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Obesity is an epidemic worldwide and the obese people suffer from a range of respiratory
complications including fibrotic changes in the lung. The influence of obesity on the lung is mullti-
factorial, which is related to both mechanical injury and various inflammatory mediators
produced by excessive adipose tissues, and infiltrated immune cells. Adiposity causes
increased production of inflammatory mediators, for example, cytokines, chemokines, and
adipokines, both locally and in the systemic circulation, thereby rendering susceptibility to
respiratory diseases, and altered responses. Lung fibrosis is closely related to chronic
inflammation in the lung. Current data suggest a link between lung fibrosis and diet-
induced obesity, although the mechanism remains incomplete understood. This review
summarizes findings on the association of lung fibrosis with obesity, highlights the role of
several critical inflammatory mediators (e.g., TNF-a, TGF-B, and MCP-1) in obesity related lung
fiorosis and the implication of obesity in the outcomes of idiopathic pulmonary fiorosis patients.
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1 INTRODUCTION

In the past three decades, the prevalence of obesity has been increasing worldwide. Those obese people
suffer from a range of respiratory complications, including asthma, airway hyperresponsiveness, chronic
obstructive pulmonary disease, and lung fibrosis (Dixon and Peters, 2018; Hales et al., 2018). The influence
of obesity on the lung is multi-factorial that involves both mechanical injury and the roles of various
inflammatory mediators produced by excessive adipose tissues and infiltrated immune cells. Adiposity
causes increased production of inflammatory mediators, for example, cytokines, chemokines, and
adipokines, both locally and in the systemic circulation, and thereby rendering susceptibility to
respiratory diseases and altered responses. The effects of obesity on lung function (Salome et al., 2010;
Dixon and Peters, 2018), asthma (Peters et al., 2018), and chronic obstructive pulmonary disease (COPD)
(Hanson et al., 2014) have been reviewed previously and will not discussed here. In this review, we provide
updates on the link between obesity and lung fibrosis with a focus on the critical role of several
inflammatory mediators implicated in the development of lung fibrosis associated with obesity.

2 ASSOCIATION OF OBESITY WITH LUNG FIBROSIS

Obesity contributes to the fibrosis of different organs including the lung (Pessin and Kwon, 2012), the liver
(Chiang et al., 2011), the heart (Cavalera et al., 2014), the kidney (Deji et al., 2009; Laurentius et al., 2019;

