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Summary

Background Longitudinal studies of the natural history of childhood and adolescent rhinitis
are lacking.
Objectives To investigate the natural history of rhinitis up to 18 years of age, and how that is
influenced by gender and atopy.
Methods The Isle of Wight birth cohort was recruited in 1989 (n = 1456). Questionnaire data
on nasal symptoms (rhinitis) were collected at 1, 2, 4, 10 and 18 years of age. To define atopy,
skin prick tests were conducted at 4, 10 and 18 years. The 12-month period prevalence plus
positive and negative transitions (defined as change in disease status in two consecutive study
assessments) were stratified by gender and atopic status.
Results Overall rhinitis prevalence increased from 5.4% at 4 years to 35.8% at 18 years
(Po0.001), without gender difference. Atopic rhinitis prevalence increased steadily from
3.4% at 4 years to 27.3% at 18 years (Po0.001), was commoner in boys at 18 years (P = 0.02)
and associated with greater positive transition in boys from 10 to 18 years (P = 0.01).
Prevalence of non-atopic rhinitis also increased from 4 to 18 years (P = 0.003) and was greater
in girls at 18 years (Po0.001) reflecting higher female positive transition from 10 to 18 years
(Po0.001). Non-atopic rhinitis negative transition (remission) was highest in early life and
reduced in later childhood/adolescence.
Conclusion Atopic rhinitis becomes increasingly common as children grow into adolescents,
with stronger associations to male gender. Non-atopic rhinitis shows a female predominance
at 18 years as girls ‘grow into’ it more during adolescence. Our findings suggest differential
gender effects on the increasing prevalence of both atopic and non-atopic rhinitis in
adolescence.
Clinical Relevance A better understanding of how gender and atopic status influence rhinitis
during adolescence emerges from this study. Application of such knowledge could help to
improve clinical recognition, judge prognosis and ultimately improve management of this
common condition.

Keywords asthma, atopy, gender, negative transition, positive transition, prevalence, rhinitis
Submitted 1 December 2010; revised 4 February 2011; accepted 15 March 2011

Introduction

Rhinitis is an inflammatory disease of the upper airway
characterized by nasal itching, rhinorrhoea, nasal conges-
tion or sneezing. It emerged as a common condition
associated with substantial morbidity in childhood during
the final decades of the 20th century [1, 2]. This same
period witnessed a similar rising prevalence of other

allergic states [3], including asthma and eczema.
Co-morbidity of rhinitis with asthma is now well recog-
nized and the concept of ‘one airway-one disease’ [4, 5] to
support this association is widely accepted. It has also
been previously suggested that allergic co-morbidity
follows an ‘allergic march’ with characteristic evolution
of allergic disease [6, 7] from one state to another through
childhood. The accepted view of the ‘allergic march’
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suggests that rhinitis is usually a late allergic manifesta-
tion appearing during adolescence. For asthma, a ‘gender
switch’ from male predominance in childhood to female
predominance after puberty has been shown in several
populations [8–11]. In parallel with the notion of strong
co-morbidity between asthma and rhinitis it has been
suggested that rhinitis may also undergo similar gender
reversal during adolescence [12]. However, the dynamics
of changing rhinitis prevalence from childhood to adult-
hood and factors influencing those changes have not been
convincingly determined. The role of atopy in the natural
history of rhinitis also merits further consideration as it is
now recognized [13] that evidence of allergic sensitization
may not be found in all those classed as having allergic
diseases.

Given its significant prevalence, associated morbidity
and co-morbidity with other common conditions like
asthma, we sought to better characterize the natural
history of rhinitis through childhood and adolescence in
the Isle of Wight Birth Cohort. We specifically focused on
gender-specific differences in atopic and non-atopic rhi-
nitis during this period and hypothesized a gender rever-
sal in the prevalence of rhinitis in association with
adolescence.

