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ABSTRACT

Background: The prevalence of allergic rhinitis (AR) has been increasing steadily worldwide,
especially in countries with increasing industrialization such as China. However, available evidence
regarding AR prevalence among Chinese adults is scarce and limited to regional data collected in
earlier years. We therefore aimed to provide a more recent and robust estimate of AR prevalence
using a nationwide representative cross-sectional study in China.

Methods: Data of 184 326 participants aged 18 years or older were obtained from the China
Chronic Disease and Risk Factor Surveillance conducted in 2018-2019. AR was determined by self-
reported sneezing, nasal itching, obstruction, or rhinorrhea symptoms for at least 1 h in the
absence of a cold or flu within the last 12 months. Multivariable logistic model was used to
examine the risk factors of AR, and a possible non-linear relationship was further tested by
restricted cubic spline. Potential additive interactions of risk factors with sex, residence, and
geographic region were assessed by relative excess risk due to interaction (RERI).

Results: The weighted prevalence of ARwas 8.1% (95% confidence interval [Cl], 7.4%-8.7%), of whom
23.7% (95% Cl, 21.3%-26.0%) were aware of their diagnosis. Increased odds of AR were associated
with younger age, men, living in urban area or north region, more education, smoking, underweight,
and higher income. Despite the nonsignificant linear trend, the spline regression demonstrated a non-
linear association between AR and sleep duration, with higher odds at both ends. Additionally, the
observed associations were generally stronger among men and people living in urban area and north
region, with significant RERI ranging from 0.07 (95% Cl, 0.00-0.14) to 0.40 (95% Cl, 0.12-0.67).

Conclusions: AR is prevalent in China and the associated factors and interactions are helpful to
design targeted preventive strategies towards certain subpopulations. The low awareness of AR
calls for a national effort on AR screening.
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INTRODUCTION

Allergic rhinitis (AR) is a common chronic
disease caused by immunoglobulin E (IgE)-
mediated inflammatory response in the nasal
mucosa.” It not only adversely affects study and
work performance but imposes considerable
economic and health burdens on society. AR is
estimated to affect 10%-30% of adults and 40%
of children and its prevalence is still on the
rise  globally,>® particularly in  developing
countries.* Such an increase is also observed in
China, the largest developing country in the
world with a population of 1.4 billion. Therefore,
comprehensive and continuous monitoring s
urgently needed to develop health policies
aiming at reducing the burden of AR.

While numerous studies have studied the
epidemic of AR in children,®” relatively fewer are
available in adults among whom AR prevalence
and relevant risk factors may be distinct from
children in China. Existing results of AR
prevalence in adults showed large variation. For
example, Li et al reported 6.1% of adult
participants in Guangzhou having AR,® which was
much lower than the prevalence in Beijing
(13.5%) and Baoding (19.1%).? Moreover, these 2
studies found opposite findings in terms of
differences between urban and rural areas. Both
discrepancies suggest that estimates based on
samples restricted to certain regions may depend
on local characteristics and cannot fully reflect
the overall picture of China. To address this gap,
2 population-based nationwide studies had been
performed in 11 and 18 large cities and demon-
strated that the AR prevalence was 11.1% and
17.6%, respectively, in 2005 and 20119
However, these data neither were collected in
recent years nor could be generalized to rural
areas. In addition, although possible risk factors
have been identified in previous studies, their
impacts at extreme ends of distribution on AR
are rarely assessed earlier mainly due to limited
statistical power. Besides, no study has explored
potential interactions between risk factors and
sex, residence, and geographic region, which can
facilitate more customized intervention measures.

In the current study, our primary aim was to
provide a more recent estimate of AR prevalence
in adults by using data from the China Chronic

Disease and Risk Factor Surveillance (CCDRFS)
conducted in 2018-2019, a nationally and provin-
cially representative survey covering both urban
and rural areas. Associations between risk factors
and AR were examined and their dose-response
relationships were also explored when appro-
priate. Finally, whether the above associations
varied by sex, residence, and geographic region
were evaluated.

METHODS
Sampling and study participants

The CCDREFS is a consecutive nationwide cross-
sectional study conducted every 3-5 years since
2004."% The wave used in this study was carried
out between August 2018 to June 2019
based on 298 national disease surveillance
points (urban districts or rural counties) covering
all 31 provinces, autonomous regions, and
municipalities. A multistage stratified cluster
sampling was used to select a nationally and
provincially representative sample of the Chinese
general population.’® The eligibility criteria
included: aged 18 years or older; having lived in
the selected region for at least 6 months in the
past 12 months; not pregnant; and not having
serious illness or cognitive and language
disorders hindering participation. A total of 184
509 individuals completed the survey and the
response rate was 94.9%. Among these, 183
participants were excluded due to missing data
on AR or major risk factors (age, sex, urban-rural
locality, geographic region, education, and smok-
ing status), leaving 184 326 participants included
in the main analysis.

