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OBESITY

OBESITY AS A RISK FACTOR:
* Obesity increases the risk of developing many health

conditions:

Psychosocial

Eating disorders

Poor self-esteem

Body image disorder

Social isolation and stigmatisation
Depression

Neurological

Pseudotumour cerebri

(idiopathic intracranial
hypertension)

Pulmonary 1
Exercise intolerance

Obstructive sleep
(Asthma)

Gastrointestinal

Gallstones

Gastro-oesophageal reflux
Non-alcoholic fatty liver disorder

Cardiovascular
Hypertension
Dyslipidaemia
Coagulopathy

Chronic inflammation
Endothelial dysfunction

Endocrine
Insulin resistance

Renal Impaired fasting glucose

Glomerulosclerosis or glucose intolerance
Type 2 diabetes
Musculoskeletal Precocious puberty
Ankle sprains Menstrual irregularities

Polycystic ovary

Flat feet
syndrome (females)

Tibia vara
Slipped capital femoral epiphysis
Forearm fracture



OBESITY

INCREASING PREVALENCE IN WESTERN COUNTRIES:
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ASTHMA

INCREASING PREVALENCE IN WESTERN COUNTRIES:
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OBESITY & ASTHMA

EVIDENCE OF ASSOCIATION BETWEEN OBESITY AND ASTHMA:

* Studies have shown 1.5-3-0 fold increase in prevalence of

asthma amongst obese patients.




OBESITY & ASTHMA
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Beuther DA & Sutherland ER — Overweight, obesity, and incident asthma. A meta-analysis of prospective
epidemiologic studies. Am J Respir Crit Care Med 2007;175:661.666




Maternal obesity in pregnancy, gestational weight gain, and risk of childhood
asthma.

Forno E et al Pediatrics 2014; 134:€¢535-46 —

Obesity-induced increases in asthma risk can start in utero. =

In @ meta-analysis .of more than 108,000 participants, we found that maternal
obesity and weight gain during pregnancyare independently associated with
approximately 15% to 30% increased risk of asthma in the offspring

ACa— P I R— A
Study %
ID OR (95% ClI) Weight

Asthma/Wheeze (ever)

. Reichman 2008 1.01 (0.99-1.03) 9.07
Haberg 2009 1.01 (1.01-1,02) 13.72
Kumar 2010 1.10 (1.01-1.15) 1.86
Scholtens 2010 1.06 (1.01-1.12) 2.73 |
Scholtens 2010 1.01 (0.69-1.07) 0.18
Harpsoe 2012 1.03 (1.02-1.04) 12.59
Patel 2012 1.03.(1.00-1.05)  8.02
Guerra 2013 1.08 (1.01-1,15) 1.86
Pike 2013 1.08 (1.02-1.13) 2.77

Subtotal (P =70.4%, p =.001) 1.03 (1.02-1.05) - 52.79

Asthma/Wheeze (current)

Scholtens 2010 1.05(1.01-1,10) 3.68
Scholtens 201Q 0.98/(0.94-1.02). - 3.93
Harpsoe 2012 1.03 (1.02-1.04) 12.59
Patel 2012 1.05 (1.02=1.08) 6.48

Leermakers 2013
Leermakers 2013

1.01 (1.00-1.03) 9.72
1.00 (0.99-1.02) 10.55

" Pike 2013 — 1.10 (0.92-1.32)  0.27
Subtotal (F =66.3%, p=.007) o 1.02 (1.01-1.04) 47.21
h 1
~ Overall (P =67.0%, p=.000) 6 1.03 (1.02-1.04) 100.00
NOTE: Weights are from random effects g:g:\lysis
T I T
.69 1 1.45 |
Lowerrisk ¢ _  Higher risk '¢




Longitudinal study of maternal body mass index, gestational weight gain, and

offspring asthma
Dumas O et al Allergy 2016; 71: 1295-1304.

In a longitudinal study of 12 963 adolescents (9-14 y.) and their mothers, we examined the
association of (i) maternal prepregnancy body mass index (BMI) and (ii) gestational
weight gain (GWG), with incidence of allergic and nonallergic asthma in offspring.

 We observed a positive association
between maternal prepregnancy BMI and
offspring asthma

» The association appeared stronger for
nonallergic asthma than for allergic asthma

» A suggestive association between low
birthweight and asthma was observed with
a stronger and significant association

for nonallergic asthma.
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OBESITY & ASTHMA

EVIDENCE OF ASSOCIATION BETWEEN OBESITY AND ASTHMA:
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* Weight gain is associated with incident cases of asthma.




