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sample size, and data collection method. To assess sex differ-
ences in the prevalence of self- or parent-reported symptoms 
of rhinitis, calculated pooled estimates of the male-female 
ratio (MFR) were obtained using random-effects model meta-
analyses due to heterogeneity. A meta-regression analysis 
was also performed.  Results:  Out of 6,539 publications iden-
tified, 67 cross-sectional population-based studies (291,726 
males and 301,781 females) were included in our meta-anal-
ysis. In children (<11 years of age) significantly more boys 
than girls had rhinitis symptoms (MFR 1.21, 95% CI 1.17–1.25), 
whereas in adolescents (11 to <18 years of age) males were 
significantly less often affected than females (MFR 0.90, 95% 
CI 0.85–0.95). No sex-specific prevalence difference was ob-
served in adults (MFR 0.96, 95% CI 0.83–1.17). These findings 
were consistent in all continents except in Asia, where the 
male predominance remained beyond childhood.  Conclu-

sions:  The male predominance of rhinitis prevalence in child-
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 Abstract 

  Background:  A sex-related switch in the prevalence of asth-
ma from childhood (male predominance) to adulthood (fe-
male predominance) has been described, but for allergic rhi-
nitis this remains unclear. We aimed to examine sex- and
age-group-specific differences in allergic rhinitis prevalence 
by systematically evaluating studies from across the globe. 
 Methods:  A systematic search of MEDLINE and Embase for 
population-based cross-sectional studies was performed re-
gardless of the language of publication. The search was re-
stricted to the present millennium (2000 to June 2014). Study 
quality was defined by the sampling method, response rate, 
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hood changed towards a female predominance in adoles-
cence across the globe, except in Asia. Longitudinal studies 
are needed to confirm these cross-sectional data and exam-
ine possible determinants and underlying mechanisms. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 The prevalence of asthma and rhinitis has increased 
over the past decades, reaching epidemic proportions in 
Western and developing countries  [1] . Sex differences in 
the prevalence of asthma, eczema, and food allergy are 
observed in clinical and epidemiological studies  [2] . In 
childhood, the asthma prevalence is higher in boys than 
in girls, whereas after puberty there is a female predomi-
nance of asthma persisting throughout adulthood  [3, 4] . 
Conversely, allergic sensitization seems to remain more 
prevalent among male adults  [5, 6] . However, little is 
known about the predominating sex in the prevalence of 
rhinitis in the pre- and postpubertal phases. During ado-
lescence, by comparison to boys, the prevalence of rhini-
tis is higher in girls in Saudi Arabia and Brazil  [7, 8]  and 
lower in Iran  [9]  and Kuwait  [10] . 

  There are no systematic reviews on sex-specific differ-
ences in the prevalence of self- or parent-reported symp-
toms of rhinitis summarizing studies from childhood to 
adulthood. As with asthma, there may be a sex-related 
prevalence switch of rhinitis symptoms between boys and 
girls after puberty that persists throughout adulthood  [3, 
11] . 

  The primary objective of this systematic review with 
meta-analyses of cross-sectional studies was to examine 
sex differences in the prevalence of self- or parent-report-
ed rhinitis symptoms from childhood through adoles-
cence into adulthood. Secondary objectives were to de-
scribe possible regional and temporal differences in the 
prevalence of rhinitis assessed in population-based cross-
sectional studies.

  Methods 

 Data Sources, Search Strategy, and Selection Criteria 
 This systematic review was reported in accordance with the 

recommendations set forth by the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) statement  [12] . 
The protocol can be accessed at PROSPERO (www.crd.york.ac.uk/
PROSPERO/, registration No. CRD42016036105). A systematic 
search was conducted using computerized bibliographic databases 
such as MEDLINE through the PubMed webpage and Embase, 
and the search was restricted to studies published in the first 14 

years of the present millennium (2000–2014). Our search retrieved 
all relevant studies regardless of the language of publication. MeSH 
terms were chosen according to the database (minimal variations) 
and a selection of string terms to increase the capture of relevant 
papers (online suppl. search strategies; for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000464324). The EndNote 
X7 ®  (Thomson Reuters) bibliographic database was used to man-
age the results of our literature searches.

  Inclusion and Exclusion Criteria 
 Study selection was based on an a priori set of inclusion and 

exclusion criteria. Broad inclusion criteria were used to take ad-
vantage of all available knowledge on the assessment of potential 
gender differences in the prevalence and/or incidence of rhinitis 
among the general population.

  The inclusion criteria were the following: (1) studies that re-
cruited participants of both sexes from the general population of 
all age groups, (2) reported prevalence and/or incidence of the dis-
ease stratified by sex and age if the population under study includ-
ed children and adults, and/or that described risk factors explained 
by sex, (3) longitudinal or cross-sectional studies.

  Studies that: (1) were not original (i.e., reviews, guidelines, etc.), 
(2) did not report prevalence and/or incidence estimates stratified 
by sex and age if the population under study included children and 
adults, (3) whose participants were selected by their occupation, 
(4) recruited only male or female participants, and (5) those stud-
ies that recruited patients from institutes such as allergy outpatient 
clinics, were excluded. The following study designs were excluded: 
ecological studies, case reports, case series, case-control studies, 
experimental studies, intervention studies, and clinical studies.

  In the present systematic review, only the results of cross-sec-
tional studies assessing the prevalence of self-reported or parent-
reported symptoms of current rhinitis, defined as the presence of 
rhinitis symptoms in the last 12 months were reported. 

  Study Selection, Data Extraction and Quality Assessment 
 Study selection was performed following a 2-step process. First, 

2 independent reviewers (M.P. and C.H.) conducted title scans in 
a parallel fashion. We rated each citation as: “include,” “exclude,” 
or “unclear.” Second, the same independent reviewers screened 
the abstracts of those records rated as “include” or “unclear.” Dis-
agreements encountered in both steps were resolved through re-
ferral to a third reviewer (T.K. or M.F.). 

  Prior to data extraction, 2 reviewers (M.P. and M.F.) indepen-
dently reviewed full texts of all selected publications rated as “in-
clude” or “unclear.” M.P. designed the data extraction form. The 
predesigned data extraction form with 5 studies selected from the 
pool of included studies was piloted and M.F., A.R., and T. Keller 
identified issues that served to improve the form. At least 2 review-
ers (T. Keller, C.H., B.C., A.R., M.F., and M.P.) abstracted data from 
the selected full texts independently with disagreements through 
referral to a third reviewer (T.K.). We contacted the authors of sev-
eral studies  [13–17]  by e-mail for further information regarding the 
measurements stratified by sex. Only the studies whose authors pro-
vided a response within 2 weeks were included in the meta-analyses.

  Data were extracted on the following information using SoSci-
Survey (https://www.soscisurvey.de/): country, study design, de-
scription of the process of recruitment of participants, age of par-
ticipants, sample size and residency, response rate, observation 
period, definition of disease and measurement, method of data 
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collection, prevalence and incidence of rhinitis stratified by sex as 
well as sex-specific information on risk factors for rhinitis. 

  Study quality assessment was determined by 4 criteria: sam-
pling method, response rate, sample size, and data collection meth-
od to investigate sources of heterogeneity between studies, if pres-
ent. The maximum score was 5 points. Studies that scored 0–2 
were labelled “low quality,” 3–4 were “moderate quality,” and a 
score of 5 indicated “high quality.”

  Quantitative Data Synthesis 
 To assess sex differences in the prevalence of rhinitis before and 

after puberty we measured calculated pooled estimates of the male-
female ratio (MFR), together with associated 95% confidence in-
tervals (95% CI), using random-effects model meta-analyses with 
the inverse variance method due to the expected heterogeneity of 
the studies.  I  2  was calculated to quantify inconsistency across stud-

ies. To investigate the source of potential heterogeneity we per-
formed meta-regression analyses regarding the study period (con-
ducted until 2000 vs. after 2000), region (continent), and residency 
(urban vs. mixed rural/urban background) as moderator variables. 
Statistical analyses were done using R and the STATA 12.0 soft-
ware package (Stata Corporation, College Station, TX, USA). 

  Results 

 Characteristics of Included Studies 
 After the removal of duplicates, 6,539 hits were re-

trieved, of which 1,222 studies were identified after title 
screening. A total of 250 studies were eligible for data 

Full-text articles excluded (n = 25)
Duplicates (n = 25)

Full-text articles excluded (n = 161)
 Patient population (n = 1)
 Participants selected by occupation (n = 2)
 Study design (n = 29)
 Prevalence not stratified by age (n = 17)
 Overlapping age categories (n = 25)
Prevalence not stratified by sex (n = 30)
 Prevalence not reported (n = 19)
 Self- or parent-reported symptoms of

 rhinitis not reported (n = 7)
 Current symptoms not reported (n = 26)
 Other (n = 5)

Full-text articles excluded (n = 629)
 Excluded (n = 401)
 Full text not available (n = 228)

Studies included for data
extraction
(n = 247)

Full-text articles assessed for
eligibility
(n = 900)

Records identified through
Embase

(n = 6,494)

Records selected by title
(n = 1,222)

Studies included
(n = 86)

Hand search
(n = 1)

Included in the meta-analysis
(n = 67)

Records after duplicates removed
(n = 6,539)

Records excluded (n = 322)
 PubMed (n = 176)
 Embase (n = 146)

Records excluded
(n = 5,317)

Id
en

tif
ic

at
io

n
Sc

re
en

in
g

El
ig

ib
ili

ty
In

cl
ud

ed

Records identified through
PubMed
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  Fig. 1.  PRISMA flow chart for the literature search. 
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extraction, of which 85 were included. One study sug-
gested by the reviewer fit the inclusion criteria, giving a 
total of 86 cross-sectional studies (online suppl. refer-
ences), of which 67 were included in the meta-analysis 
( Fig. 1 ). Studies were mainly of moderate to high quality. 
A detailed summary of the 86 studies and their quality 
rating score can be found in online supplementary
Tables S1–S4. 

  The studies were conducted mainly in Asia (35) and 
Europe (28), followed by the Americas (16), Africa (5), 
and Oceania (2). The majority of the studies recruited 
children from an urban background. Fourteen studies as-
sessed both children (aged around 6–7 years) and adoles-
cents (aged around 13–14 years), and provided the prev-
alence stratified by age  [9, 18–30] . 

  The prevalence of rhinitis was questionnaire based, 
mainly using the International Study of Asthma and Al-
lergies in Childhood (ISAAC) questionnaire for children 
and adolescents ( n  = 71)  [31] , followed by the European 
Community Respiratory Health Survey (ECRHS) in 
adults ( n  = 6)  [32] . A total of 46 studies examined sex dif-
ferences in the prevalence of rhinitis in children aged <11 
years, 43 in children aged 11–18 years, and 12 studies in 
adults ( Table 1 ).

  Pooled estimates were based on 88 MFRs from 67 
studies that provided the necessary information to derive 
the MFR, including 291,726 males and 301,781 females 
( Fig. 2 ,  3 ).

  Prevalence of Rhinitis Symptoms during Childhood 
 The meta-analysis for childhood included 35 studies 

with data from 133,885 males and 135,152 females 
( Fig. 2 ). The pooled estimates for the MFR of the preva-
lence of self- or parent-reported symptoms of rhinitis in 
children before puberty (<11 years) was 1.21 (95% CI 
1.17–1.25).

