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  Abstract   Obesity causes signi fi cant changes in lung function, many of which are 
secondary to the reduction in operating lung volume caused by a stiffening of the 
respiratory system. In addition, reductions in the volume of the intrathoracic cavity, 
due to the presence of adipose tissue and changes in other structures, may also con-
tribute to an overall reduction in lung volume. Thus, the primary effects of obesity 
on lung function arise from the mechanical effects of adipose tissue on the respira-
tory system. However, some studies have reported changes in airway function asso-
ciated with obesity that appear to be independent of lung volumes, though the causes 
of these abnormalities are unknown. It is unclear whether the mechanical effects of 
obesity on lung function can increase the risk of respiratory symptoms in otherwise 
healthy individuals. However, in respiratory disease, a reduction in operating lung 
volume may increase symptoms during bronchoconstriction in asthma and protect 
against symptoms during exercise in COPD.  
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   Objectives 

    Evaluate the effects adiposity on respiratory mechanics  • 
  Assess the mechanism by which obesity leads to impairment in lung function  • 
  Evaluate how obesity may impact clinical presentation and physiology of • 
obstructive and restrictive lung diseases  
  Examine the impact of obesity on pulmonary function testing interpretation     • 

   Introduction 

 The accumulation of adipose tissue, leading to the development of obesity, has a 
profound effect on human physiology, including signi fi cant effects on respiratory 
function due to the mechanical effects of excess adipose tissue on the balance of 
forces that normally act on the lung. In addition, adipose tissue produces hormones 
and other mediators, collectively termed adipokines, which are associated with low-
grade systemic in fl ammation that can act indirectly on the respiratory system. 
However, at present it is unclear whether this causes any measurable impairment in 
respiratory function. The changes in lung function associated with obesity can lead 
to respiratory symptoms in otherwise healthy people, which are accentuated in those 
with respiratory disease, as a result of interaction between disease pathophysiology 
and the direct and indirect effects of obesity. The outcomes of this interaction are 
complex and differ according to the disease and the outcome of interest. The major 
effects of obesity on lung function are summarized in Fig.  1.1  and suggest that many 
of the changes in lung function result from changes in respiratory system mechanics 
and subsequent reduction in operating lung volume, whereas others may be associ-
ated with reduced thoracic volume, or may be due to other non-volume-related fac-
tors. In this chapter, the effects of obesity on lung function and the relationships 
summarized in Fig.  1.1  will be reviewed along with the effects of these impairments 
on respiratory symptoms.   

   Adipose Tissue and Respiratory Mechanics 

 Obesity is de fi ned as a body mass index >30 kg/m 2 . However, body mass index is a 
non-speci fi c measure of body mass that includes both fat and lean mass, without any 
account of differences in fat distribution. Central obesity is associated with increased 
adipose tissue in the anterior chest and abdominal walls and visceral organs, whereas 
peripheral obesity re fl ects adiposity located peripherally on limbs, or in subcutaneous 
tissue. The effect of obesity on respiratory function is likely to be determined by the 
distribution of fat mass. Abdominal and thoracic fat are likely to have direct effects 
on the downwards movement of the diaphragm and on chest wall properties, while 



31 Effects of Obesity on Lung Function

subcutaneous fat on the hips and limbs is unlikely to have any direct mechanical 
effect on the lungs. In addition, visceral fat is more metabolically active than subcu-
taneous fat and may therefore make a greater contribution to low-grade systemic 
in fl ammation in obesity. Because central obesity is more common in men than in 
women, the effect of obesity on respiratory function is also in fl uenced by gender. 
Adipose tissue is also found inside the thoracic cavity, predominantly as pericardial 
fat, which, when combined with obesity-associated increase in the volume of the 
heart and major blood vessels, can reduce the volume of the thoracic cavity  [  1  ] . 

   Intra-abdominal and Intrathoracic Pressures 

 Obesity is associated with chronic increases in intra-abdominal pressure that may 
affect the pleural space by altering pressure across the diaphragm. Intra-abdominal 
pressure is increased in obese subjects compared to non-obese  [  2,   3  ]  and is greater 
in men than women  [  3  ] , likely due to the greater prevalence of central obesity in 
men. Indeed, intra-abdominal pressure correlates with markers of central obesity, 
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such as the sagittal abdominal diameter  [  2,   3  ] . Although pleural pressures are also 
increased in obese subjects compared to non-obese and may exceed atmospheric 
pressure at FRC in some patients  [  2  ] , there were no gender related differences 
observed. In addition, in contrast to intra-abdominal pressure, studies in supine 
anaesthetized subjects  [  2  ]  have shown that abdominal obesity, measured by waist 
circumferences and by sagittal abdominal diameter, was not correlated with pleural 
pressures. Since the relationship between abdominal pressure and pleural pressure 
is mediated by the diaphragm, the lack of correlation between the two may be due 
to compensatory increase in passive tension in the diaphragm in response to 
increased intra-abdominal pressure in the obese. Alternatively, factors other than 
increased abdominal pressures, such as changes in the properties of the chest wall, 
may also contribute to the altered respiratory system mechanics associated with 
obesity. Imaging studies of abdominal and thoracic fat have shown that both regions 
make a signi fi cant contribution to impairments of lung function in the obese  [  4  ] .  

