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Abstract 

Background:  Chronic rhinosinusitis (CRS) is associated with generalised airway inflammation. Few studies have 
addressed the relationship between CRS and chronic bronchitis (CB).

Methods:  This prospective study over a five-year period aims to investigate the risk of developing CB in subjects 
reporting CRS at the beginning of the study. A random sample of 7393 adult subjects from Telemark County, Norway, 
answered a comprehensive respiratory questionnaire in 2013 and then 5 years later in 2018. Subjects reporting CB in 
2013 were excluded from the analyses. New cases of CB in 2018 were analysed in relation to having CRS in 2013 or 
not.

Results:  The prevalence of new-onset CB in 2018 in the group that reported CRS in 2013 was 11.8%. There was a 
significant increase in the odds of having CB in 2018 in subjects who reported CRS in 2013 (OR 3.8, 95% CI 2.65–5.40), 
adjusted for age, sex, BMI, smoking and asthma.

Conclusion:  In this large population sample, CRS was associated with increased odds of developing CB during a five-
year follow-up. Physicians should be aware of chronic bronchitis in patients with CRS.
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Background
Chronic rhinosinusitis (CRS) is a prevalent, multifac-
torial upper airway disease affecting up to 12% of the 
adult population worldwide [1]. CRS is characterised 
by mucosal inflammation in the nose and paranasal 
sinuses, causing symptoms of nasal obstruction and dis-
charge, loss of smell, facial pain, malaise resulting in sleep 
impairment and poor quality of life [2]. CRS has been 
strongly associated with asthma in both epidemiologi-
cal and clinical studies [3, 4]. CRS has also been linked 

to chronic obstructive pulmonary disease (COPD), but 
there are still only a few studies [3, 5, 6].

Chronic bronchitis (CB) is a long-term inflammatory 
disease in the lower airways which involves a productive 
cough, impaired quality of life [7], an increased decline 
in lung function [8, 9], a higher risk of cardiovascular 
disease [10] and increased mortality [10]. The world-
wide prevalence of CB is estimated to be 6.4% [11]. In 
the Nordic countries, the prevalence of CB is reported 
to be 4.6% in Norway and 7.2% in Sweden respectively 
[12, 13]. Since both CRS and CB are characterised by 
inflammation in the airway mucosa and have similar 
co-morbidities and risk factors such as smoking [12, 14] 
and occupational exposure [15–17], it is of great interest 
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to further investigate the potential relationship between 
these diseases.

Few studies have previously investigated the asso-
ciation between upper airway inflammation and CB 
[18, 19]. In a large, population-based study from Swe-
den, Montnémery et  al. showed, using a cross-sectional 
design, that nasal symptoms were more common in sub-
jects with CB, but they did not use the European Position 
paper on Rhinosinusitis and Nasal polyps (EPOS) defini-
tion of CRS, since this definition was not established at 
the time. Further, in a small clinical trial, Håkansson et al. 
subsequently reported that CRS with nasal polyps was 
associated with CB [18].

To our knowledge, the present study is the first pro-
spective study to assess CRS based on the EPOS defini-
tion and the risk of developing CB in a large, randomised 
population. Additionally, we analysed sex, age, body mass 
index (BMI), smoking and asthma as possible confound-
ers for developing CB.

Methods
Study population
The Telemark Study is a prospective longitudinal study 
of a random sample from the general population of 
Telemark County, Norway, designed to evaluate airway 
diseases in relation to various risk factors such as occupa-
tional exposure, lifestyle factors and smoking status. The 
study has previously been described in detail [20]. Briefly, 
in 2013, a random sample of 50,000 subjects living in 
Telemark County in southeastern Norway, aged 16–50, 
was drawn from the Norwegian population register and 
a questionnaire was sent out by mail. The response rate 
after two reminders was 33% (n = 16,099). A total of 7952 

subjects answered the questionnaire both in 2013 and 5 
years later in 2018. The vast majority of the subjects were 
Caucasians. No clinical examination by a physician were 
performed.

Study design
The present study evaluates the risk of developing CB 
during a five-year observation period between 2013 
and 2018 in relation to having CRS in 2013. All subjects 
reporting CB in 2013 and subjects who did not answer 
the questions on CRS in 2013 or 2018 were excluded. A 
total of 7393 subjects were included in this study. CRS in 
relation to CB adjusted for potential confounders, such as 
age, sex, BMI, smoking and asthma, was calculated. All 
variables and their definitions included in this study are 
shown in Table  1. A schematic description of the study 
design is shown in Fig. 1.

