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Abstract

Background: Chronic rhinosinusitis (CRS) is defined as a condition of inflammation in the paranasal sinus mucosa
persisting for more than 12 weeks. We previously reported that the prevalence of CRS was about 8 % in China.
Here, we aim to investigate the occupational and environmental risk factors associated with CRS.

Methods: Data were collected from seven Chinese cities: Urumqi, Changchun, Beijing, Wuhan, Chengdu, Huaian
and Guangzhou. CRS was diagnosed according to the European Position Paper on Rhinosinusitis and Nasal Polyps
(EP3OS) document. Participants were asked to complete a standardized questionnaire, which was developed by the
Global Allergy and Asthma European Network (GA2LEN) project and covered sociodemographic characteristics, CRS-
related symptoms and occupational and environmental exposures. We evaluated the association between CRS and
various occupational and environmental factors using odds ratios (ORs) and 95 % confidence intervals (95 % CIs).

Results: The total study population consisted of 10,633 subjects, 850 (7.99 %) of whom were defined as having CRS
according to the EP3OS criteria. We found that there were significant associations between occupational and
environmental factors and CRS. Specifically, having a clearance-related job, occupational exposure to dust,
occupational exposure to poisonous gas, a pet at home or carpet at home or at the workplace were risk factors for
CRS. Additionally, the method used to keep warm in winter, the duration of time spent using air conditioning in
summer and the frequency of exposure to mouldy or damp environments were significantly different in subjects
with and without CRS.

Conclusions: Our data showed that some occupational and environmental exposures are strongly associated with
CRS, which aids in understanding the epidemiology of CRS.
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Background
Chronic rhinosinusitis (CRS), one of the most common
chronic diseases, is defined as a condition of inflamma-
tion in the paranasal sinus mucosa persisting for more
than 12 weeks. The prevalence of CRS has been reported
to range from 6 to 27.1 % [1–5]. It is evident that CRS is
associated with a substantially impaired quality of life
[6], reduced workplace productivity and serious medical

treatment costs [5, 7]. As the pathophysiology of this
chronic condition has attracted high amounts of atten-
tion [8], an increasing number of studies [9, 10] have fo-
cused on potential risk factors associated with CRS. Two
studies of the Korea National Health and Nutrition
Examination Survey [11, 12] identified several risk
factors for CRS, including influenza vaccination, septal
deviation and allergic rhinitis. Moreover, there were
significantly increased prevalence of chronic rhinosinusi-
tis in plant and machinery operators and assemblers,
craft and related trade workers and the unemployed.
Trine Thilsing et al. [13] performed a cross-sectional
survey of 3099 subjects in Denmark and found that

* Correspondence:
tsjbent@163.com; fuqingl@mail.sysu.edu.cn
†Equal contributors
1Otorhinolaryngology Hospital, The First Affiliated Hospital, Sun Yat-sen
University, 58 Zhongshan Road II, Guangzhou, Guangdong 510080, China
Full list of author information is available at the end of the article

© 2016 Gao et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Gao et al. Respiratory Research  (2016) 17:54 
DOI 10.1186/s12931-016-0366-z

http://crossmark.crossref.org/dialog/?doi=10.1186/s12931-016-0366-z&domain=pdf
mailto:tsjbent@163.com
mailto:fuqingl@mail.sysu.edu.cn
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


occupational exposure to gases, fumes, dust or smoke
was associated with a higher CRS prevalence. However,
previous studies [1, 11, 12] have mostly focused on general
risk factors, such as smoke exposure, or on general occu-
pations or environments as opposed to specific exposures
to occupational or environmental factors like air condi-
tioning that may have important effects on disease risk.
We previously conducted a cross-sectional investiga-

tion in China and found that the prevalence of CRS was
8.0 % and varied with different sociodemographic sub-
populations [2]. Notably, CRS was more prevalent in
people with specific medical conditions, including aller-
gic rhinitis, asthma, chronic obstructive pulmonary dis-
ease and gout. The present study further investigated
the detailed occupational and environmental risk factors
associated with CRS based on the dataset of this seven-
city survey. The identification of risk factors is important
for providing further guidance to prevent CRS.

