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ABSTRACT 

Background: Asthma and allergy are one of the most common chronic 
diseases among children. The prevalence of allergic diseases increased 
dramatically during the last decades of the twentieth century. The reason 
behind this increase is still not fully understood. 

Aim: The aim of the thesis was to investigate changes over time in the 
prevalence of asthma and allergy in two Swedish towns, and to identify 
protective and risk factors for allergy development. 

Methods: Data were obtained from two studies: a population-based cross-
sectional study that was used in all four papers, and in paper III results from a 
birth cohort study was added. The cross-sectional study (N=1029) was 
performed in 2007 and prevalence data were compared with two previous 
cross-sectional studies conducted in 1979 and 1991. All three studies were 
based on questionnaires with the same set of questions on asthma and allergy, 
and the children were of the same age and from the same two Swedish towns: 
Mölndal/Gothenburg and Kiruna. Questions on dietary habits and food allergy 
were added in 2007 study. The birth cohort study (N=249), used in paper III, 
recruited children from Västra Götaland county. The children were recruited 
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at birth, between 1998 and 2005, and they were clinically assessed at the age 
of 8-9 years.  

Results: Paper I: The prevalence of asthma were 2.5% (1979), 5.7% (1991) 
and 7.1% (2007), allergic rhino-conjunctivitis: 5.5% (1979), 8.1% (1991) and 
11.1% (2007), eczema 7.1% (1979), 18.3% (1991) and 19.7% (2007) 
respectively. Allergic rhino-conjunctivitis continued to increase from 1979 to 
2007, while asthma and eczema levelled off between 1991 and 2007. Having 
both parents born abroad was a protective factor for developing allergy. 

Paper II: Hand-dishwashing decreased the risk of allergy (odds ratio 0.57; 
95% confidence interval 0.37-0.85). The risk was reduced in a dose-response 
pattern if the child was also served fermented food, and if the family bought 
food directly from a farm. 

Paper III: Keeping cats and dogs during the first year of life was associated 
with a decreased risk of allergy in a dose-dependent manner. Sensitisation to 
animals and pollen also decreased with an increasing number of cats and/or 
dogs kept indoors. 

Paper IV: The total cumulative incidence of self-reported food allergy was 
19.6%, and it was significantly higher in Kiruna (28.5%) than in Mölndal 
(15.7%). Introducing complementary food from 7 months of age or later, and 
a mother’s history of allergy, were both independent risk factors for developing 
food allergy. Complementary food was introduced at a later age in Kiruna. 

Conclusion and implications: In the latter years of the previous century, the 
rising trend of allergic diseases in children seemed to level off, with the 
exception of allergic rhino-conjunctivitis. Our results does not give any 
specific explanation for this break in the trend line for asthma and eczema, but 
one may speculate that climate change with longer pollen periods may have 
prevented a similar course for rhino-conjunctivitis. However, some important 
protective factors were found, such as lifestyle factors that were associated 
with a reduced risk of allergy development. Both dishwashing by hand, eating 
fermented food and buying food directly from farms were protective factors, 
as was the keeping of indoor pets during the first year of life. With pets, the 
risk of allergy was reduced in a dose-dependent pattern. Of the identified risk 

factors, introducing complementary food late to an infant’s diet increased the 
risk of food allergy, as did a maternal history of allergy.  

Time trends describing changes in the prevalence of a disease is always 
important, not only for the organisation of the health care system, but also for 
our understanding of the underlying mechanisms. Of similar importance is the 
finding of factors that can protect children from allergy development, 
especially if they could be adopted to daily life and lifestyle habits. One such 
factor is when to introduce complementary food to a child’s diet, and our 
results indicate that it should not be delayed. Pet keeping and dishwashing by 
hand may also be possible to implement by some families, but the main 
importance of their protective effects are mainly of mechanistic significance, 
with results supporting the hygiene hypothesis.  
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SAMMANFATTNING PÅ SVENSKA 
Bakgrund: Astma och allergi har ökat markant i de industrialiserade länderna 
under 1900-talet och är de vanligaste kroniska sjukdomarna hos barn i Sverige 
samt i många delar av världen. Trots omfattande forskning är orsakerna till 
ökningen ännu inte helt klarlagda.  

Metoder: Avhandlingen är baserad på data från två studier: en epidemiologisk 
tvärsnittsstudie, använd i alla fyra artiklar och en födelsekohortstudie använd i 
artikel III. Den frågeformulärsbaserade tvärsnittsstudien utfördes år 2007 
(N= 1029) och jämfördes med två tidigare skolbarnstudier från 1979 och 1991. 
I alla tre studier användes samma frågor om förekomst av astma, allergisk 
rinokonjunktivit och eksem bland 7–8 år gamla barn i Mölndal och Kiruna. 
Enkäterna innehöll även frågor om ärftlighet för allergi och socioekonomiska 
förhållanden. Frågor om födoämnesallergi, eller födoämnesöverkänslighet, 
och kostvanor lades till i 2007 års enkät. I födelsekohortstudien värvades 
nyfödda barn (N=249) från Västra Götaland mellan 1998 och 2005. Barnen 
följdes till 8–9 års ålder. 

Resultat: Artikel I: Förekomsten av astma var 2,5 % (1979), 5,7 % (1991) och 
7,1 % (2007), allergisk rinokonjunktivit: 5,5 % (1979), 8,1 % (1991) och 
11,1% (2007), eksem 7,1 % (1979), 18,3 % (1991) och 19,7 % (2007).  
Allergisk rinokonjunktivit fortsatte att öka i samma utsträckning som tidigare 
men ökningen av astma och eksem planade mellan 1991 och 2007. En 
skyddande faktor för allergi var om båda föräldrarna var födda utomlands. 

Artikel II: Att handdiska minskade risken för allergi (odds ratio 0,57; 95 % 
konfidensintervall 0,37–0,85). Risken minskade på ett dos-effekt-liknande sätt 
om barnet också åt fermenterad mat eller om maten köptes direkt från en 
lantgård.  

Artikel III: Att ha katter eller hundar inomhus under barnets första levnadsår 
var associerat med en allt minskande risk för allergi ju fler hundar och katter 
familjen hade. Sensibilisering mot djur och pollen minskade också i takt med 
stigande antal katter och/eller hundar inomhus.  

Artikel IV: Förekomsten av självrapporterad födoämnesallergi/födoämnes-
överkänslighet (någonsin) var 19,6 %, och den var signifikant högre i Kiruna 

(28,5 %) än i Mölndal (15,7 %). Introduktion av fast föda från 7 månader eller 
senare och allergi hos mamman, var riskfaktorer för matallergi. Fast föda 
introducerades senare i Kiruna.  

Slutsats: Det verkar som ökningen av allergiska sjukdomar bland barn planade 
ut mot slutet av 1900-talet, med undantag för allergisk rinokonjunktivit. Våra 
resultat ger inte någon specifik förklaring till detta trendbrott för astma och 
eksem men man kan spekulera om att en förändring till varmare klimat har 
medfört längre pollensäsonger vilket motverkat en liknande utveckling för 
rinokonjunktivit. Emellertid har viktiga förebyggande faktorer upptäckts, 
livsstilsfaktorer, som är associerade med minskad risk för allergiutveckling. 
Både handdisk, intag av fermenterad mat och inköp av mat direkt från 
bondgård var skyddande faktorer, liksom att ha husdjur inomhus under barnets 
första levnadsår. Risken för allergiutveckling minskade på ett dos-relaterat sätt 
med ökande antal husdjur. Sen introduktion av fast föda och allergi hos mor 
var riskfaktorer för allergiutveckling.   

Förändring över tid i förekomsten av en sjukdom är alltid viktigt, inte bara för 
att planera sjukvårdens organisation, utan också för att öka förståelsen för 
mekanismerna bakom sjukdomen. Upptäckt av skyddande faktorer som 
hämmar utvecklingen av allergier är betydelsefullt, speciellt om vardagsliv och 
livsstil kan anpassas för att minska risken för allergiutveckling. En av dessa 
faktorer är tidpunkten när fast föda införs i barnets kost. Våra resultat visar att 
den inte bör fördröjas. Resultaten om handdisk och innehav av husdjur kan 
möjligen vara intressant för vissa familjer, men den viktigaste slutsatsen är 
dock att resultaten ger stöd för hygienhypotesen. 
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Anna Hicke-Roberts 

1 

1 INTRODUCTION       
Allergic diseases increased dramatically in the last decades of the twentieth 
century, especially in industrialised countries, affecting many individuals and 
causing a substantial burden for health care systems [1-5]. Asthma and allergic 
diseases are currently among the most common chronic diseases in children.  
The reasons for this increase are being investigated widely. Finding 
modifiable factors and mechanisms behind this increase could help reduce this 
negative course.  