Abbreviations: DIO, diet-induced obesity; HFD, high-fat diet; HFHF, high-fat high-fructose diet; IPF, idiopathic pulmonary
fibrosis; MCP-1, monocyte chemoattractant protein-1; TGF-p, transforming growth factor-p; TNF-a, tumor necrosis factor-a.
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Liu et al., 2019), and the adipose tissue (Buechler et al., 2015; Marcelin
etal,, 2019). Pulmonary fibrosis is the progressive scarring of the lung,
leading to lung structure remodeling, and respiratory functional
impairment. High intake of saturated fatty acids and meat
increases the risk of idiopathic pulmonary fibrosis (IPF) (Miyake
et al, 2006), a most common form of interstitial lung disease.
Observational studies suggest a significant link between obesity
and IPF (Miyake et al,, 2006; Lee et al., 2014; Pessin and Kwon,
2012). One study shows that IPF patients are approximately twice
more frequent to have obesity compared to normal control subjects
(Lee et al,, 2014). In addition, several risk factors for IPF such as
gastro-esophageal reflux, obstructive sleep apnea, and diabetes
mellitus are also closely associated with obesity (Anand and Katz,
2010; Zaman and Lee, 2018). Chronic inflammation is considered
important in the pathogenesis of lung fibrosis through regulating
production of cytokines/chemokines (e.g., tumor necrosis factor-
alpha (TNF-a), Interleukins (ILs), and monocyte chemoattractant
protein-1 (MCP-1), etc.) and growth factors (e.g. transforming
growth factor beta (TGF-P), connective tissue growth factor, and
platelet-derived growth factor, etc) from macrophages and
modulating matrix (e.g, via MMP-2), vasculature, growth-factor
receptor, and oxidative stress status (Bringardner et al, 2008;
Sgalla et al, 2018). Increasing in vivo evidence has linked diet-
induced obesity (DIO) with lung fibrosis, as determined by
collagen deposition or hydroxyproline content (Naura et al., 2009;
Geetal, 2013; Yuetal,, 2013, Song et al., 2015; Baack et al., 2016; Chu
et al., 2019; Park et al.,, 2019; Vedova et al., 2019; Han et al., 2021;
Hegab et al,, 2021) (Table 1). Different inflammatory mediators as
well as immune cells are involved in high-fat diet (HFD)-induced
lung fibrosis. Recently, vitamin D deficiency has also been suggested
as a link between obesity and pulmonary fibrosis. HFD decreased
serum 25-hydroxyl vitamin D level and induced lung fibrosis as well
as TGF-Bl and phosphorylated Smad2/3 in the lungs of mice.
Vitamin D supplementation attenuated these changes caused by
HFD in C57BL/6 mice. In vitro treatment of bronchial epithelial cells
BEAS-2B with vitamin D also suppressed TGF-B1 protein expression
(Han et al, 2021). The induction of lung fibrosis by diet also seems to
be time dependent. For example, feeding mice with a HFD rich in
palmitic acid for 2weeks did not induce obvious pulmonary
inflammation or fibrosis although it promoted bleomycin induced
pulmonary fibrosis (Chu et al., 2019). Our recent work shows that a
high-fat and high-fructose (HFHF) diet promotes inflammatory
infiltration in the lungs of C56BL/6 mice after 10- and 20-weeks’
treatment. Conversely, collagen deposition in the lung tissues as
determined by Masson’s staining and Western blotting analysis was
found to be prominent only after 20 weeks but not 10 weeks (Qian
et al., 2021).

The impact of maternal exposure to HED on the development of
lung in offspring is of emerging interest. Maternal exposure to high-
fat diet has been shown to impair lung development in the rat
offspring, however, no significant changes in fibrosis was observed in
offspring at 3 weeks after birth (Baack et al,, 2016). In contrast,
another study by Song et al. reported opposite results (Song et al,
2015). Maternal Sprague-Dawley rats were given either high-fat diet
or standard diet after weaning and throughout pregnancy and
lactation. The offspring were maintained on regular diet and
evaluated for the lung histology after 3 months. Offspring with
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maternal HFD feeding showed increased body weight at birth
and at 3 months, enhanced inflammatory infiltration and collagen
deposition as well as TGF-B1 expression in the lungs. The
discrepancy might relate to the different timing of examination
after birth. The effect of maternal obesity on lung fibrosis of offspring
remains less understood and further research is needed.

