication type.

Despite these insights, the incidence and specific factors
associated with AMI among patients with obesity undergoing
TAVR remain inadequately characterized, even though obesity
is a well-established risk factor for AMI in the general popula-
tion. Existing studies have largely focused on all-cause mortal-
ity or composite endpoints (e.g., death, stroke, and bleeding),
leaving the detailed profile of AMI—particularly its non-tradi-
tional associated factors such as anemia, electrolyte disorders,
and weight loss—underexplored in this growing patient sub-
set. These knowledge gaps justify a dedicated analysis focused
specifically on AMI in this population. To address this gap,
we conducted a retrospective analysis of the National Inpa-
tient Sample (NIS) database, focusing on patients with obesity
who underwent TAVR from 2016 to 2022, with patients with-
out obesity as a comparative cohort. Specifically, we aimed to:
(1) determine the incidence of in-hospital AMI in this cohort;
(2) identify factors independently associated with in-hospital
AMI among patients with obesity; (3) evaluate the impact of
AMI on in-hospital mortality, length of stay, and hospitaliza-
tion costs; and (4) compare outcomes between obese and non-
obese patients. Our objective was to describe the incidence
and explore associated factors within the obese patient cohort,
rather than to compare outcomes across BMI categories.

Materials and Methods

Data source

This study utilized the NIS database, which is maintained
by the Healthcare Cost and Utilization Project (HCUP) and
sponsored by the Agency for Healthcare Research and Qual-

ity (AHRQ). The NIS represents the largest publicly available
all-payer inpatient database in the United States, capturing
approximately 20% of all hospitalizations through a strati-
fied sample of over 1,000 hospitals nationwide. This sampling
strategy yields data on more than 7 million unweighted hospi-
tal stays annually, providing excellent generalizability to the
national population [11]. The database encompasses patient
demographic characteristics, hospital-level information, dis-
charge disposition, length of stay, total hospitalization charges,
and up to 40 diagnostic and procedural codes derived from
the International Classification of Diseases, Clinical Modifi-
cation (ICD-CM). Access details, restrictions, and direct web
links for the NIS database are provided in the Data Availability
statement. This study was deemed exempt from institutional
review board approval by the Ethics Committee of Dongguan
Songshan Lake Tungwah Hospital, as it utilized de-identified,
publicly available data from the NIS database. Therefore, in-
formed consent was not required.

Study population and design

We conducted a retrospective cohort study using the NIS da-
tabase from January 2016 to December 2022. Adult patients
(aged > 18 years) undergoing TAVR were identified using the
International Classification of Diseases, Tenth Revision, Pro-
cedure Coding System (ICD-10-PCS) codes (Supplementary
Material 1, cr.elmerpub.com). Within this cohort, patients with
a diagnosis of obesity were identified using ICD-10-CM codes
corresponding to a BMI of 30 kg/m? or greater (Supplemen-
tary Material 1, cr.elmerpub.com). The validity of these ICD-
10-CM codes for identifying obesity has been previously con-
firmed, with high positive predictive values for BMI > 30 kg/
m? in administrative claims data [12]. To provide a compara-
tive context, a non-obese control cohort was identified from
the same TAVR population by excluding all patients with any
ICD-10-CM diagnosis codes for obesity (E66.-) or BMI codes
of 30 kg/m? or greater (268.30-Z68.39 and Z68.41-Z68.45).
Thus, the two groups were mutually exclusive: patients with
any obesity-related ICD codes were assigned to the obesity
cohort, while those without any such codes were assigned to
the non-obese cohort. Baseline characteristics, AMI incidence,
in-hospital mortality, length of stay, and total hospitalization
charges were compared between the two groups. Patients with
missing data on age, sex, or in-hospital mortality were ex-
cluded from the analysis (Fig. 1). The study population was
subsequently divided into two groups based on the occurrence
of AMI during the index hospitalization. AMI was identified
using ICD-10-CM codes (Supplementary Material 1, cr.elm-
erpub.com). Patients without documented AMI served as the
reference group. All coding algorithms were previously vali-
dated, with detailed code lists and corresponding references
provided in Supplementary Material 1 (cr.elmerpub.com).

Variables and outcomes

We extracted comprehensive patient demographic and hospital
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Obese patients (BMI 230 kg/m?) who underwent
transcatheter aortic valve replacement (TAVR: ICD-10-
PCS codes 02RF38H, 02RF38Z, 02RF3JH, 02RF3KH,
02RF37H, 02RF37Z, 02RF3JZ, 02RF3KZ) from 2016
to 2022 identified from the NIS database (n = 20,071)

A 4

Exclusion criteria (in order of implement):
Missing age (n = 1)

Missing in-hospital mortality (n = 2)

Missing length of stay (n = 1)

Missing total hospitalization charges (n = 96)

19,971 obese patients included in final analysis

v y
Patients with AMI Patients without AMI
(n = 506) (n =19,465)

Figure 1. Flowchart of patient selection for in-hospital AMI among pa-
tients with obesity undergoing TAVR. AMI: acute myocardial infarction;
TAVR: transcatheter aortic valve replacement.

characteristics as detailed in Table 1. Preoperative comorbidi-
ties were identified using ICD-10-CM codes corresponding
to the Elixhauser comorbidity measures, defined according
to Quan et al 2005 [13], which includes two distinct anemia-
related comorbidity measures—deficiency anemia and chronic
blood loss anemia—as separate coding categories. These cat-
egories were retained as defined to maintain consistency with
the validated Elixhauser algorithm. Similarly, the Elixhauser
category “pulmonary circulation disorders” encompasses a
range of conditions including pulmonary hypertension and
pulmonary embolism, and was retained as a standardized cod-
ing category without further subclassification. The number

