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Introduction

Population-based epidemiologic research facilitates insight 
into the overall health of citizens, use of healthcare services, 
which may assist in the planning and development of 
healthcare policies (1,2). Health surveys distributed to a 

representative cohort of the population, based on probability 
sampling, are a useful tool to evaluate disease prevalence 
and health determinants (3). Specific health determinants 
of interest may include socio-demographic and economic 
characteristics, geographical distributions, health and 
lifestyle behaviours, access to and use of healthcare services, 
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functional capacity, and nutritional status (4). These 
measures are advantageous to epidemiological research 
as it facilitates evaluation of numerous health issues and 
characteristics in both cross-sectional or longitudinal study 
designs (2). 

Chronic upper airway disorders among adults, including 
allergic rhinitis (AR) and chronic rhinosinusitis (CRS), 
have been evaluated using population-based health surveys 
in Europe (5-7), United States (8-11), Canada (12,13),  
Korea (14), China (15) and Brazil (16). From these studies, 
the prevalence of AR ranges 6% to 34% and CRS from 5% 
to 20%. AR and CRS are highly prevalent chronic diseases 
that contribute to more frequent use of healthcare services, 
and are associated with greater co-morbidities and reduced 
productivity (17-19). Prevalence estimates of chronic upper 
airway disorders vary by sampling method, criteria and 
country (20-23). 

The prevalence of chronic upper airway disorders 
in Australia has been established in clinical settings, 
where significant associations have been observed with 
morbidity and impaired quality of life (24,25). These 
studies are limited in their generalisability due to sample 
size restrictions and do not identify socio-demographic, 
economic and geographic associations that affect the 
population. A population-based health survey, as used 
by other countries around the world, can be useful to 
estimate disease prevalence, identify health determinants 
and determine the societal impact of chronic upper 
airway disorders. The National Health Survey (NHS) 
is administered to a nationally representative sample of 
Australians and collects information related to socio-
demographics, long-term health conditions and lifestyle 
factors (26). This study’s objective was to determine the 
epidemiology of AR and CRS in Australia and identify 
the health determinants that are associated with these 
conditions. 

Methods

This cross-sectional study involved a secondary analysis of 
data collected from the NHS 2017/18 conducted by the 
Australian Bureau of Statistics (ABS). Detailed information 
of the sampling method and other aspects of NHS 2017/18 
are published elsewhere (26). Briefly, the sampling method 
utilized a stratified, multistage cluster sample of households 
in all states and territories across urban, rural and remote 
areas, covering 97% of Australia. Respondents included in 
this survey provided a nationally representative sample of 

the Australian population. Those excluded from the survey 
consisted of very remote areas of Australia and discrete 
Aboriginal and Torres Strait Islander communities, non-
private dwellings (hotels, hostels, boarding schools/homes, 
prisons), overseas visitors residing in Australia for less 
than 12 months, and households with residents less than  
18 years of age. The valid response rate for the NHS 
2017/18 was 76%. 

Definition of variables 

As described by the ABS (26), trained interviewers 
conducted face-to-face interviews with respondents, 
f o c u s i n g  o n  s o c i o - d e m o g r a p h i c  a n d  e c o n o m i c 
characteristics, lifestyle factors, health status, long-term 
health conditions, health services use, and medications. 
Long-term health conditions were coded into a list of 1,000 
specific conditions and categories. The list of conditions 
was developed by the Family Medicine Research Centre 
at the University of Sydney in consultation with the ABS 
and guided by the 10th Revisions of the International 
Classification of Disease (27). 

Based on the predetermined questions, individuals 
participating in this study were asked whether they had any 
long-term conditions that had lasted or were expected to 
last for 6 months or more via a prompt card. On this card, 
‘hay fever/allergic rhinitis’ and ‘sinusitis or sinus allergy’ 
were included as discrete options. Given the focus of NHS 
2017/18 on long-term health conditions, ‘hay fever/allergic 
rhinitis’ was considered AR and ‘sinusitis or sinus allergy’ 
was considered CRS, for the purposes of the current study. 
Methods used in the current study are similar to those from 
previously published studies using National Health Surveys 
in other countries (8-13). 

