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Adipose tissue is not an inert organ simply for energy storage but is immunologically active,
producing over 50 proteins called adipokines that regulate various body functions. These
include energy-regulating adipokines, leptin and adiponectin, that play an important role in
various inflammatory conditions such as diabetes mellitus and atherosclerosis. Recent
research suggests that leptin and adiponectin may also play a role in inflammatory lung
conditions such as asthma and chronic obstructive pulmonary disease (COPD). Although
there is an increasing body of work supporting an additional role for these adipokines in
obstructive sleep apnea, this review will primarily focus on pulmonary diseases. Further, for
the purpose of this review, we conducted multiple PubMed searches using the following
keywords: leptin and asthma; leptin and COPD; leptin and emphysema; leptin and
pneumonia; leptin and lung cancer; leptin and inflammation; and repeated the same searches
with adiponectin instead of leptin. We reviewed the manuscripts associated with these
searches and summarized our findings in this review.

1. Leptin and Pulmonary Diseases
1.1 Introduction

Leptin, a protein product of the ob gene, is synthesized and secreted mainly by white
adipose tissue [1–3]. Systemic leptin concentrations increase with meals; estrogen and
progesterone treatment [4]; pregnancy [5]; and infectious and inflammatory states [6, 7]. Its
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systemic concentrations display a circadian rhythm, with a nadir at around 8 in the morning
[8].

Leptin is a primarily pro-inflammatory adipokine that affects both innate and adaptive
immune responses. Leptin differentially increases production of TH1 cytokines (Interleukin
or IL-2, interferon- γ and Tumor Necrosis Factor or TNF-α) and suppresses production of
TH2 cytokines (IL-4, IL-5, and IL-10). Leptin also increases the release of Vascular
Endothelial Growth Factor (VEGF) by airway smooth muscle cells [9]. VEGF may
stimulate subepithelial neovascularization and vascular permeability, key findings in
pathogenesis of various lung inflammatory states such as asthma [9]. Leptin further
increases natural killer cell function [10, 11]; CD4+ T-lymphocyte proliferation;
macrophage phagocytosis [10–15]; and monocyte proliferation [10].

Leptin is expressed by human lung, including bronchial epithelial cells and alveolar type II
pneumocytes and macrophages [16, 17]. Leptin concentration in bronchoalveolar lavage
fluid is strongly correlated with systemic values [18], suggesting that leptin is also
transported from blood into lung by mechanisms that are not clearly understood. The leptin
receptor (Ob-R) is expressed by human bronchial and alveolar epithelial cells, bronchial
smooth muscle cells, and bronchial submucosa [19, 20]. The lung is therefore a likely target
organ for leptin signaling. The possible role for leptin in asthma, COPD, pneumonia and
lung cancer is discussed below.

1.2 Leptin and Asthma
1.2.1 Mouse studies—Obese mice have innate airway hyperresponsiveness that is at least
partly explained by excess systemic leptin. Shore et al. demonstrated that administration of
exogenous leptin in sensitized BALB/cJ mice augmented airway hyperreactivity following
allergen challenge (Figure 1) [21].

1.2.2 Human Studies—Currently the human data regarding the independent association
between serum leptin and asthma prevalence or severity remain inconclusive - although
stronger among children than adults (Table 1).

1.2.3 Asthma Prevalence—Some but not all studies suggest that systemic leptin may be
independently associated with greater odds for asthma prevalence, particularly among
prepubertal boys, peripubertal/postpubertal girls, and premenopausal women.

1.2.3.1 Population-based studies: Sood et al. examined 5,876 participants of the U.S.-
based Third National Health and Nutrition Examination Survey (NHANES III) and showed
a positive association between the highest quartile of serum leptin concentration and odds
for asthma in women [7], independent of triceps skin fold thickness [22]. These findings
were however not confirmed by Sutherland et al. in a population-based birth cohort of
approximately 1000 young adult New Zealanders [23] or by Jartti et al. [24] in a sequential
cross-sectional study set within an established Finnish cohort.