Methods

Isle of Wight 1989 birth cohort

A whole population birth cohort (n = 1456) was estab-
lished on the Isle of Wight, UK, in 1989 to prospectively
study the natural history of allergic disorders. The Island is
close to the British mainland, semi-rural, with no heavy
industry. The population is 99% Caucasian. The South-
ampton and SW Hampshire Local Research Ethics Com-
mittee approved the study (06/Q1701/34). Of 1536
children born between 1 January 1989 and 28 February
1990, and consented, 1456 were available for follow-up.
Children were assessed at 1 (n = 1375; 94.4%), 2 (n = 1214;
84.5%), 4 (n = 1218; 83.6%), 10 (n = 1373; 94.3%) and 18
years (n = 1313; 90.2%). Detailed questionnaires, inclu-
ding International Study of Asthma and Allergy in Child-
hood, were completed with the parents (or study subject at
age 18) regarding allergy prevalence at each follow-up.
When a visit was not possible either a telephone ques-
tionnaire or modified postal questionnaire was completed.
Rhinitis was defined by a positive response to; ‘In the past
12 months have you had a problem with sneezing, or a
runny or a blocked nose when you DID NOT have a cold or
the flu?’

Skin prick testing (SPT) was performed on most chil-
dren attending the Research Centre at 4, 10 and 18 years to
a battery of common allergens (ALK, Horsholm,
Denmark). At age 1-or-2, only symptomatic children were
invited to participate in SPT. Inhalant allergens tested

were house dust mite, cat, dog, Alternaria alternata,
Cladosporium herbarium, grass pollen mix and tree pollen
mix. Food allergens tested were cows’ milk, soya, hens’
egg, wheat, peanut and cod. Positive and negative con-
trols were included. Atopy (allergic sensitization) was
defined by at least one allergen test response with mean
weal diameter 3 mm greater than the negative control at
15 min. At each examination, children with both rhinitis
and positive SPT were regarded as having atopic rhinitis.

Statistical analyses

At each assessment, 12-month (24-month for 1-or-2 years
as those assessments were close together) rhinitis preva-
lence was determined by dividing the number of children
with current rhinitis symptoms by the total number of
children with data on rhinitis status. By definition, analy-
sis of atopic and non-atopic rhinitis was confined to
children with rhinitis data who underwent SPT. For
example, atopic rhinitis prevalence represented the num-
ber of children with both rhinitis and positive SPT, divided
by the total number of children with SPT and rhinitis
information.

Our study represents a dynamic cohort; some children
did not participate in one assessment but re-joined the
next. The appropriate measures of changes in a dynamic
cohort are positive and negative transitions rather than
incidence and remission. A positive transition is defined
as a change in the individual status from rhinitis-free to
rhinitis, independent of whether this is the first occur-
rence. Calculations of atopic and non-atopic rhinitis
positive and negative transitions were based on rhinitis
status during two consecutive investigations and SPT
information for the second examination. Thus positive
atopic rhinitis transition from age 4 to 10 took into
account children who were rhinitis-free at age 4 years
(children at risk), developed rhinitis at 10 years, and had a
positive SPT result at 10 years. This numerator was
divided by all children who had SPT information at 10
years of age and were at risk. Negative transition of
rhinitis between follow-ups was defined as the individual
change in rhinitis status from ‘disease’ to ‘disease-free’.
Calculations of negative transition for atopic and non-
atopic rhinitis followed similar rules as for positive
transition.

For each observation period (age 1-or-2, 4, 10, 18
years), we estimated the difference in boys and girls using
w2-tests. Information on prevalence at 1-or-2 years and
transitions between 1-or-2 to 4 years are provided in the
tables. However, ‘nasal symptoms’ at 1-or-2 years may
part reflect processes triggered by viral infections and
potentially a different entity to rhinitis in later childhood/
adolescence. Hence the simple use of 1-or-2-year data/1-
or-2- to 4-year period data alone as a reference for
subsequent transitional analysis of rhinitis may be
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inappropriate. Consequently we also made such assess-
ments against references of 4- and 4–10-year period data
and present both sets of analysis in the tables. Applying
generalized estimating equation (GEE) analysis [14] that
takes the within-child effect into account, we estimated
marginal probabilities for time and gender and their
interaction using GEE (GENMOD) in the SAS system (SAS,
Cary, NC, USA). The analyses provided the statistical
significance for the development of rhinitis over time, for
gender differences and for the interaction of gender�time.
The combined effect of gender�time assessed whether
boys and girls had different patterns of prevalence or
transition during the course of the study.

