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Abstract

With respective prevalence of 13% and 9.6%, obesity chronic cough are two common
conditions worldwide. The crucial role of obesitgshbeen highlighted in the development
and progression of many respiratory diseases. Aauprto the results of epidemiological
studies, obesity, particularly abdominal obesitgynalso be associated with chronic cough
(CC). CC seems to be more severe in obese patiempared to normal-weight subjects. The
management of CC may differ slightly in obese pasiecompared to non-obese patients.
Indeed, asthma and reflux diseases, which are demesl key factors in the onset of CC, are
characterised by more severe symptoms in obesengatiAsthma is associated with a
resistance to usual treatments in obese patientsaidwata are available on the effect of
inhaled therapies in obese subjects with coughamaasthma. Other emergent causes of CC
have been reported in obese patients. Obstruckaep sapnoea and diabetes may also be
involved in the development of CC and should beetainto account in obese patients with

CC. The beneficial effect of weight loss on chrocoeigh has been suggested.
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Introduction:

Obesity plays an important role in the developnartt progression of respiratory diseases. In
asthma, obesity is considered a major comorbitlidy €xacerbates respiratory symptoms [1].
Many epidemiological studies have shown that obpagBents have a higher risk of
developing asthma than the general population dstraiing that obesity is involved in the
development of asthma [2]. It is also well estdidi that asthma associated with obesity is a
phenotype with more difficult-to-treat asthma comgohto non-obese subjects [3, 4]. Obesity
also plays an important role in chronic obstructigmonary disease (COPD) because it is
associated with worse COPD-related outcomes andfspmanagement of obesity reduces
the risk of acute exacerbation of COPD [5]. In mamyg diseases, weight loss is required to
improve respiratory symptoms.

Chronic cough is a common entity in respiratory moiee. It is a complex disorder, the
management of which has recently been definedargthdelines of the American College of
Chest Physicians [6]. All the steps covering theestigations and initial treatments are
detailed in these guidelines. However, body madexnBMI) measurement and assessment
of obesity markers are not included in the evatuabf patients with chronic cough. As with
other respiratory diseases, should obesity be talkeraccount in the management of chronic
cough? Does obesity impact on the development ainat cough? In this review, the link
between chronic cough and obesity will be discusseavell as the clinical approach to an

obese patient with chronic cough.

Epidemiological data on chronic cough and obesity

Over the last 40 years, obesity has tripled worttbnand is now considered a genuine public
health problem [7]. In 2016, more than 1.9 billjpeople were overweight and more than 650

million were obese according to the World Healthg&nisation (WHO) [7]. Thirty-nine



percent (39%) of adults are overweight and 13%o#&ese, worldwide [7]. Overweight and
obesity are significantly associated with morbidégd mortality rates and a high BMI
accounts for 4.0 million deaths globally [8]. Candascular diseases and cancer are
particularly involved in the mortality of obese igats [9, 10]. Other diseases such as
diabetes, hypertension, joint or digestive disadee responsible for high morbidity rates in
obese patients [11].

Chronic cough places high demands on health catersg but it is not classically associated
with obesity. Chronic cough is a common disordedt @s prevalence is estimated at 9.6%
worldwide according to a meta-analysis [12]. Inncal practice, it is not surprising to
observe the combination of two common diseases.ddewy is the association of chronic
cough and obesity a coincidence or is there adetween these two disorders?

In their meta-analysis on the prevalence of chraoiegh worldwide, Songt al. note that
chronic cough is more frequent in Europe and Anaetlan in Asia and Africa [12]. The
authors assume that comorbidities such as obesifiyt roontribute to regional variability but
this relationship was not examined in their metahgis. The guidelines on the management
of cough in adults published in 2006 by Morigteal., specify that chronic cough is reported
by 10 to 20% of adults and this disorder is momamwmn in female and obese subjects [13].
Indeed, in a cross-sectional study involving 40@Bgmts, obesity (defined by a BMIBO
kg/m2) was associated with cough with an odds ré@&) of 1.66 [99% CI (confidence
interval) 1.19-2.32] in terms of univariate anatysHowever, the difference was still not
significant in the multivariate analysis, which gegts confounding factors [14]. More
recently, Moralles-Estrella reported that patientgh a higher BMI experience cough more
often than other patients and the cough is morersawm obese patients [15].

