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Abstract

Sinonasal disease can contribute to poor asthma control. There are reports that link obesity with an
increased prevalence of sinonasal disease, but no studies evaluating the severity of sinonasal
disease in obese asthmatics, and how this impacts asthma control. The purpose of the current study
was to determine if obesity is associated with increased severity of sinonasal disease, and/or
affects response to nasal corticosteroid treatment in asthma.

Methods—This study included 236 adults participating in a 24-week randomized, double-
masked, placebo-controlled study of nasal mometasone for the treatment of poorly controlled
asthma. Sinonasal disease severity was assessed using validated questionnaires, and compared in
participants of differing BMI. Eosinophilic inflammation was assessed using markers in nasal
lavage, serum and exhaled nitric oxide. Response to treatment was compared in the different BMI
groups.

Results—Obesity had no effect on the severity of sinonasal disease symptoms in asthmatics
(Sino-Nasal Outcomes Test 22 score [mean + SD] 35.4+18.5, 40.2+22.8, 39.1+21.7, p=0.43, in
lean, overweight and obese participants), nor on nasal, bronchial or systemic markers of allergic
inflammation. Nasal steroids had some limited effects on symptoms, lung function and
inflammatory markers in lean participants, but no detectable effect in obese patients.

Conclusions—Obesity does not affect severity of sinonasal disease in patients with asthma; the
association of sinonasal disease symptoms with increased asthma severity, and markers of Type 2
inflammation are consistent across all BMI groups. The response of obese patients to nasal
corticosteroids requires further study.
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INTRODUCTION

Sinonasal disease and asthma share a common pathophysiology, manifestations of a single
pathologic process affecting one unified airway [1-3]. Allergen challenge in the nose causes
inflammation in the lower airway, while allergen challenge in the lower airway leads to
inflammation in the nose [4, 5]. Rhinitis and sinusitis are associated with severe asthma, and
in patients with poorly controlled asthma these symptoms have been associated with
increased risk of asthma exacerbations [6, 7]. Thus it is thought that uncontrolled sinonasal
disease might contribute to poor asthma control.

Much research linking sinonasal disease and asthma was performed before the current
obesity epidemic. Obesity is now recognized as a major risk factor for asthma:
approximately 250 000 new cases of asthma per year in the United States are related to
obesity, and obese asthmatics account for nearly 60% of those with severe/poorly controlled
asthma [8, 9]. Increased sinus disease severity has also been associated with obesity in the
general population [10], and so it is possible that increased severity of sinonasal disease
might be a factor contributing to increased asthma severity in obese asthmatics. Another
factor that might contribute to increased severity of airway disease in obesity is reduced
response to nasal corticosteroids; obese asthmatics have reduced response to inhaled
corticosteroids, though the efficacy of nasal corticosteroids in obesity has not been addressed
[11]. It is not known whether the relationship between sinonasal disease and asthma
identified in the general population exists in obese patients with asthma. In particular, it is
not known whether sinonasal disease in obese asthmatics has increased severity (as has been
shown for asthma in obesity) or whether it responds to similar treatments when compared to
lean asthmatics.

The purpose of the current study was to investigate the nature of sinonasal disease and
markers of Type 2 inflammation in obese patients with asthma. We hypothesized that
sinonasal disease severity would be increased in obese patients, contributing to poor asthma
control in obesity. We also hypothesized that obese asthmatics with sinonasal disease would
have a reduced response to nasal corticosteroid therapy when compared to lean asthmatics.

METHODS

This study included 236 adult asthmatics with chronic sinonasal disease participating in the
American Lung Association Airways Clinical Research Centers “Study of Asthma and
Nasal Steroids”. Full details of the primary study have been published elsewhere [12]. In
brief, this was a 24 week, multicenter, randomized, placebo-controlled trial of a nasal
corticosteroid (mometasone) versus placebo for the treatment of sinonasal disease in patients
with poorly controlled asthma and chronic sinonasal disease. Sinonasal disease was
diagnosed by validated questionnaire [13]. The study was approved by the institutional
review boards at all centers, and informed consent was obtained from all participants.

At baseline, participants completed detailed questionnaires regarding asthma, including the
Asthma Control Test [14], Asthma Symptom Utility Index [15], and Marks Asthma Quality
of Life Questionnaire [16]. Poorly controlled asthma was determined by score on the
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Asthma Control Test of < 19 [14], and chronic sinonasal disease was identified by
questionnaire [13].

