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ABSTRACT

Background: Published data shows different prevaerends depending on the region of
Europe.

Aim: The aim of the study was to analyze time teeatithe frequency of the respiratory
symptoms and allergic diseases in school childééegia, Poland) over the last 21 years.
Methods: We compared the results of four populatiased surveys performed in a town of
Chorzow in 1993, 2002, 2007 and 2014 in childreedadr10 years. All four studies had the
same study protocol, recruitment (cluster, sch@seld sampling), questionnaire (WHO
respiratory health questionnaire) and the sameipahinvestigator The surveys included 1130
children in 1993, 1421 children in 2002, 1661 dtéldin 2007 and 1698 in 2014.

Results: The results covered a 21 year span amvdesha statistically significant (p<0.05)
increase in the prevalence of the following physietliagnosed disorders (1993-2002-2007-
2014): asthma (3.4%-4.8%-8.6%-12,6%); allergicittar{4.3%-11.9%-15.9%-13.9%); atopic
dermatitis (3.6%-7.9%-12.0%-13.9%); allergic comjtivitis (4.3%-7.9%-8.3%-7.9%); A
simultaneous increasing trend (p<0.05) in the kstat dyspnea (3.9%-5.9%-7.0%-7.3%) and
symptoms (wheeze, dyspnea, cough) induced by eeefti5%-10.6%-22.0%-22.4%) and - at
the same time - decrease (p<0.05) in the prevalehoceugh (31.6%-19.6%15.4%-14.4%).
Among children with diagnosed asthma during thgedr span there was significantly (p<0.05)
increased proportion of treated children (51.3%8%+69.5%-60.7%) and a lower frequency of
presenting current symptoms.

Conclusions: Our findings are in line with the ceptof a real increase in the occurrence of

asthma and allergic disease in children. The patt®olves not only physician-diagnosed



allergic diseases but also occurrence of symptefased to respiratory disorders. Diagnosed

asthma is better treated and better controlled.



INTRODUCTION

Allergic diseases are very common, especially anabilgren. Over the second half of
the 20th century, the prevalence of allergic dissamcluding asthma, increased significantly
worldwide with the highest increase observed iugtdalized nations [1-3]. Currently, the
frequency of allergic diseases varies geograplyicddibally with different temporal patterns in
the same populations. The best documented epidegyiolf allergic disease is childhood
asthma. Actual data shows significant differenceshildhood asthma frequency between
Europeans countries, ranging from 1.4%-1.7% in Bsl§4] and Ukraine [5] through 7.7-9.6%
in Sweden and Hungary and up to 21.6-29.7% innceknd the UK [2, 6-8]. In addition, the
direction of the time trends of asthma and its symms differ with evidence of decline in
Belgium, Sweden, and the UK; plateaus in Spain;iaagkases in countries including Finland,
Romania and Ukraine [2, 9]. Similar differences albserved in case of atopic eczema and
allergic conjunctivitis [3, 9]. These results sugfgihat there is not a common pattern for asthma
and allergic disease prevalence in Europe. Momi¢goprevalence changes over time should be
completed and interpreted in regional populatiarehsas within individual countries. Such
summarized data gives a better picture of the epimlegy of allergic diseases and is helpful not
only in planning national health care needs but wgredict trends in the future.

In a previous study we found statistically sigrafit increases in the prevalence of
allergic diseases diagnosed by a physician andraésry symptoms suggestive of asthma
tendency. In 2014 we expanded on the previous diyagpeating a cross-sectional study as has
been completed before to further investigate cheumgasthma prevalence, now up to 21 years

making use of four time points. We further expandlte previous investigation of temporal



trends by investigating changes in the managenfeagtbma among children and profiling
children with asthma with regard to report of regfmry symptoms and allergic conditions. More
specifically, our objective was to determine whethereases in the prevalence of asthma and
related conditions was continuing in this commuaityl to identify if the profile of children with

asthma changed between 1993 and 2014.



METHODS

Study design and study population

This study consisted of four repeated cross-geatisurveys in the same location and
using the same survey with identical methodolodys protocol has been described previously
as part of our earlier investigation of the temptnends in asthma prevalence [10, 11]. In brief,
this study was completed in Chorzow, Poland in 12882, 2007, and 2014. Chorzow is an
industrial center, part of the Silesian Agglomematin the Upper Silesian Industrial Zone with
coal mining and metallurgical operations. Over2feyears of study, Chorzow’s population
ranged between 127,049 and 111,168 [12]. No m&@anges in the population structure
occurred during the study period [12]. For examile,proportion of children 14 years and
younger ranged between 16.6% in 1995 to 14.5% 113 2@th no noticeable migration.[12] In
Chorzow, as well as in the whole Silesia regiomdtveas observed significant reduction of air
pollution [14].

