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ABSTRACT

Background: The prevalence of childhood asthma, rhinoconjunctivitis, and eczema in the city of Patras, Greece, has been fol-
lowed in four consecutive surveys since 1991. After a continuous rise in the prevalence of all three of these disorders, a plateau was
reached for asthma between 2003 and 2008, whereas the prevalence of rhinoconjunctivitis and eczema continued to increase.

Objective: To investigate these trends in the same population into the following decade.

Methods: We repeated two methodologically identical cross-sectional parental questionnaire surveys in 2013 and 2018
among 8-9-year-old schoolchildren (N = 2554 and N = 2648, respectively). In 2018, spirometry and fractional exhaled nitric
oxide (FeNO) measurements were also performed.

Results: Current asthma (i.e., wheeze/asthma in the past 2 years) decreased from 6.9% in 2008 to 5.2% in 2013 and 4.3%
in 2018 (p for trend < 0.001). The prevalence of lifetime (“ever had”) rhinoconjunctivitis also declined (5.1% in 2008, 4.4%
in 2013, 3.0% in 2018; p for trend < 0.001), whereas that of lifetime eczema increased (10.8%, 13.6%, and 16.1%, respec-
tively; p for trend < 0.001). The relative risk of current asthma in children with ever-had rhinoconjundtivitis was 7.73 in
2008, 6.00 in 2013, and 6.69 in 2018, whereas the relative risk in those with ever-had eczema was 5.15, 2.80, and 2.22, respec-
tively. Among children with asthma, those with rhinoconjunctivitis had lower forced expiratory volume in the first second of
expiration and higher FeNO values than those with eczema.

Conclusion: The prevalence of asthma and rhinoconjunctivitis declined during the past decade in Greek schoolchildren,
whereas the prevalence of eczema continued to rise. Nevertheless, the relationship between rhinoconjunctivitis and asthma

remained strong, whereas the association between eczema and asthma appears to have weakened.
(Allergy Asthma Proc 43:e17-e24, 2022; doi: 10.2500/aap.2022.43.210110)

dramatic increase in the prevalence of childhood

asthma, rhinoconjunctivitis (“hay fever”), and ec-
zema was noted throughout the 1980s and 1990s in
Westernized societies." This “asthma and allergy epi-
demic,” however, seems to have decelerated into the
new millennium.>® In the International Study of
Asthma and Allergies in Childhood,* a plateau or even
a decline in the rates of asthma and atopic disorders
was noted in the early 2000s in high prevalence coun-
tries.”” Similar trends were reported in two independ-
ent US. studies®® and in the Aberdeen, Scotland
surveys the longest cross-sectional study of asthma,
hay fever, and eczema in children.'”!! By using identi-
cal parental questionnaires in four repeated cross-
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sectional surveys conducted in 1991, 1998, 2003, and
2008, among 8-10-year-old schoolchildren in Patras,
Greece, we reported a continuous increase in the prev-
alence of rhinoconjunctivitis and eczema'*'?; the prev-
alence of asthma also increased from 1991 to 2003,
followed by a plateau between 2003 and 2008'*"> and
a decline in 2013 and 2018."

In the present study, when using identical methods,
we further examined the prevalence of allergic asthma,
rhinoconjunctivitis, and eczema in the two most recent
surveys in 2013 and 2018. We hypothesized that, similar
to the international trends, the prevalence of allergic re-
spiratory disorders and eczema would eventually stabi-
lize or, perhaps, decline in the past decade in Greek
schoolchildren. Furthermore, in the 2018 survey, we
performed fractional exhaled nitric oxide (FeNO) meas-
urements to assess atopic inflammation in relation to
reported symptoms and spirometric evidence of airway
obstruction.