BMI is a straightforward, easy-to-use marker buteotobesity markers can also be used in

clinical practice. Thus, waist-to-hip ratio seems lbe more accurate in predicting



cardiovascular risk [16]. The effect of variouskrifactors such as abdominal obesity on
chronic cough was assessed in a large populatisedbeohort study performed in Denmark
involving 14,669 adults. Abdominal obesity, defireiwaist-hip ratio > 0.85 for women and
> 0.90 for men, was statistically more common irigras with chronic cough (n=554)
compared to healthy subjects (65% vs. 53%) [17ih&ntotal population, abdominal obesity
was associated with chronic cough with an OR of [1.2-1.7]. Interestingly, the authors
ranked the risk factors according to the populasiinbutable risk (PAR) calculated [f(OR
1)J/[1+f(OR-1)], where f is the frequency of the risk factorda@R is the odds ratio for
chronic cough in the population. Using this formwhdominal obesity was defined as tffe 3
risk factor in chronic cough, ranking higher thasthana, gastroesophageal reflux disease
(GERD) or upper airway cough syndrome. When theltesvere stratified according to
smoking status, abdominal obesity remains in tiperémking in former and current smokers
according to PAR. However, in non-smokers, abdohtbasity is only the "7 risk factor and
the association with chronic cough is not signiitc€OR 1.3 [0.95-1.7]). Further studies are
warranted to establish whether obesity plays aifssggnt role in the development of chronic
cough and whether comorbid conditions increaseptiegalence of chronic cough in obese

subjects.

Specificity of the clinical approach towards chimoough in obese patients

As explained above, obesity is a very common deseasridwide but its prevalence in
patients with chronic cough has been inadequatklgliesd. In the epidemiological study
carried out in the UK in 2006, 20% of patients wdhronic cough were obese [14]. This
means that the proportion of obese patients witlorgb cough is probably high in clinical
practice. Should we manage chronic cough in obedients differently from non-obese

patients? The guidelines on chronic cough managemay be applied in obese patients



albeit with some specific features. The algorithimcbronic cough management in obese
patients is outlined in Figure 1. Asthma, one @& thain causes of chronic cough, presents
differently in obese patients. In the cluster asalyconducted by Haldat al., the authors
found an obese asthma phenotype with non-eosinophiflammation [18]. The
inflammatory profile of asthma may be differentaobese patients compared to non-obese
patients and the role of eosinophils in inflammatioay be less crucial in obese asthmatics
than non-obese asthmatics. However, sub-mucosalogbslic inflammation has also been
found in asthma patients with obesity, which intBsathat the association is probably more
complex [19]. The obese-asthma phenotype is nahglesentity and sub-phenotypes have
been described depending on age, gender and asthsed [20]. This probably involves
various mechanisms of inflammation related to defe endotypes. It is important to note that
inhaled treatments appear to be less effectivebes® patients with asthma. Indeed, there is
evidence to show that inhaled corticosteroids and-acting beta agonists are not as effective
in asthma control in obese patients compared teab@se patients [21, 22]. The real efficacy
of inhaled therapies on cough has not been assesebdse patients.

