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Abstract

Obesity is becoming more and more prevalent especially in
Western industrial nations. The understanding of adipose
tissue as an endocrine organ as well as the detection of adi-
pocytokines — hormones that are secreted from the adipose
tissue — gave reason to examine the interactions between
adipose tissue and target organs. These efforts have been
intensified especially in the context of bariatric surgery as
promising weight loss therapy. Interactions between the
lung and adipose tissue have rarely been investigated and
are not well understood. There are obvious mechanical ef-
fects of obesity on lung function explaining the associations
between obesity and lung diseases, in particular obesity hy-
poventilation syndrome, obstructive sleep apnea syndrome,
asthma, and chronic obstructive pulmonary disease. The rise
in the prevalence of obesity affects the epidemiology of pul-
monary diseases as well. The aim of this review is to summa-
rize the current knowledge on interactions, associations, and
consequences of obesity and weight loss on lung function
and lung diseases. Based on these data, areas for future re-

search are identified. ©2020S. Karger AG, Basel

Introduction

The number of overweight and obese patients in de-
veloped countries has considerably risen in the past years.
In this context, many efforts have been made to under-
stand the mechanisms of weight gain and weight loss. The
adipose tissue — in former times considered as passive re-
pository organ — is now increasingly recognized as a large
endocrine organ with secretion of adipocytokines and
other hormones that are responsible for metabolic effects.
Bariatric surgery is the most effective method for weight
reduction in severe obese patients. Interactions of adipose
tissue and target organs as well as the changes induced by
bariatric surgery are object of medical research. Chronic
inflammatory diseases of many different organ systems
are seen in a new light due to the understanding of obe-
sity as state of chronic inflammation [1].

As chronic respiratory diseases account for many
deaths worldwide, the influence of obesity on respiratory
diseases and vice versa require a better understanding.
Mechanical effects of obesity on the lung are well known,
especially regarding obesity hypoventilation syndrome
(OHS) and obstructive sleep apnea syndrome (OSAS) [2].
The association between asthma and obesity is also con-
firmed, but not completely understood. In contrast, we
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cannot fully explain the “positive” effect of obesity on
chronic obstructive pulmonary disease (COPD) which is
known as the “obesity paradox” [3].

Therefore, investigating the crosstalk between adipose
tissue and the lung as well as understanding the interac-
tions between obesity and lung diseases is of much inter-
est. There are already numerous reviews on specific respi-
ratory diseases and their link to obesity. Franssen et al. [4]
already presented a great overview of the increasingly rec-
ognized relationship between obesity and COPD. Others
focused on the link between asthma and obesity as Peters
et al. [5] or Carpaji and Van Den Berge [6], or the con-
nection between OHS [7], respectively, OSAS [8] and
obesity. These reviews allow us to focus on one specific
respiratory disease. In contrary, the aim of this review is
to present and summarize the current understanding of
all the interactions between obesity and different lung
diseases to provide a complete overview and to show up
further areas of research. Furthermore, it is an update to
former reviews including insights into weight loss effects
through bariatric surgery.

Importance of Obesity

The obesity prevalence has increased over the past 50
years in pandemic dimensions in every single country al-
beit with regional differences. Importantly, the difference
between “overweight” (body mass index [BMI] 25-30 kg/
m?) and “obese” (grade I BMI 30-35 kg/m?, grade I1 BMI
35-40 kg/m?, and grade I1I BMI >40 kg/m?) as measured
by BMI should be considered when the prevalence of obe-
sity is discussed [9]. The most important risk factor for
the metabolic syndrome and cardiovascular diseases is
the fat distribution according to the “android” obesity
type — also called abdominal or central or visceral obesi-
ty — in contrary to the “gynoid” obesity type (peripheral
obesity with mostly subcutaneous fat). It can be estimated
by measuring the waist-to-hip ratio. Other methods to
quantify visceral fat are magnetic resonance imaging
(MRI) and bioimpedance analysis (BIA). Waist circum-
ference correlates better with the visceral fat area in MRI
than BMI does [10, 11].

In 2017-2018, 42.4% of the population were obese in
the USA [9]. Latest estimates show that 30-70% of Euro-
peans are overweight and 10-30% are obese [12]. In 2015,
the mean worldwide prevalence of obesity in adults was
19,5% with a prevalence of 23.6% in Germany [13]. The
results of the German Health Interview and Examination
Survey for Adults (DEGS1) gave an insight into the dis-
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tribution of severity: while 53% of women and 67.1% of
men, respectively, have a BMI above 25 kg/mz, 29 and
43.8% are overweight, 15.9 and 18.1% suffer from obesity
I°, 5.2 and 3.9% II°, and 2.8 and 1.2% III° [14].