Methods
Participants and sampling
A cross-sectional investigation was done in seven Chinese
cities: Urumqi, Changchun, Beijing, Wuhan, Chengdu,
Huaian and Guangzhou. These cities covered the North,
Middle and South of China and have diverse climates and
socioeconomics. The study protocol was approved by the
Ethics Committee of The First Affiliated Hospital, Sun
Yat-sen University (the principle centre), China. The inter-
viewers explained the purpose of the investigation and the
procedures and acquired the informed consent of all
subjects involved in the study before conducting the
interviews.
We used a stratified four-stage random sampling

method to select the participants. For each city (the
strata), based on the list of administrative districts,
streets and communities, the coordinator of this study
randomly sampled two districts and subsequently used
simple random sampling to select two streets within
each selected district and two communities from each
selected street. Fifty-six communities (eight communities
in each city) were selected. In the final stage, the investigators
in each city performed cluster sampling. Approximately 65
households from each community were randomly sampled
according to the door numbers provided by the local
communities. The target subjects were all Chinese resi-
dents of chosen households who had lived in the local
region for at least one year at the time of the survey.

Instruments and data collection
The participants were interviewed face-to-face in their
houses and were asked to complete a standardized ques-
tionnaire. The questionnaire was modified by the Global
Allergy and Asthma European Network (GA2LEN) pro-
ject and covered sociodemographic characteristics, CRS-

related symptoms and occupational and environmental
exposures. Participants were asked whether they engaged
in a clearance-related or health care-related job and
about their exposure level to dust, poisonous gas, carpet
or mouldy or damp environments. Questions regarding
participants’ methods of cooking and keeping warm in
winter and the frequency of air conditioner use were
also included in this questionnaire and considered to be
important components of environmental exposures. Ac-
cording to the European Position Paper on Rhinosinusi-
tis and Nasal Polyps (EP3OS) document [14], the
definition of CRS is based on the presence of two or
more of the following symptoms and at least one of the
first two symptoms being present for more than 12 weeks
in the last year: nasal obstruction/blockage/congestion,
nasal discharge (anterior/posterior/nasal drip or puru-
lent throat mucus), facial (forehead/nasal/eye) pain/pres-
sure or a reduction in or loss of sense of smell. In
principle, the questionnaire was self-administered, but
ghostwriting by the parents was allowed for children,
and assistance from trained interviewers was provided
for illiterate participants and for clarification of the
questions.

Data analysis
All data analyses were performed using IBM SPSS 20.0.
Characteristics of the CRS group and non-CRS group
were compared using a χ2 test or Mann–Whitney test
depending on the nature of the factor under consider-
ation. A difference was regarded as statistically signifi-
cant if the two-tailed P value was less than 0.05. We
evaluated the association between CRS and various oc-
cupational and environmental factors using odds ratios
(ORs) and the corresponding 95 % confidence intervals
(95 % CIs). In addition, we performed multivariate logis-
tic regression analyses and presented the adjusted ORs
after controlling for sociodemographic characteristics
and smoking.

Results
Comparisons of sociodemographic characteristics
between the two groups
The total study population consisted of 10,633 subjects,
851 (7.99 %) of whom were defined as having CRS ac-
cording to the EP3OS criteria, and the response rate of
the total study population was 87 % [2]. We previously
reported [2] that the overall prevalence of CRS was
8.00 % in the general population, though some geo-
graphic variations were observed. This study further
analysed the sociodemographic characteristics of the
subjects with and without CRS, as shown in Table 1.
Our data showed that gender was a significant factor
affecting the prevalence of CRS (P = 0.005). Moreover,
ethnicity (Han or minority), marital status (married,
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divorced, widowed, unmarried) and educational attain-
ment were also significantly different between non-CRS
and CRS subjects, while age and household monthly in-
come per person were not.

Univariate analysis of the association between
occupational and environmental factors and CRS
The univariate analyses utilized to examine the effects of
some detailed risk factors on the prevalence of CRS re-
vealed some risk factors which possibly affect CRS
prevalence (Table 2). We found that having a clearance-
related job (OR, 1.56; 95 % CI: 1.07–2.27), occupational
exposure to dust (OR, 2.32; 95 % CI: 1.85–2.91), occupa-
tional exposure to poisonous gas (OR, 2.75; 95 % CI:
2.05–3.69), a pet at home (OR, 1.60; 95 % CI: 1.32–
1.92), carpet at home (OR, 1.95; 95 % CI: 1.54–2.46) or
at the workplace (OR, 6.55; 95 % CI: 4.60–9.32), and the
method used to cook at home (electric or centralized
heating, coal, firewood/charcoal) were significant risk
factors for CRS (Table 2). Moreover, the method used to
keep warm in winter, the duration of time spent using
air conditioning in summer and the frequencies of ex-
posure to mouldy or damp environments were signifi-
cantly different in subjects with and without CRS.
Furthermore, a trend test revealed a significant dose–re-
sponse relationship with the risk of CRS increasing with
the duration of time spent using air conditioning in

summer and with the frequencies of exposure to mouldy
or damp environments (P = 0.016, 0.001, respectively).
However, there was no significant difference in the
proportion of health care-related jobs or the method
used to cook at home in subjects with and without
CRS (P = 0.509, 0.559, respectively).