Cross-sectional epidemiological studies have detratesl a higher prevalence of GERD in
obese individuals compared to non-obese subjatta. dtudy involving 10,545 women, an
increased risk of GERD was observed in obese pgatieith ORs of 2.92 (95% CI 2.35-3.62)

with a BMI of 30—34.9 kg/m?, 2.93 (95% CI 2.24-3.86th a BMI =35 kg/nt compared to

women with a BMI of 20-22.49 kg/i{23]. Long-term complications of GERD such as
erosive oesophagitis (EE), Barrett's oesophagu$, @t oesophageal adenocarcinoma have
been linked with obesity [24, 25]. However, obesityes not seem to affect treatment
outcomes with proton pump inhibitors (PPI). In pats with GERD, a high BMI was
associated with more severe EE at baseline. Howdueing PPI treatment, BMI was not a

significant independent predictor of heartburn heson or EE healing [26]. When obese



patients are treated with PPI therapy for reflug, increased risk of BE or oesophageal
carcinoma has been observed [27]. If a GERD-indwoedh is suspected in clinical practice,
PPIs should be tested [6]. PPIs are likely to heawemilar effect on chronic cough in obese
and non-obese patients. Robust evidence is neededlidate the use of PPIs in obese
patients with GERD-induced cough.

A comprehensive history and physical examinatienaucial in patients with chronic cough
to rule out any life-threatening conditions andedirthe investigation. In obese patients,
clinicians should collect information relating toetary habits, physical activity, eating
patterns and the possibility of an eating disor@@nge eating disorder, night eating
syndrome, bulimia), health consequences of obes#ifent expectations and motivation for
change and previous treatments for obesity, aaogitdi the guidelines on the management of
obese patients [28]. In addition to weight and hgigvaist and hip circumference should be
measured especially during the follow-up. Indeedjstvand hip circumference is a better
marker of adiposity especially visceral adipostigrt BMI and it has been shown that waist
circumference is significantly associated with hypesion, type 2 diabetes and OSAS [29].
Blood pressure should be routinely recorded in elpagients. Clinicians should be aware of
obesity-related diseases such as diabetes, dyshipich, cardiovascular, respiratory and joint
diseases, and sleep disorders. As described belome obesity-related diseases have an
impact on chronic cough.

Minimal investigations in chronic cough should ba&reed out in order to determine the
causes involved in cough. Fraction exhaled niticde (FENO) is a helpful easy-to-use tool
in patients with chronic cough because a high Ie¢@#lENO is associated with cough variant
asthma (CVA) and may predict the response to imhedeticosteroids [30]. Obese individuals
have a slight but significant increase in FENO cared to underweight individuals and

obesity should be taken into account when FENGCeréopmed in a context of chronic cough



[31].

Chronic cough and OSA

It is a well-established fact that obesity is & factor for the development and progression of
obstructive sleep apnoeas (OSA) [32]. The prevalerfcOSA in obese patients is nearly
twice that of normal-weight adults [33]. An assticia between chronic cough and OSA was
initially proposed in 2007 [34]. Birringt al. reported 4 patients presenting with an isolated
chronic cough who were subsequently found to habstroctive sleep apnoea. Cough
improved rapidly with nocturnal continuous positigway pressure (CPAP) therapy. In a
retrospective study carried out in 75 patients whihonic cough associated with normal lung
function test and chest X ray, the proportion digrdas with sleep disorder breathing was as
high as 44% [35]. Amongst them, 42% had severe @8ked by an index of hypopnea and
apnoea (IHA)> 30/h. Interestingly, GERD was found in 52% of pats with sleep disorder
breathing. Ninety-three percent of the patients whderwent procedures to optimise sleep-
disrupted breathing withessed an improvement iir taugh. In a prospective study carried
out in 53 patients referred for the evaluation afleep-breathing disorder and having OSA,
chronic cough was observed in 33% of patients [@8mpared to patients without chronic
cough, those with chronic cough were mostly femaled nocturnal heartburn, dysphagia,
chest pain and rhinitis were more common. In anaghedy, chronic cough was observed in
39.4% of patients with OSA and only 12.5% of pasewithout OSA suggesting chronic
cough is particularly associated with OSA [37]. Md&&MI was statistically higher in patients
with OSA highlighting the importance of obesity the development of OSA. In the
multivariate analysis, GERD was statistically ass@d with chronic cough in patients with
OSA with an OR of 10.4.