We also restricted the analysis to a subgroup that
participated in all follow-ups (stable cohort) and calcu-
lated the cumulative incidence for the investigation
periods 1-or-2 to 10 years and 1-or-2 to 18 years as the
first occurrence of rhinitis in those never affected before.
This stable cohort was also used to calculate net remission
for the 1-or-2 to 18-, and 4–18-year period. For instance,
net remission from age 1-or-2 to 18 years represented
those with disease at baseline who had outgrown it by
age 18.

To compare co-morbidities of rhinitis with asthma and
eczema, we used prospectively collected asthma and
eczema data. Briefly, comparable symptom-based ques-
tions were used for an investigator-diagnosed definition
of asthma (a doctor diagnosis or ever having asthma plus
either wheezing or asthma therapy in the past 12 months).
Eczema was defined as ‘ever eczema’ plus an ‘itchy rash
during the previous 12 months’.

Results

The original cohort (n = 1536) included 786 (51.2%) boys
and 750 (48.8%) girls. Information about current nasal
symptoms (rhinitis) was available for 1377, 1214, 1362
and 1309 children at age 1-or-2, 4, 10 and 18 years,
respectively. SPT were performed on children at age 4
(n = 980), 10 (n = 1036) and 18 (n = 853) years. SPT parti-
cipation was significantly greater in those reporting
rhinitis, those of higher socio-economic class and in girls
at 18 years but did not differ significantly by gender at
other ages or by family history of atopy (data not shown).

Approximately 14% of the children had asthma in the
period from infancy to 10 years, and 18% at age 18, while
12–14% had eczema during this period. However, at all
stages, co-morbidity between rhinitis and asthma was
more frequent than that between rhinitis and eczema. For
instance, at age 4, 43% also had asthma [95% confidence
interval (CI): 31.0–55.1%] and 29.2% had eczema; at age
10, 30.8% had asthma (95%CI: 25.7–36.0%) and 20.8%
had eczema; at age 18, 32.7% had asthma (95%CI:
27.5–37.9) and 17.4% had eczema.

Rhinitis period prevalence

Nasal symptoms occurred in 15.8% of the population at
1-or-2 years, with significant male predominance
(P = 0.006). Since we had insufficient information for the
denominator to calculate the prevalence of atopic and
non-atopic rhinitis at 1-or-2 years (SPT was only per-
formed in symptomatic children), only overall prevalence
is tabulated for that period (Table 1). However, of the 217
children with rhinitis at 1-or-2 years, 185 (85.3%) partici-
pated in SPT and only 31 (16.8%) were atopic. Nasal
symptom prevalence (Table 1) fell significantly from
1-or-2 to 4 years (Po0.001). Then, rhinitis prevalence
was significantly higher at both 10 and 18 years
(Po0.001) than at 4 years. Rhinitis at 18 years (Table 1)
was also significantly more prevalent than rhinitis at 1-
or-2 years (Po0.001). Overall, linear trend tests showed
significant increases (Po0.0001, data not shown). No
significant gender differences in overall rhinitis preva-
lence were detected at 4, 10 or 18 years. There was a
significant gender–time interaction for changing rhinitis
prevalence from 1-or-2 to 18 years accounted for by a
relative change in gender predominance for rhinitis be-
tween those time-points. However this was not replicated
in the 4–18-year period (Table 1).