METHODS

Standard Questionnaire and Study Design

A standardized parental questionnaire, identical to
that of previous surveys,'>™ was distributed to third
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and fourth grade schoolchildren (8 and 9 years old) in the
city of Patras, in 2013 and 2018. It included simple ques-
tions on current (ie., in the past 2 years) and lifetime
(ie., “ever had”) physician-diagnosed wheeze/asthma,
rhinoconjunctivitis, and eczema. The exact wording of
the questionnaire remained unchanged in the six cross-
sectional surveys (1991, 1998, 2003, 2008, 2013, 2018) and
is presented in Appendix 1. The method of distribution
and collection of the questionnaires has been described
elsewhere; all six surveys were conducted in the
months of January and February.'*™'® Similar to pre-
vious surveys, the presence of a history of (“ever
had”) rhinoconjunctivitis and/or eczema in school-
children with current wheeze/asthma was termed
“allergic asthma”; children with no such history were
termed “non-allergic”.'%'*!3® Telephone confirma-
tion was sought for all questionnaires with at least
one positive answer and in an equal number of ran-
domly selected negative questionnaires.'®

Spirometry and FeNO Measurement

In the 2018 survey, all the participants who
responded to telephone confirmation were invited for
spirometry and FeNO measurement between June 18
and September 7, 2018, at the pediatric respiratory unit
of the University Hospital of Patras. They were
required to have interrupted any asthma and/or sys-
temic antihistamine medication and to be free of respi-
ratory symptoms for at least 2 weeks. Topical
treatment interruption for allergic rhinitis and/or rhi-
nosinusitis and/or eczema was not a prerequisite.
Spirometry was performed with a Micro 5000 spirome-
ter (Medisoft, Sorinnes, Belgium) according to stand-
ard guidelines.'” Forced expiratory volume at 1 second
(FEV;) values were assessed according to Global Lung
Initiative normative data.'® The FeNO measurement
preceded spirometry; it was conducted at a flow of 50
mL/s with a FeNO" device (Medisoft), according to
the established guidelines."”

Ethics

Formal approval was obtained for both surveys from
the ethics committee of the University Hospital of
Patras, the Regional Directorate of Primary Education,
and the Greek Ministry of Education. Parental written
consent forms were distributed and collected with the
questionnaires. Spirometry and FeNO measurement
were performed after additional written parental con-
sent and child’s verbal assent. Appropriate manage-
ment was delivered, and treatment was prescribed as
needed for the occasional child who, although asymp-
tomatic, was unexpectedly found to have worrisome
lung function and/or an increased FeNO value. Such
children were referred to their physician who was also
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notified by the member of our team who conducted
the measurements.

Statistics

The prevalence of wheeze/asthma, rhinoconjunctivi-
tis, and eczema were calculated as the ratio of cases to
the total number of responders. Logistic regression
analysis with adjustment for sex was used to calculate
the prevalence change ratio (the relative prevalence
change) between consecutive surveys. One-way analy-
sis of variance with the Tukey post hoc test for multiple
comparisons was used to compare FEV; and FeNO
values among the different groups. Statistical analyses
were performed by using the IBM SPSS version 27
(IBM Corp., Armonk, NY). A p value of <0.05 was con-
sidered as statistically significant.

RESULTS

Overall, 3086 questionnaires in 2013 and 3135 in 2018
were distributed to 44 public primary schools of the
metropolitan area of Patras; the same 44 schools were
surveyed in 1998, 2003, and 2008. The target sample
represented 89.8% of the local population within
the age range of the study in 2013 and 91.2% in 2018.
The collection rate was 85.6% in 2013 and 86.7%, in
2018. After excluding those with missing or inconsis-
tent responses, 2554 questionnaires were analyzed in
2013 and 2648 were analyzed in 2018. A detailed study
chart is shown in Appendix 2.

The prevalence of current and lifetime wheeze/
asthma, rhinoconjunctivitis, and eczema over the 27-
year follow-up period is shown in Table 1 and
Appendix 3. After its initial rise from 4.6% (95% confi-
dence interval [CI], 3.8 — 5.4%) in 1991 to 6.9% (95% CI,
5.9 — 7.9%) in 2003, current wheeze/asthma reached a
plateau between 2003 and 2008, and declined to 4.3%
(95% CI, 3.5 - 5.1%) in 2018 (2008-2018 p for trend <
0.001). Similarly, the prevalence of lifetime rhinocon-
junctivitis increased from 2.1% (95% CI, 1.5 - 2.7%) in
1991 to 5.1% (95% CI, 4.3 — 5.9%) in 2008 and decreased
to 3% (95% CI, 2.4 - 3.6%) in 2018 (2008-2018 p for
trend < 0.001). Conversely, the prevalence of lifetime
eczema increased continuously throughout the surveil-
lance period, from 4.5% (95% CI, 3.7 — 5.3%) in 1991 to
16.1% (95% CI, 14.7 — 17.5%) in 2018 (Table 1). The
prevalence change ratios between consecutive surveys
are shown in Table 2.

