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Objectives
At the conclusion of this session, the participant will be able to:

+ understand the effects of obesity on respiratory physiology and immune
function;

+ develop a rationale approach to treating obese patients with asthma;
+ explain how comorbidities complicate treatment of asthma in obesity.

Obesity is a major risk factor for asthma, and nearly 60% of patients with severe
asthma are obese. Obese patients do not respond as well to standard therapies; this
represents a major challenge to clinicians and a public health crisis. This session will
discuss the pathophysiology of the different phenotypes of obese asthma, and how
this affects treatment responses. The role of medications, life-style interventions,and

co-morbidities will be discussed, along with a discussion of future therapies being
developed to address this challenging new patient population.
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Treating asthma in patients with obesity :
the need for a new approach

Asthma and obesity in 2019
Patient’s perspective

Pathophysiology & phenotypes Comorbidities

Obesity Sleep-
oxidative disordered
stress breathing

Depression
Anxiety

Dietary How far should we

- ‘ go with medications?
Life Style \_//

Interventions




Causes and effects of obesity

CAUSES

CARDIOVASCULAR

E F FECTS LOW-GRADE DISEASE

SYSTEMIC
INFLAMMATION INSULIN

RESISTANCE AND

TYPE 2 DIABETES

Gomez-Llorente MA et al. Int J Mol Sci. 2017 Jul 11;18(7)



Relation between BMI and risk of asthma

Adjusting for age, intensity of cigarette smoking, atopy, and familial correlations
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Carpaij OA et al. Curr Opin Pulm Med. 2018 Jan;24(1):42-49



Association of BMI and lung function
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Asthma and comorbidities

| Obesity

Rhinosinusitis/
nasal polyps

Asthma

Food allergy/ Anxiety/
\anaphylaxis | depression |

Global Initiative for Asthma (GINA) 2018




Prevalence of co-morbidities in severe asthma

Porsbjerg C et al. Respirology. 2017 May;22(4):651-661



Relative prevalence of co-morbidities between

phenotypes of severe asthma

Early-onset allergic Late-onset eosinophilic Late-onset non-eosinophilic
asthma asthma asthma
Rhinosinusitis - +++ 4+
(CRSsNP)
Nasal polyps + ++4+ +
(CRSwWNP)
Allergic +++ + +
rhinoconjuctivitis
DB + + 4+
VCD + ++
Anxiety + +Ht
Depression +++ + +
Obesity + ++ e
OSAS + + ++
Gastrointestinal reflux + +H+ +H+
Bronchiectasis + ++ ++
ABPA + ++ ++

Porsbjerg C et al. Respirology. 2017 May;22(4):651-661



Interplay between obesity, gastroesophageal reflux,
SDB and asthma

Sedentary lifestyle
Dietary factors
Genetics and epigenetics

Dyslipidemia _ /OI%ity\
Insulin resistance //
GER
Inflammation

/

Increased pro- Decreased anti-
inflammatory inflammatory

Mechanical effects
of truncal adiposity

adipokines adipokines

M2 - M1 macrophage response
Th2 - Th1 immune response
Airway hyperresponsiveness
Airway obstruction

Gupta S et al. Indian J Pediatr. 2018 Oct;85(10):887-892




Multifactorial effects of obesity on asthma

[ Genetics J [ Microbiome ]
-Genetic variants -Intestinal
-Epigenetics -Airway
{ Metabolism ] [ Inflammation J
-Insulin resistance | Obes |ty -Atopic / non-atopic
-Metabolic syndrome -Airway / systemic
[Airway changes ] [ Nutrition J
-Airway obstruction -Nutrients
-Dysanapsis e -Dietary patterns
[ Asthma

s

[ T Severity/morbidity ] { 4 Quality of life ] [ 1 Medication response J

Forno E et al. Curr Opin Allergy Clin Immunol. 2017 Apr;17(2):123-130



Inflammasomes fuel obesity-induced inflammation

Ceramide
Palmitate
Cholesterol
IAPP
Adipocyte death

Lean state Obese state
Anti-inflammatory pro-inflammatory
Insulin sensitive Obesity
Insulin resistance
Hepatosteatosis

