
The effect of obesity on lung function

Ubong Peters and Anne E. Dixon*

University of Vermont Larner College of Medicine, Burlington, Vermont.

Abstract

Introduction: There is a major epidemic of obesity, and many obese patients suffer with 

respiratory symptoms and disease. The overall impact of obesity on lung function is multi-

factorial, related to mechanical and inflammatory aspects of obesity.

Areas Covered: Obesity causes substantial changes to the mechanics of the lungs and chest 

wall, these mechanical changes cause asthma and asthma-like symptoms such as dyspnea, wheeze 

and airway hyperresponsiveness. Excess adiposity is also associated with increased production of 

inflammatory cytokines and immune cells that may also lead to disease. This article reviews the 

literature addressing the relationship between obesity and lung function, and studies addressing 

how the mechanical and inflammatory effects of obesity might lead to changes in lung mechanics 

and pulmonary function in obese adults and children.

Expert Commentary: Obesity has significant effects on respiratory function, which contribute 

significantly to the burden of respiratory disease. These mechanical effects are not readily 

quantified with conventional pulmonary function testing and measurement of BMI. Changes in 

mediators produced by adipose tissue likely also contribute to altered lung function, though as of 

yet this is poorly understood.
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1 Introduction

The worldwide prevalence of obesity has been on the rise in the past three decades, resulting 

in an increase in the prevalence, morbidity and clinical presentation of many respiratory 

diseases. Obesity is an important risk factor and disease modifier for asthma, obstructive 

sleep apnea, obesity hypoventilation syndrome (OHS), and pulmonary hypertension. The 

condition affects outcomes in acute respiratory distress syndrome (ARDS) and chronic 

obstructive pulmonary disease (COPD). Obesity increases susceptibility to respiratory 
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infections, and hospitalization rates are higher in obese patients with respiratory disease, as 

compared to healthy weight subjects. This article presents an overview of the effects of 

obesity on normal physiology and function of the lung, and discusses how this engenders 

pathophysiology.

2 Epidemiology of obesity and obesity-related lung disease

The prevalence of obesity has reached epidemic proportions, especially in developed 

countries. In the United States, approximately 40% of the adult population is obese [1]. 

Children are not spared by the obesity epidemic – currently, about 19% of US children are 

obese [1]. This sudden rise in the prevalence of obesity has affected the epidemiology of 

many pulmonary diseases.

Asthma is one of the best-characterized diseases related to obesity. A meta-analysis 

involving over 300,000 adults found obesity and asthma were related, and the risk of asthma 

increased with increasing BMI [2]: the odds ratio for incident asthma in the overweight 

group was 1.5 (95% CI; 1.2–1.6) compared to normal weight subjects, whereas the odds 

ratio in the obese group was 1.9 (95% CI; 1.4–2.6). This implies that approximately 250,000 

new cases of asthma per year in the United States are related to obesity. The prevalence of 

obesity among patients with COPD is also higher than among those without COPD [3].

3 Body mass index and patterns of regional fat distribution

Body mass index (BMI) is used to classify obesity. It is calculated as the ratio of weight in 

kilograms to the square of height in meters, expressed in units of kg/m2. In adults, 

overweight is defined as a BMI greater than 25 kg/m2 and obesity greater than 30 kg/m2. In 

children, the classification system is based on age- and gender-matched normative data for 

BMI: overweight is defined as BMI above the 85th percentile compared with their age- and 

gender-matched counterparts, BMI above the 95th percentile is considered obese. BMI is a 

very simple and convenient method to classify the severity of obesity. Its main weaknesses 

are limited specificity, since it does not distinguish between fat mass and lean (muscle) 

mass, and its inability to account for the pattern of regional fat distribution.

There are two main regional fat distribution patterns: central and peripheral (Figure 1). 

Central (abdominal or android) obesity is characterized by increased deposition of fat in the 

thorax, abdomen and visceral organs, and an apple-like body shape. Peripheral (gynoid) 

obesity is characterized by deposition of fat in the hips, thighs and limbs, and in 

subcutaneous tissue, and a pear like body shape. This distinction is important. Android 

obesity is likely to have a more direct effect on pulmonary mechanics than gynoid obesity 

[4]. Android obesity also has a greater impact on metabolic inflammation. Obesity is a 

chronic state of low-grade inflammation, which differs between subtypes of obesity. Gynoid 

obesity manifests as increased subcutaneous fat, whereas android obesity manifests as 

increased visceral fat. Visceral fat is a more metabolically active than subcutaneous fat. 