To meet this challenge, several hypotheses have been proposed. One early 
hypothesis stipulated that increased allergen exposure could cause allergy, and 
that allergen avoidance could prevent disease development [6]. Unfortunately, 
this was not the case. Other hypotheses, emerging in the later decades of the 
twentieth century, discussed the possibility that indoor environments with a 
high humidity [7-9], exposure to diesel exhaust and traffic air pollution [7,10, 
11], or tobacco smoke exposure [7,12,13] could enhance a sensitising and 
disease-driving effect from allergen exposure, and hence cause allergic 
disease. These environmental effects are probably real, at least to some extent, 
but it is unlikely that they have caused the rise in allergic diseases seen in 
many countries. Hypotheses highlighting factors with a more tolerance-
enhancing effect on the immune system have also been put forward. 
According to the “hygiene hypothesis” presented by Strachan in 1989, 
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interactive roll. Rapid industrialisation and technological developments have 
influenced our lifestyles and our biological environment during the last 
century, and combined could possibly contribute to the development of many 
diseases, among them allergic diseases. Unfortunately, similar processes are 
today observed in countries undergoing industrialisation, with similar lifestyle 
changes that westernised countries underwent decades ago [31,32], which 
could indicate that the burden of allergy will increase in a global perspective.  

A possible model of this complex synergy between different factors affecting 
the risk of allergy development is presented later in the discussion section, 
integrating the recent findings from this research study. Even though we have 
seen a dramatic rise in allergic diseases in the past 50-70 years, several reports 
indicate that this increase in asthma and eczema has started to level off [24, 
33-38]. But studies are conflicting, and some are still reporting an ongoing 
increase [4, 38, 39]. The apparent “slowing down” in the rise of asthma and 
allergy prevalences may be due to the proportion of susceptible individuals in 
the population having reached a high degree of saturation, at least in high-
prevalence regions. Environmental factors inducing these diseases in 
genetically prone individuals seem to have reached a level of maximal effect 
on these individuals [38]. Another factor that might influence this time trend 
is the slightly decreased smoking habits seen in more affluent countries, at 
least the reduction of maternal smoking during pregnancy [37, 40]. In 
particular, maternal smoking during pregnancy is a widely accepted risk factor 
negatively influencing lung development and associated with a higher 
incidence of recurrent wheeze [7, 12, 41, 42].  

The increase in food allergy currently seen came decades after the increase of   
the “first wave” of allergic diseases, and is considered to be the “second wave 
of the allergy epidemic” [43]. Although the true incidence of food allergy in 
the general population is difficult to estimate because of diagnostic challenges, 
the dramatic increase of anaphylactic reactions to food items during the last 
decades reflect a general increase of food allergy [44]. Approximately 3-10% 
of all children living in more affluent countries have food allergy according to 
challenge-proven studies, which is the gold standard in diagnosing food 
allergy [45-47], while 15-20% of children have a history of food allergy 
according to self-reported studies [48, 49]. Food allergy negatively affects 
many children and their families, influencing their quality of life as well as 
becoming a major public health burden [50]. 

The reasons behind this increase are still unknown. Similar to the other 
allergic diseases, genetic, epigenetic and various environmental factors have 
been proposed [51-53]. 
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Rationale for study I 

Asthma and allergic diseases have increased dramatically in the last decades 
but recent reports suggest that this increase might be levelling off, except for 
food allergy which is still increasing. The changes in the prevalences of 
allergic diseases are unlikely to be the same in different parts of the world. 
Estimating local changes in prevalences is not only interesting from an 
epidemiological point of view but, might also be of help in understanding the 
underlying mechanisms. The rationale for study I was to estimate the 
prevalence of asthma and allergic diseases in two Swedish towns, as well as 
to study potential changes in these prevalences over a long period of time. The 
results from this study are presented in article I. 
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1.1 ROLE OF MICROBIAL AND ALLERGEN 
EXPOSURE   

Microbial exposure has decreased dramatically in the industrialised countries 
during the last decades due to environmental changes caused by 
industrialisation, changes in hygiene practice and lifestyle [54, 55]. According 
to the “hygiene hypothesis”, a decreased microbial exposure leads to a 
decrease in the development of tolerance, which is considered to be one of the 
important reasons for the increase in allergic diseases [14-17].  

1.1.1 Endogenous microbial exposure: 

The individual’s microbiome plays an essential role in the development of the 
immune system, especially in early life [15, 55- 60, 69]. Altering the child’s 
microbiome early in life, during the maturation of the immune system, has 
been suggested as one of the important reasons of allergy development [15, 
55, 57]. The microbiome is described by Lederberg as a “community of 
commensal, symbiotic, and pathogenic microorganisms within a body space 
or other environment” [61]. It is unique for every individual and consists of 
microorganisms habituating in the airway and gut as well as on the skin [57, 
62]. The microbiome starts to establish itself already prenatally probably due 
to placental transmission [63, 64], develops and changes throughout the whole 
life but most significantly during early life [65]. There are many different 
factors which influence a child’s intestinal microbiome. One of them is the 
mode of delivery. Gut microbiome of children born vaginally tend to have 
more Lactobacillus and Prevotella strains while the ones born by caesarean 
section more of Staphylococcus and Corynebacterium [66-69]. However, the 
association between the mode of delivery and asthma and allergy is 
inconclusive. Some studies have found a higher risk of developing asthma, 
ARC and food allergy in children born by caesarean section [70-72], whereas 
others have not [73-76]. These contradicting findings might be partly 
explained by the existence of other possible protective factors which 
compensate for the delivery by caesarean section. High environmental 
bacterial exposure at the time of delivery in developing countries might be one 
such explanation [54]. 

Breastfeeding plays an important role in developing the gut microbiome in 
infancy [58, 77]. Human milk contains oligosaccharides which are important 
as prebiotics in stimulating growth of a healthy intestinal microbiome, 
interacting with the epithelial cells of the intestine and influencing maturation 
of the immune system [78, 79]. The intestinal microbiome of children who are 
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breastfed has a higher microbial diversity [62, 80] than children receiving 
formula milk. Moreover, breastfed children’s microbiome contains more of 
Lactobacillus rhamnosus and staphylococci than the microbiome of children 
fed with formula milk who have more strains of clostridia, enterococci, 
Bacteroides, Enterobacteriaceae, mostly Klebisiella and Enterobacter [57]. 
A lower diversity of the microbiome and colonisation by E.coli  are associated 
with a higher risk of developing eczema [16, 57, 81] and colonisation with 
Clostridia difficile with asthma, eczema and sensitisation [16, 55, 57, 60, 81, 
82].  

Weaning and introducing solids to the infant’s diet leads to changes in the 
intestinal microbiome, resulting in a decrease in Lactobacillus and 
Bifidobacterium strains whilst stimulating the growth of other bacterial strains 
which are important later in life [65]. Hence, the time of introduction of solids, 
plays an important role, both for microbiome growth stimulation and also 
possibly inducing food tolerance [83, 84] The intestinal microbiome changes 
during the life of the individual, and these changes depend on many factors, 
such as diet, use of antibiotics, aging, hormonal changes, smoking, 
environmental pollution and stress [58, 65, 85].  

The changes over time of the intestinal microbiome occur not only over 
individuals’ life spans, but have also occurred over the recent decades on a 
population level [57, 67]. Colonisation patterns and bacterial diversity in new-
borns and infants have changed during this time period, probably due to 
improved hygiene standards and changes in the care policy in maternity wards, 
as well as the generally enhanced hygiene routines in everyday life [57]. The 
significance of these changes on the microbiome, and the effect they might 
have on the development and modulation of the immune system, is not yet 
well known [57]. But there are many studies indicating possible associations 
between the imbalance in the microbiome, its diversity and the development 
of immunomodulatory diseases such as inflammatory bowel disease (IBD), 
allergy and diabetes type I [57-59].   

The early-life composition of the airways’ microbiome, particularly on the 
nasopharyngeal and oropharyngeal sites, is reported to play an important role 
in developing respiratory tract diseases [55]. The colonisation with 
Streptococcus pneumoniae, Moraxella catarrhalis and Haemophilus 
influenzae during the first weeks of life, but not later, was significantly 
associated with a risk of respiratory tract infections, developing recurrent 
wheeze in childhood and asthma as well as being associated with an increase 
in number of eosinophils and the total immunoglobulin E (IgE) [86-88]. 
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Microbial exposure in early life influences the host microbiome and, 
according to the hygiene hypothesis, stimulates the immune system leading to 
a decreased risk for allergy development. 

In previous studies, a larger family has been associated with a decreased risk 
for developing asthma and allergy [14, 18, 89] while prenatal and early-in-life 
use of antibiotics [89-95] increases this risk. Having more siblings are 
presumed to increase microbial exposure through transmission between the 
children in the family. Use of antibiotics influences negatively the host 
microbiome, especially when used in early life which may influence the 
immune systems maturation.   

Another example of influencing the individual’s microbiome is the habit of 
sucking pacifier by parents as a cleaning method [96]. Children whose parents 
used to suck on the pacifier in order to clean it had less asthma and eczema at 
the age of three years than those whose parents cleaned pacifiers in other ways.  

Rationale for study II 

In affluent countries, microbial exposure decreased considerably during the 
last century. Furthermore, it is widely accepted that a decrease in microbial 
exposure leads to impaired tolerance development, which is one of the reasons 
for the increase of prevalence in allergic diseases. Therefore, finding daily-life 
factors, which increase microbial exposure in a safe way, is of great 
importance. New allergy-protective factors which have a potential for 
increasing microbial exposure have been investigated and are presented in 
article II.   

 

1.1.2 Exogenous microbial and allergen exposure  

Microbial presence in indoor and outdoor environments influences the human 
microbiome and indirectly determines the host’s immune system [55].  

Living close to forests and agricultural fields, or on farms, are inversely 
associated with sensitisation and the development of allergic diseases [21-27, 
97].   