3 ROLE OF INFLAMMATORY MEDIATORS
IN DIET INDUCED LUNG FIBROSIS

3.1 Tumor Necrosis Factor-a
Mounting evidence show the elevated TNF-a in the adipose tissue
and the lung in high-fat diet induced obesity. TNF-a plays a critical
role in mediating insulin resistance associated with high-fat diet and
targeting TNF-a increases insulin sensitivity (Hotamisligil et al., 1993;
Tzanavari et al., 2010). The signaling of TNF-a through its receptors
seems to be essential in pulmonary fibrosis development. Knockout
of TNF-a receptor provides protection of mice against pulmonary
fibrosis caused by bleomycin, asbestos, and silica (Liu et al., 1998;
Ortiz et al., 1998; Ortiz et al.,, 1999). In addition, blocking TNF-a with
quenching antibody attenuates pulmonary fibrosis induced by
bleomycin and silica in mice (Piguet et al, 1989; Piguet et al,
1990). Soluble TNF-a was thought important for transition from
inflammation to fibrosis in the lung that involves recruitment of
lymphocytes (Oikonomou et al., 2006). In accord, a soluble receptor
for TNF-a was shown to alleviate bleomycin-induced pulmonary
fibrosis (Piguet and Vesin, 1994). Therefore, endogenous TNF-a and
its receptors seem to be required for the development of lung fibrosis.
A previous study showed that overexpression of TNF-a induces
mild pulmonary fibrosis in rats (Sime et al., 1998). Similarly, direct
intratracheal administration of TNF-a into wild-type mice also
results in the expression of ICAM-1, VCAM-1, IL-1fB, MCP-1, as
well as TGF-P1, and collagen type I (Naura et al,, 2009), a pattern of
changes in the lung resembling that found in ApoE—/— mice fed a
high-fat diet, suggesting a potential role of TNF-a in lung injury, and
fibrosis associated with obesity. On the other hand, conflicting
evidence suggest an anti-fibrotic role of TNF-a in different
contexts. For instance, the transgenic TNF-a mice that
overexpress murine TNF-a under the control of the human
surfactant protein C promoter (Miyazaki et al, 1995) are more
tolerant to bleomycin or active TGF-B1 induced pulmonary
fibrosis (Fujita et al, 2003). Administration of recombinant
human TNF-a also attenuates bleomycin-induced pulmonary
fibrosis in mice (Fujita et al, 2003). In addition, intratracheal
delivery of TNF-a facilitates the resolution of established
pulmonary fibrosis induced by bleomycin (Redente et al., 2014).
The author proposed that locally increased TNF-a might cause
apoptosis of profibrotic macrophages, important in pathogenesis
of pulmonary fibrosis through secretion of TGF-p1, IGF-1, PDGF,
and arginase I. These microphages could also contribute to the pool of
myofibroblasts via trans-differentiation (Gibbons et al., 2011). The
controversial role of TNF-a in lung fibrosis has been discussed
previously (Distler et al., 2008). Some clues might help understand
this discrepancy, e.g, the stage-specific changes in inflammation
profile (early-stage inflammation versus late-stage resolution and
fibrosis), the requirement of inflammation and importantly, TNF-q,
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TABLE 1 | Summary of studies linking obesity and pulmonary fibrosis.

Author (year)

Study model

Obesity and Lung Fibrosis

Main findings associated
with HFD

Elevated lung TGF-B, PAI-1 expression, lung collagen expression, and
decreased lung function. Infiltrated immune cells, epithelial, and endothelial
cells were found as a major source of TGF-p expression.

Increased insulin resistance, AHR, peribranchial and perivascular fibrosis,
and macrophages in the BAL; insulin stimulates TGF-p1 expression in
bronchial epithelial cells in vivo and in vitro; Anti-TGF-B1 antibody attenuated
HFD-induced lung fibrosis.

No significant differences in inflammation and fibrosis severity between SD
and HFD-fed flies after 3 weeks; HFD-induced a delay in alveolar repair and
fibrosis resolution at 6 weeks following bleomycin treatment.

Elevated TNF-a, IFN-y, and MIP-1a and increased tissue distribution of TGF-
B, recruitment of monocytes and macrophages, subepithelial, and peri-
vascular collagen deposition and thickening in lungs of ApoE—/— mice. TNF-a
induced proinflammatory cytokines similar as that of HFD and induced MCP-
1, TGF-B1, IL-1B, and collagen type 1 expression.

Increased TGF-B expression in lung tissues and deposition of collagen fibers
at alveolar septa in HFD group.

Increased BAL cell numbers; elevated lung TGF-; increased collagen
deposition, hydroxyproline content, and fibrosis; and decreased serum 25-
hydroxyl vitamin D in mice received HFD.

HFD plus fructose additively enhanced pulmonary inflammation, oxidative
stress, and pro-fibrotic changes.

HFD for 5 weeks did not induce hydroxyproline in the lung, however, it
significantly enhanced bleomycin-increased hydroxyproline content, mRNA

Geetal (2013) SD/HFD feeding of C57BL/6 mice for 12 weeks (60% kcal from fat),
followed by challenge with cockroach allergen.

Park et al. SD/HFD feeding of C57BL/6 mice for 12 weeks (60% kcal from fat).

(2019)

Hegab et al. SD/HFD feeding (60% kcal from fat) for 4 weeks, followed by bleomycin

(2021) challenge and examine after 3, 6, and 9 weeks.