Indeed, increased visceral fat mass is linked to the metabolic syndrome [5], and the 

metabolic syndrome has been linked to asthma and impaired lung function in both 

adolescents and adults.
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4 The mechanics of the lungs and chest wall in obesity and respiratory 

compliance

The mechanical properties of the lungs and chest wall are altered significantly in obesity, 

largely due to fat deposits in the mediastinum and the abdominal cavities. These alterations 

reduce the compliance of the lungs [6, 7, 8], chest wall and entire respiratory system [8, 9], 

and likely contribute to the respiratory symptoms of obesity such as wheeze [10], dyspnea 

[11], and orthopnea [12]. The reduction in respiratory system compliance (increased 

stiffness) also alters the breathing pattern. Air typically flows into the lungs along the 

negative pressure gradient within the pleural space. However, intra-abdominal and pleural 

pressures are increased slightly in obesity, because the downward movement of the 

diaphragm and the outward movement of the chest wall are restricted when fat accumulates 

within the thoracic and abdominal cavities [13, 14]. This alters the breathing pattern 

resulting in a substantial reduction in both the expiratory reserve volume (ERV) and the 

resting volume of the lung, known as the functional residual capacity (FRC). The reduction 

in FRC is proportional to the severity of obesity – overweight, mildly obese and severely 

obese subjects without asthma demonstrate reductions in FRC of up to 10%, 22% and 33%, 

respectively [15]. Tidal volume is also slightly lower in obese subjects [16]; however, a 

slight increase in the mean respiratory rate compensates for the shallow breathing pattern, 

such that the overall minute ventilation is increased significantly [17, 18].

The mechanisms behind the reduction in respiratory system compliance in obesity have not 

been clearly elucidated – it is not yet known whether the reduction in respiratory system 

compliance is largely driven by a reduction in the compliance of either the lungs or chest 

wall, or a combination of the two (Table 1). Studies have variably reported reductions in the 

compliance of both the lungs and chest wall [6], reduction in lung compliance with normal 

chest wall compliance, and normal lung compliance with reduced chest wall compliance. 

Despite the conflicting findings, several studies have reported that chest wall and lung 

compliance are both reduced in obesity [6, 7, 8, 19]. It is very likely that the reduction in 

lung volumes induced by the obese state is a major contributor to the decreased compliance 

of the lungs, whether tissue mechanics are also affected is not clear.

5 The effects of childhood obesity on lung function and airway 

dysanapsis

Obesity has a significant effect on lung function in children. Childhood obesity is associated 

with a supra-normal or higher FEV1 and FVC, and a lower FEV1/FVC ratio [20, 21], even 

after adjusting for height [22]. This unexpected increase in FEV1 and FVC in obese children 

is due to airway dysanapsis, an incongruence between growth of the lung tissue and airway 

caliber [23]. The lung grows at an accelerated pace in children with obesity resulting in 

airway dysanapsis, measured as an FVC increased disproportionately compared with FEV1. 

Other lung volumes such as TLC, RV and FRC are reduced in children with obesity [21].
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6 Effect of obesity on lung volumes and expiratory flows

Although obesity significantly reduces functional residual capacity (FRC) and expiratory 

reserve volume (ERV) [15, 24, 25], it has very little effect on residual volume (RV) and total 

lung capacity (TLC). Several studies have demonstrated small reductions in TLC with 

increasing BMI, but TLC is usually well-preserved even in patients with severe obesity [4, 

15, 26, 27]. RV is typically within the normal range in people with obesity [4, 15, 26], and 

the RV-to-TLC ratio, an indicator of gas trapping, is also normal or slightly increased [15].

Measurements of static pulmonary volumes combined with measurements of 

transpulmonary and transdiaphragmatic pressures have provided deeper insights into the 

effects of obesity on lung mechanics and subsequent lung volumes. A landmark study on the 

effect of obesity on lung volumes measured in the seated position demonstrated that 

esophageal and gastric pressure at FRC were significantly elevated in obese subjects as 

compared to their healthy counterparts who were matched for age, gender and height [28]. 

Similar results were recorded in the supine position, and BMI correlated with gastric and 

esophageal pressures.

Other dynamic measures of pulmonary function such as FEV1 and FVC are slightly reduced 

in the presence of obesity [10, 11, 29], but FEV1/FVC ratio is usually unaffected [10, 11, 30] 

unless BMI is greater than 62 kg/m2 [31]. When ERV decreases, while vital capacity (VC) 

remains normal, inspiratory capacity (IC) will be increased [32]. Rasslan and coworkers 

showed that inspiratory capacity was higher in obese individuals than in non-obese 

individuals [33], though other investigators found no significant differences [29, 34].

Body fat distribution pattern has a stronger association with pulmonary function than weight 

or BMI [35, 36]. A large population-based study of 121,965 individuals found increased 

abdominal obesity was a risk factor for reduced FEV1/FVC [35], abdominal obesity 

predicted FEV1 and FVC independent of BMI [35]. Taken together, these findings suggest 

that obesity does not really affect the ability of patients to fully inflate or deflate their lungs, 

but significantly reduces resting lung volumes. The mechanical effects of obesity on lung 

mechanics and function may not be fully reflected in these indices of pulmonary function 

routinely measured in the clinic, as obesity is likely to most significantly affect airway 

narrowing and closure as discussed below.