Multivariate analysis of the association between
occupational and environmental factors and CRS
After adjusting for smoking and all the sociodemo-
graphic factors shown in Table 1 (age, gender, marital
status, education and household income per person),
there were still some significant environmental and oc-
cupational factors associated with CRS, including having
a clearance-related job (adjusted OR, 1.90; 95 % CI:
1.09–3.29), occupational exposure to dust (adjusted OR,
2.21; 95 % CI: 1.58–3.01) or poisonous gas (adjusted OR,
1.77; 95 % CI: 1.12–2.80) and having carpet at home
(adjusted OR, 1.71; 95 % CI: 1.25–2.33) or at the work-
place (adjusted OR, 3.76; 95 % CI: 2.23–6.09) (Table 3).
Moreover, using firewood/charcoal to keep warm in win-
ter, using air conditioning daily in summer and being ex-
posed to mouldy or damp environments were significantly
associated with an increased likelihood of CRS (Table 3).
Interestingly, having a pet at home was not significantly
associated with CRS after adjusting for other factors in
the multiple logistic regression analysis (Table 3).

Table 1 Comparisons of sociodemographic characteristics between the two groups

Factors Groups Non-CRS (%) CRS (%) P-value

Gender Male 4685(47.9) 450(52.9) 0.005

Female 5098(52.1) 400(47.1)

Age group 0 ~ 14 years 603(6.2) 41(4.8) 0.484

15 ~ 34 years 2856(29.2) 280(33.0)

35 ~ 59 years 4466(45.7) 368(43.3)

> = 60 years 1845(18.9) 160(18.8)

Ethnicity Han 9277(95.1) 788(92.7) 0.002

Minority 475(4.9) 62(7.3)

Marital status Married 7115(73.0) 575(67.8) 0.001

Divorced 126(1.3) 28(3.3)

Widowed 393(4.0) 38(4.5)

Unmarried 2115(21.7) 207(24.4)

Educational attainment Illiterate or primary 1492(15.3) 112(13.2) 0.010

Secondary school 2038(20.9) 148(17.4)

High school 3100(31.7) 294(34.6)

College 2938(30.1) 280(33.0)

Masters or above 205(2.1) 15(1.8)

Household monthly income per person <RMB $1000 1143(11.7) 98(11.6) 0.281

RMB $1001–3000 6010(61.5) 540(63.9)

>RMB $3000 2612(26.7) 207(24.5)
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Discussion
We found a systematic review about occupational and
environmental risk factors for chronic rhinosinusitis [15]
in PubMed that was published in May 2015. In this re-
view, 41 studies met their inclusion criteria. These stud-
ies were published between 1964 and 2012 and were
performed in 14 different countries. Thirty-seven of the
studies evaluated only occupational risk factors, one
investigated only environmental risk factors, and three
included both types of exposures. Of the 41 papers
included, 11 met the probable CRS criteria, eight met
the possible criteria, and 22 met the least likely CRS cri-
teria. We further used the key words “occupational and
environmental risk factors, chronic rhinosinusitis; Date
2012 to present” to search articles in PubMed and found
only one study meeting the criteria: “Chronic rhinosinu-
sitis and occupational risk factors among 20- to 75-year-
old Danes-A GA2LEN-based study” [13], which was con-
ducted by Trine Thilsing et al. in Denmark. This study
was performed in the summer of 2008, meaning that the
definition of CRS it used was based on the EP3OS 2007
criteria [4]. Therefore, it may be that since the EP3OS
2012 CRS definition [14], a new and more accurate

diagnosis definition for CRS, was published, there have
been no prevalence studies regarding the occupational
and environmental risk factors for CRS except for the
current study.
The EP3OS 2012 [14] indication proposed clear guide-

lines for defining rhinosinusitis that can be applied well
to epidemiological and clinical research. The questions
used in the GA2LEN questionnaire for CRS were based
on the EP3OS 2012 definition for rhinosinusitis. The
questionnaire used in our study was further modified
from the GA2LEN questionnaire by adding questions re-
garding some risk factors for CRS.
Previous studies found that smoking and allergies are

potent risk factors for CRS. Chen et al. [16] found a sig-
nificant association between current smoking and rhino-
sinusitis in women but not men. Lieu and Feinstein [17]
revealed a 20 % increased risk of rhinosinusitis in
current smokers. Lotvall J, et al. [18] reported that
multi-symptom asthma was closely related to symptoms
of nasal allergy as well as to CRS. In our cross-sectional
investigation, we reported [2] that having asthma or a
nasal allergy significantly increased the risk of CRS,
which was consistent with some studies discovering