The total number of children with allergic sensitization
increased from 193 (19.7%) at age 4 to 279 (26.9%) at 10
years and to 352 (41.3%) at 18 years. Atopy was found in
55.0%, 51.3% and 69.8% of rhinitis at 4, 10 and 18 years,
respectively. At 4, 10 and 18 years the atopic proportion of
prevalent rhinitis was higher for boys (65.7%, 57.0%,
82.4%, respectively) in comparison with girls (40.0%,
45.5%, 58.8%, respectively). One case of atopic rhinitis
sensitized to ‘food allergen only’ was found during the
entire course of the study (to wheat at 1 year).

Atopic rhinitis significantly increased in prevalence
from 4 to 18 years, with male predominance at both 4
and 18 years (Table 1). Non-atopic rhinitis also signifi-
cantly increased in prevalence through childhood and was
significantly (Po0.001) higher in girls (16.6%) than boys
(6.6%) at age 18. Gender–time interaction analysis for
non-atopic rhinitis identified a significant difference
(P = 0.016) likely to be due to this female predominance
at 18 years. Comparisons of individual time-points (Table
1) and linear trend analyses indicate statistically signifi-
cant changes (Po0.0001, data not shown).The different
dynamic for boys and girls is illustrated in Fig. 1.

Positive transition and cumulative (first) incidence of
rhinitis

Rhinitis positive transition rose significantly between
consecutive study periods throughout the study (Table 2).
Linear trend tests were significant, overall and for atopic
and non-atopic rhinitis (Po0.0001, data not shown).
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Positive transition for rhinitis was significantly greater in
boys (P = 0.02) during the 1-or-2- to 4-year period but
significant gender differences in rhinitis positive transi-
tion were not observed during the rest of the study (Table
2). Gender–time analysis demonstrated a significant
difference between the 1-or-2- and 18-year assessments
accounted for by relative shifts in gender predominance
between those time-points.

Positive transition for atopic rhinitis rose steadily
between study periods (Table 2) and was significantly
greater in boys during the 1-or-2- to 4-year (P = 0.009)
and the 10–18-year (P = 0.01) periods. Non-atopic rhinitis
positive transition also rose significantly from the 1-or-2-
to 4-year period to the 4–10-year period (Po0.001) but
then fell significantly during the 10–18-year period
(P = 0.038). Girls showed significantly (Po0.001) greater
positive transition of non-atopic rhinitis (15.7%) than
boys (6.9%) from 10 to 18 years, accounting for the

observed significant gender–time interaction in non-ato-
pic rhinitis positive transition (Table 2).

A first occurrence of rhinitis was detected in 21.5% at
10 years when it was significantly associated with atopic
status (48.4% compared with 14.8% without atopy,
Po0.001) but not gender. At age 18, rhinitis was first
detected in 29.5% of the participants, again significantly
associated with atopic status (61.8% compared with 15.4%
without atopy P = 0.001). At this age, there were signifi-
cantly more first occurrence of non-atopic rhinitis in girls
(19.3% compared with 9.7% in boys, P = 0.03).

Negative transition and complete remission of rhinitis

Negative transition of rhinitis was significantly greater in
the 1-or-2- to 4-year time period in comparison with
subsequent study periods (Table 3). Time trend analysis
did not demonstrate significant difference in rhinitis

Table 1. Prevalence of rhinitis (current nasal symptoms) from 1 to 18 years; overall and stratified by sex and atopy

Age 1-or-2 years %
(n/total)

Age 4 years %
(n/total)

Age 10 years %
(n/total)

Age 18 years %
(n/total)

Time and gender
interaction
P-valuez

All
Time trendw

Total 15.8 (217/1377) 5.4 (65/1214) 22.6 (308/1362) 35.8 (468/1309)
P-value Reference 0.0001 0.06 0.0001 0.014
P-value Reference 0.0001 0.0001 0.19

Sex differences
Males 18.4 (129/700) 6.3 (39/619) 22.7 (157/692) 34.3 (223/651)
Females 13.0 (88/677) 4.4 (26/595) 22.5 (151/670) 37.2 (245/658)
P-value� 0.006 0.14 0.95 0.26

