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Abstract

Obesity is a significant public health concern associated with high morbidity. Obese patients are at risk of severe COVID-19
infection, and obesity is a high-risk factor for admission to the intensive care unit. We aimed to write a narrative review of cardiac
and pulmonary pathophysiological aspects of obese patients in the context of COVID-19 infection. Obesity affects lung volume,
with a decrease in expiratory reserve volume, which is associated with a decrease in lung and chest wall compliance, an increase
in airway resistance, and an increase in work of breathing. Obesity affects cardiac structure and hemodynamics. Obesity is a risk
factor for hypertension and cardiovascular disorders. Moreover, obesity is associated with a low-grade inflammatory state,
endothelial dysfunction, hyperinsulinemia, and metabolic disorders. Obesity is associated with severe COVID-19 and invasive
mechanical ventilation. These previous cardiopulmonary pathological aspects may explain the clinical severity in obese patients
with COVID-19. Obese patients are at risk of severe COVID-19 infection. Understanding cardiorespiratory pathophysiological
aspects may help physicians manage patients in hospitals.
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Introduction

Obesity, defined according to a body mass index (BMI) >30 kg/
m?, is a significant public health problem with high morbidity
and mortality [1]. Obesity is also associated with early mortality
[2]. Obesity affects not only adults but also adolescents, with an
estimated prevalence of 17% among children and adolescents in
the USA [3]. Moreover, the prevalence of obesity is as high as
35% in adults [4]. Obesity is associated with endothelial dysfunc-
tion, hyperinsulinemia, a low-grade inflammatory state,
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cardiovascular risk factors, and cardiovascular events [5, 6]. In
fact, the risk of hypertension is significantly higher among indi-
viduals with obesity [5], and obesity is associated with diabetes
mellitus, dyslipidemia, cardiovascular disease, and stroke [5, 7].
In parallel, obesity affects the respiratory system with a reduction
in lung capacity and compliance [8]. COVID-19 is relatively
new, and we are studying it extensively. There have been con-
cemns related to obese patients given what we know about the
pathophysiology of this viral infection as well as obesity [9].
These concerns have led to a number of observation-based
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scientific investigations, and the evidence is growing that obese
patients are at risk of severe COVID-19 [9-14]. In the USA, the
prevalence of obesity in ICU patients may reach 46% [15], and in
France, the prevalence of obesity reaches 25% in patients with
severe COVID-19 [11]. Mortality is higher in obese intensive
care unit (ICU) patients [16, 17] and remains higher in young
obese patients [14].

We aimed to review the cardiorespiratory pathophysiolog-
ical aspects involved in obesity in the context of COVID-19
and to propose clarifications in the clinical management of
obese patients suffering from COVID-19.

Lung Function and Obesity

COVID-19 particularly affects the lungs with severe pneumo-
nia and sometimes acute respiratory distress syndrome
(ARDS) [18, 19]. The presence of heart failure, diabetes, a
BMI >40 kg/m?, and older age are factors associated with
critical illness severity [17]. SARS-CoV-2 has a high affinity
for the lung via the ACE2 receptor present in respiratory ep-
ithelial cells [20]. One can assume that the underlying lung
function status may worsen clinical status in the context of
obesity because of a decrease in lung compliance, a decrease
in chest wall compliance, and the recumbent position worsen-
ing respiratory compliance [21]. In fact, in the supine position,
the reduction in the expiratory reserve volume (ERV) worsens
due to the ascending of the diaphragm within the thorax and
causes a length-tension disadvantage for the diaphragm due to
fiber overstretching [22]. Patients with obesity disclose lower
lung volumes, including reductions in forced vital capacity
(VC), forced expiratory volume in one second (FEV1), and
expiratory reserve volume (ERV) [8]. This is associated with
an increase in airway resistance and an impairment of upper
airway mechanics [22, 23]. Obese patients have to overcome
this previous airway increase. Inspiratory time is also de-
creased with an increase in the respiratory rate [22, 24].
Abdominal obesity is also associated with lung volume reduc-
tion with a negative association between forced vital capacity
(FVC) and abdominal adiposity [25].

In obese patients, the work of breathing is increased [23], and
diaphragm motion is impeded by abdominal adipose tissue.
Expiratory flow limitation leads to dynamic hyperinflation, creat-
ing an autoPEEP in relation to incomplete expiration [26].
Additionally, the strength of respiratory muscles is affected in
obese individuals [27, 28]. Finally, in the context of obesity, lung
bases are underventilated but overperfused, creating a ventilation-
perfusion mismatch [29]. In addition, obesity may be associated
with a mild widening of the A-aO2 gradient [30, 31]. Hypoxemia
and the A-aO2 gradient are correlated with ERV [22].