Today, people living in industrialised countries spend 90% of their time 
indoors, and about 70% in their own housing [55, 98]. Therefore, the indoor 
environmental exposure plays a very important role. For instance, the children 
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living in inner-cities who were exposed to more diverse and richer microbial 
flora indoors during their first year of life did not develop atopy by the age of 
three [99]. 

The other aspect of an indoor environment is allergen exposure. The increased 
indoor exposure to cockroaches and mice was correlated with an increased 
risk of developing asthma and allergic diseases [62, 100]. Similarly, the 
increased exposure to house dust mite was correlated with a higher risk for 
asthma and allergy, [62, 101] but it has been suggested that this relationship 
is not linear. A very low and very high level of house dust mite was correlated 
with a lower risk of sensitisation, and lower risk for asthma and allergy while 
an intermediate level showed a high risk for these diseases [62, 102].  The 
indoor exposure to furred pets’ allergen has also been studied thoroughly. 
Initially, exposure to the pets’ allergen was presumed to promote allergic 
diseases [103, 104]. But these assumptions have been revised since early life 
exposure to pets and pets’ allergen are found to have a protective factor.    
Hesselmar et al showed that children who had dog(s) or cat(s) during their first 
year of life had less asthma when they were 7-9 years old than children who 
were brought up without pets [18]. Other studies have later confirmed that 
early-in-life pet–keeping may protect children from developing allergy and 
atopy later in life [19, 20, 105-107]. Furthermore, keeping more than one dog 
or both a cat and a dog early in life leads to a decrease in IgE sensitisation to 
these animals later in life [20, 105]. Children who were exposed to a high dose 
of cat allergen [108] or were brought up with cats [109] had a cat-specific 
immunoglobulin G4 (Ig G4) but not IgE.  This indicates that exposure to a high 
dose of pets’ allergen induces immunological tolerance but the mechanism 
behind this process is still unknown. Developing tolerance may be induced by 
two different mechanisms. One of them could be that high exposure to the 
animal’s allergen leading to development of tolerance. In this case, tolerance 
would be developed to the specific allergen, i.e. keeping a dog in early life 
would reduce the risk for developing allergy to dogs, and similarly keeping a 
cat in early life would reduce the risk for allergy to cats. However, there might 
also be another protective aspect of keeping pets indoors. The exposure to the 
animals’ microbiota and endotoxins could also induce a protective effect by 
increasing the microbial exposure. In this case, the protective effect of keeping 
fur animals could influence a child’s immune system, similar to living on a 
farm, and decrease the risk of allergy. If this is the case, keeping animals at 
home would result in decreasing sensitisation not only to the specific animal’s 
allergen but also to other environmental allergens. With the keeping of pets, 
both these mechanisms may act simultaneously. 
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Rationale for article III  

It is widely accepted that contact with environmental factors such as allergens 
and microbial exposure plays an important role in allergy development. There 
is much evidence that early microbial exposure influences the immunological 
response which leads to the development of tolerance to allergens and 
consequently decreases the risk for allergy. There are also studies which 
suggest that increased exposure to allergens might induce tolerance and 
decrease the risk of developing allergy. 

According to the previous studies, keeping fur pets during early childhood has 
a protective effect on developing allergy later in life although the mechanism 
behind this phenomenon is not well understood. Therefore, further 
investigation was important. Previous studies have not fully investigated 
whether the number of kept animals during the first year of life influences the 
development of allergy in a dose–related fashion, or if the protective effect is 
specie-specific. If so, it would suggest that it is the greater allergen exposure, 
due to the increasing number of animals, which induces the development of 
tolerance. However, if the allergy-protective effect is not specie-specific, i.e. 
it also involves response to other environmental allergens, it could mean that 
pet-keeping during early childhood might also increase microbial exposure 
and, in this way, may have a more general allergy-protective effect. These two 
hypotheses were tested and presented in article III. 
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1.2 THE INCREASE IN FOOD ALLERGY   
Many dietary factors have been discussed as possible reasons for the increase 
in food allergy. Both maternal diet during pregnancy and lactation, as well as 
the infant’s diet, may play an important role in the development of food allergy 
[53]. Previously, antigen avoidance during pregnancy and lactation was 
proposed as enhancing the prevention of atopy in the offspring [110]. 
However, later studies did not support this hypothesis [111-113]. Contrarily, 
allergenic food intake such as tree nuts and peanuts during pregnancy have 
reduced the risk of allergy to tree-nuts or peanuts in the offspring [114]. 
Similarly, a high consumption of milk products at the end of pregnancy was 
associated with a lower risk for cow’s milk allergy in children [115] and food 
allergy [116]. A diet rich in fish during pregnancy was associated with lower 
prevalence of asthma and eczema [117-119] as well as total allergy in the 
offspring [120, 121)]. Furthermore, a high consumption of butter and dairy 
products during pregnancy and lactation was negatively correlated with the 
prevalence of allergy in offspring while a maternal diet high in oils and 
margarine was positively associated with a prevalence of allergy in children 
[122].  

Other aspects of dietary intervention during pregnancy have been investigated. 
Using n-3 long chain polyunsaturated fatty acid supplementation did not have 
any effect on food allergy development in the offspring but decreased the 
prevalence of eczema, asthma and sensitisation to eggs [123, 124] while other 
studies also found a protective effect on hay fever and food allergy [125]. 
Reports on supplementation of vitamin D or folic acid during pregnancy in 
relation to allergy development in the offspring have been inconclusive [126, 
127]. 

The role of the infant’s diet, such as breastfeeding and introduction of 
allergenic food items on the development of allergy, has been studied for 
many years. Exclusive breastfeeding in first 6 months of life is recommended 
by WHO [128, 129]. Breastfeeding is unquestionably the most beneficial diet 
for the infant’s growth and development. Exclusive breastfeeding is 
considered very important in countries where the risk of inflicting 
gastrointestinal infection associated with using formulas or solids is high. The 
role of breastfeeding in establishing an adequate intestinal microbiome and its 
role in influencing the immune system has been already established [58, 78, 
79]. Initially, breastfeeding was also considered protective against allergy 
[130-132]. However, later studies showed only some evidence for a protective 
effect on developing wheeze in early childhood, and even less for eczema and 
ARC [133] while other studies showed no evidence that breastfeeding is 
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protective for developing allergy [134,135] or eczema [136]. On the contrary, 
there are reports finding an increased risk for asthma and eczema with 
prolonged breastfeeding [129, 137, 138] although the risk of a reverse 
causation should be taken into account.  

The increase in prevalence of food allergy led to the hypothesis that an early 
exposure to allergenic food might be one of the reasons for this increase. 
Therefore, delaying the introduction of allergenic food items such as milk, 
egg, fish, tree-nuts and peanuts was recommended, especially to children with 
an increased risk of atopy. Until the beginning of the 21st century, the 
introduction of milk products was recommended to be postponed until 12 
months of age, egg until 24 months and nuts, peanuts, fish and seafood until 
36 months, in case there was a risk of atopy [139-141]. In recent years this 
recommendation has been questioned as avoidance of allergenic food items 
did not lead to a decrease in the prevalence of food allergy [142-144], and as 
later studies did not confirm that avoidance of allergenic food in infancy 
would lead to a decrease in atopy and food allergy later in life [145]. On the 
contrary, many recent studies indicate that early exposure to allergenic food 
items may help in developing tolerance to these food items [142,146]. The 
early and regular consumption of peanut’s protein, from the age of four 
months until 11 months, decreased dramatically the risk for developing peanut 
allergy in high-risk children [147, 148]. Regular consumption of peanut’s or 
egg’s protein from 3 months of age in the general population significantly 
decreased the risk of developing food allergy to these allergens [149].  Daily 
intake of certain amount of cow’s milk formula between one and two months 
of age decreased significantly the risk of developing allergy to cow’s milk 
[150]. Moreover, delaying exposure to allergenic food can lead to an increased 
risk of developing sensitisation and other manifestations of allergy [151, 152]. 
Early exposure to fish reduced the risk for eczema in infancy [136, 153], and 
ARC and asthma at a later age [91,154,155]. Moreover, eating fish regularly 
at the age of 12 months had a protective effect on developing ARC at the age 
of 12 years [156]. Introduction of egg before the age of 11 months was 
associated with a decreased risk for asthma development at the age of five 
years [155]. 

The time of introduction of complementary food has been discussed, but the 
results are still disputable [53, 83, 129, 157]. Complementary food includes 
all foods that are not breast- or formula milk. The first studies mostly analysed 
risks with early introduction of different food items, mostly allergenic. Very 
early exposure to complementary food, before the age of 4 months, seemed to 
be associated with a risk of allergic sensitisation and eczema [83, 158]. Later 
studies did not find associations between introduction of different food items 
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during 4-6 months of age and an increased risk of sensitisation or allergy [159, 
160]. Moreover, there are studies suggesting that introducing complementary 
food, both allergenic and non-allergenic, beyond 6 months of age resulted in 
a higher risk of developing eczema, recurrent wheeze and atopic sensitisation 
[151, 155].    