Naura et al. SD/HFD feeding for 12 weeks (42% kcal from fat) in ApoE—/— mice; direct

(2009) intratracheal TNF-a (100 ng/mouse) administration in ApoE-/— mice for 6
and 24 h.

Yuetal (2013)  HFD (Lieber-DeCarli liquid diet) feeding of male Sprague-Dawley (SD) rats
for 8 weeks

Han et al. SD/HFD feeding of C57BL/6 mice for 12 weeks (60% kcal from fat)

(2021)

Vedova et al. SD/HFD (22% chicken fat) and with or without 10% fructose for 16 weeks.

(2019)

Chu et al. SD/HFD feeding of C57BL/6 mice (42% kcal from fat) for 2 weeks followed

(2019) by bleomycin challenge (1.2 mg/kg) via oral aspiration. Lung tissues
examined at 3, 7, and 21 days after bleomycin.

Baack et al. Female SD rats fed HFD (40% kcal from fat) 4 weeks before mating,

(2016) offspring examined at 3 weeks of age.

Song et al. Female SD rats were fed a SD/HFD for 8 weeks, then bred with normal male

(2015) rats, maintained on SD/HFD during pregnancy and lactation.

levels of collagen 1 and fibronectin at 21 days. HFD induced apoptosis and a
prolonged ER stress after bleomycin.

No difference in lung fibrosis in offspring at 3 weeks of age; increased
perinatal mortality and decreased pulmonary vessels in maternal HFD-
exposed offspring.

Maternal HFD exposed offspring showed significantly increased pulmonary
inflammatory infiltration, collagen deposition, and increased TGF-p and a-
smooth muscle actin expression in the lung.

Note: AHR, airway hyperreactivity; BAL, bronchoalveolar lavage; SD, standard diet; HFD, high-fat diet.

in the development of fibrosis, and the direct induction of TGF-p1 by
TNF-a. The decision of complete resolution of inflammation or
progression towards fibrosis remains unclear and further research is
needed. The role of TNF-a in pulmonary fibrosis in the context of
diet-induced obesity remains an open question and further research
using genetic modified mice or approaches to manipulate the
expression of TNF-a in the lung is deserved.

3.2 Transforming Growth Factor-$

3.2.1 Induction of Transforming Growth Factor-f by
High-Fat Diet

In obesity, increased levels of TGF-f1 in the adipose tissue and/or
in the lung have been observed in obese humans, mice, rats, and
drosophila (Samad et al., 1997; Yadav et al., 2011, Jung et al., 2013;
Sousa-Pinto et al., 2016; Lee, 2018; Park et al., 2019) (Table 1).
High-fat diet has been shown to induce TGF-P1 expression in the
bronchial epithelium (Park et al., 2019). This finding was thought
to be related with insulin resistance, which is closely associated
with high-fat diet in mammalian models. The authors

demonstrated the induction of TGF-B1 by insulin in BEAS-2b
cells and in vivo through intranasal administration of insulin to
mice fed standard diet (Park et al., 2019). These findings implicate
insulin in high-fat diet induced TGF-P1 expression in the lung.
Activated macrophages in adipose tissue also contribute to the
elevated TGF-B1 in obesity (Chow et al., 2005; Spencer et al.,
2010). An alternative programmed macrophage, M2
macrophage, were found increased in fibrotic areas in adipose
tissues from insulin-resistant subjects. Those macrophages
express higher TGF-B1 and can be further promoted by co-
culture with adipocytes (Spencer et al., 2010).

In addition, a role of TNF-a in direct induction of TGF-p1 has
been suggested based on the findings that TNF-a induces mRNA
levels of TGF-f1 in adipose tissues from lean mice ex vivo and in
cultured adipocytes in vitro (Samad et al., 1997). In primary
mouse lung fibroblasts and the Swiss 3T3 fibroblast cell line,
TNF-a treatment also induces TGF-B1 expression at the
transcriptional level through the activation of ERK (Sullivan
et al, 2005), and AP-1 pathways (Sullivan et al, 2009).
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Inhibition of ERK with pharmaceutical inhibitors (PD98059 and
U0126) blocked TNF-a-induced stabilization of TGF-p1 mRNA;
overexpression of active MEK1, an upstream activator of ERK,
instead enhances TGF-f1 mRNA stability (Sullivan et al., 2005).
Furthermore, TNF-a was also found to increase nuclear levels of
c-Jun and its binding to the DNA promoter region of TGF-p1.
Accordingly, inhibition of AP-1 signaling attenuates upregulation
of TGF-P1 induced by TNF-a in the Swiss 3T3 fibroblasts
(Sullivan et al., 2009).