Atopic rhinitis
Time trendw

Total ‰ 3.4 (33/980) 13.3 (138/1036) 27.3 (233/853)
P-value Reference 0.0001 0.0001 0.39

Sex differences
Males 4.7 (23/493) 14.9 (77/516) 31.0 (126/407)
Females 2.1 (10/487) 11.7 (61/520) 24.0 (107/446)
P-value� 0.02 0.13 0.02

Non-atopic rhinitis
Time trendw

Total 2.8 (27/980) 12.6 (131/1036) 11.8 (101/853)
P-value Reference 0.0001 0.003 0.016

Sex differences
Males 2.4 (12/493) 11.2 (58/516) 6.6 (27/407)
Females 3.1 (15/487) 14.0 (73/520) 16.6 (75/446)
P-value� 0.54 0.18 0.0001

Numbers represent the percentage (number with rhinitis/total number available for analysis at each assessment). The ‘All’ row shows data for all
children. The ‘atopic rhinitis’ row takes into account children with positive skin prick test (SPT) results; in contrast, ‘non-atopic rhinitis’ studied only
children with negative SPT results.
�P-value (two-sided) represents the difference between males and females.
wP-value for the time trend for rhinitis compared with reference group by generalized estimation equation.
zP-value for the sex–time interaction which represents the difference between all time-points and the reference group (age 1-or-2 or 4, respectively) in
regard to gender and age.
‰SPT was performed in symptomatic children only.
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negative transition between the 4–10- and 10–18-year
periods, irrespective of atopic status. Overall and in the
non-atopic group, testing for linear trends showed a
significant decrease in negative transitions (Po0.0001,
data not shown), but not in atopic children. There were no
significant gender differences in negative transition of
overall rhinitis and non-atopic rhinitis at any stage during
the study (Table 3). However, negative transition of atopic
rhinitis was significantly (P = 0.01) greater in boys (19.8%)
than girls (8.2%) in the 10–18-year study period (Table 3).

Complete remission could not be calculated after 10
years as only 7 children with rhinitis at age 1-or-2 or 4
years were rhinitis free at 10 and 18 years. Complete
remission after 4 years following symptoms at age 1-or-2
years was noted in 124/181 children. It was not associated
with the atopic status of the child, but was significantly
less common in non-atopic girls than boys (59.7% com-
pared with 76.9% in boys, P = 0.03).

Discussion

This study provides longitudinal assessment of the natural
history of current nasal symptoms or rhinitis in the first 18
years of life. To the best of our knowledge this is the first
paper to present such findings from an unselected whole
population birth cohort. High rates of cohort follow-up
were achieved throughout, minimizing selection biases
and enhancing the reliability of our findings. We have
shown that rhinitis (particularly atopic rhinitis) is increas-
ingly common throughout childhood and adolescence.
Potentially important differential gender effects upon
development of atopic and non-atopic rhinitis during
adolescence were found. At age 1-or-2 years, nasal

symptoms were largely non-atopic, more frequent in boys
and may not have represented typical allergic rhinitis. By
4 years of age prevalence of nasal symptoms had fallen
but appeared to represent a condition more consistent
with allergic rhinitis, showing greater association with
atopy. From 4 years onwards, new cases of rhinitis
increased through childhood and adolescence leading to
a steady rise in overall rhinitis prevalence without sig-
nificant gender differences or significant gender switch in
prevalence with puberty. We identified increasing atopic
rhinitis development from 4 years onwards, which was
significantly greater in boys from 10 to 18 years. After
falling from age 1-or-2 to 4 years non-atopic rhinitis
prevalence significantly increased thereafter. Non-atopic
rhinitis prevalence was significantly higher in girls at 18
years with significantly greater positive transition in girls
during adolescence. Although the number of remission
cases is small and limits our conclusion, there seem to be a
consistent pattern that negative transition of rhinitis was
highest in early childhood reflecting loss of early life non-
atopic rhinitis. We also observed that with time, negative
transition of childhood/adolescent rhinitis reduced
significantly and was always lower for atopic than non-
atopic disease. Indeed, complete remission of rhinitis from
4 years onwards was scarce indicating a generally persis-
tent condition.