Table 2 Univariate analysis of the association between occupational and environmental factors and CRS

Non-CRS n(%) CRS n(%) OR(95 % CI) P-value

Clearance-related job 239(2.5) 32(3.9) 1.56(1.07,2.27) 0.020

Health care-related job 489(5.2) 47(5.7) 1.11(0.82,1.51) 0.509

Occupational exposure to dust 542(5.6) 101(12.0) 2.32(1.85,2.91) 0.001

Occupational exposure to poisonous gas 255(2.6) 58(6.9) 2.75(2.05,3.69) 0.001

Any pet at home 1121(13.4) 154(19.8) 1.60(1.32,1.92) 0.001

Any large piece of carpet at home 540(6.5) 92(11.9) 1.95(1.54,2.46) 0.001

Any carpet at workplace 89(1.1) 51(6.6) 6.55(4.60,9.32) 0.001

Method used to cook at home

Electric or centralized heating 9352(96.1) 814(96.3) 1 0.559

Coal 149(1.5) 15(1.8) 1.16(0.68,1.97)

Firewood 234(2.4) 16(1.9) 0.79(0.47,1.31)

Method of keeping warm in winter

Electric or centralized heating 6380(96.4) 521(94.2) 1 0.003

Coal 137(2.1) 1313(2.4) 1.16(0.65,2.07)

Firewood/charcoal 100(1.5) 19(3.4) 2.33(1.41,3.83)

Use of air conditioning in summer

< 3 days/week 5154(60.7) 439(56.6) 1 0.016*

3–6 days/week 2137(25.2) 208(26.8) 1.14(0.96,1.36)

Everyday 1200(14.1) 129(16.6) 1.26(1.03,1.55)

Exposure to mouldy or damp environments

Never 7111(85.2) 593(76.5) 1 0.001*

Occasionally 1021(12.2) 137(17.7) 1.61(1.32,1.96)

Frequently or everyday 219(2.7) 45(5.8) 2.46(1.77,3.43)

*Score test for trend of odds
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positive associations between sinus disease or CRS and
asthma [19–23]. Beside the living habits and related dis-
eases, we found that some occupational and environ-
mental exposures were the risk factors for CRS.
Occupational factors are very complicated and have

the potential to affect the prevalence of CRS. Koh and
his group used data from the 1998, 2001 and 2005 Korea
National Health and Nutrition Examination Surveys
(KNHANES) to compare the CRS prevalence across the
major groups of the standard occupational classification
with clerical workers as the reference group [12]. They
found that the CRS prevalence was significantly in-
creased among plant or machine operators and assem-
blers, those with elementary occupations, craft and
related trades workers and the unemployed. Occupa-
tional exposures to dust, fumes and gases were found to
increase the prevalence of rhinosinusitis by comparing
the prevalence of rhinosinusitis in some “high exposure”
occupations such as spice factory workers, paper-
recycling workers, cement factory workers and wool tex-
tile workers to that among “low exposure” occupations
such as fruit-bottling workers, packers in the food indus-
try, health examiners and delivery workers [24–27]. Fur-
thermore, Hox et al. [28] and Fokkens WJ, Lund VJ [14],
Mullol J, et al. [29] found that occupational risk factors
may be related to difficult-to-treat CRS cases. This result

may be consistent with our finding that occupational ex-
posures to dust, poisonous gas or mouldy or damp envi-
ronments were risk factors for CRS and may even lead
to aggravate. However, we did not find that the effects
statistically increased with the exposure level to dust or
poisonous gas, probably because of a small sample size
of subgroups for different exposure levels in the general
population. Further data of the dose and duration of the
exposure collected from specific occupational workers
should be done to identify the potential dose–response
relationship. In our study, we found that having a
clearance-related job was a risk factor for CRS in both
univariate and multivariate analyses. Conversely, having
a health care-related job did not correlate with CRS inci-
dence. Occupational exposures to dust and poisonous
gases were high risk factors for CRS, because both the
unadjusted and adjusted ORs for these factors were
higher than 2. These results indicate that a clean occu-
pational environment with less required physical activity
can reduce the risk of CRS.
Few studies about the effect of environment exposures

to CRS were reported. A recent system review [15] on
the occupational and environmental risk factors for
chronic rhinosinusitis showed there were only 4 studies
about the effect of environmental exposures to CRS and
none of them were held in China. Previous studies

