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Beyond BMI

Obesity and Lung Disease
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The worldwide prevalence of obesity has increased rapidly in the last 3 decades, and this

increase has led to important changes in the pathogenesis and clinical presentation of many

common diseases. This review article examines the relationship between obesity and lung

disease, highlighting some of the major findings that have advanced our understanding of the

mechanisms contributing to this relationship. Changes in pulmonary function related to fat

mass are important, but obesity is much more than simply a state of mass loading, and BMI is

only a very indirect measure of metabolic health. The obese state is associated with changes in

the gut microbiome, cellular metabolism, lipid handling, immune function, insulin resistance,

and circulating factors produced by adipose tissue. Together, these factors can fundamentally

alter the pathogenesis and pathophysiology of lung health and disease.
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The world is facing an unprecedented
obesity epidemic, with the highest prevalence
occurring in developed countries. More than
one-third of the US adult population is obese
and another one-third is overweight,1 but
most troubling is that 32% of US children
and adolescents are either overweight or
obese.2 Obesity is a major risk factor for the
development of a number of respiratory
diseases, including asthma, pulmonary
hypertension, sleep apnea, obesity
hypoventilation syndrome, pneumonia, and
ARDS,3 and it complicates the pathogenesis
of other diseases such as COPD. These
outcomes occur because obesity profoundly
alters normal lung homeostasis through a
combination of mass loading and hormonal,
metabolic, inflammatory, neurologic, and
dietary factors.
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The present review highlights some of the
major findings that have advanced our
understanding of mechanisms linking
obesity, as well as its associated metabolic
disorders, to common lung diseases.
The Mechanical Effects of Obesity on
Lung Function
Obesity directly alters the mechanical
properties of the lungs and chest wall
through the accumulation of fat in the
mediastinum and in the abdominal and
thoracic cavities.4 This action elevates the
diaphragm and also limits its downward
excursion, causing pleural pressure to
increase5 and functional residual capacity
to decrease (Fig 1).6 These effects are
substantial: functional residual capacity is
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Figure 1 – A-C, Mechanical effects of lung compression in obese individuals compared with normal-weight individuals. The volume of the chest
compartment is invariably decreased in obesity (A), which lowers the operating volume of the lungs (B). Consequently, the FRC and the ERV are
reduced, but all other subdivisions of lung volume are remarkably well preserved (C). ERV ¼ expiratory reserve volume; FRC ¼ functional residual
capacity; IC ¼ inspiratory capacity; TLC ¼ total lung capacity; VC ¼ vital capacity; VT ¼ tidal volume.
reduced by 10%, 22%, and 33% in overweight,
mildly obese, and severely obese subjects without
asthma, respectively. The mechanical effects of
chestjournal.org
obesity are also reflected in significant decrements in
the compliance of the lungs, chest wall, and entire
respiratory system,7 which likely contribute to the
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respiratory symptoms experienced by many obese
people.

Long-term obesity may also affect lung growth. Forno
et al8 showed that obese children had evidence of
dysanapsis (a dissociation of lung airway growth with
lung size) that may be contributing to lung disease in
obese children. Nevertheless, not all obese people
develop lung disease. The reasons for this are not fully
understood but presumably reflect the fact that obesity,
rather than simply being a state of excess mass, is a
complex syndrome associated with changes in diet, gut
microbiome, systemic and cellular metabolism, and
immune function.
Role of Adipose Tissue Mediators
Obesity manifests as increased quantity and change in
function of adipose tissue. Adipose tissue in obese
individuals produces proinflammatory cytokines and
hormones that can have direct effects on the lung
(Fig 2). These mediators are released from both
adipocytes and from the leukocytes that infiltrate
adipose tissue. The inflammatory factors that are
Figure 2 – Etiology of lung disease in obesity. High-fat and low-fiber diets ar
mass can lead to lung function impairment through the release of adipokines
tone. In addition, obesogenic diets have been associated with fundamental c
immune response. SCFA ¼ short-chain fatty acid.
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increased in obese adipose tissue and then enter the
circulation include leptin, tumor necrosis factor-alpha
(TNF-a),9 IL-6 and IL-8,10 C-reactive protein, and
monocyte chemoattractant protein-1.11 The numbers of
inflammatory cells in adipose tissue are also increased in
obesity: CD8 and CD4 T-lymphocyte numbers are
significantly increased in the adipose tissue of obese
humans and mice,12,13 and CD68 macrophages account
for up to 50% of cells in the subcutaneous adipose tissue
of obese individuals.12 This proinflammatory milieu
affects lung disease. For example, increased infiltration
of subcutaneous and visceral adipose tissue by
macrophages has been reported in obese individuals
with asthma14 and COPD,15 suggesting that adipose
tissue inflammation may play an important role in the
lung function impairment seen in these patients,
possibly through the production of circulating
adipokines and cytokines.