   Respiratory System Compliance 

 Obesity has consistently been associated with a reduction in the compliance of the 
total respiratory system  [  2,   5  ] , likely due to reduction in the compliance of the chest 
wall and lungs. However, despite numerous studies of the compliance of the chest 
wall and lungs in obese subjects, the mechanisms that lead to a stiffening of the 
respiratory system in the obese remain poorly understood. 

 Measurement of chest wall compliance is challenging since the respiratory mus-
cles must be relaxed and inactive to allow for accurate measurement. Studies of 
conscious, spontaneously breathing subjects, in which changes in lung volumes 
were induced using externally applied changes in pressures in a plethysmograph, 
suggest that there is a reduction in chest wall compliance in obesity  [  5,   6  ] . However, 
since respiratory muscle relaxation was assessed using EMG measurements, this 
may not adequately re fl ect muscle relaxation across the whole of the chest wall. In 
contrast, normal chest wall compliance has been reported in studies of supine anaes-
thetized, paralysed subjects with mild  [  7  ]  or severe  [  2,   8  ]  obesity, as well as in stud-
ies of upright conscious subjects  [  9  ] . Alteration in chest wall mechanics from being 
in the supine position  [  10  ]  may account for some of the differences in  fi ndings 
between studies. However, a de fi nitive understanding of the effect of obesity on 
chest wall mechanics remains elusive. 

 Although some studies have reported that lung compliance, measured by full 
P-V curves to TLC, is normal in some obese subjects  [  11  ] , there is more consistent 
evidence that lung compliance is decreased in obese individuals  [  6–  8,   12  ] , and lung 
compliance appears to be exponentially related to BMI  [  7  ] . The mechanism for 
decreased lung compliance in obesity remains unclear; however, increased pulmo-
nary blood volume  [  13  ] , closure of dependent airways resulting in small areas of 
atelectasis  [  8  ] , and increased alveolar surface tension due to a reduction in func-
tional residual capacity (FRC) have been implicated as potential contributors to 
increased stiffness of the lung tissue. 
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 An alternative hypothesis for altered respiratory mechanics in the obese has been 
proposed by Behazin et al.  [  2  ] , who suggest that the apparent stiffening of the chest 
wall may simply re fl ect the mass loading of the chest wall due to an increased volume 
of intra-abdominal and mediastinal fat  [  1  ] . This hypothesis is consistent with  fi ndings 
from an experimental study by Sharp et al.  [  14  ] , which showed that mass loading of 
the thorax in normal weight conscious or anaesthetized/paralysed subjects produced 
a parallel rightward shift of the chest wall pressure-volume curve without any effect 
on compliance. Furthermore, Behazin et al.  [  2  ]  suggest that high pleural pressures, 
which are often above atmospheric pressure at FRC, would lead to closure of small 
airways. As a result, there would be an apparent reduction in lung compliance at FRC 
since the pressure-volume relationship would re fl ect both lung stiffness and the open-
ing pressures of small airways. Thus, obesity could be associated with apparent 
changes in chest wall and lung compliance without actually causing any changes in 
the stiffness of either the chest wall or lung tissue. Figure  1.2  shows compliance 
curves for the chest wall (C 

CW
 ), lung (C 

L
 ) and respiratory system (C 

RS
 ) in normal 

weight and obese individuals. In the obese, although the shape of the C 
CW

  curve is 
normal, it is shifted to the right, consistent with the effect of an inspiratory threshold 
load. The C 

L
  curve has an in fl ection point re fl ecting the increased pressure required 

to open airways that are closed just below FRC. As a result, the C 
RS

  curve, which is 
the summation of the C 

CW
  and C 

L
  curves, is  fl attened, indicating reduced compliance 

of the respiratory system in the obese. The volume at which the C 
RS

  curve crosses 
zero on the pressure axis (i.e. where there is a balance between in fl ationary and 
de fl ationary pressures) is FRC and occurs at a lower volume in the obese.    