Schools were randomly selected for inclusion ®gtudy in 1993. In subsequent survey
years, the same schools were included in ordeentmve any bias that may occur by resampling
schools. All children between 7 to 10 years of ajending selected schools were eligible for
inclusion. A study package, which included a legeplaining the study objectives, a written
consent form, and a survey were sent home thrcwgbdhools for self-completion by the parent
or guardian. Once completed, the survey was retuiméhe school where it was picked up study

staff.



Study instrument and oper ational definitions

The same study instrument was used in each roludat® collection. This was a 17 item
survey asking about age, sex, doctor’s diagnosésthima, respiratory symptoms, and allergic
disorders. The survey was based on the Polisliovels5] of a validated children’s lung health
guestionnaire [16] that was also used in the CERueopean Study of Air Pollution and
Respiratory Health [17].

The list of diagnosed allergic disorders was basedelf-report and included asthma,
obstructive bronchitis, allergic rhinitis, allerggonjunctivitis, atopic dermatitis, pollen-, dust-
and food- allergy each asking about a previous iplaysdiagnosis ever in the past. Asthma and
other diagnoses of allergic diseases/disorders wlefamed according to the answer to the
guestion “Has a child ever hadiyen disease] diagnosed by physician?”. In addition to this,
information about the age of diagnosis and curtersitment was ascertained for a report of an
asthma diagnosis or an obstructive bronchitis diagn

Chest wheezing (ever) was defined according tatissver to the question: “Has a child
ever had wheezing or whistling in the chest at amg in the past?”. Current chest wheezing
was defined according to the answer to the questldas a child’s chest sounded wheezy or
whistling in the last 12 months?”. Attacks of dyspn(ever) were defined according to the
answer to the question “Has a child ever had astatklyspnea?”. Current dyspnea attacks were
defined based on the answer to the question “Hasld had attacks of dyspnea during the last
12 months?” Dry cough during the night was defiaedording to the answer to the question
“Has a child had a dry cough at night in the léainionths, apart from coughing with a cold or

chest infection?”. Morning cough was defined acoagdo the answer to the question “Does a



child usually cough in the morning in autumn/winteason?” while chronic cough was based on
the question “ Did a child cough on most days foteast 3 months consecutively in the last

autumn/winter season?”.

Statistical analysis

All analyses were completed using SPSS 20. Statistignificance was defined by an
alpha level of 0.05. Descriptive analysis of coititfrequency was conducted through the
calculation and presentation of prevalence [95%idence intervals (Cl)]. All analyses were
completed to investigate the temporal trends irditam prevalence. This was completed overall
then stratified by sex given the different pattamallergic disease prevalence between boys and
girls and the gender switch around puberty. Inytjaltatistical analysis was completed using a
chi-square test for trends.

Following this initial analysis, a multiple logistregression model was fitted with
calendar year as the primary independent variaidetlae medical condition as the outcome with
adjustment for age and sex. Because of resultsisee@anadian population where diagnostic
differences in girls may have been occurring butamong boys [18], effect modification
between calendar year and sex was assessed.

In order to investigate a potential labeling effélse ratio of children with current
wheeze to ever-diagnosed asthma was calculatedldition to this, we examined the
characteristics of those with diagnosed asthmadtict) age of diagnosis, use of treatment

strategies, and report of respiratory and allesgioptoms by study year. The Kruskal-Wallis



test was used to test differences in age of diagiysstudy year and the chi-squared test was

used to test differences in report of treatmentrasgiratory symptoms by study year.



RESULTS

There were 1,137 participants in 1993, 1,487 @adhts in 2002, 1,661 participants in
2007, and 1,698 participants in 2014, which wdeadt 25% of the total target population in the
community. Participation rates for the study we2&o74n 1993, 82% in 2002, 83% in 2007 and
76% in 2014. There was no difference in the setxidigion between years with 49.3%, 50.5%,
48.4%, and 50.5% females in 1993, 2002, 2007, and Zespectively (p=0.5). There were also
no differences in mean age by year of study [189B8years (SD=0.9); 2002: 8.6 years
(SD=1.2); 2007: 8.7 years (SD=1.1); 2014: 8.6 yéaB3=1.2)].