Changes in the prevalence of rhinoconjunctivitis and
eczema in children with or without wheeze/asthma
are shown in Table 3. After a continuous increase from
1991 to 2008, the prevalence of rhinoconjunctivitis
decreased in both children with asthma and children
without asthma from 2008 to 2018, whereas that of ec-
zema continued to rise in those without asthma and
stabilized among those with asthma. The relative risk

January 2022, Vol. 43, No. 1



Table 1 Prevalence of wheeze/asthma, rhinitis, rhinoconjunctivitis, and eczema

Year of Survey

1991 1998 2003 2008 2013 2018
(N =2417) (N = 3076) (N = 2725) (N =2688) (N = 2554) (N = 2648)

Wheeze/asthma, 1 (%)

Current 112 (4.6) 184 (6.0) 189 (6.9) 185 (6.9) 134 (5.2) 114 (4.3)

Lifetime 194 (8.0) 296 (9.6) 338 (12.4) 339 (12.6) 245 (9.6) 141 (5.3)
Rhinitis, 1 (%)

Current 123 (5.1) 201 (6.5) 217 (8.0) 236 (8.8) 264 (10.3) 369 (13.9)

Lifetime 145 (6.0) 245 (8.0) 267 (9.8) 288 (10.7) 315 (12.3) 405 (15.3)
Rhinoconjunctivitis, 1 (%)

Current 43 (1.8) 83 (2.7) 98 (3.6) 105 (3.9) 83 (3.2) 40 (2.3)

Lifetime 51 (2.1) 104 (3.4) 125 (4.6) 136 (5.1) 113 (4.4) 50 (3.0)
Eczema, 1 (%)

Current 60 (2.5) 104 (3.4) 135 (5.0) 150 (5.6) 241 (9.4) 323 (12.2)

Lifetime 109 (4.5) 194 (6.3) 258 (9.5) 290 (10.8) 347 (13.6) 426 (16.1)
Any allergic disorder, n (%)

Current 86 (3.6) 173 (5.6) 203 (7.4) 235 (8.7) 300 (11.7) 344 (13.0)

Lifetime 142 (5.9) 270 (8.8) 328 (12.0) 389 (14.5) 419 (16.4) 450 (17.0)

Table 2 Prevalence change ratios (odds ratios [95% confidence intervals]*) of wheeze/asthma, rhinitis, rhino-
conjunctivitis, and eczema between consecutive surveys

Years of Survey

2003-2008

2008-2013

2013-2018

1991-1998 1998-2003

Wheeze/asthma

Current 1.36 (1.01-1.74)# 1.13 (0.91-1.39)

Lifetime 1.28 (1.05-1.54)# 1.27 (1.07-1.50)#
Rhinoconjunctivitis

Current 1.58 (1.09-2.29)# 1.31 (0.97-1.77)

Lifetime 1.68 (1.19-2.36)# 1.33 (1.02-1.75)#
Eczema

Current 1.41 (1.02-1.95)# 1.46 (1.13-1.90)#

Lifetime 1.47 (1.15-1.87)*  1.52 (1.25-1.84)*

Any allergic disorder
Current
Lifetime

1.65 (1.27-2.16)#
1.59 (1.28-1.96)#

1.33 (1.08-1.64)#
1.38 (1.17-1.64)#

0.99 (0.81-1.23)
1.02 (0.87-1.20)

1.09 (0.82-1.44)
1.11 (0.87-1.42)

1.14 (0.89-1.44)
1.16 (0.97-1.38)

1.19 (0.98-1.45)

0.75 (0.60-0.95)#
0.74 (0.62-0.88)#

0.83 (0.62-1.11)
0.87 (0.67-1.12)

1.76 (1.43-2.18)#
1.30 (1.10-1.54)*

1.39 (1.16-1.67)#

1.24 (1.06-1.45)# 1.16 (1.00-1.35)#

0.81 (0.62-1.04)
0.66 (0.54-0.81)#

0.45 (0.31-0.66)#
0.41 (0.29-0.58)#

1.33 (1.12-1.59)#
1.22 (1.04-1.42)*

1.12 (0.95-1.32)
1.04 (0.90-1.20)

*Data calculated by logistic regression analysis after adjustment for sex.