The mechanisms potentially responsible for the @ason of chronic cough with OSA have



not been yet elucidated. As described previousBRO is consistently found in studies that
have focused on OSA and chronic cough. TherefoER[G is put forward by many authors
as the primary mechanism for the development ofjsan OSA. Intra-thoracic and intra-
abdominal pressure changes during apnoea havealsseniated with the origin of GERD in
OSA, but the mechanisms are probably more compézause GERD may interrupt sleep
[38]. Upper and lower airway inflammation is obssthvin OSA and may also contribute to
chronic cough [39, 40]. Trauma to the upper airwaysing each episode of apnoea-
hypopnoea could also contribute to the developnaéntough [41]. According to some
authors, oedema and inflammation of the soft palatela and supra-laryngeal soft tissues
observed during OSA may predispose patients toe@asamd sensitivity to coughing and
especially to the "tickling" sensation often expaded by patients with chronic cough [42].
CPAP therapy is classically used in OSA to imprd#& and may be effective in the
treatment of cough in OSA patients. In a prospecsitudy, 28 patients with chronic cough
were enrolled to assess the effect of CPAP thecepgough [43]. In this study, the STOP-
BANG questionnaire was used to select the patiefitts a high probability of OSA. This
guestionnaire, based on symptoms and anatomicahakeastics, predicts OSA with an

intermediate risk if score 8 3. Twenty-two patients had a STOP-BANG scére3, and

among the 19 patients who accepted polysomnograptyreceived CPAP treatment 7 had
severe OSA. Leicester cough questionnaire (LCQjessmnificantly improved after CPAP

treatment. CPAP therapy seems to be of interestnaang tackle cough hypersensitivity as
suggested in a case report [44]. Indeed, couglkexefineasured by the citric acid test,
improved after CPAP treatment and deterioratedr &@@f@AP withdrawal. Moreover, in this

case report, airway pH improves after CPAP theraplgich once again suggests the
involvement of GERD in the association of chronbeigh and OSA. Randomised controlled

trials are needed in order to establish the rdacebf CPAP treatment on chronic cough in



OSA patients.

Chronic cough and diabetes

Obesity is a recognised risk factor of type 2 diabemellitus [45]. In a study carried out in
33,939 men, obesity was associated with type 2etigbwith an OR of 3.88 [95% CI 1.94—
7.77] [46]. Recently, it has been suggested tha¢ 8/ diabetes may be a risk factor of chronic
cough. Indeed, in a cross-sectional study, selfted chronic cough/phlegm was more
common in diabetic patients compared to the gemmopllation but only in patients 45-64
years old [47]. Indeed, in those patients, chra@agh/phlegm was reported by 27.6% of
diabetic patients and 16.7% of the general popratNo difference was observed between
each group after 65 years of age. The prevalenahrainic cough increases in the general
population after 65 years of age and the same |enes@ was observed between both groups.
Other causes of cough (GERD, COPD, Drugs, othgriragery diseases...) may appear with
age and could explain why no difference was obsebetween diabetics and non-diabetics
after 65 years of age. Further studies are needemnfirm the link between cough and
diabetes.

Interestingly, it has been described that glipandipeptidyl peptidase-4 inhibitor used in
diabetes mellitus, is involved in drug-induced douyd8-50]. The prevalence of cough was
1.7% vs. 1.0% in the placebo arm of a randomisedralbed study [48]. The mechanism

seems to be similar to that observed with angiatecmnverting-enzyme inhibitors [49].

Weight loss and chronic cough

Given the fact that inhaled corticosteroids ares leBective in obese patients with asthma,
weight loss has been suggested as an option ineopasents with asthma [51]. The

combination of dietary intervention and exercisse haen shown to improve asthma control in



obese patients [52]. Despite a lack of evidencef dnd exercise intervention may be
considered in obese patients with chronic cougloaaed with asthma. A significant
improvement in the ACQ (Asthma Control Questionegagcore has also been observed with
bariatric surgery in obese patients with asthmathisdprocedure may be interesting in obese
asthmatics [53]. In obese patients with cough vdrgsthma, no data are available to support
the beneficial effect of bariatric surgery on chcocough.