Obesity is also a risk factor for obstructive sleep apnea, and
obesity hypoventilation syndrome is frequent. Obstructive
sleep apnea can cause cardiovascular features that include

hypertension, endothelial dysfunction, metabolic disorders,
arrhythmia, and cardiac remodeling [32]. Obesity
hypoventilation syndrome (OHS) is defined as a daytime
PaCO2>45 mmHg associated with sleep-related breathing
disorders in patients with BMI>30 kg/m? in the absence of
known causes of hypoventilation [32]. The prevalence of
OHS has been reported to range between 8 and 20% in obese
patients, and the prevalence of hypertension reaches 55 to
88% [33]. Other comorbidities associated with OHS are met-
abolic derangement, coronary artery disease, and heart failure
[33]. Figure 1 summarizes respiratory and cardiac pathophys-
iological aspects of obesity and COVID-19.

Mechanisms involved in respiratory injury in COVID-19
are multifactorial and include endothelial dysfunction, pulmo-
nary vasoconstriction, ventilation/perfusion mismatch,
microthrombosis, and macrothrombosis leading to an increase
in dead space [34-36]. Collapsed alveoli and pulmonary inju-
ry edema may occur, and the persistence of respiratory effort
can cause self-induced lung injury [36].

One can assume that the presence of these previous comor-
bidities in obese patients may worsen the clinical status of
obese patients in the context of pulmonary COVID-19.

Heart Health in the Context of COVID-19
and Obesity

In obese individuals, diabetes mellitus, hypertension, insulin
resistance, and dyslipidemia are common, leading to an in-
creased risk of cardiovascular disease [7]. Metabolic disorders
are associated with coronary microvascular impairment with a
reduced coronary flow reserve, particularly in patients with di-
abetes and lipid profile abnormalities [37]. Patients with cardio-
vascular risk factors are at risk of severe COVID-19 infection
resulting in myocardial injury, acute coronary syndrome, ar-
rhythmia, heart failure, and microvascular thrombosis [18, 19,
38]. In addition, patients with COVID-19 may have alterations
of the left ventricle and the right ventricle [39]. Pulmonary
hypertension may also be present in the context of COVID-19
infection [40]. Myocardial abnormalities can be present, even
after COVID-19 infection recovery, as previously shown
[41-43]. There are multiple mechanisms involved in the onset
of myocardial injury in the context of COVID-19 infection,
including hypoxemia, cytokine storms, microvascular thrombi,
coronary plaque instability, systemic and vessel inflammation,
myocarditis, sepsis-related cardiomyopathy, stress-related car-
diomyopathy, and arrhythmia [44, 45].

In the context of the COVID-19 outbreak, clinical severity
may be partially attributable to the underlying myocardial abnor-
malities, metabolic disorders, and pre-existing cardiovascular dis-
orders in obese patients. A subset of meta-analyses have recently
been published, underscoring the association between obesity
and critical illness in terms of the need for ICU admission or
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Fig. 1 Pathophysiological aspects in obese patients. HTA: hypertension; VC: vital capacity; ERV: expiratory reserve volume

invasive mechanical ventilation and mortality from COVID-19  The association between obesity and severity is particularly rel-
[4649]. In the meta-analysis by Yang et al [47], obesity was  evant in younger obese COVID-19 patients (OR 3.3) [48]. Zhao
associated with COVID-19 severity (OR 2.31; 95% CI, 1.3— et al [49] reported an OR of 2.07 (95% CI 1.53-2.81) between
4.12). In the meta-analysis by Chu et al [48], obesity was asso-  obesity and severe outcomes of COVID-19. Finally, obesity was
ciated with severe COVID-19 (OR 4.17,95% CI,2.32-7.48)and ~ found to be a risk factor for COVID-19 severity independent of
invasive mechanical ventilation (OR 2.13, 95% CI 1.10-4.14). cardiovascular disorders and diabetes [50].