1.2.3.2 Hospital-based and clinic–based studies
Adults: Several small case-control studies have failed to show a difference in serum or
bronchoalveolar lavage fluid leptin concentrations between adult asthmatics and controls,
after matching or adjusting for obesity [18, 25–27]. While Lessard et al. showed higher
sputum leptin concentrations in adult asthmatics than controls, this association was
confounded by the remarkably different body mass indices (BMI) between the groups [27].
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Children: The leptin-asthma prevalence association is better demonstrated in case-control
studies of children than adults. In two such studies of prepubertal children by Guler and
Gurkan et al., asthma status was associated with higher serum leptin concentrations than
controls, independent of BMI [28, 29]. Additionally, Guler found that this association was
strongest among atopic boys [28] and Gurkan’s study included mostly boys as well [29]. In
Mai’s study of peripubertal children, overweight asthmatics had twice as high levels of
serum leptin as controls of similar BMI [30].

1.2.4 Asthma Severity—Some but not all studies suggest that systemic leptin may be
associated with greater asthma severity, particularly among prepubertal boys and
peripubertal/postpubertal girls.

Adults: In a small clinic-based case-control study, Holguin et al. showed no associations
between concentrations of leptin in either serum or bronchoalveolar lavage fluid and lung
inflammatory biomarkers [18].

Children: Unlike adults, the leptin-asthma severity association is better demonstrated in
case-control studies of prepubertal boys and peripubertal/postpubertal girls. Serum leptin
concentrations were positively associated with NHLBI category of asthma severity in a
study of both sexes, regardless of BMI [31]. In a separate unadjusted analysis of prepubertal
asthmatic children, mostly boys, serum leptin was associated with lower peak expiratory
flow rates [29] and higher serum total IgE levels [28]. In another study of prepubertal
asthmatic children, mostly boys, serum leptin was associated with greater severity of
exercise induced bronchoconstriction, after adjustment for BMI [32]. Finally, Kattan et al.
found a positive unadjusted correlation between serum leptin and maximum asthma
symptom days in peripubertal/postpubertal asthmatic girls, although no sex interactions or
BMI-adjustment were reported by the authors [33].

1.2.5 Subgroup effect—Among the studies showing an association between serum leptin
and asthma prevalence or severity, the association seems to be stronger in specific
population subgroups [28][22, 34–36] such as prepubertal boys, peripubertal or postpubertal
girls, and premenopausal women. There are however no statistically significant interactions
reported in the literature between serum leptin and either sex, menopause, age, atopy, or
smoking on asthma outcomes.

Furthermore, even in studies demonstrating a leptin-asthma association, systemic leptin does
not appear to be the only intermediary factor that explains the obesity-asthma association.
This was reported by Sood et al. [22] where the association between BMI and asthma in
women was only slightly attenuated after adjustment for serum leptin concentration. This
suggests that other metabolic pathways and mechanical factors may be involved in the
obesity-asthma association.

1.2.6 Interventional Studies—Exogenous leptin administration in sensitized mice
exacerbates allergen-induced increase in airway hyperresponsiveness (Figure 1) [21].
Additionally, serum leptin concentrations increase following allergen challenge in sensitized
mice [21]. The leptin-asthma relationship is therefore bidirectional in mice, whereby
allergen inhalation affects serum leptin and exogenous leptin administration affects asthma
(Figure 1). Among humans with mild atopic asthma, bronchoprovocation from inhalational
allergen challenge does not acutely affect serum leptin concentrations [37].

There are many reasons for the observed discrepancy between murine and human results.
First, there are key differences between murine asthma and human asthma [38]. Second,
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human studies are limited by the greater heterogeneity among subjects while murine studies
are laboratory-based controlled experiments. Third, current epidemiologic studies are
limited by lack of longitudinal and interventional data that are needed to establish a clear
direction of association. Further, the only human interventional study [37] was small-sized;
limited to subjects with mild atopic asthma; used relatively milder bronchoprovocation; and
was not accompanied by a study of inflammatory cells and other cytokines.