Table 1 presents the prevalence of diagnosed astt@spiratory symptoms, and allergic
conditions. Overall, the prevalence of asthma iased from 3.4% in 1993 to 12.6% in 2014.
This distinct rise in asthma prevalence was noentesl for current wheeze. Symptoms of
current dyspnea attacks, exercise-induced respyrayonptoms, specific allergic conditions, and
report of any allergy or allergic condition alsmealed steady increases in prevalence although
there was less consistency with the specific altergnditions. In contrast, both chronic cough
and dry cough at night showed relatively consistedtictions in prevalence between 1993 and
2014.

Among children with current wheeze, the proportdrchildren who also reported a
previous diagnosis of asthma increased by study §ed993, 17.1% of children with wheeze in
the past 12 months had a previous diagnosis offrestthile this increased to 20.3%, 31.3%, and
45.1% in 2002, 2007, and 2014, respectively.

When stratified by sex (Table 2) both males amdailes showed steady increases in

asthma prevalence where in a given year, males iégher prevalence of asthma than females



(Males: 4.3% in 1993 to 15.1% in 2014; Females¥®i» 1993 to 10.1% in 2014). Similar
trends in symptoms over time were observed for budles and females although males
generally had a higher prevalence of a given sympuiocondition (Table 2).

After completing an adjusted analysis, the resuise consistent with the descriptive
analyses. As seen in Table 3, there was an inae&deof having a previous diagnosis of
asthma as calendar year increased while there evessaly a weak, non-significant association
between current wheeze and calendar year, witexbeption of 2007, which showed an
increased risk of report of current wheeze comptrd®93. Clear increases by calendar year
were seen for current dyspnea attacks, exercisg@ttrespiratory symptoms, and any allergy or
allergic condition while there was a clear inveread observed for chronic cough over time.
Females were at a statistically significant lowsk of each identified outcome with the
exception of current dyspnea attacks. We examirmatential interaction between sex and
calendar year and found that inclusion of an irtgwa term did not significantly improve any
model suggesting that the temporal trends werdaiinetween males and females (data not
shown).

Among those children with a previous diagnosissthana, there was a statistically
significant difference in the age of diagnosis twdy year (p=0.04). While the median age of
diagnosis in each year was 4, the mean age of aségaaried without a consistent pattern and
with differences that did not appear to be clidicahportant [1993: 3.5 years (SD=2.0); 2002:
3.7 years (SD=1.8); 2007: 4.6 years (SD=2.5); 2@l@years (SD=2.3)]. Table 4 presents the
prevalence of asthma treatment, respiratory symgtamd allergic conditions among children
with asthma in order to assess changes in manag@mpresentation of disease over time while

Table 5 repeats these analyses stratified by seong§y children with asthma, overall there was a



higher proportion of children who received treattfen asthma in recent years although this
was not observed after stratification by sex. Hosvein general, over the study period there was
a statistically significant reduction in the prexate of current wheeze, exercise-induced
symptoms, chronic cough, and dry cough at nightragrahildren with asthma. There were no
statistically significant changes over the studgiquefor specific allergic conditions among
children with asthma but there was an increaskeamtoportion of any allergy or allergic
condition being present among children with astlower the study period. As seen in Table 5,
the temporal trends are consistent between matefeamles. Among those with a previous
diagnosis of asthma, there was not a statistisajiyificant difference between males and

females with regard to the prevalence of reporgsgiratory symptoms or allergic diseases.



DISCUSSION

The results of our study suggest an increasinggbeace of asthma and other allergic
conditions among children over a 21 year periothfd®93 to 2014. This was observed along
with a generally increasing prevalence of thosadpéieated for asthma among those with
asthma and a decreasing prevalence of respiragorgtems among those who have asthma.
Through this investigation of temporal patternsweze able to expand on previous studies by a
thorough investigation of multiple time points, ogfing of patterns over time among those with
asthma, formal evaluation of effect modificatiortime trends by sex, and adjustment for age
and sex.