#Statistically significant value.

of wheeze/asthma among children with rhinoconjunc-
tivitis increased, from 4.05 (95% CI, 2.20-7.60) in 1991
to 7.73 (95% CI, 5.93-10.1) in 2008 and remained high
in both 2013 (6.00 [95% CI, 4.20-8.58]) and 2018 (6.69
[95% CI, 4.03-11.1]) surveys, despite the decrease in
the prevalence of rhinoconjunctivitis during that pe-
riod (Fig. 1, Appendix 4). The relative risk of wheeze/
asthma among children with eczema also increased,
from 3.27 (95% CI, 1.97-5.45) in 1991 to 5.25 (95% CI,
4.01-6.87) in 2003 but then progressively declined, to
2.22 (95% CI, 1.50-3.27) in 2018. The combination of
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rhinoconjunctivitis and eczema was associated with
the highest risk of wheeze/asthma in all six surveys
(Fig. 1, Appendix 4).

Overall, 127 with a positive response to a question
regarding current or non-current wheeze with or
without diagnosed asthma and/or rhinoconjunctivitis
and/or eczema and 77 children with negative
response to all questions of the questionnaire under-
went spirometry and FeNO measurements in 2018. Of
the positive responders, 77 were classified with cur-
rent wheeze/asthma, 66 with eczema, 31 with
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Table 3 Prevalence of lifetime rhinoconjunctivitis and eczema in children with and children without wheeze/
asthma

Year of Survey

1991 1998 2003 2008 2013 2018
Never wheeze/asthma, n 2223 2780 2387 2349 2309 2507
Rhinoconjunctivitis, % prevalence 14 2.3% 3.0 2.5 3.3 1.4t
Eczema, % prevalence 3.8 4.5 6.6 7.6 12.0t 15.1%
Both, % prevalence 0.3 0.4 0.7 0.4 0.9 0.8
Any, % prevalence 49 6.4% 8.91 9.7 14.3+ 15.7
Current wheeze/asthma, n 112 184 189 185 134 114
Rhinoconjunctivitis, % prevalence 8.0 13.0 19.6 29.2% 22.3 11.4%
Eczema, % prevalence 134 22.3 35.4% 38.4 30.6 29.8
Both, % prevalence 3.5 6.7 12.6 11.9 11.2 7.0
Any, % prevalence 17.9 28.8% 43.4% 55.7% 41.7% 34.2
Lifetime wheeze/asthma, n 194 296 338 339 245 141
Rhinoconjunctivitis, % prevalence 9.8 13.2 16.0 22.7% 16.2 109
Eczema, % prevalence 12.4 23.61 29.9 32.7 29.0 31.0
Both, % prevalence 4.7 5.4 11.5% 8.2 8.9 5.1
Any, % prevalence 17.5 31.4t 34.4 47.2t 36.3* 36.8

*p <0.05, significant change compared with the previous survey.
tp <0.01, significant change compared with the previous survey.
1p <0.001, significant change compared with the previous survey.
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Figure 1. Risk of current wheeze with or without asthma in children with rhinoconjunctivitis and/or eczema.

rhinoconjunctivitis (14 with both allergic disorders) eczema, or both, compared with those without a history
(Fig. 2). There were no differences in the median FEV; of these two allergic diseases (no allergy); however, chil-
z-scores among those with non-current wheeze/ dren with a history of rhinoconjunctivitis or rhinocon-
asthma with a history (“ever had”) rhinoconjunctivitis, junctivitis and eczema had higher median FeNO values
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Figure 2. Forced expiratory volume at 1 second (FEV) and fractional exhaled nitric oxide (FeNO) in children with non-current wheeze/
asthma and in those with current wheeze/asthma in relation to the presence of eczema (ECZ) and/or rhinoconjunctivitis (RC). Between-

groups comparisons were performed with Kruskal-Wallis test and the Dunn post hoc test.

among those with non-current wheeze/asthma. Among
children with current wheeze/asthma, those with a his-
tory of rhinoconjunctivitis or rhinoconjunctivitis and ec-
zema had lower FEV; and higher FeNO median values
than those without such a history (“no allergy”). In those
with a history of eczema alone, the values of neither
FEV; nor FeNO differed from those of children with “no
allergy” (Fig. 2), although there was a trend toward
higher FeNO levels (post hoc p=0.161).