SN Comprehensive Clinical Medicine
A SPRINGER NATURE journal



SN Compr. Clin. Med. (2021) 3:1848-1857

1851

From a mechanical point of view, obesity affects the left
ventricular (LV) structure and function in the presence of sub-
clinical myocardial impairments [51]. In fact, adaptive mech-
anisms occur in obese patients with an increase in several
cardiac parameters: L'V mass, stroke volume, cardiac output,
and total and central blood volume [52, 53]. These hemody-
namic changes may lead to LV dilation and to the onset of
eccentric LV hypertrophy. In a multiethnic cohort study, obe-
sity was found to be associated with LV concentric remodel-
ing, and Turkbey et al [51] found a positive association be-
tween an index of LV geometry (LV mass-to-LV end-
diastolic volume) and BMI. In fact, BMI is associated with
LV tissue Doppler imaging velocities and global longitudinal
strain features [54]. Diastolic function is also affected in pa-
tients with obesity with abnormal pulsed mitral inflow, abnor-
mal tissue Doppler velocities, and decreased longitudinal
strain [54, 55]. The prevalence of diastolic dysfunction may
reach 19% in obese patients [56]. Furthermore, obesity affects
left atrial (LA) size, LA reservoir, and conduit [57], with a
significant correlation between LA size and LV mass [58].
In this context, obesity increases the risk of heart failure and
the risk of atrial fibrillation [59]. In a long-term follow-up
study (>20 years) that included 15,402 individuals, obesity
was found to be significantly associated with cardiovascular
hospital admissions and cardiovascular deaths [60]. Right-
heart hemodynamics may also be impaired in a severely obese
state, with increased right atrial and pulmonary pressure [61].
Obesity is also a risk factor for venous thromboembolism
[62]. Conversely, weight loss is associated with positive car-
diac effects that included improvement in cardiac systolic and
diastolic function and reductions in LV mass, stroke volume,
filling pressures, and resting oxygen consumption [63].

Finally, abdominal obesity, rather than general obesity,
may have a high accuracy for predicting cardiac features
[64]. In fact, an increase in abdominal obesity is associated
with LV global longitudinal strain abnormalities and heart
failure [55, 65]. Abdominal obesity is frequently associated
with dyslipidemia, low high-density lipoprotein cholesterol,
increased triglycerides, apolipoprotein B levels, insulin resis-
tance, atherogenic abnormalities, and cardiovascular diseases
[66]. Figure 1 summarizes cardiac and pulmonary pathophys-
iological aspects involved in obesity and COVID-19.

Obesity, Hypertension, Inflammation,
Angiotensin 1-7, and COVID-19

Obese individuals frequently develop hypertension in relation
to hyperactivation of the renin angiotensin aldosterone system
(RAAS) [5]. The RAAS plays a key role in humans, control-
ling blood pressure, electrolyte balance, and cardiac remodel-
ing. Angiotensin II is locally produced by abdominal adipose
tissue [5]. Additionally, the sympathetic nervous system is

activated in obese individuals, leading to hypertension, where-
as parasympathetic tone is reduced [67]. Obesity is associated
with an increase in renal sodium reabsorption [67]. This in-
creased renal sodium reabsorption plays a key role in the onset
of blood pressure increase in obese individuals [67]. Another
mechanism involved in the onset of hypertension is the phys-
ical compression of kidneys in the context of obesity that
impacts intrarenal pressure and natriuresis pressure [68].
Arterial stiffening occurs early in obese individuals and may
precede systolic hypertension [68]. Blood flow reserve is re-
duced in obese individuals, which limits blood flow during
exercise [67]. Finally, microcirculatory dysfunction may in-
duce the onset of hypertension in obese individuals [5].

In parallel to neurohormonal modifications, low-grade
chronic inflammation is present in obese patients and is related
to adipose tissue dysfunction [69]. In obese individuals, pro-
inflammatory cytokines, including interleukin (IL) 1, IL-6, IL-
8, and TNF-alpha, are increased, whereas anti-inflammatory
cytokines, including IL-10 and adiponectin, are decreased
[69]. Leptin and adipokines are increased in obese individuals,
whereas adiponectin is reduced [70].

Locally, adipose tissue may play a role in COVID-19 in-
fection severity. Adipocytes seem to be significant targets for
SARS-CoV-2 entry via ACE2 receptors and might play a role
as a viral reservoir [71]. Adipose tissue expresses ACE2,
which catalyzes the conversion of angiotensin 2 to angiotensin
(1-7) and displays an opposition to the proinflammatory, va-
soconstrictive, and proatherosclerotic properties of
angiotensin-2 [72]. These properties involve the
ACE2/ang-(1-7)/MAS axis, with MAS being a G protein—
coupled receptor for angiotensin (1-7) (Fig. 2). Dysfunction
of'the MAS can lead to endothelial dysfunction, hypertension,
thrombosis, and metabolic syndrome-like states [72, 73].