To summarize, although leptin and its receptors are expressed in human airway cells, the
leptin-asthma association is currently controversial, particularly among adults. The majority
of the evidence among children however suggests that systemic leptin may be associated
with greater asthma prevalence and severity, particularly among prepubertal boys and
peripubertal/postpubertal girls. It is not currently known whether modulation of leptin,
independent of BMI, may be helpful in asthma prevention or treatment.

1.3 Leptin and COPD
1.3.1 Laboratory studies—Leptin differentially affects airway innate and adaptive
immune responses in mice after cigarette smoke exposure [39]. Mice deficient in leptin
signalling pathway (i.e. ob/ob mice that lack leptin and db/db mice that lack the functional
leptin receptor Ob-Rb), when exposed to cigarette smoke, demonstrate a greater recruitment
of neutrophils (innate immune response) and lesser recruitment of CD4+ and CD8+
lymphocytes (adaptive immune response) to their lung tissue than similarly exposed wild
type mice [39]. These findings suggest that leptin receptor activation is important in
regulating the cigarette smoke-induced inflammatory response in the lung.

Cigarette smoke exposure also increases leptin expression in bronchial epithelial cells. This
is demonstrated by in vivo experiments of wild type mice [39] and confirmed by in vitro
experiments of cultured human primary bronchial epithelial cells [16]. Leptin-expressing
bronchial epithelial cells are more frequently seen in the peripheral lung but less frequently
seen in central airways of ever-smokers (with or without COPD) than never-smokers [16,
20].

Data on the effect of cigarette smoke exposure on leptin receptor expression in bronchial
epithelial cells is more conflicting. Expression of leptin receptor is downregulated in
exposed AKR/J mice, an in-bred strain of mice with an emphysema-like phenotype [40].
The murine findings are supported by a lower expression of leptin receptors by bronchial
epithelial cells from central bronchi among smokers (with or without COPD) than never-
smokers [20]. On the contrary, in vitro cigarette smoke exposure increases the expression of
leptin receptor from cultured human primary bronchial epithelial cells [16].

The discrepant findings between studies using mice, cultured bronchial epithelial cells, and
human lung tissue are not understood. Differences among species; among cigarette smoke
exposure doses used; among in vitro and in vivo nature of experiments; and the wide
heterogeneity of exposures among humans are some potential explanations. Further, there
may even be differences in inflammatory characteristics between central and distal human
airway epithelium [41] that may account for their different responses in leptin expression on
exposure to cigarette smoke.

1.3.2 Human Studies—Currently the human data regarding the independent association
between serum leptin concentrations and COPD prevalence or severity remain inconclusive
and are possibly stronger among women than men (Table 2).

1.3.3 COPD prevalence—BMI-adjusted serum leptin may predict COPD prevalence in
women, as suggested by primarily small-sized cross-sectional or case-control studies.
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1.3.3.1 Population-based longitudinal study: In a randomly selected subset of 429
European American current or former smokers from amongst 4,287 participants in the U.S.-
based Lung Health Study, Hansel et al. demonstrated that 21 single nucleotide
polymorphisms (SNPs) in leptin receptor gene were associated with a five-year decline in
lung function, after adjustment for multiple comparisons and for covariates smoking and
BMI [40].

1.3.3.2 Hospital-based and clinic–based studies: BMI-adjusted serum leptin
concentrations may predict COPD prevalence in women. Breyer et al. found higher serum
leptin concentrations among women with stable COPD than among BMI-matched healthy
controls; this association was not seen in men (although a sex interaction term was not
reported) [42]. Among men with and without COPD, no differences in systemic leptin,
adjusted for fat mass, were noted in another small Korean case-control study [43]. In
unadjusted results that likely reflect the confounding effect of low BMI of cachectic COPD
subjects, Takabatake et al showed lower, rather than higher, serum leptin concentrations in
men with COPD than without [44].