OBESITY & ASTHMA

3.5 86.000 US registered nurses (age 26-46) who were free of
asthma at the start of the study followed for 4 years. T
3.0 - Analysis of 1596 new asthma diagnosis between 1991-95.
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Camargo CA et al = Prospective study of Body Mass Index, weight change and risk of adult-onset of
asthma in'women. Arch Internal Med 1999;159:2582-2588



Body-Mass Index as a Predictor of Incident Asthma in a Prospective Cohort of

Children Gold DR et al Pediatric Pulmonology 2003: 36:514—521

Studio prospettico longitudinale sulla variazione dell'indice di massa;corporea (BMI) vs
I'incidenza di-asma in 9828 bambini (6-14-anni) valutati annualmente per 5 anni
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An increased risk of a new asthma diagnosis was associated with higher BMI at entry into
the study (P=0.009) and greater increase in BMI during follow-up (P=0.0003).
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EVIDENCE OF ASSOCIATION BETWEEN OBESITY AND ASTHMA:
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OBESITY & ASTHMA
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asthma: randomised controlled study. BMJ 2000
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EVIDENCE OF ASSOCIATION BETWEEN OBESITY AND ASTHMA:
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*Obesity is associated with.more severe asthma and more
difficult asthma control.
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Childhood obesity in relation to poor asthma control and exacerbation:

a meta-analysis Ahmadizar F et al Eur Respir J 2016; 48: 1063-1073

In a meta-analysis of 46070 asthmatic children and.adolescents, obese children were compared with non-obese

Pooled odds ratio of the association combined overweight and obesity with hospitalisation due to asthma.

Weighting
Study OR (95% Cl) %
BREATHE (n=1318] - 1.08 (0.69-1.68) 34.76
PAGES (n=422) 1.17 (0.53-2.56) 11140

Luoer [23] (n=209) .
Howm [21] (n=183)
SaH [24] (n=269)
Overall (I-squared=0.0%, p=0.819)<

0.94(0.49-1.82) 15.98
1.23 (0.6552.30) 1#23
>1.56 (0.88-2.77) 20.93
1.1810.91-1.53) 100.00

0.5 1 5.0
Odds ratio (95% €Cl)

i bambini obesi e in sovrappeso hanno un rischio piu elevato per

le esacerbazioni gravi di asma




Obesity and adiposity indicators, asthma, and atopy in Puerto Rican

children Forno E et al J Allergy Clin Immunol 2014;133:1308-14

In a study of Puerto Rican children with (n 5:351) and without (n 5 327) asthma, we measured BMI,
percent of body fat, waist circumference, and waist-to-hip ratio

‘{)TABLE-II. Indicators of adiposityj‘allerg\‘/ﬂrknarkers, and indicators of asthma s’e‘verity or control

BMI

PBF

wcC

WHR

Asthma status
Lung function in cases
®' -FEV, (mL)§
FVC (mL)§
FEV,/EVC (%)
Asthma severity
Urgent care visits. ever
>1 urgent care visit, last year
Severity scores
Prednisone courses
Missed school days
Exercise symptoms
14 Atopy measures in cases
Allergic rhinitis
Total-IgE level (IU/mL)||
- STRt0
Dust mite

1.27 (1.1:1.5)*

68.8.(34.7-103.0)
98.0 (59.0-137.1)*
—0.6 (—1.5t0 0.5)%

3.0 (0.01-6.1)*
1.23 (0.96-1.59)7

0.08 (—0.01 to 0.17)7

0.13 (0.02-0.25)*

0.09 (—0.02 to 0.11)%

1.19 (0.96-1.49)*
0.99 (0.84-1.18)%

0.97 (0.77-1.23)%

1.24 (0.99-1.6)F

37.5 (—10.5 to 84.5)%

63.4 (8.9-117.8)*
—0.6 (—1.910 0.7)]

4.6 (0.50-8.79)*
1.40 (0.99-1.97)*

0.15 (0.03-0.28)*
+0.17 (0.01-0.33)*
0.15 (0.03-0.29)"

1.33 (0.97-1.81)F
1.04 (0.83-1.31)%

1.17 (0.85-1.61)%

1.181(0.98-1.4)7

201 (—18.3 to 60.2)}
61.1 (15.9-106.2)"
—1.0 (=2.1 to 0.0)}

3.4 (—0.01 to 6.8)T
0.99 (0.75-1.31)¥

0.07 (—0.03 to 0.14)*
0.13 (0.005-0.26)"
0.18 (0.07-0.29)"