Obesity is a major global health challenge. In 2010,
about 3.4 million deaths and 3.9% of years of life lost were
associated with overweight and obesity [15]. Annual
health care costs and medication costs increase by 36 and
77% for obese people compared with people of average
weight. Obesity is associated with many comorbidities
and complications reducing quality of life and life expec-
tancy, such as type 2 diabetes mellitus, hypertension, cor-
onary heart disease, stroke, and some cancers [16]. To
reduce the burden, obesity needs to be understood better
and the interactions with the associated comorbidities
need to be evaluated and understood.

Importance of Lung Diseases

Chronic respiratory diseases are accounting for 7% of
all deaths worldwide. In 2017, 3.91 million deaths were
correlated to chronic respiratory disease. From 1990 to
2017, deaths and loss of health related to chronic respira-
tory diseases increased. In contrast, age-standardized
mortality rate of chronic respiratory diseases decreased
overall, with a decreasing trend for asthma, COPD, and
pneumoconiosis and an increasing trend for interstitial
lung disease and pulmonary sarcoidosis [17].

However, there are differences among the countries
with higher mortality and higher index for disability-ad-
justed life years in regions with low sociodemographic
index. Main risk factors are smoking, air pollution, and
high BMI [17].

Moderate-to-high weight gain (>1 kg/year) is accom-
panied by a decline in lung function, while losing weight
in obese patients is related to significant improvements in
lung function parameters [18], demonstrating the impor-
tance of investigating lung function and lung diseases in
relation with body weight.

The Adipose Tissue as Endocrine Organ

In former times, adipose tissue was seen as passive res-
ervoir for energy storage. With the identification of dif-
ferent adipocytokines, the adipose tissue was more and
more considered as an endocrine organ itself whose >100
products have metabolic and cardiovascular effects.
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Besides the important secretory function, the adipose
tissue contains a variety of receptors (e.g., cytokine recep-
tors, catecholamine receptors, and insulin receptors)
through which it forms an interactive network that not
only stores fat but also has important immunologic, neu-
roendocrine, and metabolic functions. There is a cross-
talk between adipose tissue and other organs, especially
insulin-dependent organs.

Excess of adipose tissue as seen in obesity is considered
as a chronic and low-grade state of inflammation. Obe-
sity leads to insulin resistance, hyperglycemia, dyslipid-
emia, hypertension — the metabolic syndrome - and ulti-
mately to cardiovascular complications [1, 19]. If a rele-
vant crosstalk between adipose tissue and lung exists and
if the adipose tissue directly influences the lung, it is es-
sentially unknown.

Can the Lung Become Fat Itself?

Organs such as the liver or the pancreas “fatten up” in
obesity resulting in nonalcoholic fatty liver disease
(NAFLD) or pancreatic lipomatosis. To our current
knowledge, the lung itself does not fatten up in a compa-
rable manner to the other organs. Nevertheless, a very
interesting aspect is the concept of “fatty airways.” Post-
mortem analyses showed that adipose tissue accumulates
in the outer wall of large airways and is associated with
BMI, wall thickness, and number of inflammatory cells.
This could be a new mechanism for the pathophysiology
of airway inflammation [20].

Especially in asthma, these “fatty airways” are de-
scribed in association with airway inflammation and dis-
ease severity. Fatty airways could influence immunologic
processes and produce adipocytokines that influence in-
flammatory pathways and therefore airway inflammation
[21]. The lung tissue itself has thus far not been shown to
be affected by even severe obesity.

Is the Lung an Endocrine Organ?

In principle, the lung is not producing hormones itself,
but it is influenced by hormones. The organ has different
ways to deal with arriving hormones: inactivation or
transformation and activation or no influence at all. Since
the lung has a huge surface for blood exchange, it is likely
a good place for hormones to pass and to be filtered,
transformed, or inactivated [22].
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A further hint that lung could in principle be an endo-
crine organ is the fact that pleural diseases produce hor-
mones or are influenced by them. Hypothyroidism, thy-
rotoxicosis, thyroid cancer, and breast cancer can pro-
duce pleural effusion; catamenial pneumothorax can
produce recurrent pneumothorax. In thyrotoxicosis,
high concentrations of thyroid hormones are found in the
pleural effusion. Another lung disease that is correlated
with hormones is lymphangioleiomyomatosis (LAM).
Abnormal smooth-muscle-like cells growing within the
lungs — called LAM cells - express estrogen and proges-
terone receptors and the disease itself seems to correlate
with endocrine status as it is more present in women in
reproductive years, during pregnancy or while taking ex-
ogenous estrogens. Solitary fibrous tumors of the pleura
can also lead to paraneoplastic syndromes such as osteo-
arthropathy (increase in growth hormone releasing fac-
tor), gynecomastia (increase in beta human chorionic go-
nadotropin), and hypoglycemia (increase in insulin-like
growth factor 2) [23]. Hence, the lung is obviously inter-
acting with many hormones like essentially any human
organ and its endocrine interactions should be investi-
gated more detailed.