Airway leptin expression may predict COPD. COPD smokers show greater expression of
both leptin and CD8 lymphocytes in their bronchial submucosa, as compared to healthy
smokers or non-smokers, suggesting a role of leptin in regulating airway inflammation in
COPD [20]. Similarly, peripheral lung specimens of current and former smokers with and
without COPD demonstrate greater leptin expression in bronchial epithelial cells and
alveolar macrophages than never smokers [16].

1.3.4 COPD severity—Systemic or airway leptin may be associated with greater COPD
severity in primarily small-sized case-control studies.

Systemic leptin: Limited data suggest that systemic leptin is associated with greater disease
severity in COPD. Breyer et al. demonstrated a positive unadjusted correlation between
serum concentrations of leptin and C-reactive protein in women with COPD but not in men
(although a sex interaction term was not provided) [42]. Schols et al. reported a positive
correlation between plasma concentrations of leptin (adjusted for fat mass) and of soluble
TNF receptor-55, a marker of systemic inflammation, among stable male patients with
emphysema but not in chronic bronchitis [45]. On the other hand, other case-control studies
did not confirm such an association between leptin and activity of the TNF-alpha system
[42–44].

Airway leptin: Limited data suggest that airway leptin is associated with greater disease
severity in COPD. Sputum leptin is positively correlated with other sputum inflammatory
markers (i.e. C-reactive protein and TNF-alpha) in stable patients with COPD [46]. Further,
the expression of leptin in bronchial submucosa of COPD patients is positively correlated
with expression of CD8 T-lymphocytes (with decreased apoptotic death) and with GOLD
stage of disease severity as well as inversely correlated with spirometric parameters [20].

1.3.5 Acute COPD exacerbations—Systemic leptin concentrations rise during acute
COPD exacerbations and return to baseline several days to weeks later in the stable state
following the resolution of the exacerbation [47–49]. These findings remain robust even
after adjustment for percent fat mass [48, 49].

To summarize, systemic and airway leptin concentrations may be associated with greater
odds of COPD prevalence, particularly among women, and reflect greater airway
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inflammation and disease severity. It is not currently known whether modulation of leptin,
independent of BMI, may be helpful in COPD prevention and treatment.

1.4 Leptin and pneumonia
Ob/ob and db/db mice (with deficient leptin signaling) are more prone to bacterial infections
and pneumonia than wild type mice [6, 7, 50–52]. The association between hyperleptinemia
and pneumonia risk or mortality has not been directly studied in humans. Studies of obese
subjects are conflicting regarding their increased risk for bacterial pneumonia compared to
normal weight subjects [53–58]. On the other hand, hypoleptinemia, being a marker of poor
nutritional status, is associated with poorer prognosis for pneumonia in one human study
[59].

1.5 Leptin and non-small cell lung cancer
Shen et al. found that human lung cancer cell lines (A549 and H157) express leptin
receptors and that leptin induces ‘immune escape’ of lung cancer cells by decreasing their
apoptotic death [60]. Consistent with this finding, leptin expression in one study of non-
small cell lung cancer specimens was associated with poor prognosis [61]. A human genetic
study additionally demonstrated that a functional SNP of the leptin gene (LEP-2548 G/A) is
associated with increased lung cancer prevalence [62]. Case-control studies however show
variable associations between serum leptin concentrations and non-small cell lung cancer,
partly due to the confounding effect of cancer cachexia [63–65]. Thus, the role of leptin in
lung cancer is not entirely clear although the associated ‘immune escape’ of lung cancer
cells is concerning.