Rationale for article IV 

The mechanisms of a possible influence of complementary food on the 
development of allergy is not well known. Evolving tolerance to food proteins 
requires regular exposure and proper immunological maturation. Exposure to 
food proteins in the “critical early window”, most likely between four and six 
months of age, is important in developing tolerance [84]. However, adequate 
maturation of the intestinal immune system is also essential in developing this 
tolerance. Therefore, introducing food proteins very early, before a certain 
stage of immunological maturation, may impair tolerance development and 
lead to allergy. As already discussed, the intestinal microbiome plays an 
essential role in the maturation of the gut immune system [56, 58, 59, 78]. 
Consequently, all factors that alter the adequate development of the intestinal 
microbiome in early life might lead to a delay of the immunological 
maturation and decrease the ability of developing tolerance. Hence, the time 
of introduction of non-allergenic complementary food to infants’ diets may 
play an important role in developing food allergy.   

There are many studies evaluating the time of allergenic food introduction to 
an infant’s diet in regard to the development of food allergy. The association 
between the time of introduction of non-allergenic complementary food and 
the development of food allergy has not been investigated in depth, so that 
universal recommendations can be formulated. The role the timing of 
introducing non-allergenic complementary food plays may have in the 
development of food allergy, as well as the analyses of other possible risk or 
protective factors for food allergy, have been studied in article IV. 
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2 AIM 
1. To analyse the prevalence of asthma, allergic rhino-

conjunctivitis and eczema in 2007 and the change in 
prevalence between 1979 and 2007 in seven to eight year- 
old children from the two towns in Sweden, Mölndal in the 
southwest and Kiruna in the north of Sweden  (Paper I). 
 

2. To investigate dietary and lifestyle factors, which are 
supposed to increase microbial exposure that may be 
protective for developing asthma and allergic diseases (Paper 
II). 
 

3. To investigate whether pet-keeping during early life 
influences the development of asthma and allergy, and if so, 
whether this association is correlated to the number of pets 
kept indoors (Paper III). 

 
4. To analyse the cumulative incidence of self-reported food 

allergy or intolerance (SRFA) in seven to eight year-old 
children in Mölndal and Kiruna in 2007 and to estimate the 
risk factors for developing food allergy (Paper IV). 
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3 METHODS 
Data were obtained from two population studies: a cross –sectional study, used 
in all four papers and a birth cohort study in paper III. 
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3.1 THE CROSS-SECTIONAL STUDY (PAPER I-
IV) 

 

3.1.1 Population and study design  

The cross-sectional study was performed 
in 2007. In paper I, this study was 
compared with two other cross-sectional 
studies conducted in 1979 and 
1991[2,161]. In all three studies, a 
questionnaire on asthma and allergic 
diseases was distributed to children aged 
7-9 year old in two different Swedish 
towns: Mölndal and/or Gothenburg in 
south-west of Sweden and Kiruna, in the 
north of Sweden. Mölndal is a town with 
69,000 inhabitants (December 2019). 
The town is an integrated part of the 
Gothenburg area, with a population of 
over a million, located on the west coast 
of Sweden. Gothenburg is the biggest 
city in the Western region with almost 
600 000 inhabitants (November 2019). 
Mölndal and Gothenburg have similar 
urban and socio-economics structures. 
Kiruna is an inland mining town with 
23,000 inhabitants, (September 2019) 
located north of the Arctic Circle.                     Figure 1. A map of Sweden. Lantmäteriet.                                                              

The questionnaire was distributed and collected by school nurses or teachers 
and filled in by parents or legal guardians. Written informed consent was 
obtained. The 1979 study included all seven year old children in the 
Gothenburg area (number of answered questionnaire n= 4255, response rate 
95%) and Kiruna (n=427, response rate 97%) [161]. In 1991, the questionnaire 
was distributed to seven year olds in a sample of schools in all parts of 
Gothenburg (n=1115, response rate 83%) and to all seven year-old children in 
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Mölndal (n= 534, response rate 93%). In order to get an adequate sample size, 
the questionnaire was sent to all seven to nine year old children in Kiruna 
(n=832, response rate 91%) [2]. In 2007, all seven and eight year old children 
in Mölndal (n= 717, response rate 53%) and Kiruna (n=312, response rate 
64%) were included.  

The same set of questions on asthma and allergy were used in all three studies. 
These questions were validated [2]. Questions on heredity, familial, 
environmental and socio-economic background were also included.  

In 2007, in the cross-sectional study, the Swedish version of the International 
Study of Asthma and Allergies in Childhood (ISAAC) questionnaire was 
added.  

In addition, questions on food allergy or intolerance as well as on dietary and 
eating habits were added. The Swedish version of the 2007 questionnaire is 
included in Appendix Ⅰ and a translated version in English in Appendix Ⅱ. 

3.1.2 The diagnostic criteria.  

The child was diagnosed to have or have had: 

 asthma ever:  if there was positive response to the question 
‘Has your child had asthma or asthmatic bronchitis?’ 

 current asthma: if there was a positive response to ‘Has 
your child had asthma or asthmatic bronchitis in the 
previous year?’  

 allergic rhino-conjunctivitis (ARC) ever: if the answer was 
positive to the question ‘Has your child had allergic rhinitis 
or allergic conjunctivitis?’ 

 current ARC: if there was a positive response to ‘Has your 
child had allergic rhinitis or allergic conjunctivitis in the 
previous year?’  

 eczema ever: if the answer was positive to the question ‘Has 
your child ever had eczema?’ 

 current eczema: if there was a positive response to ‘Has 
your child had eczema in the previous year?’ 
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 allergy ever or allergy last year: if the child had any of 
asthma, ARC or eczema ever or the last year, respectively. 

 food allergy or intolerance: if there was a positive answer 
to the question ‘Has your child reacted with allergy or 
intolerance to any foodstuff?’ 

   specific food allergies or intolerances: if one or more 
positive answers to the questions: ‘Has your child reacted 
with allergy or intolerance to: 

a. -milk?  
b. -eggs?  
c. -fish?  
d. -peanuts?  
e. -tree nuts or almonds?  
f. -cereals?’ 

Furthermore, there were questions on age at onset and possible cessation 
of symptoms of specific food allergy or intolerance as well as the type of 
symptoms such as: oral symptoms, diarrhoea, rash, oedema, respiratory 
symptoms, vomiting, stomach ache, eczema, urticaria, and rhino-
conjunctivitis. 
 

3.1.3 The other variables analysed and presented in 

papers Ⅰ-Ⅳ: 

   breastfeeding: implemented or not and the duration in 
months 

 
    time of introduction of formula and gruel in the  child’s  

diet (age in months) 
 
    time of introduction of solids to the child’s diet (age in 

months) 
 
    whether hand or machine dishwashing was mainly used 
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    whether or not fermented food was included in the child’s 
diet  

 
    whether or not food from farm was included in the child’s 

diet 
 
   whether or not and frequency of home cooking to the child 

during its  first year of life 
 
   traditional cooking: included dishwashing by hand and/or  

use of fermented food and/or  farm food 
 

   number of cats and dogs in the household during pregnancy 
and child’s first year of life 

 
   heredity for allergic diseases: if the father or mother have or 

have had any of asthma, ARC or eczema  
 

   heredity for food allergy: if the father or mother have or 
have had food allergy or intolerance. 

 

   mother’s and father’s country of birth  
 

    mother’s and father’s education level in years (nine-year 
schooling, twelve-year schooling, university degree 3 years 
or shorter, university degree more than 3 years) 
 

    prenatal smoking exposure (- whether mother smoked 
during pregnancy) and exposure for smoking during the 
child’s first year of life 
 

    whether the child attended day care  
 

    current residence (flat, house or farm) 
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    whether or not fermented food was included in the child’s 
diet  

 
    whether or not food from farm was included in the child’s 

diet 
 
   whether or not and frequency of home cooking to the child 

during its  first year of life 
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   number of cats and dogs in the household during pregnancy 
and child’s first year of life 

 
   heredity for allergic diseases: if the father or mother have or 

have had any of asthma, ARC or eczema  
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schooling, twelve-year schooling, university degree 3 years 
or shorter, university degree more than 3 years) 
 

    prenatal smoking exposure (- whether mother smoked 
during pregnancy) and exposure for smoking during the 
child’s first year of life 
 

    whether the child attended day care  
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3.2 THE BIRTH COHORT STUDY (PAPER III) 
 

3.2.1 Population and study design  

The birth cohort study contained data from two birth cohorts: “Allergyflora” 
and “Farmflora”. Both studies were designed to investigate the effect of early 
gut colonisation and other early life events on later development of allergy. 
Both studies were conducted in the same way. The main difference between 
cohorts were the populations included: urban in “Allergyflora” and rural in 
“Farmflora”.  

Allergyflora was a cohort of 184 children recruited from Mölndal between 
1998 and 2003 [68,153].  

Farmflora was a cohort from a rural area of the Skaraborg county, northeast 
of Gothenburg, of 28 children living on dairy farms and 37 children living in 
the same rural area but not on farms. Children were recruited between 2005 
and 2007 [120,122, 152]. 

The parents were contacted before the birth of the children. Children who were 
born at the gestational age of 38 weeks or above were included in the study 
when they were 0-3 days old. Interviews with the parents were conducted by 
the study nurse when the children were recruited, and at 6 and 12 months of 
age. Paediatric allergologists examined the children at the age of 18 months, 
and at 3 and 8-9 years. The diagnostic criteria for asthma and allergy were 
based on symptoms and results from clinical examinations and laboratory 
tests.  

3.2.2 Examinations  

In paper III, mainly outcome data from the 8-9-year follow-up were used, and 
the investigations performed at that age were: lung function test, flow-volume 
curves with reversibility test and methacholine challenge as well as blood test 
and skin-prick test (SPT). Data on parental history of allergy were collected 
during recruitment, and the number of cats and dogs at the 6-month interview. 
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Criteria for allergic diagnoses of allergic diseases at 18 months and 3 years 
are specified in Appendix III. 