  None of the included studies reported a female pre-
dominance, although 12 studies did not report sex differ-
ences. The largest studies conducted in Korea  [23, 33] , 
Japan  [22] , and Spain  [34]  analyzed 57,358 males and 
60,506 females and showed sex differences with an MFR 
similar to the pooled estimate.

  Prevalence of Rhinitis Symptoms during and Shortly 
after Puberty 
 The meta-analysis for the age group of 11–17 years

included 36 studies with data from 137,443 males and 
142,939 females ( Fig. 3 ). The pooled estimate for the MFR 
of the prevalence of rhinitis symptoms in adolescents 
aged 11–17 years was 0.90 (95% CI 0.85–0.95).

  Three studies conducted in Korea  [23] , Iran  [9] , and 
Kuwait  [10]  showed a clear male predominance during 
and shortly after puberty, whereas 15 studies found a 
strong female predominance during and shortly after pu-
berty. Three studies analyzed sex differences in the prev-
alence of rhinitis in 2 different time periods: New Zea-
land  [28]  (1993 and 2003),  [35]  (1995 and 2002), and 
Brazil  [36]  (2007 and 2010). They found a female pre-
dominance, which was similar in both study periods.

 Table 1.  Characteristics of studies included in the systematic re-
view

Study characteristics Cross-sectional studies, n

Total 86

Study period1

1991 – 2000 23
2001 – 2014 61
Unknown 14

Region
Africa 5
Asia 35
Europe 28
Americas 16

North/Central 8
South 8

Oceania 2
Sample size analyzed

<1,000 10
1,001 – 5,000 34
5,001 – 10,000 23
10,001 – 100,000 18
>100,000 1

Age category1

0 – 10 years 46
11–<18 years 43
18+ years 12

Urbanicity
Urban 45
Rural/urban2 30
Unclear/not reported 11

Method for assessing prevalence1

ISAAC questionnaire 71
ECHRS questionnaire 6
Other questionnaire/s 9

  ISAAC, International Study of Asthma and Allergies in Child-
hood; ECRHS, European Community Respiratory Health Survey. 

1 Total may exceed 86 as some studies reported the prevalence 
of rhinitis in several age categories.

2 Subjects from 3 studies had a rural background only.
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  Fig. 2.  Forest plot estimating the difference in prevalence of rhinitis between boys and girls aged <11 years (before puberty). The term 
“events” corresponds to the number of children with current rhinitis. 

Study Male  Female             MFR MFR (95% CI) Weight, 
%events total ev ents total

Zhao, 2000 [63] 909 2,842 760 2,618 1.10 (1.02, 1.19) 3.4
Al-Ryiyami, 2003 [64] 263 1,624 209 1,550 1.20 (1.02, 1.42) 2.0
Maziak, 2003 [51] – period: 1995 272 1,754 165 1,713 1.61 (1.34, 1.93) 1.8
Maziak, 2003 [51] – period: 2000 337 1,863 241 1,666 1.25 (1.07, 1.46) 2.2
Peroni, 2003 [65] 142 734 94 668 1.37 (1.08, 1.75) 1.3
Falade, 2004 [46] 85 844 86 804 0.94 (0.71, 1.25) 1.0
Soto-Quiros, 2004 [30] 435 1,478 350 1,466 1.23 (1.09, 1.39) 2.7
Amedo-Pena, 2005 [34] 2,297 12,418 1,991 12,444 1.16 (1.09, 1.22) 3.9
Garcia-Marcos, 2005 [66] 540 4,733 393 4,847 1.41 (1.24, 1.59) 2.7
Kao, 2005 [25] 626 1,546 491 1,533 1.26 (1.15, 1.39) 3.2
Liao, 2005 [67] 1,121 3,627 771 3,413 1.37 (1.26, 1.48) 3.4
Del-Rio-Navarro, 2007 [20] 1,001 2,098 873 2,008 1.10 (1.03, 1.17) 3.7
Lima, 2007 [68] 503 1,510 455 1,671 1.22 (1.10, 1.36) 3.0
Mavale-Manuel, 2007 [27] 244 1,207 251 1,176 0.95 (0.81, 1.11) 2.2
Kudzyte, 2008 [54] – period: 1995 182 914 196 965 0.98 (0.82, 1.17) 1.9
Kudzyte, 2008 [54] – period: 2002 320 1,396 288 1,376 1.10 (0.95, 1.26) 2.4
Mohammadzadeh, 2008 [9] 148 1,412 164 1,632 1.04 (0.85, 1.29) 1.5
Rad, 2008 [69] 174 1,450 106 1,549 1.75 (1.39, 2.21) 1.4
Anthracopoulos, 2009 [70] – period: 1991 64 1,181 59 1,236 1.14 (0.80, 1.60) 0.7
Anthracopoulos, 2009 [70] – period: 1998 97 1,507 104 1,569 0.97 (0.74, 1.27) 1.1
Anthracopoulos, 2009 [70] – period: 2003 113 1,337 104 1,388 1.13 (0.87, 1.46) 1.2
Backer, 2009 [71] 294 1,009 227 1,078 1.38 (1.19, 1.61) 2.3
Tai, 2009 [72] 181 772 132 737 1.31 (1.07, 1.60) 1.6
Amarasekera, 2010 [73] 67 277 37 234 1.53 (1.07, 2.20) 0.7
Castro, 2010 [74] 547 1,837 437 1,763 1.20 (1.08, 1.34) 2.9
Dell, 2010 [75] 679 2,772 613 3,347 1.34 (1.21, 1.47) 3.1
Ahn, 2011 [18] 429 1,958 305 1,931 1.39 (1.21, 1.58) 2.5
Kurosaka, 2011 [76] 645 5,666 532 5,347 1.14 (1.03, 1.28) 2.9
Suh, 2011 [33] 4,944 13,254 5,239 17,639 1.26 (1.22, 1.30) 4.2
Duggan, 2012 [77] – period: 2002 197 699 189 775 1.16 (0.97, 1.37) 2.0
Duggan, 2012 [77] – period: 2007 237 795 176 740 1.25 (1.06, 1.48) 2.0
Higuchi, 2012 [22] 10,592 21,861 8,338 21,013 1.22 (1.20, 1.25) 4.2
Hong, 2012 [23] 4,016 9,825 3,083 9,410 1.25 (1.20, 1.30) 4.1
Kahwa, 2012 [24] 25 138 10 130 2.36 (1.18, 4.71) 0.2
Moyes, 2012 [28] – period 1993 564 5,639 524 5,754 1.10 (0.98, 1.23) 2.8
Moyes, 2012 [28] – period 2003 669 5,481 572 5,392 1.15 (1.04, 1.28) 3.0
Nahhas, 2012 [45] 716 3,585 229 1,603 1.40 (1.22, 1.60) 2.5
Penaranda, 2012 [29] 229 1,386 319 1,794 0.93 (0.80, 1.08) 2.2
Morais-Almeida, 2013 [78] 1,131 2,561 1,048 2,457 1.04 (0.97, 1.10) 3.7
Tamay, 2014 [79] 1,510 4,972 1,370 4,835 1.07 (1.01, 1.14) 3.7
Hahm, 2014 [60] 523 1,923 319 1,881 1.60 (1.42, 1.82) 2.7

Random effects model 133,885 135,152 1.21 (1.17, 1.25) 100
Heterogeneity: I2 = 78%, τ2 = 0.0064, p < 0.0001

0.5 1 2
Male predominanceFemale predominance
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Study Male  Female             MFR MFR (95% CI) Weight, 
%events total ev ents total

Sugiyama, 2000 [80] 950 2,219 924 2,221 1.03 (0.96, 1.10) 2.5
Shamssain, 2001 [81] 415 1,510 472 1,490 0.87 (0.78, 0.97) 2.3
Fagan, 2001 [53] 346 1,363 515 1,330 0.66 (0.59, 0.73) 2.3
Kim, 2002 [61] 62 537 171 1,190 0.80 (0.61, 1.05) 1.5
Soto-Quiros, 2004 [30] 418 1,476 571 1,724 0.86 (0.77, 0.95) 2.3
Arnedo-Pena, 2004 [82] 4,338 15,605 5,040 14,441 0.80 (0.77, 0.82) 2.6
Nordvall, 2005 [83] 81 476 120 483 0.68 (0.53, 0.88) 1.6
Kao, 2005 [25] 610 1,588 565 1,523 1.04 (0.95, 1.13) 2.4
Yan, 2005 [84] 1,438 3,203 1,308 3,093 1.06 (1.00, 1.12) 2.5
Porto Neto, 2006 [85] 339 1,435 533 1,513 0.67 (0.60, 0.75) 2.3
Chiang, 2007 [13] 1,373 3,161 1,866 4,516 1.05 (1.00, 1.11) 2.5
Zar, 2007 [35] – period: 1995 582 2,088 987 3,073 0.87 (0.80, 0.95) 2.4
Droma, 2007 [86] 87 1,589 78 1,601 1.12 (0.83, 1.51) 1.4
Zar, 2007 [35] – period: 2002 735 2,025 1,198 2,994 0.91 (0.84, 0.98) 2.5
Mavale-Manuel, 2007 [27] 479 1,238 539 1,392 1.00 (0.91, 1.10) 2.4
Del-Rio-Navarro, 2007 [20] 957 3,243 1,147 3,333 0.86 (0.80, 0.92) 2.5
Munivrana, 2007 [87] 180 1,512 158 1,599 1.20 (0.98, 1.47) 1.8
Owayed, 2008 [10] 443 1,423 352 1,459 1.29 (1.15, 1.45) 2.3
Pac-Sa, 2008 [88] 242 1,928 412 2,067 0.63 (0.54, 0.73) 2.1
Mohammadzadeh, 2008 [9] 164 1,380 132 1,509 1.36 (1.09, 1.69) 1.8
Lindgren, 2009 [40] 800 4,341 1,064 4,975 0.86 (0.79, 0.94) 2.4
Brito Rde, 2009 [52] 36 431 55 509 0.77 (0.52, 1.15) 1.0
Brescianini, 2009 [55] 70 237 96 244 0.75 (0.58, 0.96) 1.6
Desalu, 2009 [38] 141 441 76 292 1.23 (0.97, 1.56) 1.7
Musharrafieh, 2009 [89] 571 1,512 630 1,603 0.96 (0.88, 1.05) 2.4
Klossek, 2009 [39] 1,179 4,756 1,906 5,282 0.69 (0.65, 0.73) 2.5
Narayana, 2010 [90] 33 75 9 35 1.71 (0.92, 3.18) 0.5
Wang, 2010 [91] 711 4,071 864 4,263 0.86 (0.79, 0.94) 2.4
Toledo, 2011 [92] 118 352 178 457 0.86 (0.71, 1.04) 1.9
Bjerg, 2011 [93] 950 4,339 984 4,643 1.03 (0.95, 1.12) 2.4
Luna Mde, 2011 [36] – period: 2007 494 1,372 809 1,643 0.73 (0.67, 0.80) 2.4
Riguera, 2011 [94] 111 339 135 402 0.98 (0.79, 1.20) 1.8
Bjerg, 2011 [93] 1,246 3,954 1,587 5,202 1.03 (0.97, 1.10) 2.5
Luna Mde, 2011 [36] – period: 2010 498 1,369 781 1,651 0.77 (0.71, 0.84) 2.4
Ahn, 2011 [18] 385 1,965 380 2,021 1.04 (0.92, 1.18) 2.2
Moyes, 2012 [28] – period: 1993 1,090 7,171 1,857 8,289 0.68 (0.63, 0.73) 2.5
Penaranda, 2012 [29] 380 1,772 559 1,993 0.76 (0.68, 0.86) 2.3
Moyes, 2012 [28] – period: 2003 962 6,372 1,437 6,940 0.73 (0.68, 0.79) 2.5
Kahwa, 2012 [24] 20 105 28 107 0.73 (0.44, 1.21) 0.7
Higuchi, 2012 [22] 26,890 47,895 26,149 47,220 1.01 (1.00, 1.03) 2.6
Hong, 2012 [23] 2,451 6,052 1,825 5,868 1.30 (1,24, 1.37) 2.5
Tamay, 2013 [95] 1,916 5,164 1,909 4,749 0.92 (0.88, 0.97) 2.5
Amizadeh, 2013 [96] 138 686 153 825 1.08 (0.88, 1.33) 1.8
Song, 2013 [37] 121 434 131 550 1.17 (0.95, 1.45) 1.8
Morais-Almeida, 2013 [78] 432 1,527 665 2,151 0.92 (0.83, 1.01) 2.4
Al-Ghobain, 2013 [7] 527 1,504 657 1,569 0.84 (0.76, 0.92) 2.4
Sonomjamts, 2014 [97] 139 606 145 595 0.94 (0.77, 1.15) 1.8

