European Archives of Oto-Rhino-Laryngology (2022) 279:4953-4959
https://doi.org/10.1007/500405-022-07320-y

RHINOLOGY q

Check for
updates

BMI as a risk factor for the development of chronic rhinosinusitis:
a prospective population-based study

Ulrika K. E. Clarhed'2® - Linus Schiéler® - Kjell Torén® - Anne Kristin M. Fell>* . Johan Hellgren'2

Received: 29 December 2021 / Accepted: 11 February 2022 / Published online: 19 March 2022
© The Author(s) 2022

Abstract

Purpose Obesity is a growing, global health problem and previous cross-sectional studies have demonstrated an association
between obesity and chronic rhinosinusitis (CRS). There is, however, a lack of prospective studies regarding the impact of
obesity on developing (new-onset) CRS.

Methods Questionnaire-based data (n=15769) relating to new-onset CRS and Body Mass Index (BMI) were collected in
2013 and 2018 from the Telemark population study in Telemark, Norway. Odds ratios for the risk of new-onset CRS in 2018
in relation to BMI in 2013 were calculated, adjusted for smoking habits, asthma, gender and age.

Results When comparing the group with normal weight (18.5 <BMI < 25) with the obese group (BMI >30), the odds of
new-onset CRS was 53% higher [OR 1.53 (1.11, 2.10)] in the obese group.

Conclusion CRS is a multifactorial disease with different phenotypes and it is important to consider obesity when assessing

patients with CRS in a clinical setting.
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Introduction

Obesity is a common health concern worldwide [1]. Obesity
is most commonly considered to be caused by excess energy
consumption (dietary intake) relative to energy expenditure
(energy loss via metabolic and physical activity). However,
the aetiology behind obesity is more complex, with the
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interaction of genetic, environmental, social and economic
factors [2].

Obesity has been identified as an important risk factor
for asthma [3, 4]. The suggested mechanism is that obesity
causes a local and systemic subclinical inflammation which
appears to contribute to airway inflammation, decrease in
lung function and asthma exacerbation [5].

Chronic rhinosinusitis (CRS) is an inflammation of the
nose and the paranasal sinuses [6] that affects around 11% of
the population in Europe [7, 8] and has substantial effects on
health-related quality of life [9, 10]. There is a well-known
association between asthma and CRS [11-13]. Smoking is
also an important risk factor for CRS [6]. Factors linking the
mucosal inflammation in CRS and asthma could be related
to obesity and its potential to contribute to airway inflam-
mation. Previous cross-sectional studies have demonstrated
an association between obesity and CRS [14—16]. Nam et al.
investigated 32,384 individuals aged 19-86 years and, after
performing a cross-sectional analysis, they found that the
prevalence of CRS with nasal polyps was higher in subjects
with obesity [16]. Bhattacharyya conducted a cross-sectional
analysis of a medical panel survey in the United States and
found an adjusted odds ratio of 1.31 (1.18, 1.45) for CRS
when obesity was present [14]. Kim et al. found that 184
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adult patients with CRS undergoing endoscopic sinus sur-
gery had a significantly higher mean body mass index (BMI)
(24.7 kg/m?) compared with controls (23.2 kg/m?) [15]. The
percentage of obese patients (defined as BMI > 25 kg/m?)
was also higher in the CRS group than in controls, 42.9% as
compared to 24.3%.

To our knowledge, there are no previous studies investi-
gating BMI and its possible association with the develop-
ment of CRS in a prospective study design. In this study,
we have investigated the impact of BMI on new-onset CRS
during a five-year observation period in a large population-
based cohort from the Telemark region in southern Norway.

Materials and methods
Study population and design

The Telemark Study is a prospective study of a random
general population cohort from the County of Telemark,
Norway (population of about 170,000). In 2013, a random
sample of 50,000 subjects of working age, 16-50, was drawn
from the national Norwegian population registry. A postal
questionnaire including questions assessing CRS, asthma,
smoking, body height and weight was sent out. A 5-year
follow-up of the cohort was made in 2018 using the same
questionnaire. A more comprehensive description of the
study can be found elsewhere [7, 17].

A total of 7952 subjects answered the questionnaire in
both 2013 and 2018. Since the present study was aimed at
new-onset CRS in relation to BMI, subjects reporting CRS
at baseline in 2013 were excluded from the analyses. Sub-
jects who did not answer the CRS questions in 2013 or 2018
were also excluded, as well as 1227 subjects with missing
answers on either height or weight where BMI could not be
calculated. A flow chart of the study population is shown
in Fig. 1.