To summarize, there is developing literature to suggest a potential role for leptin in
inflammatory pulmonary conditions such as asthma, COPD, pneumonia and lung cancer.
However, the current state of the literature suffers from many critical gaps that include a
lack of adequately powered longitudinal and weight-intervention studies; inadequate
adjustment for confounding effect of obesity; limited studies involving sputum or
bronchoalveolar lavage fluid leptin or sophisticated physiological and inflammatory asthma/
COPD outcomes; as well as unclear understanding of the tantalizing sex interactions.

2. Adiponectin and Pulmonary Diseases
2.1 Introduction

Adiponectin is a predominantly anti-inflammatory adipokine that inhibits proinflammatory
cytokines (TNF-α, IL-6, and nuclear factor-κB) [66–68] and induces anti-inflammatory
cytokines (IL-10 and IL-1 receptor antagonist) [68–70]. Under certain conditions,
adiponectin however has pro-inflammatory effects as well [71, 72]. Although visceral
adipocytes are its most important source [73], systemic adiponectin concentrations are
reduced in obesity [74]. This may result from obesity-induced hypoxia-related necrosis of
adipocytes. Necrotic adipocytes attract macrophages that collect and form syncytia around
the adipocytes [75] and produce TNF-α and IL-6 that in turn, may inhibit the local
production of adiponectin in a paracrine fashion [76].

In the circulation, adiponectin exists as low-, medium-, and high-molecular-weight
complexes (LMW, MMW, and HMW, respectively) that may vary in efficacy regarding
their effects on target tissues [77]. Recent studies suggest that the HMW isoform is the most
biologically active isoform of systemic adiponectin in regulating insulin resistance [78, 79].
Whether the same is true for lung diseases is not known.
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There is a gender difference in concentrations and isoform distribution of adiponectin with
higher concentrations of total adiponectin, particularly the HMW isoform, among women
than men [80]. These differences develop during puberty and are a result of inhibition of
HMW adiponectin production by circulating testosterone [81].

Adiponectin and its receptors (AdipoR1, AdipoR2, T-cadherin, and calreticulin) are
expressed on multiple cell types in the lung [82–85]. In addition, adiponectin is transported
from blood into the alveolar lining fluid via the T-cadherin molecule on the endothelium
[82]. Although human airway smooth muscle cells express adiponectin receptors,
adiponectin does not regulate airway smooth muscle cell proliferation [9].

2.2 Adiponectin and Asthma
2.2.1 Mouse studies—Shore et al. demonstrated that allergen bronchoprovocation among
sensitized BALB/cJ mice reduced serum adiponectin concentrations (Figure 2) as well as the
expression of adiponectin mRNA in adipose tissue and of adiponectin receptor mRNA in
lung [86]. Shore further showed that exogenous adiponectin infusion attenuated allergic
airway inflammation and airway hyperresponsiveness [86]. These findings were supported
by another study of genetically adiponectin-deficient mice that develop greater allergic
airway inflammation in response to allergen bronchoprovocation than wild type mice [87].

2.2.2 Human Studies—Like leptin, the current human data regarding the independent
association between serum adiponectin concentrations and asthma prevalence or severity
remain inconclusive and possibly stronger among children than adults (Table 1).

2.2.3 Asthma prevalence—Some but not all studies demonstrate that serum adiponectin
concentrations are inversely associated with asthma prevalence among premenopausal
women and peripubertal girls.

2.2.3.1 Population based studies: One cross sectional study of American adults showed a
protective association between serum adiponectin concentrations and odds for clinical
diagnosis of asthma in premenopausal women, independent of BMI [35]. These findings
were however not confirmed by Sutherland et al. in a population-based birth cohort of
approximately 1,000 young adult New Zealanders [23] or by Jartti et al. [24] in a sequential
cross-sectional study set within an established Finnish cohort. Surprisingly, serum
adiponectin concentrations in the Sutherland study were positively associated with prevalent
reversible airflow obstruction and inversely associated with exhaled nitric oxide among all
men [23]. The former data suggest a pro-inflammatory effect of adiponectin and contradict
the nitric oxide data which suggest an anti-inflammatory effect of adiponectin among men
[23].