Random effects model 157,841 166,629 0.91 (0.86, 0.95) 100
Heterogeneity: I2 = 95.3%, τ2 = 0.0256, p < 0.0001

  Fig. 3.  Forest plot estimating the difference in prevalence of rhinitis between males and females during and after puberty (aged 11 to <18 
years) and throughout adulthood (18+ years). The term “events” corresponds to the number of children with current rhinitis. 
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  Prevalence of Rhinitis Symptoms throughout 
Adulthood 
 The meta-analysis for adulthood included 7 studies 

with data from 20,398 males and 23,690 females ( Fig. 3 ). 
The pooled estimate for the MFR of the prevalence of 
symptoms of rhinitis in adults (aged 18 years and older) 
was 0.96 (95% CI 0.83–1.10). When the estimates includ-
ing both pubertal and adult subjects were pooled, the 
MFR was 0.91 (95% CI 0.86–0.95), indicating a persis-
tence in the female predominance. 

  None of the studies reported a male predominance in 
the prevalence of rhinitis during adulthood, although 2 
studies conducted in Korea  [37]  (with 984 subjects aged 
 ≥ 65 years) and Nigeria  [38]  (733 subjects aged 18–45 
years) showed a borderline male predominance. In con-
trast, 2 European studies conducted in France  [39]  (10,038 
subjects aged 18–65 years) and Sweden  [40]  (9,316 sub-
jects aged 18–77 years) supported the persistence of a fe-
male predominance in the prevalence of rhinitis during 
adulthood. The 2 European studies were the only ones 
that also included middle-aged adults (aged 48–55 years). 
The other studies either included only elderly subjects, 
aged  ≥ 65 years, or younger adults, aged 18–45 years.

  Possible Influencing Factors for the Sex-Related 
Rhinitis Prevalence Switch 
 To explore the source of heterogeneity we performed 

meta-regression analyses with study period (until 2,000 
vs. after 2,000), region (Asia vs. rest of the world), and 
residency (urban vs. rural/urban) as moderator variables. 
Only during puberty/adolescence and in adulthood, the 
region showed an effect as a moderator variable influenc-
ing the MFR ( p  < 0.001). Meta-regression analyses showed 
a sex-related rhinitis prevalence switch in studies con-
ducted in non-Asian countries compared to those con-
ducted in Asian countries. Only in the latter, a continuous 
male predominance from childhood to adulthood was 
observed. 

  Regional and Temporal Differences in the Prevalence 
of Rhinitis between Males and Females 
 As secondary outcomes, regional differences in the 

prevalence of rhinitis among males and females were ex-
plored (online suppl. Fig. S1, S2). Before puberty, all con-
tinents with the exception of the 2 African studies showed 
an MFR favoring a male predominance. During puberty 
and throughout adulthood, European, American, and 
studies conducted in Oceania supported a sex-related 
switch in rhinitis prevalence towards a female predomi-
nance. Studies conducted in Africa showed a borderline 

female predominance, whereas Asian studies showed a 
borderline male predominance. 

  Temporal differences (before and after the year 2000) 
in the prevalence of rhinitis among males and females 
were also assessed (online suppl. Fig. S3, S4). Before pu-
berty, both study periods supported the male predomi-
nance in the prevalence of rhinitis. Similarly, both study 
periods supported the sex-related switch towards a fe-
male predominance in the prevalence of rhinitis during 
puberty and throughout adulthood. 

  Discussion 

 Main Findings 
 This systematic review with meta-analyses confirmed 

the hypothesis that, as in asthma, there is a sex-switch in 
the prevalence of rhinitis, which occurs during puberty. 
We found a male predominance in childhood that shifted 
towards a slight female predominance at around puberty. 
However, this did not seem to persist into adulthood, 
where we saw a rather balanced prevalence between the 
sexes. We covered studies that recruited children 30 years 
apart (from 1990 to 2010), but when the pooled estimates 
were stratified by study period before and after the mil-
lennium, our findings did not change. When we stratified 
the results according to region, the sex-related prevalence 
switch during puberty was confirmed in studies conduct-
ed in Europe, the Americas, Oceania and, of borderline 
significance, in Africa, but not in the meta-analysis with 
only Asian studies. These also showed an overall male 
predominance of rhinitis prevalence in adults. 

  Strengths and Limitations 
 We used broad inclusion criteria to take advantage of 

the available knowledge on the assessment of potential 
sex differences in the prevalence of rhinitis among the 
general population. We searched the PubMed and Em-
base databases, which cover most of the available medical 
literature. Although we did not restrict our search to spe-
cific languages, we may have missed studies if they were 
published in journals not included in the 2 major data-
bases. 

  We deliberately limited the search to the present mil-
lennium (from 2000 to 2014) since prevalence of allergic 
diseases and rhinitis may have changed during the last 
decades. Our pooled estimates relied heavily upon data 
from studies conducted mainly in Europe and Asia, sug-
gesting that the generalizability of our findings may be 
affected by the study setting. Even studies conducted in 
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Asia do not cover the whole continent. Studies conducted 
in Africa and Oceania were underrepresented, account-
ing for only 8% of the studies. 

  We found considerable inconsistency in our main as 
well as in the subgroup analyses by age, region, and study 
period, as indicated by the Higgins’  I  2  tests. Therefore, 
caution must be exercised when interpreting the summa-
ry measures of the meta-analyses. We explored potential 
sources of heterogeneity using meta-regression models 
including several covariates such as study period, region 
(continent), and residency, and found that “continent” 
explained some of the inconsistency across the studies. 
However, neither study period nor having an urban or 
rural background seemed to influence the sex-switch 
found during puberty. Furthermore, because the preva-
lence of allergens varies among Asian countries, such as 
Korea and Japan, caution must be exercised when inter-
preting the results from the Asian continent. However, no 
sex differences have been observed in the prevalence of 
allergic rhinitis among Korean and Japanese subjects 
(from childhood to adulthood; online suppl. Fig. S1, S2). 
AR can be classified as seasonal, perennial or occupation-
al according to the exposed allergens. However, the dif-
ficulties in differentiating between seasonal and peren-
nial symptoms have been acknowledged  [41] . Cedar pol-
len is the most prevalent allergen in Japan, and subjects 
sensitized to cedar pollen are also sensitized to a myriad 
of other allergens, such as house dust mite, which is very 
common in all Asian countries. Bearing in mind the lim-
itations of classifying rhinitis according to the type of al-
lergens  [41] , the Allergic Rhinitis and Its Impact on Asth-
ma (ARIA) initiative has proposed a new classification, 
“intermittent” or “persistent” rhinitis, based on the dura-
tion and severity of symptoms  [41, 42] . This classification 
has been considered in guidelines by many countries, in-
cluding Korea and Japan  [41, 43] , to make AR more com-
parable with Western countries.

  In the present systematic review, we specifically in-
cluded prevalence studies, i.e. cross-sectional investiga-
tions that do not allow a longitudinal assessment of a di-
rect shift in the prevalence or incidence between boys and 
girls. Furthermore, we assessed the prevalence of self-re-
ported and parent-reported symptoms of current rhinitis, 
defined as the presence of typical symptoms of rhinitis in 
the last 12 months. This is a widely used method in popu-
lation studies since rhinitis definitions based on doctors’ 
diagnoses would exclude some milder and moderate al-
lergic rhinitis symptoms and is prone to sex-related bias 
since in many societies ill women are more likely to seek 
medical advice than men. The validation of question-

naire-based assessments of allergic rhinitis questions 
showed in a large Japanese study, for example, a very good 
diagnostic accuracy of simple questions regarding objec-
tive clinical measurements such as serum-specific IgE 
and tests for nasal eosinophilia  [44] . However, we cannot 
rule out a possible overestimation in the prevalence of 
rhinitis when using validated questionnaires, such as the 
ISAAC  [31]  or ECRHS  [32] . On the other hand, we are 
not aware of any indication that a possible overestimation 
of the prevalence differs between men and women, thus 
we assume that this would not affect the MFRs that we 
evaluated.

  Response rates were not provided by sex, with the ex-
ception of 2 studies in which participation was similar 
between the sexes in 1 study (86 vs. 85%)  [45] , and slight-
ly higher in males in the other (87 vs. 77%)  [46] . In our 
meta-analysis by age group we focused on current rhini-
tis, defined as symptoms in the last 12 months to include 
possible seasonal rhinitis. 

  There was no differentiation between allergic and 
nonallergic rhinitis and it is possible that the sex switch 
differs between these diseases. In our review, very few 
studies examined sensitization to allergens to distinguish 
between allergic and nonallergic rhinitis by means of IgE 
or skin prick test. However, they were insufficient to sta-
tistically explore the effect of sensitization in males and 
females across the different age categories.

  Comparison with Other Allergic Diseases 
 We have found several nonsystematic reviews on sex 

differences in asthma development  [3, 5, 11]  and other 
allergy-related diseases  [47] . In the case of eczema, an in-
significant sex difference or male predominance in pre-
school children was observed, whereas a female predom-
inance was observed in adulthood  [47] . In the case of 
asthma, a change in sex predominance favoring females 
has been observed with the transition from childhood to 
adulthood  [3, 5] . Because asthma and rhinitis coexist 
more often than expected  [48] , we hypothesized that rhi-
nitis may also undergo similar sex reversal during puber-
ty  [49] . Our results support this hypothesis, though they 
failed to show a female predominance in adulthood, like-
ly due to the limited studies found in adults. 