Data collection

Through face-to-face interviews during a home
visit, a standardized questionnaire was adminis-
tered to all participants to collect data on socio-
demographic characteristics, lifestyle factors, self-
reported chronic diseases, and medication his-
tory by experienced investigators using portable
pad.'® Both assisted interview system and
information-management system were installed
on each pad for better data quality control. Phys-
ical measurements including height and weight
were also performed for each participant in
accordance with standard protocols. Urban and
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rural areas were classified at committee/village
level conforming to the definition of the National
Bureau of Statistics of China. North and south re-
gions were divided based on geographic locations
relative to the line of Qinling Mountains and
Huaihe River. Education was classified as below
high school, high school, and college or above.
People were categorized into never, former, and
current smokers according to the definition of
Global Adult Tobacco Survey.15 Men (women)
who drank more than 25 g (15 g) pure alcohol
per day were considered excessive drinkers.'®
Sleep duration was divided into 4 categories,
that were, less than 5 h, between 5 and 7 h,
between 7 and 10 h, and more than 10 h. Annual
household income per capita was categorized by
tertiles with cutoff values of 7000 and 17 500
CNY. Body mass index (BMI) was calculated by
dividing weight in kilograms by height in meters
squared (kg/mz) and 3 categories (<18.5, 18.5-
23.9, >24 kg/m?) were generated following the
recommendation proposed by the Working
group on obesity in China."”

CCDRFS 2018 was the first survey containing
AR-related questions."® AR, the primary outcome
of interest, was defined as self-reported symp-
toms including sneezing, nasal itching, obstruc-
tion, or rhinorrhea for at least 1 h in the absence of
cold or flu within the last 12 months, which is
consistent with previous studies.”'® Participants
were deemed as having physician-diagnosed AR
if they answered yes to the question “"Have you
ever been told by a doctor that you have allergic
rhinitis?”. Total AR was the sum of current AR and
physician-diagnosed AR followed by subtracting
the overlapping part. Awareness of AR was
defined as the proportion of those who reported
previous diagnosis of AR by a doctor among all
participants with AR.

Statistical analysis

The prevalence of AR was estimated after taking
into account stratification, clusters, and sampling
weights. The weighting coefficients were con-
structed on the basis of prespecified sampling
design, non-response, and poststratification, and
the differences in population distribution between
the weighted sample and 2010 China population
census were negligible (Supplemental figure 1).
Also, the prevalence of AR was assessed across

subgroups of age, educational level, smoking
status, alcohol drinking, sleep duration, BMI,
family size, and household income per capita,
both overall and by sex, urban-rural locality, and
geographic region, that would additionally serve
as subgroup variables when the results were not
stratified by them. The Taylor series linearisation
method with finite population correction was
employed to calculate standard errors and 95%
confidence interval (Cl). The Rao-Scott X2 test was
used to compare AR prevalence between groups
of binary variables. The trend of AR prevalence
across groups of ordinal variables was tested using
orthogonal contrast matrices. Besides, the
weighted prevalence of AR among all participants
and awareness of AR among participants with AR
were calculated by provinces and visualized with
choropleth maps. Multivariable logistic regression
was performed to simultaneously examine associ-
ations of relevant variables (age, sex, urban/rural
residence, geographic region, educational level,
cigarette smoking, excessive alcohol drinking,
sleep duration, BMI, family size, and household
income per capita) with odds of AR. If results of
subgroup or regression analyses showed potential
of nonlinearity for certain variables, their dose-
response relationships with odds of AR would be
formally tested using restricted cubic spline with 4
knots placed at 5th, 35th, 65th, and 95th percen-
tiles and cluster-robust standard error. Logistic
regression models were also done by sex, urban-
rural locality, and geographic region. Relative
excess risk due to interaction (RERI) was calculated
to assess additive interaction, where RERI>0 in-
dicates the combined effects are greater than ex-
pected based on the effects of each exposure
alone. The standard error of RERI was estimated
using the delta method."®

In the sensitivity analyses, logistic regression
and nonlinear relationship were repeated among
never smokers only to check the robustness to
confounding effect of smoking. Moreover, a
product term between variable and effect modifier
of interest was constructed and added to the
model, and a Wald test evaluating the joint sig-
nificance of all associated cross-product terms was
used to assess multiplicative interaction. False
discovery rate was applied to account for multiple
comparison. All analyses were done with R (version
3.6.0, R Foundation for Statistical Computing,



4 Zhang et al. World Allergy Organization Journal (2023) 16:100744

http://doi.org/10.1016/j.waojou.2023.100744

Vienna, Austria) and a P value less than 0.05 was
considered statistically significant.