Table 1. Variables Used in Binary Logistic Regression Analysis

of comorbidities was categorized as < 3 and > 3 for analyti-
cal purposes. The primary outcome was the incidence of in-
hospital AMI among patients with obesity undergoing TAVR,
defined as a diagnosis of AMI occurring during the index hos-
pitalization, identified using ICD-10-CM codes (Supplemen-
tary Material 1, cr.elmerpub.com). As the NIS database does
not provide precise timing of events relative to the procedure,
this outcome encompasses AMI events that may have occurred
before, during, or after TAVR. Secondary outcomes included
in-hospital mortality, length of hospital stay, total hospitaliza-
tion charges, and postoperative complications (sepsis, blood
transfusion, acute respiratory failure, hemorrhage, cardiac ar-
rest, arrhythmia, and pneumonia), all identified using corre-
sponding ICD-10-CM diagnostic codes.

Statistical analysis

Continuous variables were presented as median (range) and
compared using the Mann—Whitney U test, while categori-
cal variables were expressed as frequencies with percentages
and compared using the Chi-square or Fisher’s exact test, as
appropriate. The unit of analysis was hospitalization rather
than individual patient. Statistical significance was defined
as a two-sided P < 0.05. We first calculated the overall AMI
incidence among obese TAVR patients and compared base-
line characteristics and preoperative comorbidities between
patients with and without AMI. Variables with P < 0.05 in
univariate analysis were entered into multivariable logistic
regression to identify factors independently associated with
in-hospital AMI. Clinically relevant variables and variables
selected a priori were also included in multivariable models.
The models adjusted for age, sex, race, comorbidity burden,
insurance type, hospital bed size, admission type, teaching
status, hospital region, and individual preoperative comor-
bidities. Results were reported as adjusted ORs with 95%
confidence intervals (Cls). Separate multivariable logistic
regression analyses were performed to examine associations
between postoperative complications and in-hospital AMI,
adjusting for the same confounders. National estimates were
generated using NIS discharge weights. All analyses account-
ed for the complex survey design of the NIS database to en-
sure nationally representative inferences.

Variables categories  Specific variables

Patient demographics
and Other)

Age (> 18 years), sex (male and female), race (White, Black, Hispanic, Asian or Pacific Islander, Native American

Hospital characteristics Type of admission (non-elective, elective), bed size of hospital (small, medium, large), teaching status of hospital
(nonteaching, teaching), location of hospital (rural, urban), type of insurance (Medicare, Medicaid, private insurance,
self-pay, no charge, other), location of the hospital (northeast, Midwest or north central, south, west)

Comorbidities

AIDS, alcohol abuse, deficiency anemia, rheumatoid diseases, chronic blood loss anemia, congestive heart failure,

chronic pulmonary disease, coagulopathy, depression, diabetes (uncomplicated), diabetes (with chronic complica-
tions), drug abuse, hypertension, liver disease, lymphoma, fluid and electrolyte disorders, metastatic cancer, neuro-
logical disorders, paralysis, peripheral vascular disorders, psychoses, pulmonary circulation disorders, renal failure,
solid tumor without metastasis, peptic ulcer disease, and weight loss

AIDS: acquired immunodeficiency syndrome.
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Results

Incidence of in-hospital AMI among obese patients under-
going TAVR

From 2016 to 2022, a total of 19,971 (weighted N = 99,855)
patients with obesity and 91,850 (weighted N = 459,250) non-
obese patients undergoing TAVR were identified in the NIS
database. Among patients with obesity, 506 (weighted N =
2,530) developed AMI during the index hospitalization, yield-
ing an overall weighted incidence of 2.5%, compared with
2.7% among non-obese patients (P = 0.295) (Table 2). The an-
nual incidence of AMI is shown in Figure 2.

Comparison between obese and non-obese patients

Compared with patients without obesity, the obesity cohort was
significantly younger (median age 75 vs. 81 years, P < 0.001),
had a higher proportion of female patients (50.0% vs. 42.2%, P
<0.001), and had a higher comorbidity burden (> 3 comorbidi-
ties: 95.5% vs. 91.3%, P < 0.001). Despite their higher comor-
bidity burden, patients with obesity had significantly lower in-
hospital mortality (0.8% vs. 1.3%, P=0.002) but longer hospital
stays (3 vs. 2 days, P < 0.001) and higher hospitalization costs
($217,785 vs. $179,887, P < 0.001) compared with non-obese
patients. However, the incidence of AMI did not differ signifi-
cantly between the two groups (2.5% vs. 2.7%, P =0.295).

Patient demographics between the two groups

Significant differences were observed in baseline characteris-
tics between patients with and without in-hospital AMI (Table
2). Patients who experienced AMI were slightly younger (me-
dian age 74 vs. 75 years, P =0.009). The proportion of patients
aged 18—64 years was higher in the AMI group compared to
the non-AMI group (13.8% vs. 10.0%, P = 0.005), while those
aged > 65 years were less frequent in the AMI group (86.2%
vs. 90.0%, P = 0.005). No significant difference in sex distri-
bution was found between the two groups (P = 0.235).

Racial distribution differed significantly (P < 0.001).
White patients constituted a lower proportion in the AMI
group (79.4% vs. 85.3%), whereas Black (6.5% vs. 4.6%) and
Hispanic (9.7% vs. 4.6%) patients were overrepresented in the
AMI group. The proportions of Asian or Pacific Islander, Na-
tive American, and other races were similar between groups.