  Possible Mechanisms Explaining Sex Differences 
 Cross-sectional population-based studies do not allow 

conclusions to be drawn on determinants (longitudinal 
studies needed) or mechanisms (e.g., experimental stud-
ies), but they may be used to generate hypotheses for pos-
sible explanations of the sex differences in the prevalence 
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of rhinitis. The potential determinants reported in the 
studies were related to anatomical differences, differences 
in the immune response profile  [11, 50, 51] , and physio-
logical changes during puberty, such as endogenous  [7, 
18, 28, 52]  or exogenous sexual hormones (birth control 
pills)  [53] . Very few studies assessed the allergic sensitiza-
tion status of children and adolescents with rhinitis. Oth-
er determinants reported were different patterns of vul-
nerability to lifestyle factors  [51, 54]  and in the perception 
of symptoms  [55] , as well as the use of cosmetics  [7] . 
There is a genetic difference between boys and girls in the 
susceptibility to environmental exposures, such as gas 
cooking, smoking, ozone, pets, house dust mites or pol-
lens  [5] . Sex-specific differences in environmental expo-
sures such as lifestyles and job patterns cannot be neglect-
ed  [56] . Because of the complexity of allergy-related dis-
eases, causes and associated factors explaining this 
phenomenon remain elusive. Although only few genetic 
studies have been stratified by sex, it seems that there are 
some asthma-related  [3, 57]  and allergic rhinitis-related 
 [58]  polymorphisms in females. 

  Implications for Research 
 Further research is needed to understand the sex-re-

lated switch occurring during puberty and fill the gaps in 
our knowledge. Longitudinal studies are required to con-
firm these cross-sectional results. Studies should also ex-
amine determinants and possible mechanisms for this 
sex-related rhinitis prevalence switch during puberty, 
considering allergic sensitization  [50, 59–61] . Most of the 
studies have mainly investigated the prevalence of rhinitis 
in children, and limited literature has been found in 
adults likely due to the underestimation of its prevalence 
and medical significance  [37] . Rhinitis in elderly adults is 
becoming common and studies should also consider this 
age group. In the present review, the number of studies in 
adults was scarce, mixing subjects aged between 18 and 
65 years and beyond. Further studies in adults are re-
quired, particularly segregating premenopausal, meno-
pausal, and post-menopausal females, given that hor-
monal changes occur during menopause. These should 
aim to elucidate the influence of sex hormones upon the 
prevalence of rhinitis using a standardized methodology 
and preferably also measuring sex hormones in the blood. 

  Our findings on regional differences are of great inter-
est and may be due to ethnicity or environmental expo-
sure. Research is needed assessing the diversity of rhinitis 
across the globe. Because rhinitis can have a perennial 
and a seasonal nature, differences between the northern 
and the southern hemisphere are expected. A review as-

sessing the prevalence of rhinitis in regions of the world 
suggested that the prevalence of rhinitis in Europe and 
the USA was more uniform compared to the greater di-
versity in the prevalence of rhinitis found in the rest of the 
world  [62] . Our results contradict this study, as we found 
high heterogeneity both within and between European 
and American studies, although MFRs were similar.

  Conclusions 

 Our global meta-analysis showed sex-related differ-
ences in rhinitis prevalence with a switch at around pu-
berty from a male predominance to a female predomi-
nance. The male predominance from childhood seemed 
to persist in adolescence only in Asia. For the prevalence 
of rhinitis in adulthood, our systematic evaluation found 
no predominance in either males or females, although the 
number of studies was low. In the future, it will be man-
datory to perform longitudinal studies differentiating be-
tween allergic and nonallergic rhinitis, in which the fol-
low-up is continued into adulthood. 
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Figure S1. Forest plot estimating sex differences in the prevalence of rhinitis before

puberty stratified by continent. The term “Events” corresponds to the number of children

with current rhinitis.

Figure S2. Forest plot estimating sex difference in prevalence of rhinitis between males

and females during and after puberty (aged 11-<18 years) and throughout adulthood

(18+ years) stratified by continent. The term “Events” corresponds to the number of

children with current rhinitis.

Figure S3. Forest plot estimating the difference in prevalence of rhinitis between boys

and girls aged up to the age of 10 years (before puberty) stratified by study period

(before the year 2000). The term “Events” corresponds to the number of children with

current rhinitis.

Figure S4. Forest plot estimating the difference in prevalence of rhinitis between males

and females during and after puberty (aged 11-<18 years) and throughout adulthood

(18+ years) stratified by study period (after the year 2000). The term “Events”

corresponds to the number of children with current rhinitis.
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Table S1. Characteristics of the included studies assessing prevalence of rhinitis before puberty (<11y) 

Study Ref 

(N=46) 

Country Sampling method Residency Method 

for 

assessing 

PR 

Sample 

analysed 

Study 

period 

Rhinitis 

M (%) F (%) 

Ahn et al S1  
 

Korea Children from 1st year of elementary (6292 
schools) and middle school (3137 schools) were 
chosen from a random sample of 45 primary and 
40 middle schools across the nation (7 
metropolitan regions and 9 provinces). 

Rural/Urban ISAAC Q 8115 2010 
 

6-7y  

429/1958 (21.9)  

6-7y  

305/1931 (15.8) 

Al-Riyami et al S2 
 

Oman A nationwide sample of public schools were 
chosen for conducting the stratified multistage 
sampling method, using the 10 health regions of 
Oman as a strata. The first stage of sampling 
consisted of randomly selecting schools as 
primary sample units from each health region. In 
the second stage, one class was chosen randomly 
from each school as the secondary sample unit 
with participation of all children in the selected 
class. The total national target sample was 
distributed among the 10 regions of the country 
using the proportion allocation method. 

U/NR ISAAC Q 3893 - 6-7y  

263/1624 (16.2) 

 

6-7y  

209/1550 (13.5) 

 

Amarasekera et al 
S3  
 

Sri Lanka Children in the fifth grade of school, attending 17 
state schools in the 3 districts of the Western 
Province of Sri Lanka. Participating schools were 
selected by multi-stage stratified randomisation. 
In the first stage, stratification was done by type 
of schools recognised by the Ministry of 
Education. In the second stage, schools of each 
type were randomly selected from rural and 
urban areas, in proportion to the size of the urban 
and rural populations of the province. In the third 
stage, in each selected school, one class in Grade 
5 was randomly selected as the study population. 

Rural/Urban ISAAC Q 511 2006 10y 

67/277 (24.2) 

10y 

37/234 (15.8) 

Annesi-Maesano 
et al S4 
 

France Recruited schoolchildren (9-10 years) from 
unclear sample "including 6 cities", "401 
randomly chosen classrooms in 108 primary 
schools attended by 6590 children"  

Urban ISAAC Q 6590 - 9-10y 

(13.1) 

9-10y 

(10.7) 



Anthracopoulos 
et al S5 
 

Greece 3 separate cross-sectional surveys of 8-10 year 
old children. Identical methodology in the 
targeting, distribution and collection of the 
parental questionnaire. 

Urban Other Q 
“Current” 
refers to 

“in the last 
2 years”. 

2417 1991 8-10y 

64/1181 (5.4) 

8-10y 

59/1236 (4.8) 

3076 1998 8-10y 

97/1507 (6.4) 

8-10y 

104/1569 (6.6) 

2725 2003 8-10y 

113/1337 (8.5) 

8-10y 

104/1388 (7.5) 

Arnedo-Pena et al 
S6 
 

Spain Phase III (2001-2002) included schoolchildren 
from 8 centres (Asturias, Barcelona, Bilbao, 
Pamplona, Madrid, Castellon, Valencia, 
Cartagena) and results were compared with phase 
I (1993-1994). In 3 centres schools were selected 
by simple randomisation, and the rest of the 
centres included all the schools in the area.  

Rural/Urban ISAAC Q 24862 2002 6-7 y 

2297/12418 
(18.5) 

6-7 y 

1991/12444 
(16.1) 

Backer et al S7 
 

Mexico A population-based cross-sectional study was 
performed by applying a standardized 
questionnaire to a random sample of 2087 school 
children 6-7 years old living in the city of 
Mexicali, capital of Baja California, north of 
Mexico. 55 schools were randomly selected 
among all elementary schools of Mexicali. 

Rural/Urban ISAAC Q 2087 2004 6-7 y 

294/1009 (29.1) 

6-7 y 

227/1078 (21.1) 

Castro et al S8 
 

Brazil The study target population consisted of public 
school students aged from 6 to 7 years living in 
the city of Londrina, Brazil. They selected 38 
schools, distributed proportionally among the 
five regions of the city: northern; southern; 
eastern; western; and downtown. All children in 
the established age range enrolled in these 
schools were invited to participate in the study. 

Urban ISAAC Q 3600 2008 6-7y 

547/1837 (29.8) 

6-7y 

437/1763 (24.8) 

Dell et al S9 
 

Canada Schools were selected by use of a random 
number generator from a pool of 556 eligible 
schools within the two publicly funded school 
boards in Toronto (Toronto District School 
Board and the Toronto Catholic District School 
Board). 

Urban ISAAC Q 5619 2006 Mean 6.7y 

679/2772 (24.5) 

Mean 6.7y 

613/3347 (18.3) 



Del-Rio-Navarro 
et al S10 
 

Mexico A total of 50 elementary and 27 high schools 
were sampled which were randomly selected in 
the four participating city precincts (Miguel 
Hidalgo, Azcapotzalco, Gustavo A Madero, and 
Venustiano Carranza).  

Urban ISAAC Q 4016 2005 
 

6-7y 

1001/2098 
(47.7) 

6-7y 

873/2008 (43.5) 

Duggan et al S11 
 

Ireland Two cross-sectional studies were performed 5 yr 
apart (2002 and 2007), in the same 24 randomly 
selected state primary schools in Cork (city and 
suburbs). Both cross-sectional studies were 
carried out in the same season and used identical 
methodology. 

Urban ISAAC Q  1474 2002 6-9y 

197/699  (28.2) 

6-9y 

189/775 (24.4) 

1535 2007 6-9y 

237/795 (29.8) 

6-9y 

176/740 (23.8) 

Falade et al S12 
 

Nigeria 31 primary schools were randomly selected from 
a total of 272 primary schools in Ibadan (one of 
the most densely populated cities in Africa), and 
2,325 children aged 6–7 years were selected from 
grades 1 and 2. 

Urban 1648 1995 6-7y 

85/844 (10.1) 

6-7y 

86/804 (10.7) 

Futamura et al S13 
 

Japan Setagaya is located in the center of Tokyo. The 
study covered all 9 grades from 64 public 
elementary schools and 31 public junior high 
schools, with approximately 80% of the children 
attending these public schools.  

Urban ISAAC Q 27 917 2005 6y: 21.2 
7y: 23.1 
8y: 26.3 
9y: 27.1 
10y: 35.6 

6y: 17.7 
7y: 22.3 
8y: 23.9 
9y: 25.4 
10y: 34.5 

Garcia-Marcos et 
al S14 
 

Spain The cities of Bilbao, San Sebastian and La 
Coruña included all schools within the city 
district. Asturias (a province) included a random 
sample of schools.  

Rural/Urban ISAAC Q 9590 2002 6-7y 

540/4733 (11.4) 

6-7y 

393/4847 (8.1) 

Hahm et al S15 
 

Korea The sampling method was a stratified two-stage 
cluster sampling design, based on a 
comprehensive national list of schools at the 
time. First, schools were stratified by 
geographical region and school location 
(metropolitan, urban, rural). For each stratum, 
sample schools were selected using a systematic 
‘probability proportional to size’ (PPS) sampling 
procedure. In the second stage, three classes were 
selected randomly from the first grade of each 
sample school, and all students were asked to 
participate. 