Can the Lung Interact with Adipose Tissue?

In the context of obesity, the most important clue that
shows us the crosstalk between adipose tissue and the
lung as a possibly endocrine organ is the presence and
interactions of adipocytokines. The adipose tissue secrets
adipokines (bioactive peptides) and inflammatory cyto-
kines (e.g., tumor necrosis factor-alpha [TNF-a], inter-
leukin-6 [IL-6], and monocyte chemoattractant pro-
tein-1), which together are called adipocytokines. Adipo-
cytokines are the key factor of obesity-induced metabolic
disorders as they represent the mediators between adi-
pose tissue and target organs (especially liver, muscle,
pancreas, and central nervous system). Adipokines regu-
late food intake, blood pressure, insulin sensitivity, and
reproduction. They have paracrine and autocrine func-
tions.

Most recognized representatives of this group are
leptin - the saturation hormone - and adiponectin. Leptin
has effects via hypothalamic pathways as well as direct ef-
fects on peripheral tissues. It suppresses food intake and
acts anti-diabetic. Leptin correlates with fat mass and is
therefore high in obese patients and low in underweight
and weight loss. However, leptin secretion can also be
stimulated by insulin or glucocorticoids.
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Adiponectin has anti-atherogenic and anti-inflamma-
tory effects and improves insulin sensitivity. The two ad-
iponectin receptors 1 and 2 are expressed primarily in the
muscle and liver. Adiponectin levels are low in insulin
resistance and obesity and increase while weight reduc-
tion or improved insulin sensitivity [1, 24, 25]. Among
the >50 known adipokines, the most famous ones include
visfatin (critical for beta cell function), resistin (related to
obesity, insulin resistance, and inflammation), omentin
(anti-inflammatory and insulin-sensitizing), chemerin
(regulates adipogenesis), apelin (inhibits insulin secre-
tion), and vaspin (decreases food intake and improves hy-
perglycemia) [26].

The role of adipocytokines in the pathophysiology of
respiratory diseases is currently under investigation. Vis-
fatin and leptin are listed as possible markers for COPD;
leptin and resistin are named as proinflammatory factors
in tumor cachexia; the apelin-adiponectin axis is re-
searched in pulmonary hypertension, and many adipocy-
tokines are examined in the context of asthma. Despite
these promising findings, the data are controversial and
limited [27].

The most researched adipocytokines in lung disease
are leptin and adiponectin, in particular in connection
with OSAS/OHS and asthma [28-34]. In OSAS, lower
levels of adiponectin and higher levels of leptin have been
observed and are directly associated with the apnea-hy-
popnea index (AHI), duration of hypoxemia, and BML
After treatment with continuous positive airway pressure
(CPAP) therapy, leptin levels in OSAS patients seem to
fall. Resistin levels are higher in OSAS too. Inflammatory
cytokines such as TNF- a or interleukins are increased in
OSAS patients and reduced after starting CPAP therapy
[8]. Another study showed elevated levels of, for example,
chemerin and vaspin in severe OSAS, which were further-
more risen after sleep [33].

Adiponectin is mostly reported to be decreased in
asthma. While the results of the studies are not uniform,
it remains unclear whether the modulation of adiponec-
tin in asthma disease is independent of obesity. It has
been hypothesized thatlow adiponectin levels can be used
as a marker for uncontrolled asthma [3]. The leptin/adi-
ponectin ratio has also been shown to correlate with the
severity of asthma [35].

In COPD patients, adiponectin is increased. A lower
leptin/adiponectin ratio is associated with a decline of
forced expiratory volume in 1 sec (FEV1). The higher the
BMI in COPD, the lower are the adiponectin levels. Per-
haps, an adiponectin increase may reflect a compensatory
response to the inflammatory processes in COPD. The
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level of adiponectin correlates with severity of disease,
frequency of exacerbations, and FEV1 decline [3].