Patients with AMI had a higher comorbidity burden: those
with > 3 comorbidities accounted for 97.6% of the AMI group
compared to 95.4% of the non-AMI group (P = 0.018).

Hospital characteristics between the two groups

Hospital characteristics also differed significantly (Table 2).
Patients with AMI were more likely to be treated in large hos-
pitals (75.7% vs. 69.4%) and less likely in small (5.5% vs.

8.5%) or medium (18.8% vs. 22.1%) hospitals (P = 0.005).
Elective admission was markedly less frequent in the AMI
group (20.8% vs. 85.2%, P < 0.001). Teaching hospital status
did not differ between groups (P = 0.658).

Geographic variation was observed (P = 0.001). The pro-
portion of AMI was higher in the Northeast (23.3% vs. 20.9%)
and West (23.1% vs. 17.7%) regions, and lower in the Mid-
west or North Central (20.0% vs. 26.4%) and South (33.6% vs.
35.0%) compared to the non-AMI group. Insurance type did
not show significant differences (P = 0.330).

Adverse impact of AMI

As shown in Table 2, in-hospital mortality was significantly
higher in patients with AMI (3.8% vs. 0.8%, P < 0.001). The
median length of hospital stay was substantially prolonged in
the AMI group (11 vs. 3 days, P < 0.001). Consequently, total
hospitalization charges were markedly increased, with a medi-
an difference of $131,746 ($349,531 vs. $217,785, P < 0.001).

Factors associated with in-hospital AMI among obese
patients undergoing TAVR

After multivariable adjustment, the following factors remained
significantly associated with AMI (Fig. 3). Compared to small
hospitals, medium-sized hospitals (OR = 1.687, 95% CI:
1.086-2.619, P =0.020) and large hospitals (OR = 1.840, 95%
CI: 1.234-2.744, P = 0.003) were associated with significantly
increased odds of AMI. Elective admission was associated
with significantly lower odds of AMI (OR = 0.046, 95% CI:
0.037-0.058, P <0.001). Age > 65 years, female sex, race cat-
egories, number of comorbidities (> 3), insurance types, teach-
ing hospital status, and hospital region were not independently
associated with AMI in the multivariable model (all P> 0.05).

Preoperative comorbidities associated with in-hospital
AMI among obese patients undergoing TAVR

Univariate analysis revealed multiple preoperative comorbidi-
ties significantly associated with AMI (Fig. 4). After multivari-
able adjustment, the following comorbidities remained signifi-
cantly associated with AMI: deficiency anemia (OR = 1.466,
95% CI: 1.196-1.796, P < 0.001), chronic blood loss anemia
(OR = 2.960, 95% CI: 1.604-5.463, P = 0.001), congestive
heart failure (OR = 2.530, 95% CI: 1.871-3.421, P < 0.001),
fluid and electrolyte disorders (OR = 2.734, 95% CI: 2.239—
3.338, P < 0.001), other neurological disorders (OR = 2.092,
95% CI: 1.453-3.011, P <0.001), peripheral vascular disorders
(OR = 1.260, 95% CI: 1.017-1.561, P = 0.035), pulmonary
circulation disorders (OR = 1.297, 95% CI: 1.054-1.595, P =
0.014), and weight loss (OR = 2.156, 95% CI: 1.400-3.319,
P < 0.001). Other comorbidities, including acquired immune
deficiency syndrome (AIDS), alcohol abuse, rheumatoid ar-
thritis, chronic pulmonary disease, coagulopathy, depression,
diabetes, drug abuse, hypertension, liver disease, lymphoma,
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Table 2. Patient Characteristics and Outcomes of In-Hospital AMI Among Patients With Obesity Undergoing TAVR, With Non-Obese
Comparison

Characteristics Obesity without AMI Obesity with AMI P-value* Non-obese overall
Total (unweighted n, weighted N) 19,465 (weighted N =97,325) 506 (weighted N = 2,530) - 91,850 (weighted N = 459,250)
Total weighted incidence (%) 97.5% 2.5% 0.295 2.7%
Age (median, years) 75 (70, 81) 74 (68, 80) 0.009 81 (75, 86)
Age group (%)

18-64 10.0 13.8 0.005 4.9

> 65 90.0 86.2 95.1
Gender (%)

Male 49.9 52.6 0.235 57.8

Female 50.1 47.4 42.2
Race (%)

White 85.3 79.4 <0.001 84.8

Black 4.6 6.5 3.7

Hispanic 4.6 9.7 4.7

Asian or Pacific Islander 0.5 0.2 1.6

Native American 0.3 0.2 0.3

Other 4.7 4.0 4.9
Number of comorbidity (%)

<3 4.6 2.4 0.018 8.7

>3 95.4 97.6 91.3
LOS (median, days) 3(1,4) 11 (6,15) <0.001 2(L3)
TOTCHG (median, $) 217,785 (132,904-261,060) 349,531 (189,234-454,780) <0.001 179,887 (133,345-262,318)
Type of insurance (%)

Medicare 84.1 80.6 0.330 88.4

Medicaid 2.1 4.0 1.3

Private insurance 11.1 12.5 7.6

Self-pay 0.4 1.4 0.4

No charge 0.0 0.0 0.0

Other 2.2 1.6 2.1
Bed size of hospital (%)

Small 8.5 5.5 0.005 7.9

Medium 22.1 18.8 21.7

Large 69.4 75.7 70.4
Elective admission (%) 85.2 20.8 <0.001  83.6
Type of hospital (teaching %) 89.4 88.7 0.658 89.4
Hospital location (%)

Rural 1.6 2.8 0.050 1.4

Urban 98.4 97.3 98.6
Region of hospital (%)