Basic demographics

Individuals less than 15 years of age were excluded from 
the analytic sample. For demographic characteristics, age 
was classified using the categories 15–29, 30–44, 45–60, 
≥60 years and gender was classified dichotomously (male, 
female). 

Education, employment, and income

Education was considered as the highest level of school 
completed and defined: tertiary degree, advanced diploma 
and certificates, high school year 10 to 12, and year 9 and 
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below. Employment consisted of respondents currently 
employed in full- or part-time occupations and those 
unemployed or not in the work force. 

Income was defined as equivalised weekly personal 
income ($AUD). Quintiles were constructed by the ABS by 
ranking personal income in ascending order and dividing 
the population into five equal groups, each representing 
20% of the estimated population. 

Cigarette smoking and alcohol consumption

Cigarette smoking status was categorized as an individual-
level variable comprised of current, former and never 
smokers. Current smokers were defined as respondents who 
smoked daily, weekly or less than weekly. Duration of daily 
smoking for former or current smokers was categorised 
as <10, 10 to 19, or ≥20 years of daily smoking. Alcohol 
consumption was quantified using categories established 
by the ABS from the National Health and Medical 
Research Council (NHMRC) for Australia Guidelines for 
Consumption of Alcohol [2009] (28). Long-term alcohol 
consumption risk was classified into: exceeding guideline 
recommendations (average of >2 standard drinks per day), 
within guideline recommendations (average of ≤2 standard 
drinks per day) and never consumed alcohol (28).

Statistical analysis

A cross-sectional sample of respondents reporting the 
presence or absence of AR or CRS were included in the 

analytic cohort. Sample weights provided by the ABS for 
the NHS 2017/18 were applied. Odds ratios (OR) and 
corresponding 95% confidence intervals (95% CI) were 
calculated to quantify the association between risk factors 
and AR or CRS. The Chi-squared test was used to assess 
statistical significance and probability values less than 0.05 
were considered statistically significant. A multivariable 
logistic regression model was constructed to describe the 
relationship between lifestyle characteristics and likelihood 
of AR or CRS, after controlling for socio-demographic, 
educational and economic factors. Unadjusted and adjusted 
OR were reported for the univariate and multivariate 
analysis, respectively. Statistical analysis was completed 
using STATA (StataCorp LP, Stata/IC 14.1, USA, 2016). 

Results

The analytical survey population comprised of 17,248 
respondents, representing an equivalent of 19,501,433 
Australians, aged 45.4±19.1 years, 50.1% females. Most 
respondents were born in Australia (67.5%), achieved 
higher than year 12 or equivalent education (87.6%), and 
were employed (64.3%). Most respondents consumed on 
average ≤2 standard drinks per day (69.3%) and most never 
smoked (56.5%). The prevalence of AR was 21.5% and the 
prevalence of CRS was 9.8%, (representing 4,202,852 and 
1,914,494 Australians respectively).

AR 

Univariate analysis
AR was significantly more likely in respondents ≤60 than 
>60 years of age [OR 1.2 (1.1–1.4), P<0.001, Figure 1, 
Table 1]. The likelihood of AR did not differ between 
males and females [OR 1.0 (0.9–1.2), P=0.068]. AR was 
significantly more common among individuals with 
tertiary education than high school year 9 and below [OR 
1.3 (1.1–1.5), P=0.001]. AR was significantly more likely 
among individuals with part- or full-time employment than 
those unemployed [OR 1.2 (1.1–1.3), P<0.001]. AR was 
significantly more common in respondents with personal 
income ≥$2,610/week than ≤$785/week [OR 1.2 (1.0–1.4), 
P=0.002].

