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Abstract

Background:

Hypoxic hypercapnic respiratory failure is a major cause of acute hospitalization.
Cardiopulmonary insults can lead to respiratory distress and, if untreated, respiratory failure.
West Virginia has the highest prevalence of obesity in the nation, accounting for the higher
incidence of heart failure with preserved gection fraction (HFpEF). Thisdiagnosisiselusivein
younger patients below age 65 years because echocardiograms are often normal and invasive
hemodynamics are not widely measured. H2FPEF score, "obesity age" (BMI + age), and newly
described HFpEF-ABA scores may predict obesity-related HFpEF in acute respiratory failure
settings. Given the global rise in obesity, early identification of HFpEF is critical to optimizing
respiratory failure care.

Purpose:
This cohort study investigates the burden of obesity-related HFpEF in patients younger than 65
years old presenting with respiratory failure.

Methods:

The study included patients <65 years of age admitted to Charleston Area Medical Center from
1/2023-12/2023 with respiratory failure, BMI > 30 kg/m?, and EF > 50%. Patients with specific
cardiomyopathies or identifiable triggers for for respiratory failure were excluded. "Premature
HFpEF" was defined as ‘ obesity years' >100. Demographic data on BMI, echocardiographic and
hemodynamic findings were analyzed. Logistic regression was used to assess the relationship
between premature HFpEF and respiratory failure, adjusting for confounders.

Results:

Among 44 patients with respiratory failure, 64% exhibited premature obesity-related heart failure
with preserved gection fraction (HFpEF), characterized by a mean age and body mass index
(BMI) of 111.5 kg/m2-years. These patients demonstrated elevated |eft ventricular end-diastolic
pressure (LVEDP) exceeding 18 mmHg during cardiac catheterization. H2FPEF score could not
be measured due to obesity limiting Doppler echocardiographic studies. The HFpEF -ABA score
was > 80% and ‘ obesity age’ was > 95 in 85% of the cohort.

Conclusion:

Early recognition of obesity-related HFpEF enables healthcare providers to tailor individualized
treatment regimens. Preventive strategies focused on obesity reduction can reverse associated
comorbidities, improve patient outcomes, and lower healthcare costsin the long run.

Background

Hypoxic hypercapnic respiratory failureis amajor cause of rising inpatient admissions. Over the
period of 2002-2017, the incidence of respiratory failure has increased 83% from 249 to 455
cases per 100,000 adults (1). This can lead to mechanical ventilation, resulting in longer
hospitalizations averaging 10.5 days and costing over $150,000.
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West Viriginia has the highest prevalence of obesity in the nation at 37.7% and this has largely
impacted the rates of respiratory failure (2). Obesity has been associated with reduced airflow
leading to airway hypersensitivity and increased risk for the development of pulmonary diseases
such as obstructive sleep apnea, obesity hypoventilation syndrome and pulmonary hypertension
(3). These physiological changes of obesity burden the lungs contributing to hypoxic and/or
hypercapnic failure.

Longitudinal population cohorts have clearly demonstrated the increasing incidence of heart
failure proportional to higher body massindex (BMI) (4). Excess adipose tissue in obesity
increases body surface area and therefore raises metabolic demand, blood volume and cardiac
output (5). The sequalae of increased cardiac output raises left ventricular wall stress, leading to
left ventricular hypertrophy. Therefore, having to meet the increased demands of the body strains
the ventricle, thus impairing relaxation leading to diastolic dysfunction (6). Younger patients
with higher obesity burden are at risk of developing obesity related HFpEF prematurely with
resultant complications.

Respiratory distress from cardiopulmonary insults has burdened our healthcare system and
contributed to substantial health care costs. Given the global risein obesity, early identification
of HFpEF is critical to optimizing respiratory failure care. HFpEF is typically diagnosed in older
patients. In younger patients below 65 years of age, obesity alone may be sufficient risk predictor
for HFpEF (7). Typical echocardiographic features of left atrial dilation and Doppler diastolic
dysfunction and BNP elevation are often absent in premature obesity related HFpEF settings. We
proposed "obesity years' (age + BMI > 100) to gauge the risk for obesity-related HFpEF in
patients younger than 65 years of age. In many instances, cardiac catheterization with fluid
challenge to elicit LVEDP increase to over 18mmHg is required to definitively diagnose HFpEF.
Mayo described H2FPEF score in 2018 and recognizing the challenges with obtaining echo
variables, validated HFpEF- ABA score in 2024. We analyze the clinical characteristics and
predictive utility of these scoring systems in respiratory failure patients with obesity-HFpEF.