2.2.3.2 Clinic based studies
Adults: Several small case-control studies have shown no difference in serum or
bronchoalveolar lavage fluid adiponectin concentrations between asthmatics and controls,
after matching or adjusting for obesity [18, 25, 26].

Children: Nagel et al. demonstrated a protective association between serum adiponectin
concentrations and risk for asthma in peripubertal girls, independent of BMI. This effect was
stronger in nonatopic girls. These results were however not confirmed by a Korean study of
similarly-aged children, mostly boys [88].
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2.2.4 Asthma Severity—Although data are limited and confusing, serum adiponectin
concentrations are inversely associated with asthma severity among boys and positively
associated among men.

2.2.4.1 Population based studies: In a large community-based cross-sectional study, Sood
et al. showed that serum adiponectin was positively associated with clinical measures of
disease severity in men but not in women with asthma, with significant sex-specific
interactions [71].

2.2.4.2 Clinic based studies
Adults: In a small case-control study, Holguin et al. showed no association between
concentrations of serum or bronchoalveolar lavage fluid adiponectin and of lung
inflammatory biomarkers [18].

Children: Serum adiponectin concentrations were associated with less severe exercise-
induced bronchoconstriction in a study of pre-pubertal asthmatic children, mostly boys, after
adjusting for BMI [32]. Serum adiponectin concentrations were also associated with fewer
maximum asthma symptom days; fewer exacerbations; and higher FEV1/FVC ratio in a
study including 14-year old boys with moderate to severe asthma [33]. Similarly, serum
adiponectin was positively correlated with FEF25–75% in another study of prepubertal and
peripubertal children, mostly boys [88].

2.2.5 Interventional Studies—Exogenous adiponectin administration in sensitized mice
decreases allergen-induced increase in airway hyperresponsiveness (Figure 2). In addition,
serum adiponectin concentrations decrease following allergen challenge in sensitized mice.
The adiponectin-asthma relationship is therefore bidirectional in mice, whereby allergen
inhalation affects serum adiponectin and exogenous adiponectin administration affects
asthma. On the contrary, among humans with mild atopic asthma, bronchoprovocation from
inhalational allergen challenge does not acutely affect serum adiponectin concentrations
[37]. In support of this observation, asthma has no chronic effects on future serum
adiponectin concentrations either [71]. This suggests that while the adiponectin-asthma
association is bidirectional in mice, it may be unidirectional in humans.

The reasons for the observed discrepant results for adiponectin between murine and human
interventional studies are the same as those discussed above for leptin [37, 86]. In addition,
the human interventional study was powered to detect the effect sizes described in the
murine study [37, 86]. Although this approach is statistically appropriate, it does not take
into account the greater heterogeneity of human asthma as compared to murine asthma.

To summarize, although adiponectin and its receptors are expressed in human airway cells,
the adiponectin-asthma association in humans is currently controversial. Some but not all
studies, demonstrate that serum adiponectin concentrations are inversely associated with
asthma prevalence among premenopausal women and peripubertal girls. On the other hand,
serum adiponectin concentrations are favourably associated with asthma severity among
boys and adversely associated among men. It is possible that pro-inflammatory effects of
adiponectin dominate under certain physiologic conditions and anti-inflammatory effects
under others. Furthermore, the obesity-asthma association does not appear to be explained
by serum adiponectin alone [35], implying multiplicity of mechanistic pathways for the
obesity asthma association. It is also not currently known whether modulation of
adiponectin, independent of BMI, may be helpful in asthma prevention or treatment.