Umetsu DT. Thorax. 2017 Feb;72(2):174-177



Innate lymphoid cells at interface between obesity and asthma
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Role of ILCs In asthma

* Allergen

MHC 1l

w

IL-5

Recall _
response

Airway
IgE production Hyper-responsiveness Eosinophil recruitment Neutrophil recruitment
(Y and mucus secretion P

Y

Airway inflammation

Everaere L et al. Immunology. 2018 Jan;153(1):21-30



ILCs In visceral adipose tissue

Visceral
adipose tissue

A IL-4 ’
S \) %
Eosinophil @ @ .
L
&S > 9 . .
. White fat adipocytes
M2 macrophages Beige fat adipocytes M1 macrophages
HOMEQOSTASIS OBESITY

Everaere L et al. Immunology. 2018 Jan;153(1):21-30




Bone marrow and circulating blood ]

Redistribution of ILCs
In obesity:
a link with asthma?

Allergen
challenge

NN ILC2 and ILC3

%ntige%

‘Lpresentatlon

4\ eosinophils A ‘J‘)

N Airway hyper-responsiveness

/M Specific IgE /

\_ Y@\, W eosinophils
e

Visceral adipose tissuh

(D ¥ ILc2

J/ ILC3 ?

A ILCH

Everaere L et al. Immunology. 2018 Jan;153(1):21-30



Hormonal regulation of airway responsiveness under
physiological and obesity conditions

LEAN OBESE
. A Insulin A Leptin
Insulin : 5
o 52\ & Leptin \ \g\

Brainstem - Brainstem =

Achl_ parasympathetic 't‘ACh,_ Parasympathetic
nerves nerves
A" Pach
Anti-inflammatory Anti-inflammatory
Adiponectin __2%on o ¥ Adiponectin ....... 2%,

Pro-inflammatory
A Leptin action

4 Insulin /I\Contractilit

Mastocyte
degranulation

Leiria LO et al. Metabolism. 2015 Feb;64(2):172-81



Inflammation in lungs from obese and lean mice

LEAN

7 L0 TN

Arginase-1
) |
é} ﬁ Anti-inflammatory
‘(j’ ﬁ pathway

Subclinical

Non-TH2 inflammation

l

AHR

Leiria LO et al. Metabolism. 2015 Feb;64(2):172-81



Adipose tissue-respiratory system interaction:

Role of Adiponectin

Obese Adipose Tissue

- Inflammatory State

COPD \

* Mild-moderate obesity in COPD patients have
protective effects on survival (Obesity paradox)

Adiponectin

* Serum levels are increased and associated with:
- Disease Severity
- Frequent Exacerbator Phenotype

4—:—»

Lung Function Impairment
Increased both Respiratory and Systemic

Deregulation of adipokine secretion,
including Adiponectin
Epithelial/Endothelial Adipokine

Receptor Expression ”

* Both Pro- and Anti-inflammatory properties in
vitro and in vivo

Lung Disorders
Development/Progression

Asthma

* Lung Function Impairment
* Increased inflammation
* More severe disease with less response to therapy

Adiponectin

* Serum levels are decreased
* Lower in obese asthmatics compared to non-

obese asthmatics /

Bianco A et al. Pulm Pharmacol Ther. 2017 Apr;43:20-25



Linking mechanisms between

obesity and asthma

Obesity-asthma phenotypes - Rk g

- Non-allergic late-onset

Mechanical effect, | Obesity Low-grade inflammation
genetic, life style = a

o , _ SCFAs: short-chain fatty acids; LPS: lipopolysac
Adipose tissue: cytokines and

‘adipokines

Gut microbiota: SCFA, bile acids and LPS exposure

Gomez-Llorente MA et al. Int J Mol Sci. 2017 Jul 11;18(7)