In the context of COVID-19 infection, angiotensin (1-7)
production can decrease in patients, contributing to clinical
severity [74]. Insulin resistance, which can be assessed by
the leptin/adiponectin ratio, may be a potential link between
COVID-19 infection and clinical severity in obese patients
[75]. Furthermore, the immunological system is overactivated
in an inflammatory state and in the context of the cytokine
release syndrome in COVID-19 patients [76]. In fact, patients
with COVID-19 display a high level of IL-6, which is signif-
icantly associated with disease severity [76]. Deceased pa-
tients with COVID-19 disclosed higher concentrations of IL-
6, IL-8, IL-10, and tumor necrosis factor (TNF)-alpha [77].

Clinical Implications for the Management
of Obese COVID-19 Patients

Given the findings discussed so far, clinicians may consider
not only classic tools used to stratify patients with pneumonia
(for example, CURB-69 score) but also adipose tissue status.
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Fig. 2 Renin angiotensin system and angiotensin- [1-7]/Mas axis. ACE2: angiotensin converting enzyme type 2

In patients with COVID-19 pneumonia, BMI may be
assessed, and the need for cardiorespiratory monitoring may
be recommended. Severe COVID-19 may affect not only lung
status but also cardiovascular function, which can lead to
acute myocardial injury, myocarditis, arrhythmia, heart fail-
ure, thromboembolic events, and cardiogenic shock.
Regarding the respiratory system, blood oxygen saturation,
respiratory rate, and blood gas exchange need to be moni-
tored. Identifying excessive respiratory effort is essential to
adapt supportive oxygen therapy. High-flow nasal cannulas
can be used as first-line therapy in patients with respiratory
insufficiency since they may prevent invasive intubation [78].
Severe patients with obstructive sleep apnea and chronic ob-
structive pulmonary disease may benefit from noninvasive
positive pressure ventilation [79]. The prone position may be
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used in selected nonintubated patients with severe respiratory
forms [80]. Otherwise, it may be useful to avoid supine posi-
tions. In the context of COVID-19 infection, an imbalance
between the demand on the respiratory muscles and their ca-
pacity to generate tension may worsen respiratory symptoms
in obese patients [81]. In addition, since the rest gradient A-
a02 is mildly widening and because the gradient A-aO2 is
associated with pneumonia severity [82], one may expect that
obese COVID-19 patients would experience severe gradient
A-a02. Furthermore, thromboembolism events can be more
common in obese patients with COVID-19 since obesity and
COVID-19 are two risk factors for thromboembolic events
[83, 84]. In this context, anticoagulation therapies should be
used, particularly in obese patients, to avoid thromboembolic
events.
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In the ICU, for critically ill obese patients requiring inva-
sive mechanical ventilation, difficulties in airway manage-
ment during the induction-intubation phase need to be antici-
pated. Regarding the ventilation setting, tidal volume should
be adapted using the predicted body weight [85]. Obese pa-
tients are at high risk of atelectasis during anesthesia in the
supine position [86]. In fact, when under anesthesia and in the
supine position, the large mass of abdominal adipose tissue
leads to a cranial displacement of the diaphragm that can con-
tribute to the onset of atelectasis [86]. Positive end-expiratory
pressure (PEEP), which prevents atelectasis and is also used in
patients with ARDS, should be adapted since PEEP can cause
hemodynamic impairment and right ventricle dysfunction and
can impede venous return [87, 88]. Monitoring plateau pres-
sure and driving pressure is crucial, in addition to the search
for the presence of intrinsic PEEP in patients on mechanical
ventilation [85]. In fact, during mechanical ventilation, mon-
itoring transpulmonary pressure, which is the difference be-
tween alveolar pressure and pleural pressure, can be useful to
adapt ventilation settings and to avoid lung collapse [86]. Both
obesity and ARDS result in elevated alveolar collapse and
hypoxemia, although the mechanisms differ (pulmonary and
extrapulmonary causes). The use of esophageal pressure mea-
surements helps to separate the two mechanisms and therefore
to optimize the PEEP level and insufflation to recruit alveoli
and avoid overdistension of the lungs. Indeed, airway opening
pressure and esophageal pressure measurements during an
expiratory pause allow PEEP to be titrated to maintain the
end-expiratory transpulmonary pressure (airway pressure—
esophageal pressure) just above 0 cmH20 and avoid alveolar
collapse (because in the supine position, the heart superior to
the esophageal balloon falsely elevates the esophageal pres-
sure) [89]. Similarly, because obesity participates in an in-
crease in the airway opening plateau without inducing lung
overdistension, in the obese population, it is more appropriate
to adjust the driving pressure according to a transpulmonary
plateau pressure threshold (usually less than 25 cmH20) rath-
er than an airway opening plateau pressure threshold (usually
less than 30 cmH20) [89].

