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The clinical features of asthma are highly varied. Most patients have relatively mild disease
that is easily controlled with inhaled B-adrenergic agonists with or without low or medium
doses of inhaled corticosteroids. However, a subset of patients has more severe disease, and
many of these patients suffer persistent symptoms in spite of treatments that include high
doses of inhaled corticosteroids. Furthermore, some asthma patients are exacerbation prone,
and these patients require frequent treatment with systemic corticosteroids to control these
exacerbations. Studies that have systematically examined the heterogeneity of disease
severity in asthma have noted that older age and higher body weight are clinical features of
patients with more severe disease [1, 2]. In addition, it has been noted that age has a greater
effect than asthma duration on risk of severe asthma [3]. These clinical features provide
clues about disease mechanisms of asthma, and work is now being done to understand how
ageing and obesity lead to severe asthma. For example, it has recently been shown that
systemic interleukin (IL)-6 inflammation occurs in a subset of patients with asthma who are
characterised by older age, obesity and severe disease (low lung function and frequent
exacerbations) [4]. Notably, increases in plasma IL-6 occur in some but not all obese
patients, and obese patients with high IL-6 levels have more severe asthma than obese
patients with low IL-6 levels. In addition, increases in plasma IL-6 remain strongly
associated with asthma severity, even when controlling for body mass index and age in
regression models. This means that systemic IL-6 inflammation is an independent predictor
of disease severity in asthma and that the heterogeneity of asthma severity that occurs in
obese patients with asthma can be explained at least in part by the presence or absence of
low-grade systemic inflammation in these patients (figure 1). Low-grade systemic
inflammation in obesity is characterised by increases in systemic levels of inflammatory
cytokines such as IL-6, IL-1 and tumour necrosis factor-a,, and adipokines such as leptin.
These mediators originate in adipocytes and activated macrophages in adipose tissue, and
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contribute to mechanisms of metabolic dysfunction and metabolic syndrome in obese
patients [5, 6]. These inflammatory cytokines could alter lung function in a variety of ways,
including through activation of vascular endothelial cells, airway fibroblasts, airway smooth
muscle cells or airway epithelial cells [7]. In addition, IL-6 influences the differentiation of
naive T-cells into Th17-cells and could indirectly affect lung function through the effects of
IL-17 [8].

Another feature of metabolic dysfunction in obese patients is insulin resistance, which
results in systemic hyperinsulinaemia, and this is the focus of the paper by Cardet et a/. [9]
in this issue of the European Respiratory Journal. These authors investigated associations
between obesity and asthma with a focus on effect modification by insulin resistance. They
found that obesity was positively associated with asthma and that insulin resistance modified
this association. Specifically, they found that the relationship between obesity and asthma
was stronger with increasing insulin resistance tertiles, and this prompts the authors to
suggest that targeting insulin resistance may represent a novel therapeutic strategy for obese
patients with asthma. This finding by Cardet et a/. [9] is topical because recent studies in cell
culture and mouse models suggest that insulin can cause lung tissue remodelling and worsen
lung function [10]. Specifically, it has been shown that insulin stimulates primary human
airway smooth muscle cells to proliferate and release collagen [10]. In addition, intranasal
insulin administration to mice causes peribronchial fibrosis and airway hyperresponsiveness
[10]. Thus, hyperinsulinaemia may act on insulin receptors on multiple lung cells to change
airway structure and function.

Taken together, the findings that older age and obesity are risk factors for more severe
asthma, coupled with data linking systemic inflammation and insulin resistance to more
severe asthma, provide a new paradigm for thinking about mechanisms of disease in asthma.
Current conventional concepts of asthma pathogenesis hold that disease mechanisms
intrinsic to the lung are the main drivers of disease in asthma. In this “inside out” model of
asthma pathogenesis the dysfunctional immune response is initiated by airway epithelial cell
activation in response to inhaled triggers such as antigens or viral infections [11]. This
epithelial cell activation then drives additional innate and adaptive type-2 immune response
in the lung (figure 2). However, there has been little progress to date in identifying other
“inside out” or intrinsic lung mechanisms of asthma and extensive analyses of lung
biospecimens from patients with Th2-low asthma have not led to significant new insights
about asthma pathogenesis. In contrast, there has been significant progress from studies that
examine inflammatory pathways outside the lung, including IL-6 inflammation in plasma
and hyperinsulinaemia. This leads us to propose an “outside in” mechanism of disease in
asthma in which the inflammatory events that drive disease severity do not arise in the lung
but in tissue compartments outside the lung (figure 2). In obese patients, for example, the
tissue compartment is the adipose tissue. Conceptualising an outside-in mechanism of
asthma severity should prompt consideration of treatment approaches for severe asthma that
focus on decreasing systemic inflammation. Such treatments could include inhibiting
cytokines associated with systemic inflammation (e.g. IL-6) and other treatments that are
directed at improving the features of metabolic syndrome [12]. In this regard, we agree with
Cardet et a/. [9] that treating insulin resistance may represent a novel therapeutic strategy for
obese patients with asthma.
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FIGURE 1.
Among obese patients with asthma, only a subgroup has metabolic dysfunction. The

subgroup of obese patients who have metabolic dysfunction overlaps with the subgroup with
more severe asthma. Reproduced with permission from the illustrator.
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FIGURE 2.
Conventional concepts of asthma pathogenesis focus on molecular pathways, such as

increases in airway type-2 inflammation, that originate inside the lung, or are “inside out”.
New work suggests that airway dysfunction can occur from molecular dysfunction that
originates outside the lung, or is “outside in”. Such examples include the role of metabolic
syndrome or the low-grade systemic inflammation that occurs during obesity. Reproduced
with permission from the illustrator.
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