Obese-asthma phenotypes

Early-onset asthma
complicated by obesity

Mixed airway

Paucigranulocytic
inflammation

airway inflammation

Eosinophilic airway Neutrophilic airway
inflammation inflammation 3 4

-
¥
\
\

Early-onset Obese-
Asthma Phenotype k >

Triggers <o
?Glucocorticoid
insensitivity
?Physical inactivity

Scott HA et al. Curr Allergy Asthma Rep. 2017 Aug;17(8):53



Obese-asthma phenotypes

Obesity causing
late-onset asthma

Eosinophilic airway

Paucigranulocytic
airway inflammation inflammation
Mixed airway Neutrophilic airway
inflammation inflammation
:hv"l ” 4 \\ \\ a1
4 sid
Late-onset Obese- Neutrophilic Obese-
Asthma Phenotype Asthma Phenotype
Triggers Triggers
?Changes in airway 7Excess adipose tissue
structure and function ?Dietary factors
?Increased susceptibilty to
environmental exposures
?Hormones

S

Scott HA et al. Curr Allergy Asthma Rep. 2017 Aug;17(8):53




Extent of obesity correlates with poor asthma

control despite high-dose ICS
(high dose ICS

X 3 months)
Baseline After treatment
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Carpaij OA et al. Curr Opin Pulm Med. 2018 Jan;24(1):42-49



Systemic and airway effects of dietary patterns

on asthma

Blood stream

Western diet

Fruits and vegetables
A Q000 Nutrients from western diet

/. Nutrients from fruits or vegetables




Mechanisms of mother-to-child transfer of protection
against allergic airway inflammation

Lumen Mouse neonate intestine

Dietary and
environmental
antigen

; TN

Antigen

Antigen processing ' Naive CD4*
by the maternal Allergenic T cell
digestive system Maternal milk: peptide l

* Antigens

° IgA

e Tolerogenic factors

e Gut growth factors

e Microbiota-
influencing factors

oy

Tolerance ||

Antigen transferred
across the gut barrier

ra

Intestinal

Tolerance epithelial cell

Julia V et al. Nat Rev Immunol. 2015 May;15(5):308-22



Probiotics
Lumen l

Lactobacillus spp. and
Bifidobacterium spp.

Intestinal

L Gut permeability‘ epithelial cell

TLR2

Possible mechanisms of the
beneficial effects of
probiotics in allergy

‘ N
Differentiated Monocyte-derived
tolerogenic DC or myeloid DC

L 1 ( )
00 1L-10
Treq Cell

T Oral tolerance?

1 Food allergy?

* Protection against asthma
and atopic dermatitis?

Julia V et al. Nat Rev Immunol. 2015 May;15(5):308-22



Impact of vitamin A and vitamin D3

on allergic reactions

a Vitamin A

Vltamln A Lumen

Intestinal
epithelial cell

3

=

e Intestinal ‘
- RA homeostasis
\,
N
CD1_03+ DC 04p7
: integrin

T Oral tolerance
! Food allergy

CCR9

Mesenteric lymph node
T Treg cells

! InﬂammatoryT 2 cells
LT 1and T17 cell
differentiation (high
doses of RA)

e . 1 Allergic lung
inflammation?

Protect against allergic reactions

b Vitamin A deficiency

o
o°IL-5 and
o @IL-13

ILC2

T Inflammation
T Food allergy?

E-selectin
ligand

Mesenteric
lymph node

o°IL 13
J' and TNF

¢ Relocalization to
mucosal tissue?
e Allergic response?

Julia V et al. Nat Rev Immunol. 2015 May;15(5):308-22

¢ Vitamin D3

25(0OH)VD3

Macrophage
=
or monocyte-
derived DC

T cell \ 4

1,25(0H),VD3

Mesenteric

lymph node

Reg CELlS

L T,1, T2 and
T 17 cells

d IgE production

|

1 Airway inflammation
and atopic dermatitis




Lipid mediators derived from Q-6 and Q-3 fatty acids

Dietary : Dietary
Sourcas Q-6 PUFAs & Metabolites 0-3 PUFAs & Metabolites R
Sunflower & > Linoleic Acid a.-LinoIenic L Flaxseed &
Safflower oils (18:2n-6) Acid (18:3n-3) |€ Candia ol
y-Linoleic Eicosapentaenoic
Acid Acid (20:5n-3)
\I/ l Fish & Fish ol
Dihomo-y- Docosahexaenoic
Linoleic Acid Acid (22:6n-3)
Arachidonic Acid
(20:4n-6) Anti-Inflammatory & Pro-Resolving
Mediators :
l 0-3 Electrophiles (i.e. oxo-DHA)
Resolvins, Maresins, Protectins
Pro-Inflammatory Mediators:
PGD,
CysLTs
Anti-Inflammatory & Pro-Resolving
Mediators :
PGE,
Q-6 Electrophiles (i.e.15dPGJ,)

LXA,

Wendell SG et al. J Allergy Clin Immunol. 2014 May;133(5):1255-64



CONCLUSIONS:

The evidence shows that, for obese adults with asthma, the best dietary
intervention seems to be caloric restriction, regardless of specific dietary
components.