Regarding the cardiovascular system, cardiovascular co-
morbidities, including hypertension and diabetes, are often
present in obese patients. Cardiac function needs to be moni-
tored. Diastolic function needs to be particularly evaluated in
the context of COVID-19 pneumonia. Diastolic dysfunction is
relatively frequent in critically ill patients in the context of
sepsis and myocardial ischemia [90, 91]. Classic risk factors
associated with left ventricular diastolic dysfunction are age,
hypertension, obesity, coronary disease, arrhythmia, and kid-
ney disease [92]. Cardiac biomarkers and electrocardiograms
should be monitored to stratify patients and to search for even-
tual cardiovascular complications since these parameters af-
fect prognosis [18, 72, 93]. Echocardiography that must be
performed with health worker measures in place can help to

stratify patients focusing on LV geometry, LV function, dia-
stolic function, RV function, and arterial pulmonary pressures.
In patients on invasive ventilation and particularly patients
with ARDS, it is essential to monitor right ventricular function
and right pulmonary pressure since acute core pulmonale is
frequent in this population [94].

The weaning process in the ICU population requires spe-
cific considerations. Weaning success depends on cardiac
function, respiratory function, and clinical status. Weaning
failure is associated with an increase in morbidity, nosocomial
pneumonia, severe outcomes, and mortality [95]. Weaning
failure may be due to heart failure, respiratory muscle weak-
ness, and sepsis. During the weaning process, the shift from
mechanical ventilation to spontaneous breathing induces a
negative intrathoracic pressure that can affect cardiac function
[96]. This negative intrathoracic pressure caused by the transi-
tion from mechanical ventilation to spontaneous breathing in-
creases venous return and left ventricular afterload and may
cause ischemia, as reported initially by Lemaire et al [97]. In
addition, adrenergic tone increases during spontaneous breath-
ing trials and myocardial oxygen demand increases [96, 97].

ARDS is relatively frequent in severe COVID-19 patients
and patients with severe ARDS experience a long ICU stay
[79]. This parameter is known to affect diaphragm function.
Since respiratory muscle inspiratory strength may be affected
in obese patients, one may expect to have severe diaphragm
function dysfunction in obese COVID-19 patients and a lon-
ger ICU length of stay.

Diaphragm ultrasound can be used to assess and monitor
diaphragm function in this context. Diaphragm dysfunction is
a classic cause of respiratory-related weaning failure.
Diaphragm dysfunction can be evaluated using ultrasound
by measuring diaphragm thickening and/or diaphragm motion
during a spontaneous breathing trial (Fig. 3) [96].

Echocardiography should be performed to search for left
ventricular impairment and left ventricular diastolic dysfunc-
tion combined with diaphragm ultrasound [98]. Diastolic dys-
function is a classic cause of weaning failure in ICU patients
[99]. Liu et al [99] reported an incidence of weaning failure
reaching 45% (among which 59% experienced weaning-
induced pulmonary edema). Risk factors for weaning-
induced pulmonary edema are obesity, previous cardiomyop-
athy, and COPD [99]. Physicians should be careful in the
context of COVID-19 since myocardial ischemia and myocar-
dial injury are frequent in critically ill COVID-19 patients
[100] and myocardial ischemia can occur during the weaning
process in ICU patients [101]. Plasma BNP level and plasma
BNP variation during a spontaneous breathing trial can be
used to predict weaning failure [102]. Finally, COPD can be
associated with obesity [103]. COPD patients are at risk of
weaning failure. In fact, in COPD patients, a high negative
intrathoracic pressure is necessary to generate tidal volume
since COPD is associated with airway obstruction. During
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Fig. 3 Right diaphragmatic
motion using ultrasound in a
COVID-19 patient with obesity.
Note the physiological displace-
ment of the diaphragm during
inspiration

the weaning trial, this phenomenon increases the work of
breathing, venous return, and LV afterload and can induce
RV dilation by increasing RV afterload [103]. All these pre-
vious pathophysiological aspects may explain the higher rate
of critical illness in obese ICU patients.

Conclusion

Obesity is acknowledged to be a risk factor for severe
COVID-19 presentation, which requires particular attention
by physicians in cases of respiratory presentation.
Understanding cardiorespiratory pathophysiological aspects
may help physicians manage patients in hospitals.
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