7 The effect of obesity on airway narrowing and airway closure

The mechanical effects of obesity produce airway narrowing and closure, and increased 

respiratory system resistance. Compared to healthy weight controls, airway narrowing in 

obesity correlates with airway closure and airway hyperresponsiveness (AHR) [37]. Airway 

narrowing and closure lead to gas trapping and ventilation inhomogeneity [38]. While gas 

trapping and airway closure can be inferred from an elevated RV/TLC ratio [39], a recently 

developed method to assess airway closure is oscillometric evaluation of respiratory system 

impedance. In a comparative study of lung mechanics in obese versus non-obese people with 

asthma, Salome et al found that obesity does not alter methacholine responsiveness 

measured by spirometry but significantly reduces respiratory system reactance and increases 

Peters and Dixon Page 4

Expert Rev Respir Med. Author manuscript; available in PMC 2019 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



respiratory system resistance (Rrs) [32]. Methacholine-induced reduction in respiratory 

system reactance was greater among obese non-asthmatics compared to their non-obese 

counterparts suggesting that excess adiposity could promote peripheral airway closure. 

Similar findings have been observed in other studies [40, 41]. This suggests that measuring 

respiratory system impedance may be a more sensitive measure of lung dysfunction related 

to obesity than spirometry.

Other indirect markers of airway closure such as RV and closing capacity are usually within 

normal limits in obesity [26, 42]. On the other hand, airway closure can occur during resting 

breathing in the obese as a result of FRC being depressed to levels at or below closing 

capacity [42, 43, 44], presumably due to mechanical compression of the lungs [15], which 

results in a reduction in forces of mechanical interdependence between the airways and 

parenchyma [6, 45]. This may be reflected in obese asthmatics as a slight reduction in FEV1 

[10]. Increased abdominal obesity has been linked to increased airway closure in the para-

diaphragmatic lung regions and this impaired cranio-caudal distribution of inspired gas (see 

below), especially in the supine position [46].

The mechanisms increasing respiratory system resistance and decreasing respiratory system 

reactance in obesity [29, 32] are not completely understood, but it is thought that the 

reduction in FRC attenuates the forces of interdependence between the airway and 

parenchyma and reduces airway caliber [6, 45]. Airway caliber is sensitive to airway-

parenchymal tethering forces and breathing at a reduced FRC, due to mechanical 

compression of the lungs, likely plays a dominant role in increasing Rrs in obese subjects 

[29, 47]. In addition, breathing at low lung volumes also increases airway 

hyperresponsiveness (AHR) [48] (see below). Van Noord et al, Torchio et al, and Navajas et 
al conducted studies involving rib cage strapping [49, 50] and supine positioning [51] to 

mimic reduced lung volumes from obesity-induced mechanical compression of the 

respiratory system. These experiments showed increased respiratory system resistance, and 

increased AHR in one study [50], and that reduction in the operating volume of the lung in 

obesity–FRC–could potentially amplify symptoms and manifestations related to airway 

narrowing or airway closure, such as AHR [52], dyspnea [11], and wheeze [10].

The other important clinical implication of reduced FRC affecting pulmonary function, is 

that measures to assess lung function based on taking deep tidal breaths likely obliterate this 

effect. Conventional spirometry likely under-estimates the impact of obesity on the normal 

breathing pattern in obesity. Measures of lung function that can be performed during normal 

tidal breathing – such as oscillometry – likely provide more valuable information about the 

true effect of obesity on the patient’s lung function.

The effects of obesity on airway narrowing and airway closure could have other important 

implications for lung disease. Airway narrowing and closure increase ventilation 

inhomogeneity and gas trapping, respectively [38]. This could impede the delivery of 

inhaled medications to the small airways and contribute to the resistance to inhaled therapies 

often observed in obese patients with asthma [53, 54, 55, 56]. Increased airway closure 

could also lead to more severe exacerbations of obstructive lung disease [57] with 

concomitantly increased hypoxia and arterial oxygen desaturation [42, 58], and dyspnea 
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[59]. In fact, obese patients with asthma have a four- to six-fold risk of hospitalization for an 

asthma exacerbation compared with lean asthmatics [60].

8 Obesity and airway hyperresponsiveness

Many large studies report positive associations between BMI and AHR, but this is not a 

uniform finding [61]. The only prospective longitudinal cohort study that investigated the 

relationship between obesity and AHR in more than 7,000 adults found that the risk for 

AHR increases as BMI increases [52]; weight gain was a risk factor for developing AHR, 

even when controlling for the effects of age, smoking, serum IgE and baseline FEV1.