«  Weight | 27.5% from baseline as a result of caloric restriction can be beneficial for
improving disease control, quality of life, and pulmonary function in obese patients
with asthma.

« Adietary pattern rich in foods with potential antioxidant effect had an impact in
improving asthma control, but with little clinical significance.

« Antioxidant supplementation improves asthma control with magnesium
supplementation and less decline in lung function with vitamin C supplementation.

« Fatty acid supplementation demonstrated effects on weight loss and improvement of
asthma control and lung function.

« Supplementation with propolis and caffeine reported significant increases in FEV1.

» Conversely, studies of high dietary salt intake reported greater declines in lung
function.

Forte GC et al. Crit Rev Food Sci Nutr. 2018 Jul 24;58(11):1878-1887




Diet, obesity, and
asthma

 Western dietary patterns
* excess energy intake
» regular consumption of processed
or “fast” foods
 limited consumption of fruits,
vegetables, and whole grains.

=> high intake of saturated fat, refined
carbohydrates, and sodium

=> low intake of fiber, vitamins, and other
phytochemicals.

» Associated with increased risk of
chronic inflammatory diseases,
including asthma

EXCESS ENERGY

Saturatedfat
Refined carbohydrates
Sodium

Fibre
Antioxidants

OBESOGENIC DIET = INFLAMMATORY DIET

Wood LG et al. Ann Am Thorac Soc. 2017 Nov;14(Supplement_5):S332-S338




Mediterranean vs Western diets

Mediterranean diet Western diet

Processed meats

Red meats

White meat, seafood, fis

Dairy products (high-
Legumes, eggs fat)
Dairy (low-fat preferably) Refined grains
Nuts, seeds, olives Potato

/ Fruit, vegetables
// é Cereals (wholegrain preferably)

Olive oil

Guilleminault L et al. Nutrients. 2017 Nov 8;9(11). pii: E1227




Mediterranean diet pyramid

Mediterranean Dlet Pyramid: a lifestyle for today Serving size based on frugality
Guidelines for Adult population and local habits

‘ Sweets < 2s
Potatoes < 3s Red meat < 2s
Processed meat< 1s

Fruits 1-2 | Vegetables = 2s AN = Olive Oil i
Variety of colours / textures A $ Bread / Pasta / Rice / Couscous/ g
(Cooked /Raw) y:-- Other cereals 1-2s

: (preferably whole grain)

b | Water and herbal ;
infusions ¥

Biodiversity and seasonality
Traditional, local

and eco-friendly products
Culinary activities

s=Saving

Fundacion
Dieta Mediterrianea

Medina-Remén A et al. Crit Rev Food Sci Nutr. 2018 Jan 22;58(2):262-296



Association between Mediterranean patterns

and asthma

Authors (year of Sample Age range Follow

study) Country  Type of study size (years) Gender up Main outcome Results Adjustments

Arvaniti et al. Greece Cross sectional 700 10-12 Children (323 / Asthma symptom  Higher adherence to Med-Diet was associated ~ Age, sex, BMI, physical activity status, energy

(2011) boys) with a lower prevalence of any asthma intake.
symptom (OR = 0.86; 95%Cl: 0.75 to 0.98).
Barros et al. (2008) Portugal Cross sectional 174 25-55 332 / Asthma High adherence to a Med-Diet | the risk of Gender, age, education, energy intake and
uncontrolled asthma by 78% (OR = 0.22; current use of inhaled corticosteroid.
95%Cl: 0.05 to 0.85).
2142 Higher intake of fresh fruit | the probability of

having noncontrolled asthma (OR = 0.29;

95%Cl: 0.10 to 0.83), while a higher intake

of ethanol had the opposite effect (OR =

3.16; 95%Cl: 1.10 to 9.11)

