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KEYWORDS Summary

Cough; Background: Immigration usually implies a complete change of the environment where one
Eczema; lives. Hence, studies on immigrants may help to disentangle genetic and environmental deter-
Epidemiology; minants of disease. We investigated whether the incidence of allergic and respiratory symp-
Phlegm; toms differed for Italian and immigrant children living in one area of Northern Italy.
Rhinitis; Methods: In December 2006, all the children (3—14 years) living in the Viadana district were
Wheezing surveyed through a parental questionnaire (response rate = 99%, n = 3854). Retrospective

incidences of several symptoms were compared across different ethnic groups.

Results: Parental asthma, allergic rhinitis and eczema were less frequent in immigrant children
than in Italian children. Wheezing and eczema incidences were lower in children born to foreign
parents (especially if born abroad, incidence rate ratio (IRR) = 0.47, 95% Cl: 0.26—0.82 and
IRR = 0.43, 95% Cl: 0.23—0.83, respectively), with respect to Italian children, while the occurrence
of nasal allergies was similar among the ethnic groups. The greatest incidence of persistent cough/
phlegmwas observed in children bornin Italy to foreign parents (IRR = 1.98, 95% Cl: 1.06—3.71) and
in children whose parents had chronic bronchitis (IRR = 2.57, 95% Cl: 1.52—4.33).

Conclusions: Considering the distribution of parental atopic diseases and the low disease preva-
lence in the immigrants’ countries of origin, we suggest that nasal allergies may be more sensitive
than wheezing or eczema to the change in the environment related to migration. Genetic or envi-
ronmental factors clustered into families seem to have a role on chronic bronchitis.
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Introduction

Asthma, allergic rhinitis and eczema are the most common
chronic diseases in childhood. The relative importance of
hereditary and environmental factors in the inception of
these diseases is not fully understood." Chronic cough and
phlegm are also very common in children, and they may
have different possible etiologies including recurrent viral
infections, asthma, and exposure to passive smoking.?>
Immigration usually implies a complete change of the
environment where one lives and of a person’s lifestyle.
Hence, studies on immigrants may help to disentangle
genetic and environmental determinants of disease. Over-
all, immigrants are a disadvantaged group, living in an
unfavorable socio-economic situation, who are often con-
fronted with a discriminatory social atmosphere, which
affects their health.? In the last decade, foreign immigra-
tion to Italy has considerably increased,’® and it is still
increasing.® Nonetheless, there are few health studies on
immigrants to Italy.” ' The aim of this study was to
investigate whether the incidence of allergic and respira-
tory symptoms differed for Italian and immigrant children
living in one area of Northern Italy. Secondarily, we
described several outcomes related to the health status at
birth and the early-life diseases of these children.

Methods
Study design and participants

The Viadana study (http://biometria.univr.it/viadanastudy)
is a cross-sectional survey investigating the pediatric pop-
ulation of the health district of Viadana (Mantua, Northern
Italy)."" All the children (3—14 years) who were living in the
district and who were enrolled in the district’s school regis-
ters (year 2006—2007) were eligible for the study (n = 4130).
In December 2006, the parents of the children of all the
schools in the district received a questionnaire, to be filled in
and given back within 20 days. Overall, 3907 questionnaires
were distributed, and 3854 questionnaires were filled in and
collected (response rate = 98.6%). The ethics committee of
the Azienda Sanitaria Locale (National Institutes of Health)
of Mantua province approved the study protocol.

The questionnaire

The questionnaire included questions on the occurrence of
respiratory and allergic symptoms during lifetime that
were taken from the International Study of Asthma and
Allergies in Childhood (ISAAC),"? the European Community
Respiratory Health Survey (ECRHS),"® and the Studi
Italiani sui Disturbi Respiratori nell’Infanzia e I’Ambiente
(SIDRIA)™ (the Italian branch of the ISAAC study) stan-
dardized questionnaires (validated in previous interna-
tional surveys), with an available Italian translation.
Information on the children’s and their parents’ countries
of birth, on potential confounders, and residential
addresses were collected through the questionnaire. The
questionnaire (openly available on the website) was
distributed in Italian, English and French, because 15% of
the children came from foreign countries. However, most

of the parents (99%) filled in the Italian questionnaire.
Foreign parents could ask a cultural mediator for help if
they needed it (see Table 1, last row). Back translations of
the questionnaires were performed.