Rural/Urban ISAAC Q 
and SPT 

3804 2010 6-7y 

AR: 523/1923 
(27.2) 

NAR: 927/1923 
(48.2) 

6-7y 

AR: 319/1881 
(17.0) 

NAR: 723/1881 
(38.5) 



Higuchi et al S16 
 

Japan To ensure nationwide representation, schools 
were randomly selected from all prefectures. The 
total number of children recruited was 179,218, 
approximately 2% of the pediatric population, 
according to data from the National Institute of 
Population and Social Security Research. 

Rural/Urban ISAAC Q 139 506 2008 6-7y 

10592/21861 
(48.5) 

6-7y 

8338/21013 
(39.7) 

Hong et al S17 
 

Korea This study enrolled 38,201 children between 0 
and 13 years of age from 34 elementary schools 
and 136 children’s daycare centers to participate 
in the ‘Seoul Atopy Friendly School’. 

Urban ISAAC Q 31 201 2010 0-9y 

4016/9825 
(40.9) 

0-9y 

3083/9410 
(32.8) 

Kahwa et al S18 
 

Jamaica Stratified, multistage cluster sampling design 
using enumeration districts (EDs) as primary 
sampling units. Briefly, in stage 1, a random 
sample of EDs was selected proportional to 
parish size and independently from both urban 
and rural EDs. Stage 2 involved the selection of 
households using systematic probability 
sampling. The Kish selection table7 was used to 
select one eligible child per household in stage 3 
yielding a sample size of 2017. 

Rural/Urban ISAAC Q 2017 2007 6-7y 

25/138 (18.1) 

6-7y 

10/130 (7.7) 

Kao et al S19 
 

Taiwan The area studied was Taoyuan County, northern 
Taiwan. First-grade children (aged 6–8) or 
eighth-grade (aged 13–15) children were 
recruited. One-stage stratified cluster random 
sampling was used in this study. 

U/NR ISAAC Q 6190 2002 6-8y 

626/1546 (40.5) 

6-8y 

491/1533 (32.0) 

Kong et al S20 
 

China Sixteen kindergartens located in the urban area of 
Wuhan were randomly selected from the 
complete sampling frame of all kindergartens in 
the area. In each kindergarten, three classes were 
randomly selected from the three grades (top, 
middle and bottom grade). 

Urban Authors 
designed a 
Q that was 
checked 

by experts 
of 

rhinology 
and 

epidemiol
ogy. 

1211 2005 3-6y 

Rhinitis 

28.4 (24.9-31.8) 

Rhinitis + SPT 

13.0 (10.4-15.6) 

3-6y 

Rhinitis 

25.6 (22.0-29.2) 

Rhinitis + SPT 

7.7 (5.5-9.9) 



Based on 
ISAAC Q 
and SPT. 

Kudzyte et al S21 
 

Lithuania Repeated cross-sectional epidemiological study 
was performed in 1994–1995 and 2001–2002 
following the ISAAC protocol. Both surveys 
were conducted in the same population of 
children, randomly selected from the same 
primary schools in Kaunas.  

Urban ISAAC Q 1879 1994-
1995 

6-7y 

182/914 (19.9) 

6-7y 

196/965 (20.3) 

2772 2001-
2002 

6-7y 

320/1396 (22.9) 

6-7y 

288/1376 (20.9) 

Kurosaka et al S22 
 

Japan We studied the epidemiology of allergic 
symptoms in six-year-old children attending 
primary schools throughout Himeji City, Japan, 
during a two-year period from 2005 to 2006. 
Himeji City, situated close to the Seto Inland 
Sea, has a population of about 530,000. The 
southern area of the city is industrial, with steel 
manufacture predominating, the central area is 
urban with a large population, and the northern 
area is rural with farmlands. 

Rural/Urban ISAAC Q 11 013 2006 6y 

645/5666 (11.4) 

6y 

532/5347 (10.0) 

Levesque et al S23 
 

Canada The Health and Social Survey of Quebec 
Children and Youth (HSSCY) recruited 189 
schools to make up 3 separate samples of approx 
1500 children aged 9, 13 and 16 years. The 3 
samples were weighted to make them 
representative of all Quebec children of the same 
age. 

Rural/Urban ISAAC Q 3613 1999 9y 

(19.2) 

9y 

(14.4) 

Liao et al S24 
 

Taiwan A stratified random sampling method was used 
(47 schools were sampled randomly from the list 
of all elementary schools in Changhwa County 
by 16 districts, areas, and school size). In 
addition 4 areas in Changhwa county were 
classified for the comparison of the prevalence, 
including (1) the “TaiHao Petroleum Company 
area” with a lot of air-pollution due to a 
petrochemical company located in the northern 
part of the county; (2) the “XiZhou area” nearby 
a huge incinerator located in the southern part of 
the county; (3) the area of the coastal region; and 

U/NR ISAAC Q 7040 2002 6-8y 

1121/3627 
(30.9) 

6-8y 

771/3413 

(22.6) 



(4) the rest of Changhwa County. 
Lima et al S25 
 

Brazil The districts included in this study correspond to 
5.4% of the total population of São Paulo and 
present high demographic densities, including 
favelas, with predominantly low incomes15-17. 
Thirty-five exclusively municipal public schools 
distributed throughout this district whose 
population presents precarious living conditions 
were chosen. 

Urban ISAAC Q 3312 2002 6-7y 

503/1510 (33.3) 

6-7y 

455/1671 (27.2) 

Mavale-Manuel 
et al S26 
 

Mozambique From a total of 126 schools registered in Maputo, 
21 primary schools and six secondary schools 
were randomly selected by stratifying for 
geographic (urban, suburban and semi-rural) 
location and inhabitant’s density so as to be 
representative of the distribution of the 
population in Maputo. 

Rural/Urban ISAAC Q 5013 2004 6-7y 

244/1207 (20.2) 

6-7y 

251/1176 (21.3) 

Maziak et al S27 
 

Germany This study uses the information collected on two 
occasions 5 years apart (Phase I 1994/1995, 
Phase III 1999/2000). A random sample of all 
schools in the city of Münster was selected, and 
all pupils in the two grades with the highest 
proportion of 6–7 and 13–14 year olds were 
approached. 

Urban ISAAC Q 14 569 1994-
1995 

6-7y 

272/1754 (15.5) 

6-7y 

165/1713 (9.6) 

1999-
2000 

6-7y 

337/1863 (18.1) 

6-7y 

241/1666 (14.5) 

Mohammadzadeh 
et al S28 
 

Iran Our sample study had 2 groups: the first group 
consisted of children aged 6-7 years and in the 
second group were 12-14 year-old children. The 
exclusion criteria in this study were mentally 
retarded children and those visiting rural schools. 
Each school was a cluster.59 elementary schools 
and 62 guidance schools were randomly selected. 

Urban ISAAC Q 5933 2003 6-7y 

148/1412 (10.5) 

6-7y 

164/1632 (10.1) 

Montefort et al S29 
 

The Maltese 
Islands 

Twenty-four state primary schools from Malta 
and Gozo were randomly chosen. The schools 
were scattered all over the two islands, and the 
total number of children within the two school 
was 4,465. This constituted 59.1% of children 
within this age group attending state schools in 
the Maltese Islands. 

Rural/Urban ISAAC Q 3506 - 5-8y 

(21.4) 

5-8y 

(19.9) 

Morais-Almeida 
et al S30 

Portugal A multistep selection strategy was used to obtain 
a representative sample of the target population. 

Rural/Urban ISAAC Q 
and ARIA 

5018 2007 3-5y 3-5y 



 First, the number of participants needed from 
each Portuguese region was defined based on the 
data from the 2001 Census on 3- to 5-year-old 
children. Second, Portuguese municipalities were 
randomly selected until reaching a prespecified 
number of children, considering that each 
municipality would provide between 50 and 70 
individuals. Finally, kindergartens and parish 
centers within the selected municipalities were 
chosen for data collection based on children’s 
distribution, comfort, privacy, and low 
interference with the usual activities of the 
participants. 

1131/2561 
(44.2) 

1048/2457 
(42.7) 

Moyes et al S31 
 

New Zealand In each participating centre, schools were 
selected by sequential random sampling or by 
using all schools in the sampling frame so that 
3000 6- to 7-year-olds and 3000 13- to14-year-
olds were surveyed.  

Rural/Urban ISAAC Q 24 185 1993 6-7y 

564/5639 (10.0) 

6-7y 

524/5754 (9.1) 

Nahhas et al S32 
 

Saudi Arabia A list of all government and private primary 
schools (aged 6-12y) in Madinah was obtained 
from the General Directorate of Education in the 
Madinah region. Schools were then stratified 
(according to the geographical area and sex) and 
a random sample of 38 schools (9 schools for 
girls and 29 for boys) was approached. 

Urban ISAAC Q 5188 2008 6-8y 

716/3585 (20.0) 

6-8y 

229/1603 (14.3) 

Okuda S33 Japan Two-step stratified random samplings were 
performed in individual zones. First, 390 of 
3,370 places from cities, towns, and villages in 
Japan were randomly selected by the probability 
proportional sampling method in proportion to 
the overall population with respect to age (3 to 
79 years) and sex on the basis of the National 
Census Report in 1995. As the second step, 2 
subjects in each of the 7 age and sex groups (14 
subjects in total for each factor) were sampled 
randomly from the resident registration lists of 
the aforementioned 390 places. 

Rural/Urban Other Q 10 866 (in 
total) 

2001 3-9y 

12.8% (9.3-
16.2) 

3-9y 

9.7% (6.6-12.7) 



Penaranda et al 
S34 
 

Colombia Among the 4535 registered educational 
institutions in Bogota schools were selected 
within neighbourhoods SES 3 and 4 (42% of the 
overall) for local security reasons. They 
randomly selected 74 of these schools for the 6–7 
year age-group, and 48 for the 
13–14 year age-group. 

Urban ISAAC Q 7085 2002 6-7y 

229/1386 (16.5) 

6-7y 

319/1794 (17.8) 

Peroni et al S35 
 

Italy Eighteen nursery schools located in the urban 
area of Verona (North-East part of Italy) were 
randomly selected from the complete sampling 
frame of all schools of the area. 

Urban ISAAC Q 
and SPT 

1402 2001 3-5y 

142/734 (19.4) 

3-5y 

94/668 (14.1) 

Rad et al S36 
 

Iran They divided Urmia city into 11 homogenous 
clusters and selected 4 clusters by random 
sampling. A total of 25 schools were selected by 
systematic random sampling in each selected 
cluster. 

Urban ISAAC Q 2999 2003 6-7y 

174/1450 (12.0) 

6-7y 

106/1549 (6.9) 

Sanchez-Lerma et 
al S37 
 

Spain Research team sent a letter to all school 
principals explaining the objectives of the study 
and inviting them to participate. Personal 
interviews with interested principals were held. 

Urban ISAAC Q 1871 - 6-7y 

42.9 (39.8-46.1)  

6-7y 

37.4 (34.2-40.5) 

Selnes et al S38 
 

Norway 1985: The schools were randomly selected within 
the three northernmost counties of Norway, 
Nordland, Troms and Finnmark. The 1995 study 
was designed as a 10-year follow-up to the study 
conducted in 1985. The 2000 study was part of 
an ISAAC-II Europe study. All 9–11 years old 
children in the counties of Troms and Finnmark 
were invited to participate. 