Castro-Rodriguez ~ Spain Cross sectional 1,784 3.28-4.88  Children / Current wheeze Med-Diet was a protective factor for current Age, birth weight, livestock during pregnancy,
et al. (2008) wheezing (OR = 0.54; 95%Cl: 0.33 to 0.88). delivery by cesarean, antibiotic consumption

during the first year, acetaminophen
consumption during the previous 12 months,
rhinoconjunctivitis, dermatitis, paternal
asthma, maternal asthma, maternal age,
maternal education level, current paternal
smoking, current maternal smoking, vigorous
physical activity frequency, cats at home in
the last 12 months.

de Batlle et al. Mexico Cross sectional 1,476 6-7 Children / Ever asthma, ever ~ Adherence to Med-Diet was negatively Sex, maternal education, exercise, current

(2008) wheezing, current  associated with ever asthma (OR = 0.60; tobacco smoking at home, maternal asthma,
wheezing 95% Cl: 0.40 to 0.91) and ever wheezing maternal rhinitis.
(OR = 0.64; 95% Cl: 0.47 to 0.87).
Garcia-Marcos Spain Cross sectional 20,106 6-7 Children / Current occasional ~ Med-Diet was a protective factor for current Older and younger siblings, maternal smoking.
et al. (2007) asthma, current severe asthma in girls (OR = 0.90; 95%
severe asthma Cl: 0.82 to 0.98).
Grigoropoulou Greece Cross sectional 1125 10-12 Children (529 / Ever asthma Higher Mediterranean score was associated Environmental factors (details unknown).
etal. (2011) boys) with a lower prevalence of ever-asthma
(OR = 0.84; CI: 0.77 t0 0.91).
Urban areas, OR = 0.81; CI: 0.73 to 0.91; rural
areas OR = 0.87; Cl: 0.75 to 1.00
Nagel et al. (2010) 20 countries  Cross sectional 50,004 8-12 Children / Ever asthma, current Higher adherence to Med-Diet was associated ~ Age, sex, environmental tobacco smoke,
wheeze, and with a lower prevalence of ever asthma (OR parental atopy, exercise, number of siblings.
atopic wheeze = 0.95; 95% Cl: 0.92 to 0.99) and current
wheezing (OR = 0.97; 95% Cl: 0.94 to 0.99).

Chatzi et al. (2007) Spain Longitudinal 967 6.5 507 pregnant 6.5 years Persistent wheeze, Higher adherence to Med-Diet was a protective  Sex, maternal and paternal asthma, maternal
women and atopic wheeze factor of persistent wheeze (OR = 0.22; Cl: social class and education, BMI, total energy
460 children 0.08 to 0.58) and atopic wheeze (OR = 0.30; intake, children adherence to Med-Diet at

Cl: 0.10 to 0.90). age 6.5.

Chatzi et al. (2013) Spain, Greece Longitudinal 2,516 29-33 2516 pregnant  1year  Wheeze in the first  Adherence to Med-Diet during pregnancy was  Maternal age; education; maternal history of
woman-infant year of life not associated with wheeze in the first year asthma; smoking during pregnancy; parity;
pairs of life duration of breastfeeding; child’s age at

assessment; child’s sex.

Castro-Rodriguez ~ Spain Longitudinal 1,409 14.1-19.1 1,409 pregnant  1year  Ever wheezing Med-diet score (excluding olive oil) was not Sex, exclusive breastfeeding, day care

etal. (2010) months woman-infant during the first associated with infants’ ever wheezing attendance, eczema, maternal asthma,

pairs

year

during the first year. However, olive oil was

protective against ever-wheezing (OR = 0.57;

Cl: 0.4 t0 0.9)

smoking during pregnancy, siblings, mold on
household wall, preterm birth, olive oil.