Outcomes
Chronic bronchitis was defined as the positive answer to 
all three questions, 1, “Do you usually cough up phlegm 
or have mucus in the lungs that is hard to get up? 2. Do 
you cough up or bring up phlegm in this way nearly every 
day for at least 3 months each year? 3. Have you had peri-
ods with similar symptoms for at least two consecutive 
years? [21, 22].

EPOS guideline is a widely accepted consensus docu-
ment. The EPOS guidelines have a validated definition 
of CRS for epidemiological studies used in this study 
[2]. CRS was defined as the presence of two or more 
CRS cardinal symptoms for ≥12 weeks, of which one 
must be either nasal blockage/obstruction/congestion 
or nasal discharge (anterior/posterior nasal drip), called 

Table 1  Baseline demographic data and clinical characteristics in 2013

BMI body mass index

No CRS
(n = 6901)

CRS
(n = 492)

Total
(n = 7393)

Missing (n)

Baseline data

  Age (years, median (IQR)) 41 (17–50) 42 (17–50) 41 (17–50) –

  BMI (kg/m2, median (IQR))) 24.9 (14.1–61.8) 25.6 (17.9–67.6) 24.9 (14.1–67.6) 1307

Sex, n (%)

  Male 2835 (41.1) 214 (43.5) 3049 (41.2) –

  Female 4065 (58.9) 278 (56.5) 4344 (58.8) –

Smoking, n (%) 21

  Current 1354 (19.7) 119 (24.2) 1473 (20.0)

  Past 1546 (22.5) 127 (25.9) 1673 (22.7)

  Never 3981 (57.8) 245 (49.9) 4226 (57.3)

Asthma, n (%) 109

  Yes 586 (8.6) 101 (21.3) 687 (9.4)

  No 6223 (91.4) 374 (78.7) 6597 (90.6)
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“major symptom”, and/or additional symptoms, such as 
facial pain/pressure and/or a reduction in or the loss 
of smell, called “minor symptom”. All subjects giving a 
positive answer to at least two major symptoms and/
or one major and one minor symptom were defined 
as having CRS. Clinical studies of chronic rhinosinusi-
tis (CRS) recommend the performance of a clinical 
examination by a physician, including an endoscopic 
examination of the nose and a CT scan of the nose and 
sinuses. The specific questions defining CRS is seen in 
Fig. 2.

In a sub-analysis, we explored whether there was 
a relationship between the number of CRS cardinal 
symptoms reported and the likelihood of developing 
CB during the five-year observation period. Subjects 

who reported CRS cardinal symptoms without comply-
ing with the definition of CRS according to the EPOS 
criteria were categorised as “CRS-related symptoms” 
(for example, one or two minor symptoms). Subjects 
fulfilling the minimum criteria for CRS were catego-
rised as “CRS” and, finally, subjects who reported more 
cardinal symptoms than the minimum criteria for CRS 
were categorised as “CRS+” (for example, two major 
and two minor symptoms).

Asthma was defined as a positive answer to the ques-
tion “Have you ever been diagnosed with asthma by a 
physician?”

Smoking status was defined and categorised as cur-
rent smoker, past and never smokers, based on the fol-
lowing questions: “Do you smoke daily (applies even if 
you only smoke a few cigarettes, cigars, or pipe daily)?” 
and/or “Do you smoke only occasionally (not daily, but 
weekends, party smoking or the like)” was categorised 
as “current smokers”. “Have you smoked in the past?” 
was categorised as “past smoker”. “Never smokers” 
answered no to all of the questions mentioned above.

The study was approved by the Regional Commit-
tee for Medical and Health Research Ethics in Norway 
(2012/1665/REK Sør-Øst D) and written informed con-
sent was obtained from all the subjects before study 
inclusion.

Statistics
Analyses were performed with the SAS statistical soft-
ware version 9.4 (SAS Institute Inc., Cary, NC, USA). 
Chi-square tests were used for categorical variables and 
the Cochran-Armitage trend test was used for unad-
justed trend analysis. Multivariable logistic regression 
models were used to calculate odds ratios and 95% 

Fig. 1  Study flow chart

Fig. 2  Questions defining chronic rhinosinusitis
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confidence intervals. P-values of < 0.05 were considered 
statistically significant.