Children’s ethnic origin

Information on the children’s countries of birth (Italy vs.
abroad) was crossed with the number of parents born in
Italy to create a 6-level variable. The children born abroad
to Italian parents, or to 1 Italian and 1 foreign parent were
very few (n = 26 and 23, respectively) and they were
excluded from the analyses. Therefore, 4 ethnic groups
were included (see Table 1). In the group of children born
abroad to foreign parents, the time the child had lived in
Italy was reported for 178 children (80%).

Outcomes

Lifetime retrospective incidence rates of the following
symptoms were computed as described in de Marco et al.">:
1) wheezing: “Has your child ever had wheezing or whistling
in his/her chest at any time in the past?”; 2) nasal allergies:
*Has your child ever had any nasal allergies (including hay
fever)?”; 3) eczema: “Has your child had an itchy rash on
one or more parts of the skin, which was coming and going
for at least six months, at any time in the past?”; 4)
persistent cough or phlegm: *Does your child cough/bring
up any phlegm on most days (4 or more days a week)
without common colds or flu?”, with the answer: “Yes, 3 or
more months a year”. Person-years at risk were calculated
as the time from birth to the age at onset if the subject
developed outcomes 1—3 (or the number of years the child
had outcome 4), or the time from birth to the time of the
survey if the subject did not have the condition.

Potential confounders

The potential confounders considered in the multivariable
analyses (see Table 1 for coding details) were sex; age;
parental educational level (maximum among parents);
distance from the closest factory, i.e. chipboard industries
and lower emission wood factories (based on the findings
from a previous paper''; traffic level (high if cars or trucks
passed constantly or frequently near home); exposure to
passive smoking (present if 1 person currently smoked in
the house, or if 1 parent currently smoked); person who
filled in the questionnaire and a score on his/her environ-
mental concern (obtained through a factor analysis on 7
environment-related items in the questionnaire, data not
shown; range 0—1, with greater values corresponding to
higher concern); parental asthma, allergic rhinitis, eczema,
or chronic bronchitis/emphysema (for the analysis of
outcomes 1—4, respectively).

Statistical analyses

Categorical and quantitative covariates were described as
percentages or medians with interquartile range, respec-
tively. The distribution of the children’s characteristics,
health status at birth and early-life diseases was compared
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Table 1  Distribution of socio-demographic characteristics, potential confounders, and parental diseases by ethnic group.
Born in Italy Born abroad p-value
Italian parents One foreign Both foreign Both foreign
(n = 2980) parent parents (n = 267) parents (n = 222)
(n = 152)
Sex (% female) 46.5 42.8 44.9 51.4 0.36
Age (year) 2 8.6 (5.9—11.3) 7.8 (5.3—10.5) 6.2 (4.5-8.5) 10.6 (8.0—12.7) <0.001
Parental educational level (%) <0.001
Primary school or less 2.2 2.0 16.0 20.2
Secondary or professional school 32.3 24.2 20.8 20.2
High school 52.0 57.0 43.6 42.3
University 13.5 16.8 19.6 17.3
Maternal occupation 34.2 42.8 73.3 64.7 <0.001
(% house work or unemployed)
Distance from wood factories® (%) <0.001
>2 km* 36.3 30.4 40.9 28.8
<2 km low emission factory* * 25.2 14.6 31.8 30.2
<2 km chipboard industry* * * 38.5 55.0 27.3 41.0
High traffic level (%) 58.4 63.6 52.6 62.4 0.08
Exposure to passive smoking (%) 45.6 64.6 28.7 39.1 <0.001
Person who filled in the <0.001
questionnaire (%)
Mother 53.9 45.1 41.5 37.0
Both parents 43.0 51.4 41.8 43.1
Father or other person 3.1 3.5 16.7 19.9
Score on environmental concern 2 0.89 (0.81—0.94) 0.85 (0.77—0.93) 0.74 (0.49—0.86) 0.65 (0.17—0.83) <0.001
Parental asthma (%) 10.8 6.1 8.6 6.2 0.06
Parental allergic rhinitis (%) 21.5 18.7 7.4 5.1 <0.001
Parental eczema (%) 23.2 14.5 6.6 2.1 <0.001
Parental chronic 6.6 9.2 5.3 6.9 0.57
bronchitis/emphysema (%)
Questionnaire answered with 0.0 0.0 4.9 4.5 <0.001

the help of a cultural mediator (%)

* no wood factories <2 km from home and school (“unexposed” group); ** at least 1 low emission factory (but no chipboard industries)
<2 km from home or school (group “at low exposure”); *** at least 1 chipboard industry <2 km from home or school (group “at high

exposure”).