1.36 (1.05-1.77)"
1.2 (1.002-1.45)*

1.07 (0.83-1.39)

1.12 (0.93-1.35)% '

27.3 (—19.4 to 74.00f &
50.1 (—4.0 to 104.3)T
—0.7¢(=2.1 to 0.7)F

24 (—2.09.t0 6.9)
1.01 (0.70-1.45)%

0.07 (0:05 to 0.20)%
0.10 (=40.05 to 0.26)%
0.18 (0.04-0.32)

[
1.31 (0.95-1.90)F
1.03 (0.83-1.29)%

0.95 (0.70-1.30)%

Cockroach 1.37 (1.04-1.79)* 1.57 (1.11-2.24)* 1.49 (1.11-2.01)* 1.41 (0.99-2.01)F
f Alternaria 1.46 (1.08-1.97)* 1.80 (1.20-2.70)" 1.76 (1.26-2.45)" 1.44 (1.01-2.06)* ]
Mold 2.54 (1.54-4.19)* 2.08 (1.23-3.52)* 1.80 (1.20-2.71)* 1.17 (0.73-1.88)%
N Mouse 1.36(1.02-1.83)* 1.70 (1.15-2.51)* 1.38(1.01-1.88)* 1.21 (0.85-1.74)% e
Any STR+ 1.30 (1.02-1.64)" 1.54 (1.10-2.17)" 1.36 (1.03-1.78)* 1.35 (0.96-1.91)F
= == = — = —
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EVIDENCE OF ASSOCIATION BETWEEN OBESITY AND ASTHMA:
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* Obesity decreased response to inhaled steroids



Decreased response to inhaled steroids in overweight and obese asthmatic

children Forno E et al J Allergy Clin Immunol 2011;127:741-9

We performed.a post hoc analysis to evaluate the interaction between body mass index
(BMI) and treatment with inhaled budesonide on lung function in the CAMP study: (1041
children; mean age 8.9 years; 31.4% were overweight/obese)

oz nonoverweight s oveérweight/obese :
| FEV1 g FEV1 ~ 9
100 - ' 100 . _ ‘
98 -+ ; z 98 ]\'/\\ ®
[ o g
b ~ 3
96 ; 96 = - Y
” \ =7 o b=
§ /// A N /_,/ il g
94 o 94 ——F 4 |
[}
‘A' [
92 92 3
p=<0.0001 p=0.005 p=0.02
»
90 80 -—% : "

0 2 4 8 12 16 20 24 28 32 36.40 44 48 0 2.4 8 1216 20 24 28 32 36 40 44 48
Month of follow-up Month of follow-up ‘

w g o W -

Nonoverweight children showed a significant improvement in all of the outcomes (FEV1, FEV1/FVC ratio,
and BDR) during the early (months 0-20) and late (months 24-48) stages of the trial.

Among overweight/obese children, there was significant improvement in FEV1 and BDR during
the early stage of the trial but not thereafter.



Decreased response to inhaled steroids in overweight and obese asthmatic

children Forno E et al J Allergy Clin Immunol 2011;127:741-9

We performed.a post hoc analysis to evaluate the interaction between body mass index
(BMI) and treatment with inhaled budesonide on lung function in the CAMP study: (1041
children; mean age 8.9 years; 31.4% were overweight/obese)
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EVIDENCE OF ASSOCIATION BETWEEN OBESITY AND ASTHMA:
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OBESITY & ASTHMA

MECHANISMS OF THE LINK BETWEEN OBESITY AND ASTHMA:

e Sy

Possible mechanism  Brief explanation

Comorbidities There may be an indirect link between obesity and Obsse
= asthma due to the role of abesity in other disease ks
p 5O processes (e.g. increased stro-oesophageal
P S+ reflux disease, sleepdus%rdpesgd ing, type 2 I r\"’“‘;f
P diabetes, and hyperténsion) ., " 8 eAl®

Reduced

Foetal programming " “Asthma ‘may be the result of events occurring duﬂngj Girg Vormes T

_ " development (e.g. obesity-related abnonnalmes in Img

C developmeri} G
Genetics T There may be an overlap in the genes responsible for
: g aslhma and qpesny (e.g. TNF-a) ! .
| ~ |

Effects on lung volume Obesnty produces negative effects on the residual capaony
Y of the'lung and the fiexibility of ainvay smooth musele; '