Assessment of rhinitis at all follow-ups used an iden-
tical questionnaire-based approach. One potential limita-
tion of that approach is that it can be difficult to
differentiate between infectious and other forms of rhini-
tis in infancy when viral infections are acknowledged as a
significant cause of recurrent nasal symptoms [15]. We
demonstrated prevalence for current nasal symptoms of
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Fig. 1. Changes in atopic and non-atopic rhinitis prevalence for boys and girls over the first 18 years of life. Figures indicate rhinitis prevalence
(percentage with 95% confidence intervals) at each assessment for boys and girls, stratified by atopic status.
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15.8% at age 1-or-2 years with significant male predomi-
nance. This figure may well have included a proportion of
‘viral induced infectious rhinitis’ thus overestimating
rhinitis prevalence. Only 16.8% of rhinitis at 1-or-2 years
was associated with atopic sensitization. For these reasons
we did not use current nasal symptoms (rhinitis) at 1-or-2
years as the sole reference for comparison in subsequent
analysis but also presented those analyses using 4-year
data as a reference.

Another potential limitation of our study is that SPT
was not available for every subject. However, we did not
identify selection biases for SPT participation that were
likely to have affected our prevalence figures for atopic/
non-atopic rhinitis. Slightly more girls than boys had SPT
at 18 years but that would not have influenced the
increased prevalence of non-atopic rhinitis in 18-year-

old girls. Children with rhinitis were always more likely to
have SPT but we could find no indication that this would
have altered the relationships of atopic status and rhinitis
we found. More children of lower social class consistently
failed to have SPT but again this should not have
influenced the nature of our results.

Rhinitis is traditionally regarded as an atopic disorder
[16]. We confirmed high manifestation of atopy in those
with rhinitis during the first 18 years of life. Our data also
demonstrated that positive transition of atopic rhinitis
rose steadily between assessments and that incident rhi-
nitis at both 10 and 18 years was significantly more often
found to be atopic. Additionally, negative transition of
atopic rhinitis became less frequent with time. However,
we also identified more surprising findings in relation to
atopic rhinitis. We detected atopic rhinitis as early as age

Table 2. Positive transition from 1 to 18 years for rhinitis (current nasal symptoms)

Age 1 and 2–4 years %
(n/total)

Age 4–10 years %
(n/total)

Age 10–18 years %
(n/total)

Time and gender interaction
Age 4–18
P-valuez

All
Time trendw

Total 5.0 (48/955) 22.3 (243/1092) 28.4 (270/951)
P-value Reference 0.0001 0.0001 0.047
P-value Reference 0.046 0.84

Sex differences
Males 6.8 (32/474) 22.1 (122/552) 27.8 (131/472)
Females 3.3 (16/481) 22.4 (121/540) 29.0 (139/479) 0.84
P-value� 0.02 0.90 0.67

Atopic rhinitis
Time trendw

Total 3.7 (29/777) 12.1 (106/879) 20.2 (124/615)
P-value Reference 0.0005 0.0001 0.125
P-value Reference 0.0001 0.32

Sex differences
Males 5.6 (21/377) 13.0 (57/437) 24.5 (71/290)
Females 2.0 (8/400) 11.1 (49/442) 16.3 (53/325)
P-value� 0.009 0.37 0.01

Non-atopic rhinitis
Time trendw

Total 1.9 (15/777) 13.0 (114/879) 11.5 (71/615)
P-value Reference 0.0001 0.001 0.076
P-value Reference 0.038 0.036

Sex differences
Males 1.9 (7/377) 11.7 (51/437) 6.9 (20/290)
Females 2.0 (8/400) 14.3 (63/442) 15.7 (51/325)
P-value� 0.88 0.25 0.0007