AR was significantly more likely in respondents who 
consumed alcohol than those who did not [>2 standard 
drinks per day: OR 1.4 (1.2–1.7), P<0.001; ≤2 standard 
drinks per day: OR 1.3 (1.2–1.6), P<0.001]. In univariate 
analysis, AR was not associated with smoking status (Table 1). 
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Figure 1 Line graph comparing the relationship between 
prevalence of allergic rhinitis (AR) and chronic rhinosinusitis 
(CRS) by age category from the Australian National Health Survey 
2017/18. 
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Table 1 Population characteristics of respondents with allergic rhinitis and chronic rhinosinusitis from the Australian National Health Survey 
2017/18

Characteristics
Allergic rhinitis Chronic rhinosinusitis 

OR P value OR P value

Age group (years)

60+ 0.8 0.016 2.3 <0.001

45–59 1.0 0.558 2.1 <0.001

30–44 1.1 0.054 1.7 <0.001

15–29 Reference Reference

Gender

Females 1.0 0.068 1.5 <0.001

Males Reference Reference

Highest level of education

Tertiary degree/certificate 1.3 0.001 0.7 0.009

Advanced diploma and certificates 1.2 0.023 0.8 0.268

High school grades 10 to 12 1.0 0.288 0.6 <0.001

Year 9 and below Reference Reference

Employment

Unemployed 0.8 <0.001 1.2 0.002

Full or part-time Reference Reference

Equivalised personal income ($AUD)

≥$2,610/week 1.2 0.002 1.0 0.783

$1,726 to 2,610/week 1.1 0.019 1.1 0.146

$1,231 to 1,725/week 1.0 0.662 1.2 0.040

$786 to 1,230/week 1.0 0.702 1.4 <0.001

≤$785/week Reference Reference

Smoking status

Current smoker 0.8 0.108 1.1 0.218

Former smoker 1.0 0.332 1.3 <0.001

Never smoked Reference Reference

Lifetime alcohol consumption (2009 NHMRC guidelines)

Exceed guidelines: average >2 standard drinks/day 1.4 <0.001 1.2 0.078

Within guidelines: average of ≤2 standard drinks/day 1.3 <0.001 1.5 <0.001

Never consumed alcohol Reference Reference

$AUD, Australian dollars; NHMRC, National Health and Medical Research Council.
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Multivariate analysis
After controlling for age, gender, education, employment, 
and income, AR was more significantly more common 
among individuals ≤60 years of age [adjusted OR: 1.2 
(1.1–1.4), P=0.001], females [adjusted OR: 1.1 (1.0–1.2), 
P=0.010] and individuals who consumed alcohol [adjusted 
OR 1.4 (1.2–1.6), P<0.001; Figure 2, Table 2]. 

AR was significantly more likely in respondents 
consuming ≤2 or >2 standard drinks per day despite 
adjusting for age, gender, education, employment, income 
and smoking status [>2 standard drinks per day: adjusted 

OR 1.5 (1.2–1.8), P<0.001; ≤2 standard drinks per day: 
adjusted OR 1.4 (1.1–1.6), P<0.001, Figure 3A, Table 3]. 
Smoking was not associated with AR after adjustment in 
multivariate models (Table 3, Figure 3).

CRS 

Univariate analysis
CRS was significantly more common in respondents >60 
than ≤60 years of age [OR 2.3 (1.9–2.9), P<0.001, Figure 1,  
Table 1]. CRS was significantly more likely among 

Figure 2 Forest plot of regression estimates from multivariate logistic regression model describing relationship between socio-demographic, 
employment, economic, and lifestyle characteristics with allergic rhinitis (AR) and chronic rhinosinusitis (CRS) for respondents from the 
Australian National Health Survey 2017/18. 95% CI, 95% confidence interval. 
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Table 2 Multivariate logistic regression model describing relationship between socio-demographic, employment, economic, and lifestyle 
characteristics with allergic rhinitis and chronic rhinosinusitis for respondents from the Australian National Health Survey 2017/18

Variables
Allergic rhinitis Chronic rhinosinusitis

OR 95% CI P value OR 95% CI P value

60+ years of age1 0.8 0.7–0.9 0.001 1.4 1.2–1.6 <0.001

Female2 1.1 1.0–1.2 0.010 1.6 1.4–1.8 <0.001

Tertiary degree obtained3 1.0 0.9–1.2 0.137 0.9 0.8–1.1 0.683

Unemployed or not in the labour force4 0.9 0.8–1.1 0.589 1.0 0.8–1.2 0.748

Personal income ≥$2,610/week5 1.1 0.9–1.2 0.121 1.0 0.8–1.2 0.810

Cigarette smoking6 0.9 0.9–1.1 0.981 1.3 1.1–1.4 <0.001

Alcohol consumption7 1.4 1.2–1.6 <0.001 1.5 1.2–1.8 <0.001

Reference groups: 1, <60 years of age; 2, males; 3, highest level of education obtained less than tertiary degree; 4, full- or part-time 
employment; 5, personal income <$2,610/week; 6, non-cigarette smokers; 7, non-alcohol drinkers. 95% CI, 95% confidence interval.
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females than males [OR 1.5 (1.3–1.7), P<0.001]. CRS was 
significantly more common in unemployed respondents 
than counterparts with part- or full-time employment [OR 
1.2 (1.0–1.3), P=0.002].