DISCUSSION

After a continuous rise since 1991 and a phase of pla-
teau between 2003 and 2008 (four surveys), the preva-
lence of current wheeze/asthma has significantly
declined among Greek schoolchildren as shown in two
surveys during the past decade.'® Concomitant meas-
urements of rhinoconjunctivitis and eczema revealed
an increasing prevalence for both disorders between
1991 and 2008, with a subsequent diverging trend that
is presented in this study; the prevalence of rhinocon-
junctivitis decreased between 2008 and 2018, in parallel
with the prevalence of wheeze/asthma, whereas that
of eczema continued to rise. Nevertheless, ever-had
rhinoconjunctivitis remained a more important risk
factor for current wheeze/asthma than ever-had ec-
zema, whereas their coexistence rendered the highest
risk. Moreover, rhinoconjunctivitis, but not eczema
alone, was associated with lower FEV; and higher
FeNO values among schoolchildren with asthma.
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During the 27 years of surveillance, persistent or recur-
rent rhinitis apart from colds has also continued to
increase.

An increasing prevalence of childhood asthma, rhino-
conjunctivitis, and eczema throughout the19905,1’3’1(H4
with a subsequent stabilization or even decrease among
high-prevalence countries, has repeatedly been reported
in the literature.” " However, this “general” trend has
significant geographical and temporal variation, espe-
cially when it comes to allergic disorders. In three cross-
sectional surveys over a period of 20 years in Australia, a
stabilization of wheeze, current asthma, airway hyper-
responsiveness, hay fever, and eczema was noted in the
early 2000s.*° In the Aberdeen studies (seven surveys
between 1964 and 2014 in the city of Aberdeen,
Scotland), after a rise until the end of the previous cen-
tury, there was a deceleration and a subsequent decrease
in the prevalence of wheeze/asthma and eczema but a
continuous increase of rhinoconjunctivitis.''

In Sweden, three surveys in 1979, 1991, and 2007
showed a progressive increase in the prevalence of rhi-
noconjunctivitis but a leveling off of asthma and ec-
zema between 1991 and 2007.>> However, a study that
used Swedish and Danish national registries found an
increase in the incidence of asthma, a decrease in rhi-
noconjunctivitis, and no change in eczema during the
first decade of the new millennium.* Striking geo-
graphic and temporal inconsistencies were also
observed in the International Study of Asthma and
Allergies in Childhood phase I and phase I1I studies.””

e21



The divergence in trends of asthma and allergies into
the first decade of the new millennium has been previ-
ously discussed in more detail.'*'*1

Despite the significant decrease in the prevalence of
rhinoconjunctivitis during the past decade, this disor-
der continued to be associated with a high risk of
wheeze/asthma in our population; the risk was even
higher in children who reported both rhinoconjunctivi-
tis and eczema. However, the risk of wheeze/asthma
in those who reported eczema alone declined, despite
the continuing increase in the prevalence of eczema in
the past decade; in 2018, the risk of wheeze/asthma
was almost threefold lower in children with eczema
than in those with rhinoconjunctivitis. Importantly, in
the 2018 survey, FEV; and FeNO values of those with
asthma were adversely affected, particularly in chil-
dren with a history of rhinoconjunctivitis but equivo-
cally so in those with eczema alone. The results of
studies with regard to the FeNO increase in children
with eczema in the absence of respiratory allergy are
controversial.***°

In our study, there was a trend toward higher FeNO
values in those with noncurrent wheeze and with ec-
zema alone compared with those with noncurrent
wheeze without any allergic disorder (Fig. 2), although
the statistical analysis did not reveal a significant
post hoc difference between these two groups. A larger,
more focused study is required to resolve this issue. To
our knowledge, this was the first time that FEV; and
FeNO measurements were included in such an epidemio-
logic study in children. Taken together, the above find-
ings are in accord with the close relationship between
allergic rhinitis and asthma in childhood®*?%; they also
confirm the concordance of reported symptoms with
lung function abnormalities and airway inflammation,
which thus indirectly validated our questionnaire.