Table 3 Multivariate analysis of the association between occupational and environmental factors and CRS

Adjusted OR (95 % CI)a

Full model Stepwise model

Clearance-related job 1.93(1.11,3.38) 1.90(1.09,3.29)

Health care-related job 0.60(0.38,0.96) -

Occupational exposure to dust 2.22(1.58,3.12) 2.21(1.58,3.10)

Occupational exposure to poisonous gas 1.82(1.15,2.88) 1.77(1.12,2.80)

Any pet at home 1.17(0.89,1.52) -

Any carpet at home 1.50(1.05,2.13) 1.71(1.25,2.33)

Any carpet at workplace 3.70(2.26,6.05) 3.76(2.32,6.09)

Method of cooking at home (reference group: electric or gas)

Coal 0.84(0.41,1.72) -

Firewood 0.79(0.37,1.71) -

Method of keeping warm in winter (reference group: electric or centralized heating)

Coal 1.12(0.59,2.14) 1.06(0.58,1.94)

Firewood/charcoal 2.19(1.21,3.95) 2.04(1.18,3.52)

Frequency of using air conditioning in summer (reference group: <3 days/week)

3–6 days/week 1.16(0.92,1.46) 1.16(0.92,1.45)

Everyday 1.38(1.02,1.87) 1.38(1.02,1.87)

Exposure to mouldy or damp environments (reference group: never)

Occasionally 1.50(1.13,2.01) 1.49(1.12,1.98)

Frequently or everyday 2.41(1.50,3.85) 2.37(1.48,3.79)
aData were odds ratios (ORs) adjusted for sociodemographic variables (age, gender, marital status, education and household income per person), smoking and
other factors in this table
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mostly focused on smoking [16, 17, 20] and poor air
quality [30]. We also reported the effects of smoking on
the prevalence of CRS [2]. Here we focused on relation-
ship between the living environmental exposure and the
prevalence of CRS. We found that animal fur may be
important trigger of CRS. The univariate analysis of the
data indicated that people who have a pet at home or
carpet at home or in the workplace were more likely to
suffer from CRS than individuals without these factors.
After adjusting for sociodemographic variables and
smoking, the OR values for these factors were still
higher than 1. Having carpets has also been found to be
a risk factor of allergic rhinitis in many studies. Further-
more, the duration of time spent using air conditioning
in summer and frequencies of exposures to mouldy or
damp environments were found to have a dose-
dependent relationship with the prevalence of CRS.
Interestingly, we found that using firewood or charcoal
to keep warm in winter(OR = 2.33, 95 % CI 1.41–3.83)
may be a risk factor to CRS but using firewood to cook
at home(OR = 0.79, 95 % CI 0.47–1.31) may not. This
may because wood is incompletely combusted and easily
produces carbon monoxide if it issued for heating. How-
ever, the wood is completed combusted if it is used for
cook. Bhattacharyya N [31] reported that CO was a risk
factors to CRS. This is a new risk factor for CRS. A
significant correlation between CRS and a dusty or dirty
environment was found. Our findings suggest that
cleaner occupational and living environments may help
to reduce the prevalence of CRS. Cleaning carpets and
using air conditioners less frequently may be useful to
prevent the development of CRS. Wearing masks in an
environment containing dust or poisonous gas may also
help to reduce the risk of CRS. Our study provided some
guidance as to how to provide healthier work or living
environments, and we believe that this guidance will fur-
ther increase quality of life and decrease the economic
burden of CRS.
There are some limitations associated with this

study. First of all, because objective nasal examina-
tions could not be taken in a large household survey,
all outcome and exposure measures were self-
reported. There may be recall bias and misclassifica-
tion, probably leading to underestimate the effects on
CRS in our study. We used a strict epidemiological
diagnosis criteria and the questionnaire was modified
according to the EP3OS 2012 to reduce the potential
bias. Secondly, we only investigated the relationship
between CRS and clearance-related jobs and health-
care related jobs, while other jobs such as administra-
tor, technician or worker were not included in our
study. At last, further cohort studies or experimental
studies may help to understand the biological mech-
anism underlying the associated factors.

Conclusion
Our study identified occupational and environmental
exposures with positive correlations to the development
of CRS, which might facilitate a better understanding of
the epidemiology of CRS and provide important infor-
mation for CRS prevention.
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