Lung function tests 

Flow-volume curves and reversibility tests were performed in accordance with 
American Thoracic Society and European Respiratory Society guidelines  
[162] using Spida 5 spirometry software (Micro Medical Limited, Rochester, 
UK). If FEV1 increased by >12% from the baseline, bronchodilator response 
was considered positive.  

Direct methacholine challenge was used to determine airway 
hyperresponsiveness [163]. Using tidal volume-triggered dosimetric method 
(Spira Elektro 2 jet nebulizer; Spira Respiratory Care Centre Ltd, 
Hämeenlinna, Finland). Baseline FEV1 was determined after inhalation of 
isotonic saline. Methacholine was subsequently inhaled in increasing doses at 
intervals of at least 1 minute until FEV1 had decreased by ≥ 20%, or a 
cumulative dose of 6.1875 mg had been given. At the end of the challenge, all 
subjects received an inhalation of salbutamol and FEV1 was measured to 
ensure recovery (FEV1>90% of the baseline value). The provocative dose 
inducing a fall of ≥ 20% in FEV1 (PD20) was determined by interpolating the 
dose-response curve. Airway hyperresponsiveness was defined as PD20 <0.6 
mg. The slope was calculated from the maximum fall in FEV1   divided by the 
cumulative dose. 

Blood tests  

Blood eosinophil cells, specific immunoglobulin E (IgE), and total IgE were 
all analysed at the Sahlgrenska University Hospital. All analyses were 
accredited by the Swedish Board for Accreditation and Conformity 
Assessment. For specific IgE and total IgE, Phadiatop and ImmunoCAP tests 
were used (Thermo Fisher Scientific, Uppsala, Sweden). 

Skin prick tests 

Skin prick tests (SPTs) were carried out for common airborne allergens (cat, 
dog, horse, rabbit, birch, grass, mugwort, Dermatophagoides pteronyssinus, 
Dermatophagoides farinae, and Cladosporium herbarum) according to the 
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standards of the Subcommittee on Skin Tests of the European Academy of 
Allergy and Clinical Immunology [164]. Allergen extracts were all 
manufactured by ALK (Hørsholm, Denmark). A positive SPT corresponds to 
a weal with a diameter exceeding the negative control by ≥ 3 mm. More 
detailed information on the investigations is provided in the paper III.  

3.2.3 The diagnostic criteria 

 asthma:  diagnosed at the age 8-9 years if the child, during 
the last 12 months had symptoms of wheeze/heavy breathing 
and FEV1 reversibility >12%, or bronchial hyper-
responsiveness to methacholine (PD20 <0.6 mg), or ongoing 
medication with inhaled corticosteroids or leukotriene 
antagonist. 
 

 allergic rhino-conjunctivitis (ARC): diagnosed at the age 
8-9 years if the child during the last 12 months, had eye or 
nose symptoms of allergic disease and a positive skin-prick 
test or specific IgE to the relevant allergen. 
 

   eczema: diagnosed at the age 8-9 years if the child, during 
the last 12 months, had a skin condition fulfilling Williams 
criteria [165], or an itching dermatitis that had been chronic 
or relapsing for at least 6 months. 
 

   number of cats and dogs in the household during the first 
year of life: data was obtained from the 6-month telephone 
interview. 
 

   heredity for asthma and allergy: if father and mother had a 
doctor´s diagnosed asthma, ARC or eczema (data collected 
at recruitment).  
 

   allergy ever: any of asthma, ARC or eczema diagnosed at 
any of the follows up at the age 18 months, 3 years or 8-9 
years (Appendix IV). 
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    allergy last year: included any of asthma, ARC or eczema 

diagnosed at the age 8-9 years. 
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    allergy last year: included any of asthma, ARC or eczema 

diagnosed at the age 8-9 years. 
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3.3 STATISTICAL ANALYSIS 
 
The data from the 2007 questionnaire study were transferred manually into 
Microsoft Access databases, doubled checked by a second person, and then 
transformed to an SPSS-database. 
Analyses were performed with SPSS statistical software (version 22 paper I, 
II, IV and version 24 in paper III; IBM Corp., Armonk, NY, USA). 

Paper I, II, III and IV. 

Chi-square (χ2) tests were used to compare differences between proportions 
and multiple logistic regression tests to investigate the influence of different 
factors on the outcome variable, and to adjust for possible confounders. 

A two-sided P-value < 0.05 was considered statistically significant.  

Paper II 

The SIMCA software (version 13.0.3; Umetrics AB, Umeå, Sweden) was 
applied for the principal component analysis (PCA) and orthogonal partial 
least squares (OPLS) analyses. Variables were centred and scaled to unit 
variance. SPSS statistical software (version 22) was used for cross-tabulations 
and multiple logistic regressions. 

A five step analysis approach was used: 

1. A principal component analysis (PCA) to explore data and identify 
variables with the strongest negative correlation with the outcome 
variable.  

2. Univariate analyses with χ2 and Fisher’s exact test were used for 
selected patterns.  Odds ratio (OR) with 95% confidence interval 
(CI) presented the differences.  

3. Identifying possible confounding variables. In 3 orthogonal partial 
least squares (OPLS) analyses possible associations between all 
independent variables and outcome variable were tested. Variables 
that showed a significant association with both total allergy and 
hand dishwashing and total allergy and traditional cooking were 
regarded as possible confounders.  
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4. Analysing the confounders in two models. The confounders were 
entered to two backward multiple logistic regression-models. 
Parental history of allergy, mother or father born in Sweden, 
mother’s education, town postcode, pet keeping during  infancy, day 
care attendance, crowding (square metres/number of persons at 
home) mother smoking during pregnancy and hand dishwashing 
(model 1) or traditional cooking (model 2). 

5. Using the variables from the last steps in model 1 and model 2 in 
hierarchical multiple logistic regression models. The hierarchical 
model (model 3) analysed the association between hand dishwashing 
and the different allergic diseases (total allergy, asthma, allergic 
rhino-conjunctivitis, eczema) adjusted for parental history of allergy, 
day care attendance, and pet keeping during infancy. The 
hierarchical model (model 4) analysed the association between 
traditional cooking and total allergy adjusted for parental history of 
allergy, day care attendance, pet keeping during infancy, and father 
born in Sweden.      

 

Paper III 

The SIMCA-P+ software (version 14.1; MKS Umetrics AB, Umeå, Sweden) 
was used for multivariate analyses.  

Linear-by-linear association and exact tests were used for trend analysis and 
backward logistic regression models for control of covariates and possible 
confounders. A two-sided P-value < 0.05 was considered statistically 
significant.  

In the birth-cohort study the orthogonal projection to latent structures (OPLS), 
was used to analyse the relationship between the number of pets at 6 months 
of age, parental history of allergy, and 12 independent outcomes from the 
follow-up at 8–9 years.  

Beta-coefficients on scaled and centred data were calculated with 95% 
confidence intervals.  
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3.4 ETHICAL APPROVAL (PAPER I-IV)  
 

Written, informed consent was obtained from all parents or legal guardians. 
The study was approved by the Ethics Committee of the University of 
Gothenburg, Sweden (R448-97 and Ö 446–00) and the Human Research 
Ethics Committee of the Medical Faculty, University of Gothenburg, Sweden 
(Dnr. 321–05, 363–05, 105–07 and 674–14). 

The questionnaires were coded. Only data and code numbers were transferred 
to the database to avoid the risk of identification of individual participant’s 
answers. All the questionnaires were stored in the research archives of 
Sahlgrenska University Hospital.  
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4.1 POPULATION 
 

4.1.1 The Cross-Sectional Study 

In 2007, a total of 1838 questionnaires were distributed in Mölndal and Kiruna 
of which 1029 were returned (response rate 56%). In Mölndal 717 out of 1354 
(53%) and in Kiruna 312 out of 484 (64%) were returned.  

The gender ratio was almost equal, with marginally more girls (53%, 546 out 
of 1029) than boys responding to the questionnaire but there was no significant 
difference between the towns. Almost all children (92%) in both Mölndal and 
Kiruna had siblings. 

Heredity for asthma and allergy was high and similar in both towns, 48% of 
mothers and 39% of fathers had a history of allergic diseases. Most parents in 
Kiruna and Mölndal were born in Sweden, 93% and 84% respectively.  
Educational level with a university degree was equally common in mothers 
and fathers in Mölndal while it was less common in Kiruna, especially among 
fathers. 

A history of smoking exposure was low, 6% of mothers smoked during 
pregnancy and 4% of children were exposed to smoking inside the house 
during the first year of life. The majority of all children, 91%, attended a day 
care centre and 76% lived in houses (detached, semidetached or terrace 
house). 

4.1.2 The Birth Cohort Study 

The total number of participants was 249, 50% boys (125) and girls (124). 

In the “Allergyflora” study 187 children were recruited, of whom 184 were 
followed up at 18 months, 174 at 3 years and 162 at 8 years. In the 
“Farmflora” study 65 children were recruited and all were followed up at 18 
months, 63 at 3 years and 48 were followed up at 8 years. 