Results
Study population characteristics
The study population comprises a total of 7393 individu-
als, all of whom answered the CRS questions in both 2013 
and 2018. The prevalence of CRS in the study population 
was 6.6% in 2013. The median age of the study popula-
tion in 2013 was 41 years (IQR, 17–50; Table 1). In 2013, 
both current smoking and asthma were more common 
in the CRS group (24.2% vs. 19.7%) and (21.3% vs. 8.6%) 
respectively (Table 1). At follow-up in 2018, 255 subjects 
reported new-onset CB (Fig.1).

The risk of developing CB when having CRS
The prevalence of new-onset CB in 2018 in the group 
that reported CRS in 2013 was 11.8% (Table  2). There 

was a significant increase in the odds of having CB in 
2018 in subjects who reported CRS in 2013 (OR 3.8, 
95% CI 2.65–5.40), adjusted for age, sex, BMI, smoking 
and asthma compared with subjects who did not report 
CRS. In the sub-analysis of the relationship between the 
number of CRS cardinal symptoms and the likelihood 
of developing CB, the prevalence of CB increased with 
each category, CRS-related symptoms, CRS and CRS+ 
(p < 0.01; Fig.3). In the logistic regression analysis, the 
odds were approximately seven times higher in the CRS+ 
group compared with not reporting any of the CRS car-
dinal symptoms (OR 7.33, 95% CI 4.58–11.73; Fig.  4). 
Age (p = 0.02), BMI (p = 0.003), smoking (p = 0.009) and 
asthma (p < 0.001) but not sex (p = 0.6) were regarded as 
confounders for CB in the regression analysis.

Discussion
In this prospective, longitudinal, population-based study, 
7393 randomly selected subjects from Telemark, Norway, 
were followed for 5 years. Having CRS was associated 
with an increased risk of developing CB during the five-
year observation period and, in the multiple regression 
model adjusted for age, sex, BMI, asthma and smoking, 
CRS remained a risk factor for developing CB. Moreo-
ver, for every additional CRS cardinal symptom reported, 
the risk of having CB increased. An increased number of 
reported CRS cardinal symptoms could indicate more 

Table 2  Chronic rhinosinusitis (CRS) in 2013 and its relationship 
to chronic bronchitis (CB) in 2018

No CRS
(n = 7138)

CRS
(n = 255)

Total
(n = 7393)

New-onset CB, n (%)

  Yes 197 (2.8) 58 (11.8) 255 (3.5)

  No 6704 (97.2) 434 (88.2) 7138 (96.5)

Fig. 3  Percentage of subjects with CRS-related symptoms (CRS cardinal symptoms without fulfilling the definition for CRS), CRS and CRS+ (more 
CRS cardinal symptoms than the minimum criteria for CRS) in relation to chronic bronchitis (CB). Cochran-Armitage trend test p < 0.01



Page 5 of 7Bergqvist et al. BMC Pulmonary Medicine          (2022) 22:406 	

severe CRS. Subjects in the CRS+ group reported the 
most CRS cardinal symptoms and had an odds ratio of 
developing CB that was seven times higher than subjects 
not reporting any CRS cardinal symptoms at all. In line 
with other studies, age, BMI, smoking and asthma were 
also related to CB [12, 23, 24]. In a small Danish clinical 
study from 2014, Hakansson et al. [18] reported that CB 
is more common in CRS patients with nasal polyps com-
pared with controls (42.5% vs. 9.5%, p < 0.01). In 2000, 
Montnémery et al. [19] found an association between CB 
and upper airway symptoms in a Swedish cross-sectional, 
population-based study. However, they used a different 
definition of CB and did not follow the EPOS definition 
of CRS, since it was not established at the time [2]. To the 
best of our knowledge, this is the first prospective study 
to assess upper respiratory symptoms and self-reported 
CRS based on the EPOS definition and the risk of devel-
oping CB in a large, random population sample.