Asthma prevalence has increased over the pasideades although the increases have
not been consistent by location making it importantonsider asthma epidemiology at a
regional level. Most regions that have experierarethcrease in asthma prevalence were those
of industrialized or “Westernized” nations. Howewveore recently, there have been several
studies suggesting a plateau in the prevalencstbira and related conditions, although this has
not been consistent either, again justifying thponance of investigating time trends in asthma
prevalence at a regional level given its impactiaindividual and society. In our study, asthma
prevalence increased relatively consistently adtosgeriod of observation. Over the past 25
years, Poland has undergone political, social,eartvitonmental transformation as it moved
towards more Westernized practices and into thef&aan Union. Some of these changes in
lifestyle could account for the increases in astlpnesvalence observed. In a previous study of
children living in villages compared to a town ial&hd, there was a significant increase in the

prevalence of atopy in villages between 2003 arkPZ@.3 to 19.6%) but no difference in the



town (20.0 to 19.9%) [19]. Asthma prevalence wéatineely stable between the time points
(approximately 4-5%) [19]. Similar to these resytisevious comparisons of the prevalence of
asthma and allergic disease in East Germany shaftdy unification (1995-6 vs 1991-2) showed
increases in the prevalence of allergic disordatsb differences in the prevalence of asthma
[20]. The prevalence of asthma in our study wabkdrigind increased over time compared to the
previous studies. A difference between the prevgiudies and ours were that different overall
time periods were considered. A different studyvéeer, showed increases in both asthma
prevalence and the prevalence of allergic disorbdetsween three time points in Eastern
Germany after unification (1992-3, 1995-6, and X9p@1]. When considering changes post-
unification, between 1989 and 2014, in generaklewof asthma prevalence in the former
Eastern Germany have increased and convergeddis lef/\Western Germany [22].

More similar to our work, results from Poland, andst of Eastern and Northern Europe,
from the ISAAC study also showed increases in aateymptoms between repeated phases in
the early 1990’s and 2002-03. The prevalence tinaestin our study was more comparable to
the results reported in the ISAAC study which rahbetween 7.8 and 13.6% [9]. We expanded
on the temporal investigation by examining trenp4ai2014. Despite the similarity with
ISAAC results, the prevalence of asthma observediirstudy was still higher than what has
been observed in previous studies of Eastern Elfof}e

It has previously been suggested that diagnadstitfeom related conditions such as
spastic bronchitis to asthma may account for tbeesmses in prevalence [17, 23]. While some of
the increase in asthma prevalence observed intedy sould be linked to diagnostic shift, we
believe that the increase in asthma prevalencectsfh true increase in the disease frequency for

several reasons. First, with the exception of cisroaugh, there has been a parallel increase in



respiratory symptoms including dyspnea attacksexucise-induced symptoms. Second, there
has also been a parallel increase in any allergdlengic disease, conditions related to asthma,
especially among children where asthma is moren@tiergy linked. Third, a higher proportion
of children with asthma have been treated for agtimmecent years and a higher proportion of
children with asthma reported allergic conditiomsecent years. While the prevalence of
respiratory symptoms has decreased in recent geawag children who had a diagnosis of
asthma, this could result from improved managenmate accurate diagnosis and subsequent
management, or a milder form of disease. Fourtlmranchildren who had current wheeze, there
was an increase in the proportion of those who @ported a diagnosis of asthma. Finally, the
basic characteristics of asthma including age afmbsis and sex distribution have remained
relatively consistent over the time period undadgt Similar findings were reported from
Canada in the 1980’s and 90’s where there was semdence of diagnostic exchange explaining
the rise of asthma prevalence [13]. However, tlagmibstic exchange could not explain the
whole increase in asthma prevalence suggestingricoeases in the prevalence of disease.

We also observed increases in the prevalencdavfi conditions. This is similar to
previous reports from other countries in Europe3|2, 19, 20, 22] and more globally with some
variation by geographic location [9, 24, 25]. Th@lanation of the observed trend of allergic
diseases is difficult because many factors may pbeysuch as environment, socio-economic
status, and lifestyle changes. The impact of geffiatitors on the trend is highly unlikely given
the time frame of the surveys. Furthermore, instioely area the population is very stable and
infout migration is virtually non-existent. Betwesuarvey differences cannot be convincingly
attributed to changes in clinical practices overrported period - diagnostic guidelines were

introduced at the beginning of that period and Haaen followed since. Moreover, in the study



area, the availability of pediatric allergology\sees is stable and meets the needs in the field of
pediatric asthma and allergic disorders. In oudgtthere was a high proportion of children with
asthma who also had an allergic condition suclhiatis or atopic dermatitis. During the 21
years of observation, the proportion of childrettvasthma who suffered from any allergic
diseases increased from 53% up to 82%. This mayssufhe idea that asthma and allergic
rhinitis are different clinical manifestations dfronic inflammation of the upper and lower
respiratory tracts with the same pathological maigm where it has previously been reported
that the proportion of patients with asthma wha algffer from allergic rhinitis ranges between
30-90% or that rhinitis may be a risk factor fothasa [26,27].