2 median (1st quartile—3rd quartile).
b

across the ethnic groups with an overall test (Chi squared
test, Fisher exact test, or Kruskal—Wallis test, where
appropriate). For all the outcomes described above, i)
crude (Table 3) and sex/age-adjusted (Fig. 1) incidence
rates were computed for the children in the different
ethnic groups, and ii) incidence rate ratios (Table 4),
adjusted for the potential confounders were computed
using Poisson regression models.

Analyses ii) were repeated: 1) stratifying the children
born abroad according to the median time spent in Italy:
*<3 years” and “>3 years”; regression coefficients for
these 2 subgroups (calculated vs. children born in Italy to
Italian parents) were compared using Wald tests; 2) intro-
ducing an interaction term between family case history
(e.g. parental asthma in the analysis of wheezing) and the
children’s ethnic origin, which was tested using likelihood
ratio tests.

The children with the same last name, who lived at the
same address, were considered to be siblings. To account
for the non-independence of the observations due to
siblings, the analyses were repeated allowing for intragroup

calculated after geocoding the children’s, their schools’ and the factories’ addresses.

correlation in the estimate of the standard errors (Poisson
regression models with cluster-robust standard error).

Results

Differences between included and excluded
children

Two hundred and thirty-three (6%) children were excluded
from the analyses because information on their ethnic origin
was missing. The excluded children were slightly older
(median age, 1st quartile—3rd quartile: 9, 6—12 vs. 8, 6—11,
years, p = 0.03), they were more exposed to passive smoking
(56 vs. 45%, p = 0.004), they had a lower prevalence of
parental rhinitis (12 vs. 19%, p = 0.03), their parents had
lower education (11, 39, 41, 9% vs. 4, 30, 51, 14% for primary
school, secondary school, high school, and university,
respectively, p < 0.001), and their questionnaires were more
frequently filled in by their fathers or other people (11 vs. 5%,
p = 0.001), than children who were included.
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Table 2 Distribution of the health status at birth and early-life diseases by ethnic group.
Born in Italy Born abroad p-value
Italian parents One foreign parent Both foreign Both foreign
(n = 2980) (n = 152) parents (n = 267) parents (n = 222)
Birth weight (%) 0.001
<2.5 kg 6.9 2.7 7.3 14.6
2.5—4.2 kg 89.8 95.3 88.7 80.7
>4.2 kg 3.3 2.0 4.0 4.7
Gestational age at birth 0.02
>3 weeks before due date 9.5 7.6 5.4 9.2
Regular 84.5 85.5 83.3 82.2
>2 weeks after due date 6.0 6.9 11.3 8.6
Caesarean birth (%) 31.5 21.7 28.6 20.7 0.001
Health problems at birth* (%) 15.6 14.0 1.1 14.4 0.25
Breastfeeding (exclusive or mixed) (%) <0.001
No 21.2 17.9 11.9 14.8
<3 months 32.7 33.8 14.7 18.2
>3 months 46.1 48.3 73.4 67.0
Antibiotics, 1st year (%) 49.2 48.0 46.3 34.0 <0.001
Bronchitis?, first two years (%) 46.4 37.1 27.5 16.9 <0.001
Asthma-like bronchitis?, 7.2 5.8 2.8 1.8 0.004
first two years (%)
Pneumonia or broncho-pneumonia?®, 2.5 3.3 4.4 3.5 0.31
first two years (%)
Bronchiolitis®, first two years (%) 5.6 5.1 1.0 0.6 0.001

* Prevalence of the children kept in hospital because of health problems after birth.
2 Disease label reported by the subject who answered the questionnaire (in answer to the question “Has a doctor ever said that your
child had one or more of the following conditions during his/her first two years of life?”).

Characteristics of the children included

The children born abroad came from Europe, 43% (mainly
Romania, 37% of them, and Albania, 35%), Asia, 37% (India,
70%, and China, 15%), Africa, 17% (Morocco, 72%), South-
America (2%), North America (0.5%) and Oceania (0.5%).
The children born to foreign parents had a greater
percentage of parents with the lowest, as well as with the
highest education, than the children with one or both
Italian parents (Table 1). The familiarity of allergic condi-
tions was more frequent for the latter than for the children
with foreign parents.

Health status at birth and early-life respiratory
diseases

The children born abroad had a higher prevalence of low
(<2.5 kg) birth weight (15 vs. 7% on average), and a lower
prevalence of Caesarean birth than the children born in

Table 3
with number of cases/person-years at risk in brackets.