   Consequences of Altered Respiratory Mechanics in Obesity 

 Alterations in respiratory mechanics in the obese, leading to an overall stiffening of 
the respiratory system, lead directly to changes in breathing pattern and resting lung 
volumes (Fig.  1.1 ). 
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   Breathing Pattern 

 Increased stiffness of the respiratory system is likely to induce a rapid shallow pattern 
of tidal breathing, which is a typical response to an elastic load  [  15  ] . Indeed, previous 
studies have shown that tidal volumes are often reduced in severe obesity, and breath-
ing follows a rapid, shallow pattern  [  16  ] . This alteration to breathing pattern is most 
apparent during exercise, when obese subjects preferentially increase their breathing 
frequency more, and tidal volumes less, than non-obese subjects  [  17,   18  ] . During 
bronchoconstriction, there is a greater decrease in tidal volumes in overweight or obese 
subjects than in normal weight subjects  [  19  ] . However, in mild-moderate obesity, tidal 
volumes at rest are often in the normal range  [  18,   20–  22  ] , and the frequency and 
 magnitude of regular sighs and deep inspirations appear similar to that in normal 
weight subjects  [  20,   22  ] . Thus, increased respiratory system stiffness has a minor 
effect on breathing pattern and is only seen in severe obesity or when the system is 
under stress, such as during exercise or bronchoconstriction.  

   Resting Lung Volume 

 Aside from its effect on breathing pattern, increased respiratory system stiffness 
also has a major effect on resting lung volume, causing a reduction lung volume at 
relaxation, when the recoil pressures of the lung and chest wall are equal and oppo-
site (Fig.  1.2 ). The relaxation volume of the lung usually equates to the functional 
residual capacity (FRC), which is very commonly reduced in obesity  [  7,   23  ] . FRC 
is exponentially related to BMI  [  7,   23  ] , with reduction in FRC being detected even 
in overweight individuals  [  23  ] . This is illustrated in Fig.  1.3 , which shows the rela-
tionship between BMI and FRC in a study of young adults, aged 28–30 years  [  24  ] . 
The reduction in FRC is also manifested by an increase in inspiratory capacity (IC). 
With increasing severity of obesity, the reduction in FRC may become so marked 
that the FRC approaches residual volume (RV), leaving the individual with a negli-
gible expiratory reserve volume (ERV)  [  23  ] . In fact, in many studies, the reduction 
in ERV is one of the earliest and most marked changes in lung function that occurs 
with increasing weight  [  25  ] . In contrast, the effects of obesity on the upper and 
lower limits of lung volumes, total lung capacity (TLC) and RV are modest. 
Increasing body weight is associated with only small decrease in TLC  [  23,   26,   27  ] , 
and RV is usually well preserved  [  16,   26,   28–  30  ] . As a result, the RV/TLC ratio 
remains normal or slightly increased in obese individuals  [  23,   29  ] .  

 The relationship between BMI and FRC, shown in Fig.  1.3 , is steeper in men 
than in women. This difference in slope is likely to result from differences in the 
prevalence of central obesity between men and women. Central obesity, associated 
with greater fat deposition on the trunk and abdomen, is likely to have a greater 
effect on respiratory system compliance than peripheral fat distribution. Reductions 
in lung volumes are associated with both abdominal fat, measured by waist circum-
ference  [  31  ] , waist to hip ratio  [  32  ]  or abdominal height  [  33  ] , and thoracic or upper 
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body fat, measured by sub-scapular skinfold thickness  [  34  ]  or biceps skinfold thick-
ness  [  26  ] . Several studies have used dual-energy X-ray absorptiometry (DXA) to 
quantify fat and lean mass in different regions of the body and relate these  fi ndings 
to lung function  [  4,   35  ] . Sutherland et al.  [  4  ]  used a wide range of body fat variables 
to determine the effect of fat distribution on lung volumes in healthy adults. Lung 
volumes were only loosely associated with BMI; however, both DXA and non-
DXA-derived measures of upper body fat showed highly signi fi cant negative cor-
relations with FRC and ERV in both men and women. Both abdominal obesity and 
thoracic fat mass were similarly correlated with lung volumes, making it dif fi cult to 
differentiate between the effects of abdominal and thoracic fat. Similarly, improve-
ments in lung volumes such as FVC, FRC and ERV, following moderate weight 
loss, were related to the cumulative loss of fat from areas impinging on the chest 
wall, such as chest, subcutaneous abdominal or visceral fat, rather than from any 
speci fi c region  [  36  ] .   