Heredity for asthma and allergic diseases was slightly lower than in the cross- 
sectional study but similarly more common among mothers (44%) than fathers 
(36%). A doctor´s diagnosis of asthma and allergy among parents was 
required.   
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4.2 PREVALENCE OF ASTHMA AND ALLERGY  
 

4.2.1 Total prevalence of allergy (Paper I and III) 

In the cross-sectional study, almost 47% of all children (481 out of 1029) have 
had any of the following diagnosis during their life time: asthma, ARC or 
eczema (“allergy ever”). The prevalence of “allergy last year” i.e. any of   
asthma, ARC or eczema during the previous year was 30.5% (314 out of 
1029). There was no significant difference between Mölndal and Kiruna.   

In the birth cohort study, 38% of all children (95 out of 249) were diagnosed 
to have had “allergy ever”, i.e. any of asthma or ARC or eczema. “Allergy last 
year” was diagnosed in 29% of the children (73 out of 249).  

 

4.2.2 Prevalence of asthma, ARC, eczema and food 
allergy (Paper I, IV) 

In the cross-sectional study, the prevalences of “asthma ever”, “ARC ever” 
and “eczema ever” were 13.2%, 12.9% and 35.8% respectively. There were 
no significant differences between Mölndal and Kiruna. The prevalence of 
current asthma, ARC and eczema are presented in Table 1.  

The prevalence of “current asthma” was 7.1% and was significantly more 
common in Kiruna than in Mölndal, especially among boys. The prevalence 
of “current ARC” was 11.1% and significantly more common among boys in 
Mölndal than in Kiruna. There was no difference among girls. Almost 20% of 
children had “current eczema”, which was significantly more common among 
boys in Kiruna than in Mölndal. Geographical differences in the total 
prevalence of allergic diseases or current allergic diseases (any of asthma, 
ARC or eczema) were not observed. The differences in current allergic 
diseases were mostly observed among boys. Regarding self–reported food 
allergy or intolerance, the cumulative incidence was significantly higher in 
Kiruna than in Mölndal.  
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Kiruna than in Mölndal.  
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Table 1. The prevalence of current asthma and allergy in 2007. Significant p-values 
are marked with bold. Hicke-Roberts A, Acta Paediatrica 2016 (Paper I). 

 Total 

N=1029 

Mölndal 

N=717 

Kiruna 

N=312 

P-value 

Mölndal  vs 
Kiruna 

Asthma 

Total 

Boys 

Girls 

P-value  

Boys vs girls 

 

73 (7.1%) 

40 (8.3%) 

33 (6.0%) 

 

0.168 

 

43 (6%) 

20 (6.2%) 

23 (5.9%) 

 

0.879 

 

30 (9.6%) 

20 (12.7%) 

10 (6.5%) 

 

0.068 

 

0.038 

0.015 

0.774 

ARC 

Total 

Boys 

Girls 

P-value  

Boys vs girls 

 

114 (11.1%) 

65 (13.5%) 

49 (9%) 

 

0.023 

 

86 (12%) 

52 (16%) 

34 (8.7%) 

 

0.003 

 

28 (9%) 

13 (8.2%) 

15 (9.7%) 

 

0.627 

 

0.156 

0.019 

0.685 

Eczema  

Total 

Boys 

Girls 

P-value  

Boys vs girls 

 

203 (19.7%) 

80 (16.6%) 

123 (22.5%) 

 

0.015 

 

136 (19%) 

43 (13.2%) 

93 (23.7%) 

 

<0.001 

 

67 (21.5%) 

37 (23.4%) 

30 (19.5%) 

 

0.414 

 

0.353 

0.005 

0.295 
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The cumulative incidence of self-reported food allergy or intolerance (SRFA) 
was 19.6 % (201 out of 1029). Approximately one of five children had 
reported immediate or late symptoms due to food intake any time during the 
first 7-8 years of life. There was a significant difference between Mölndal 
15.7% (112 out of 717) and Kiruna 28.5% (89 out of 312), p < 0.001. 

 

 

Figure 2. The cumulative incidence of self-reported food allergy or intolerance (SRFA) to 
different food items.  

The most common SRFA was to cow’s milk (11.8%). An early onset of 
symptoms to cow’s milk before the age of three years was reported in 7.3% of 
all children. SFRA to peanut, egg, tree nut, fish and cereal were less common 
(range 2.8-0.7%) (Figure 2). Children with reported peanut allergy and   
symptoms other than oral allergy syndrome (OAS) were 2.3% and to tree nut 
1.4%. There was significantly more children in Kiruna than in Mölndal who 
had SRFA to milk (P=0.001), peanut (P =0.039), peanut with symptoms other 
than OAS (P=0.008), tree nut with symptoms other than OAS (P=0.006). 

Detailed information about cumulative incidence of SRFA is available in 
article IV, Table 1. 
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4.2.3 Symptoms of SRFA (Paper IV) 

There were different adverse reactions to different food items (Figure 3). 
Gastrointestinal symptoms such as abdominal pain, vomiting and diarrhoea as 
well as eczema were the most common adverse reactions to milk. These 
symptoms usually represent a “late-type onset reaction” without 
immunoglobulin E (IgE) sensitization. Urticaria/rash/angioedema were less 
common. The adverse reactions to peanuts and tree nuts were similar, most 
commonly presenting as urticaria/rash/angioedema, dyspnoea or oral allergy 
syndrome. These are usually immediate type of reactions, which are IgE- 
mediated. Eczema and urticaria/rash/angioedema were the most common 
symptoms of egg allergy. Reactions to fish were mostly 
urticaria/rash/angioedema, whereas symptoms to cereal were mainly 
gastrointestinal.   

Oral allergy syndrome (OAS) as the only symptom was reported by 27 of 
201(2.6%) children with SRFA. 
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Figure 3. Symptoms of SRFA. GI-gastrointestinal symptoms,   ARC-allergic rhino-
conjunctivitis, OAS-oral allergy syndrome. 
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4.3 THE CHANGES IN PREVALENCE OF 
ASTHMA, ARC, ECZEMA BETWEEN 1979 
AND 2007 (PAPER I)  

 

The results from the cross-sectional study in 2007, as well as from the previous 
studies from 1979 and 1991, revealed the change in the prevalences of allergic 
diseases and asthma during these periods of time [2,161, paper I]. 

The prevalence of asthma, ARC and eczema, as well as total allergic   diseases 
(any of asthma, ARC, eczema) increased significantly (p <0.001) between 
1979 and 1991[2,161]. From 1991 to 2007 the increase had levelled off for 
total allergic diseases (P=0.327), asthma (P=0.123) and eczema (P=0.337). 
However, ARC continued to increase at the same rate (about 0.2% per year) 
from 1979 to 2007. The increase of ARC was significant even in the period 
1991-2007 (p=0.004) (Figure 4).  

 

Figure 4. Prevalence of current allergic diseases (any of asthma, ARC or eczema), asthma, 
ARC and eczema. ARC-allergic rhino-conjunctivitis. 

When comparing the two towns, the increase was significant in all allergic 
diseases and asthma in both Kiruna and Gothenburg/Mölndal between 1979 
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and 1991 [2,161]. The increase in the prevalence of ARC was significant only 
in Mölndal between 1991 and 2007. [Table S3 in paper I]. 
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and 1991 [2,161]. The increase in the prevalence of ARC was significant only 
in Mölndal between 1991 and 2007. [Table S3 in paper I]. 
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4.4 RISK FACTORS FOR ASTHMA AND 
ALLERGY (PAPER I, IV) 

 

4.4.1 Heredity as a risk factor for asthma, ARC and 
eczema 

The various family factors which were previously associated with a risk of 
developing allergy such as heredity for allergy, parents’ educational level, 
parents’ country of birth and the number of siblings were statistically analysed 
in a multiple regression test, where total “allergy ever” (any of asthma, ARC 
or eczema) was the dependent variable.  

Only the parental history of allergy was noted as a risk factor for developing 
any form of allergy.  Thus, the risk associated with a mother with a history of 
allergy resulted in an adjusted OR of 1.65, (95%. CI 1.27-2.16), while the risk 
with a father with a history of allergy revealed an adjusted OR of 1.72, (95% 
CI 1.32-2.26). 

In another multiple regression model, the influence of parental allergy on 
specific current allergy or asthma was tested. Both mother’s and father’s 
history of allergy were independent risk factors for all types of allergy and 
asthma. However, maternal history of allergy was not a risk factor for eczema 
(Figure 5). 
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Figure 5. The influence of parental history of allergic diseases on the occurrence of current 
asthma, current ARC, current eczema and incidence of food allergy/intolerance in children. 
Multiple logistic regression with maternal and paternal history of allergy as independent 
variables. ARC-allergic rhino-conjunctivitis, CI-confidence interval, OR-odds ratio. Hicke-
Roberts A. Published in Acta Pediatrica.2016. (Paper I). 
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4.4.2 Late introduction of solids and mother’s history of 
allergy increased SRFA risk 

Infant’s diet: 

Majority of infants were breastfed 

Nearly all children were breastfed (95%), with no difference between the 
towns (Mölndal 94.6%, Kiruna 94.8%). However, children in Kiruna were 
breastfed longer (mean duration 10 months) than in Mölndal (8.7 months) and 
this was statistically significant (P=0.004). The difference in duration of 
breastfeeding between Kiruna and Mölndal was significant even with regard 
to children without milk allergy (10.1 respectively 8.6 months, P<0.001). The 
duration of breastfeeding was similar for the children with (9.6 months) and 
without milk allergy (9.1 months) (P=0.594). Furthermore, the duration of 
breastfeeding was not a risk factor for the cumulative incidence of SRFA 
(Table 2). 