Northeast 20.9 233 0.001 22.9

Midwest or North Central 26.4 20.0 22.7

South 35.0 33.6 339

West 17.7 23.1 20.5
Died (%) 0.8 3.8 <0.001 1.3

*P-value comparing obese with AMI vs. obese without AMI within the obesity cohort. All percentages are weighted. Weighted national estimates
were derived using NIS discharge weights. AMI: acute myocardial infarction; TAVR: transcatheter aortic valve replacement; LOS: length of stay; NIS:
National Inpatient Sample; TOTCHG: total charges.
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Figure 2. Annual incidence of in-hospital acute myocardial infarction
among patients with obesity undergoing TAVR. TAVR: transcatheter
aortic valve replacement.

metastatic cancer, paralysis, psychoses, renal failure, and solid
tumor without metastasis, did not retain statistical significance
in multivariable analysis (all P > 0.05).

Association between in-hospital complications and in-
hospital AMI among obese TAVR hospitalizations

Several postoperative complications occurred more frequently
in patients with AMI (Fig. 5). In univariate analysis, sepsis,
blood transfusion, acute respiratory failure, cardiac arrest, ar-
rhythmia, and pneumonia showed significantly higher inci-
dence in the AMI group (all P < 0.001, except arrhythmia P
=0.006). Hemorrhage did not differ significantly (P = 0.067).

After multivariable adjustment, blood transfusion (OR
= 2.166, 95% CI: 1.616-2.902, P < 0.001), acute respiratory
failure (OR = 5.420, 95% CI: 4.264-6.890, P < 0.001), car-
diac arrest (OR = 1.712, 95% CI: 1.093-2.684, P = 0.019),
and pneumonia (OR =4.591, 95% CI: 3.206-6.575, P < 0.001)
remained significantly associated with AMI.

Discussion

This large-scale retrospective analysis of the NIS database pro-
vides contemporary insights into the incidence, associated fac-
tors, and clinical implications of in-hospital AMI among patients
with obesity undergoing TAVR. Over the 7-year study period, we
observed an overall AMI incidence of 2.5% among 19,971 pa-
tients with obesity undergoing TAVR, a rate consistent with pre-
vious reports [14]. Although obesity has traditionally been asso-
ciated with a paradoxical protective effect—termed the “obesity
paradox”—our findings suggest that this protection does not uni-
formly extend to all complications. Meta-analyses have demon-
strated an obesity paradox in TAVR populations, typically show-
ing lower all-cause mortality in patients with obesity compared

with normal-weight counterparts [8]. However, this paradox has
been increasingly challenged by evidence suggesting that the ap-
parent survival benefit may reflect residual confounding from
frailty and nutritional status rather than a direct protective effect
of adiposity [9, 15]. Importantly, the obesity paradox has been
primarily described for mortality and heart failure, whereas our
study specifically examined AMI—a complication with distinct
pathophysiology related to coronary obstruction [5]. Thus, our
findings do not contradict the broader paradox literature but sug-
gest that the protective effect, if real, may not uniformly extend
to all in-hospital complications [9, 15].

Comparative analysis between patients with obesity and
those without obesity

Our comparative analysis revealed that, consistent with the
obesity paradox [8, 16], patients with obesity had signifi-
cantly lower in-hospital mortality (0.8% vs. 1.3%) than their
counterparts without obesity, despite having a higher burden
of comorbidities. However, despite these favorable overall
outcomes, the incidence of AMI was comparable between the
two groups (2.5% vs. 2.7%) [17]. This dissociation—obesity
conferring a survival benefit but not an AMI benefit—suggests
that the protective effect of obesity, if real, is complication-
specific rather than universal [18].

Interestingly, patients with obesity had longer hospital stays
(3 vs. 2 days) and higher hospitalization costs ($221,000 vs.
$179,887) compared with patients without obesity. This may re-
flect a higher burden of post-procedural complications, includ-
ing vascular access complications, heart failure exacerbation,
and pulmonary complications, which have been shown to be
more prevalent in obese patients undergoing TAVR [19]. These
findings have important clinical and economic implications:
the “obesity paradox” is not a blanket protection but a selective
phenomenon—obesity improves survival but prolongs recovery
and consumes more healthcare resources [8, 16, 19].

Crucially, the value of our study lies not in documenting an
“acceptable” complication rate, but in demonstrating that the
obesity paradox—well-described for mortality in TAVR popu-
lations—does not extend to AMI. By focusing specifically on
patients with obesity and examining AMI as a distinct out-
come, our study addresses an important knowledge gap. While
prior investigations have predominantly examined composite
endpoints or all-cause mortality, our analysis provides a de-
tailed characterization of AMI in this high-risk population and
identifies potentially modifiable associated factors—including
anemia, electrolyte disorders, and weight loss—that have not
been systematically explored in prior TAVR literature. These
findings offer clinically actionable insights for preoperative
risk stratification beyond the well-recognized association be-
tween obesity and cardiovascular risk.