Three large cross-sectional epidemiologic studies in China (7,109 participants [62]), Europe 

(11,277 participants [63]) and the United States (1,725 participants [64]) found AHR or 

symptomatic AHR was more prevalent in obese adults compared to lean subjects. In 

contrast, several smaller studies failed to find a consistent relationship between AHR and 

obesity [10, 65]. This inconsistency may be explained by several factors such as small 

sample size, the outcome indicator used (respiratory system resistance, reactance, FEV1, or 

maximum expiratory flow at 60% of TLC), atopic status, severity of obesity in the 

participants and differing eligibility criteria such as enrolling only non-asthmatic obese 

subjects. Findings might be more consistent if the various studies used more similar 

eligibility criteria and outcome measures.

One hypothesis for the increased AHR in obesity is that breathing at low FRC, with a rapid 

breathing pattern and a reduced tidal volume, could affect the contractility of airway smooth 

muscle (ASM). Smooth muscle contractility is usually modulated by stretching during 

regular tidal breathing and deep inspirations [66]. Breathing at reduced tidal volumes in 

obesity may have multiple effects on ASM. The load applied to the ASM is reduced, 

increasing shortening velocity, and allowing length adaptation (mechanical plasticity) -- 

ASM adapts to a shorter length by rearranging its contractile apparatus to maintain force 

generating capacity [67, 68, 69], generating more force at a shorter length. Another potential 

mechanism is that reduced tidal volume breathing might not disrupt actin-myosin cross-

bridges, allowing ASM to stiffen. Tissue strip experiments showed that large tidal 

oscillations and large stretches reduce ASM force, lengthen ASM and soften (fluidize) the 

muscle [66, 70, 71, 72]. This mechanism could explain the maintenance of airway dilation in 

healthy subjects even during a methacholine challenge [73], and how smaller tidal stretching 

in obesity might impair this effect. The in-vivo relevance of this is not clear, however, as 

very large stretches are required in intact airways, and the effect is less substantial than in 

tissue strip experiments [74]. Nevertheless, it is possible that reduced ASM length with 

reduced tidal stretching at FRC in obesity could reduce disruption of actin-myosin cross-

bridges thus leading to AHR. Another implication would be that measuring AHR with 

spirometry – which involves taking in a breath to total lung capacity – may obliterate AHR 

related to breathing at FRC. Conventional measures of AHR likely underestimate AHR in 

obesity.
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9 Bronchial reversibility in obese patients with or without asthma

There are few studies of the effect of obesity on bronchodilator (BD) responsiveness. These 

studies, which relied on spirometry to investigate BD responsiveness in obesity, showed 

conflicting results. The first of these studies conducted by Castro-Rodriguez et al found that 

girls who became overweight or obese between the ages of 6 and 11 were more likely to 

demonstrate bronchial reversibility than girls who did not become overweight or obese [75]. 

However, Tantisira et al later reported that BD responsiveness decreased with increasing 

body mass index (BMI) in obese children [20]. A third study, in adults, failed to establish a 

relationship between obesity and reversible airway obstruction [76]. Using oscillometry, we 

found that responsiveness to short-acting β2-adrenergic agonists is severely reduced in 

healthy obese patients awaiting bariatric surgery, but this was restored to the normal range 

following modest weight loss [77]. These conflicting findings suggest that some subtle 

changes in lung mechanics and function induced by obesity are more readily detectable with 

oscillometry than with spirometry. There are no published studies of bronchial reversibility 

in obese adults with asthma using oscillometry.

10 Effect of obesity on regional ventilation and perfusion distribution in 

the lung

The normal distribution of ventilation is altered in obesity, resulting in ventilation-perfusion 

mismatch. Holley et al demonstrated that, in upright-seated obese patients with severely 

reduced ERV, ventilation is preferentially distributed to the poorly perfused upper lung zones 

[78]. Perfusion distribution is substantially greater in the lower lung zones because of the 

effects of gravity; however, this zone is usually not well-ventilated if resting breathing 

(FRC) is depressed to levels that approach RV, as is commonly observed in obesity [15, 24, 

25]. These changes result in an abnormal regional ventilation-perfusion relationship and a 

reduced arterial oxygen tension during normal tidal breathing. Severely obese subjects who 

were otherwise healthy have reduced arterial PO2 and increased alveolar-arterial PO2 

difference [79], attributable to mild to moderate shunt and a VA/Q imbalance induced by the 

obese state. Surprisingly, these changes are not fully reflected in measurements of the lung’s 

diffusing capacity for carbon monoxide (DLCO). Studies on the effect of obesity on DLCO 

have provided conflicting results: some investigators report that DLCO is decreased, likely 

due to a reduced alveolar volume or structural changes to the interstitium caused by 

increased lipid deposition [80]; others have reported that DLCO is normal [8]; yet others 

have suggested that DLCO is increased in severely obese patients, likely due to increased 

pulmonary blood volume [47].