Jaliana making the muscle stiffer and reducing airway volume Reduced
- — — Airway
Chronic systemic The expression of: inﬂammatory genes (e.g. TNF-q, Diameter
inflammation - which causes anr(yay hyperresponsiveness) is upregulated
S in the adipose tissue of obese individuals, leading to
& chronic, low-level systemic inflammation Altered Airway
' Actlon of%dipoklnes There are changes .§m£ srenj'n c&xﬁantrations of S;‘.‘:L"J{I,,“l“::;e
S L A adipokines (e.g. leptin,.adiponectin, and PAI-1) that could Function

modify airway function and lead to asthma o

ypal w el L=

PAI = plasminogen achvalor inhibitor; TN?-a = fumour necrosis factor alpha. - 2

,_.-
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OBESITY & ASTHMA
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MECHANISMS OF THE LINK BETWEEN OBESITY AND ASTHMA:
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Adiponectin: the link between obesity and asthmain
women? Wood G. L et al AIRCCM 2012:186(1):1-10

« Altri ormoni derivati dal tessuto adiposo comprendono i
la leptina e la resistina goviof wrma e

« La leptina e la resistina sono aumentate nell'obesita e hanno effetti
proinfiammatori, compresa l'attivazione del fattore nucleare - kB (NF - kB),
I'upregolazione dei livelli del fattore di necrosi tumorale a (TNFa) e I'aumento
dell'inflammazione neutrofilica delle vie aeree

« L'adiponectina, d'altra parte, agisce generalmente come un ormone
antinfiammatorio nell'obesita € ridotta, molto probabilmente a causa del rilascio
di TNFa e IL-6 da parte dei macrofagi, che inibisce la produzione di adipociti di
adiponectina

« L'adiponectina regola negativamente i toll-like receptors, inibisce I'attivita di NF-
kB, sopprime la produzione di citochine, compreso IL-6 e TNFa, e ha dimostrato
di ridurre sia l'iperreattivita delle vie aeree che la neutrofilia delle vie aeree in
modello animale



Low serum adlponectm predlcts future rlsR
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for asfhma m WOMEN Sood 4, Am J Respir Crit Care Med 2012: 186(1) 41
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adipon ectina

Sebbene gli adipocitiviscerali Ieptma
siano la fonte piu importante di TNF& PAI-1; aptoglobina
adiponectina, le concentrazioni

sieriche di adiponectina si riducono
- - - IL-1; 1611210 g = NGF
nei soggetti obesi.

L Oy . . : MCP-; MIF; |L8 TESSUTO
Una possibile spiegazione e che la (/95 \!EGF

BIANCO
necrosi correlata all'ipossia degli

adeOC!tl attl\_/a i macrofagi in [ v
soggetti obesi AW 0000014 )

Questi macrofagi attivatsi C . [
O

producono fattori di necrosi . = O 53
tumorale a e IL-6, che a loro volta

possono inibire direttamente la 5

produzione locale di -
adiponectina in modo paracrino.




Low serum adlponectm predlcts future rlsk”
for asthma in women SoodA Am J Respir Crit Care Med 2072; 186(1) 41

. C 1 DD CS? ) C I PP C P €1 PP CAY

e Examinations 1,450 women
at Years 10, 15, and 20 of
the Coronary Artery Risk
Development in Young _
Adults (CARDIA) cohort [

20

14.7 x Low Serum
Adiponectin

1 o High Serum
10 Adiponectin

* Multivariable analyses ,3
demonstrated that the

% incident'asthma

lowest tertile of Year 15 5 |
serum adiponectin i *
concentration (<7 mg/L) 0

predicted significantly higher i vl curentsmoker .

risk for incident asthma at

Year 20 among women and Further, low serum adiponectin was more important

than body mass index in predicting the risk for incident
asthma among women

particularly among current
smokers.



Obese asthmatic patients have decreased surfactant protein A levels: Mechanisms and

implications Lugogo N et al J Allergy Clin Immunol 2018;141:918-26.

Sono stati valutati i livelli di'Proteina A del Surfattante (SP-A) in pazienti obesi con asma (Oas).
Il liquido di lavaggio broncoalveolare di 23 soggetti magri, 12 sovrappeso e 20 obesi sono stati esaminati per
valutare i livelli di SP-A

LA Lean patient with asthma LN: Lean healthy subject; OA: Obese patlent with asthma ON obese healthy subjects
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Obese asthmatic patients have decreased surfactant protein A levels: Mechanisms and

implications Lugogo N et al J Allergy Clin Immunol 2018;141:918-26.