RESULTS

Data are available for 184,326 adults aged 18
years or older. Of these participants, the mean age
was 55.1 years and 102,498 (55.6%) were women.
Table 1 presents the general characteristics of the
study population. Compared with participants
without AR, those with AR were more likely to be
younger, men, residing in urban area and north
region, highly educated, and wealthier.

As shown in Table 2, the overall weighted
prevalence of AR was estimated to be 8.1% (95%
Cl, 7.4%-8.7%). There was a clear gradient of AR
prevalence across age groups, from 10.2% (95%
Cl, 9.0%-11.4%) in individuals aged 18-29 years to
5.4% (95% Cl, 4.8%-6.0%) in those aged 70 years
or older (p < 0.001). This decreasing trend with
age was also found in both men and women. The
weighted prevalence of AR was higher in men than
women (9.0% vs. 7.1%, p < 0.001), and in urban
area than in rural area (9.2% vs. 6.9%, p < 0.001).
Although participants in north region displayed
somewhat higher AR prevalence than those in
south region, the difference was not statistically
significant (8.4% vs. 7.7%, p = 0.261). However,
considerable variations of AR prevalence were
observed among different provinces (Fig. TA).
While Beijing, Heilong Jiang, and Hainan had AR
prevalence >10% (12.9%, 11.9%, and 15.5%,
respectively), Jiangxi, Guangxi, and Qinghai had
AR <5% (4.1%, 4.3%, and 4.1%, respectively). For
other subpopulations, the prevalence of AR was
higher in participants who received more
education (p < 0.001), ever smoked (p = 0.023),
consumed excessive alcohol (p = 0.031), and were
underweight (p = 0.002) or wealthier (p < 0.001)
than their counterparts. In spite of the
nonsignificant trend, AR prevalence seemed to be
higher in participants with shorter or longer sleep.
When further stratified by sex, residence, and
region, most difference patterns remained except
that significantly higher AR prevalence were only
seen in ever smokers and excessive drinkers living
in urban area or north region. In addition, fewer
than one-quarter of the participants with AR were
aware of their diagnosis (23.7% [95% Cl, 21.3%-
26.0%]). Apparent variations of awareness

prevalence was seen across provinces, with
potential cluster of higher prevalence in northwest
region (Fig. 1B). The awareness prevalence of AR
was highest in Shanghai (41.6%) and Gansu
(40.3%) and lowest in Guizhou (1.1%).

In the multivariable logistic models, higher
educational level, ever smoking, extreme sleep
duration, being underweight, and having income
above the top tertile were associated with
increased odds of AR, whereas being older,
women, living in rural area or south region were
associated with decreased odds (Table 3). It
should be noted that former smoking showed
higher odds ratio (OR) than current smoking
(1.40 vs. 1.06), so did <5 h sleeping (OR = 1.51)
than >10 h sleeping (OR = 1.16). The spline
regression corroborated the non-liner association
between odds of AR and sleep duration, with
higher OR for both short and long sleep
(Supplemental Fig. 2A, p < 0.001).

Some of the above associations were stronger
among men and people living in urban area and
north region (Table 3). Specifically, positive
additive interactions of urban area and men,
underweight and men, higher income and men,
north region and urban area, higher education
and urban area, current smoking and urban area,
excessive drinking and urban area, small family
size and urban area, higher income and urban
area, higher education and north region,
excessive drinking and north region, small family
size and north region, and higher income and
north region were found, with RERI ranging from
0.07 (95% CI, 0.00-0.14) to 0.40 (95% ClI, 0.12-
0.67).

The weighted prevalence of physician-
diagnosed and total AR was 2.8% (95% Cl, 2.5%-
3.2%) and 9.0% (95% Cl, 8.3%-9.7%), respectively
(Supplemental table 1). While total AR displayed
similar results to AR with respect to subgroup
analyses, no significant difference was found by
sex and BMI categories and the patterns by
smoking and drinking were even reverse for
physician-diagnosed AR. In the sensitivity analyses
confining to never smokers, no substantial changes
were observed for regression results and the dose-
response curve, although the impacts of
geographic region, long sleep, and underweight
were attenuated (Supplemental table 2 and
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Participants without

Participants with

ol allergic rhinitis allergic rhinitis

N 184,326 171,936 12,390
Age (years)

18-29 9915 (5.4) 9029 (5.3) 886 (7.1)

30-39 18,470 (10.0) 16,839 (9.8) 1631 (13.1)

40-49 33,374 (18.1) 31,026 (18.0) 2348 (19.0)

50-59 48,209 (26.2) 45,117 (26.2) 3092 (25.0)

60-69 49,835 (27.0) 46,769 (27.2) 3066 (24.8)