11 Effect of weight loss on lung mechanics and function

If obesity is the main driver for changes in lung mechanics and function, then weight loss 

might reverse these changes. Several studies have investigated whether obesity induces a 

permanent pathological level of remodeling in the lung, or whether weight loss can restore 

respiratory physiology. Many investigators have reported some improvement in peak expired 

flow and spirometric indices after weight loss in obese patients with and without asthma [81, 
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82, 83]. Significant increases in lung volumes, notably TLC, FRC and ERV, have also been 

reported (Figure 2) [58, 77, 84].

Other studies have investigated the effects of weight loss on airway reactivity [40, 82, 85]. 

Aaron et al found a trend towards reduced AHR with weight loss following an intense diet-

induced weight reduction program in obese asthmatics and controls (p = 0.23) [82]. We 

reported that a 27% weight loss in asthmatic women who underwent bariatric surgery was 

associated with a significant reduction in AHR (p = 0.03) [85], though atopic (high serum 

IgE) participants did not demonstrate change in AHR with weight loss, whereas weight loss 

resulted in significant reductions in AHR in non-atopic subjects. Subjects in the atopic group 

reported asthma since childhood, and their serum IgE concentrations were unchanged 

following weight loss suggesting allergic disease. The non-atopic group had a diagnosis of 

asthma, but without allergy suggesting another mechanism for their asthma symptoms, likely 

mechanical compression of the lung and metabolic disarray related to obesity [41].

These results gave rise to the notion of at least two distinct clinical phenotypes of asthma in 

obesity – those with early onset asthma and high serum IgE (TH2-high) and those with late 

onset asthma and low serum IgE (TH2-low). Chapman et al further investigated these 

findings by assessing the effect of weight loss on sensitivity to small airway closure during 

methacholine challenge in the two obese asthmatic groups (allergic and non-allergic) 

compared to obese controls [40]. They found significantly higher airway responsiveness to 

methacholine in the two obese asthmatic groups compared to the control group. Sensitivity 

to airway closure improved only in the TH2-low asthmatics. Also, the reduction in closing 

index caused by weight loss was similar in obese patients with early- versus late-onset 

asthma [40]. This suggests that it is obesity per se, and not the duration of asthma, that 

increases the risk of airway closure.

These weight loss studies suggest that obesity exerts a strong mechanical effect on the 

respiratory system, and depending on the asthma phenotype (atopic versus non-atopic), this 

could potentially increase the risk of AHR. The mechanical effects of obesity on the 

respiratory system together with the metabolic effects of excess adiposity could indirectly 

contribute to AHR likely through mechanisms such as airway narrowing and airway 

remodeling.

12 Adipose tissue inflammation and lung function in obesity

Obesity significantly affects the immune cells in adipose tissue. Adipose tissue macrophages 

are significantly increased (Figure 3). Weisberg et al isolated subcutaneous adipose tissue of 

obese individuals and determined that adipose tissue macrophages accounted for up to 50% 

of the cells in the tissue when stained for the macrophage antigen–CD68 [86]. Sideleva et al 
reported increased infiltration of subcutaneous adipose tissue and visceral adipose tissue by 

macrophages in obese individuals with asthma, though this did not correlate with measures 

of inflammation in the lung [87]. Peryalill et al reported these macrophages were 

predominantly of a pro-inflammatory phenotype [88]. Increased adipose tissue mass is also 

associated with increased mast cell propagation. Mast cells are key mediators of allergy, and 

adipose tissue is an important source of mast cell progenitor cells [89]. Indeed, compared to 
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lean individuals, the burden of mast cells is increased in obese humans and mice [90] 

suggesting that obesity-induced mast cell proliferation might be another potential 

mechanism for airway disease in obesity.

13 Adipokines and systemic inflammation in obesity

Adipose tissue is an important endocrine organ that secretes adipocyte-derived factors 

known as adipokines, which might affect airway function. Adipokines are energy-regulating 

proteins synthesized and secreted by adipose tissue. Adipokines are differentially expressed 

in the adipose tissue of obese subjects compared with lean subjects, and in obese patients 

with asthma compared to those without asthma. Expression of adiponectin–the most 

abundant anti-inflammatory adipokine in the adipose tissue–is markedly reduced; expression 

of leptin–a pro-inflammatory adipokine – is increased, in obese patients with asthma [87].

Leptin is an anorexigenic hormone, which also increases metabolism and regulates immune 

function (Figure 3). Leptin plays an important role in the regulation of ventilatory drive [91, 

92], and is involved in surfactant production and neonatal lung development [93, 94]. Given 

these functions, leptin could certainly be involved in the pathogenesis of airway disease. 

Visceral fat leptin expression has been found to strongly correlate with AHR [87] and a high 

serum leptin concentration is inversely associated with reduced lung function in obese 

American women of African descent [95]. Both high BMI and high serum leptin 

concentration are strongly associated with asthma in adults [96], the association between 

BMI and asthma was unchanged even after controlling for leptin, suggesting that the 

relationship between obesity and asthma is not mediated by leptin alone. In contrast, other 

studies found no significant difference in the serum concentrations of leptin in obese 

asthmatics and obese non-asthmatic adults [87]. These contrasting results may be related to 

different populations, and different phenotypes of asthma.