Italy (Table 2). The children born to foreign parents were
slightly less likely to be born on the due date, but they
were breastfed more frequently and for a longer time than
the children with one or both Italian parents. The use of
antibiotics, as well as the prevalence of bronchitis,
asthma-like bronchitis and bronchiolitis in very early life,
tended to be lower as the number of foreign parents
increased, and it was particularly low for the children born
abroad.

Lifetime incidence of allergic and respiratory
conditions

Table 3 reports the crude incidence rates of the outcomes
considered. The sex/age-adjusted incidence rates of
wheezing and eczema (Fig. 1) were maximum for the chil-
dren born in ltaly to Italian parents (40, 95% Cl: 37—43,/
1000/year, and 31, 95% Cl: 29—34,/1000/year, respectively)
and tended to decrease as the number of foreign parents

Crude incidence rates (/1000/year) of wheezing, nasal allergies, eczema symptoms, and persistent cough or phlegm,

Wheezing

Nasal allergies

Eczema Persistent cough/phlegm

Born in Italy Italian parents
One foreign parent
Foreign parents

Foreign parents

36.6 (746/20367)
28.9 (29/1003)
24.6 (38/1542)

Born abroad 7.9 (17/2161)

9.8 (235/23942)
9.9 (11/1114)
14.2 (24/1696)
5.9 (13/2209)

28.4 (607/21363)

24.0 (25/1044)
16.3 (27/1657)
5.5 (12/2180)

5.0 (123/24476)

9.4 (11/1170)
16.4 (26/1587)

1.4 (3/2115)
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Figure 1  Sex- and age-adjusted incidence rates (/1000/year)
with 95% Cls of allergic and respiratory conditions, according to
the children’s ethnic group.

increased, reaching the minimum for the children born
abroad (11, 95% Cl: 7—18,/1000/year, and 8, 95% Cl: 4—13,/
1000/year, respectively). The incidence of nasal allergies
was 10, 95% Cl: 8—11,/1000/year for the children born in
Italy to Italian parents, and it was not significantly different
from that of the other ethnic groups. The incidence of
persistent cough or phlegm was 5, 95% Cl: 4—6,/1000/year
for the children born in Italy to Italian parents, and the
maximum rate was observed for the children born in Italy to
foreign parents (12, 95% Cl: 8—18,/1000/year) (Fig. 1). The
above associations were confirmed when adjusting for the
potential confounders (Table 4).

The incidence rates for the children born abroad were
not associated with the time spent in Italy (see Table E1 in
the Supplementary material). Family case history was
strongly associated with the risk of developing the studied
conditions (Table 4), but there was no effect modification
by the children’s ethnic group.

When controlling for the presence of siblings in the
analyses, the results were confirmed (data not shown).

Discussion

In this cross-sectional investigation of children aged 3—14
years living in the Viadana district in 2006, we found that

children born to foreign parents had a lower lifetime inci-
dence of wheezing and eczema symptoms than children
born to Italian parents, a lower prevalence of family history
of atopic diseases, and a lower prevalence of bronchitis,
asthma-like bronchitis and bronchiolitis in the first two
years of life. Children born in Italy to foreign parents were
at increased risk of developing persistent cough or phlegm
than children in the other ethnic groups.

Family history, health status at birth and early-life
respiratory diseases

Children born to foreign parents were less likely to have
a family history of allergic rhinitis and eczema than chil-
dren with one or both Italian parents, especially if they had
been born abroad. This is inline with the fact that migrants
to Italy mainly came from countries where the prevalence
of atopic diseases was low."?

Children born abroad were more likely to have been
underweight (<2.5 kg) or overweight (>4.2 kg) at birth, and
were less likely to have been born at regular gestational age
or delivered by Caesarean section, than children born in
Italy. The reasons for this may be poor access to health care
services and inadequate antenatal care in their countries of
origin, as well as cultural motivations.*'® Breastfeeding
was much more common and prolonged for children born to
foreign parents than for children with one or both Italian
parents, probably due to the longer time immigrant women
spent at home and to economic and cultural considerations.
In fact, immigrant women were more likely to be unem-
ployed or housewives than Italian women (Table 1). More-
over, mothers who deliver by Caesarean section are less
likely to breastfeed their children."”