It remains relevant that if the oxidized low-density lipoprotein
(0x-LDL), frequently found to increase in obesity, also induces the
expression of TGF-P1. A cross-sectional study suggests that ox-LDL
is significantly correlated with TGF-P1 in the sera of type 2 diabetic
patients (Nakhjavani et al, 2009). Previous studies have
demonstrated a causal role of ox-LDL in inducing TGF-P1 in
human glomerular epithelial and mesangial cells (Ding et al,
1997; Song et al,, 2005; Song et al.,, 2008) and porcine endothelial
cells with potential implication in renal pathogenesis induced by
TGF-B1 (Chatauret et al., 2014). With regards to the lung, ox-LDL
has been shown to induce TGF-B1 expression in human alveolar
epithelial cells that requires the activation of the Ras/ERK/PLTP
pathway (Guo et al., 2012). In macrophages, ox-LDL was reported to
mildly induce TGF-f1 production, which can be exaggerated by co-
exposure with silica (Hou et al,, 2019). Taken together, multiple
mechanisms are likely to be involved in the induction of TGF-p1 by
ox-LDL in the lung and cell-type specific effects are anticipated.
However, it needs to be noted that many other studies fail to show
the induction of TGF-f1 in the lung or peripheral circulation. The
reasons could be due to differences in diet fat content, duration of
HED exposure, as well as the method of detection.

3.2.2 Role of Transforming Growth Factor-f in the
Development of Obesity

Increasing evidence support TGF-f as an important mediator
for high-fat diet induced obesity and insulin resistance.
Blockade of the TGF-B signaling through Smad3 knockout
protects mice from high-fat diet induced obesity and insulin
resistance (Tan et al., 2011; Tsurutani et al., 2011; Yadav et al.,
2011). Conversely, overexpression of glass bottom boat (gbb), a
drosophila homologue of mammalian TGF-p1, induces obesity
and insulin resistance similarly as that induced by high-fat diet
whereas inhibiting gbb leads to the opposite effects (Hong
et al., 2016). These several lines of evidence point to a crucial
role of TGF-B in regulating adipose tissue differentiation
(adipogenesis) and energy metabolism. Indeed, altered
expression of genes responsible for adipogenesis, fat
accumulation, and fatty acid oxidation were observed in
Smad3 deficient mice. A more detailed discussion of the
crucial role of TGF-B/Smad signaling in obesity can be
referred to a previous review (Tan et al., 2012).

3.2.3 Role of Transforming Growth Factor-f in Obesity
Related Pulmonary Fibrosis

The critical role of TGF-p in high-fat diet associated lung fibrosis
has been assessed with the use of genetic modified animal models
and pharmaceutical approaches targeting TGF-p/Smad3 signaling.
Inhibition of TGF-P signaling through knockout of Smad3, the key

Obesity and Lung Fibrosis

mediator of TGF-p canonical pathway, successfully abolishes
pulmonary fibrosis induced by high-fat diet (Tan et al, 2011;
Yadav et al, 2011). In accord, the administration of TGF-B1
neutralizing antibody demonstrates similar protecting effects
against HFD-induced peribronchial and perivascular fibrosis
(Park et al, 2019). In addition, airway hyperreactivity and
fibrosis associated with HFD are suggested to be attributed to
enhanced airway TGF-B1 expression. One study showed that
asthmatic patients exhibited elevated TGF-B1 in airways which
correlated with the severity of asthmatics as well as infiltration of
eosinophils and that the subepithelial airways fibrosis also
correlated with the severity of asthmatics (Minshall et al., 1997),
suggesting an important role of eosinophil-derived TGF-p in airway
fibrosis, and AHR. Similar correlation between TGF-B and
subepithelial fibrosis in asthmatic patients was reported and
further, both eosinophils and fibroblasts were found to account
for the increased TGF-P1 synthesis (Vignola et al., 1997). Other cell
types including epithelial cells, macrophages, and neutrophils may
also contribute to airway remodeling in asthmatics (Al-Alawi et al.,
2014). In contrast, Jung et al. reported that mice with mild obesity
induced by high-fat diet did not develop AHR or eosinophilic
infiltration in the lung (Jung et al., 2013), suggesting that the severity
of obesity may play a role in the development of AHR or fibrosis.