CRS was defined according to the European position
paper on rhinosinusitis and nasal polyps (EPOS) crite-
ria, as inflammation of the nose and the paranasal sinuses
characterised by the presence of two or more symptoms
for>12 weeks, of which one should be either nasal block-
age/obstruction/congestion or nasal discharge (anterior/
posterior nasal drip), called “major symptoms”, as well as
additional symptoms, such as facial pain/pressure and/or a
reduction in or the loss of smell, called “minor symptoms”
[6].

BMI was calculated on the basis of self-reported weight
and height and categorised in accordance with the guide-
lines from Centres for Disease Control and Prevention
(CDC) [18]. The World Health Organisation (WHO) uses
the same categorisation and classifications apart from over-
weight, which is classified as pre-obesity according to the
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WHO [19]. BMI was used both as a continuous variable
(Fig. 2) and divided into the CDC group guidelines with
the following cut-off limits: < 18.5 kg/m? underweight, 18.5
to <25 kg/m” normal weight, 25.0 to < 30 kg/m* overweight
and >30 kg/m? obesity (Table 2). For subjects with missing
height but observed weight at baseline, height at follow-up
was used to calculate BMI.

Smoking was assessed using the following questions; ‘Do
you smoke every day?’, ‘Do you smoke only occasionally ?’
and ‘Did you use to smoke?’. ‘Ever smoking” was defined
as giving a positive answer to any of the three questions.
‘Current smoking” was defined as a positive answer to either
‘Do you smoke every day?’ or ‘Do you only smoke occa-
sionally ”’. Asthma was defined as a positive answer to the
question ‘Has a physician ever diagnosed you with asthma?’.

Statistical analysis

Odds ratios were estimated using multivariable logistic
regression. Restricted cubic splines were used to model con-
tinuous variables: for age, we placed knots at the 10th, 50th
and 90th percentiles [20], corresponding to 23, 41 and 49.
For BMI, we placed knots at 18.5, 25 and 30, corresponding
to the CDC categories. Data on BMI were missing in 1227
subjects and they were therefore excluded. A small number
(n=92) of subjects had missing data on asthma or smoking
status and were excluded from the regression analyses.

All the analyses were performed using SAS Version
9.4M6 (SAS Institute, Cary, NC). P values of <0.05 were
considered statistically significant.

Results

The descriptive statistics of the study population are pre-
sented in Table 1. One per cent of the study population
(n=5769) was underweight, 50% had normal weight, 35%
were overweight and 14% were obese.

Odds ratios (OR) from the multivariable logistic regres-
sion analysis of risk of new-onset CRS in 2018 in relation to
BMI in 2013, adjusted for gender, smoking habits, asthma
and age, can be seen in Table 2. When comparing the group
with normal weight with the obese group, the odds of new-
onset CRS was 53% higher [OR 1.53 (1.11, 2.10)] in the
obese group.

The characteristics of the subjects with a missing BMI are
shown in Table 3, when compared with the study population.
A similar distribution of gender, asthma, smoking and new-
onset CRS can be seen in both groups.

Figure 2 presents OR for new-onset CRS in relation to
BMI with multivariable logistic regression analysis. The
variables were adjusted for gender, smoking, asthma and
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Flg' 11 FIOW chart of the StUdy Random sample aged 16-50 years 2013
opulation
pop n = 50,000
Not able to trace or excluded 2013
> n=1,858
Non-responders 2013
n=232,043
Random sample aged 16-50 years 2013
n= 16,099
Non-responders 2018
> n= 38,147
Random sample aged 16-50 years, responded 2013 and
2018
n=7,952
No response to CRS questions at baseline (2013)
> n=205
No response to CRS questions at follow-up (2018)
> n=129
CRS at baseline
> n=622
Missing BMI
> n=1,227
\4
Study population
n=15,769
age. When BMI was used as a continuous variable, the risk
5 of new-onset CRS increased with a higher BMI.
[72)
5 1.5 . .
5 Discussion
o
® - . . .
5 1 - — In this prospective study of a large random population
3 cohort, a higher BMI was associated with an increased risk
of developing CRS during a five-year observation period.
This association was present both when analysing BMI
as a continuous variable (Fig. 2) and when categorising
%7 20 25 30 35 BMI according to CDC definitions and comparing normal