A positive transition represents the change in the individual status from rhinitis-free to rhinitis. Numbers represent the percentage (number with rhinitis/
total number available for analysis at each assessment). The ‘All’ row shows data for all children. The ‘atopic rhinitis’ row takes into account children
with positive skin prick test (SPT) results; in contrast, ‘non-atopic rhinitis’ studied only children with negative SPT results.
�P-value (two-sided) represents the difference between males and females.
wP-value for the time trend for rhinitis compared with reference group (age 1-or-2 or 4, respectively) by generalized estimation equation. The time trend
is controlled for the trend of gender interaction.
zP-value for the gender–time interaction which represents the difference between all time-points and the reference group (age 1-or-2 or 4, respectively)
in regard to sex and age.
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1-or-2 years. This counters expectations set by the notion
of an allergic march [17] predicting an atopic burden of
eczema and food allergy in earlier childhood without
allergic rhinitis until adolescence. Support emerges for
our findings from studies in other populations. Results
from the BAMSE birth cohort [18] highlighted substantial
aeroallergen sensitization by age 4 years with further
incident cases between 4 and 8 years. If such findings are
replicated in other data sets, revision of the previously
accepted nature of an allergic march may be warranted.
Increasing aeroallergen sensitization in the first decade of
life could perpetuate a state of tissue inflammation
responsible for propagating the development of atopic
rhinitis detected in our cohort from 4 to 10 years. The fact
that we detected substantial early (at age 4 years) co-
morbidity of rhinitis and asthma and that this was greater
than the co-morbidity of eczema and rhinitis suggests
parallel rather than consequential development of child-

hood allergic manifestations. This high co-morbidity
of rhinitis with asthma in all assessment periods
(30.8–47.5%) lends further support to the ‘one airway-
one disease’ concept of airways disease [5].

We expected to find male predominance for a strongly
atopic disorder such as rhinitis during the prepubertal
period since previous studies [11] have described male
predominance of related conditions like asthma during
that time. It is noteworthy that, after age 1-or-2 years
(when nasal symptoms probably did not solely reflect
allergic rhinitis) we found no significant gender difference
for overall rhinitis prevalence from 4 to 18 years. How-
ever, atopic rhinitis was higher in males at both 4 and 18
years. We concluded that puberty occurred between 10
and 18 years for the majority of study subjects as evidence
of puberty at the 10-year assessment was minimal.
Although overall rhinitis prevalence was higher in 18-
year-old girls we could not identify significant change in

Table 3. Negative transition from 1 to 18 years of life for rhinitis (current nasal symptoms)

Age 1 and 2–4 years %
(n/total)

Age 4–10 years %
(n/total)

Age 10–18 years %
(n/total)

Time and gender interaction
Age 4–18
P-valuez

All
Time trendw

Total 93.1 (175/188) 54.1 (33/61) 39.2 (110/281)
P-value Reference 0.0007 0.0001 0.57
P-value Reference 0.40 NC

Sex differences
Males 94.3 (100/106) 50.0 (18/36) 41.3 (59/143)
Females 91.5 (75/82) 60.0 (15/25) 37.0 (51/138)
P-value� 0.44 0.44 0.46

Atopic rhinitis
Time trendw

Total 11.2 (19/169) 21.8 (12/55) 13.7 (29/211)
P-value Reference 0.31 0.18 0.24
P-value Reference 0.87 0.77

Sex differences
Males 12.6 (12/95) 20.0 (6/30) 19.8 (20/101)
Females 9.5 (7/74) 24.0 (6/25) 8.2 (9/110)
P-value� 0.52 0.72 0.01

Non-atopic rhinitis
Time trendw

Total 81.1 (137/169) 30.9 (17/55) 25.6 (54/211)
P-value Reference 0.0004 0.0001 0.77
P-value Reference 0.69 0.98

Sex differences
Males 81.1 (77/95) 26.7 (8/30) 23.8 (24/101)
Females 81.1 (60/74) 36.0 (9/25) 27.3 (30/110)
P-value� 0.99 0.46 0.56