Leptin, originally identified as a satiety hormone, is
increased in obesity and thus has become a focus of
interest relative to obesity-related lung disease.
Understanding the pathogenic role of leptin is
complicated by the fact that obesity represents a state
e important contributors to increased adiposity. Increased adipose tissue
that modulate immune response, ventilation, and airway smooth muscle
hanges in the gut microbiome, which could also alter pulmonary host
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of leptin resistance; this scenario raises the question as to
whether it is leptin per se, or alterations in its
downstream targets, that is the primary abnormality.
Nevertheless, leptin is involved in normal physiologic
function of the lung, promoting neonatal lung
development and surfactant protein A production.16

Leptin also affects ventilatory drive17 and cholinergic
airway tone.18 We found that leptin expression in
visceral fat is closely correlated with airway reactivity in
obese subjects with asthma,14 and Shore et al19 have
found that administration of leptin increases airway
reactivity in a lean allergic mouse model of asthma.
Elevated leptin levels and/or leptin resistance might thus
affect lung disease through a number of pathways.

Levels of the antiinflammatory adipokine adiponectin
are decreased in obesity and have also been studied in
the context of respiratory disease. Adiponectin
downregulates eosinophil recruitment in the airways to
inhibit allergic airway inflammation20,21 and is markedly
reduced in obese patients with asthma14 and COPD.22

Conversely, mice deficient in adiponectin develop
airway eosinophilia and airway inflammation
coupled with increased vascular remodeling and
pulmonary hypertension,20 as well as an emphysema
phenotype with increased alveolar macrophage TNF-a
expression.23 A role for obesity-associated adiponectin
deficiency has also been suggested in the pathogenesis of
ARDS, a condition for which the obese are at increased
risk,24 likely from pulmonary vascular priming due to
impaired endothelial function.25 These data suggest a
role for adiponectin in normal lung function; they also
suggest that adiponectin deficiency may contribute to
diseases of the pulmonary airways, parenchyma, and
vasculature.

Circulating levels of certain key inflammatory cytokines
produced by adipose tissues are increased in obesity.
One example is TNF-a, which may have important
implications for lung disease in obesity as we have
shown that constitutive overexpression of TNF-a, in
normal-weight mice, leads to the development of a
combination of both emphysema and pulmonary
fibrosis.26 Furthermore, Williams et al27 found that
TNF-a is involved in airway responses to ozone in obese
mice by augmenting airway neutrophilic inflammation
while blunting airway reactivity. Another example of an
inflammatory cytokine produced by adipose tissue is IL-
6, which epidemiologic studies suggest is associated with
reduced lung function and worse outcomes in COPD.28

Furthermore, Peters et al29 recently showed that
systemic, but not sputum, IL-6 levels are associated with
chestjournal.org
asthma severity. This outcome is also true, however, of
some individuals with normal BMI, illustrating the
important point that BMI is only an indirect measure of
metabolic dysfunction in patients with respiratory
disease. Whether IL-6 has direct effects on the lung, or is
simply a marker of another mediator of metabolic
dysfunction, remains to be determined.

Although it is clear that factors produced by obese
adipose tissue can have pleiotropic effects contributing
to lung disease in obesity, it is also possible that obesity
and lung disease have common pathogenic pathways.
For example, chitinase-3-like protein 1 is involved in
both visceral fat accumulation and the TH2-type
inflammation associated with allergic asthma.30

Expression of chitinase 3-like-1 is regulated by the
histone deacetylase Sirtuin 1 (Sirt1), a signaling pathway
that mediates the activity of transcription factors
involved in inflammation, metabolism, and endocrine
signaling. This suggests there may be common genetic
factors contributing to the development of both excess
adipose tissue and to asthma. There are thus numerous
levels at which biological integration between metabolic
dysfunction and respiratory function can occur.
Role of Insulin Resistance and Dyslipidemia
Lung disease and insulin resistance may be linked
through common pathways. Diabetes has long been
associated with a preemptive decrease in lung
function,31 and poorly controlled diabetes is associated
with loss of lung function in cystic fibrosis.32 Recent
data in mice and people suggest that insulin resistance
also contributes to the development of pulmonary
hypertension.33,34 Thus, diabetes seems to affect both
airway and pulmonary vascular disease.