70+ 24,523 (13.3) 23,156 (13.5) 1367 (11.0)
Sex

Men 81,828 (44.4) 75,877 (44.1) 5951 (48.0)

Women 102,498 (55.6) 96,059 (55.9) 6439 (52.0)
Residence

Urban 75,117 (40.8) 69,309 (40.3) 5808 (46.9)

Rural 109,209 (59.2) 102,627 (59.7) 6582 (53.1)
Region

North 91,973 (49.9) 85,359 (49.7) 6614 (53.4)

South 92,353 (50.1) 86,577 (50.3) 5776 (46.6)
Education

Less than high school 147,399 (80.0) 138,519 (80.5) 8880 (71.7)

High school 23,989 (13.0) 21,945 (12.8) 2044 (16.5)

College or above 12,938 (7.0) 11,472 (6.7) 1466 (11.8)
Cigarette Smoking

Never 127,752 (69.3) 119,531 (69.5) 8221 (66.3)

Former 11,812 (6.4) 10,788 (6.3) 1024 (8.3)

Current 44,762 (24.3) 41,617 (24.2) 3145 (25.4)
Excessive alcohol drinking

No 168,172 (91.2) 156,972 (91.3) 11,200 (90.4)

Yes 16,137 (8.8) 14,949 (8.7) 1188 (9.6)
Sleep duration (hours)

<5 8372 (4.5) 7695 (4.5) 677 (5.5)

5-6.9 41,225 (22.4) 38,233 (22.2) 2992 (24.1)

7-10 130,168 (70.6) 121,743 (70.8) 8425 (68.0)

>10 4560 (2.5) 4264 (2.5) 296 (2.4)
BMI (kg/m?)

<18.5 5318 (3.0) 4935 (3.0) 383 (3.2)

18.5-23.9 78,146 (43.6) 72,921 (43.7) 5225 (43.2)

>24 95,537 (53.4) 89,064 (53.3) 6473 (53.6)
Family size

<4 112,961 (61.3) 105,209 (61.2) 7752 (62.6)

>4 71,365 (38.7) 66,727 (38.8) 4638 (37.4)
Annual household income per capita (CNY)

<7000 47,322 (25.7) 44,368 (25.8) 2954 (23.8)

7000-17,499 46,824 (25.4) 43,795 (25.5) 3029 (24.5)

>17,500 47,479 (25.7) 43,627 (25.4) 3852 (31.1)

Don't know/refuse to answer 42,701 (23.2) 40,146 (23.3) 2555 (20.6)

Table 1. Characteristics of Chinese adult participants, 2018-2019. Abbreviations: BMI, body mass index; CNY, Chinese Yuan; N, number. Note: Data
are expressed as N (%). Some sums of numbers across groups did not equal to the expected total because there were missing values for that subgroup variable



Total

Age (years)

Overall

8.1(7.4,8.7)

18-29 10.2 (9.0, 11.4)
30-39 9.3 (8.4, 10.3)
40-49 7.3(6.7,7.9)
50-59 6.4 (5.8, 7.0)
60-69 6.0 (5.4, 6.6)
70+ 5.4 (4.8, 6.0)
p for trend <0.001
Sex
Men 9.0 (8.3, 9.7)
Women 7.1 (6.5, 7.8)
p for <0.001
difference
Residence
Urban 9.2 (8.3, 10.1)
Rural 6.9 (6.3, 7.4)
p for <0.001
difference
Region
North 8.4 (7.4,9.4)
South 7.7 (7.0, 8.5)
p for 0.261
difference
Education
Less than 6.3 (5.8, 6.8)
high
school
High school | 9.9 (8.8, 11.1)
College or | 12.8 (11.1, 14.4)
above
p for trend <0.001
Cigarette Smoking
Never 7.8 (7.1, 8.4)
Former 9.2 (8.1, 10.2)

9.0 (8.3, 9.7)

11.8 (10.0, 13.5)
103 (9.1, 11.5)
0(7.2,8.7)
9 (6.1, 7.6)
5(5.8,7.2)
2(5.5,7.0)
<O 001

10.0 (9.0, 11.0)
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7.2(6.5,7.8)

10.3 (8.8, 11.7)
14.1 (11.9, 16.3)

<0.001

9.5(8.3, 10.6)
9.2(8.1, 10.3)

7.1 (6.5, 7.8)

8.6 (7.3, 10.0)
3(7.3,9.3)
6 (6.0, 7.3)
9 (5.3, 6.5)
5(5.0, 6.1)
7 (4.0, 5.4)
<0.001