CRS and CB share several risk factors, such as tobacco 
smoking and occupational exposure [15, 17, 25–27]. The 
main risk factor for developing CB is tobacco smok-
ing and the cumulative 30-year incidence of CB in cur-
rent smokers has been reported at 42%, compared with 
12% in never-smokers [8], which is in line with our find-
ings. Furthermore, both CRS and CB are associated with 
asthma [3, 28]. In this study, we adjusted the analyses for 
asthma and smoking and the relationship remained the 
same. One hypothesis that could explain the association 
between CRS and CB is that patients with CRS develop a 

compromised “gatekeeper” function in the upper airway 
and less protection of the lower airways because of the 
ongoing sino-nasal inflammation. This impaired gate-
keeper function could expose the lower airways to an 
excess of unconditioned inhaled air and make the lower 
airways more susceptible to developing chronic bronchi-
tis. Another possible hypothesis is a systemic spread of 
inflammation via the bone marrow to both the upper and 
lower airways through the blood stream, as has been sug-
gested in the well-established relationship between aller-
gic rhinitis and asthma [29, 30]. There is also evidence 
of an association between CRS and COPD [5, 6, 31, 32]. 
Even though CB is often associated with COPD, CB is a 
primary disease entity that often co-exists with COPD 
and is also considered a phenotype of COPD. This study 
highlights the importance of conducting further clinical 
studies investigating a causal relationship between ongo-
ing upper and lower airway inflammation in subjects 
with CRS and CB.

The Telemark Study is a large, prospective, popula-
tion-based study of an unselected population. Another 
strength is the prospective study design, which makes it 
possible to study the development of CB. Furthermore, 
the study population is representative, with a prevalence 
of asthma close to the EU estimate at 8.2% in adults. In 
the study population, 20% reported to be current smok-
ers which is slightly higher compared to 16% of the gen-
eral population in Norway in 2013, but that estimate is 
from all citizens aged 16–74 (Statistics, Norway). In this 

Fig. 4  Odds ratio (OR) for developing chronic bronchitis (CB) in relation to CRS-related symptoms (CRS cardinal symptoms without fulfilling the 
definition for CRS), CRS and CRS+ (more CRS cardinal symptoms than the minimum criteria for CRS) adjusted for age, sex, BMI, smoking and asthma
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study, the response rate was 33%. The potential causes 
and effects of non-response in the Telemark Study were 
investigated in 2016 by Abrahamsen et al. [20]. They con-
cluded that the estimates for asthma and several respira-
tory symptoms including a productive cough were valid.

The fact that this study is based on questionnaire data 
made it possible to address a large population-based 
cohort. The CRS definition used here is based on the 
EPOS recommendations for epidemiological, question-
naire-based studies. However, in the absence of a clinical 
examination of the nose and/or CT scan of the sinuses, 
it is not possible to exclude the possibility that the CRS 
cardinal symptoms have origins other than nasal mucosal 
inflammation, such as structural obstruction of the nose 
(nasal septal deviation, turbinate hypertrophy) or facial 
pressure or pain (migraine) etc. In questionnaire-based 
studies, there is also a risk of recall bias. This question-
naire-based study did not include data on all shown asso-
ciations with CB and CRS. For instance, CRS is related 
to allergic rhinitis and CRS with nasal polyps has been 
associated with genetic factors [33]. It is also important 
to acknowledge that both CRS and CB can develop and 
resolve over time. Both CRS and CB are chronic res-
piratory diseases with a substantial impact on daily life 
and health-related quality of life for many patients. It 
is important that clinicians are aware of the close asso-
ciation between upper and lower airway inflammation 
beyond asthma and allergic rhinitis and more studies are 
needed to examine possible mechanisms and improved 
treatments.

Conclusion
To our knowledge, this is the first large, prospective, 
population-based study reporting an increased odds 
of developing CB in subjects with CRS during a five-
year observation period. Physicians should be aware of 
chronic bronchitis in patients with CRS.

Abbreviations
BMI: Body Mass Index; CRS: Chronic rhinosinusitis; CB: Chronic bronchitis; 
COPD: Chronic obstructive pulmonary disease; EPOS: European position paper 
on rhinosinusitis and nasal polyposis.

Acknowledgments
The authors would like to thank the Department of Occupational and Environ-
mental Medicine, Telemark Hospital, Norway, for funding and the performance 
of data collection and handling. We would also like to thank the Department 
of Occupational and Environmental Medicine, Sahlgrenska University Hospital, 
Sweden, for its contribution to retrieving and filing data. Furthermore, we 
wish to thank Gølin Finckenhagen Gundersen and Nikola Zivadinovic, who 
collected the data at the Department of Occupational and Environmental 
Medicine, Skien, Norway.