Inline with a previous study on migrants to lItaly,"
bronchitis and asthma-like bronchitis in the first two years
of life were much less frequent in children who had foreign
parents than in Italian children. Bronchitis and asthma-like
bronchitis are terms generally adopted by physicians for
wheezing infants, as wheezing is rather frequent in very
young children and it does not always turn into asthma.
Bronchiolitis in early life was also less common for

Table 4 Mutually adjusted IRRs? (95% Cl) for the association of wheezing, nasal allergies, eczema symptoms, and persistent
cough or phlegm with the children’s ethnic groups (the children born in Italy to Italian parents are the reference category), and

with parental-related disease®.

Adjusted IRRs® (95% Cls)

Wheezing Nasal allergies Eczema Persistent cough/phlegm
(n = 2825) © (n = 2837) © (n = 2742) © (n = 2763) ©
Born in Italian parents 1 1 1 1
Italy One foreign 0.69 (0.45—1.08) 0.95 (0.47—1.94) 0.80 (0.50—1.28) 1.18 (0.51-2.72)
parent
Foreign parents 0.74 (0.49—1.13) 1.78 (0.97—-3.24) 0.58 (0.35—0.97)* 1.98 (1.06—3.71)*
Born Foreign parents  0.47 (0.26—0.82)* * 1.17 (0.61—2.24) 0.43 (0.23—0.83)* 0.50 (0.15—1.65)
abroad

Parental related disease ® 2.14 (1.75—2.63)* **

3.31 (2.51—4.35)* **

1.72 (1.43=2.07)***  2.57 (1.52—4.33)***

*p < 0.05, **p < 0.01, ***p < 0.001.

2 Also adjusted for sex, age, parents’ educational level, distance from the closest wood factory, traffic level,
exposure to passive smoking, person who filled in the questionnaire and his/her environmental concern.
b At least one parent with asthma, allergic rhinitis, eczema, or chronic bronchitis/emphysema, respectively.

¢ Number of children included in the complete case analysis.
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immigrants than for Italian children. This condition is
mainly caused by respiratory viruses, and it is known that
severe bronchiolitis is associated with an increased risk for
both recurrent wheezing and childhood asthma. It is not
known if bronchiolitis contributes to asthma inception or
simply identifies infants who are at increased risk for
subsequent wheezing.'®

Lifetime incidence of allergic and respiratory
conditions

After adjusting for several potential confounders, wheezing
and eczema symptoms had incidence rates that were halved
in children born abroad to foreign parents, with respect to
children born in Italy to Italian parents (Table 4). Children
born in Italy to foreign parents seemed to be at low risk of
wheezing and eczema too, but they showed the maximum
occurrence of persistent cough or phlegm. Nasal allergies
had similar occurrence in the studied ethnic groups.

The interpretation of these results is complicated by the
ethnic admixture of immigrant children. Most of the legal
immigrants who live in Italy come from low-income coun-
tries like Romania, Albania, Morocco and China.® The lower
incidence rates of wheezing and eczema in migrant chil-
dren with respect to non-migrant children are inline with
other studies'®' and reflect both the prevalence of
parental asthma and eczema (Table 1) and the prevalence
rates in their countries of origin. In fact, the prevalence of
wheezing is lower in Albania, Romania, India, Morocco and
China than in Italy.'? Similarly, Albania, China and India
have low prevalences of atopic eczema.'? On the contrary,
the risk pattern for nasal allergies was completely different
from that of parental allergic rhinitis (Table 1), as well as
from the pattern of rhinoconjunctivitis prevalence in the
countries of origin (which is lower than in Italy).'? The
different health conditions considered may in part explain
this discrepancy. Indeed, rhinoconjunctivitis is likely to
reflect allergic rhinitis, whereas "nasal allergies” are
expected to include both allergic and non-allergic
rhinitis.2° Interestingly, in a study on Albanian adult immi-
grants to ltaly, asthma was rare (1.3%), reflecting the very
low prevalence observed in Albania, even if nasal allergies
and sensitization to common inhalant allergens (15.8% and
19.4%, respectively) were more frequent than in Albania.?
Therefore, we can speculate that nasal problems are
more sensitive than asthma or eczema to the radical
change in the environment related to migration, and
especially to the newly encountered allergens.® In other
words, the role of environmental factors may be greater in
the inception of allergic rhinitis than in the inception of
asthma or eczema, where genetic factors may be more
prominent.

Inline with another study on immigrants to Italy,'® we
found an excess of persistent cough or phlegm in children
born in Italy to immigrant parents. This difference persisted
when the analyses were adjusted for parental education
(a socio-economic indicator), as well as for passive
smoking,*>?" reported traffic level?? and proximity to chip-
board industries (a proxy of industrial air pollution in the
district)."" A residual confounding by pollution does not
seem reasonable in our view, as children born in Italy to

foreign parents were those with the lowest level of expo-
sure to outdoor and indoor pollutants in our sample.