3.3 Monocyte Chemoattractant Protein-1
MCP-1 is a potent chemokine that induces the infiltration of
macrophages into the site of inflammation. In obesity, adipose
tissue produces increased levels of MCP-1 that is released into the
peripheral blood. Elevated MCP-1 levels have been reported in
both obese adults (Catalan et al., 2007) and obese children
(Breslin et al., 2012). Further, obese children with lung fibrosis
were reported to have significantly higher MCP-1 levels in the
bronchoalveolar lavage (BAL) (Hartl et al, 2005). In an
experimental fibrosis model, MCP-1 level was significantly
increased between 3 and 10 days after bleomycin treatment.
Targeting MCP-1 using overexpression of a mutant form of
MCP-1, accordingly, attenuates pulmonary fibrosis induced by
bleomycin in C57BL/6 mice (Inoshima et al., 2004). Despite these
findings, evidence supporting the role of MCP-1 in lung fibrosis
especially in the context of obesity remains scarce. More research
is needed before any conclusion can be made.

3.4 Interleukins

Interleukins are a type of cytokines crucial for modulating
inflammatory response and immune functions that are derived
from various cell types including macrophages, lymphocytes,
mast cells, fibroblasts, and epithelial cells, etc. (Akdis et al,
2016). Aberrant levels of cytokines from IPF patients has been
reported and the role of interleukins in the pathogenesis of
pulmonary fibrosis has been reviewed recently (She et al,
2021), among the upregulated interleukins in serum or
bronchoalveolar lavage fluid (BALF) include IL-1p, IL-2, IL-8,
IL-10, IL-12, IL-17A, and IL-33. While a common role in
regulation inflammation exists, they act differently in terms of
collagen synthesis or fibrosis. For example, the favorable group
for pulmonary fibrosis includes IL-1f, IL-4, IL-6, IL11, IL-13, IL-
17A, 1L-15, and IL-33; in contrast, the other group with anti-
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FIGURE 1 | A Proposed model of obesity caused lung fibrosis.

fibrotic function has IL-7, IL-10, IL-12, and IL-27 (Borthwick,
2016; Steen et al, 2020; She et al, 2021). In obesity, both
adipocytes and infiltrated inflammatory cells release
interleukins in the adipose tissue and the blood stream
(Bastard et al, 2006; Um et al, 2011; Tateya et al., 2013).
Therefore, there is a potential role of interleukins in the IPF
development associated with obesity.

4 INTERACTION OF HIGH-FAT DIET WITH
BLEOMYCIN-INDUCED PULMONARY
FIBROSIS

Of note, high-fat diet contributes to increased severity of
experimental pulmonary fibrosis induced by bleomycin. A
recent study shows that administration of palmitic acid (PA),
one kind of saturated fatty acid, significantly increased
pulmonary fibrosis in mice challenged with bleomycin
compared to bleomycin challenged mice fed a standard diet
(Chu et al,, 2019). The interaction is likely due to increased
apoptosis and endoplasmic reticulum (ER) stress in the lung
epithelial cells. Downregulation of CD36, a fatty acid transporter,
attenuated the effects of PA on apoptosis, and ER stress induction
in the lung epithelial cells. These data suggest a link between
epithelial lipotoxicity on the development of pulmonary fibrosis.
Hegab et al. also reported that HFD delayed the resolution of lung
fibrosis and alveolar repair following bleomycin administration in
mice (Hegab et al., 2021). The epithelial repair, e.g., infiltration of
alveolar type-2 cells and bronchioalveolar stem cell into the
fibrotic foci, was dampened by HFD. The enhanced fatty acid
oxidation due to high-fat diet is proposed and inhibition of FAO
abolished HFD-induced a delay in alveolar repair and fibrosis
resolution in vivo. It is noteworthy that the same group also
reported that HFD increases the activation and number of
alveolar type 2 cells in the lungs (Hegab et al,, 2018). Such
increase is suggested to be an indirect effect that is possibly
linked with chronic inflammation. However, it remains elusive
about the mechanisms underlying the impaired infiltration of
alveolar type-2 cells and bronchioalveolar stem cells into fibrotic
areas. The exploring of other cell types including the lung
fibroblasts, and macrophages, etc., in the contribution of HFD