While the proportion of children with asthma whpoeed being treated increased and
the proportion of children with asthma reportingreat symptoms reduced, a large proportion of
children with asthma still reported symptoms intliegthat their condition may not be
adequately controlled. From a public health perspecthis represents a target for improvement.
However, it also represents a limitation in thespré study and a focus of future research to
identify the impact of asthma on daily living andadjty of life of children in this region as well
as to better describe the level of asthma severity.

There are several limitations that should be careml when interpreting the results of
our study. While we believe there is evidence fapsut the temporal trends observed and that
the increase in asthma prevalence is true, wedaralte to investigate the explanations for these
results. As this was a study of prevalence, oungry interest was a high response rate with
sufficient numbers to consider the research questimder study. As such, the survey we used
was short and we could not include informationisk factors such as smoking or indoor

environmental conditions. In addition to this, weresnot able to address some important



potential confounders including family history, BBeconomic status nor parental education.
There is some potential bias due to the differiagipipation rates. However, we anticipate that
this is minimal given that participation in eaclay&vas relatively high and stable across the
years. Another limitation is that these questioreswere based on self-report. However, these
guestions were based on standardized questionnaieglsin other epidemiological studies. In
order to address these problems, future studiagébe conducted to corroborate these results
in other areas of the country. Also, there shoedusther investigation into the reasons for the
increases in asthma prevalence including an assessfrisk factors. Conducting some
research into the diagnostic accuracy should adsmompleted.

Our study also had several strengths. We weretaldenduct this study at four time
points over 21 years allowing for excellent invgation of temporal patterns. By using the same
community, schools, and age groups, we were abiediace any bias that could result from
selection issues. We used the same survey at éaske pllowing for valid comparisons of
responses. We experienced good participation vatedarge sample sizes allowing for robust
estimates. Finally our analyses were appropriataridnvestigation of prevalence including a
presentation of results by subgroup, with configeimtervals, and with adjustment of age and
Ssex.

We were able to continue our investigation of trevplence of asthma and related
conditions in this community allowing for more acate and up to date assessment of temporal
trends. The results of our study suggest an inereeasthma prevalence in this region of Poland
over the past 21 years. This provides evidencesat$tatna is an increasing problem, at least in
this region, of Eastern Europe. If increases couetiim this region and in other areas of Eastern

Europe asthma could emerge as a major child hpedtiiem with immense health care resource



use as it has become in Westernized nations. Mamitof the situation and investigation of
explanations for these findings is critical for faéure well-being of the individual and economic
impact on the health care system. In addition i) the were able to improve our analytic
assessment of the trends by controlling for sonyeckafounders and to investigate the temporal

trends in the characteristics among children wtinaa

CONCLUSIONS

Our findings are in line with the concept of a rearease in the occurrence of asthma and
allergic disease in children in this part of Europke pattern involves not only physician-
diagnosed allergic diseases but also occurrensgnoptoms related to respiratory disorders. In

the same time diagnosed asthma is better treateetter controlled.
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Table 1 Prevalence of self-reported diagnosed asthespiratory symptoms, and diagnosed