Patient demographics and the evolving understanding of
obesity in TAVR

Our univariate analysis revealed a seemingly paradoxical find-
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Variables OR(95%Cl) P
Age 265 years old — 1.068(0.779-1.465) 0.681
Female r—-—E—- 0.868(0.720-1.046) 0.137
Race

White X Ref

Black — 1.165(0.794-1.710) 0.434

Hispanic k 1.376(0.989-1.915) 0.058

Asian or Pacific Islander 0.259(0.035-1.939) 0.188

Native American > 0.783(0.101-6.034) 0.814

Other —_— 0.698(0.436-1.116) 0.133
Number of Comorbidity :

23 t i 1.191(0.656-2.163) 0.566
Type of insurance I

Medicare E Ref

Medicaid L : 1.199(0.705-2.040) 0.503

Private insurance '—E—-—| 1.144(0.844-1.553) 0.386

Self-pay = > 2.240(0.945-5.310) 0.067

Other - 0.767(0.367-1.605) 0.481
Bed size of hospital E

Small : Ref

Medium E ' 1.687(1.086-2.619) 0.020

Large E L 1.840(1.234-2.744) 0.003
Elective admission " X 0.046(0.037-0.058) <0.001
Teaching hospital »—-—5—- 0.803(0.596-1.081) 0.148
Region of hospital !

Northeast E Ref

Midwest or North Central — 0.909(0.685-1.205) 0.507

South — 0.873(0.679-1.123) 0.292

West l—e—-—l 1.055(0.799-1.393) 0.703

0 1' 2 3

Low risk High Risk

Figure 3. Factors associated with in-hospital AMI among patients with obesity undergoing TAVR. AMI: acute myocardial infarc-

tion; TAVR: transcatheter aortic valve replacement.

ing: patients experiencing AMI were younger, more frequent-
ly belonging to the 18—64 age group in unadjusted analyses.
This apparent contradiction may be explained by emerging
evidence suggesting that nutritional and frailty status—rather
than thinness per se—are the true determinants of adverse out-
comes [15, 20]. Consistent with this perspective, the Trans-Pa-
cific TAVR Registry demonstrated that underweight patients,
despite being frailer, exhibited greater left ventricular mass
regression at 1 year, challenging conventional BMI-centric
risk assessment and shifting emphasis toward nutritional and
frailty evaluations [9]. The younger age of AMI patients in our
cohort may therefore reflect selection bias, wherein younger
obese patients undergoing TAVR represent a subgroup with

more aggressive disease phenotypes or complex pathology
warranting earlier intervention [21]. This hypothesis is fur-
ther supported by hemodynamic subtype research, which has
shown that patients with paradoxical low-flow, low-gradient
aortic stenosis—characterized by advanced disease despite
preserved ejection fraction—experience the poorest outcomes
in patients undergoing TAVR, suggesting that underlying
hemodynamic profile, rather than age alone, is associated with
post-procedural prognosis [22].

Beyond age-related findings, our unadjusted analysis re-
vealed significant racial disparities, with Black and Hispanic
patients disproportionately represented in the AMI group in
univariate comparisons. These findings corroborate a compre-
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Univariate Analysis

Multivariate Logistic Regression

Comorbldltles No AMI AMI P OR(95%CI) P
Preprocedural comorbidities H
Acquired immune deficiency syndrome 19 (0.1%) 1(0.2%) 0.402 1.212(0.138-10.636) : 0.862
Alcohol abuse 217 (1.1%) 10 (2.0%) 0.071 1.471(0.752-2.878) _— 0.260
Deficiency anemia 3705(19.0%) 165 (32.6%) <0.001 1.466(1.196-1.796) —— <0.001
Rheumatoid arthritis/collagen vascular diseases 819(4.2%) 17(3.4%) 0.347 0.808(0.493-1.325) '—--‘—i 0.399
Chronic blood loss anemia 6053(31.1%) 179 (35.4%) <0.001  2.960(1.604-5.463) ! 0.001
Congestive heart failure 14447(74.2%) 457 (90.3%) <0.001 2.530(1.871-3.421) ‘; —— <0.001
Chronic pulmonary disease 6053(31.1%) 179 (35.4%) 0.040 1.039(0.860-1.256) — 0.692
Coagulopathy 1829 (9.4%) 71(14.0%) <0.001 1.037(0.791-1.361) -—L—| 0.791
Depression 2207 (11.3%) 63 (12.5%) 0.436 1.072(0.816-1.409) *—v-—' 0.616
Diabetes, uncomplicated 4176 (21.5%) 71(14.0%) <0.001 0.832(0.630-1.097) e 0.193
Drug abuse 73(0.4%) 5 (1.0%) 0.068 1.664(0.630-4.392) ‘ 0.304
Hypertension 18199 (93.5%) 474 (93.7%) 0.871 0.885(0.609-1.285) '—4—' 0.519
Liver disease 1050 (5.4%) 33 (6.5%) 0.269 0.935(0.640-1.366) —t— 0.728
Lymphoma 154(0.8%) 3(0.6%) 0.808 0.745(0.235-2.364) '—-—;—' 0.617
Fluid and electrolyte disorders 2558 (13.1%)  184(36.4%) <0.001 2.734(2.239-3.338) i — <0.001
Metastatic cancer 107 (0.5%) 3(0.6%) 1.000  0.923(0.266-3.197) »—-ﬂ—u 0.899
Other neurological disorders 427 (2.2%) 38 (7.5%) <0.001  2.092(1.453-3.011) ; ———— <0.001
Paralysis 372 (1.9%) 16 (3.2%) 0.044 1.310(0.775-2.213) —_—— 0.313
Peripheral vascular disorders 3529 (18.1%) 118 (23.3%) 0.003 1.260(1.017-1.561) :-—-—- 0.035
Psychoses 307 (1.6%) 8 (1.6%) 0.995 0.845(0.410-1.742) — 0.649
Pulmonary circulation disorders 3463 (17.8%) 136 (26.9%) <0.001  1.297(1.054-1.595) ‘._-—. 0.014
Renal failure 6269 (32.2%) 211 (41.7%) <0.001 0.950(0.772-1.169) '—-—' 0.630
Solid tumor without metastasis 512 (2.6%) 12(2.4%) 0.719 0.830(0.445-1.549) —— 0.559
Weight loss 242 (1.2%) 27 (5.3%) <0.001 2.156(1.400-3.319) : —_—— <0.001
o 1 2 3 6