Assad and Sood Page 8

Biochimie. Author manuscript; available in PMC 2013 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2.3 Adiponectin and COPD
2.3.1 Mouse studies—Genetically-induced adiponectin deficient mice (APN−/−)
demonstrate greater expression of TNF-α and matrix metalloproteinases in their alveolar
macrophages and abnormal alveolarization, resembling an emphysema-like phenotype
(Figure 3) [89, 90]. These changes are reversed following adiponectin supplementation,
supporting an anti-inflammatory role for adiponectin [90]. In addition, APN−/− mice
demonstrate an increase in extrapulmonary inflammation; vascular endothelial dysfunction;
and comorbidities (such as cachexia and osteoporosis). Yet, when the same APN−/− mice
are additionally exposed to tobacco smoke, these mice do not demonstrate a further increase
in lung inflammation and air space enlargement as would be expected and instead, show
lesser degree of abnormality than similarly exposed wild-type mice [91]. Why adiponectin
has pro-inflammatory effects under certain circumstances and anti-inflammatory under
others is uncertain.

Intranasal elastase instillation among wild-type mice, while causing emphysema, reduces
plasma adiponectin and lung vasculature expression of adiponectin as well as
simultaneously increases bronchoalveolar lavage fluid adiponectin and adiponectin receptor
expression on lung macrophages and epithelial cells [90]. Chronic tobacco smoke exposure
in wild type mice has similar effects on bronchoalveolar lavage fluid adiponectin [83].

2.3.2 Human Studies—Currently the human data on the association between adiponectin
and COPD prevalence or severity remain inconclusive and suggest both pro-inflammatory
and anti-inflammatory effects of adiponectin in different population subgroups (Table 2).

2.3.3 COPD prevalence—Systemic adiponectin is positively associated with lung
function in healthy adults [92] but inversely associated in subjects with COPD [93].

2.3.3.1 Population-based longitudinal study: Thyagarajan et al. showed a positive
longitudinal association between serum adiponectin and spirometric lung function in young
healthy adults, independent of sex, obesity and smoking [92]. Interestingly, the authors
hypothesized that systemic adiponectin may affect lung growth during early adulthood
rather than lung function decline. The attenuation of this association after adjustment for
insulin resistance and systemic inflammation suggest that these covariates are on a causal
pathway linking adiponectin and lung function.

2.3.3.2 Hospital/clinic-based studies: There is limited data in humans evaluating the
predictive effect of serum adiponectin on risk for COPD, independent of BMI. Contrary to
the direction of association in the Nakanishi’s mouse model [90], three small case-control
human studies have demonstrated that serum adiponectin concentrations in male COPD
patients were higher than those in controls [93–95]. Another study showed that levels of
bronchoalveolar lavage adiponectin and adiponectin expression in airway epithelial cells in
subjects with emphysema was greater than healthy (disproportionately female) non-smoking
controls [83]. Interestingly, in contrast to subjects with emphysema who had increased
levels of bronchoalveolar lavage adiponectin, current smokers without COPD had reduced
levels of bronchoalveolar lavage adiponectin [83]. The molecular mechanism by which
tobacco smoke exposure down-regulates adiponectin expression and the development of
COPD up-regulates adiponectin expression is unknown.

2.3.4 COPD severity—Systemic adiponectin is associated with greater COPD severity in
men and has not been studied among women.
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One small case-control study showed plasma adiponectin to be associated with lower
spirometric parameters in a BMI-adjusted analysis [93] while two others showed no
correlation [94, 95]. Serum adiponectin concentrations were associated with greater serum
TNF-α concentrations (only in the subgroup with elevated TNF-α concentrations) and
greater static hyperinflation ( as measured by percent predicted residual volume) in
unadjusted analyses of COPD patients [95].

2.3.5 Acute COPD exacerbation—Systemic adiponectin concentrations rise during
acute COPD exacerbations and return to baseline several days to weeks later in the stable
state following the resolution of the exacerbation [49].