U/NR Other Q 1794 1985 9-11y 

(18.5) 

9-11y 

(14.5) 

1432 1995 9-11y 

(27.2) 

9-11y 

(22.1) 

ISAAC Q 3853 2000 9-11y 

(32.2) 

9-11y 

(27.0) 

Simoni et al S39 
 

Italy; France; 
Norway; 
Sweden; 
Denmark 

The cross-sectional HESE study involved six 
operational units in five European countries 
(Siena and Udine, Italy; Reims, France; Oslo, 
Norway; Uppsala, Sweden; and Arhus, 
Denmark). 21 schools (46 classrooms) with 
heterogeneous characteristics were selected, 
including a broad age range of buildings and a 
variety of location characteristics (about half in 
environmentally more advantaged areas and half 

U/NR ISAAC Q, 
Acoustic 
rhinometr
y, nasal 

secretions 

654 2004-
2005 

Mean 10y 

(33) 

Mean 10y 

(31) 



in less advantaged areas). 
Soto-Quiros et al 
S40 
 

Costa Rica From a total of 5000 educational centers 
registered in Costa Rica in 1995, 75 centers 
representative of the country were selected by 
random stratification on the basis of geographical 
location, rural and urban regions, and size. 

Rural/Urban ISAAC Q 6144 1995 6-7y 

435/1478 (29.4) 

6-7y 

350/1466 (23.9) 

Suh et al S41 
 

Korea The clustered random sampling method was used 
to obtain a representative population of 
elementary school students in each type of 
residential area. Residential areas were divided 
into four groups: metropolitan, provincial, rural, 
and industrial areas. An industrial area was 
defined as an industrial complex harboring an 
elementary school (the study included 17 out of a 
total of 40 industrial complexes in Korea in the 
industrial area group). Among 87 elementary 
schools in industrial area, 25 elementary schools 
(29%) were randomly selected. In each group 
except the industrial area, 10% of the elementary 
schools, of which the number of class was over 
3, were randomly selected. Then, one class of 
each grade (among grades 3 through 5; 8-11 yr 
old) of each elementary school was randomly 
selected. 

Rural/Urban ISAAC Q 30 893 2006 8-11y 

4944/13254 
(37.3) 

8-11y 

5239/17639 
(29.7) 

Tai et al S42 
 

Australia The Children, Youth and Women’s Health 
Service (CYWHS)(Child and Youth Health 
Campus) has a state-based community health 
service that routinely conducts a school entry 
health check for all preschool (4- to 5-year-old) 
children in South Australia. 

U/NR ISAAC Q 1509 2006 4-5y 

181/772 (23.4) 

4-5y 

132/737 (17.9) 

Tamay et al S43 
 

Turkey The number of primary school children attending 
Grade 1 in İstanbul was 211,446. Of those 
children, 5% from each district were planned to 
be included in the survey. The number of schools 
and children were calculated according to the 
number of children attending Grade 1 in each 
district. 

Urban ISAAC Q 9875 2004-
2005 

6-7y 

1510/4972 
(30.4) 

6-7y 

1370/4835 
(28.3) 

Wang et al S44 China The questionnaires were distributed to children’s Rural/Urban Other Q 4530 2010- 1-8y 1-8y 



 parents through teachers in kindergartens in three 
districts (Shapingba, Jiulongpo, Yubei) that were 
randomly selected from 9 districts of Chongqing 
city. From the 54 randomly selected 
kindergartens (15 from Shapingba, 21 from 
Jiulongpo and 18 from Yubei), 7117 subjects 
(one parent per child aged from 1–8 years old) 
were selected. 

2011 Weekly (2.9) 

Less common 
(43.0) 

Weekly (3.2) 

Less common 
(44.5) 

Wu et al S45 
 

Taiwan In total, 26418 students from 153 elementary 
schools in Taipei’s12 administrative districts 
were investigated. 

Rural/Urban ISAAC Q 24 999 2007 6-7y 

(47.7) 

6-7y 

(37.8) 

Zhao et al S46 
 

China All primary schools in the Xuanwu District, 
Beijing and the Tianshan District, Urumqi were 
identified. Schools in the two districts were 
randomly recruited using the random number 
table until a sample size of around 3500 students 
in each city was obtained. 

Urban ISAAC Q 5818 
(2978 

(Beijing) 
+ 2840 

(Urumqi) 

1996 6-7y 

909/2842 (32.0) 

6-7y 

760/2618 (29.0) 

PR; Prevalence of rhinitis; ISAAC: International Study of Asthma and Allergies in Childhood; Q: questionnaire; SPT: Skin prick test; M: male; F: 
female; U/NR: unclear/not reported 

 



Table S2. Characteristics of the included studies assessing prevalence of rhinitis during and shortly after puberty (11-<18y)

Study Ref
(N=43)

Country Sampling method Residency Method
for
assessing
PR

Sample
analysed

Study
period

Rhinitis

M (%) F (%)

Ahn et al S1 Korea Described in Table S1 Rural/Urban ISAAC Q 8115 2010 13-14y

385/1965 (19.6)

13-14y

380/2021 (18.8)

Al-Ghobain et al
S47

Saudi Arabia Schools and students were selected using a two-
stage cluster sample. In the first stage, a random
selection method was used to select 46 secondary
schools from a list of 405 schools. To conduct the
sampling, we divided Riyadh into four districts
(northern, eastern, southern, and western) based on
proximity to two major highways. Fifteen percent
of the boys schools and 10% of the girls schools
were selected from each district based on
proportional probability. During the second stage,
3 classes (one per grade level) were selected from
each school. Thus, 138 classes were identified.
Each class was considered to be a cluster, and all
the students in the selected classes constituted the
target group.

Urban ISAAC Q 3073 2010 16-18y

527/1504 (35.0)

16-18y

657/1569 (41.9)

Al-Riyami et al S2 Oman Described in Table S1 U/NR ISAAC Q 3174 - 13-14y

(25.5)

13-14y

(22.1)

Amizadeh et al S48 Iran High school children in the city of Kerman, 1840
students (15-18 years old) selected through cluster
sampling.

Urban SFAR 1511 2002 15-18y

138/686 (20.1)

15-18y

153/825 (18.6)

Arnedo-Pena et al
S49

Spain Cross-sectional study including schoolchildren
aged 13-14y from 9 centres of which 7 had urban
population (Barcelona, Bilbao, Cartagena,
Castellon, Madrid, Pamplona and Valencia) and 2
the population was mixed (Asturias and
Valladolid). Three centers (Asturias, Valencia y
Valladolid) conducted a random sampling to select
the schools.

Rural/Urban ISAAC Q 30 046 2002 13-14y

4338/15605
(27.8)

13-14y

5040/14441
(34.9)



Awadh
Behbehani et al
S50

Kuwait Public schools chosen randomly from 5
governorates, 8 schools per govern., 4 and 5th
grades (13-14 years)

U/NR ISAAC Q 3110 - 13-14y

31.4 (29-33.8)

13-14y

30 (27.8-32.2)

Brescianini et al
S51

Italy A cross-sectional study was carried out in two
small semi-urban towns in the south-east of Rome
(central Italy),Ciampino and Marino. The study
population included 481 students aged 11–15 yr
old attending three different secondary schools,
located in Ciampino (n= 99) and Marino (n= 382).

Rural/Urban ISAAC Q 481 2004 11-15y

70/237 (29.5)

11-15y

96/244 (39.3)

Chiang et al S52 Taiwan Data was collected through cluster sampling from
a total of nine elementary schools and five junior
high schools in central Taiwan.

U/NR ISAAC Q 11 874 - 13-15y

1373/3161
(43.4)

13-15y

1866/4516
(41.3)

De Brito et al S53 Brazil A cross-sectional study, with two components: a
study in prevalence and an inter-case study
(rhinitis symptoms) with a comparison group (no
rhinitis symptoms), based on information from
questionnaires applied in phase 3 of ISAAC in
Recife.

Urban ISAAC Q 940 2002 13-14y

36/431 (8.4)

13-14y

55/509 (10.8)

Del-Rio-Navarro
et al S10

Mexico Described in Table S1 Urban ISAAC Q 6576 2005 13-14y

957/3243 (29.5)

13-14y

1147/3333
(34.4)

Droma et al S54 China All eight public junior high schools accessible in
the urban area of Lhasa were recruited for this
study and all 3196 students, ranging in age from
13 to 14 years, were invited to participate.

Urban ISAAC Q 3190 2001 13-14y

87/1589 (5.5)

13-14y

78/1601 (4.9)

Fagan et al S55 USA Seventh through twelfth grade, students attending
school in a Mississippi River community in Illinois
were targeted for the survey. All schools in East
Moline, Illinois (one high school, five public
junior high schools, and two parochial elementary
schools) were approached to participate.

Urban ISAAC Q 2693 1994 13-18y

346/1363 (25.4)

13-18y

515/1330 (38.7)

Futamura et al S13 Japan Described in Table S1 Urban ISAAC Q 27 917 2005 11y: 33.0
12y: 35.2
13y: 29.3
14y: 27.0

11y:31.9
12y:32.3
13y:27.1
14y: 30.1



Graif et al S56 Israel To obtain a representative sample of 13- to 14-
year-old schoolchildren, 141 schools were chosen
at random from a Ministry of Education list of
schools by district. For each school sampled, all
eighth grade children were included in the study.

Rural/Urban ISAAC Q 10 057 - 13-14y

(8.7)

13-14y

(10.2)

Higuchi et al S16 Japan Described in Table S1 Rural/Urban ISAAC Q 139 506 2008 13-14y

26890/47895
(56.1)

13-14y

26149/47220
(55.4)

Hong et al S17 Korea Described in Table S1 Urban ISAAC Q 31 201 2010 10-13y

2451/6052
(40.5)

10-13y

1825/5868
(31.1)

Kahwa et al S18 Jamaica Described in Table S1 Rural/Urban ISAAC Q 2017 2007 13-14y

20/105 (19.0)

13-14y

28/107 (26.2)

Kao et al S19 Taiwan Described in Table S1 U/NR ISAAC Q 6190 2002 13-15y

610/1588 (38.4)

13-15y

565/1523 (37.1)

Kim et al S57 Korea A total of 2005 adolescents (aged 11-16 y) were
enrolled in this study. All subjects were recruited
from 4 high schools in rural areas with citrus
orchards and had been living in these areas since
infancy.

Rural only ISAAC Q
and SPT

1727 - 16-18y

62/537 (11.6)

16-18y

171/1190 (14.4)

Koffi et al S58 Ivory Coast The secondary schools were chosen by simple
random sampling of 11 centres of 3 towns: Man (5
schools), Korhogo (3 schools), Abidjan (3
schools).

Urban ISAAC Q 3045 - 13-14y

Abidjan: 17.9
Man: 20.2
Korhogo: 13.8

13-14y

Abidjan: 13.8
Man: 10.7
Korhogo: 5.6

Levesque et al S23 Canada Described in Table S1 Rural/Urban ISAAC Q 3613 1999 13y

(26.6)

13y

(21.3)

16y

(29.6)

16y

(26.5)

Luna et al S59 Brazil In 2006, among the schools who had in their
records a number ≤50 adolescents in the age range
of the study, 29 were randomly selected,

Urban ISAAC Q 3015 2006-
2007

13-14y

494/1372 (36.0)

13-14y

809/1643 (49.2)



distributed among the six regional administrations,
respecting the proportion of students aged 13-14y
from every region and thus ensuring the sample is
representative of a heterogeneous population.