allergic conditions by year of study

1993 2002 2007 2014
n=1137 n=1487 n=1661 n=1698
% % % % p-
(95%C1)  (95%CI) (95%CI) (95%CI) value*
Ever diagnosed asthi 3.4 4.€ 8.€ 12.¢ <0.00!
(2.4-45) (3.7-5.8) (7.2-9.9) (11.0-14.2)
Diagnosed obstructive bronch 8.t 21.2 15,1 15.1 0.0
(6.9-10.1) (19.2-23.2) (13.4-16.9) (13.4-16.8)
Current whee: 21.2 27.5 26.3 25.1 0.1c
(18.8-23.6) (25.1-29.4) (24.2-28.4) (23.0-27.2)
Current dyspnea attac 3.¢ 5.¢ 7.C 7.2 <0.00!
(2.7-5.0) (4.7-7.1) (5.7-8.2) (5.7-8.3)
Exercis+induced sympton 7.t 10.€ 22.C 22.4 <0.00!
(5.5-8.5) (9.1-12.2) (20.0-24.0) (20.4-24.4)
Chronic coug 31.¢ 19.€ 15.¢ 14.2 <0.00:
(28.9-34.3) (17.7-21.6) (13.7-17.1) (12.6-15.9)
Morning cougl| 36.2 34.1 28.C 24.C <0.00!
(33.4-39.0) (28.0-32.7) (24.9-29.2) (26.5-30.8)
Dry cough at nigt 43.€ 30.2 27.C 28.€ <0.00:
(40.7-46.5) (28.0-32.5) (24.9-29.1) (26.5-30.8)
Diagnosed allergic rhinit 4.2 11.¢ 15.¢ 13.¢ <0.00:
(3.1-5.5) (10.3-13.5) (14.1-17.7) (12.3-15.6)
Diagnosed allergic conjunctivi 4.2 8.2 8.¢ 7.€ <0.00!
(3.1-5.5) (6.9-9.7) (7.5-10.3) (6.7-9.2)
Diagnosed allelic dermatiti: 3.€ 7.€ 12.C 13.¢ <0.00!
(2.5-4.7) (6.5-9.2) (10.4-13.6) (12.3-15.6)
Any allergy or allergic disea 13.1 26.2 32.C 32.7% <0.00!
(11.1-15.1) (24.2-28.7) (29.7-34.2) (30.5-34.9)

* Based on chi-squared test for trends



Table 2 Prevalence of self-reported diagnosed asthespiratory symptoms, and diagnosed allergiditions by year of study and

sex
Males Females
1993 2002 2007 2014 1993 2002 2007 2014
n=576 n=736 n=857 n=840 n=561 n=751 n=804 n=858
% % % % % % % %
(95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% CI)  (95% CI) (95% ClI)
Ever diagnosed asthma 4.3 6.0 10.1 15.1 2.5 3.5 6.7 10.1
(2.7-6.0) (43-7.7)  (8.0-12.0) (12.7-17.5) (1.2-3.8) (2.1-48) (5.0-8.4) (8.0-12.0)
Diagnosed obstructive bronchitis 8.7 22.3 18.1 17.6 8.2 19.6 11.7 12.7
(6.4-11.0) (19.1-25.1) (15.5-20.7) (15.0-20.2)* (5.9-10.5) (16.7-22.4) (9.5-13.9) (10.5-14.9)
Current wheeze 13.7 15.2 14.8 14.4 10.9 13.8 15.6 9.9
(10.9-16.5) (12.6-17.8) (12.3-17.1) (12.0-16.8) (8.3-13.4) (11.2-16.2) (13.0-18.0) (7.9-11.9)
Current dyspnea attacks 4.3 7.5 6.7 7.7 3.2 4.2 7.3 6.9
(2.7-6.0) (5.6-9.4) (5.0-8.3) (5.9-9.5) * (1.7-4.7) (2.7-5.5) (5.4-9.0) (5.2-8.6)*
Exercise-induced symptoms 7.3 13.3 23.1 23.3 7.5 8.2 21.1 21.6
(5.2-9.4)  (10.9-15.8) (20.3-25.9)  (20.5-26.2 (5.3-9.7) (6.3-10.2) (18.3-24.0) (18.8-21.6)
Chronic cough 33.7 23.5 16.8 15.3 29.8 16.1 13.8 13.2
(29.8-37.5) (20.4-26.6) (14.3-19.3) (12.8-17.7)" (26.0-33.5) (13.5-18.7) (11.4-16.2) (10.9-15.4y
Morning cough 36.1 37.1 29.2 25.5 36.7 30.5 26.9 22.5
(32.2-40.0) (33.6-40.6) (26.1-32.2) (22.5-28.4) (32.7-40.7) (27.2-33.8) (23.8-29.9) (19.7-25.3y
Dry cough at night 42.9 31.1 28.2 31.0 44.4 29.5 26.1 26.3
(38.8-46.9) (27.8-34.4) (25.0-31.0) (27.9-34.1) (40.3-48.5) (26.2-32.7) (23.1-29.1) (23.4-29.3)*
Diagnosed allergic rhinitis 4.5 12.8 18.1 18.3 4.1 10.4 13.7 9.6
(2.8-6.2)  (10.3-15.2) (15.4-20.5) (15.7-20.9)" (2.5-5.7) (8.1-12.4) (11.2-15.9) (7.6-11.5)
Diagnosed allergic conjunctivitis 4.0 8.7 9.8 9.9 3.2 7.5 8.0 6.1
(2.4-5.6) (6.7-10.7)  (7.3-11.2) (7.8-11.9) (1.7-4.7) (5.6-9.3) (5.9-9.7) (4.5-7.7)
Diagnosed allergic dermatitis 2.3 7.1 13.2 15.7 2.3 8.5 10.7 12.1
(1.0-3.5) (5.2-8.9)  (10.8-15.3)  (13.2-18.2) (1.1-3.6) (6.5-10.5) (8.5-12.8) (9.9-14.3)"