During acute exacerbation of idiopathic pulmonary fi-
brosis (IPF), adiponectin and leptin are found in higher
levels than in initial diagnosis of IPF. The adiponectin/
leptin ratio was correlated with C-reactive protein level
(CRP) in acute exacerbated IPF and with worse survival.
Furthermore, the progression of IPF is associated with
weight loss [36].

In the research of obesity and bariatric surgery, the
glucagon-like peptide-1-(GLP-1)-receptor gets a lot of at-
tention. GLP-1-receptor seems to have a role in obesity-
related asthma [37], in exacerbation of COPD (mouse
study) [38], and in sleep quality in OSAS patients (the
lower the GLP-1, the higher the AHI) [39]. The GLP-
1-receptor is widely distributed in the lung within the al-
veoli, septa, airways, and vascular smooth muscle, but its
function is not completely understood [40, 41].

About 40% of OSAS patients suffer of impaired glu-
cose tolerance. Incretin hormones such as GLP-1 stimu-
late insulin secretion from pancreatic beta cells and are
inactivated by dipeptidyl peptidase-4 (DPP-4). Therefore
incretin-based therapies with DDP-4 inhibitors and GLP-
1 analogs are commonly used in the therapy of diabetes
mellitus type 2. Studies are now examining the levels of
GLP-1and DPP-4in OSAS [42] and test liraglutide (GLP-
1-receptor analog) as a possible drug in obese OSAS pa-
tients with promising initial results [43].

In view of these findings, there are interesting ideas to
use adipocytokines in various lung diseases, especially
COPD and asthma, as diagnostic marker for early diag-
nosis or specific phenotype and therapeutic marker [3].
Research in this field is controversial, and associations are
not completely understood. The data from these clinical
studies clearly suggest that there are interactions between
the lung, adipose tissue, and adipose tissue hormones that
warrant be further researched [28-30, 37].

Effects of Obesity on the Lung

Obesity causes changes in the mechanics of the lung and
chest wall. Fat accumulates in the thoracic and abdominal
cavities which increases intra-abdominal and intrathoracic
pressure and impedes inflation of the lung. The results are
minimal lower FEV1 and lower functional ventilatory ca-
pacity (FVC), small effects of = 10% on residual volume
(RV) and total lung capacity (TLC), and large effects con-
cerning functional residual capacity (FRC) and expiratory
reserve volume (ERV) which are both reduced to = 34% of
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the expected value. Tidal volume is also decreased, which is
compensated by a higher respiratory rate. The compliance
of the whole respiratory system is reduced. Via these me-
chanical effects, obesity leads to airway narrowing and clo-
sure of small airways which produces air trapping and in-
homogeneity of ventilation.

It is not completely understood how respiratory sys-
tem resistance is increased in obesity. It is important to
keep in mind that deep, forced tidal breaths as performed
with the usual spirometry examination may mask the ef-
fect. Changes related to breathing at lower lung volumes
and low functional residual capacity caused by mechani-
cal compression of the lung are overlooked. Possibly,
measurements with the newer method of oscillometry,
where breathing maneuvers are performed in the resting
breathing position, could show the true effects of obesity
on lung function. In particular, we would expect an in-
creased respiratory system resistance as a sign of in-
creased airway closure.

The relationship between obesity and airway hyperre-
sponsiveness (AHR) is unclear. Some studies showed in-
creased AHR in obesity. One idea is that breathing at low
FRC with raised breathing frequency affects the contrac-
tility of airway smooth muscles and leads to stiffening.
These effects are possibly better seen in oscillometry than
in spirometry measurements.

Obesity can also cause hypoxemia in the lung via hy-
poventilation, associated comorbidities, reduction of
FRC, shunt, and ventilation/perfusion imbalance. The as-
sociation between hypoxemia and obesity as well as mea-
surements of the lung’s diffusing capacity for carbon
monoxide (DLCO) in obese patients is reported contro-
versially in different studies [6, 10, 44, 45].

It is important to notice that pulmonary tests are
mainly performed in the sitting position. There is little
and controversial reporting on the influence of body po-
sition on lung function in obese patients. No statistically
significant changes are seen in FVC, FEV1, VC, TLC,
FRC, and RV for different body positions. Few studies
show that FRC and FEV1 are higher in the sitting vs. su-
pine position. This could be due to the cephalic displace-
ment of the diaphragm as a result of the abdominal pres-
sure, increased pulmonary blood volume, and limited ex-
piratory flow with increased airway resistance in more
recumbent positions [46].