3020 2010 13-14y

498/1369 (36.4)

13-14y

539/1392 (38.7)

Mavale-Manuel
et al S26

Mozambique Described in Table S1 Rural/Urban ISAAC Q 5013 2004 13-14y

479/1238 (38.7)

13-14y

539/1392 (38.7)

Mercer et al S60 South Africa Thirty-three schools were selected by stratified
random sampling from three socio-politically
defined strata to represent the demographic make-
up of the greater Cape Town metropolis.

Urban ISAAC Q 4336-
4663

1995 13-14y

(30.2)

13-14y

(30.5)

Mohammadzadeh
et al S28

Iran Described in Table S1 Urban ISAAC Q 5933 2003 12-14y

164/1380 (11.9)

12-14y

132/1509 (8.7)

Moyes et al S31 New Zealand Described in Table S1 Rural/Urban ISAAC Q 24 185 1993 13-14y

1090/7171
(15.2)

13-14y

1857/8289
(22.4)

2003 13-14y

962/6372 (15.1)

13-14y

1437/6940
(20.7)

Munivrana et al
S61

Croatia The target population was children aged 12 years 0
months to 14 years 11 months (6th–8th grades of
school) from 27 elementary schools. Method of
sample randomisation was not described.

Rural/Urban ISAAC Q 3111 2005 12-14y

180/1512 (11.9)

12-14y

158/1599 (9.9)

Musharrafieh et
al S62

Lebanon A random sample of fifty-five private and public
schools from different regions in Lebanon were
contacted. Lebanon was witnessing security and
political turmoil that followed the assassination of
the Prime Minister. Due to these unstable
circumstances many schools denied participation
in the study. Thus, a convenient sample of 13
schools (3 public and 10 private) from 5 Lebanese
provinces accepted to take part in the study.

Urban ISAAC Q 3115 2005 13-14y

571/1512 (37.8)

13-14y

630/1603 (39.3)

Narayana et al S63 India Carried out in three schools of Subramanya, a rural
area in Dakshina Kannada District of Karnataka
state in India.

Rural only ISAAC Q 573 - 13-15y

33/75 (44)

13-15y

9/35 (25.7)



Nordvall et al S64 Sweden The schools were randomized prior to the
investigation. For practical reasons, the
investigation was started in one school located
adjacent to the Children’s hospital. A random
order of inclusion was followed for the remainder
of the schools, to include approximately 1000
schoolchildren in the study. Nine schools were
finally included in the study.

Urban ISAAC Q 959 1999 13-14y

81/476 (17.0)

13-14y

120/483 (24.8)

Owayed et al S65 Kuwait A list of intermediate level schools from each of
the five governorates in Kuwait was obtained from
the Department of Education. Eight schools, four
for boys and four for girls, from each governorate
were selected using random table.

U/NR ISAAC Q 2882 2002 13-14y

443/1423 (31.1)

13-14y

352/1459 (24.1)

Pac-Sa et al S66 Spain The study population were schoolchildren from
first and second grade of compulsory secondary
education, that is, adolescents aged 13 and 14
years age of all schools and colleges, both public
and private or semi-private, from Castellon and
surrounding locations.

U/NR ISAAC Q 3995 2002 12-17y

242/1928 (12.6)

12-17y

412/2067 (19.9)

Penaranda et al
S34

Colombia Described in Table S1 Urban ISAAC Q 7085 2002 13-14y

380/1772 (21.4)

13-14y

559/1993 (28.1)

Porto Neto et al
S67

Brazil The students were selected from children who
attended the public and private schools of Passo
Fundo. Information regarding the number of
schools and students was obtained from the
records at the Secretariat of Education. A total of
46 schools were identified. From these, 26 schools
were chosen by systematic randomized sampling

Urban ISAAC Q 2948 2002 13-14y

339/1435 (23.6)

13-14y

533/1513 (35.2)

Riguera et al S68 Brazil In the city, there were 1,214 children in the age
group of interest, of whom 1,076 were enrolled
between the fifth and eighth grades in three
schools (14.6% at a private school, 78.3% at a
municipal school and 7.1% at a state school).

Urban ISAAC Q 772 2007 13-14y

111/339 (32.8)

13-14y

135/402

(33.6)

Shamssain et al
S69

United
Kingdom

They prepared sampling frames of mixed-sex state
schools with more than 100 pupils in each
schoolyear. One school was randomly selected
from each sampling frame, to produce33 schools
for study.

U/NR ISAAC Q 3000 - 13-14y

415/1510 (27.5)

13-14y

472/1490 (31.7)



Soto-Quiros et al
S40

Costa Rica Described in Table S1 Rural/Urban ISAAC Q 6144 1995 13-14y

418/1476 (23.8)

13-14y

571/1724 (33.1)

Sugiyama et al S70 Japan According to the ISAAC protocol, all second-
grade junior high school students (13–14 years of
age) in Utsunomiya City and Tochigi City,
including Mibu town, were study targets. The
ISAAC questionnaires were distributed in 16 of 22
schools in Utsunomiya City and in eight of nine
schools in Tochigi City via the educational
committee.

Urban ISAAC Q 4466 1996 13-14y
950/2219 (42.8)

13-14y
924/2221 (41.6)

Tamay et al S71 Turkey The number of schools and children were
calculated according to the number of children
attending Grade 8 in each district. Of those
children, 5% from each district were planned.
10,894 children aged 13–14 year in randomly
selected 61 primary schools of 32 districts without
selection by urban or suburban residence or
variations in socioeconomic status were surveyed
by the ISAAC questionnaire.

Urban ISAAC Q 9991 - 13-14y

1916/5164
(37.1)

13-14y

1909/4749
(40.2)

Toledo et al S72 Brazil A cross-sectional study of a random sample
probability sample by conglomerates was used in
which the prevalence of asthma was evaluated in
the city of Taubate, São Paulo State, in Brazil.

Urban ISAAC Q 809 - 13-14y

118/352 (33.5)

13-14y

178/457 (39.0)

Wang et al S73 Canada We analysed Canadian data from cross-sectional
Phase 3 studies within ISAAC, conducted in two
Phase 3A centres (Hamilton, Saskatoon) and three
Phase 3B centres (Vancouver, Winnipeg and
Halifax). In each centre, the investigators recruited
participants using randomly selected schools as
sampling units except in Saskatoon where all
schools were contacted.

Urban Other Q. 8334 2003 13-14y

711/4071 (17.5)

13-14y

864/4263 (20.3)

Yan et al S74 Taiwan Two junior high schools in each of the 12 school
districts in Taipei were randomly chosen to enter
the study.

Urban ISAAC Q 6303 2002 13-14y

1438/3203
(44.9)

13-14y

1308/3093
(42.3)



Zar et al S75 South Africa Schools within the Cape Town metropolitan area
were selected by stratified random sampling in
both surveys to achieve a representative spread of
pupils across the area. The three strata comprised
schools with predominantly black (Xhosa
speaking) pupils, mixed-race (majority Afrikaans
speaking) pupils and white pupils (now integrated
to varying degrees).

Urban ISAAC Q 5178 1995 13-14y

582/2088 (27.9)

13-14y

987/3073 (32.1)

5037 2002 13-14y

735/2025 (36.3)

13-14y

1198/2994
(40.0)

PR; Prevalence of rhinitis; ISAAC: International Study of Asthma and Allergies in Childhood; Q: questionnaire; SFAR: score for allergic rhinitis;
SPT: Skin prick test; M: male; F: female.



Table S3. Characteristics of the included studies assessing prevalence of rhinitis in adults.

Study Ref
(N=12)

Country Sampling method Residency Method
for
assessing
PR

Sample
analysed

Study
period

Rhinitis

M (%) F (%)

Bjerg et al S76 Sweden 2 cross-sectional surveys, EXHRS in 1990, Ga2len-
Survey in 2008 selected for this analysis were those
participants from both surveys that were in the same
age range (20-44) and from the same centres using a
random sample technique.

Rural only ECRHS
and

GA2LEN
Q

8982 1990 20-44y

950/4339 (21.9)

20-44y

984/4643 (21.2)

9156 2008 20-44y

1246/3954
(31.5)

20-44y

1587/5202
(30.5)

Desalu et al
S77

Nigeria The study area has 12 electoral wards, obtained from
the state electoral commission. To select the
participants, a multi-stage cluster sampling approach
was used based on cluster equality and homogeneity.
The electoral wards were defined as clusters and a
sample frame containing the list of 12 clusters was
constructed. Of these, 9 were selected by simple
random sampling. A list of households was drawn up
for each cluster and these were also randomly
selected.

Urban ECRHS Q 733 2005-
2006

18-45y

141/441 (32.0)

18-45y

76/292 (26.0)

Filipiak et al
S78

Germany The city of Erfurt (former GDR) is located in the
centre of Germany and Augsburg in the south. The
total population of the two cities are similar. In the
city of Augsburg (MONICA study) a total of 311
subjects was selected in each sex and 10-year age
group from the population register of the city. In the
city of Erfurt (Stage II ECRHS study) subjects were
randomly selected.

Urban ECRHS Q
and

IgE/SPT

3222 1991-
1992
Erfurt

25-64y

(9.5)

25-64y

(9.3)

1994-
1995

Ausburg

25-64y

(15.0)

25-64y

(18.9)

Hannaford et
al S79

United
Kingdom

A postal questionnaire was sent to a random sample
of 1000 residents in each of the 12 mainland Health
Boards of Scotland (with Orkney and Shetland
residents included in the Grampian sample) and 100
residents in the Western Isles.

Rural/Urban Other Q 15 788 1998 30-44: 20.2
45-59: 12.2
60-74: 8.8
75+: 8.9

30-44: 24.3
45-59: 15.1
60-74: 9.5
75+: 6.8

Klossek et al
S80

France This cross-sectional survey was carried out in 2006 in
a French population-based sample. The data were
collected by a polling organization in 3 waves using

Urban SFAR and
ARIA

10 038 2006 18-65y

1179/4756

18-65y

1906/5282



face-to-face interviews at home. (24.8) (36.1)

Konno et al
S81

Japan A population-based, cross-sectional study was
conducted with Japanese subjects 20–79 years of age,
living in ten different areas of Japan. Detailed
methods for selecting areas, participants were not
described but a reference was provided.

Urban ECRHS Q 22 819 2006-
2007

20-29y: 48.2
(45.7-50.7)

30-39y: 45.2
(42.9-47.4)

40-49y: 40.9
(38.6-43.2)

50-59y: 32.9
(31.0-34.9)

60-69y: 25.2
(23.4-27.1)

70-79y: 18.0
(16.1-19.9)

20-29y: 47.8
(45.2-50.4)

30-39y: 49.7
(47.5-51.9)

40-49y: 50.0
(47.8-52.2)

50-59y: 38.7
(36.8-40.6)

60-69y: 29.6
(27.7-31.4)

70-79y: 20.1
(18.2-22.0)

Kurt et al S82 Turkey 14 cities were selected from different geographical
regions of the country. Schools were selected
randomly from rural and urban areas of each city.

Rural/Urban Other Q 25 843 2000 Mean 40y

Rural: 17.5
(16.7–18.2)

Urban: 11.7
(11.4–12.0)

Mean 35y

Rural: 21.2
(20.4–22.0)

Urban: 17.0
(16.4–17.6)

Lindgren et
al S83

Sweden In 2000, a questionnaire was sent to a total of 11933
randomly selected individuals aged 18–77 and 9319
(78%) answered. The study population originated
from two different study populations, 5039
individuals (response rate 71%) from a new random
selection, and 4280 individuals (response rate 87%)
constituting a follow-up group from an earlier
selection.