CRS was significantly more likely in respondents who 
consumed ≤2 standard drinks per day than those who did 
not drink alcohol [OR 1.5 (1.2–1.8), P<0.001]. Former 
smokers were significantly more likely to report CRS than 
never smokers [OR 1.3 (1.2–1.5), P<0.001]. In univariate 
analysis, CRS was not significantly more common in 
current smokers than never smokers (Table 1). 

Multivariate analysis 

After controlling for age, gender, education, employment, 
and income, CRS was more significantly more common 
among individuals >60 years of age [adjusted OR 1.4 
(1.2–1.6), P<0.001], females [adjusted OR: 1.6 (1.4–1.8), 
P<0.001], cigarette smokers [adjusted OR 1.3 (1.1–1.4), 
P<0.001] and individuals who consumed alcohol [adjusted 
OR 1.5 (1.2–1.8), P<0.001; Figure 2, Table 2]. 

CRS was significantly more likely among former smokers 
who smoked daily for <10 years [adjusted OR 1.4 (1.1–1.8), 

P=0.002], 10 to 19 years [adjusted OR 1.4 (1.1–1.7), 
P=0.001] or ≥20 years [adjusted OR 1.5 (1.2–1.8), P<0.001] 
than non-smokers after controlling for age, gender, 
education, employment, income and alcohol consumption 
(Figure 3B, Table 3). Current smokers who smoked daily for 
≥20 years were significantly more likely to report CRS than 
non-smokers [adjusted OR 1.4 (1.1–1.7), P=0.003] after 
controlling for age, gender, education, employment, income 
and alcohol consumption (Figure 3C, Table 3). 

CRS was significantly more likely among respondents 
consuming on average ≤2 standard drinks per day than 
non-drinkers [adjusted OR 1.5 (1.2–1.8), P<0.001] after 
controlling for age, gender, education, employment, income 
and smoking status (Figure 3A, Table 3). 

Discussion

This study demonstrates that the prevalence of self-reported 
AR and CRS in Australia are high. Compared to other 
chronic diseases in Australia, AR (21.5%) is more common 
than back pain (16.3%), arthritis (15.3%), hypertension 
(11.3%), and asthma (10.8%) (29). Individuals reporting AR 
are more likely to be younger, females, and drink alcohol. 

Figure 3 Forest plot of regression estimates from multivariate logistic regression models describing relationships between smoking and 
alcohol with allergic rhinitis (AR) and chronic rhinosinusitis (CRS) controlling for socio-demographic, employment and economic factors 
for respondents from the Australian National Health Survey 2017/18. 95% CI, 95% confidence interval.
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Compared to other chronic diseases in Australia, CRS 
(9.8%) is more common than anxiety (9.6%), depression 
(8.9%), diabetes mellitus (5.1%) and ischaemic heart disease 
(3.3%) (29). After adjustment, individuals with CRS are 
more likely to be older, female, cigarette smokers, and drink 
alcohol. Of cigarette smokers, former smokers and current 
smokers (who have smoked daily for ≥20 years) are most 
likely to report CRS than non-smokers after controlling for 
age, gender, education, employment, income, and alcohol 
consumption. Of alcohol drinkers, individuals who consume 
on average ≤2 standard drinks per day are most likely to 
report AR and CRS than non-drinkers after controlling 
for age, gender, education, employment, income and 
smoking status. Overall, this study found that the socio-
demographic, economic and lifestyle associations of AR 
and CRS are congruent with the results of the established 
literature (6,30).