8.4 (7.3, 9.4)
5.8 (5.3, 6.3)
<0.001
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Residence
Urban Rural
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10.5 (9.2, 11.8) 79(68 9.0)
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6.3(5.4,7.2) 48(40 5.5)
<0.001 <0.001
10.0 (9.0, 11.0) | 7.9 (7.1, 8.8)
8.4 (7.3, 9.4) 5.8 (5.3, 6.3)
0.001 <0.001
10.1 (8.6, 11.7) | 6.7 (5.9, 7.5)
8.4 (7.4, 9.4) 7.0 (6.1, 7.8)
0.062 0.714
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<0.001 0.001
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6.2 (5.3,7.2)

<0.001

10.1 (8.6, 11.7)
6.7 (5.9, 7.5)
<0.001

6.7 (6.0, 7.4)

10.8 (9.4, 12.2)
12.5 (9.9, 15.2)

<0.001
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Current 8.7 (7.8, 9.5)
p for trend 0.023
Excessive alcohol drinking
No 8.0 (7.3, 8.6)
Yes 9.1(7.9,10.3)
p for 0.031
difference
Sleep duration (hours)
<5 8.5 (6.8, 10.3)
5-6.9 8.0 (7.0, 8.9)
7-10 8.0(7.4,8.7)
>10 9.3 (6.1, 12.5)
p for trend 0.668
BMI (kg/m?)
<18.5 11.6 (9.0, 14.2)
18.5-23.9 7.9(7.1,8.7)
>24 8.0 (7.4, 8.7)
p for trend 0.002
Family size
<4 8.0 (7.2, 8.8)
>4 8.2(7.4,8.9)
p for 0.715
difference

Annual househ

<7000

7000-
17499

>17,500

Don't know/
refuse to
answer®

p for trend

7.0 (6.2, 7.8)
7.8 (7.0, 8.6)

9.7 (8.6, 10.8)
7.2 (6.3, 8.1)

<0.001

Table 2. Weighted prevalence of allergic rhinitis across groups of various characteristics, overall and by sex, residence and region. Abbreviations: BMI, body mass index; CNY, Chinese Yuan.
Note: Data are expressed as weighted prevalence (95% Cl). P values were derived from Rao-Scott chi-square test or logistic regression applicable to complex survey. “This group was excluded from the trend test.

8.6 (7.8, 9.4)
0.163
9.0 (8.2, 9.7)
9.1 (7.9, 10.3)
0.829
8.2 (6.0, 10.3)
9.0 (7.6, 10.4)
9.0(8.2,9.7)
10.9 (5.1, 16.7)
0.365

17.2(12.2, 22.2)
8.1(7.3, 9.0)
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<0.001
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0.195
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Fig. 1 Weighted prevalence of allergic rhinitis (A) and awareness of allergic rhinitis (B) by province among Chinese adult participants, 2018-
2019.
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Residence Geographic region

RERI (95% Rural | RERI (95% North South | RERI (95%
Cl) Cl)
Age (10 year 0.9 0.9 0.9 0.01 0.9 0.91 0.03 0.93 0.87 —0.06
increment)
(0.89, (0.88, (0.88, (—0.02, (0.88, (0.89, (-0.01, (0.91, (0.85, (=0.10,
0.92) 0.92) 0.92) 0.04) 0.92) 0.93) 0.07) 0.96) 0.90) —-0.02)
Women 0.92 - - - 0.87 0.96 0.12 0.91 0.93 0.03
(0.87, (0.83, (0.90, |(0.05,0.19)| (0.86, (0.87, (—0.05,
0.97) 0.92) 1.02) 0.97) 0.99) 0.10)
Rural 0.86 0.82 0.9 0.12 - - - 0.77 0.99 0.29
(0.80, (0.76, (0.83, |(0.05, 0.19) (0.69, (0.87, | (0.12, 0.46)
0.93) 0.89) 0.98) 0.85) 1.12)
South 0.89 0.88 0.9 0.03 0.78 1 0.29 - - -
(0.80, (0.79, (0.81, (—0.05, (0.69, (0.87, 1(0.12, 0.46)
0.99) 0.99) 1.00) 0.10) 0.88) 1.16)
Education (ref: Below
high school)
High school 1.29 1.26 1.32 —0.04 1.39 1.16 0.27 1.37 1.19 0.23
(1.22, (1.18, (1.23, (—0.15, (1.29, (1.07, [(0.14, 0.40) (1.27, (1.08, | (0.07, 0.39)
1.37) 1.35) 1.43) 0.07) 1.49) 1.26) 1.49) 1.30)
College or above 1.58 1.62 1.54 0.13 1.68 1.35 0.4 1.53 1.65 —0.06
(1.45, (1.47, (1.40, (-0.04, (1.52, (1.15, 1(0.12,0.67)| (1.35, (1.46, (—0.35,
1.71) 1.79) 1.70) 0.30) 1.85) 1.59) 1.73) 1.86) 0.23)
Cigarette Smoking (ref:
Never)
Former 1.4 1.37 1.53 -0.12 1.45 1.37 0.13 1.45 1.35 0.15
(1.30, (1.27, (1.18, (—0.54, (1.33, (1.23, (—0.04, (1.33, (1.21, (—0.03,
1.51) 1.48) 2.00) 0.30) 1.58) 1.52) 0.31) 1.59) 1.50) 0.33)
Current 1.06 1.02 1.28 —0.26 1.1 1.02 0.09 1.09 1.02 0.08
(1.00, (0.96, (1.13, (—0.44, (1.02, (0.96, |(0.00,0.18) (1.03, (0.94, (—0.01,
1.12) 1.08) 1.46) —0.08) 1.19) 1.09) 1.16) 1.10) 0.17)