Rural/Urban Other Q 9319 2000 18-77y

AR: 800/4341
(18.4)

NAR: 266/4341
(6.1)

18-77y

AR: 1064/4975
(21.4)

NAR: 339/4975
(8.0)

Morais-
Almeida et al
S84

Portugal A stratified (by gender, age, and region), multistep
defined sample was used. In a first phase, the number
of needed participants from each Portuguese region
was defined based on the data from the 2001
Portuguese Census. In a second phase, municipalities
were selected within each of the five Portuguese
regions until reaching a prespecified number of elder

Rural/Urban ECRHS Q.
VAS scale
and ARIA

3678 2008 65+y

432/1527 (28.3)

65+y

665/2151 (30.9)



subjects in proportion to the sample size. The final
selection was made using a random-route
methodology, where households and nursing homes
were included, in each location.

Okuda S33 Japan Described in Table S1 Rural/Urban Other Q 10 866 (in
total)

2001 20-29y: 22.1
(10.4-27.7)

30-39y: 22.1
(17.3-26.8)

40-49y: 24.8
(20.2-29.4)

50-59y: 14.7
(10.7-18.6)

60-79y: 10.6
(7.5-13.7)

20-29y: 21.9
(16.9-26.8)

30-39y: 25.8
(21.5-30.1)

40-49y: 26.1
(21.8-30.3)

50-59y: 24.1
(19.8-28.4)

60-79y: 10.6
(7.6-13.6)

Song et al S85 Korea Possible subjects were recruited using a stratified
random sampling method and were invited by postal
mail and then by telephone to participate.

Urban Other Q
and SPT

984 2006 ≥65y

121/434 (27.9)

≥65y

131/550 (23.8)

Sonomjamts
et al S86

Mongolia Ten family clinics out of 52 were selected randomly
which were estimated to cover approx 20000
population at large. 5 family clinics are located in the
centre of the city and other 5 clinics are selected
peripheral area of the city. Total of approx 1200
adults aged 20 years and over were planned to be
randomly selected. The household registration was
continued until the desired sample size of qualified
respondents was reached.

Urban ECRHS Q,
WHO

Protocol
for

Assessme
nt of P of
Major RD
and GINA

1021 - ≥20y

139/606 (22.9)

≥20y

145/595 (24.4)

PR; Prevalence of rhinitis; RD: respiratory diseases; ECRHS: European Community Respiratory Health Survey; Q: questionnaire; SFAR: score for
allergic rhinitis; GINA: Global Initiative for Asthma; ARIA: Allergic Rhinitis and its Impact on Asthma; VAS analogue scale: Visual analogue
Scale for Rhinitis; SPT: Skin prick test; M: male; F: female.



Table S4. Study quality assessment of the included studies

Study Ref Representativity Reliability Quality
rating
score

Max= 5

Sampling method

Probability sampling
(including: simple
random, systematic,
stratified g, cluster, two-
stage and multi-stage
sampling)=1

Non-probability sampling
(including: purposive,
quota , convenience  and
snowball sampling)=0

Sample size

Calculated=1

Not calculated= 0

Response rate

Reported=1

Not reported or if
RR<60% =0

Data collection
method

ISAAC/ECHRS=2

Non-ISAAC/ECHRS
but validated
questionnaires=1

Non- validated
questionnaires or Not
clearly defined=0

Ahn et al S1 1 0* 1 2 4

Al-Ghobain et al
S47

1 1 1 2 5

Al-Riyami et al S2 1 0* 1 2 4

Amarasekera et al
S3

1 0 1 2 4

Amizadeh et al E48 1 0 1 1 3

Annesi-Maesano et
al S4

1 1 0 2 4

Anthracopoulos et
al S5

1 1 1 0 3

Arnedo-Pena et al
S49

1 0* 1 2 4

Arnedo-Pena et al
S6

1 1 1 2 5

Awadh Behbehani
et al S50

1 0* 0 2 3

Backer et al S7 1 0* 1 2 4

Bjerg et al S76 1 1 1 1 4

Brescianini et al S51 0 0* 0 2 2

Castro et al S8 0 0 1 2 3

Chiang et al S52 1 1 1 2 5

De Brito et al S53 1 1 0 2 4

Dell et al S9 1 1 1 2 5

Del-Rio-Navarro et
al S10

1 0* 1 2 4

Desalu et al S77 1 1 1 1 4

Droma et al S54 1 0* 1 2 4

Duggan et al S11 1 1 1 2 5

Fagan et al S55 0 0 1 2 3

Falade et al S12 1 1 1
RR given for

boys (87%) and
girls (77%)

2 5

Filipiak et al S78 1 1 1 1 4

Futamura et al S13 1 1 1 2 5

Garcia-Marcos et 1 1 1 2 5



al S14

Graif et al S56 1 1 1 2 5

Hahm et al S15 1 1 1 2 5

Hannaford et al S79 1 0 1 2 4

Higuchi et al S16 1 1 1 2 5

Hong et al S17 1 1 0 2 4

Kahwa et al S18 1 1 1 2 5

Kao et al S19 1 0 1 2 4

Kim et al S57 1 0 1 2 4

Klossek et al S80 1 0 1 1 3

Koffi et al S58 1 1 1 1 4

Kong et al S20 1 0 1 2 4

Konno et al S81 1 0 1 1 3

Kudzyte et al S21 1 0 1 2 4

Kurosaka et al S22 1 0 1 2 4

Kurt et al S82 1 0 1 1 3

Levesque et al S23 0 1 1 2 4

Liao et al S24 1 0 1 2 4

Lima et al S25 0 0 1 2 3

Lindgren et al S83 1 0 1 0 2

Luna et al S59 1 0 1 2 4

Mavale-Manuel et
al S26

1 0 1 2 4

Maziak et al S27 1 0 1 2 4

Mercer et al S60 1 0 1 2 4

Mohammadzadeh
et al E28

1 0* 1 2 4

Montefort et al E29 1 0 1 2 4

Morais-Almeida et
al S30

1 1 1 2 5

Morais-Almeida et
al S84

1 1 1 2 5

Moyes et al S31 1 0 1 (one center
had a RR< 60%

and was
excluded from
the analysis)

2 4

Munivrana et al S61 0 0 1 2 3

Musharrafieh et al
S62

0 (random sampling
originally planned but

due to war issues, a
convenient sample was

used)

0 0 2 2

Nahhas et al S32 1 0 1 (RR given for
boys (86.2%)

and girls
84.6%)

2 4



Narayana et al S63 0 0 0 2 2

Nordvall et al S64 0 (schools were
randomized except for
one which was chosen

by convenience)

0 1 2 3

Okuda S33 1 0 0 (RR= 53.7%) 1 2

Owayed et al S65 1 0 1 2 4

Pac-Sa et al S66 0 0 1 2 3

Penaranda et al S34 1 0 1 2 4

Peroni et al S35 1 0 1 2 4

Porto Neto et al S67 1 1 1 2 5

Rad et al S36 1 0* 1 2 4

Riguera et al S68 0 0 1 2 3

Sanchez-Lerma et
al S37

0 1 1 (RR= 60.6%) 2 4

Selnes et al S38 1 0 1 0 (1985 and 1995)
and 2 (2000)

2
(1985;
1995)
and 4
(2000)

Shamssain et al S69 1 1 1 2 5

Simoni et al S39 0 0 1 2 3

Song et al S85 1 0 1 1 4

Sonomjamts et al
S86

1 0 (desired but not
calculated)

0 2 3

Soto-Quiros et al
S40

1 0 1 2 4

Sugiyama et al S70 0 0 0 2 2

Suh et al S41 1 0 1 (RR= 61.8%) 2 4

Tai et al E42 0 0 1 (RR= 65%) 2 3

Tamay et al S43 1 1 1 2 5

Tamay et al S71 1 1 1 2 5

Toledo et al E72 1 1 1 2 5

Wang et al S44 1 0 1 1 3

Wang et al S73 1 0* 0 (only in one
center

RR>60%.
Acknowledged
in limitations)

2 3

Wu et al S45 1 (all schools in
Taipei)

0 1 2 4

Yan et al S74 1 0 1 2 4

Zar et al S75 1 0 1 2 4

Zhao et al S46 1 0 (approx. size
given but rationale

not provided)

1 2 4

*In accordance with the ISAAC committee recommendation, a sample size of 3000
schoolchildren was used.




	2017-172-224-35.pdf
	IAA464324_SupplLegends.docx.pdf
	IAA464324_SupplReferences.pdf
	IAA464324_TableS1.PDF
	Table S1. Characteristics of the included studies assessing prevalence of rhinitis before puberty (<11y)

	IAA464324_TableS2.pdf
	IAA464324_TableS3.pdf
	IAA464324_TableS4.pdf

	CitRef_1: 
	CitRef_26: 
	CitRef_2: 
	CitRef_15: 
	CitRef_27: 
	CitRef_3: 
	CitRef_4: 
	CitRef_16: 
	CitRef_28: 
	CitRef_17: 
	CitRef_5: 
	CitRef_18: 
	CitRef_29: 
	CitRef_6: 
	CitRef_30: 
	CitRef_19: 
	CitRef_7: 
	CitRef_31: 
	CitRef_8: 
	CitRef_20: 
	CitRef_32: 
	CitRef_21: 
	CitRef_33: 
	CitRef_10: 
	CitRef_22: 
	CitRef_34: 
	CitRef_11: 
	CitRef_23: 
	CitRef_12: 
	CitRef_24: 
	CitRef_13: 
	CitRef_35: 
	CitRef_25: 
	CitRef_36: 
	CitRef_14: 
	CitRef_37: 
	CitRef_51: 
	CitRef_63: 
	CitRef_38: 
	CitRef_52: 
	CitRef_64: 
	CitRef_53: 
	CitRef_39: 
	CitRef_65: 
	CitRef_40: 
	CitRef_54: 
	CitRef_66: 
	CitRef_41: 
	CitRef_55: 
	CitRef_42: 
	CitRef_56: 
	CitRef_67: 
	CitRef_43: 
	CitRef_57: 
	CitRef_68: 
	CitRef_44: 
	CitRef_45: 
	CitRef_58: 
	CitRef_69: 
	CitRef_46: 
	CitRef_59: 
	CitRef_70: 
	CitRef_47: 
	CitRef_60: 
	CitRef_71: 
	CitRef_48: 
	CitRef_61: 
	CitRef_49: 
	CitRef_72: 
	CitRef_50: 
	CitRef_62: 
	CitRef_73: 
	CitRef_74: 
	CitRef_82: 
	CitRef_90: 
	CitRef_91: 
	CitRef_75: 
	CitRef_76: 
	CitRef_83: 
	CitRef_92: 
	CitRef_84: 
	CitRef_93: 
	CitRef_77: 
	CitRef_85: 
	CitRef_78: 
	CitRef_94: 
	CitRef_86: 
	CitRef_95: 
	CitRef_79: 
	CitRef_87: 
	CitRef_80: 
	CitRef_96: 
	CitRef_88: 
	CitRef_81: 
	CitRef_97: 
	CitRef_89: 