Authors’ contributions
JB, AA, LS, MB, JH contributed to the conceptualisation and study design. 
JB, AA, LS, JH analysed the data. JB, AA, LS, MB, AKF, JH interpreted the data. 

All the authors contributed to drafting the article or revising it critically for 
important intellectual content and gave their final approval of the version to 
be published. All the authors take responsibility for the integrity of the data 
and accuracy of the data analysis. All the authors have read and approved the 
final manuscript.

Funding
Open access funding provided by University of Gothenburg. Open access 
funding provided by the University of Gothenburg, the Swedish Research 
Council for Health, Working Life and Welfare, the ALF Agreement relating to 
the research and education of doctors (state funding), the Gothenburg Medi-
cal Society.

Availability of data and materials
The datasets generated and/or analysed during the current study are not 
publicly available because of privacy policy regulations, but they are available 
from the corresponding author in response to a reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Regional Committee for Medical and Health 
Research Ethics in Norway (2012/1665/REK Sør-Øst D) and written informed 
consent was obtained from all subjects prior to study inclusion. All methods 
in this study were performed in accordance with the relevant guidelines and 
regulations.

Consent for publication
Not applicable.

Competing interests
JB, AA, LS, MB, GK, RA, AKF, JH report no competing interests.

Author details
1 Department of Otorhinolaryngology, Head & Neck Surgery, Sahlgrenska Uni-
versity Hospital, Gothenburg, Sweden. 2 Institute of Clinical Sciences, Sahlgren-
ska Academy, University of Gothenburg, Gothenburg, Sweden. 3 Department 
of ENT & Oral Maxillofacial Surgery, NU Hospital Group, Trollhättan, Sweden. 
4 COPD Center, Department of Respiratory Medicine and Allergology, Sahlg-
renska University Hospital, Gothenburg, Sweden. 5 COPD Center, Department 
of Internal Medicine and Clinical Nutrition, Institute of Medicine, Sahlgrenska 
Academy, University of Gothenburg, Gothenburg, Sweden. 6 Occupational 
and Environmental Medicine, Institute of Medicine, Sahlgrenska Academy, 
University of Gothenburg, Gothenburg, Sweden. 7 Department of Occu-
pational and Environmental Medicine, Telemark Hospital, Skien, Norway. 
8 Department of Community Medicine and Global Health, Institute of Health 
and Society, University of Oslo, Oslo, Norway. 

Received: 29 July 2022   Accepted: 25 October 2022

References
	1.	 Fokkens WJ, Lund VJ, Hopkins C, Hellings PW, Kern R, Reitsma S, Toppila-

Salmi S, Bernal-Sprekelsen M, Mullol J, Alobid I, et al. European position 
paper on rhinosinusitis and nasal polyps 2020. Rhinology. 2020;58:1–464.

	2.	 Fokkens WJ, Lund VJ, Mullol J, Bachert C, Alobid I, Baroody F, Cohen N, 
Cervin A, Douglas R, Gevaert P, et al: European Position Paper on Rhinosi-
nusitis and Nasal Polyps 2012. Rhinol Suppl 2012:3 p preceding table of 
contents, 1–298.

	3.	 Khan A, Vandeplas G, Huynh TMT, Joish VN, Mannent L, Tomassen P, Van 
Zele T, Cardell LO, Arebro J, Olze H, et al. The global allergy and asthma 
European network GALEN rhinosinusitis cohort: a large European cross-
sectional study of chronic rhinosinusitis patients with and without nasal 
polyps. Rhinology. 2019;57:32–42.

	4.	 Rajan JP, Wineinger NE, Stevenson DD, White AA. Prevalence of aspirin-
exacerbated respiratory disease among asthmatic patients: a meta-analy-
sis of the literature. J Allergy Clin Immunol. 2015;135:676–81 e671.



Page 7 of 7Bergqvist et al. BMC Pulmonary Medicine          (2022) 22:406 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	5.	 Arndal E, Sorensen AL, Lapperre TS, Said N, Trampedach C, Aanaes K, Ala-
nin MC, Christensen KB, Backer V, von Buchwald C. Chronic rhinosinusitis 
in COPD: a prevalent but unrecognized comorbidity impacting health 
related quality of life. Respir Med. 2020;171:106092.