(continued)
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Excessive alcohol
drinking

Sleep duration (ref: 7-
10 h)

<5

>10

BMI (ref: 18.5-23.9 kg/
m?)
<18.5

>24

Family size >4

Household income per
capita (ref: <7000 CNY)

7000-17,499

1.06

(0.99,
1.14)

1.51

(1.38,
1.64)

1.18

(1.13,
1.24)

1.16

(1.03,
1.31)

1.11

(1.00,
1.22)

0.99

(0.95,
1.02)

0.97

(0.91,
1.02)

0.98

1.05

(0.98,
1.14)

1.34

(1.18,
1.52)

1.19

(1.13,
1.26)

1.2

(1.04,
1.40)

1.29

(1.11,
1.50)

0.99

(0.94,
1.04)

(0.94,
1.07)

1.04

Sex

Women

(0.94,
1.37)

1.61

(1.45,
1.79)

1.18

(1.11,
1.26)

1.11

(0.94,
1.31)

0.96

(0.84,
1.10)

0.99

(0.94,
1.03)

0.94

(0.88,
1.00)

0.92

RERI (95%
Cl)

—0.08

(—0.31,
0.15)

—0.25

(—0.49,
—0.01)

0.03

(—0.0¢,
0.11)

0.12

(=0.12,
0.36)

0.34
(0.10, 0.59)

0

(—0.07,
0.07)

0.07
(0.00, 0.14)

0.11

Urban

(1.06,
1.29)

1.44

(1.26,
1.66)

1.24

(1.17,
1.32)

1.17

(0.95,
1.43)

1.05

(0.88,
1.24)

(0.95,
1.05)

0.91

(0.84,
0.98)

1.1

Residence

RERI (95%
Rural cl)
0.99 0.2
(0.90, |(0.06, 0.35)
1.08)
1.54 -0.03
(1.39, (—0.30,
1.71) 0.23)
1.13 0.14
(1.05, [(0.03, 0.26)
1.21)
1.15 0.05
(0.99, (=0.27,
1.33) 0.37)
1.14 —0.09
(1.00, (—0.34,
1.30) 0.17)
0.97 0.03
(0.92, (—=0.06,
1.03) 0.11)
1.02 0.13
(0.94, |(0.02, 0.23)
1.10)
0.94 0.17

Geographic region

North

1.24

(1.13,
1.36)

1.52

(1.35,
1.73)

1.29

(1.21,
1.37)

1.2

(1.01,
1.43)

1.1

(0.92,
1.31)

0.99

(0.94,
1.05)

0.9

(0.84,
0.97)

1.04

South

0.89

(0.80,
0.98)

1.49

(1.32,
1.68)

1.07

(1.00,
1.15)
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1.1

(0.99,
1.25)

0.98

(0.94,
1.03)

1.03

(0.95,
1.13)

0.91

RERI (95%
Cl)

0.37

(0.23, 0.51)

0.07

(—0.21,
0.35)

0.24
(0.13, 0.35)

0.11

(-0.17,
0.39)

—0.01

(—0.26,
0.25)

—0.01

(—0.09,
0.07)

0.14
(0.03, 0.25)