Other inflammatory mediators that are increased in obesity include tumor necrosis factor 

alpha (TNF-α) [97, 98], interleukin (IL-) 8 and IL-6 [99], high-sensitivity C-reactive protein 

(hs-CRP) and monocyte chemoattractant protein-1 (MCP-1) [100]. In addition, the level of 

circulating leukocytes in the blood of obese subjects is increased compared to lean 

individuals [101]. The role of these other cytokines in obese asthma is not well-understood.

14 Airway inflammation and lung function in obesity

Several studies have investigated whether the increased levels of pro-inflammatory 

adipokines and cytokines observed in the systemic circulation of obese patients are linked to 

increased airway inflammation. Sputum eosinophils tend to decrease with increasing BMI 

[102], though airway wall eosinophils are increased [103]. Some studies have shown an 

increase in sputum neutrophils with increasing BMI [104]. The effect of obesity on airway 

inflammation has also been assessed in bronchoalveolar lavage (BAL) fluid of obese humans 

and mice. Elevated levels of pro-inflammatory mediators such as IL-6, MCP-1 and 

neutrophils were observed in the BAL fluid of Cpefat mice compared to lean controls 

following ozone exposure but not air exposure [105]. In fact, exogenous administration of 

leptin to lean control mice prior to ozone exposure augments ozone-induced increases in 
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IL-6 in BAL fluid [106]. In human subjects, however, there is no concrete evidence of 

elevated airway inflammation in BAL fluid of patients with obesity. Similar cell counts of 

macrophages, neutrophils, lymphocytes and eosinophils were found in BAL fluid of obese 

asthmatics and non-asthmatics [85]. There is mounting evidence that the adipose tissue is the 

site and source of chronic inflammation that is associated with airway disease and abnormal 

lung function, but not necessarily airway inflammation. The effect of these adipose tissue 

derived factors on structural cells of the airway is not known.

15 Effect of obesity on diseases of the heart and lungs

The respiratory system is constantly under stress as it works to meet the ventilatory demands 

of the body. Work of breathing is increased in diseases such as ARDS, pneumonia and heart 

failure, and the physiological response of the lungs to the increased ventilatory demands is 

complicated by the obese state. Currently, few studies have assessed how obesity specifically 

impacts pulmonary function during acute episodes of these conditions [107, 108]. However, 

it has been clearly shown that obesity is a risk factor for heart disease [109], and obese 

patients have an increased susceptibility to influenza and bacterial pneumonia [110, 111] 

and suffer worse outcomes from these conditions. Obese patients also have an increased risk 

of developing ARDS but paradoxically, they have the lowest risk of mortality from the 

condition [112]. The likely mechanisms that underlie these effects are poorly understood, 

but it is thought that obesity-induced imbalances in adipokine levels could impair pulmonary 

vascular endothelial function and prime the lung for injury [113]. Defects in neutrophil 

chemotaxis and survival are also thought to play a role [114].

16 Metabolic changes in obesity and its effect on lung function

The metabolic dysregulation that accompany the obese state has direct consequences on 

pulmonary function and lung disease. Insulin resistance and dyslipidemia can contribute to 

epithelial damage and ASM proliferation [115, 116], consequently leading to AHR. Indeed, 

metabolic syndrome is associated with poor lung function in obese and non-obese adults and 

children with and without asthma [117, 118, 119]. Diabetes is also associated with poor lung 

function and pulmonary hypertension in both mice and men [120, 121, 122]. Poorly 

controlled diabetes has been implicated in the loss of lung function in patients with cystic 

fibrosis [123]. Interestingly, metabolic dysregulation in obesity is often linked to a restrictive 

pattern of lung disease [124]. Abdominal obesity and metabolic syndrome, but not diabetes, 

were independently associated with restrictive lung disease among older patients with 

diabetes and metabolic syndrome [125, 126]. Patients with restrictive lung disease 

demonstrated higher levels of insulin resistance than healthy subjects or patients with 

obstructive lung disease.

17 Effect of aging on the relationship between obesity and pulmonary 

function

Generally, lung function gradually declines with age, even among healthy individuals [127]. 

The maximal inspiratory pressure, which is a measure of respiratory muscle strength has 

been shown to decrease by about 0.8 to 2.7 cm H2O per year between the ages of 65 to 85, 
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with larger declines observed in men [128]. Since obesity significantly affects many diseases 

of the lung, it seems plausible to assume that it might also modulate the relationship between 

aging and rate of lung function decline. However, there is no clear evidence that obesity per 
se increases or reduces the rate of lung function decline with age, but there is evidence that it 

is paradoxically protective of lung function in patients with COPD [129]. Indeed, 

respiratory-related deaths are reduced among obese patients with severe COPD [129]. 