   Consequences of Reduced FRC 

 In the causal pathway shown in Fig.  1.1 , low operating lung volume due to reduced 
respiratory system compliance leads to effects on airway resistance, expiratory  fl ow 
limitation, ventilation distribution and gas exchange. 
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   Airway Resistance and Reactance 

 Since airway calibre is related to lung volume, reduction in FRC in the obese has 
signi fi cant effects on the mechanical properties of the airway and on expiratory  fl ows 
during tidal breathing. Respiratory system resistance and airway resistance are 
increased in the obese  [  37  ] , indicating that airway calibre is reduced throughout the 
breathing cycle. However, measurement of speci fi c airway resistance in obese sub-
jects, which is adjusted for lung volume, is in the normal range  [  30,   37–  39  ] , suggest-
ing that the reduction in airway calibre at FRC in the obese is attributable to the 
reduction in lung volumes rather than to airway obstruction. Respiratory system 
reactance is also abnormal in the obese  [  21  ] , but the mechanism for this is not clear. 

 Similarly, expiratory  fl ows also decrease with increasing weight  [  29,   38  ]  in pro-
portion to changes in lung volumes  [  30  ] . As such, decrease in expiratory  fl ows in an 
obese individual is unlikely to indicate bronchial obstruction unless the  fl ow mea-
surements have been normalized for the reduction in vital capacity. In a large sample 
of obese and normal weight non-smokers, reductions in expiratory  fl ows at 50% 
(V ¢  

50
 ) and 25% (V ¢  

25
 ) of vital capacity were found in obese men, but not in obese 

women  [  38  ] . Although the difference between obese and normal weight men in V ¢  
50

  
disappeared after normalization for vital capacity, the difference in V ¢  

25
  persisted 

after normalization, suggesting the presence of peripheral airway obstruction in 
obese men. It is not clear why this was only detected in men in this study, but 
increased peripheral airway obstruction in obesity is consistent with  fi ndings from 
other studies, in both men and women, showing that obesity is associated with 
increased frequency dependence of resistance  [  30  ]  and increased frequency depen-
dence of compliance  [  11  ] .  

   Expiratory Flow Limitation During Tidal Breathing 

 Expiratory  fl ow rates are closely related to lung volumes, so that maximal  fl ow 
decreases rapidly as expired volume approaches RV. As shown in Fig.  1.4 , the pre-
dicted maximal  fl ow, shown in the dashed line, is maintained well above the  fl ows 
generated during tidal expiration at normal FRC, but the obese subject, breathing 
tidally at very low FRC, has very little expiratory  fl ow reserve available during tidal 
breathing. For the obese individual, breathing at low lung volume places the tidal 
 fl ow volume loop in a region where it may encroach on the maximal  fl ow, thus 
increasing the risk of tidal expiratory  fl ow limitation. It is not clear whether tidal 
expiratory  fl ow limitation is a common occurrence in the obese. Two studies 
 [  40,   41  ] , using the negative expiratory pressure technique, have found evidence of 
expiratory  fl ow limitation in only 20% of severely obese subjects when upright. 
However, both expiratory  fl ow limitation and breathlessness substantially increased 
when the subjects were placed supine. Quanti fi cation of expiratory  fl ow limitation 
from the  fl ow volume loop, as the percentage of the tidal volume that encroached on 
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the maximal  fl ow envelope, shows highly signi fi cant differences between obese and 
normal weight women when seated at rest  [  18  ] . However, the accuracy of compari-
sons of tidal and maximal  fl ow volume curves may be limited by effects of dynamic 
compression of the airways during maximal forced expiratory manoeuvres. New 
techniques are available for measuring expiratory  fl ow limitation during tidal breath-
ing, based on the forced oscillation technique  [  42  ] , that would allow larger studies 
to determine the extent of expiratory  fl ow limitation in obese populations.   

   Intrinsic PEEP and Dynamic Hyperin fl ation 

 The presence of expiratory  fl ow limitation during tidal breathing promotes the 
development of intrinsic positive end-expiratory pressure (PEEPi) and dynamic 
hyperin fl ation in obstructive airway disease, where it is an important determinant of 
respiratory symptoms. Pankow et al.  [  40  ]  were able to detect PEEPi in all six 
severely obese subjects in whom they were able to make the measurement, even in 
the absence of expiratory  fl ow limitation. The mechanism for PEEPi in the absence 
of EFL is unknown, but could be due to persistent post-inspiratory activity of the 
diaphragm, which has previously been observed in severely obese subjects  [  16  ] . 
PEEPi is a potential cause of respiratory symptoms in the obese since it is an addi-
tional elastic load that must be overcome at the beginning of each inspiration. 