0.13
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3 = g Supplemental Fig. 2B). Most of the aforementioned
g " g & interactions were also significant at multiplicative
>
= s e scale (Supplemental table 3).
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SE = R o= estimated that 8.1% of Chinese adults had AR in
éjﬁ 2018-2019. Applying this weighted prevalence to
B < 98 o NG g% 2018 Chinese population produces an approxi-
SN TS 5 Zef 2 mate projection of 89.6 million adults. Our esti-
~ ~ = €3 mate was modestly lower than those reported by 2
= = o3 earlier multicenter studies in China. In 2005, Zhang
™ < o8 et al surveyed 38 203 subjects in 11 major cities
) i 2
e c'?l e §§ located at central and eastern China and 4253
g c= g2 (11.1%) of them reported having AR.’® In 2011, the
S =X oF same group expanded the study by further
&0 including 7 major cities in western China and
o'\og B gg g% found the standardized prevalence of AR was
S S-S o< 389 17.6% among 36 577 subjects from 18 major
03;;“ cities.’” Several reasons may help explain these
N o | 83 disparities. First, we included participants from
O O MO O~ < 2 0
cAdN =S oI 8 both urban and rural areas, whereas they only
SASE = RC A i% recruited participants from large cities. Second,
c 0 . . .
Sg our inclusion of subjects was not affected by
— — (U]
S o %g telephone coverage rate and the response rate
S -~ o g was relatively higher in our study (94.9%) than
g o g; g?} theirs (less than 80%). Third, our sample
oS S 38 accounted for adults from all age groups instead
g 5 of limiting to those aged 16-65 years as with
S~ N o oo = g their studies, and this has important implications
go o g\—, g go 2 in the context of China's rapidly aging
— — o) . .
< — =< g3 population. Taken together, the current study is
n 3 . . . .
£ subject to less selection bias and thus provides
Se ~ B o NS ‘gﬁ more accurate and representative estimation of
N = QN & ®— | £§ AR prevalence.
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NT o B T -t lower than those in United States (30.2%) or
gcg — O«N g gcg ?;.3@ Europe (19.0%-29.8%) regardless of definition."?"
= T =T 8§ 21 Nevertheless, there appears to be a rising
° @ trend of AR prevalence in China,'" suggesting
o . . .
5 = potential influence of environmental factors on
‘oS . . . .
a 59 AR. Despite dramatic differences in outdoor and
13 <3 indoor environment between urban and rural
E 'ngg\ settings, prior results regarding urban-rural differ-
o £5 £ < ence in AR prevalence were mixed. One cross-
8 - 2 § g sectional study in Guangzhou found significantly
= 55 &3 higher prevalence of AR in urban area (8.3%) than
Al o 22 rural area (3.4%).% In contrast, inverse finding was
S 3 observed when comparing AR prevalence in a
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community in Beijing (13.5%) with a village in
Baoding (19.1%).? Based on a large dataset
comprising of 727 communities and 1061
villages, our result added strong evidence
indicating higher AR prevalence in urban area of
China. Urbanization is usually accompanied by
higher ambient levels of air pollutants, such as
particulate matter, sulfur dioxide (SO,), and
nitrogen dioxide, which can increase the
permeability of nasal mucosa and subsequently

facilitate entrance of allergens.??>  Positive
correlations  between AR  prevalence and
atmospheric SO, concentration have been

reported previously.’® Another explanation is the
hygiene hypothesis that early exposure to
reduced microbes occurring in urban area may
favor development of allergic diseases in later
life.?®* The more common carpet use, home
renovation, and pet adoption seen in cities may
also contribute to AR via introducing allergy-
provoking substances into living environment. On
the other hand, we found AR prevalence was
higher in north region than south region, and re-
sults of regression analysis confirmed this obser-
vation. It is well established that air in northern
China is generally more polluted than southern
China.** Moreover, the relatively drier air and
higher wind speed in the north region may
facilitate the suspension and spread of many
allergens.?® A recent time-series study in China
has demonstrated that the relative risk of AR
showed a negative association with relative hu-
midity but a positive association with wind
speed.?® To our surprise, the awareness of AR was
also better in northern China, with particularly
higher prevalence in provinces located at
relatively underdeveloped northwest region. This
is conflicting with the notion that provinces with
higher economic and developmental level often
show higher awareness prevalence of chronic
diseases. Since northwest China are highly
affected by land desertification, we speculate
that the special vegetation used to control
desertification such as Kobresia species and
consequent high pollen concentration may lead
to longer duration and more severe symptoms of
AR. Our speculation seems to be supported by
previous result that the proportion of persistent

AR was highest in northern cities and lowest in
southern cities."®

We explored several individual-level conven-
tional risk factors associated with AR among Chi-
nese adults. The higher AR prevalence in younger
age groups and men is in line with epidemiolog-
ical investigations mainly involving adults but in
contrast with those studying AR among children
and adolescents.?”3? As a result, consideration
should be given to these distinct patterns in the
case of screening high-risk subpopulation and
designing intervention policies. In regard to edu-
cation and income, we uncovered similar relation
to other studies with AR prevalence, with educated
and wealthier individuals being more prone to
have ARZ?3% Apart from sociodemographic
factors, both cigarette smoking and alcohol
consumption may play crucial roles in the
development of AR. Herein, ever smokers
displayed higher AR prevalence than non-
smokers. As with air pollutants, smoking is
capable of enhancing allergic sensitization and
exacerbating AR symptoms. A randomized,
placebo-controlled crossover study showed that
environmental tobacco smoke could promote the
production of IgE and induce a shift to T-helper 2
immune response.®’ Interestingly, our
multivariable regression further found larger
magnitude of association with AR for former
smokers relative to current smokers, which was
partially attributable to the fact that people
suffering from annoying symptoms of AR may be
more likely to quit smoking. Also, more
participants who drank excessive alcohol were
found to have AR. A cross-sectional study in
Pomerania proved positive association between
biomarker of alcohol exposure and serum total IgE
level.** Moreover, a prospective cohort study in
Copenhagen provided additional support by
showing higher adjusted OR for perennial AR
associated with more alcohol intake.**