The majority of infants were introduced to formula/ gruel and solids in 
the first six months of life in both towns, but a later introduction of 
formula/gruel and solids was more common in Kiruna 

Formula and gruel (a mixture of formula and cereal) constituted the major part 
of almost all the infants’ diets, most often introduced to children at the age of 
4-6 months. Significantly more children in Mölndal (n=351/677, 52%) than in 
Kiruna (125/292, 43%, P=0.009) started with formula and gruel at this age. 
Hence, more children in Kiruna (102/292, 35%) than in Mölndal (183/677, 
27%) started with formula and gruel at the age of 7 months or later. This 
difference was significant (P=0.013). The time of introduction of formula or 
gruel, before or after the age of 7 months was not a risk factor for the 
cumulative incidence of SRFA (Table 2) and, thus, the difference between this 
early and late introduction was not significant (P=0.18). 

The solid foods first given to infants were usually porridge (mixture of 
formula and oat or wheat) and purees made from different vegetables, fruit, 
rice, meat or fish. The majority of children started with solids during the first 
6 months of life (871/988, 88.2%), in Mölndal (619/693, 89%) and Kiruna 
(252/295, 85%), with no significant difference between the towns (P=0.0826). 
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However, significantly more children in Kiruna (43/295, 15%) than in 
Mölndal (74/693, 11%, P=0.002) started with solids at the age of 7 months or 
later. There was a significant difference in the cumulative incidence of SRFA 
between children who received solids before 7 months of age (161/870) and 
after this age (32/116), P=0.001. The multiple logistic regression test was used 
to investigate eight presumptive risk factors for food allergy or intolerance 
(Table 2). Late introduction of solids (at the age of 7 months or later) and 
mother’s history of allergy were independent risk factors for SRFA. 
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Table 2. Multiple logistic regression analysis of cumulative incidence of SRFA 
in relation to confounding factors. Hicke-Roberts A, BMC Pediatrics 2020.  

Variable Adjusted OR  95% CI P  

Male 1.179 0.834-1.667 0.35 

Duration of breastfeeding 1.014 0.980-1.048 0.429 

Father with a history of 
allergy1 

1.318 0.932-1.864 

 

0.119 

Mother with a history of 
allergy1 

1.599 1.126-2.270 

 

0.009 

Father’s education, 
university degree 

0.827                                            0.536-1.276 0.392 

Mother’s education, 
university degree 

1.155                                            0.768-1.737 0.489 

Introduction of 
formula/gruel before 7 
months of age 

0.715 0.462-1.102 0.129 

Late introduction of solids2

  
2.290 1.395-3.761 0.001 

1A history of asthma, rhino-conjunctivitis, eczema 

2Introduction of solids at 7 months of age or later 

OR-Odds ratio 

CI-Confidence Interval 
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The late introduction of solids to infants’ diets was not connected to 
parental history of food allergy 

The multiple logistic regression test was used in order to evaluate if parental 
history of food allergy could explain the late introduction of solids to the 
child’s diet. SRFA was used as the dependent variable while the independent 
variables were: duration of breastfeeding, mother with a history of food 
allergy, father with a history of food allergy and late introduction of solids. 
This revealed that the late introduction of solids still remained as an 
independent risk factor for SRFA, OR 1.8 (95% CI 1.15-3.02).  

The late introduction of solids was the risk factor and not the consequence 
of   early allergy symptoms such as asthma and eczema in infancy or in 
their siblings 

The late introduction of solid foods to the children’s diet could have been 
caused by them already suffering from allergy. Asthma and eczema are the 
early manifestations of allergy, usually beginning in infancy. The association 
between the late introduction of solids and asthma and eczema were analysed 
in order to evaluate possible reverse causality (Figure 6). Solids were often   
introduced late in children with SRFA but not in children with asthma or 
eczema. Therefore, the late introduction of solid foods can be considered a 
risk factor for SRFA and not a consequence of early allergy symptoms. To 
further investigate if the late introduction of solids is the risk factor for food 
allergy or the consequences of food allergy an analysis (linear regression with 
duration of breastfeeding and late onset of solids as independent variables) of 
the child’s siblings’ allergy profile was performed. A late introduction of 
solids to the child was associated with a higher ratio of siblings with food 
allergy (p=0.026), but there was no increased ratio of siblings with asthma 
(p=0.523) or eczema (p=0.63). This increase in ratio of food allergy in siblings 
but not in asthma or eczema could indicate that late introduction of solids is 
the consequence of habit or recommendations and simultaneously a risk for 
food allergy.   
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formula/gruel before 7 
months of age 

0.715 0.462-1.102 0.129 

Late introduction of solids2

  
2.290 1.395-3.761 0.001 

1A history of asthma, rhino-conjunctivitis, eczema 

2Introduction of solids at 7 months of age or later 

OR-Odds ratio 

CI-Confidence Interval 
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The late introduction of solids to infants’ diets was not connected to 
parental history of food allergy 

The multiple logistic regression test was used in order to evaluate if parental 
history of food allergy could explain the late introduction of solids to the 
child’s diet. SRFA was used as the dependent variable while the independent 
variables were: duration of breastfeeding, mother with a history of food 
allergy, father with a history of food allergy and late introduction of solids. 
This revealed that the late introduction of solids still remained as an 
independent risk factor for SRFA, OR 1.8 (95% CI 1.15-3.02).  

The late introduction of solids was the risk factor and not the consequence 
of   early allergy symptoms such as asthma and eczema in infancy or in 
their siblings 

The late introduction of solid foods to the children’s diet could have been 
caused by them already suffering from allergy. Asthma and eczema are the 
early manifestations of allergy, usually beginning in infancy. The association 
between the late introduction of solids and asthma and eczema were analysed 
in order to evaluate possible reverse causality (Figure 6). Solids were often   
introduced late in children with SRFA but not in children with asthma or 
eczema. Therefore, the late introduction of solid foods can be considered a 
risk factor for SRFA and not a consequence of early allergy symptoms. To 
further investigate if the late introduction of solids is the risk factor for food 
allergy or the consequences of food allergy an analysis (linear regression with 
duration of breastfeeding and late onset of solids as independent variables) of 
the child’s siblings’ allergy profile was performed. A late introduction of 
solids to the child was associated with a higher ratio of siblings with food 
allergy (p=0.026), but there was no increased ratio of siblings with asthma 
(p=0.523) or eczema (p=0.63). This increase in ratio of food allergy in siblings 
but not in asthma or eczema could indicate that late introduction of solids is 
the consequence of habit or recommendations and simultaneously a risk for 
food allergy.   
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 Figure 6. Percentage of children with late introduction of solids and manifestations of allergic 
disease. While solids were often introduced late in children with SRFA, no such pattern was 
seen for children with asthma or eczema, indicating that late introduction of solids is a risk 
factor and not consequence of food allergy. SRFA-self reported food allergy. Hicke-Roberts A, 
BMC Pediatrics 2020 (Paper IV). 

Higher cumulative incidence of SRFA in Kiruna cannot be explained by 
the parental history of allergy but later introduction of solids may be a 
factor  

Heredity for food allergy (Kiruna: 144/610; 23%, Mölndal: 312/1395; 22%), 
as well as for asthma, ARC or eczema (Kiruna 275/609; 45%, Mölndal 
622/1393; 45%) were similar in Mölndal and Kiruna. Self-reported food 
allergy was more common in children in Kiruna than in Mölndal (Table 2). 
Late introduction of solids was more common in Kiruna compared to Mölndal 
and this may be one explanation for the higher cumulative incidence of self-
reported food allergy in Kiruna (28.5%). 

0

2

4

6

8

10

12

14

16

18

No asthma, eczema
or SRFA

Asthma or eczema,
no SRFA

No SRFA SRFA

Ch
ild

re
n 

%

P=0.021

Anna Hicke-Roberts 

43 

Other putative risk factors for allergy such as number of siblings, parental 
smoking, keeping pets at home, use of antibiotics, pre-school attendance, 
number of respiratory tract infections were evaluated in univariate analyses. 
No statistically significant correlation with SRFA was found.  
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Other putative risk factors for allergy such as number of siblings, parental 
smoking, keeping pets at home, use of antibiotics, pre-school attendance, 
number of respiratory tract infections were evaluated in univariate analyses. 
No statistically significant correlation with SRFA was found.  
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4.5 THE PROTECTIVE FACTORS FOR ASTHMA 
AND ALLERGY (PAPER I, II, III)  

 

4.5.1 Parental birth country (Paper I) 
A reduced risk for allergy was found if both parents were born abroad: OR 
0.44; 95% CI 0.22-0.87 (multiple logistic regression test with “total allergy 
ever” as the dependent variable). 