Participants performed spirometry, methacholine challenge test (if FEV1> 70% predicted)
and measurement of exhaled nitric oxide according to ATS guidelines [17-19]. Allergy skin
testing was also performed [12]. Nasal lavage was performed, and tested for eosinophilic
cationic protein and CCL-17 [20, 21]. Participants completed questionnaires regarding their
sinonasal disease with the SinoNasal Outcomes Test 22 [22], sinonasal questionnaire [13]
and sinus symptom questionnaire [23]. Participants were randomized to receive nasal
mometasone or placebo treatment for 24 weeks. At the end of 24 weeks they returned for
repeat spirometry, methacholine challenge, exhaled nitric oxide test, nasal lavage and
completion of asthma and sinus questionnaires.

Data Analysis

RESULTS

Baseline data was summarized by BMI group. Lean was defined as BMI 18.5-24.9 kg/m?,
overweight as 25-29.9 kg/m? and obese as = 30 kg/m2. Analysis of variance and Kruskal-
Wiallis tests were used to compare normally distributed and non-normally distributed
quantitative variables between groups.

We compared baseline symptoms, measures of lung function, and markers of Type 2
inflammation related to asthma and sinonasal disease in adult patients of differing BMI
group. We also compared the change in these markers over time between placebo versus
mometasone group using mixed models repeated measures analysis of variance. The results
for group by visit interaction from these analyses were used to test for significant differences
in treatment effects between groups. For all analyses, the significance level was set, a priori,
at alpha = 0.05. SAS version 9.2, SAS Institute, Inc., Cary, NC, USA was used for all
statistical analysis.

Of the 236 participants in this study 24% were categorized as lean, 26% as overweight and
50% as obese. The study population had a female predominance overall. The obese
population had a higher proportion of females and African Americans when compared to the
other BMI groups, and was also older than the other BMI groups. There was a low
prevalence of Asians in the obese category.

Asthma control and quality of life tended to be a little more severe in the obese groups as
measured by the Asthma Control Test (ACT) and Marks Asthma Quality of Life
Questionnaire (MAQLQ) respectively, although this did not reach statistical significance,
and symptoms of asthma assessed by the ASUI were similar across all three groups (Table
1). Lung function, assessed by FEV and FVVC were significantly lower in the obese group,
and exhaled nitric oxide was also significantly lower in the obese group compared with both
the lean and overweight group. The severity of sinonasal disease, as measured by the Sinus
Symptom Score and the SNOT 22 questionnaires, showed no significant statistical
difference across all three BMI groups, nor were there any differences in markers of Type 2
inflammation in serum or nasal lavage (Table 1).
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We investigated the relationship between severity of sinonasal symptoms and symptoms of
asthma in the different BMI groups. We found that symptoms of asthma and symptoms of

sinonasal disease were highly correlated, and there were no differences in this relationship
between lean, overweight and obese subjects (Figure 1).

We investigated the efficacy of nasal steroids treatment on asthma and sinus symptoms
outcomes in the different BMI groups (Table 2). Overall we found few differences: FVC
improved significantly in the lean group treated with nasal mometasone, although this was
not related to any improvement in asthma symptoms, as neither the ACT nor the ASUI
improved in the lean participants. Lean participants did have a greater improvement in sinus
symptoms than the other groups (though this did not quite reach statistical significance). The
ASUI improved significantly in the obese group treated with nasal corticosteroids, though
the clinical relevance of this is uncertain, given that the lean and overweight groups had a
numerically greater improvement in ASUI.

We then investigated the effects of nasal steroids on markers of allergic inflammation in the
lungs (exhaled nitric oxide), in the serum (serum CCL17 and ECP) and in the nose (nasal
CCL17 and ECP) (Table 3). We found that serum CCL17 decreased significantly in lean
participants, and nasal CCL17 tended to decrease in overweight participants treated with
mometasone versus placebo.

Discussion

This study showed no significant differences in the severity of sinonasal symptoms or in the
markers of Type 2 inflammation across all three BMI groups: more severe asthma symptoms
were associated with increased symptoms of sinonasal disease regardless of BMI. This
suggests that severity of sinus disease and Type 2 inflammation are unaffected by obesity.
We were also interested in the efficacy of nasal corticosteroids across the different BMI
groups: there were significant improvements in F\VC and serum CCL17 only in the lean
group treated with nasal mometasone versus placebo, although this was not related to any
improvement in asthma symptoms. Lean participants also had a greater improvement in
sinus symptoms when treated with mometasone versus placebo. These data suggest there
might be a slight decrease in responsiveness to nasal corticosteroids in obesity, but are far
from conclusive, and so this will require further study.