Medina-Remon A et al. Crit Rev Food Sci Nutr. 2018 Jan 22;58(2):262-296



Diet and risk of asthma or wheezing

Diet During Life Stages

Diet Pregnancy Childhood Adulthood
Effect Evidence Effect Evidence Effect Evidence
Post-natal
breast feeding o [56] Very strong [57] Low
Mediterranean diet [58-63] Low [59,63-68] Low [69-71] Low
Fruit [58,61,63,72-77] Low @ [75-51] Low @ (69,52,53] Low
Vegetables [58,61,63,72-77] Low @ [78-81] Low @+ [708385)  Verylow
Fast food [60,63,86,87] Low Q [63,88,89] Low [90] Low
“Western” diet [91-93] Low o [88,94-97] Very low [90,98-100] Low
Meat [62,101] Low (%] [63] Low [90] Low
Fish [74,77,92,102-108] Low @ «[95,105,108-113] Low [69-71] Low
Vitamin A [114-116] Low [117,118] Low ? ?
Vitamin B [114,119,120] Low ? ? ? ?
Vitamin C [75,114,115,121,122] Low ? ? ? ?

. . Very > ”
Vitamin D @ [101,123-125] Strong [126] Low ; '
Vitamin E o Low ? ? D Low

[75,101,115,121,122,127] [128,129]
LCn-3 PUFA
(Fish oil) @ (130-132) Strong [133-135] Very Strong [113,136,137] Low

° Beneficial effect;Q negative effect; No effect; ? = no data.



Diet and asthma control

Diet Childhood Adulthood
Effect Evidence Effect Evidence
Mediterranean diet (/) [153,154] Low [170,171] Strong
Fruit (] [155,156] Very low (v [174] Strong
Vegetables (v [156] Very low (v [174] Strong
Fast food Q [156,158,159] Very low Q [183] Very low
“Western” diet ? ? Q [181] Very low
Meat ? ? Q [182] Low
Fish ? ?
Vitamin A ? ?
Vitamin B ? ? ?
Vitamin C o [166] Low [176] Strong
Vitamin D (/] [167] Strong [178] Strong
Vitamin E ? ? [177] Strong
LC n-3 PUFA (Fish oil) [160-163] Strong [161] Very strong

° Beneficial effect;e negative effect; No effect; ? = no data.

Guilleminault L et la. Nutrients. 2017 Nov 8;9(11). pii: E1227



Diet and lung function in asthma

Childhood Adulthood
Effect Evidence Effect Evidence
New born Breast feeding [185-187] Low ? ?
Mediterranean diet () [43,188] Very low [43,170,171,188] Strong
Fruit [43] Very low ° [172-174] Strong
Vegetables [43] Very low (] [174] Strong
Fast food ? ? ? ?
“Western” diet ? ? ?
Meat ? ? [71] Low
Fish ? ? ? ?
Vitamin A [118] Low ? ?
Vitamin B ? [175] Very low
Vitamin C (/) [166,189] Strong (v ] [197] Strong
Vitamin D [190-192] Very strong [190,191,198] Very strong
Vitamin E () [193] Strong [197] Strong
LC n-3 PUFA (Fish oil) [194] Strong [194] Strong

° Beneficial effect;Q negative effect;

No effect; ? = no data.



Diet and obesity

Glucagon-like peptide 1:
A potential anti-inflammatory
pathway in obesity-related asthma

Decreased
NIV, DON inflammatory cell
pm:lfmﬂnd proliferation and
nm :
infiltration
« Diet and obesity = Alrw
y remodeling ’
- dysregulated arginine metabolism | _ R
- 1 production of advanced glycation | AWay hyperreactivity Bronchodilation
end products (AGE) and Bronchoconstriction Vasodilation
subsequent activation of their
receptor (RAGE) l
=» inflammation and asthma.
Asthma

 The GLP-1 pathway may be critical
to attenuating this inflammation




Glucagon-like peptide 1.

A potential anti-inflammatory pathway in obesity-related asthma

g RAGE
\ | ADMA |
L-Ornithine \/
eNOS | (NOS

o ;
j \ ! Z
L-citrulline | | Feactive ADMA B | |:||:| NF-kB
+NO NG
species

Nguyen DV et al. Pharmacol Ther. 2017 Dec;180:139-143




Treating asthma in patients with obesity :
the need for a new approach

Asthma and obesity in 2019
Patient’s perspective

Pathophysiology & phenotypes Comorbidities

Obesity Sleep-
oxidative disordered
stress breathing

Depression
Anxiety

Dietary How far should we

- ‘ go with medications?
Life Style \_//

Interventions
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