Duration of obesity seems to play a role in develop-
ment of respiratory effects. Pulmonary function tests
showed significantly lower values in patients with obesity
lasting >15 years than in patients with obesity lasting <5
years [47].
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Furthermore, studies with children show that age of
obesity onset seems to have an effect on severity of lung
function changes - although there are conflicting results
— especially in parameters of airflow limitation (FEV1
and FVC) with greater changes the earlier the onset. In
contrast to adults having higher FEV1 and FVC, FEV1/
FVC is lower in children with higher weight, suggesting
an obstructive rather than a restrictive disease. This could
be explained by the airway dysanapsis seen in childhood
obesity that is caused by the incongruence between
growth of lung parenchyma and caliber of the airways
[5].

In summary, obese patients have to breathe more of-
ten, have to exert more effort to overcome the resistance
of the airways, and are more often hypoxic. Probably, the
respiratory effects are worse; the earlier the obesity onset,
the longer the duration of obesity. Whether this is actu-
ally reflected for the patient with increased dyspnea or
reduced physical resilience remains unclear. It is also un-
known whether it makes a difference how fast the weight
increase occurred.

Effects of Weight Loss on the Lung

Weight loss can be achieved by conservative strategies,
which consist of a combination of diet, exercise, and psy-
chological intervention as well as by bariatric surgery.
There are several different types of bariatric operations.
The most commonly used procedures, and which are
considered in this article, are the Roux-en-Y gastric by-
pass and sleeve gastrectomy.

Indication for bariatric surgery is BMI > 50 kg/m?,
BMI > 40 kg/m? with diabetes mellitus 2, BMI > 40 kg/m?
without comorbidities after failing of conservative strate-
gies, and BMI > 35 kg/m? with 1 or more comorbidities
(e.g., diabetes mellitus 2, coronary artery disease, hyper-
tension, OSAS, OHS, and asthma) after failing of conser-
vative strategies. Conservative strategies regularly fall and
are considered failed after 6 months of lifestyle interven-
tion if the weight change is <15-20% [48]. Therefore, bar-
iatric surgery gets more and more focus and most re-
search concerning lung and weight loss is performed in
the field of surgery.

Most of the changes seen in lung functions of obese
patients resolve after significant weight loss. In patients
without lung disease, improvements in ERV, FRC, TLC,
and RV as well as FEV1 are seen and dyspnea is also im-
proved [49]. There are some studies investigating chang-
es in lung function after bariatric surgery [50-56]. Most
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of them examine patients 6 months after surgery when
significant weight loss is already achieved.

A review from 2018 reported 23 studies with 1,013 par-
ticipants: patients with and without lung diseases. Overall
pulmonary function score - as a result of dynamic and
static lung volume tests, arterial blood gases, and gas dif-
fusing capacity - was improved in 11 studies after bariatric
surgery with no difference in type of bariatric surgery [50].

The biggest of these studies from Norway with 139
participants (76 bariatric surgeries and 63 conservative
treatments) observed effects of bariatric surgery versus
conservative treatment on pulmonary function. After 1
year, greater improvements were seen after bariatric sur-
gery than after lifestyle intervention in FVC, FEV1, TLC,
VC, FRC, ERV, and pO; in arterial blood. This effect is
most likely associated to greater weight loss in surgical
procedures (30% weight loss vs. 8% weight loss in conser-
vative treatment). The effects did not differ between par-
ticipants with or without asthma. Changes in levels of
CRP and adiponectin did not correlate with changes in
arterial blood gas or the pulmonary function test [57].
Changes in lung function parameters are in the range of
12% improvement in FEV1, 9% improvement in FVC,
15% improvement in peak expiratory flow (PEF), and
30% improvement in FEV - as reported in a cohort of 104
obese patients [58].

One study examined 19 lung-healthy patients with
BMI >40 kg/m? 5 weeks after surgery. Five weeks after
surgery, weight loss was mild (11.5 + 2.5 kg) with no ef-
fects in spirometry and plethysmography except FRC, but
changes in the oscillometry were already observed (respi-
ratory system resistance in the supine position). Further-
more, sleep quality and responsiveness to bronchodila-
tors in the upright position were improved [55]. Despite
little weight loss after 5 weeks, the metabolic effects of
bariatric surgery have already occurred. It would be inter-
esting in the future to investigate early effects of bariatric
surgery in order to determine to what extent do mechan-
ical effects of weight loss and metabolic effects contribute
to improved lung function.