 Although dynamic hyperin fl ation is usually closely associated with expiratory 
 fl ow limitation and PEEPi, it might be expected that the decrease in respiratory 
system compliance associated with obesity would reduce the risk of dynamic 
hyperin fl ation in the obese. Indeed, the relationship between BMI and FRC is cur-
vilinear and tends to  fl atten at high BMI (Fig.  1.3 ). We can speculate that the devel-
opment of expiratory  fl ow limitation and PEEPi in severely obese individuals might 
counteract, at least to a small degree, the effects of the stiffened respiratory system 
on lung volumes.  
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   Airway Closure and Ventilation Distribution 

 It has been postulated that breathing at low lung volume, particularly in the setting 
of marked reduction in ERV seen in obesity, could lead to closure of peripheral 
airways in dependent lung zones  [  2,   11  ] . However, indicators of gas trapping and 
airway closure, such as RV  [  16,   28  ]  and closing capacity  [  43  ] , are not usually noted 
to be increased in obesity at rest. On the other hand, there is consistent evidence that 
if the FRC is very low, closing capacity exceeds the FRC and airway closure can 
occur within the tidal breaths  [  43–  46  ] . Closing capacity, and particularly the extent 
to which closure occurs within the range of tidal breathing, has been correlated with 
arterial PO 

2
   [  43,   46  ]  raising the possibility that airway closure during tidal breathing 

may be associated with under-ventilation of some regions of the lung. 
 Abnormalities of regional ventilation have been observed in obese individuals 

using lung imaging to determine the distribution of ventilation  [  47–  49  ] . Holley et al. 
 [  47  ]  found that in obese subjects with marked reductions in ERV to around 20% 
predicted, ventilation was preferentially distributed to the upper zones of the lung, 
leaving the lower, dependent zones relatively under-ventilated. Similarly, Demedts 
 [  49  ]  found that ventilation was signi fi cantly lower in the lung bases and tended to 
be higher in the apical regions in obese subjects compared to normal weight con-
trols. The  fi ndings were consistent with a reduced expansion of the basal zone, pos-
sibly due to limitations in chest wall and diaphragm movements. However, global 
measures of ventilation heterogeneity, measured by the slope of phase III from sin-
gle-breath washouts or by lung clearance index, are normal even in severely obese 
individuals  [  43  ] .  

   Gas Exchange 

 Mild hypoxemia and increased alveolar-arterial oxygen difference are frequently 
reported, even in eucapnic obese individuals  [  7,   8,   43,   50,   51  ] , and have been associ-
ated with abdominal obesity in the morbidly obese  [  52  ] . Reduction in oxygenation is 
unlikely to be due to abnormalities of gas transfer since most studies suggest that 
D l CO is normal  [  6,   17,   27,   53  ] , even in morbid obesity  [  29  ] . Indeed, some studies 
suggest that D l CO is increased in extremely obese subjects  [  27,   38  ] , probably as a 
result of the increase in blood volume  [  27  ] . Regional ventilation-perfusion mismatch 
in the dependent zones of the lung is a potential determinant of hypoxemia in obese 
individuals. Although an increase in blood volume in the obese could improve the 
homogeneity of perfusion and increase perfusion in the apices of the lung, the distribu-
tion of perfusion is predominantly to the lower zones, and individuals with reduced 
ventilation in the lung bases are likely to be at risk of ventilation-perfusion mismatch 
 [  47  ] . The extent to which gas exchange abnormalities in the obese are reversible is 
unclear, since some weight loss studies show improvements in arterial oxygen tensions 
 [  51,   54  ]  while others report no change  [  44,   55  ] . Hakala et al.  [  44  ]  found no increase in 
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oxygenation with weight loss, even though there were signi fi cant improvements in 
FRC and most subjects no longer had closing capacities above FRC.   

   Consequences of Reduced Intrathoracic Volume 

 The effect of obesity on lung function is often described in terms of a restrictive 
rather than obstructive pattern, characterized by reduction in total lung capacity and 
vital capacity. The mechanisms for the reduction in total lung capacity in the obese 
are not well understood, but, as proposed in Fig.  1.1 , may be due to reduced intratho-
racic volume, as outlined below, or decreased respiratory system compliance. 