Globally, the prevalence of AR and CRS differs between 
countries and may in part be due to variability in the 
wording of survey questions (20,31). For example, National 
Health Surveys describe AR singularly or as a combination 

of ‘hay fever’, ‘nasal allergies’ and ‘rhinitis’. However, 
survey questions pertaining to CRS tend to use the term 
‘sinusitis’ but vary on whether a healthcare professional 
presented the diagnosis, or if the condition was expected 
to persist for more than 6 to 12 months. As a result, one of 
the major limitations of population-based epidemiological 
studies using face-to-face or telephone interviews—this 
study included—is the reliance on self-reporting of disease 
status and thus its susceptibility to reporting bias (32). 

To mitigate self-reporting bias, other population-based 
epidemiological studies have incorporated symptom-
specific questions based on clinical practice guidelines and 
objective assessments (e.g., nasal endoscopy) to confirm 
diagnosis (33,34). However, adding these components is 
costly and time consuming. Workman et al. have shown 
that self-reporting CRS status yields reasonable sensitivity, 
specificity, positive and negative predictive values compared 
to tertiary rhinologists diagnosis (35). This suggests that 
self-reporting may be an inexpensive and valuable screening 
mechanism to evaluate large cohorts. 

In the present study, alcohol consumption is associated 

Table 3 Multivariate logistic regression models describing relationships between smoking and alcohol with allergic rhinitis and chronic 
rhinosinusitis controlling for socio-demographic, employment and economic factors for respondents from the Australian National Health Survey 
2017/18

Variables
Allergic rhinitis Chronic rhinosinusitis

OR 95% CI P value OR 95% CI P value

Cigarette smoking 

Former1 

20+ years of daily smoking 0.8 0.7–1.0 0.218 1.5 1.2–1.8 <0.001

10 to 19 years of daily smoking 0.9 0.8–1.1 0.636 1.4 1.1–1.7 0.001

<10 years of daily smoking 1.2 1.0–1.4 0.033 1.4 1.1–1.8 0.002

Current1 

20+ years of daily smoking 0.8 0.6–1.0 0.059 1.4 1.1–1.7 0.003

10 to 19 years of daily smoking 0.9 0.7–1.3 0.793 0.9 0.5–1.5 0.610

<10 years of daily smoking 0.7 0.5–1.0 0.074 0.9 0.6–1.5 0.907

Lifetime alcohol consumption (2009 NHMRC guidelines)

Exceed guidelines: average >2 standard drinks/day2 1.5 1.2–1.8 <0.001 1.2 1.0–1.7 0.054

Within guidelines: average ≤2 standard drinks/day2 1.4 1.1–1.6 <0.001 1.5 1.2–1.8 <0.001
1, adjusted for age, gender, highest level of education, employment, personal income, lifetime alcohol consumption. Reference group: never 
smokers, <60 years of age, male, year 9 and below high school education, full or part-time employment, personal income ≥$2,610/week,  
never consume alcohol. 2, adjusted for age, gender, highest level of education, employment, personal income, smoking status. Reference 
group: never consume alcohol, <60 years of age, male, year 9 and below high school education, full or part-time employment, personal 
income ≥$2,610/week, never smoke cigarettes. NHMRC, National Health and Medical Research Council.
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with AR and CRS in multivariable regression models. AR 
and CRS are reported more commonly among individuals 
who consume alcohol within or exceeding recommended 
NHMRC guidelines. The link between alcohol and 
chronic upper airway disorders has been previously 
established (36). Alcohol consumption has been found to 
be associated with increased risk of developing perennial 
AR and is more common among individuals with CRS (37). 
It is hypothesized that alcohol triggers hypersensitivity 
reactions via sulphites, reduces T-helper cell type 1 immune 
responses and increases susceptibility to infection, resulting 
in greater levels of pro-inflammatory cytokines (38). 

Population-based studies have also previously identified 
a positive correlation between alcohol consumption and 
total serum IgE and risk of IgE sensitivity (39). Alcohol has 
also been demonstrated to affect mucosa by dehydrating 
the epithelial layer, increasing permeability to endotoxins 
and reducing host defence (40). Alternatively, the 
relationship between alcohol and CRS may be mediated 
by gastro-oesophageal reflux disease (GORD) and body 
size (41). Individuals with CRS who report heartburn 
and regurgitation also report significantly greater use 
of alcohol and higher body-mass index (42). GORD is 
adversely affected by alcohol consumption and is more 
common in obese individuals (43). Reflux of gastric acid 
may damage the posterior sinonasal mucosa and mediate 
neuroinflammatory remodelling contributing to greater 
symptom burden (44-46). 