Nationally representative data from the United States show a positive association between
obesity and asthma, with the prevalence and the incidence of asthma increasing as the level
of obesity increases [24]. Obesity has been associated with a dose-dependent increase in
asthma severity, independent of other risk factors such as socio-demographic determinants,
physical activity, and dietary patterns [25]. We found some markers of asthma severity were
increased in the obese group: there was a significant difference in lung function, with obese
participants having the lowest lung function. Using the ACT and the Mark’s AQLQ we
found a numeric, though not significant, difference in symptoms and quality of life related to
asthma experienced across different BMI groups, with the higher BMI groups reporting
worse symptoms and quality of life. One reason that asthma symptoms and quality of life
were not significantly different in obese participants in the current study may be related to
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the fact that the patient population was preselected to have poorly controlled asthma. Indeed,
what is perhaps most striking is the very high prevalence of obesity in the study population
at 49% (compared to approximately 38% in the U.S. population as a whole [26]). This high
prevalence of obesity likely reflects the fact that the majority of patients with severe asthma
in the United States are obese: the Tenor study, a study investigating the characteristics of
patients with severe asthma in the U.S., found that well over ¥ of patients with severe
asthma were obese [9]. The very high prevalence of obesity in this study population selected
to have poorly controlled asthma are consistent with previous reports suggesting that obesity
is associated with severe asthma.

Prospective epidemiologic studies in the general population have provided evidence that
strongly connects the development of asthma with a previous history of rhinitis [2, 27].
Furthermore, the likelihood of the development of asthma is much higher in individuals with
both perennial and seasonal rhinitis than in individuals with either condition alone [3]. There
are strong data linking severe sinonasal disease with severe asthma [27], with severity of
sinus disease on CT scan an independent risk factor for asthma exacerbations [28].

A recent report also found that obesity was a risk factor for sinonasal disease. Bhattacharyya
et al found that obesity was associated rhinosinusitis [10]: the adjusted odds ratio for acute
rhinosinusitis when obesity was present was 1.22 ( P <.001, 95% CI: 1.12-1.33), and the
adjusted odds ratio for chronic rhinosinusitis when obesity was present was 1.31 ( P <.001,
95% confidence interval = 1.18-1.45).[10]. We were interested in investigating whether
obesity is associated with more severe sinonasal disease in asthma, and if this could be a
factor contributing to severe asthma in obesity. Obesity might contribute to both sinonasal
disease and asthma through mechanical loading of the chest and excess pharyngeal tissue
impairing sinus drainage. When we compared the relationship between severity of sinonasal
symptoms and symptoms of asthma across different BMI groups we found a strong and
consistent correlation of asthma symptoms with sinus symptoms which did not differ
between lean, overweight and obese subjects. Increased severity of sinonasal disease appears
to be related to increased severity of asthma, regardless of BMI.

Previous studies have reported that obesity is associated with decreased markers of Type 2
inflammation: there are reports of decreased exhaled nitric oxide in obese asthma (as also
found in this study), and also decreased sputum eosinophilia [29, 30]. This has led to
conjecture that Type 2 responses are decreased in obesity (indeed, we have found decreased
CDA4 cell effector function in mouse models and also in obese human subjects [31, 32]), or
that the phenotype of Type 2 asthma is less common in the setting of obesity. We were,
therefore, interested in comparing markers of eosinophilic inflammation in the different BMI
groups. CCL17 (TARC) is a T cell chemokine, and eosinophilic cationic protein is produced
by eosinophils: these markers are responsive to glucocorticoid treatment [33—39]. We found
that markers of Type 2 inflammation (serum and nasal CCL17 and ECP) were similar across
BMI groups, although exhaled nitric oxide was decreased in obese subjects. Recent studies
have found that certain Type 2 cytokines (such as IL-25 and IL-5) are actually increased in
the sputum of obese asthmatics, and associated with increased mucosal eosinophilia,
suggesting perhaps a shift from an adaptive to an innate cause of Type 2 inflammation in
obesity [40, 41]. The fact that we only measured markers of eosinophilic inflammation, and
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they were similar across all BMI groups is consistent with these more recent reports
suggesting persistence of Type 2 inflammation across BMI groups (although perhaps
mediated through different pathways, which we were not able to address in this study). The
fact that exhaled nitric oxide was decreased in the setting of obesity is also consistent with
previous reports, and may be related to altered nitric oxide metabolism in the setting of
increased oxidative stress in the airway [42].