Any allergy or allergic disease 13.2 27.0 34.7 37.5 12.8 26.4 29.4 28.0
(10.4-15.9) (23.8-30.2) (31.5-37.8)  (34.2-40.8 (10.1-15.6) (23.2-29.5) (26.2-32.5) (25.0-31.0y

* p<0.05 for a linear trend using the chi-squarest for trends
" p<0.001 for a linear trend using the chi-squaesd for trends



Table 3 Adjusted associations between calendar ggar and sex with self-reported diagnosed asthespiratory symptoms, and
diagnosed allergic conditions

Ever diagnosed Current wheeze Current dyspnea Exercise induced Chronic cough  Any allergy or

asthma attacks symptoms allergic disease
Odds Ratio Odds Ratio Odds Ratio Odds Ratio Odds Ratio Odds Ratio
(95%CI) (95%CI) (95%CI) (95%CI) (95%CI) (95%Cl)
Year
1993 1.00 1.00 1.00 1.00 1.00 1.00
2002 1.40 (0.94-2.09) 1.21(0.96-1.52) 1.58 (2(@B) 1.50(1.13-1.97) 0.53(0.44-0.63) 2.54 (139R)
2007 2.52 (1.75-3.63) 1.28(1.02-1.59) 1.91 (P3®) 3.56(2.77-4.58) 0.39(0.32-0.47) 3.16 (B5B)
2014 4.09 (2.88-5.81) 0.98 (0.78-1.23) 2.01 (REF) 3.62(2.82-4.65) 0.35(0.29-0.43) 3.26 (BEB)
Sex
Male 1.00 1.00 1.00 1.00 1.00 1.00

Female  0.62(0.51-0.75) 0.85(0.73-0.98) 0.826@.®2) 0.84 (0.73-0.97) 0.77 (0.67-0.88) 0.801€D79)

Age 0.97 (0.89-1.06) 0.89(0.83-0.96) 0.99 (0.9wB). 0.94(0.87-1.01) 0.91 (0.85-0.96) 0.98 (0.933}.

Adjusted for each variable in the table.



Table 4 Prevalence of self-reported asthma treatmespiratory symptoms, and diagnosed
allergic conditions by year of study among childvdmo have had a previous diagnosis of

asthma
199: 200z 2007 201
n=39 n=76 n=141 n=214
% % % % -
(95%Cl) (95%CI) (95%CI) (95%Cl) value*
Asthma treate 51.: 51.c 69.5 60.7 0.03
(35.6-67.0) (40.1-62.5) (61.9-77.1) (60.0-72.7)
Current wheze 61.t 63.k 57.7 435 0.001
(46.3-76.8) (52.5-74.5) (49.4-65.9) (36.8-50.1)
Current dyspnea attac 41.C 49.: 43.F 36.5 0.1t
(25.6-56.5) (38.0-60.6) (35.2-51.7) (30.-42.9)
Exercis+induced sympton 79.t 92.1 80.( 62.2 <0.00!
(66.8-92.1) (86.0-98.2) (73.2-86.7) (55.7-68.7)
Chronic coug 69.2 69.2 48.t 425 <0.00!
(54.7-83.7) (58.0-78.9) (40.1-56.9) (35.9-49.1)
Morning cougl| 61.t 79.7 71.t 57.1 0.01
(46.3-76.8) (71.3-89.2) (64.2-79.1) (50.4-63.6)
Dry cough at nigt 74.£ 75.C 71.C 61.7 0.0z
(60.7-88.1) (65.3-84.7) (63.4-78.6) (55.2-68.2)
Diagnosed allergic rhinit 17.¢ 53.7 61.€ 43.t 0.2¢
(5.9-30.0) (42.7-65.2) (53.7-69.7) (36.8-50.1)
Diagnosed allergic conjunctivi 10.2 39.7 32.¢ 37.¢ 0.5¢
(0.7-19.8) (28.5-50.5) (24.9-40.4) (30.9-43.9)
Diagnosed allergic dermati 15.¢ 36.1 31.¢ 22.C 0.11
(4.1-26.7) (24.7-46.3) (24.2-39.6) (16.4-27.5)
Any allergy or allergic disea 53.¢ 84.2 86.t 82.7 0.00z
(38.2-69.5) (76.0-92.4) (80.9-92.2) (77.6-87.8)