Lazarus et al [30] also reported that BMI was negatively correlated with vital capacity (VC) 

in subjects aged 40 to 69 years; however, after adjusting for BMI, the authors found a similar 

negative association between VC and ratio of abdominal girth to hip breath in subjects aged 

50–59. The mechanism modulating the effect of aging on lung function in obesity is still the 

subject of intense scientific debate, but these studies suggest that BMI and pattern of 

regional fat distribution may have independent effects on lung function that vary with age. In 

fact, age-related changes to the structure of the rib cage could lead to reductions in the total 

compliance of the respiratory system. One study which assessed the effect of age on the 

relationship between chest wall compliance and lung compliance in a group of healthy males 

aged 24–78 years found reduced chest wall compliance among older subjects, despite 

measuring similar lung compliances in both young and old [130].

18 Relationship between obesity and risk of pulmonary complication after 

surgery

Although it seems plausible that obesity is an additional risk factor for post-operative 

complications, very few studies have examined this in the context of respiratory 

complications. Many factors determine the risk of complications after surgery. These 

include: the type of surgery (chest or abdominal incision), duration of surgery, and the 

patient’s medical history. Post-operative respiratory complications in obese patients may be 

related to reduced FRC, reduced TLC, reduced VC, increased risks of aspiration 

pneumonitis and ventilator-assisted pneumonia, and pulmonary embolism. To-date, there is 

no concrete evidence that high BMI is a major risk factor for respiratory complications after 

surgery in otherwise healthy obese patients. However, in patients undergoing 

pneumonectomy for lung cancer, the risk of respiratory complications was 5.3 times higher 

in patients with BMI > 25 kg/m2 as compared to patients with BMI < 25 kg/m2 [131]. 

Similar studies are needed to understand how high BMI might impact respiratory 

complications in other obese populations. One study reported that atelectasis persists for 

more than 24 hours after surgery in severely obese patients, whereas complete resorption of 

atelectasis was observed in non-obese patients during that period [132]. Post-operative 

pulmonary function may be improved by applying continuous positive airway pressure or 

positive end-expiratory pressure during surgery to prevent atelectasis and improve overall 

ventilation distribution to lung airspaces. Ventilation can also be optimized by placing 

patients in the reverse Trendelenburg position [133]. Extra precaution must be taken when 

providing post-operative care to patients with obesity.
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19 Conclusions

The epidemic of obesity has increased the prevalence and morbidity, and altered the clinical 

presentation of many respiratory diseases. Accumulation of fat in the mediastinum and the 

abdominal cavities significantly alters the mechanical properties of the lungs and chest wall, 

and this contributes to changes in the normal physiology and function of the lungs. Obesity 

is an important risk factor and disease modifier of many respiratory conditions. Some of the 

respiratory symptoms commonly associated with obesity include wheeze, dyspnea, and 

orthopnea. Airway hyperresponsiveness is also increased as BMI increases. Conventional 

measures of lung function are likely not sensitive or specific for assessing lung function 

abnormalities related to the reduced operating volume of the respiratory system in obesity. 

The mechanisms behind these obesity-induced changes in lung function are complex, 

involving mechanical changes, and effects of adipokines and inflammatory cytokines from 

adipose tissue.

20 Expert Commentary

There is a major epidemic of obesity, and this is changing the nature of lung diseases 

commonly encountered in medical practice. Obesity and diseases such as asthma are 

complex diseases with many different phenotypes: careful phenotyping of both the type of 

obesity and the type of lung disease are required to understand the effects of obesity on 

diseases such as asthma.

One important example of this is illustrated by the fact that Impairment in lung function is 

more closely related to waist circumference rather than BMI. BMI is likely a poor measure 

of the effects of obesity on the lung. Waist circumference is a measure of both mechanical 

impingement and metabolic inflammation, and so measuring waist circumference provides 

valuable information when assessing the degree of mechanical lung function impairment 

related to obesity, and provides at least one marker of metabolic derangement related to 

obesity.

Measuring the effects of obesity on respiratory system function is under-estimated by 

standard pulmonary function tests used in the clinic. Respiratory system mechanics are 

dramatically altered by obesity, due in large part to breathing at lower lung volumes, and yet 

the standard testing used to measure lung function in the clinic consists of forced maneuvers 

and deep breaths which obliterate changes related to breathing at low functional residual 

capacity. Studies using more advanced techniques to measure lung function during normal 

quiet breathing, such as oscillometry, are likely to more clearly elucidate effects of obesity 

on the respiratory system.

Another important factor, not measured either clinically or in most studies, is altered patterns 

of ventilation within the lung. In severe obesity, ventilation is pre-dominantly to the upper 

lung zones, rather than the lower lung zones. This upper lobe predominant ventilatory 

pattern likely produces significant ventilation-perfusion abnormalities, and contributes to 

respiratory compromise in severely obese patients.
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There is currently great interest in understanding how obesity alters inflammatory pathways 

and immune function in the lung, as obesity is considered to be an inflammatory disease. 