Several studies have shown that migrants who moved
from areas of relatively low to relatively high prevalence of
asthma or atopy tend to be at increased risk of developing
atopic conditions, and that this increase is associated with
the time spent in the country they migrated to.®23%* We
could not show a similar association, may be because
incidence rates were based upon small numbers.

A family history of asthma, allergic rhinitis and eczema
is one of the main risk factors for the development of these
diseases.?>2¢ This was confirmed in our study (Table 4). We
also found that parental chronic bronchitis/emphysema
was associated with a greater risk of persistent cough or
phlegm in children (IRR 2.57, 95% Cl: 1.52—4.33). To our
knowledge, this is the first time that such an association has
been reported in literature. Leeder et al. reported that the
incidence of bronchitis and pneumonia in early life was
associated with parental persistent cough and phlegm.?”

Our finding would suggest that there is some genetic
basis for cough or phlegm in children. However, alterna-
tive explanations are possible. In fact, we cannot exclude
that uncontrolled (e.g. environmental) factors clustered
in families may be responsible for the observed associa-
tion, nor that affected parents may be more prone to
report similar symptoms in their children than healthy
parents.

Limitations and points of strength

A parental questionnaire is the only reasonable way to
collect information on symptoms in children. The use of
standardized and internationally validated questions in the
current study should have limited the risk of reporting bias.
Other intrinsic limitations of our study are the potential for
linguistic, diagnostic and cultural bias. Foreign parents
could have had difficulties in understanding some ques-
tions. However, this problem has been minimized, as
parents had the opportunity to fill in an English or French
version of the questionnaire, as well as to ask a cultural
mediator for help. Diagnoses could be less frequent in the
countries of origin, with the consequence that both family
history and early-life diseases may have been under-
estimated in immigrant children. However, symptoms
instead of labels were used to calculate incidence rates.
Cultural motivations could make foreign parents less prone
to report symptoms in their children. However, our analyses
were adjusted for a score on environmental concern.
Finally, our findings may be affected by the "healthy
migrant effect”.?® This would explain the lower prevalence
of atopic conditions in migrant parents, but not the lack of
a similar difference in chronic bronchitis.

The strengths of this study are that the survey investi-
gated all the children in the area (n = 3854), the uncom-
monly high response rate (98.6%), the use of internationally
validated questionnaires, and that incidence rates were
calculated instead of prevalences.

In conclusion, children of immigrants to Italy seem to be
at a lower risk of wheezing and eczema, but not nasal
allergies, compared to Italian children. Nasal allergies may
be more sensitive than wheezing or eczema to the radical
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change in the environment related to migration. Parental
chronic bronchitis or emphysema increases the risk of
chronic bronchitis in children, suggesting a genetic basis for
this condition. Children born in Italy to foreign parents are
at an increased risk of persistent cough or phlegm, and the
reasons for this deserve further investigation.
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Table E1: IRRst (95% CI) for the association of wheezing, nasal allergies, eczema symptoms, and
persistent cough or phlegm with the time spent in Italy by children born abroad to foreign parents (the
children born in Italy to Italian parents are the reference category). The last row reports the p-value for the
comparison of the regression coefficients for the 2 subgroups of children born abroad (<3 years vs. >3 years)
(Wald test). The groups of children born in Italy to one Italian and one foreign parent and to two foreign

parents are omitted (see results in table 4 of the manuscript).

IRRst (95%Cls)

Time spent Wheezing Nasal allergies Eczema COEZLS/IpS:ﬁ:Sm
in Italy (n=2792)%1 (n=2804)11 (n=2710)11 (n=2730) 1+
Born in
Italy to 1 1 1 1
Italian
parents
Born - 0.48 (0.18-1.29)  1.75(0.62-4.89)  0.25 (0.06-1.00)  0.46 (0.06-3.40)
<3 years
abroad to *
foreign >3years  0.48(0.21-1.08)  0.65(0.20-2.08) 0.58 (0.25-1.31)  0.37 (0.05-2.75)
parents
p-value 1 0.20 0.30 0.88

1 adjusted for sex, age, parents’ educational level, distance from the closest wood factory, traffic level,
exposure to passive smoking, person who filled in the questionnaire and his/her environmental concern,
parental related disease (at least one parent with asthma, allergic rhinitis, eczema, or chronic
bronchitis/emphysema, respectively).

11 number of children included in the complete case analysis

* p<0.05
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