Addition of exogenous TNF-a tosmouse tracheal epithelialcells was
sufficient to attenuate SP-A and eotaxin'secretion.

L\ =
¢ (S TNE lﬁads to low SP-A production
el SN I R

i AN I

In vitro studies support the concept that SP-A promotes
movement of eosinophils from the tissue indirectly by
enhancing eotaxin production from airway epithelial cells.



Obese asthmatic patients have decreased surfactant protein A levels: Mechanisms and

implications Lugogo N et al J Allergy Clin Immunol 2018;141:918-26.
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» _Allergen-challenged SP-A -/
mice that received SP-Atherapy
had significantly less tissue

eosinophilia.compared with
mice receiving vehicle
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La riduzione dei livelli di SP-A negli
Obesi Asmatici potrebbe essere dovuta
all'aumento dei livelli locali-di TNF-a,
favorendo la migrazione eosinofila
potrebbe contribuire al fenotipo
dell'asma eosinofilo




OBESITY & ASTHMA

MECHANISMS OF THE LINK BETWEEN OBESITY AND ASTHMA:

N T LR

Brief explanation

There may be an indirect link between obesity and
asthma due to tha role of abesity in other disease

: 0 processes (e.g. i stro-oesophageal
PP S;c reflux disease, slef |sr.u'd’jsxr ing, type 2
g B ,-k'-"‘r\'f diabetes, and hypem@'%) AEY

Foetal programming. " "Aslﬂm be the result of events occurring duriné
:u developm (e g. obesity-related abnonnag;les in Img

o development)

(s ]
Genetics m There may b&an overlap in the genes responslble for

asthma and qpesdy (e.g. TNF-a)

'? L N S | PP S

Effects on lung volume  Obesity prbduces negative effects on the I capacity -
5 of the'lung and the fiexibility of ainvay smooth ey M
waliana making the muscle stl‘(fga and rpducing airway volume
)’

Chronic syslh,mic The expression o(hﬂammatcry genes (e.9. TNF-q,

inflammation - = which causes airvay hyperresponsiveness) is upregulated
A in the adipose tissue of obese individuals, leading to
chronic, low-level systemic inflammation

' |Aglo¢? ofgqipoklnes There are d'lange% m&h& f nﬁ o%me?aratlons of

4

J adipokines (e.g. leptin,.adiponectin, and PAI-1) that could
$ o ea® modify airway function and lead to asthma
-1"l-" dNg e alldnNg
PAI = plasminogen angator inhibitor; TN'E-a = fumour necrosis factor alpha. P}b
P O o
L - C




OBESITY & ASTHMA

i o 3 AN B - B o - T S . FEITT a3 2D 1T
_Obesity is associated-with low circulating vitamin D.levels % 5 o
Earthman CP et *%, The link between obesity and low c:rc%ﬂgg 25-hydroxyv1tamm D concentratlg(bs, acons:deratlons

and /mpllcathns Int J Oﬁee (Lond) 2012;36:387-96.. '*.:» ] ,,3.:- s

Vitamin:D deficiency might be arisk factor for the development of both
obesity and asthma: prenatal vitamin D.insufficiency has been,associated
with obesity in the offspring

Boyle VT et al. The relationship.-between maternal 25-hydroxyvitamin D.status in pregriancy and childhood adiposity
and allergy: an observational study. Int.J Obes(Lond) 2017;14:1755-60:

'[b,@ efflcacy of supbﬁgr'gg[it;ﬁon of vitamin [5 gp;grglf,lcally on asthma ﬁrbg' ;:
obesity is.not-known ,waiana g waliana

Peters U et az%bes:ty andc’@sthma J Allergy Clin Imniunol 201&*1«44 .1169-79 i ey
Ch > . A -
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CONCLUSIONS:

The syndrome of obese asthma likely includes many phenotypes

De novo asthma,
arising -
Qo“nsequent td‘

—xSIF’qu




OBESITY & ASTHMA

CONCLUSIONS:

In clinical settings, physicians should be
cautious about diagnosing asthma in
obese children on the basis of self-
reported symptoms alone and should
confirm the diagnosis by using objective
measurements and marker evaluations
that can better identify asthma

phenotype and exclude overdiagnosis ’

; \ Asthma and obesity in childhood: on the road ahead.
C (( é Zke N s PemmD “Int J Obes (I!.ond) 2010 %8 3 ean®
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