Low risk High Risk

Figure 4. Relationship between in-hospital AMI and preoperative comorbidities among patients with obesity undergoing TAVR.
AMI: acute myocardial infarction; TAVR: transcatheter aortic valve replacement.

hensive NIS database analysis documenting increased mortal-
ity in Hispanic patients and higher stroke risk in Black patients
undergoing TAVR, with Hispanic women facing the highest
mortality risk—highlighting the intersectionality of demo-
graphic risk factors [23]. The persistent underrepresentation
of minority populations in TAVR clinical trials further under-
scores the need for equitable healthcare delivery [24]. Several
interconnected mechanisms may explain these disparities, in-
cluding differential access to specialized cardiovascular care,

variations in comorbidity management, and socioeconomic
factors that influence perioperative optimization [25].

Hospital characteristics and system-level factors

The strong association between hospital characteristics and
AMI risk warrants careful consideration. Patients treated in
large hospitals had significantly higher odds of AMI compared

Complications Non AMI AMI P OR(95%CI) P

Medical complications '
Sepsis 112(0.6%) 24 (4.7%)  <0.001 1.260(0.727-2.184) —— 0.410
Blood transfusion 813 (4.2%) 66 (13.0%) <0.001 2.166(1.616-2.902) —— <0.001
Acute respiratory failure 767 (3.9%) 131 (25.9%) <0.001 5.420(4.264-6.890) 1 ——— <0.001
hemorrhage 243(1.2%) 11 (2.2%) 0.067 1.219(0.641-2.319) '—'-—' 0.546
Cardiac arrest 262(1.3%) 27 (5.3%) <0.0017 1.712(1.093-2.684) 3'—-—1 0.019
Arrhythmia 12036 (61.8%) 343(67.8%) 0.006 1.142(0.940-1.386) H— 0.180
Pneumonia 231(1.2%) 61(12.1%) <0.001 4.591(3.206-6.575) <0.001

\ i
0 1

Low risk High Risk

Figure 5. Association between in-hospital complications and AMI among patients with obesity undergoing TAVR. AMI: acute
myocardial infarction; TAVR: transcatheter aortic valve replacement.
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to those in small hospitals. This finding, while counterintuitive
at first glance, likely reflects complex case referral patterns
to tertiary centers, where patients with severe comorbidities,
complex valvular anatomy, or previous cardiac interventions
are preferentially managed [26]. Elbadawi et al analyzed
72,123 patients across 400 US hospitals and demonstrated an
inverse association between hospital procedural volumes and
in-hospital mortality after aortic valve replacement [26]. How-
ever, the higher AMI risk observed in large centers may be at-
tributable to their management of more complex cases, which
is associated with elevated procedural risk despite superior re-
sources and expertise [26]. Importantly, the NIS database lacks
data on annual TAVR case volume at the hospital or operator
level, which is a well-established predictor of outcomes [26].
Thus, our reliance on hospital bed size as a proxy for institu-
tional capacity may not fully capture the impact of procedural
experience on AMI risk. The observed association between
large hospital size and AMI should be interpreted with this
limitation in mind. The association between elective admission
and lower AMI odds is consistent with evidence highlighting
the potential benefits of optimal timing for intervention, which
facilitates comprehensive preoperative assessment and optimi-
zation before acute decompensation occurs [27, 28].

Preoperative comorbidities independently associated with
in-hospital AMI among obese patients undergoing TAVR

Multivariable analysis identified several preoperative comor-
bidities independently associated with in-hospital AMI. Fluid
and electrolyte disorders demonstrated the strongest associa-
tion, a finding supported by large-scale evidence. A compre-
hensive NIS database analysis revealed that TAVR patients
with concomitant hypo-osmolar hyponatremia had significant-
ly increased risks of in-hospital mortality and adverse events,
including AMI and cardiogenic shock [29]. These associations
persisted after propensity score matching and sensitivity anal-
ysis, underscoring the critical role of electrolyte homeostasis
in maintaining myocardial electrical stability and contractile
function [29]. The vulnerability of this patient population is
further illustrated by case reports of severe electrolyte distur-
bances—such as osmotic demyelination syndrome resulting
from rapid sodium fluctuation—occurring post-procedurally
[30]. Electrolyte imbalances may be associated with disruption
of the delicate balance between myocardial oxygen demand
and supply, which may be associated with ischemic events
during the perioperative period characterized by significant
fluid shifts and contrast administration [31].

In our analysis, anemia was identified using two distinct
Elixhauser comorbidity categories: deficiency anemia and
chronic blood loss anemia. Although these categories are de-
rived from standardized ICD-10 coding definitions, we did
not interpret them as mutually exclusive etiological subtypes.
Rather, both were considered as overall markers of reduced
hemoglobin status and comorbidity burden. Anemia emerged
as a significant associated factor, with both deficiency anemia
and chronic blood loss anemia independently associated with
AMI. These findings align with research demonstrating the

high prevalence and clinical impact of anemia in TAVR popu-
lations. Eitan et al evaluated changes in hemoglobin levels in
TAVR patients and reported significant hemoglobin improve-
ment and reduced anemia prevalence 5—12 months post-proce-
durally [32]. The authors concluded that gastrointestinal blood
loss due to angiodysplasia—a feature of Heyde’s syndrome—
is significantly reduced following TAVR, suggesting a poten-
tial link between correction of aortic stenosis and hemoglobin
improvement [32]. This bidirectional relationship—anemia
being associated with AMI, and TAVR potentially improv-
ing anemia—highlights the importance of considering preop-
erative hemoglobin status in risk assessment for patients with
obesity undergoing TAVR [33].