   Total Lung Capacity 

 The magnitude of the reduction in TLC with increasing weight is proportionally 
smaller than the effect on FRC, at least until BMI exceeds 35 kg/m 2   [  23  ] , with TLC 
usually maintained above the lower limit of normal even in severe obesity  [  23,   26,   28  ] . 
Lung restriction of the magnitude associated with restrictive lung disease, de fi ned as 
TLC below the lower limit of normal, is not commonly associated with obesity in 
the absence of other disease. Nonetheless, evidence from prospective studies show-
ing increases in TLC with weight loss in both mild  [  55  ]  and morbidly obese  [  51  ]  
subjects, and decreases in vital capacity with weight gain  [  56  ] , is consistent with the 
development of mild restrictive patterns of lung function in obesity. 

 The reasons for the reduction in TLC in the obese are unknown. It may be due to 
a reduction in the downwards movement of the diaphragm, due to increased abdom-
inal mass, which could decrease TLC by limiting the room for lung expansion on 
in fl ation. Alternatively, deposition of fat in sub-pleural spaces  [  57  ]  or elsewhere in 
the intrathoracic cavity might directly reduce lung volume by reducing the volume 
of the chest cavity. An exploratory study to investigate the mechanism for reduced 
TLC in obesity used MRI to measure intrathoracic volumes in obese and non-obese 
men and found increased mediastinal volume in the obese due to an increase in the 
volume of intrathoracic fat, the heart and major blood vessels  [  1  ] . At full in fl ation, 
the proportion of the intrathoracic volume occupied by in fl ated lungs was only 78% 
of the total in the obese compared with 88% in the controls, suggesting that the 
increased mediastinal volume may prevent full lung expansion in the obese, and 
may therefore explain the slight loss of TLC with increasing BMI. However, the 
marked loss of TLC in obese subjects with lung restriction (TLC < 80% predicted) 
was not explained by increased mediastinal volume, suggesting that other factors, 
such as reduced expansion of the thoracic cage, may also be important in this sub-
group  [  1  ] . Since respiratory muscle strength and maximum inspiratory and expira-
tory pressures have been shown to be intact in obesity  [  16,   37,   58  ] , it is unlikely that 
these would be an important determinant of obesity-related reduction in TLC.  
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   Spirometry 

 A reduction in total lung capacity, in the absence of any change in residual volume, 
indicates a reduction in vital capacity (VC). Consistent with a mild restrictive pat-
tern of lung function in the obese, there is a progressive linear decrease in VC with 
increasing BMI that parallels the decrease in TLC  [  23  ] . Similarly, increasing BMI 
is also associated with a decrease in both FEV 

1 
 and FVC  [  30,   59,   60  ] . However, this 

effect is small and both FEV 
1 
 and FVC are usually within the normal range in 

healthy obese adults  [  59,   60  ]  and children  [  61  ] . As a result, the FEV 
1 
/FVC ratio, 

which is a marker of airway obstruction, is usually well preserved or increased  [  30, 
  34,   38,   59,   60  ] , even in morbid obesity  [  29  ] . Figure  1.5  shows data from a popula-
tion of 1,971 adults aged between 17 and 73 years  [  60  ]  based on per cent of pre-
dicted values. Although FVC is affected to a greater extent than FEV 

1 
 as BMI 

increases, FEV 
1 
/FVC ratio remains normal across the weight groups, even in the 

severely obese group. Studies looking at the effect of body fat distribution on 
spirometry have shown that abdominal obesity is a stronger predictor than either 
weight or BMI of reductions in FEV 

1 
 and FVC  [  33,   62  ] , with one very large study 

of over 130,000 people suggesting that abdominal obesity may also be a risk for 
reduced FEV 

1 
/FVC ratio  [  62  ] . Moreover, weight gain following smoking cessation 

 [  63  ]  or with increasing age  [  56  ]  is associated with reductions in both FEV 
1 
 and 

FVC; the effect is greater on FVC than on FEV 
1 
 and greater in men than women, 

presumably because men gain more abdominal fat than women.    
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   Volume-Independent Effects on Airway Function 

 Although many of the effects of obesity on airway function can be attributed to the 
mechanical effects of breathing at low lung volume, as illustrated in Fig.  1.1 , some 
studies have reported effects that appear to be independent of lung volume. In a 
population study of young adults, King et al.  [  24  ]  found that obesity was associated 
with a persistent decrease in airway calibre, measured by respiratory system con-
ductance, even after adjustment for lung volumes. This effect was present in men, 
but not in women. Another study by Watson et al.  [  28  ]  comparing obese and control 
subjects sitting and supine found that differences in lung volume could only partly 
explain the differences in air fl ow resistance between obese and controls  [  28  ]  or the 
increase in resistance associated with recumbency  [  28,   37  ] . Also, as discussed 
above, in the studies by Rubinstein et al.  [  38  ] , although adjustment for vital capacity 
normalized V ¢  

50
 , there were signi fi cant differences in V ¢  

25
  which persisted after nor-

malization. Lastly, the effect of obesity on spirometry increases with increasing 
duration of obesity, independent of the severity of obesity  [  64  ] . 