	6.	 Bergqvist J, Andersson A, Schioler L, Olin AC, Murgia N, Bove M, Janson C, 
Abramson MJ, Leynaert B, Nowak D, et al. Non-infectious rhinitis is more 
strongly associated with early-rather than late-onset of COPD: data from 
the European Community respiratory health survey (ECRHS). Eur Arch 
Otorhinolaryngol. 2020;277:1353–9.

	7.	 Kanervisto M, Saarelainen S, Vasankari T, Jousilahti P, Heistaro S, Heliovaara 
M, Luukkaala T, Paavilainen E. COPD, chronic bronchitis and capacity for 
day-to-day activities: negative impact of illness on the health-related 
quality of life. Chron Respir Dis. 2010;7:207–15.

	8.	 Pelkonen M, Notkola IL, Nissinen A, Tukiainen H, Koskela H. Thirty-year 
cumulative incidence of chronic bronchitis and COPD in relation to 
30-year pulmonary function and 40-year mortality: a follow-up in middle-
aged rural men. Chest. 2006;130:1129–37.

	9.	 Guerra S, Sherrill DL, Venker C, Ceccato CM, Halonen M, Martinez FD. 
Chronic bronchitis before age 50 years predicts incident airflow limitation 
and mortality risk. Thorax. 2009;64:894–900.

	10.	 Puddu PE, Menotti A, Kromhout D, Kafatos A, Tolonen H. Chronic 
bronchitis in the 50-year follow-up of the European cohorts of the seven 
countries study: prevalence, mortality and association with cardiovascu-
lar diseases. Respir Med. 2021;181:106385.

	11.	 Halbert RJ, Natoli JL, Gano A, Badamgarav E, Buist AS, Mannino DM. 
Global burden of COPD: systematic review and meta-analysis. Eur Respir 
J. 2006;28:523–32.

	12.	 Axelsson M, Ekerljung L, Eriksson J, Hagstad S, Ronmark E, Lotvall J, Lun-
dback B. Chronic bronchitis in West Sweden - a matter of smoking and 
social class. Eur Clin Respir J. 2016;3:30319.

	13.	 Leivseth L, Nilsen TI, Mai XM, Johnsen R, Langhammer A. Lung function 
and respiratory symptoms in association with mortality: the HUNT study. 
COPD. 2014;11:59–80.

	14.	 Hutson K, Clark A, Hopkins C, Ahmed S, Kumar N, Carrie S, Erskine S, 
Sunkaraneni V, Philpott C, Group C. Evaluation of smoking as a modify-
ing factor in chronic rhinosinusitis. JAMA Otolaryngol Head Neck Surg. 
2021;147:159–65.

	15.	 Clarhed UKE, Johansson H, Veel Svendsen M, Toren K, Moller AK, Hellgren 
J. Occupational exposure and the risk of new-onset chronic rhinosinusitis 
aeuro a prospective study 2013-2018. Rhinology. 2020;58:597–604.

	16.	 Lytras T, Kogevinas M, Kromhout H, Carsin AE, Anto JM, Bentouhami H, 
Weyler J, Heinrich J, Nowak D, Urrutia I, et al. Occupational exposures and 
incidence of chronic bronchitis and related symptoms over two decades: 
the European Community respiratory health survey. Occup Environ Med. 
2019;76:222–9.

	17.	 Thilsing T, Rasmussen J, Lange B, Kjeldsen AD, Al-Kalemji A, Bae-
lum J. Chronic rhinosinusitis and occupational risk factors among 
20- to 75-year-old Danes-a GA(2) LEN-based study. Am J Ind Med. 
2012;55:1037–43.

	18.	 Hakansson K, Thomsen SF, Konge L, Mortensen J, Backer V, von Buchwald 
C. A comparative and descriptive study of asthma in chronic rhinosinusi-
tis with nasal polyps. Am J Rhinol Allergy. 2014;28:383–7.

	19.	 Montnemery P, Svensson C, Adelroth E, Lofdahl CG, Andersson M, 
Greiff L, Persson CG. Prevalence of nasal symptoms and their relation to 
self-reported asthma and chronic bronchitis/emphysema. Eur Respir J. 
2001;17:596–603.

