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Editor
There has been a paradigm shift in lifestyle and availability of food over the last century
that has inverted the health challenges to society. Once the rich were fat, the poor were
thin, putting food on the table was a challenge, and communicable infectious diseases
were the biggest threats. While this continues in the less-developed world, elsewhere
the rich are thin, the poor are fat, and obesity is a major health challenge along with
associated noncommunicable diseases. Increasing availability of inexpensive food,
reduced necessity of manual work, growth of sedentary recreational activities, and
limited access to active lifestyles has driven this change. Beyond the expected
increase in well-known obesity-associated diseases like diabetes and cardiovascular
disease, this global epidemic of obesity has also been mirrored by equally large
increases in asthma.1,2 These twin epidemics of asthma and obesity are strongly corre-
lated epidemiologically, and the mechanistic links are also becoming increasingly
clear.3–5 This special issue is devoted to providing the reader with an understanding
of why asthma and obesity are on the rise, the magnitude and mechanism of increased
asthma risk in obese subjects, the different clinical profile of asthmatic patients with
concomitant obesity, and finally, the proven and expected benefits of adjunct thera-
pies targeting weight loss and/or metabolic function in such patients.
The concept of “obese-asthma” as a new subphenotype of asthma is important for

practicing clinicians. Many practices have already seen a shift from the typical asthma
patient of the past who started experiencing symptoms early in life and had a strong
allergic component to those starting much later in life and without obvious allergic
triggers. Such patients are often female and obese and represent a form of obese-
asthma.5–7 This is an important clinical subphenotype because such patients tend
to have high symptoms but little allergic inflammation, as measured by exhaled nitric
oxide (exhNO) or sputum eosinophils, and tend to respond poorly to standard
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anti-inflammatory therapy, including corticosteroids. It should be noted that exhNO
could be an unreliable marker in obese subjects, as discussed subsequently. There
are also a substantial number of obese-asthmatics with early-onset asthma and
strong allergic component, who require more intensive anti-inflammatory therapy. In
this issue, Sherry Farzan and Jennifer Diaz review the clinical implications of the adult
obese-asthma phenotypes and highlight the challenges that they pose.
In children, obesity has been strongly associated with asthma but not with other

allergic diseases. Rakesh Lodha and colleagues review the available data from child-
hood studies and find consistent strong associations between obesity and nonatopic
asthma but not between obesity and atopic-asthma or other allergic diseases.
This challenges experimental models of obese-asthma, where adipose-hormone–
mediated inflammation augments Th2 inflammation and the allergic response. It re-
mains possible, however, that adipose hormones have lung-specific effects rather
than a general potentiation of allergy. Other important possibilities include induction
of asthma-like features by metabolic changes of obesity. Nitric oxide (NO) is important
in the regulation of airway tone and airway responsiveness, and NO metabolism has
been reported to be abnormal in obese subjects with metabolic syndrome.4,8,9

Reduced availability of the substrate L-arginine and the presence of asymmetric dime-
thylarginine (ADMA), an uncoupler of NO synthases, contributes to reduced NO forma-
tion, increased superoxide generation, and increased smooth muscle tone in obesity,
metabolic syndrome, and asthma.10–14 This also sheds light on why exhaled NO, used
clinically as a marker for eosinophilic inflammation, is diminished in obese asthmatics.
In this issue, Hartmut Grasemann and Jeremy Scott review the current understanding
of the role of ADMA in asthma pathogenesis and conclude that ADMAmay represent a
novel therapeutic target in correcting the enhanced airways responsiveness in
asthma. Others and we have previously proposed a role for hyperinsulinemia in pro-
moting airway hyperresponsiveness (AHR) and remodeling.15,16 Insulin promotes
airway smooth muscle proliferation and contractility and can also lead to extracellular
matrix deposition by fibroblasts. These changes can remodel the airways and lead to
AHR independent of inflammation. Insulin resistance (IR) was indeed found be a stron-
ger predictor of aeroallergen sensitization and asthma than obesity in a Danish cohort,
but this has not been consistently seen.17,18 This has been reviewed in more detail
elsewhere.16 Interestingly, not only are IR and consequent hyperinsulinemia well
known in obesity, but also markers of IR, such as acanthosis nigricans and dyslipide-
mia, have been noted in asthmatic children.19 Giovanni Piedimonte and Miriam Perez
review the current data on metabolic consequences of asthma to bring out the con-
nections between asthma, obesity, and diabetes.
While IR appears to be one of the important functional threads running through