In this study, current smokers are less likely to report AR 
or CRS whereas former smokers were more likely to report 
CRS. However, current smokers who have smoked daily for 
≥20 years are more likely to report CRS than non-smokers 
after adjustment. Smoking has not been found to affect the 
development of AR (47). Despite this, smoking contributes 
to elevated serum markers of inflammation and reduced 
levels of peripheral eosinophils (48). In patients with AR, 
passive smoking exposure reduces the bioavailability of 
nitric oxide and contributes to oxidative stress but is not 
associated with increased symptom burden (49). However, 
a positive association between smoking and CRS has 
been demonstrated (47). While tobacco smoke increases 
ciliary beat frequency, it disrupts the airway surface liquid 
barrier by inhibiting chloride transport and impairing 
ciliogenesis (48). A postulated explanation may be that 
lower concentrations of tobacco smoke act to stimulate a 
compensatory increase in mucociliary clearance, whereas 
higher tobacco concentrations cause pathologic changes 
to sinonasal epithelial cells reducing clearance rates (48). 

Individuals with a history of second hand smoke sensitivity 
are more likely to suffer from rhinorrhoea, nasal congestion 
and headache which may increase risk for developing 
chronic upper airway inflammation and disease (49). 

In this study, the inverse relationship of smoking between 
AR and CRS may also be affected by age. Individuals with 
AR were younger, may have less total exposure to tobacco 
smoke, and may have experienced a compensatory increase 
in ciliary beat frequency to clear sinuses at a greater than 
normal rate. Conversely, individuals with CRS were older 
and may have had greater exposure to tobacco smoke, 
thereby experiencing pathological changes to sinonasal 
epithelial cells. 

A strength of the present study was its large sample size 
and representation of the Australian population. However, 
multiple limitations were present as a secondary analysis 
was performed using national health survey data, such as 
relying on self-reported AR and CRS status from pre-
determined questions administered by trained interviewers. 
This method of data collection is subject to self-reporting 
and recall bias and may overestimate the prevalence of 
chronic upper airway disorders in the population. 

Participants indicated whether they were previously 
diagnosed with AR or CRS and if these conditions were 
expected to persist for 6 months or more. Questions such as 
these are common in epidemiological studies using health 
survey data and have been evaluated for accuracy (35). 
Furthermore, survey questions did not use specific validated 
questionnaires in the diagnosis of AR or CRS, as described 
in clinical practice guidelines. This also meant that the 
survey did not account for duration of disease, treatments 
or disease severity. Additionally, the cross-sectional nature 
of this study was useful to determine associations but not 
causality. 

Despite these limitations, this study provides valuable 
insight into the burden of chronic upper airway disorders 
in Australia. These findings can be used as a platform to 
develop more comprehensive evaluations that incorporate 
objective clinical assessments to provide more accurate 
diagnostic and prognostic results. Future studies are 
warranted to evaluate the clinical significance of the 
associations identified in this cross-sectional, population-
based epidemiological study. Further research may be 
directed to evaluate the impact of health and lifestyle 
behaviours on the management of chronic upper airway 
disorders and can be useful for implementing public health 
strategies. For example, the strong association between 
alcohol and chronic upper airway disorders warrants further 
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investigation to delineate the impact on its symptom burden 
and response to treatment. The educational, economic and 
occupational characteristics of AR and CRS may be useful 
to establish a profile of high-risk individuals, to mitigate 
future impairment and loss of productivity. 

Conclusions

AR and CRS are prevalent chronic upper airway disorders 
that affect many Australians. Individuals with AR tend to be 
younger, female, and consume alcohol within or exceeding 
guideline recommendations. Individuals with CRS tend to 
be older, female, cigarette smokers and consume alcohol 
within guideline recommendations. Future studies are 
warranted to determine clinical significance, societal impact, 
and effects on health service use, productivity and quality  
of life. 
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