Weight loss procedures are also linked to an imgmmnt in GERD-related symptoms. In a
cross-sectional survey performed on 44,997 patiesitseen 2006 and 2009, weight loss was
associated with fewer symptoms in a dose-dependanner [54]. A structured weight loss
program is needed to significantly reduce GERD gpms. Indeed, in a prospective cohort
study carried out on overweight/obese subjects (B8B9.9 kg/m2), a structured weight loss
program was assessed. This included dietary changeseased physical activity and
behavioural changes. A significant decrease inotrexall prevalence of GERD (15 vs. 37%)
and the mean GERD symptom score (1.8 vs. 5.5) Wwasereed in patients included in the
treatment arm compared to patients in the contral [®5]. In patients with GERD-induced
cough, the traditional dietary changes combinedh wieight reduction advice in the form of
an Energy Prescription (EP) led to LCQ improvensamhpared to traditional dietary changes
alone. Interestingly, a significant correlationveeén baseline high calorie and LCQ scores or
fat intake and LCQ scores was observed. The rothetfor adipose tissue on chronic cough

should be studied to enhance our knowledge of cougbese patients.

Conclusion
The link between obesity and chronic cough has Imeugested in the literature. In the
guidelines on chronic cough management, no diffexdras been highlighted between obese

and normal-weight individuals. However, emergenises of chronic cough such as OSA or



diabetes should be taken into account in clinicatfice. The beneficial effect of weight loss
has been demonstrated in many obesity-related siseaWeight-loss procedures may
constitute part of the treatment of chronic coughobese patients but further studies are

warranted to support the use of these interventiookronic cough.
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Table 1: Management of chronic cough in obese mpEtiec Family history, dietary habits,
frequency and type of physical exercise, eatingepatand possible presence of an eating
disorder (binge eating disorder, night eating sgnd, bulimia), presence of depression and
other mood disorders, drugs, endocrine abnormslippsychosocial factors, chronic stress,
smoking cessation, previous treatments for obeSitgiabetes, hypertension, dyslipidaemia,
cardiovascular diseases, respiratory and jointadisg sleep disorders. BMI. body mass
index, GERD: gastro-oesophageal reflux, CPAP: owioiis positive airway pressure, CT:
computed tomography, FENO: Fraction exhaled naxicle, HRCT: high-resolution CT, ICS:
inhaled corticocorticosteroids, LABA: long actingth agonist, LTRA: leukotriene antagonist,
OSA: obstructive sleep apnoea, PPI: pump protoibitain.

Cough for at least 8 weeks and BF#30 k/m2

a. Patient characteristics:

Life-threatening conditions
Query: cough characteristics, history of obesity,*e..
Sleep apnoea questionnaire

Physical examination including waist-to-hip ratsdgod pressure, signs of obesity,

related conditions**
Chest X-ray

b. Consider the 4 most common causes of chronigltaad treat if present

GERD

If clinically suspected, test with PPI and diegeétyle change
Asthma

Spirometry with reversibility + bronchial challengest
Allergy evaluation

Treatment: ICSLABA, LTRA, trigger avoidance, wetdbss
Upper Airways Cough Syndrome

Sinus imaging, nasofibroscopy, allergy evaluation
Treatment: antihistamine and/or nasal corticostisroi
Non-asthmatic Eosinophilic Bronchitis

Sputum eosinophilia, FENO, allergy evaluation
Treatment: ICS, trigger avoidance

c. Consider 2 emergent causes in obese patients

OSA

Sleep questionnaire and, if positive, nocturnaygphy
Treatment: CPAP treatment

Diabetes

Blood glucose levels and, if abnormal, HbAlc
Treatment: specific diabetic treatments

d. Weight loss interventions if the patient is mated

e. Further investigations if cough proves refragctor

24-hour oesophageal pH/Impedance monitoring

HRCT (high-resolution computed tomography), sindssCan
Swallowing evaluation

Bronchoscopy

Environmental assessment