BMI

Fig.2 Odds ratio (OR) for new-onset CRS in relation to BMI (mul-
tivariable logistic regression analysis of risk of new-onset CRS and
BMI, adjusted for gender, smoking, asthma and age). The grey area
represents the 95% confidence intervals

weight (18.5 <BMI < 25) with obesity (BMI<30) (OR
1.53 (1.11-2.10) (Table 2). To our knowledge, this study
is the first to confirm BMI as a risk factor for the develop-
ment of CRS in a prospective design. As patients with CRS
have chronic disease where causal treatment is lacking and
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Table 1 Description of study

population (n=5769) at BMI
baseline (2013) with regard to Underweight Normal weight Overweight Obesity Total
age, gender, smoking habits and BMI<18.5 18.5<BMI <25 25<BMI<30 BMI>30 (n=5769)
asthma (n=83) (n=2886) (n=2001) (n=799)
Age (years)
Median (inter- 28 (20-40) 38 (27-45) 42 (35-47) 43 (37-47) 40 (31-46)
quartile range)
Gender n (%)
Female 66 (2) 1970 (58) 929 (28) 410 (12) 3375 (100)
Male 17 (1) 916 (38) 1072 (45) 389 (16) 2394 (100)
Smoking n (%)
Never 55(2) 1794 (54) 1074 (32) 395 (12) 3318 (100)
Past 6 (0) 531 (43) 497 (40) 215 (17) 1249 (100)
Current® 22 (2) 552 (47) 425 (36) 186 (16) 1185 (100)
Asthma n (%)
No 73 (1) 2612 (51) 1792 (35) 693 (13) 5170 (100)
Yes 7 (1) 225 (43) 189 (36) 101 (19) 522 (100)

*Including occasional smokers

Table 2 Odds ratio (OR)

Study population No. CRS (n) CRS (n) OR (95% CI)
Underweight 75 5 1.20 (0.50, 2.93)
Normal weight 2682 147 1 (ref)
Overweight 1882 95 0.93 (0.71, 1.23)
Obese 730 61 1.53 (1.11, 2.10)

Statistically significant results are marked in bold

Multivariable logistic regression analysis of new-onset CRS in
2018 in relation to BMI in 2013 adjusted for gender, smoking hab-
its, asthma and age. The data regarding asthma or smoking were
missing in 92 subjects and they were therefore not included. Under-
weight=BMI<18.5, normal weight=18.5<BMI<25, over-
weight=25 <BMI <30, obese =BMI >30

different phenotypes and endotypes exist, BMI should be
taken into consideration when CRS patients are at the clinic
[6].

One major strength of this study is the prospective design.
By excluding all subjects reporting CRS according to the
EPOS criteria, at baseline, we have only studied new-onset
CRS during the five-year observation period. Our results
show that obesity is a risk factor for the development of
CRS, even when other known risk factors such as asthma
and smoking are taken into consideration. This confirms
previous cross-sectional studies indicating the existence
of an association between CRS and BMI. In a large cross-
sectional study from 2013, Bhattacharyya et al. found an
increased prevalence of obesity in patients suffering from
CRS [14]. Another cross-sectional study from 2016 found
that obesity was a risk factor for CRS with nasal polyps, but
its data did not support a connection between a higher BMI
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Table 3 Characteristics of subjects with missing BMI compared with
study population

Study population Miss-
(n=5769) ing BMI
(n=1,227)
Gender % (n)
Female 59 (3375) 61 (748)
Male 41 (2394) 39 (479)
Smoking % (n)
Never smoking 58 (3318) 56 (682)
Past smoking 22 (1249) 26 (313)
Current smoking 21 (1185) 19 (230)
Asthma % (n)
Yes 9 (522) 10 (127)
No 91 (5170) 90 (1085)
New-onset CRS 2013-2018% (n)
Yes 5(313) 6 (76)
No 95 (5456) 94 (1151)

and CRS without nasal polyps [21]. Obesity was defined
as a BMI of > 25, whereas in our study we define obesity
as a BMI of > 30, in accordance with CDC [18]. Lee et al.
found that CRS was more prevalent in individuals with the
metabolic syndrome (a high triglyceride level, a reduced
high-density lipoprotein level and elevated blood pressure)
than in individuals without the metabolic syndrome [22].
Sidell et al. found no association between obesity and CRS
in schoolchildren [23]. This study included children aged
6-—17 years, whereas our study investigates adults aged
1650 years, which could be a reason for the difference in
results. Kanagalingam et al. found that obesity did not affect
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the severity of sinonasal disease in asthma [24]. That study
used a validated questionnaire [25] to assess sinonasal dis-
ease severity, whereas in our study we use the EPOS criteria
[6] to define chronic rhinosinusitis, which could explain the
discrepancy in the results.