Congestive heart failure emerged as a potent associated
factor, consistent with the understanding that pre-existing
myocardial dysfunction may be associated with increased
susceptibility to ischemic events. Research on hemodynamic
subtypes has demonstrated that patients with paradoxical low-
flow, low-gradient aortic stenosis exhibit the highest mortality,
poorest symptomatic benefit, and the least degree of reverse
cardiac remodeling in patients undergoing TAVR among all
subtypes, with this status independently predicting cardiovas-
cular mortality [22]. These findings suggest that the specific
hemodynamic profile, rather than simply the presence of heart
failure, is a key determinant of post-procedural outcomes.

It is important to distinguish between obesity as a baseline
characteristic and weight loss as a comorbidity. In this analy-
sis, “weight loss” was identified using ICD-10-CM diagnosis
codes and, consistent with the Elixhauser comorbidity classi-
fication [13], represents a marker of malnutrition, cachexia, or
frailty rather than intentional weight reduction in patients with
obesity. This distinction is critical because other neurological
disorders and weight loss emerged as factors independently
associated with AMI, likely reflecting overall frailty and co-
morbidity burden rather than direct mechanistic relationships.
This interpretation aligns with the emerging consensus that
frailty—not thinness per se—is more closely associated with
adverse outcomes [15]. The editorial accompanying the Trans-
Pacific TAVR Registry findings emphasizes that BMI is a
crude anthropometric proxy that ignores sarcopenia, visceral
adiposity, and unintentional weight loss—features that track
more closely with resilience or frailty [15]. Thus, while our
study used BMI-defined obesity as the inclusion criterion, the
observed association between weight loss and AMI should be
interpreted as a signal of underlying vulnerability rather than a
paradoxical effect of obesity itself, and does not imply a direct
causal pathway from weight loss to AMI. Similarly, peripheral
vascular disorders and pulmonary circulation disorders reflect
systemic atherosclerotic burden and right ventricular afterload,
respectively. The Elixhauser category “pulmonary circulation
disorders” is a broad administrative coding term that includes
pulmonary hypertension and pulmonary embolism, among
other conditions [13]. In our analysis, we did not interpret this
as a specific pathophysiological diagnosis but rather as a gen-
eral marker of right heart dysfunction and overall comorbidity
burden, consistent with its intended use as an administrative
risk-adjustment variable. Research comparing TAVR versus
surgical aortic valve replacement (SAVR) in patients with pul-
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monary hypertension has demonstrated that the presence of
pulmonary hypertension significantly impacts outcomes, with
TAVR patients showing lower survival compared to SAVR pa-
tients in selected populations [34].

Similarly, diabetes mellitus did not retain statistical signif-
icance in our multivariable analysis. This lack of association
may reflect the complex interplay between obesity, diabetes,
and cardiovascular risk, or may be related to differences in dia-
betic severity and management not captured in administrative
data [35, 36].

In-hospital complications associated with AMI among
obese TAVR hospitalizations

The strong independent associations between postoperative
complications and AMI highlight important considerations for
clinical management. Acute respiratory failure demonstrated
the strongest association, which may reflect the interplay be-
tween respiratory and cardiac function. Hypoxemia from res-
piratory failure is associated with increased myocardial oxy-
gen demand and reduced oxygen delivery, conditions that can
coexist with myocardial ischemia [37]. Similarly, pulmonary
edema and respiratory failure often occur together, suggesting
a potential cycle of cardiopulmonary deterioration [38, 39].

Pneumonia and blood transfusion were also strongly and
independently associated with AMI. Pneumonia is associated
with systemic inflammation and increased metabolic demand,
which may be linked to myocardial dysfunction and ischemic
events [40]. The relationship between blood transfusion and
AMI is complex and likely bidirectional. Anemia from pro-
cedural blood loss may necessitate transfusion while also re-
ducing myocardial oxygen delivery, and both conditions are
associated with ischemic risk [32]. Transfusion itself may be
associated with increased blood viscosity and circulatory vol-
ume, elevating cardiac workload, and stored blood products
can induce inflammatory responses that affect endothelial func-
tion and coagulation [32]. The association between anemia and
outcomes in patients undergoing TAVR is further supported by
evidence of post-procedural hematologic improvement. Stud-
ies have demonstrated that patients with baseline anemia show
significant hemoglobin increases at 6 and 12 months follow-
ing the procedure, suggesting a potential association between
hemodynamic improvement from valve correction and ame-
lioration of conditions predisposing to both anemia and trans-
fusion need [32]. The reduction in gastrointestinal blood loss
from angiodysplasia following valve replacement provides a
mechanistic link between aortic stenosis correction and hema-
tologic recovery [41].

Cardiac arrest is closely associated with severe myocar-
dial ischemia, and both conditions often coexist in critically ill
patients. Prolonged resuscitation efforts can themselves induce
myocardial injury, further complicating the clinical picture
[42]. The association between electrolyte disorders and cardiac
arrest is supported by research demonstrating that electrolyte
imbalances—particularly hypotonic hyponatremia—are asso-
ciated with increased in-hospital mortality and adverse cardio-
vascular events [29].