obesity and asthma, there appear to be deeper mechanistic links. At a subcellular
level, development of IR has been related to mitochondrial dysfunction and increased
mitochondrial reactive oxygen species generation.20 This, together with endoplasmic
reticulum stress, represents an emerging interface between obesity, metabolic syn-
drome, and airway disease, which can be triggered by nutrient overload, inflammation,
or cigarette smoke, among others.21–26 Unpublished data from our lab suggest that
high-fat-diet–induced obesity or high-sugar-diet–induced IR and hyperinsulinemia
are both related to ER stress and mitochondrial dysfunction. Spontaneous AHR and
remodeling are seen in such mice without any allergic inflammation and also the
allergic response is augmented. In this issue, YS Prakash and I review the concept
of obesity and asthma as diseases of bioenergetic failure and mitochondrial dysfunc-
tion. In support, mitochondrial transfer from mesenchymal stem cells (MSC) strongly
attenuates allergic asthma in mice.23 The effect is clearly related to mitochondrial
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transfer because MSC lacking mitochondrial transfer capacity are ineffective, while
those that are bioengineered for greater mitochondrial donor potential are much
more effective.27 We believe that bioenergetic failure is a common theme between
multiple metabolic and cardiopulmonary disorders and merits further examination
as a therapeutic target.24,28 Possible interventions to improve mitochondrial health
are discussed in the review with the expectation that these may have benefit in
asthma. Of these, Coenzyme Q10 supplementation has been reported to be poten-
tially beneficial in steroid-resistant asthmatics.29,30 Benefit in obese-asthma remains
to be tested.
Current guidelines for the management of asthma do not recognize obesity as a

guiding factor in determining optimal therapy. Since obese asthmatics do not respond
as well to the recommended standard controller therapies as normal-weight persons,
this is a critical gap in the recognition and management of an important subgroup. This
issue has two important reviews that address this gap and provide information to the
reader regarding additional options for poorly controlled severe asthma patients, who
are also obese. First, since many of the mechanisms of pathogenesis of asthma relate
to metabolic consequences of caloric excess, adiposity, and adipose hormones, it is
intuitive that caloric restriction and weight loss should be recommended. However,
this does not work for all patients, and evidence of substantial benefit is required for
initiation of therapeutic programs beyond counseling. Njira Lugogo and Timothy Hea-
cock review the evidence for medical or surgical weight loss strategies in the manage-
ment of obese-asthma and conclude that weight loss should be encouraged as a
means of improving asthma symptoms and control, but there are insufficient data to
recommend surgical interventions for weight loss solely for the purpose of improving
asthma.
Second, other than nutritional and lifestyle modification, there may be an additional

role for drugs and/or supplements that target the principal pathological abnormalities.
Statins and metformin have been found to be effective agents for the treatment of
asthma in animal models and are also suitable for the treatment of obesity-associated
metabolic dysfunction.4,31–33 Metformin, in particular, has been associated with atten-
uation of the augmented allergic inflammation in obese mice on a high-fat diet. One of
the mechanisms by which statins work seems to be induction of dimethylarginine di-
methylamino hydrolase1 and inhibition of arginase, thereby resulting in an increased
ratio of L-arginine/ADMA, thereby increasing L-arginine bioavailability to NOS.34,35 In
an alternate approach, L-arginine supplementation at high doses is similarly effective,
probably by restoring a normal L-arginine/ADMA ratio, overcoming the uncoupling ef-
fects of high ADMA and promoting NO synthesis.36–38 There are some concerns, how-
ever, on whether increased arginase-mediated degradation of L-arginine may worsen
asthma and simultaneous arginase inhibition may be required.38 Nicholas Kenyon and
colleagues review the current data on such novel therapies targeting asthma and the
comorbidities that accompany obesity. In their severe asthma clinics, they have found
that female-predominant severe asthmatics with a mean body mass index of 30 or
more, benefited from statin treatment. They are also currently testing the benefit of
L-arginine supplementation in severe asthmatics, who are predominantly over-
weight/obese and female. Nutritional supplements like L-arginine and omega-3 fatty
acids are other exciting considerations for future treatment of asthma that may addi-
tionally attenuate the metabolic syndrome. Overall, there is a pressing need for greater
recognition of the obese-asthma subtypes and a move toward more targeted
therapies.
Notwithstanding any of the mechanisms by which obesity leads to asthma and the