We were also interested in the response to nasal corticosteroids across the different BMI
groups. Epidemiological studies have found decreased responses to inhaled corticosteroids
in obese asthmatics [43, 44], though we are not aware of any studies investigating the
relationship between response to nasal corticosteroids and obesity. There are a number of
mechanisms which might alter response to glucocorticoids in asthma: proinflammatory
cytokines, such as IL-1, IL-6, and TNF-a, are increased in many obese individuals, and
given that the expression of these same cytokines is altered by glucocorticoids, it is possible
that this proinflammatory environment might modify glucocorticoid function in obese
patients with asthma (24). Sutherland and colleagues found that obese patients with asthma
have reduced molecular responsiveness to glucocorticoids due to reduced induction of the
anti-inflammatory signal MKP-1 in response to steroid treatment [45]. Although we found
some preliminary evidence of decreased response to nasal glucocorticoids in obese subjects
this will require further study.

There are certain limitations to our study. This was a clinical study population, not a
population based study, putting limitations on the generalizability of our findings. We did
not confirm sinonasal disease by endoscopy or CT, but the questionnaire we used was
sensitive and specific for identifying sinonasal disease [13].

Conclusions/key findings

Obesity does not affect severity of sinonasal disease in asthma; severity of sinonasal disease
appears related to severity of asthma, regardless of BMI. Nasal steroids might have some
decreased efficacy in the setting of obesity, but this will require further study.
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Figure 1.
Relationship between sinus symptoms (measured by the Sino Nasal Outcomes Test-22,

SNOT22) and asthma symptoms (measured by the ASUI) in participants of different BMI
categories. A. Lean participants, linear slope B coefficient = —0.005, SE = 0.0009, p< 0.001,
B. Overweight participants, linear slope p coefficient = -0.004, SE = 0.0009, p< 0.001, C.
Obese participants, linear slope coefficient = —0.005, SE 0.0008, p< 0.001. Slope of obese
group not significantly different than lean group (p=0.475).
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Demographics of study population

Table 1

n (%)
Female n (%0)
Race n (%)
White
Black
Asian
Other
Ethnicity n (%)
Hispanic
Age
Age of asthma onset
Steroids in last 12 months
Atopy?
ACT (range 5-25%)
ASUI (range 0-11)
MAQLQ (range 1-80V)
FEV1 (% predicted)
FVC (% predicted)

FEV1/FVC (% predicted)

Exhaled Nitric Oxide (ppb)

BMI 18.5-24.9
57 (24)
36 (63)

37 (65)
13 (23)
3(5)
4(7)

4(7)
36+15
125+138
21 (37%)
43 (75)
15.8+2.7
0.69:0.17
20.0412.9
88.1+14.0

98.5+14.5

88.8+10.5
39.19+32.07

Sinus Symptom Score (range 1-60Y) 24.8+12.0

SNOT 22 (range 0-120V)
Nasal ECP (ng/ml)
Nasal CCL17 (ng/ml)
Serum ECP (ng/ml)
serum CCL17 (ng/ml)

35.4+18.5
29.7£32.0
22.0£13.4
19.3+19.6
365+196

BMI 25-29.9 BMI > 30

62 (26) 117 (50)

38 (62) 84 (72)

35 (56) 53 (45)

18 (29) 56 (48)
3(5) 1(1)

6 (10) 6 (5)

12 (20) 21 (18)
42+141 424121
16.1£14.5 15.5+14.9
20 (32%) 49 (42%)
56 (92) 98 (82)
15.6+3.2 14.6+3.6
0.74+0.18 0.69£0.19
21.5+14.6 24.8+16.5
81.8+17.7 791+15.86
93.8+16.1 88.2415.20