Dyslipidemia may have profound effects on immune
function and respiratory disease. Children with asthma
have a high prevalence of hypertriglyceridemia and risk
of insulin resistance,35 which mediates TH1-polarization,
thus likely changing the typical TH2 responses associated
with asthma in children.36 Abnormal lipid metabolism
may also contribute to pulmonary vascular disease:
Brittain et al37 discovered abnormal circulating lipid
levels and altered fatty acid metabolism in the right
ventricle of patients with pulmonary hypertension. This
human study supports research in mouse models linking
familial primary pulmonary hypertension with
abnormal lipid metabolism.38

Insulin resistance and dyslipidemia can induce airway
reactivity even in the absence of obesity. Singh et al39
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showed that a high-fructose diet induced airway
reactivity associated with reduced bioavailability of
arginase in the airway, an indicator of increased
nitrosative stress.

These findings relating insulin resistance and abnormal
lipid metabolism with lung disease likely have
implications for treatment. Han et al40 recently reported
that a high-fat diet induced dyslipidemia and augmented
allergen-induced airway disease in a mouse model of
asthma, and these findings could be mitigated with
simvastatin treatment, a cholesterol-lowering inhibitor
of 3-hydroxy-3-methyl-3-glutaryl coenzyme A
reductase.

Investigation is required to determine whether therapies
intervening with insulin resistance or dyslipidemia
might be effective for treating obesity-related lung
disease in patients.

Role of Cellular Immune Function in Obesity
Metabolism is tightly linked to immune function. This
connection has important implications for host defense
in general, and for respiratory diseases in particular, in
obesity.

Innate Immune Response

In addition to the well-documented changes in
macrophage behavior in obesity, particularly in adipose
tissue and atherosclerotic vascular lesions,12 there seems
to be broad effects of obesity on innate immunity in
general. Two lung diseases in which these effects are
most evident are ARDS and pneumonia. In the case of
ARDS, the effects of obesity are complex and indeed
even counterintuitive; although obese subjects are at
increased risk of developing ARDS, once afflicted, they
have reduced mortality from this condition.24

Underlying these opposing effects on risk and outcome
seem to be baseline “priming” of both neutrophils41 and
the pulmonary vasculature,25 as well as defects in both
neutrophil chemotaxis and survival.42,43 How these
effects are interrelated remains poorly understood, but
they may also play a role in the pathogenesis of lung
infection in obese individuals. Following the influenza A
pH1N1 pandemic, it became clear that obesity is
associated with increased susceptibility to, and worse
outcomes from, this disease.44 Subsequent research has
shown that obese subjects are more susceptible to
bacterial pneumonia as well.45 Animal models of obesity
have recapitulated these findings, implicating both an
exuberant initial innate immune response (H1N1)46 and
defects in neutrophil function (bacterial pneumonia)43,45
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that alter the pathogenesis and course of pneumonia in
obesity.

Adaptive Immune Response

Changes in adaptive immune function are also pertinent
to respiratory diseases in obesity because cellular
metabolism and circulating adipokines both regulate
immune cell function. Tight regulation of immune cell
glycolytic and mitochondrial pathways are required to
mount an effective immune response.47 For example,
aerobic glycolysis is critical to fuel the biosynthetic and
energy requirements of effector T-cell cytokine
production.

Altered immune cell metabolism in obesity is likely to
have significant implications for lung disease. The
adipokine leptin has been studied in detail in this
context because it regulates immune cellular metabolism
by activating intracellular signaling cascades such as
the mammalian target of rapamycin pathway.48 The
differentiation and activity of regulatory T cells (Tregs)
is regulated largely by the mammalian target of
rapamycin and by adipokines, particularly leptin.49

Tregs express increased amounts of the leptin receptor,50

allowing the leptin/leptin receptor axis to inhibit Treg
generation and proliferation following stimulation of
T-cell receptors. The Treg population is significantly
increased in leptin-deficient mice, which protects them
against autoimmune diseases, but how this finding
relates to pulmonary disease remains unclear.