to bleomycin-induced pulmonary fibrosis might be worthwhile
for future studies.

5 IMPLICATION OF OBESITY IN THE
OUTCOMES OF IDIOPATHIC PULMONARY
FIBROSIS PATIENTS

Accumulating evidence suggest that obesity is an independent
predictor for the outcomes of IPF patients. A higher body mass
index (BMI) in IPF patients has also been recently shown to
improve the mortality, although the overall morbidity is more
prevalent in obese IPF patients (Mujahid et al., 2020). Similar
paradoxical findings of obesity in IPF patients have also been
reported in another IPF cohort conducted in the Appalachian
area. An increase in BMI was found to predict better prognosis in
IPF patients (Sangani et al.,, 2021). Acute exacerbation of IPF
(AE-IPF) represents the leading cause of mortality in IPF
patients. Recently, researchers in Japan evaluated the
relationship between BMI and in-hospital mortality in patients
with AE-IPF using a large retrospective cohort consisting of
14,783 patients. In those AE-IPF patients, the underweight
subgroup showed higher mortality rate than the obese
subgroup (Awano et al, 2021). Consistently, those IPF
patients who experienced body weight loss (>5%) within the
first year of diagnosis show a worst prognosis compared to those
without body weight loss (Nakatsuka et al.,, 2018). In general,
these studies demonstrate a protective effect of obesity on the
disease burden of IPF. In contrast, obesity seems to be adversely
associated with the mortality of IPF patients who undergo
bilateral lung transplant. The obese IPF patients have been
reported to have increased waitlist and 90-days post-transplant
mortality, i.e., those IPF patients with a BMI >30 kg/m* are at 1.71
more risk of mortality within 3 months after bilateral lung
transplant compared to those with BMIs from 18.5 to 30 kg/
m? (Gries et al,, 2015). Similarly, another study showed that IPF
patients who are obese (BMI >30 kg/m®) were 1.71 times more
likely to die within 1 year compared to nonobese IPF patients
(Lederer et al, 2009). These observations resemble the
paradoxical effects of obesity on acute lung inflammation and
injury and the outcomes (Zhi et al., 2016). The systematic low-
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grade inflammation might prime the lung and attenuate the
immune responses resulting from insults from bacterial, viral,
or chemical origin.

6 CONCLUDING REMARKS AND
PERSPECTIVES

Obesity is an increasing epidemic worldwide and it has
considerable effects on the inflammatory infiltration and
remodeling of the lung. A proposed model of the relationship
between obesity and lung fibrosis is shown in Figure 1. High-fat
diet induced inflammatory mediators (TNF-a, MCP-1, and TGF-
B) from adipose tissues involving adipocytes and macrophages
are important for the development of lung fibrosis. Mechanic
effects of accumulating fat impairs lung function and induces
fibrotic changes in the diaphragm (Buras et al., 2019), which may
play a role in the fibrosis of the lung through inflammatory
changes. Other factors related with obesity are likely being
involved to promote lung fibrosis, such as a potential direct
effect through oxidized LDL (Qian et al, 2021), indirect
conditions such as insulin resistance (Park et al., 2019) and
altered microbiota in the lung (Chioma et al., 2021). Inflamed
lung also propagates the secretion of those mediators from
diverse cell types locally, further leading to a transition
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