However, studies in humans in many cases do not show enhanced inflammation in the 

airway, and so studies designed to understand how adipokines might affect structural cells in 

the lung to produce altered lung function are needed.

21 Five-Year View

In the next 5 years, we anticipate studies phenotyping both obesity and airway disease will 

allow insights into the mechanical and immunological effects of obesity on lung function in 

diseases such as asthma and COPD. This will require more sophisticated measures of 

adiposity than BMI, measures incorporating assessments of metabolic dysfunction and 

regional fat distribution. We anticipate that the use of physiologic measurements during 

normal tidal breathing which also assess the lung periphery, such as the forced oscillation 

technique and single and multi-breath nitrogen wash-out tests, will allow a better 

appreciation for how obesity affects lung mechanics in health and disease. We also anticipate 

studies that will show how adipokines and metabolic factors affect structural cells in the 

lungs, this will add to the literature that has currently focused on the effects of these factors 

on immune cells.
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Key Issues

• Obesity has a major impact on respiratory function, and contributes 

significantly to the development of lung disease

• BMI has limited utility in understanding the effect of obesity on the lung: 

differing distributions of adipose tissue will differentially affect mechanics 

and are associated with different levels of metabolic dysfunction, and so 

understanding the distribution of adipose tissue is important to estimate both 

the mechanical and metabolic effects of obesity on lung function.

• Obesity and diseases such as asthma are diseases with many phenotypes: 

accurate assessment of the phenotype of both the lung disease and the obesity 

is needed to understand the effects of obesity on lung disease.

• Time of onset of obesity is likely important in the effects on lung function: 

obese children develop accelerated lung growth, with FVC increasing more 

than FEV1 and airway dysynapsis, how this effects disease later in life is not 

clear.

• Obesity increases airway closure, which may exacerbate airway reactivity, 

affect delivery of inhaled medications, and predispose to more severe 

derangement during exacerbations.

• Obesity alters the distribution of ventilation towards the upper lobes, which 

likely contributes to ventilation inhomogeneity and the burden of respiratory 

disease.

• Conventional pulmonary function testing likely underestimates the effects of 

obesity on respiratory function, as deep breath maneuvers likely reverse the 

effects of breathing at low FRC in obesity, and ventilation-perfusion 

relationships are not measured.
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Figure 1. 
Typical patterns of regional fat distribution in overweight and obese patients.
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Figure 2. 
Summary of findings recorded in obese patients at baseline and after weight loss. See text 

for likely mechanisms for these findings.
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Figure 3. 
Immune cells and adipokines increased in obesity and their effect on lung function
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Table 1.

Key studies on the mechanics of the lungs, chest wall and total respiratory system in obesity

Author Year Main findings

Pelosi et al [6] 1998 FRC, lung compliance, and Crs decreased exponentially with increasing BMI, whereas the compliance of the 
chest wall was only minimally affected. Lung resistance and Rrs also increased with BMI, but chest wall 
resistance was unaffected.

Hedenstierna et al [7] 1976 Lung compliance decreased significantly in extremely obese subjects while lung resistance was elevated but 
chest wall compliance was WNL. Moderate hypoxemia was recorded during artificial ventilation.

Sharp et al [8] 1964 The authors found significant differences in lung, thoracic and total compliances between normal subjects, 
obese normal subjects and patients with OHS.

Behazin et al [14] 2010 Esophageal pressure was higher in obese than control subjects. Crs was lower in the obese group and this was 
attributed to lower lung compliance rather than to chest wall compliance.

Jones et al [15] 2006 FRC and ERV decreased exponentially with increasing BMI and the reduction was proportional to the severity 
of obesity. Overweight, mildly obese and severely obese subjects demonstrate reductions in FRC of up to 10%, 
22% and 33%, respectively.

Sampson et al [16] 1983 The volume-generating function of the diaphragm was reduced in obesity and this resulted in slightly lower 
tidal volume in obese patients as compared to normal subjects.

Burki et al [17] 1984 TLC, FRC and Crs were significantly lower in patients with obesity; however, an increase in mean respiratory 
rate was recorded, such that the overall minute ventilation at rest was significantly elevated.

Steier et al [28] 2014 This study demonstrated that esophageal and gastric pressure measured in the seated position at FRC were 
significantly elevated in obese subjects as compared to their healthy counterparts who were matched for age, 
gender and height. BMI correlated with gastric and esophageal pressures.

FRC, functional residual capacity; Crs, compliance of total respiratory system; Rrs, resistance of total respiratory system; WNL, within normal 
limits; OHS, obesity hypoventilation syndrome; TLC, total lung capacity; ERV, expiratory reserve volume; BMI, body mass index.
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