Other studies focused on “lung age” (3.56 x height —
(40 x FEV1) — 77,280 in women) before and 14 + 18.7
months after bariatric surgery. The idea is that mechani-
cal and inflammatory processes age the lung. Before sur-
gery, lung age was about 12 years older than chronologi-
cal age. They found functional pulmonary rejuvenation
after surgery resulting in a normalization of lung age in
relation to chronological age [53].

Another method to specify weight loss is to measure
the subcutaneous and visceral fat area which is a good
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measurement for abdominal obesity. This is performed
via MRI in the supine position (centered on the L4-5 in-
tervertebral disc). Tu et al. [56] found an association be-
tween loss of the visceral fat area (about 70.9% loss after
bariatric surgery) and improved pulmonary function (in-
creases in FEV1 and FVC) in 32 patients 6 months after
surgery.

Small studies show other interesting ideas and results: a
possibility to quantify improvements after bariatric surgery
is to measure “lung tissue volume” (volume of the lung that
is not occupied by air = parenchymal tissue, small pulmo-
nary vessels, and capillaries) in computed tomography. The
lung tissue volume is elevated at baseline and decreased by
8% 53 weeks after bariatric surgery in obese women. The
mechanisms of this decrease are not understood. Perhaps
the extravascular lung water decreases after weight reduc-
tion due to the lower systemic inflammatory activity after
bariatric surgery. Alternatively, there may be a reduction in
perivascular adipose tissue [59].

In 19 obese women, mild-to-moderate shunt and ven-
tilation/perfusion imbalances were seen that resolved af-
ter bariatric surgery (measured via the multiple inert gas
elimination technique and thermodilution) [60]. Fur-
thermore, there are reports in the literature of bariatric
surgery conducted in patients with interstitial lung dis-
ease. The aim is to improve candidacy for lung transplan-
tation in obese ILD patients. Ardila-Gatas et al. [61] re-
ported 25 patients with a median BMI of 39 kg/m? under-
going bariatric surgery. Six out of 7 patients became lung
transplant candidates, and in one of them, it has already
been performed. Furthermore, 1 year after surgery, FVC
and DLCO were significantly improved. Hence, bariatric
surgery seems to be an interesting therapy option in pa-
tients with ILD not suitable for lung transplantation.
However, the risks of the bariatric operation have to be
evaluated in more detail.

In conclusion, most studies show significant improve-
ments in lung function after weight loss. Since bariatric
surgery achieves superior weight loss than conservative
studies, most research has been conducted in this field.
To our knowledge, there are no data on pathological per-
sistent remodeling of the lung in obese patients.

OHS and OSAS - the Obvious Obesity-Associated
Lung Diseases

The estimated OHS prevalence is 0.4% in the adult
population, while 8-20% of patients with obesity suffer
from OHS [7]. Under therapy with CPAP, the results re-
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garding weight trends are controversial. Most studies de-
scribe that patients gain weight under CPAP therapy,
while others found that patients lose weight [62-67].
Therefore, it is more likely that weight changes are a result
of eating behavior than of CPAP use [67]. CPAP is be-
lieved to improve insulin sensitivity [68] and seems not
to be associated with higher rates of cardiovascular com-
plications [69]. Conservative weight loss strategies in
OHS achieve a weight loss of 6-7%, but have no signifi-
cant effect on severity of OHS. In contrast, bariatric sur-
gery leads to 15-64.4% weight loss with a reduction in the
apnea-hypopnea index and daytime sleepiness, lowering
of pulmonary artery pressure, and improved gas ex-
change. In some patients, OHS may even resolve fully. In
conclusion, a weight loss of about 25-30% is necessary
that OHS improves [70]. Visceral fat is the main risk fac-
tor for OSAS, and visceral fat area size correlates with the
apnea-hypopnea index although the relationship is not
completely understood [8].

About 50% of OSAS patients are obese. About 40—
90% of overweight people suffer from OSAS. Oxidative
stress (created by decline in oxygen levels via apnea),
metabolic dysregulation (such as insulin resistance), in-
flammation (e.g., vascular endothelial and systemic in-
flammation), and lifestyle factors are seen as possible fac-
tors for the development of OSAS. Recent studies even
suggest that gut microbiota may contribute to inflamma-
tion and obesity and therefore also to OSAS. First of all,
there are mechanical and anatomical changes in obesity
causing collapse of upper airways through fat accumula-
tionin the face, neck, pharynx, chest wall, and diaphragm.
Abdominal pressure is increased due to visceral fat ac-
cumulation. OSAS is believed to contribute to weight
gain, while obesity also leads to OSAS [71]. OSAS is
strongly associated with metabolic diseases such as insu-
lin resistance, type 2 diabetes mellitus, NAFLD, and obe-
sity which represent high-risk factors for cardiovascular
disease, hypertension, arrhythmia, stroke, and coronary
heart disease [8, 72].