many possible therapeutic strategies for obese-asthma, it seems certain that the twin
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epidemics of asthma relate mostly to external modifiable factors. Given that an ounce
of prevention is better than a pound of cure, wemust also focus on the underlying risks
that are driving both obesity and asthma. Since rapid increases in obesity and asthma
have been seen in childhood, this requires consideration of prenatal and postnatal fac-
tors. In particular, calorie-rich but nutrition-poor food products and environmental
pollution are modifiable social risks that retard the development of our lungs even
before we are born and accelerate the decline thereafter. In this issue, Debra Palmer
and colleagues along with Sundeep Salvi and Sneha Limaye shed light on this poorly
understood facet in both of their articles. It emerges that protection of the nutrition of
young women and provision of a clean environment are time-critical interventions that
cannot be delayed further. However, more is not always better, whether calories or
supplements! For example, maternal folate supplementation in late pregnancy,
when the risk for neural tube defects has already passed, has been associated with
increased risk of allergy and asthma.39 Could this prevalent practice be altering the
epigenome and driving the ever higher peaks in the prevalence of these diseases?
It is time to heed the eloquent call by Giovanni Piedimonte and Miriam Perez in

this issue, “If we want to prevail in the war against chronic airway diseases that so
far have eluded any therapeutic strategy, it is essential to recognize that the months
spent in our mother’s womb may be the most consequential of our lives, and identify
the intrauterine and early life events shaping the development of the respiratory
system to prevent or redirect dysfunctional phenotypes before they result in actual
disease.” This emphasized, I encourage you to enjoy the expert reviews in this special
issue that explore each of these aspects in greater detail.
ACKNOWLEDGMENTS

Anurag Agrawal is supported by the Lady Tata Memorial Trust and the CSIR Center
of Excellence for Translational Research in Asthma and Lung Disease.

Anurag Agrawal, MD, PhD, FCCP
Centre of Excellence for Translational Research

in Asthma and Lung Disease
CSIR–Institute of Genomics and

Integrative Biology
Mall Road

Delhi 110007, India

E-mail address:
a.agrawal@igib.in
REFERENCES

1. Kent BD, Lane SJ. Twin epidemics: asthma and obesity. Int Arch Allergy Immunol
2012;157(3):213–4.

2. Beuther DA. Recent insight into obesity and asthma. Curr Opin Pulm Med 2010;
16(1):64–70.

3. Agrawal A, Sood A, Linneberg A, et al. Mechanistic understanding of the effect of
obesity on asthma and allergy. J Allergy 2013;2013:598904.

4. Agrawal A, Mabalirajan U, Ahmad T, et al. Emerging interface between metabolic
syndrome and asthma. Am J Respir Cell Mol Biol 2011;44(3):270–5.

5. Wenzel SE. Asthma phenotypes: the evolution from clinical to molecular ap-
proaches. Nat Med 2012;18(5):716–25.

mailto:a.agrawal@igib.in
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref1
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref1
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref2
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref2
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref3
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref3
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref4
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref4
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref5
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref5


Preface xvii
6. Haldar P, Pavord ID, Shaw DE, et al. Cluster analysis and clinical asthma pheno-
types. Am J Respir Crit Care Med 2008;178(3):218–24.