Similar to other reports that document diverging
trends between asthma and allergies,” > the decrease of
asthma and rhinoconjunctivitis in association with the
continuing increase in eczema cannot be considered con-
sistent with the “hygiene hypothesis,” even in its most
current versions.” However, the strong influence of
rhinoconjunctivitis on lung function and on the level
of bronchial inflammation in individuals with asthma
offers further epidemiologic support to the hypothe-
sis of “nose-lung united airway disease.”**

Our study had some limitations. First, its cross-
sectional design could not address the causality of
associations. Second, although more elegant ques-
tionnaires®”?! could have been used for rhinocon-
junctivitis and eczema, we opted to adhere to the
exact phrasing of our previous questionnaires for
reasons of comparability. Third, all individuals with
current wheeze, whether diagnosed with asthma,
are considered as having “asthma” in the risk-strati-
fication analysis; however, it should be remembered
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that these are children with physician-diagnosed
recurrent wheeze at the age of 6-7 years, i.e., most
likely with asthma. Fourth, as already mentioned in
the case of eczema, the small number of children in
the “allergy” subgroups of children with current and
non-current wheeze/asthma (Fig. 2) may have pre-
vented statistical significance of the differences in
spirometric values and/or FeNO measurements
between groups to emerge. Fifth, the finding that
chronic or recurrent rhinitis has continued to rise in
the most recent decade may raise concerns of under-
diagnosis of allergic rhinitis. The term “rhinitis,”
even when specified as chronic or recurrent, which
occurs “apart from colds,” refers to a heterogeneous
group of diseases, such as overlapping upper airway
tract infections identified as “a constantly runny
nose,” vasomotor rhinitis, and anatomic causes,
which may present with troublesome nasal symp-
toms and, thus, may exaggerate the prevalence of
upper airway allergic disease.”’ We elected to use
the more restrictive term of rhinoconjunctivitis in all
our surveys in accordance with other epidemiologic
literature,'® and, in the present study, we continue
to do so, also for comparability purposes.

The question on what drives the changing prevalence of
asthma and allergies, despite well-characterized risk factors
and the divergence of the epidemiologic expressions of the
“atopic march,” remains unanswered.'® Atmospheric pol-
lution is an unequivocally established risk factor of
asthma,* which drastically declined in the large cities of
the United Kingdom in the 1960s through 1980s; however,
it was during this period that asthma increased most
steeply.”® In Greece, for the most part of the second
decade of the new century (years of financial crisis and
austerity), a rapid decay of air quality was noted due to
the use of low-cost wood and biomass for the heating
of homes in urban environments*; however, it was
during this time that the drop of wheeze/asthma prev-
alence among schoolchildren was noted in the city of
Patras. With regard to indoor cigarette smoking, we
found (unpublished data) that the number of packs
smoked yearly in the homes of schoolchildren in
Patras had not changed during 1998-2018, a time dur-
ing which wheeze/asthma prevalence rose, stabilized,
and then declined. In the absence of an overall biologic
hypothesis that can explain these trends, we propose
that many well-established risk factors, which operate
solely or in various combinations in space and time,
may be responsible for the diversity of available epide-
miologic observations; the possibility of yet unknown
factors cannot be excluded.

CONCLUSION

Our findings in six repeated cross-sectional surveys
showed that, after a marked increase since 1991, the
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prevalence of asthma and rhinoconjunctivitis declined
during the past decade in schoolchildren in Patras,
Greece, whereas the prevalence of eczema continued
to increase. Nevertheless, the relationship between rhi-
noconjunctivitis and asthma remained strong through-
out the 27-year surveillance period, whereas the
association between eczema and asthma seemed to
have weakened. Our spirometric and FeNO measure-
ments in the 2018 survey, despite the small numbers in
various subgroups, corroborated these findings and
validated our parental questionnaire as an epidemio-
logic tool in the assessment of respiratory allergies and
eczema in Greek schoolchildren.
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