Previous studies examining associations of
sleep duration and BMI categories with AR almost
focused on insufficient sleep and overweight/
obesity. To our knowledge, this is the first
study reporting that there was a U-shaped asso-
ciation between AR and sleep duration and
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that increased odds of AR were associated
with underweight. Using a nationally representa-
tive sample of US adults, Grandner et al demon-
strated that participants with very short or very
long sleep duration tended to exhibit elevated
levels of C-reactive protein, a biomarker of sys-
temic inflammation.®* The latter is beneficial to
development of AR from the perspectives of
inflammatory etiology. Given the nature of cross-
sectional study, the possibility of reverse causa-
tion cannot be fully excluded. Put it another way,
insomnia as well as obstructive sleep apnea and
more frequent use of sleep medication, as a
consequence of AR, may result in extreme sleep
duration at either end.® As for BMI categories,
our result was consistent with a recent meta-
analysis that no significant association between
overweight/obesity and AR was found in adults.®
Underweight has been previously associated
with increased risk of asthma in Anqing,
China.*” The underlying mechanism for its
association with AR is not clear yet, although
stronger allergic sensitization had been linked
with underweight.*®*? More work is warranted
to confirm these associations and find the causes.

Of note, the modifications of sex, residence, and
geographic region on associations with AR have
not been studied previously. It is plausible that
being men and living in urban area or north region
would act synergistically with some factors on AR
as seen in this study. One explanation is that cor-
responding subpopulations are more likely to be
exposed to allergens. Generally, men tend to take
more outdoor exercise than women, which is also
supported by the higher prevalence of usual ex-
ercise among men (17.0% vs. 14.6%) in this study.
Considering the chronic nature of indoor allergen
exposure, increased exposure to the outdoor
allergen may outweigh corresponding reduced
exposure to the indoor allergen. Similarly, the
modern lifestyle in urban area and certain meteo-
rological factors in north region, as above
mentioned, can increase the possibility of allergen
exposure. Besides, the air pollution related to ur-
ban area and north region and more stress related
to men and fast-paced urban life may lead to a
higher intrinsic inflammatory level that increase
nasal vascularity and then exacerbate the

13

responses to allergens.**" VYet, it would be
interesting to study the explicit mechanisms
underlying the additive interactions in future work.

Our study has some limitations. First, the ques-
tion asked may merely lead to a diagnosis of
rhinitis. However, the definition used in this study is
consistent with the epidemiological criteria pro-
posed by Allergic rhinitis and its impact on asthma,
which excludes rhinitis caused by infection and
short-term irritation by declaring symptoms in the
absence of cold and with a duration of >1 h.
Additionally, the association pattern of the result-
ing AR with increasing age is distinct from that of
non-allergic rhinitis,*?* and participants with AR
were found to be much more likely than those
without to have chronic urticaria (19.5% vs.
0.77%) and doctor-diagnosed AR (10.7% wvs.
2.8%). Also, our estimate was generally compara-
ble to those based on the combination of symp-
toms and skin prick test (7.2% and 6.2% in Beijing
and Baoding, respectively) or allergen-specific IgE
(9.1% in several northern regions of China).?43
Taken together, although we acknowledge the
possibility of including types of rhinitis other than
AR cannot be completely excluded, the observed
outcome mainly reflects AR. Second, since this
survey is not exclusively designed for allergic
diseases, the information on duration, severity,
allergic causes, and concurrent diseases related
to AR was not obtained, impeding a more
detailed and thorough analysis. Third, the
unavailability of some important covariates such
as family history of AR and pet ownership
increases the chance of residual confounding.
Fourth, the results of interaction tests should be
interpreted cautiously due to multiple comparison.

In conclusion, the present study provides robust
and the most recent evidence on epidemic of AR
and associated risk factors among Chinese adults.
Our novel findings of significant additive in-
teractions suggest that men and people living in
urban area and north region may generally benefit
more from targeted intervention measures. The
overall low awareness calls for campaigns to
improve detection of AR in China. Future studies
are necessary to understand the long-term trend of
AR prevalence and its longitudinal associations
with potential determinants.
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