7. Fajt ML, Wenzel SE. Asthma phenotypes in adults and clinical implications.
Expert Rev Respir Med 2009;3(6):607–25.

8. Puchau B, Zulet MA, Urtiaga G, et al. Asymmetric dimethylarginine association
with antioxidants intake in healthy young adults: a role as an indicator of meta-
bolic syndrome features. Metabolism 2009;58(10):1483–8.

9. Holguin F. Arginine and nitric oxide pathways in obesity-associated asthma.
J Allergy 2013;2013:714595.

10. Carraro S, Giordano G, Piacentini G, et al. Asymmetric dimethylarginine in
exhaled breath condensate and serum of children with asthma. Chest 2013;
144(2):405–10.

11. Holguin F, Comhair SA, Hazen SL, et al. An association between L-arginine/asym-
metric dimethyl arginine balance, obesity, and the age of asthma onset pheno-
type. Am J Respir Crit Care Med 2013;187(2):153–9.

12. Scott JA, North ML, Rafii M, et al. Asymmetric dimethylarginine is increased in
asthma. Am J Respir Crit Care Med 2011;184(7):779–85.

13. Ahmad T, Mabalirajan U, Sharma A, et al. Simvastatin improves epithelial
dysfunction and airway hyperresponsiveness: from ADMA to asthma. Am J Re-
spir Cell Mol Biol 2011;44(4):531–9.

14. Ahmad T, Mabalirajan U, Ghosh B, et al. Altered asymmetric dimethyl arginine
metabolism in allergically inflamed mouse lungs. Am J Respir Cell Mol Biol
2010;42(1):3–8.

15. Nie Z, Jacoby DB, Fryer AD. Hyperinsulinemia potentiates airway responsiveness
to parasympathetic nerve stimulation in obese rats. Am J Respir Cell Mol Biol 2014.

16. Singh S, Prakash YS, Linneberg A, et al. Insulin and the lung: connecting asthma
and metabolic syndrome. J Allergy 2013;2013:627384.

17. Ma J, Xiao L, Knowles SB. Obesity, insulin resistance and the prevalence of atopy
and asthma in US adults. Allergy 2010;65(11):1455–63.

18. Husemoen LL, Glumer C, Lau C, et al. Association of obesity and insulin resis-
tance with asthma and aeroallergen sensitization. Allergy 2008;63(5):575–82.

19. Cottrell L, Neal WA, Ice C, et al. Metabolic abnormalities in children with asthma.
Am J Respir Crit Care Med 2011;183(4):441–8.

20. Martin SD, McGee SL. The role of mitochondria in the aetiology of insulin resis-
tance and type 2 diabetes. Biochim Biophys Acta 2014;1840(4):1303–12.

21. Makhija L, Krishnan V, Rehman R, et al. Chemical chaperones mitigate experi-
mental asthma by attenuating endoplasmic reticulum stress. Am J Respir Cell
Mol Biol 2014;50(5):923–31.

22. Aravamudan B, Kiel A, Freeman M, et al. Cigarette smoke-induced mitochondrial
fragmentation and dysfunction in human airway smooth muscle. Am J Physiol
Lung Cell Mol Physiol 2014;306(9):L840–54.

23. Ahmad T, Mukherjee S, Pattnaik B, et al. Miro1 regulates intercellular mitochon-
drial transport and enhances mesenchymal stem cell rescue efficacy. EMBO J
2014;33(9):994–1010.

24. Mabalirajan U, Ghosh B. Mitochondrial dysfunction in metabolic syndrome and
asthma. J Allergy 2013;2013:340476.

25. Aguilera-Aguirre L, Bacsi A, Saavedra-Molina A, et al. Mitochondrial dysfunction
increases allergic airway inflammation. J Immunol 2009;183(8):5379–87.