Bariatric surgery improves arterial oxygenation, respi-
ratory function, and polysomnography in patients with
OSAS. Most patients suffering of OSAS, OHS, and COPD
do no longer require CPAP therapy after bariatric surgery
[73]. Lifestyle modification therapies in OSAS reach a
weight loss of 3-18% and an improvement of AHI of
3-62%. The large variability of success reflects the great
variability of weight loss in conservative treatments and
the variability of OSAS response to weight loss. There are
hints that losing >5% of initial weight leads to improve-
ments in sleep quality and duration.
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Weight loss surgery improves AHI, sleep quality, and
sleep duration and modifies sleep architecture. Surpris-
ingly, the effects of bariatric surgery are not always cor-
related to the amount of weight loss strongly indicating
that other aspects than mechanical ones must be taken
into consideration [74].

Obese Phenotype in Asthma

The risk of developing asthma is increased 1.5-2.5-
fold in overweight people as well as the risk of being hos-
pitalized is 4-6-fold higher for obese than slim asthma
patients. In obese asthma patients, exacerbations are
more frequent and asthma is less under control while
quality of life is reduced. The treatment with anti-inflam-
matory medicine (e.g., inhaled corticosteroids) seems less
effective [5, 6]. Perhaps this observation could be ex-
plained by less effective dosage with rising weight. An-
other explanation could be that airway narrowing and
closure caused by obesity impede delivery of inhaled
medications to the small airways [5]. Asthma patients
with BMI >30 kg/m? have a higher symptom score which
was reflected in reduced spirometry results but did not
lead to reduced work ability as Klepaker et al. [75] showed.

Obesity can promote development of asthma via lung
volume reduction and chest wall compliance reduction.
The systemic inflammation caused by obesity and in-
creased oxidative stress may further induce asthma in
obese patients. With significantly reduced ERV as ex-
plained before, patients breathe at lower lung volumes
which increases the probability of hyperinflation during
bronchoconstriction. It seems that bronchial hyperre-
sponsiveness is only weakly affected by obesity [6].

Besides the mechanical effects, obesity contributes to
a phenotype of asthma that is difficult to treat, called “ex-
tra obese asthma phenotype.” The obese phenotype of
asthma is characterized by less eosinophils and more neu-
trophils in the sputum, suggesting a different type of air-
way inflammation [5, 6]. Nevertheless, these findings are
controversial and in 2 studies, airway wall biopsies showed
higher numbers of eosinophils in obese compared with
lean asthma controls where the number of sputum eo-
sinophils was reduced [76, 77]. The discrepancy between
sputum, blood, and airway wall biopsies needs to be fur-
ther researched and shows the necessity for investigating
different compartments of eosinophils.

Physical inactivity was cited as possible cause of obe-
sity development in asthma, and insulin resistance/diabe-
tes mellitus appears to contribute to the development of
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asthma symptoms in obese patients. Moreover, asthma
and OSAS are both risk factors for developing the other
disease [6]. Relationship between asthma and obesity
probably represents a combination of mechanical and in-
flammatory processes [78].

Asthma symptoms and lung function are improved
both via dietary intervention as well as via bariatric sur-
gery. This is already achieved with a weight loss of 5-10%.
Bariatric surgery improves asthma control, for example,
no longer needing oral corticosteroids, decreasing use of
inhaled corticosteroids, and less bronchial hyperrespon-
siveness [6].

The results show improvements in peak flow, spirom-
etry lung function, and ERV. The airway hyperrespon-
siveness is demonstrated to resolve in some studies. How-
ever, the effects of weight loss depend most likely on the
specific asthma phenotype. The most effective interven-
tion is bariatric surgery reducing the numbers of exacer-
bations and resulting in better asthma control and better
lung function [5].

Data suggest that some asthma patients benefit from
bariatric surgery in the way that they have a better disease
control, lower exacerbation risk, less medication use, and
improved quality of life. To date, there is not enough evi-
dence to suggest bariatric surgery as a primary treatment
for asthma without any other indications. Future research
should focus on the question whether different asthma
phenotypes benefit differently from bariatric surgery [79].