 The cause of these volume-independent abnormalities of airway function is 
unknown. In addition, it is unclear whether there are any structural changes in the 
airways of the obese. It is possible that airway structures could be remodelled by 
chronic exposure to pro-in fl ammatory adipokines or systemic in fl ammation, or 
damaged by the continual opening and closing of small airways throughout the 
breathing cycle  [  45  ] . However, it is unlikely that fat is present in the airways of 
obese people or has any direct effect on airway structure, but studies of diet-induced 
obesity in rats have reported changes in lipid deposition in the lungs  [  65  ]  which may 
affect surfactant function  [  66  ] . There are no reports of biopsy, pathological or imag-
ing studies of the airway walls of obese subjects to indicate whether there are any 
cellular or structural abnormalities of the airways that might explain abnormal air-
way function.  

   Effects of Altered Ventilatory Mechanics on Symptoms, 
Performance and Clinical Presentation 

   Breathlessness at Rest and During Exercise 

 Breathlessness at rest is usually regarded as uncommon in healthy obese subjects, 
particularly in those with mild to moderate obesity. One study found that 15 of 23 
mildly obese men reported breathing dif fi culties at rest associated with lower maxi-
mum voluntary ventilation and maximal expiratory  fl ows at low lung volumes. 
However, the dyspnoeic group included a greater proportion of smokers, which may 
account for some of the symptoms and differences in lung function  [  67  ] . In mor-
bidly obese subjects (BMI > 40 kg/m 2 )  [  68  ] , dyspnoea scores at rest correlate with 
both inspiratory muscle endurance and lung function. 
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 In contrast, breathlessness during exercise is a common complaint among obese 
individuals. In population studies, subjects with the highest BMI quintile have the 
greatest risk of dyspnoea with exertion, despite being at least risk of airway obstruc-
tion  [  59  ] . Standardized weight-bearing exercise tests, such as the 6-minute walk 
test, show that exercise capacity is reduced in obese adults  [  69,   70  ]  and children 
 [  71  ]  compared to normal weight controls. However, increased exertional symptoms 
in the obese are most likely due to the increased metabolic cost of the energy needed 
to move heavy limbs and drive the respiratory muscles  [  18,   72,   73  ] , rather than to 
deconditioning or to abnormalities of airway or lung mechanics. Studies using 
weight-supported exercise, such as with a cycle ergometer, show that peak exercise 
capacity, in terms of both peak work rate and oxygen consumption, is normal in 
healthy obese subjects suggesting that they are not deconditioned  [  18,   72,   74  ]  .  The 
ventilatory response to inhaled CO 

2
   [  17  ]  and the relationships between oxygen con-

sumption and minute ventilation, and between breathlessness and both oxygen con-
sumption and minute ventilation are all normal in the obese  [  18  ] . Breathing at low 
lung volume could increase exertional breathlessness by preventing obese subjects 
from decreasing their end-expiratory volume during exercise  [  75,   76  ] , but, in fact, 
because they breathe at low lung volumes, obese subjects have enough inspiratory 
reserve to increase their end-expiratory lung volume, to minimize expiratory  fl ow 
limitation, but still increase tidal volumes to meet ventilatory demands  [  18  ] . Taken 
together, these observations suggest that the ability of the obese to increase ventila-
tion in response to increasing metabolic demand is not impaired and that changes in 
lung volumes or airway mechanics due to obesity make little contribution to respira-
tory discomfort during exercise.  

   Effects of Obesity on Respiratory Function in Disease 

 The detrimental effects of obesity on lung function may have an impact on the out-
comes of respiratory disease, although the effects are complex. In asthma, obesity is 
associated with greater prevalence and incidence of the disease  [  60,   61,   77  ]  and may 
also be associated with worse clinical outcomes  [  78,   79  ] , particularly in mild  [  80  ]  
or well-controlled  [  81  ]  disease. In COPD, increasing BMI is associated with a 
reduced risk of death in patients with more severe disease, but not in those with mild 
COPD  [  82  ] . Although these relationships appear paradoxical, the mechanical effects 
of obesity on lung function are likely to be important contributing factors to many 
of the effects of obesity in respiratory disease. 