* Based on chi-squared test for trends



Table 5 Prevalence of self-reported asthma tregtmespiratory symptoms, and diagnosed allergicitmms by year of study and

sex among children who have had a previous diagmdsisthma

Males Females
1993 2002 2007 2014 1993 2002 2007 2014
n=25 n=44 n=85 n=127 n=14 n=26 n=52 n=87
% % % % % % % %
(95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% CI)  (95% CI) (95% ClI)

Asthma treated 48.0 56.8 70.6 62.2 57.1 53.9 69.2 58.6
(28.4-67.6) (42.2-71.5) (60.9-80.3) (53.8-70.6) (31.2-83.1) (34.7-73.0) (56.7-81.8) (48.3-69.0)

Current wheeze 60.0 714 53.7 48.8 64.3 50.0 66.7 35.6
(40.8-79.2) (57.8-85.1) (42.9-64.5) (40.1-57.5f (39.2-89.4) (30.8-69.2) (53.7-79.6) (25.6-45.7)*

Current dyspnea attacks 36.0 58.1 39.0 38.6 50.0 38.5 51.9 33.3
(17.2-54.8) (43.4-72.3) (28.5-49.6) (30.1-47.2) (23.8-76.2) (19.8-57.2) (38.3-65.5) (23.4-43.2)

Exercise-induced symptoms 80.0 93.2 80.3 63.0 78.6 92.3 82 60.9
(64.3-95.7) (85.7-100.0) (71.6-88.9) (54.6-71.4)* (57.1-100) (82.1-100) (72.4-93.0) (50.7-71.2)*

Chronic cough 76.0 79.6 47.6 45.7 57.1 56.0 50.0 37.9
(59.3-92.7) (67.6-91.5) (46.8-58.4) (37.0-54.3) (31.2-83.1) (36.5-75.5) (36.1-63.9) (27.7-48.1f

Morning cough 64.0 86.1 69.5 59.8 57.1 76.0 76.0 52.9
(45.2-82.8) (75.7-96.2) (78.6-93.4) (51.3-68.4)* (31.2-83.1) (60.1-93.1) (65.5-88.4) (42.4-63.4)

Dry cough at night 80.0 77.3 69.5 63.0 64.3 69.2 76.9 59.8
(64.3-95.7) (64.9-89.7) (59.6-79.5) (54.6-71.4)* (39.2-89.4) (51.5-87.0) (65.5-88.4) (49.5-70.1)

Diagnosed allergic rhinitis 16.0 53.8 56.0 48.8 21.4 52.2 71.7 35.6
(1.6-30.4) (39.8-69.3) (45.9-67.0) (40.1-57.5)* (0.0-42.9) (34.7-73.0) (58.8-83.5) (25.6-45.7)

Diagnosed allergic conjunctivitis 16.0 41.2 27.5 23.6 14.3 28.6 40.9 195
(1.6-30.4) (26.4-55.4) (17.6-36.5) (16.2-31.0) (0.0-32.6)  (9.9-44.0) (27.0-53.7) (11.2-27.9)

Diagnosed allergic dermatitis 8.0 43.8 37.1 37.0 14.3 38.1 27.9 37.9
(0.0-18.6) (28.5-57.8) (26.2-46.7)  (28.6-45.4) (0.0-32.6) (19.8-57.2) (16.5-41.2) (27.7-48.1)

Any allergy or allergic disease 44.0 86.4 84.7 84.3 71.4 80.8 92.3 80.5
(24.5-63.5) (76.2-96.5) (77.1-92.4) (77.9-90.6)* (47.8-95.1) (65.6-95.9) (85.1-99.6) (72.1-88.8)




* p<0.05 for a linear trend using the chi-squarest for trends
l p<0.001 for a linear trend using the chi-squaesd fior trends
p=0.05