There is some evidence for skewing away from TH2
responses. We have found that decreased serum
adiponectin levels in obesity correlated positively with
markers of TH1 and negatively with markers of TH2
immune response, suggesting that perturbations of
adipokine levels in obesity could skew the immune
response toward a TH1 phenotype.51 Compared with
healthy control subjects and normal-weight patients
with asthma, obese children also demonstrated evidence
of TH1-polarized inflammation that correlated with
obesity-mediated inflammatory markers such as leptin
and IL-6.52 However, overall, we have found evidence
of dampened adaptive immune responses in obese
humans and in mouse models of obese asthma. Cytokine
production from CD4 T cells increases significantly after
bariatric surgery,53 and cytokine production from house
dust mite-stimulated splenocytes was decreased in an
obese mouse model of allergic asthma.54 How this
finding contributes to altered allergic airway disease in
obesity requires further study, but it suggests that TH2
pathways are dampened in the setting of obesity. Indeed,
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mice fed a high-fat diet exhibit visceral fat adipose tissue
T cells that seem to take on a senescent phenotype,55 and
obese children reportedly exhibit increased senescent
T cells in the circulation.56 Both findings are indicative
of immune ageing; thus, changes in effector T-cell
function are likely to be important not only for asthma
but also for respiratory disease in general.

Adaptive immune dysfunction in obesity likely
contributes to altered responses to viral pathogens.
Obese subjects also have impaired responses to influenza
vaccine. CD4 and CD8 T cells from overweight and
obese individuals express lower levels of CD69, CD28,
CD40 ligand, and IL-12 receptor, and produce lower
levels of interferon-g and granzyme B, compared with
healthy-weight individuals in response to influenza
vaccination.57 This has major implications for public
health.
Role of Diet and Gut Microbiome in Obesity
Obesogenic diets are typically high in dietary fats and
sugars while being low in soluble fiber and antioxidants.
Studies in humans have shown that consumption of a
high-fat meal can have rapid effects on airway
inflammation (increasing airway neutrophilia)58 and
airway smooth muscle function (decreasing
bronchodilator responsiveness).59 The mechanisms
behind these rapid effects are not entirely clear, but in
humans, they are associated with increased Toll-like
receptor-4 expression in the sputum, and an increased
expression of a number of other immune genes,60,61

suggesting that a high-fat diet directly induces
inflammatory pathways in the lung (Fig 2). In mice, a
high-fat diet leads to activation of the NLRP3
inflammasome, and an increase in innate lymphoid cells
producing IL17-A, which seem to mediate airway
reactivity in this model.62

Dietary factors may also affect the lung indirectly
through effects on the gut microbiome (Fig 2). There are
significant differences in the gut microbiota of lean and
obese adults, the latter group having an increased
propensity to harvest energy from the diet, which then
exacerbates changes in glucose metabolism and weight
gain.63 Diet also affects the metabolites produced by gut
microbes that ferment food products to produce short-
chain fatty acids (SCFAs). The amount and type of
SCFAs produced depends on the specific microbial
composition of the gut, which in turn depends on
dietary composition. SCFAs modulate immune function
and affect neutrophil function, leukocyte recruitment,
chestjournal.org
and chemotaxis. Bacteroidetes bacteria, a major producer
of SCFA, are reduced in the gut in obesity63 and in the
lungs in asthma.64

Analysis of human intestinal microbiota have also
revealed significant decreases in bacterial diversity
and the Bacteroidetes/Firmicutes ratio in obese vs
lean individuals, and a significant increase in potential
proinflammatory Proteobacteria.65 The relevance of
this finding to respiratory disease is illustrated by the
finding that a diet high in soluble fiber in mice
decreases allergic airway disease through increased
levels of the SCFA propionate that impairs the capacity
of dendritic cells to promote TH2 effector cell
responses.66 Gaining a better understanding of the
effects of a Western diet on the gut microbiome, and
subsequent immune function, is crucial if we are to
advance our understanding of the link between obesity
and lung disease.
Conclusions
The world is facing an unprecedented obesity epidemic
that is changing the clinical presentation and nature of
many common lung diseases. Given the complex
changes associated with the obese state, which include
changes in the microbiome, cellular metabolism and
immune function, lipid handling, and circulating factors,
as well as mechanical derangements, it is perhaps not
surprising that obesity will profoundly change the nature
of respiratory diseases. There is an urgent need to better
understand the effects of the systemic and cellular
metabolic disarray of obesity on the respiratory system;
in doing so, we will gain fascinating new insights into
the central role of metabolic factors in regulating normal
pulmonary function and physiology.
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