Methods

This retrospective cohort study was conducted at Charleston Area Medical Center and
included adult patients aged 18 to 65 years who were admitted between January 1, 2023, and
December 31, 2023, with adiagnosis of acute respiratory failure. Eligible patients were
identified using the ingtitution’s electronic health record (EHR) system. Inclusion criteriawere
age <65 years, a primary diagnosis of hypoxemic (PaO2 <60 mmHg) or hypercapnic (PaCO2
>45 mmHgQ) respiratory failure requiring supplemental oxygen or ventilatory support, body mass
index (BMI) greater than 30 kg/m?, and preserved left ventricular gection fraction (LV EF >50%)
on echocardiography obtained during hospitalization. Patients were excluded if they had a
history of non-obesity-related cardiomyopathies, acute myocardial infarction or active
myocarditis during admission, primary pulmonary causes of respiratory failure with an


https://doi.org/10.1101/2025.05.27.25327926
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.05.27.25327926; this version posted May 28, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

identifiable trigger (such as seps's, pneumonia, or massive pulmonary embolism), prior diagnosis
of heart failure with reduced gjection fraction, or significant valvular or congenital heart disease.

Demographic and clinical data were abstracted from the EHR, including age, sex, race,
BMI, comorbidities, and relevant laboratory values. Echocardiographic data were reviewed for
left ventricular wall thickness, |eft atrial size, diastolic function parameters, and € ection fraction.
When available, invasive hemodynamic measurements from cardiac catheterization, including
left ventricular end-diastolic pressure (LVEDP), were collected. Obesity-related HFpEF was
defined as an “obesity years’ score (age plus BMI) greater than 100. The H2FPEF and HFpEF-
ABA scores were calculated for each patient when data permitted, following previously
published methods; inability to obtain Doppler measures due to obesity was recorded.

The primary outcome was the prevalence of premature, obesity-related HFpEF among
patients under 65 years of age admitted with acute respiratory failure. Secondary outcomes
included the proportion of patients with left ventricular hypertrophy, left atrial enlargement,
elevated LVEDP (>18 mmHg), and high-risk HFpEF-ABA scores (>80%). Logistic regression
analysis was performed to assess the association between premature HFpEF (obesity years >100)
and respiratory failure, adjusting for confounders including age, sex, and comorbidities.
Continuous variables were reported as means with standard deviation or medians with
interquartile range, and categorical variables as counts and percentages. Statistical significance
was defined as atwo-sided p-value less than 0.05. Data analysis was performed using Stata 16.
The study was approved by the Charleston Area Medical Center Institutional Review Board, with
awaiver of informed consent due to the retrospective nature of the analysis.

Results

From January 2023 to December 2023, we identified 44 acute respiratory failure hospitalized
patients with severe obesity with normal systolic function (figurel). Twenty-five of these 44
patients had |eft ventricular hypertrophy and left atrial enlargement. These 44 patients had a
variety of hemodynamic dysfunctions. 17 patients were found to have pulmonary hypertension,
28 patients had elevated |eft ventricular end-diastolic pressure (LVEDP), and 20 patients had
high cardiac output. As fluid challenge is not routinely performed at our institution, these patients
demonstrated elevated LVEDP exceeding 18 mmHg during cardiac catheterization. H2FPEF
score was 99 and 98% probability for HFpEF in 2 of the patients — but could not be calculated in
the remainder due to obesity limiting Doppler echocardiographic studies. The HFpEF -ABA
score was > 80% and ‘ obesity age’ was > 95 in 85% of the cohort.

Discussion

This study in a multidisciplinary referral hospital shows thereis asignificant burden of obesity
related heart failure among younger patients with acute respiratory failure. Non-invasive
diastolic function estimation tends to be within normal range oftentimes as does BNP in younger
obese individuals. Even when cardiologists get involved, several challenges make this diagnosis
elusive.