86.5+10.5 88.749.8

41.28+33.79 27'04i19'94b,0

26.6+13.8 27.4+12.3
40.2+22.8 39.1+21.7
25.5+37.4 23.3+29.6
25.4+18.8 24.7+21.0
12.7+12.2 17.7£31.2
341+165 361+193

p value

0.13
<0.01
0.33
0.44
0.06

0.06

0.26

0.12
<0.01

<0.001

0.34
<0.01

0.42
0.43
0.5
0.88
0.32
0.76

™ higher score indicative of better control, ¥ lower score indicative of better control

aAtopy defined as any skin test positive, 233 had skin tests

bpost hoc testing, p < 0.01 compared with lean group, and

cp< 0.05 compared with overweight group (ANOVA followed by Bonferroni correction)
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Table 2

Effect of nasal steroid treatment on symptom scores in different BMI groups

BMI group Placebo Nasal Mometasone P value

Change from V2 to V5*  Change from V2 to V5*

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

FEV1 (% predicted)

<25 0.82 (-1.22, 2.86) 1.69 (-1.04, 4.41) 0.61
25-29.9 1.68 (-2.71, 6.08) -3.18(-7.57,1.22) 0.12
>30 -0.06 (-3.43, 3.30) -1.99 (-5.11, 1.12) 0.41

FVC (% predicted)
<25 -0.14 (-1.66, 1.39) 2.64 (-0.61, 4.68) 0.03
25-29.9 1.90 (-1.92,5.72) -2.61(-6.43,1.21) 0.10
>30 -0.79 (-3.81, 2.24) -2.10 (-4.90, 0.69) 0.53

ASUI (1)
<25 0.09 (0.03, 0.14) 0.14 (0.07, 0.21) 0.21
25-29.9 0.04 (-0.02, 0.11) 0.10 (0.03, 0.16) 0.25
>30 -0.008 (-0.06, 0.04) 0.07 (0.03, 0.12) 0.02

ACT (M)
<25 3.34(2.07, 4.61) 2.93 (1.37, 4.49) 0.68
25-29.9 2.38(0.83,3.92) 3.96 (2.41,5.51) 0.15
>30 1.98 (0.76, 3.19) 2.14 (1.00, 3.27) 0.85

SNOT22 (¥)
<25 -493(-10.12,0.27)  -13.10 (-19.57,-6.63)  0.053
25-29.9 -8.12 (-15.19, -1.05) -13.90 (-21.18, -6.62) 0.26
>30 -6.25 (-12.37, -0.14) -10.08 (-15.69, -4.47) 0.36

Numbers shown are mean and SD

™ higher score indicative of better control, ¥ lower score indicative of better control

V2 is baseline visit, V5 is end of study visit.
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Effect of Treatment on markers of allergic inflammation in different BMI groups.

Table 3

BMI group Placebo
Exhaled NO (ppb) Change from V2 to V5
<25 3.2 (~7.67,14.01)

25-29.9 -5.06 (-20.20, 10.08)

>30 -0.31(-8.22, 7.61)
serum CCL17 (ng/ml)

<25 -16.75 (-40.0, 6.54)

25-29.9 -20.5(-35.7, -5.19)

>30 -15.54 (-40.04, 8.97)
Serum ECP (ng/ml)

<25 -1.69 (-3.63, 0.25)

25-29.9 0.18 (-1.28, 1.65)

>30 -2.00 (-4.64, 0.65)
Nasal ECP(ng/ml)

<25 11.3 (3.66, 19.0)

25-29.9 -1.26 (-6.65, 4.13)

>30 2.67 (-3.12, 8.53)
Nasal CCL17 (ng/ml)

<25 0.15 (-2.65,2.95)

25-29.9 -0.15 (-3.56, 3.26)

>30 -0.81 (- 3.55,1.92)

Active treatment

Change from V2 to V5

-4.56 (—14.48, 5.35)
-1.52 (-12.44, 9.39)
3.13 (-1.24, 7.49)

-60.9 (-89.2, —32.6)
9.44 (-19.56, 38.4)
-8.41 (-20.41, 3.59)

-4.67 (-6.69, —2.65)
-1.97 (-3.68, —0.25)
-1.48 (-2.69, —0.21)

5.65 (-5.52, 16.8)
5.42 (0.12, 10.72)

-0.22 (-3.93, 3.45)

1.89 (0.09,3.70)

~10.57 (-14.74,-6.41)

-2.23 (-4.52,0.05)

P value

0.51
0.35
0.86

0.02
0.25
0.34

0.81
0.36
0.68

0.67
0.92
0.53

0.25
0.05
0.49

Numbers shown are mean and SD

V2 is baseline visit, V5 is end of study visit.
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