26. Mabalirajan U, Dinda AK, Kumar S, et al. Mitochondrial structural changes and
dysfunction are associated with experimental allergic asthma. J Immunol 2008;
181(5):3540–8.

http://refhub.elsevier.com/S0889-8561(14)00088-5/sref6
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref6
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref7
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref7
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref8
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref8
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref8
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref9
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref9
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref10
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref10
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref10
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref11
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref11
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref11
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref12
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref12
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref13
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref13
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref13
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref14
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref14
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref14
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref15
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref15
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref16
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref16
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref17
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref17
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref18
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref18
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref19
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref19
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref20
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref20
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref21
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref21
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref21
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref22
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref22
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref22
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref23
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref23
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref23
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref24
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref24
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref25
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref25
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref26
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref26
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref26


Prefacexviii
27. Las G, Shirihai OS. Miro1: New wheels for transferring mitochondria. EMBO J
2014;33(9):939–41.

28. Aravamudan B, Thompson MA, Pabelick CM, et al. Mitochondria in lung dis-
eases. Expert Rev Respir Med 2013;7(6):631–46.

29. Gvozdjakova A, Kucharska J, Bartkovjakova M, et al. Coenzyme Q10 supplemen-
tation reduces corticosteroids dosage in patients with bronchial asthma. Bio-
factors 2005;25(1–4):235–40.

30. Gazdik F, Gvozdjakova A, Horvathova M, et al. Levels of coenzyme Q10 in asth-
matics. Bratisl Lek Listy 2002;103(10):353–6.

31. Ahmad T, Mabalirajan U, Sharma A, et al. Simvastatin improves epithelial
dysfunction and airway hyperresponsiveness: from asymmetric dimethyl-arginine
to asthma. Am J Respir Cell Mol Biol 2011;44(4):531–9.

32. Calixto MC, Lintomen L, Andre DM, et al. Metformin attenuates the exacerbation
of the allergic eosinophilic inflammation in high fat-diet-induced obesity in mice.
PLoS One 2013;8(10):e76786.

33. Park CS, Bang BR, Kwon HS, et al. Metformin reduces airway inflammation and
remodeling via activation of AMP-activated protein kinase. Biochem Pharmacol
2012;84(12):1660–70.

34. Kinker KG, Gibson AM, Bass SA, et al. Overexpression of dimethylarginine dime-
thylaminohydrolase 1 attenuates airway inflammation in a mouse model of
asthma. PLoS One 2014;9(1):e85148.

35. Zeki AA, Bratt JM, Rabowsky M, et al. Simvastatin inhibits goblet cell hyperplasia
and lung arginase in a mouse model of allergic asthma: a novel treatment for
airway remodeling? Transl Res 2010;156(6):335–49.

36. Mabalirajan U, Ahmad T, Leishangthem GD, et al. L-arginine reduces mitochon-
drial dysfunction and airway injury in murine allergic airway inflammation. Int Im-
munopharmacol 2010;10(12):1514–9.

37. Mabalirajan U, Ahmad T, Leishangthem G, et al. Beneficial effects of high dose of
L-arginine on airway hyperresponsiveness and airway inflammation in a murine
model of asthma. J Allergy Clin Immunol 2010;125(3):626–35.

38. Bratt JM, Zeki AA, Last JA, et al. Competitive metabolism of L-arginine: arginase
as a therapeutic target in asthma. J Biomed Res 2011;25(5):299–308.

39. Whitrow MJ, Moore VM, Rumbold AR, et al. Effect of supplemental folic acid in
pregnancy on childhood asthma: a prospective birth cohort study. Am J Epide-
miol 2009;170(12):1486–93.

http://refhub.elsevier.com/S0889-8561(14)00088-5/sref27
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref27
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref28
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref28
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref29
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref29
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref29
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref30
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref30
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref31
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref31
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref31
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref32
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref32
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref32
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref33
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref33
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref33
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref34
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref34
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref34
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref35
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref35
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref35
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref36
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref36
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref36
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref37
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref37
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref37
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref38
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref38
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref39
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref39
http://refhub.elsevier.com/S0889-8561(14)00088-5/sref39

	Urban, Obese, Allergic, and Breathless: The Shape of Things to Come?
	Acknowledgments
	References