We are increasingly recognizing obesity as a significant risk factor for HFpEF, with studies
indicating that up to 85% of HFpEF patients are overweight or obese (8). Obesity has long been
associated with reduced airflow leading to hypoxia and hypercarbic respiratory failure through
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several mechanisms. The excessive adipose tissue found in the chest wall and abdomen limits
breathing by causing impaired gas exchange, leading to hypoxia. In addition, obesity also
reduces lung volume, especialy residual capacity and expiratory reserve volume, which leadsto
rapid desaturation. The combination of increased work of breathing caused by excessive weight
on the chest wall, combined with the response to hypercapnia and hypoxia, exacerbates
respiratory failure. (9)(10)

The growing concerns of having higher body mass index (BMI) therefore raises metabolic
demand, blood volume and cardiac output (5). Excess adipose tissue in obesity atersthe cardiac
structures and causes HFpEF. This development of HFpEF involves several key factors,
including concentric left ventricular hypertrophy, increased left ventricular pressures, and | eft
atrial dilation are the sequala of elevated left ventricular (LV) pressure to accommodate the
increased volume in obesity. Long term elevated LV pressure causes pressure to build up in the
left atrium and ultimately to atrial dilation and elevated pulmonary pressures. As the chronicity
of the elevated |eft sided pressure continues, the pulmonary vascul ature adapts by increasing
resistance, leading to the development of pulmonary hypertension (11).

We believe obesity-HFpEF leading to respiratory failure involves complex interactions between
obesity, cardiac function, and respiratory mechanisms. Obesity causes altered pulmonary
mechanics by reducing lung volume, residual capacity, and expiratory reserve volume. The
reduction of residual capacity and expiratory reserve volume causes expiratory flow limitations
and generates intrinsic positive end-expiratory pressure. Thisincreased work of breathing is
further exacerbated by the increased load of thoracoabdominal pressures. However, such patients
also have cardiac remodeling exhibiting increased left ventricular muscle mass with LV
hypertrophy, which increases pressures in the LV. These changes create |longstanding resistance
in the pulmonary vasculature, leading to pulmonary hypertension. (12)

In our 44 subjects, 25 have elevated LV EDP confirming obesity- HFpEF contribution to the
clinical picture of shortness of breath and respiratory distress. But diagnosisin such population is
achallenge in terms of biomarker screening, noninvasive imaging as well as right and left heart
catheterization. It requires an invasive pressure reading of the left ventricle to diagnose the
condition before unloading with diuretics ideally. We routinely re-evaluate for LVEDP increase
over 18mmHg with 2 bolusinfusions of 500cc normal saline rapidly to elicit occult cases.
Obesity phenotype HFpEF is under-recognized, and clinicians should consider catheterization to
confirm LV pressureif patients have multiple comorbidities associated with obesity. This
highlights importance of early recognition and a multidisciplinary team approach for such patient
populations in optimization of cardio-respiratory care and tailored treatment.

Limitation:

Data are gathered from a single center with a limited number of patients and alack of

randomi zation to control confounding variables. Given the increasing prevalence of obesity,
particularly in West Virginia, it is essential to conduct rigorous studies that encompass a larger
population. Such studies will enable clinicians to adopt multidisciplinary approaches and
mitigate the burden of obesity, which significantly impacts a substantial proportion of our patient
population.
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Figurel. Prevalence of clinical predictorsof heart failurewith preserved g ection fraction
(HFpEF) among consecutive young patients < 65 year s age hospitalized with acute
respiratory failure.

Obesity Body Mass index, BMI > 30% 44 100%
: : Left ventricular (LV) Ejection fraction, 0
Normal Systolic Function EE > 50% 44 100%
Left Ventricular LV Septal thickness > 1.2 cm 25 57%
Hypertrophy
Pulmonary Hypertension Pulmonary artery systolic pressure > 17 39%
35 mmHg
Left Atrial Enlargement Left atrial volume > 34 ml/m2 25 57%
DleJojellcIMO e [FETeNOINIIlSIMN L\VOT VTI x LVOT Area X HR > 8 L 20 45%
Elevated LVEDP LV end diastolic pressure, LVEDP > o 64%
18 mmHg
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