Clinical implications and integration with current evidence

Our findings should be contextualized within the evolving un-
derstanding of obesity in TAVR populations. The traditional
“obesity paradox”—the notion that higher BMI confers a pro-
tective effect—is increasingly challenged by more nuanced
analyses incorporating frailty, nutritional status, and body
composition [9, 22]. The Trans-Pacific TAVR Registry high-
lighted that the absence of direct frailty measures leaves the
inherent limitations of BMI unaddressed, a caveat that equally
applies to our study [9]. As the accompanying editorial em-
phasized, clinicians should shift focus from BMI-based triage
toward actionable parameters—such as albumin, hemoglobin,
and quadriceps circumference—that more directly correlate
with functional recovery [15].

These findings carry several clinical implications. First, the
identification of multiple preoperative factors associated with
AMI presents opportunities for targeted optimization. Given
that anemia affects up to 67.5% of TAVR candidates and dem-
onstrates significant post-procedural improvement [32], its role
as a marker of increased risk warrants attention in preoperative
assessment. Second, the strong association between elective
admission underscores the importance of timely TAVR refer-
ral—before acute decompensation occurs—to allow for com-
prehensive preoperative assessment and optimization of the pa-
tient’s condition. Third, the observed racial disparities highlight
the need for targeted interventions to ensure equitable access to
high-quality cardiovascular care, particularly in light of well-
documented outcome disparities among minority populations
undergoing TAVR [23]. Fourth, clinicians should move beyond
simplistic BMI-based risk stratification toward a more compre-
hensive evaluation of modifiable resilience markers, including
nutritional status, hemoglobin levels, and functional capacity [9,
15, 22].

Limitations

This study has several limitations inherent to its retrospective
design and administrative database source. First, the NIS da-
tabase captures only in-hospital events, precluding assessment
of post-discharge AMI occurrences and long-term outcomes.
Second, coding inaccuracies in ICD-10-CM diagnoses may
lead to misclassification bias, although previous validation
studies have demonstrated reasonable accuracy for major car-
diovascular events. Our definition of AMI relied exclusively
on ICD-10-CM diagnostic codes, without clinical adjudication
or differentiation between ST-segment elevation myocardial
infarction (STEMI) and non-ST-segment elevation myocardial
infarction (NSTEMI). This approach captures all AMI types
(STEMI, NSTEMI, and unspecified) as a composite outcome,
which may introduce heterogeneity and limit the granularity
of our findings, as STEMI and NSTEMI differ in their patho-
physiology, management, and prognostic implications. The
absence of electrocardiographic, biomarker, and angiograph-
ic data precludes further subclassification and assessment of
AMI severity or mechanism. Additionally, the NIS database
does not provide the exact timing of AMI relative to the TAVR
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procedure, and administrative coding does not reliably estab-
lish event chronology. Consequently, AMI was defined as an
in-hospital diagnosis during the index hospitalization and may
include events occurring before, during, or after the TAVR
procedure, precluding distinction between periprocedural and
spontaneous AMI. Third, the database lacks granular clinical
information including angiographic data, details of the culprit
vessel, coronary anatomy, specific TAVR procedural details
(e.g., valve type/platform, approach, concomitant procedures),
perioperative medications (antiplatelet therapy, anticoagula-
tion), surgical risk scores (e.g., STS-PROM, EuroSCORE
IT) and laboratory values (troponin levels, hemoglobin, elec-
trolytes), as well as annual hospital and operator TAVR pro-
cedure volume, and patient-level cardiovascular risk factors
such as smoking status and family history of cardiovascular
disease, limiting our ability to adjust for these potential con-
founders. The absence of valve-specific data precludes com-
parative analysis of outcomes across different transcatheter
heart valve platforms, which may have varying profiles for
coronary obstruction and other procedural complications.
The absence of procedure volume data is particularly relevant
given the established volume-outcome relationship in TAVR.
Additionally, the lack of angiographic and coronary anatomi-
cal data precludes assessment of the relationship between pre-
existing coronary artery disease, the mechanism of AMI (e.g.,
coronary obstruction vs. embolic events), and post-procedural
outcomes. Fourth, the observational design precludes causal
inference; the associations identified between comorbidities,
complications, and AMI should be interpreted as associations
rather than causal relationships. Fifth, unmeasured confound-
ing—including frailty measures (grip strength, gait speed),
socioeconomic factors, and institutional protocols—may in-
fluence the observed relationships. The Trans-Pacific TAVR
Registry’s finding that lack of direct frailty measures leaves
BMTI’s known limitations unaddressed applies equally to our
study [9]. Sixth, our study focused exclusively on obese pa-
tients, limiting generalizability to normal-weight TAVR pop-
ulations, although this specificity was intentional to address
the unique considerations in this growing patient population.
Finally, the lack of echocardiographic follow-up data, as noted
in other studies, limits our ability to assess cardiac remodeling
and its relationship to outcomes.

Conclusions

In this national analysis of patients with obesity undergoing
TAVR, in-hospital AMI occurred in 2.5%, a rate comparable
to that observed in patients without obesity (2.7%, P = 0.295).
Despite lower overall mortality in the obesity cohort (0.8% vs.
1.3%, P = 0.002)—consistent with the obesity paradox—AMI
risk was not similarly attenuated, suggesting that the protective
effect of obesity does not uniformly extend to all periproce-
dural complications. Rather than simply documenting an ex-
pected complication rate, the clinical value of our study lies in
identifying potentially modifiable factors associated with AMI
specifically in the obesity cohort—including anemia, fluid and
electrolyte disorders, and weight loss—that may inform target-

ed preoperative optimization. These findings may help refine
perioperative risk assessment, although prospective studies
with more granular clinical data are needed to validate these
associations and clarify event chronology.

Supplementary Material

Suppl 1. ICD-10 codes used for patient identification.
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