	20.	 Abrahamsen R, Svendsen MV, Henneberger PK, Gundersen GF, Toren K, 
Kongerud J, Fell AK. Non-response in a cross-sectional study of respira-
tory health in Norway. BMJ Open. 2016;6:e009912.

	21.	 Definition and classification of chronic bronchitis for clinical and epide-
miological purposes. A report to the Medical Research Council by their 
committee on the Aetiology of chronic bronchitis. Lancet. 1965;1:775–9.

	22.	 Global Strategy for the Diagnosis, Management and Prevention of COPD, 
Global Initiative for Chronic Obstructive Lung Disease (GOLD) [http://​
www.​goldc​opd.​org/.]

	23.	 Guerra S, Sherrill DL, Bobadilla A, Martinez FD, Barbee RA. The relation of 
body mass index to asthma, chronic bronchitis, and emphysema. Chest. 
2002;122:1256–63.

	24.	 Woodruff PG, van den Berge M, Boucher RC, Brightling C, Burchard 
EG, Christenson SA, Han MK, Holtzman MJ, Kraft M, Lynch DA, et al. 
American Thoracic Society/National Heart, Lung, and Blood Institute 

asthma-chronic obstructive pulmonary disease overlap workshop report. 
Am J Respir Crit Care Med. 2017;196:375–81.

	25.	 Doney B, Hnizdo E, Graziani M, Kullman G, Burchfiel C, Baron S, Fujishiro 
K, Enright P, Hankinson JL, Stukovsky KH, et al. Occupational risk factors 
for COPD phenotypes in the multi-ethnic study of atherosclerosis (MESA) 
lung study. COPD. 2014;11:368–80.

	26.	 Ehrlich RI, White N, Norman R, Laubscher R, Steyn K, Lombard C, Brad-
shaw D. Predictors of chronic bronchitis in south African adults. Int J 
Tuberc Lung Dis. 2004;8:369–76.

	27.	 LeVan TD, Koh WP, Lee HP, Koh D, Yu MC, London SJ. Vapor, dust, and 
smoke exposure in relation to adult-onset asthma and chronic respira-
tory symptoms: the Singapore Chinese health study. Am J Epidemiol. 
2006;163:1118–28.

	28.	 Mejza F, Gnatiuc L, Buist AS, Vollmer WM, Lamprecht B, Obaseki DO, 
Nastalek P, Nizankowska-Mogilnicka E, Burney PGJ. Collaborators B, col-
laborators Bs: prevalence and burden of chronic bronchitis symptoms: 
results from the BOLD study. Eur Respir J. 2017;50.

	29.	 Denburg JA, Keith PK. Eosinophil progenitors in airway diseases: clinical 
implications. Chest. 2008;134:1037–43.

	30.	 Brozek JL, Bousquet J, Agache I, Agarwal A, Bachert C, Bosnic-Anticevich 
S, Brignardello-Petersen R, Canonica GW, Casale T, Chavannes NH, et al. 
Allergic rhinitis and its impact on asthma (ARIA) guidelines-2016 revision. 
J Allergy Clin Immunol. 2017;140:950–8.

	31.	 Hurst JR, Wilkinson TM, Donaldson GC, Wedzicha JA. Upper airway symp-
toms and quality of life in chronic obstructive pulmonary disease (COPD). 
Respir Med. 2004;98:767–70.

	32.	 Hens G, Vanaudenaerde BM, Bullens DM, Piessens M, Decramer M, 
Dupont LJ, Ceuppens JL, Hellings PW. Sinonasal pathology in nonallergic 
asthma and COPD: ’united airway disease’ beyond the scope of allergy. 
Allergy. 2008;63:261–7.

	33.	 Bohman A, Oscarsson M, Holmberg K, Johansson L, Millqvist E, Nasic 
S, Torinsson-Naluai A, Bende M. Heredity of nasal polyps. Rhinology. 
2015;53:25–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.goldcopd.org/
http://www.goldcopd.org/

	Chronic rhinosinusitis associated with chronic bronchitis in a five-year follow-up: the Telemark study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study population
	Study design
	Outcomes
	Statistics

	Results
	Study population characteristics
	The risk of developing CB when having CRS

	Discussion
	Conclusion
	Acknowledgments
	References