COPD and Obesity Paradox

Current data on the relationship between obesity and
COPD are inconsistent. Obesity seems more prevalent in
early COPD stages GOLD I-II and less prevalentin COPD
GOLD IV. The prevalence of obesity in COPD ranges be-
tween 18 and 54%. Whether obesity is really more preva-
lent in COPD patients as reported in some studies re-
mains unclear. It is both possible that COPD is a risk fac-
tor for obesity or vice versa. While some studies suggest
that obesity leads to more dyspnea in COPD, other stud-
ies found no effect [45].

While obesity usually is associated with higher mortal-
ity rates, an obesity survival paradox has been found in
patients with COPD. The obesity paradox describes the
protective effect for some diseases of being overweight.
There is evidence of an obesity paradox in COPD and dif-
ferent explanations for it. In leaner patients as well as in
elderly patients, there is significant loss of muscle mass
which would be needed for breathing efforts and endo-
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crine secretion. Therefore, obese patients with more mus-
cle mass have likely better outcome. Furthermore, BMI
does not necessarily reflect the composition of the body,
which could be responsible for conflicting results. For fu-
ture research, other measurements of body composition
than BMI as, for example, BIA measurement to differen-
tiate between fat mass and muscle mass should be under-
taken [3]. Another explanation for the obesity paradox
could be the relatively less hyperinflation of the lung in
obese patients.

Some studies suggest that BMI > 32 kg/m? has more
negative than positive effects on COPD. Obesity has neg-
ative effects on exercise capacity when measured in
weight-bearing tests such as 6-minute-walk. However, in
weight-supported exercises such as cycling, this observa-
tion has not been made. On the one hand, obesity corre-
lates with more severe exacerbations in COPD; on the oth-
er hand, obesity shows better survival after exacerbation
and lower risk of early readmission to the hospital [45].

Usually, obesity in COPD is linked to the blue bloater
phenotype, although many different attempts to classify
COPD further in clinical phenotypes have been made.
Depending on the number of phenotypes suggested, 1 or
2 of them are associated with severe obesity, less emphy-
sema, higher cardiovascular risk profile, and more sys-
temic inflammation. Metabolic syndrome is found in 34-
38% of patients with COPD with primarily hypertension,
hyperglycemia, and abdominal obesity. Diabetes leads to
a higher rate of pulmonary infections, higher rate of ex-
acerbations, and adverse COPD outcomes. In COPD, the
increased content of abdominal fat mainly consists of vis-
ceral fat. An interesting finding is that the visceral fat area
was not decreased with the severity of emphysema [80].

Most studies concern cachexia and gaining weight in
COPD. There is rarely literature for bariatric surgery in
patients with COPD.

Goto et al. [81] reported a case series of 481 patients
with COPD undergoing bariatric surgery. The risk
of emergency department visit or hospitalization for
AECOPD significantly declined during the first 12
months after bariatric surgery and remained low for the
following months.

However, it should be critically reviewed whether obe-
sity should be treated in COPD because of the obesi-
ty paradox. There are reports of 28 COPD patients with
BMI > 30 kg/m? who were treated over 12 weeks with a
conservative weight reduction program. BMI reduced
from an initial value of 36.3 kg/m? by 2.4 kg/m?* without
a loss of skeletal muscle mass, while clinical outcomes
such as exercise capacity and dyspnea improved [82].
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Conclusion

Obesity and lung diseases are frequent diseases. Via
mechanical and probably metabolic effects, lung mechan-
ics are altered in the presence of obesity. We should con-
sider using oscillometry in addition to spirometry to de-
tect the changes in lung function parameters. These ef-
fects on lung function resolve with weight loss. Because
bariatric surgery is much more effective than conserva-
tive strategies, most studies focus on effects after surgery.

In OSAS and OHS, the correlation of the disease and
obesity is obvious. Most effects are mechanically based,
but open questions remain. In asthma, the connection to
obesity is also clear, although there seems to be a special
asthma phenotype that reacts particularly to increased
adipose tissue. Identifying and clearly describing this
phenotype represents a challenge for future research. In
COPD, we experience an opposite effect of obesity called
obesity paradox. Patients seem to profit from mild over-
weight. Up to which BMI these benefits are seen and at
which point one has to recommend weight loss to COPD
patients is a question to answer in the future.

BMTI is not always the best instrument to describe over-
weight. As we recognize that distribution of body compo-
sition in fat mass, muscle mass, and other compartments
is more relevant than weight alone, we should use better
and more accurate instruments to describe overweight
and obesity, for example, measuring body composition
via bioimpedance analysis or imaging methods in addi-
tion to BMI and waist/hip ratio.
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