Obesity itself appears to cause a metabolic inflamma-
tory state, defined as a low-grade, chronic inflammation
orchestrated by metabolic cells and inflammatory markers
in response to excess nutrients and energy [26]. Previous
studies have highlighted obesity as an important risk factor
for asthma, but the mechanisms behind this relationship still
remain elusive [27, 28]. The connection between CRS and
lower respiratory airway disease, such as asthma, is well
known and was also taken into account in the analyses in this
study [11-13]. The inflammatory response caused by obe-
sity appears to contribute to airway inflammation, decrease
in lung function and asthma exacerbation [5]. Obesity in
patients with asthma also results in a higher symptom bur-
den, as well as poorer asthma control and a higher consump-
tion of asthma medication, which could also be a factor in
CRS, but this needs to be studied in more detail [29].

The Telemark Study is a large prospective population-
based cohort designed to study airway inflammatory disease
and risk factors such as CRS. One of the main advantages
of the population-based design is that it enables the inclu-
sion of subjects who have CRS symptoms but who have not
been in contact with health care, in contrast to other study
designs based on the hospital cohorts of CRS patients. EPOS
has a special symptom-based definition of CRS for the pur-
pose of questionnaire-based epidemiological research. In the
absence of a nasal inspection, it is however not possible to
exclude other causes of the sinonasal symptoms or to dif-
ferentiate between nasal polyps and other CRS. A strength
of the study is that the questions used in the Telemark Study
have been validated and frequently used before [30-32].

When conducting epidemiological research, it is impor-
tant to consider recall bias and how it might affect the out-
come. There is a risk that individuals with CRS are more
prone to recall their symptoms than their counterparts who
did not develop CRS; thus, resulting in a skewed distribu-
tion of the investigated symptoms or characteristics. The
studied variables, such as smoking, asthma and sinonasal
symptoms during the past 12 weeks, are probably less likely
to be over- or underestimated and the results show that their
prevalence was as expected. This may not, however, apply to
BMI. Previous studies illustrate that individuals have a ten-
dency to overestimate their height and underestimate their
weight, resulting in a falsely low BMI [33]. This tendency
is greater in individuals who are overweight or obese com-
pared with individuals of normal weight. However, in this
study, the application of this theory would mean that the
individuals who reported being overweight or obese have a
higher BMI in reality, thus resulting in a stronger correlation

between CRS and obesity. Between the Nordic countries,
the estimated prevalence of overweight and obesity is simi-
lar in Norway, Sweden, Denmark and Finland [34]. In the
general population in Norway in 2019, the distribution of
self-reported BMI was 2% underweight, 35% overweight
and 16% obese. Forty-seven per cent had a normal BMI
[35]. This is similar to our results of 1%, 35%, 14% and 50%
(Table 1).

1,227 subjects failed to answer the questions regarding
weight and height and were therefore not eligible. However,
the analyses of these subjects showed that the overall five-
year incidence of CRS and the distribution of smoking hab-
its, asthma and gender were in accordance with the study
population (Table 3).

Low vitamin D status has been associated with obesity
[36, 37] and a recent meta-analysis by Li et al. illustrated
an association between lower serum vitamin D status and
CRS [38]. Vitamin D supplementation has also been shown
to prevent acute respiratory infections [39]. The Telemark
study did not include any data on serum vitamin D, however
the role of vitamin D in regard to CRS and obesity is inter-
esting and warrants further research.

Obesity has also been linked to sleep disturbances, in par-
ticular obstructive sleep apnea which in itself is connected
with numerous chronic health conditions [40]. Prolonged
sleep deficiency can lead to a chronic, systemic low-grade
inflammation associated with various diseases that have
an inflammatory component, such as diabetes [41]. There
are data suggesting a correlation between obstructive sleep
apnea and asthma [42]. Sleep disturbances and its concomi-
tant inflammatory component may also be associated with
CRS, however, this connection needs to be studied further.
Finally, there is a connection between obesity and diabetes
mellitus [43] and there is also data that show that subjects
with diabetes mellitus and CRS who underwent functional
endoscopic sinus surgery (FESS) report worse quality of
life after surgery than those without diabetes mellitus [44].

As outlined by the EPOS, it is important to study different
phenotypes of CRS [6]. Obesity is a sign of underlying dis-
ease and/or the interaction of genetic, environmental, social
and economic factors that can facilitate the development of
CRS and asthma.

Conclusion

In this prospective study of BMI as a risk factor for CRS,
the risk of new-onset CRS increased with a higher BMI. Our
results show that obese individuals ran a 53% increased risk
of acquiring new-onset CRS [OR 1.53 (CI 1.11, 2.10)] when
compared with individuals of normal weight. BMI should be
taken into account when assessing CRS in a clinical setting.
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