�P-value (two-sided) represents the difference between males and females.
wP-value for the time trend for rhinitis compared with reference group (age 1-or-2 or 4 years, respectively) by generalized estimation equation. The time
trend is controlled for the trend of gender interaction.
zP-value for the sex–time interaction which represents the difference between all time-points and the reference group (age 1-or-2 or 4 years,
respectively) in regard to sex and age.
NC, not calculable.
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gender predominance with puberty for overall rhinitis in
our cohort; contrary to previous observations for asthma
[8–10]. Much interest has surrounded the concept of a
switch in prevalence of atopic disorders from male pre-
dominance in childhood to female predominance after
puberty [11]. Contributory roles of sex hormonal influ-
ences [19] and obesity [20–23] have been proposed in this
regard for asthma and may have complex interacting
influences on changing dynamics of lower airway disease
prevalence during adolescence. Given the common co-
morbidity of asthma and rhinitis it is plausible that similar
influences might be relevant to the changing dynamics of
upper airway disease (rhinitis) prevalence during adoles-
cence too. Indeed, recent work [24] has identified poten-
tial associations between adipokine levels and expression
of childhood allergic rhinitis.

We found differential interactions of gender with rhini-
tis development based upon adolescent atopic status.
Thus, boys showed significantly greater development of
atopic rhinitis while girls showed significantly greater
development of non-atopic rhinitis during adolescence.
A similar differential gender relationship has been pre-
viously reported for adolescent asthma [8] in the Dunedin
cohort. Several studies have also found greater female
incidence of lower airway disease during adolescence
[8–10] which when characterized was predominantly
non-atopic [8, 10]. Our findings suggest similar expres-
sion of non-atopic upper airway disease in adolescent
girls. Female predisposition to development of both non-
atopic upper and lower airways disease could partly
reflect the complex effect of sex hormonal- and adipose-
related hormonal (such as leptin or adiponectin) changes
associated with the changing physiology of pubertal
females. Female sex hormone levels have been linked to
increased fat mass [25]; a relationship that might be
exacerbated by an altered adolescent hormonal environ-
ment. While data is lacking for rhinitis at present, studies
have identified associations between central obesity and
asthma in parallel with an inverse relationship between
atopic sensitization and obesity for both childhood and
adult asthma [23, 26]. While adolescent girls appear more
predisposed to non-atopic rhinitis development, it is
worth considering whether male physiological changes
during puberty may also serve a protective role against
development of non-atopic rhinitis. We observed that
boys had a considerable fall in non-atopic rhinitis

prevalence (11.2% at 10 years to 6.6% at 18 years) due to
lower positive transition for non-atopic rhinitis during
adolescence and lower incidence at 18 years for non-
atopic rhinitis. Conversely, adolescent boys appeared to be
more predisposed to developing atopic rhinitis. This may
again parallel changes previously seen for wheeze/asthma
development [8] or persistence [10] during adolescence in
boys where atopy emerged as a significant risk factor.
Thus, male-related pubertal factors may protect against
development of non-atopic rhinitis but predispose to, or
perpetuate, a risk of developing atopic rhinitis. It is
probable that perceived pubertal influences of gender on
allergic diseases are not determined solely by atopic status
but arise from an interaction of as yet undetermined
factors. Other differential influences that might be
mechanistically relevant include potential roles of genetic
predisposition, environmental exposure and the role of
obesity.

In conclusion, rhinitis prevalence increases steadily
during childhood to affect more than a third of the
population at 18 years. Atopic rhinitis becomes increas-
ingly common during adolescence, with male predomi-
nance and no evidence of a ‘gender switch’ in prevalence.
Non-atopic rhinitis shows a female predominance at 18
years as girls ‘grow into’ that state more than boys during
adolescence. These findings suggest that differential pub-
ertal-related factors may influence the development of
both atopic (in boys) and non-atopic (in girls) rhinitis.
Further investigation of relevant mechanisms for these
findings could considerably enhance our understanding
of rhinitis and is required in future studies.
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