To summarize, systemic and airway adiponectin concentrations are higher in case-control
studies of primarily male COPD patients, although the direction of this association is not
conclusively established in the absence of longitudinal studies. Systemic adiponectin is
positively associated with lung function in healthy adults but inversely associated in subjects
with COPD. Systemic adiponectin is associated with greater COPD severity in men and has
not been studied among women. It is not currently known whether modulation of
adiponectin, independent of BMI, may be helpful in COPD prevention and treatment.

2.4 Adiponectin and non-small cell lung cancer
The role of hypoadiponectinemia as a poor prognostic factor in non small cell lung cancer is
not well established. While one study showed lower serum adiponectin concentrations in
advanced cancer, as compared to limited stage disease [96], another study did not show any
association in multivariable analyses [64].

The associations between adiponectin and inflammatory lung diseases suffer from many
critical gaps in the literature. Other than Thyagarajan study that evaluated healthy adults
[92], there are no large human studies that have evaluated the adiponectin-COPD
association. Further, women with COPD have not been adequately studied. Adiponectin is
both positively and inversely associated with lung function, depending upon the population
subgroup studied. It is possible that adiponectin is anti-inflammatory in some subjects and
pro-inflammatory in others. As with leptin, there is a lack of adequately powered
longitudinal and weight-intervention studies; inadequate adjustment for confounding effect
of obesity; lack of studies of adiponectin isoforms, and limited studies of sputum or
bronchoalveolar lavage fluid adiponectin.

To summarize, there is developing literature to suggest a potential role for leptin and
adiponectin in inflammatory pulmonary conditions such as asthma, COPD, pneumonia and
lung cancer. Future research will determine whether modulation of leptin and adiponectin,
independent of BMI, may allow novel ways to prevent or treat these pulmonary diseases.
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Highlights

Systemic leptin may be associated with greater asthma prevalence and severity in
children.

Systemic leptin may be associated with greater COPD prevalence and severity.

Systemic adiponectin may be protective against odds for asthma among women and
girls.

Systemic adiponectin concentrations are higher in COPD patients than controls.

Systemic adiponectin is associated with greater COPD severity in men.
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Figure 1.
A schematic representation of the suggested role for leptin in murine asthma, based upon the
work by Shore et al. [21]. Although these findings were not entirely reproduced in a human
interventional study of mild atopic asthma [37], epidemiologic evidence suggests that
greater serum leptin concentrations are associated with more severe asthma, particularly
among prepubertal boys and peripubertal/postpubertal girls [31, 32].
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Figure 2.
A schematic representation of the suggested role for adiponectin in murine asthma, based
upon the work by Shore et al. [86]. Although these findings were not entirely reproduced in
a human interventional study of mild atopic asthma [37], epidemiologic evidence suggests
that lower serum adiponectin concentrations are associated with increased odds for asthma,
particularly among peripubertal girls and premenopausal women [34, 35]. Figure as
originally published in ‘A. Sood, E. Dominic, C. Qualls, M.W. Steffes, B. Thyagarajan, L.J.
Smith, C.E. Lewis, D.R. Jacobs, Jr., Serum Adiponectin is Associated with Adverse
Outcomes of Asthma in Men but Not in Women, Front Pharmacol 2 (2011) 55’ is
reproduced with permission [71].
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Figure 3.
A schematic representation of the suggested role for adiponectin in murine emphysema,
based upon the work by Nakanishi et al. [90]
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Table 2

A tabular summary of the evidence supporting a role for systemic leptin and adiponectin in COPD in humans

Male Female

Population-based studies Clinic/hospital based studies Population- based studies Clinic/hospital based studies

SYSTEMIC LEPTIN-COPD ASSOCIATION

COPD prevalence – ↔ – ↑

COPD severity – ↑/↔ ↑

SYSTEMIC ADIPONECTIN-COPD ASSOCIATION

COPD prevalence ↓* ↑ – –

COPD severity – ↑ – –

Key: ↑ means increased effect; ↓ means decreased effect; ↔ means no effect; – means no evidence is currently available.

Note 1:

*
This data was based on the association with lung function in healthy young adults [92].
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