 How could the mechanical effects of obesity on lung function modify asthma 
pathophysiology? Asthma is characterized by airway obstruction, airway 
in fl ammation and airway hyperresponsiveness. One hypothesis suggests that breath-
ing at reduced tidal volumes could affect the modulation of airway smooth muscle 
contractility by regular tidal stretching and deep inspirations  [  83  ] , and increase the 
responsiveness of the muscle. Tidal volumes are not usually abnormal in mild to 
moderate obesity  [  18,   20–  22  ] . However, breathing at low lung volumes means that 
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airway calibre, and thus the length of airway smooth muscle, is reduced throughout 
the breathing cycle. It is not clear whether this leads to clinically meaningful 
increases in airway hyperresponsiveness in the obese. In studies of asthmatic sub-
jects, there is little evidence that the severity of AHR is systematically increased in 
the obese  [  39,   80,   84,   85  ] . Moreover, there is inconsistent evidence of an association 
between BMI and airway responsiveness in studies of random populations  [  60,   61, 
  86  ] . An alternative hypothesis is that the reduction in operating lung volume in the 
obese has the potential to amplify the symptoms associated with bronchoconstric-
tion. Bronchoconstriction in the obese is associated with increased airway closure 
compared to non-obese controls  [  87  ]  and thus could increase gas trapping and alter 
ventilation distribution. Bronchoconstriction at low lung volume increases the risk 
of expiratory  fl ow limitation and causes greater dynamic hyperin fl ation in obese 
asthmatic  [  84  ]  and non-asthmatic  [  21  ]  subjects, which may increase the severity of 
dyspnoea  [  88  ] . Nicolacakis et al.  [  39  ]  suggest that obesity and asthma have additive, 
rather than synergistic effects, on outcomes such as spirometry and lung volumes. 
We can speculate that, in more severe or uncontrolled asthma, symptoms are likely 
to be dominated by the effects of uncontrolled airway in fl ammation and airway 
hyperresponsiveness. However, as these effects diminish with treatment and better 
asthma control, the effects of obesity on the development of airway closure, expira-
tory  fl ow limitation and dynamic hyperin fl ation during episodes of mild bronchoc-
onstriction may become more apparent. The occurrence of these additional elastic 
loads during bronchoconstriction, re fl ected by greater changes in respiratory system 
reactance in obese than non-obese subjects  [  21,   22  ] , are often not well re fl ected by 
spirometry and may explain why some obese asthmatics have more severe symp-
toms than their lean counterparts, despite similar spirometry  [  89  ] . 

 In COPD, it has been proposed that reduced operating lung volumes in obese 
patients may provide a mitigating in fl uence on the intensity of exertional dyspnoea, 
by counterbalancing the negative mechanical consequences of severe lung 
hyperin fl ation  [  90,   91  ] . Because the obese COPD patients start from a much reduced 
FRC, dynamic hyperin fl ation during exercise does not result in such severe loss of 
inspiratory reserve as in non-obese COPD patients. The interactions between obe-
sity and respiratory disease are discussed in detail in later chapters. 

 In restrictive lung disease, there are few available data about the effects of obe-
sity on lung function. However, one study suggests increased BMI is associated 
with better survival in patients with idiopathic pulmonary  fi brosis  [  92  ] .   

   Impact of Obesity on the Interpretation of Pulmonary 
Function Tests 

 Obesity modi fi es many aspects of pulmonary function, even in people without 
respiratory disease, so the interpretation of pulmonary function tests in obese indi-
viduals can present problems. As outlined in this chapter, obesity in people without 
respiratory disease is typically associated with marked reductions in expiratory 
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reserve volume and FRC, and modest reductions in TLC, VC, FEV 
1 
 and FVC. 

However, reductions in FEV 
1 
/FVC ratio, indicating airway obstruction, are not typi-

cal and would require further investigation. Measurements of expiratory  fl ows and 
airway resistance may be abnormal and must be adjusted for lung volume before 
interpretation. The effect of obesity on pulmonary function tests in people at the 
extremes of age and height, where predicted values are less reliable, may be dif fi cult 
to interpret. 

 In restrictive lung disease, TLC is, by de fi nition, below the lower limit of normal. 
Although obesity is associated with a mild restrictive pattern of lung function, 
reductions of TLC of this magnitude are uncommon, even in severe obesity, and 
causes other than obesity should be sought for this restrictive pattern. Furthermore, 
in diseases such as idiopathic pulmonary  fi brosis, diffusing capacity is reduced and 
both hypoxia and hypercapnia may be present. Some obese subjects have mild 
hypoxia on blood gas analysis, despite normal diffusing capacity. However, the 
presence of hypercapnia is uncommon and would suggest obesity hypoventilation 
syndrome (discussed in Chap.   5    ).      
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