4.5.2 Lifestyle-related habits (Paper II) 
Hand dishwashing, eating fermented food and food bought directly from 
farms were protective factors for total allergy 

Hand dishwashing was identified having the strongest negative correlation 
with allergic diseases, “total allergy” (any of asthma, ARC or eczema) (PCA 
analysis). An association between hand dishwashing, breastfeeding, eating 
fermented food, buying food directly from farms, home cooking and allergic 
diseases were tested (univariate analyses). Dishwashing by hand (OR 0.51; 
95% CI 0.34-0.77), eating fermented food (OR 0.53; 95% CI 0.32-0.87) and 
buying food directly from farms (OR 0.67; 95% CI 0.46-0.98) were 
statistically significant and decreased the risk for total allergy. The association 
between eating fermented food or buying food directly from farms, and 
protection from specific allergy did not reach statistical significance (Table 2, 
paper II). Only dishwashing by hand revealed a decreased risk for eczema (OR 
0.49; 95% CI 0.32-0.77) and asthma (OR 0.21; 95% CI 0.05-0.85) but not for 
ARC (OR 0.78; 95% CI 0.42-1.42). After adjusting for covariates and 
confounders (multiple logistic regressions models: 1 and 2, described in 
Methods) dishwashing by hand was significantly protective only for eczema 
and total allergy but did not reach statistical significance for asthma (Figure 
7).  
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Figure 7. Adjusted ORs and 95% CIs for eczema, asthma, ARC, and total allergy (any 
of the 3 diseases) when analysed with respect to dishwashing method used by the 
family. The prevalences of eczema and total allergy were significantly lower in 
children from families who use hand dishwashing (n = 126) instead of machine 
dishwashing (n = 868), whereas asthma revealed a borderline significance. 
Confounders were adjusted for in a hierarchical multiple logistic regression model, 
with parental history of allergy, day care attendance, and pet keeping during infancy 
as independent variables. Hesselmar B et al. Pediatrics 2015(Paper II). 

 

Traditional cooking is a protective factor for total allergy in a dose-
related pattern 

The association between traditional cooking (any of: hand dishwashing, eating 
fermented food or food bought directly from farms) and allergic diseases 
“total allergy” was evaluated. In the families where traditional cooking was 
practiced, 33% of children were reported to have had some type of allergic 
disease while among those who did not use traditional cooking it was 46% 
(P=0.000). Traditional cooking can be associated with a certain lifestyle. 
Multiple logistic regression model (model 2 described in Methods) was used 
to analyse possible confounders and covariates (father born in Sweden, day 
care attendance, parental history of allergy, pet keeping during infancy). 
Traditional cooking was still the significant protective factor for total allergy 
(adjusted OR 0.56 95% CI: 0.41-0.77). 
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The possible effect of the number of protective factors, a dose-related pattern, 
was investigated in multiple logistic regression model (model 2). “Total 
allergy” as the outcome variable was adjusted for confounders (model 2). The 
total allergy was reported in 46% of children in the families which did not use 
food from farms, used machine dishwasher and child did not eat fermented 
food.  If one of the protective factors was applied the total allergy decreased 
to 35% and if two or three were applied it further fell to 19% (Figure 8). The 
prevalence of allergic diseases decreased with increased numbers of factors in 
traditional cooking. 

 
Figure 8.The prevalence of total allergy (eczema, asthma, or ARC) according to the 
number of protective factors reported for the child’s family: that is, the number of 
factors included in the umbrella term traditional cooking (hand dishwashing, use of 
fermented food, or buying food from farm). Differences are expressed as adjusted ORs 
and 95% CIs, and confounders were adjusted for in a hierarchical multiple logistic 
regression model with parental history of allergy, day care attendance, pet keeping 
during infancy, and father born in Sweden, as independent variables. Hesselmar B et 
al., Pediatrics 2015 (Paper II). 
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4.5.3 Pet keeping in early life (Paper III) 
Almost one third of children had pets (dogs and cats) during the first year of 
life, in the Cross-Sectional Study 28% and the Birth Cohort Study 27%.  

Table 3. Number of household pets during the first year of life, range from 
zero to five, in the Cross-Sectional Study and zero to two or more in the Birth 
Cohort Study. 

Number of pets Cross-Sectional Cohort Birth Cohort 

0 767 181 

1 165 40 

2 64  

≥ 2  28 

3 21  

4 7  

≥ 5 2  

 

Pet keeping during the first year of life was a protective factor for allergy 
in a dose-related pattern 

The cumulative incidence (“allergy ever”) and prevalence (“allergy last year”) 
of allergic diseases decreased with the number of household pets both in the 
cross-sectional study (Figure 9, P-value for trend with exact test: 0.006 for 
“allergy ever” and 0.038 for “allergy last year”) and in the birth cohort study 
(Figure 10, P-value for trend with exact test: 0.007 for “allergy ever” and 
0.008 for “allergy last year”).  
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Figure 9. Data from the cross-sectional study. Allergy (any of asthma, allergic rhino-
conjunctivitis, or eczema) in relation to the number of household cats and dogs during 
the child’s first year of life. Allergy last year required current symptoms, i.e. symptoms 
in the last 12 months. Hesselmar B et al. PLoS ONE 2018 (Paper III).  
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Figure 10. Data from the Birth Cohort. Allergy (any of asthma, allergic rhino-
conjunctivitis, or eczema) in relation to the number of household cats and dogs when 
the child was 6 months old. Allergy last year required current symptoms, i.e. 
symptoms in the last 12 months. Hesselmar B et al. PLoS ONE 2018 (Paper III) 

 
The decreased risk of developing allergy with increasing number of pets 
remained the same even after adjusting for confounders in a backward 
multiple logistic regression analysis. The “allergy ever” was a dependent 
variable and number of pets, gender, parental history of allergy, number of 
siblings were independent variables.  In both cohorts, only parental history of 
allergy and number of pets remained in the last step. In the Cross-Sectional 
Study the OR of 0.8 for every additional pet (P=0.012) and in the Birth Cohort 
OR of 0.65 for each additional animal (P=0.058) was found. 

The choice of having pets was not influenced by parental sensitisation to 
pets 

To evaluate if parental allergic diseases influenced the choice of having pets, 
the sensitisation among parents was tested in the Birth Cohort Study. Blood 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

48 

 

Figure 9. Data from the cross-sectional study. Allergy (any of asthma, allergic rhino-
conjunctivitis, or eczema) in relation to the number of household cats and dogs during 
the child’s first year of life. Allergy last year required current symptoms, i.e. symptoms 
in the last 12 months. Hesselmar B et al. PLoS ONE 2018 (Paper III).  

 

 

 

 

Anna Hicke-Roberts 

49 

 

 

Figure 10. Data from the Birth Cohort. Allergy (any of asthma, allergic rhino-
conjunctivitis, or eczema) in relation to the number of household cats and dogs when 
the child was 6 months old. Allergy last year required current symptoms, i.e. 
symptoms in the last 12 months. Hesselmar B et al. PLoS ONE 2018 (Paper III) 

 
The decreased risk of developing allergy with increasing number of pets 
remained the same even after adjusting for confounders in a backward 
multiple logistic regression analysis. The “allergy ever” was a dependent 
variable and number of pets, gender, parental history of allergy, number of 
siblings were independent variables.  In both cohorts, only parental history of 
allergy and number of pets remained in the last step. In the Cross-Sectional 
Study the OR of 0.8 for every additional pet (P=0.012) and in the Birth Cohort 
OR of 0.65 for each additional animal (P=0.058) was found. 

The choice of having pets was not influenced by parental sensitisation to 
pets 

To evaluate if parental allergic diseases influenced the choice of having pets, 
the sensitisation among parents was tested in the Birth Cohort Study. Blood 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

50 

samples from 290 parents (149 mothers and 141 fathers) were obtained and 
Phadiatop tests for sensitisation were analysed. There was no significant 
difference in sensitisation (positive Phadiatop test) between parents who did 
not have pets and those who had pets when their child was 6 months old (P 
value for trend: mothers 0.590, fathers 0.425). 

The degree of sensitisation in children were decreasing with increasing 
number of pets 

In the Birth Cohort Study the skin prick test (SPT) was performed when the 
children were 7-8 years old. In the OPLS analysis (Figure 11), the relation 
between the number of pets when the child was 6 months and degree of 
sensitisation is shown. The diameter of SPT, which is the sign of sensitisation, 
decreased with increasing number of household animals in the infancy. This 
association was not only seen for the sensitisation to dogs or cats but even to 
pollen (birch and grass).    

 

   
 

Figure 11. Orthogonal projection to latent structures loading plot showing 
associations between the number of household cats and dogs when the child was 6 
months old (Y variable), and a set of 15 X variables.  The outcome variables for lung 
function (forced expiratory volume in 1 s [FEV1]/forced vital capacity [FVC]), 
bronchial hyperresponsiveness (BHR), blood eosinophil count (B-Eos), percentage of 
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blood eosinophils (Eosproc), total immunoglobulin (IgE), and skin-prick tests (SPTs) 
were from the age 8–9 years follow-up. .SPTs are given as weal diameter. X variable 
bars pointing in the same direction as the Y variable are positively associated with 
the Y variable, and bars pointing in the opposite direction are negatively associated. 
The height of the bars shows the B-coefficients for scaled and centred data, with 95% 
confidence intervals. Hesselmar B et al. PLoS ONE 2018 (Paper III). 
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5 DISCUSSION 
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5.1 PREVALENCE AND CHANGES OVER TIME  
 

The prevalence of ARC alone continued to increase at the same rate between 
1979 and 2007 while the increase in asthma and eczema levelled off between 
1991 and 2007. The geographical differences, with a higher prevalence of 
allergic diseases in the north, which was reported in 1979 and 1991 [2, 161], 
was not a general pattern in the 2007 study. However, in 2007 food allergy 
was more common in the north, and boys in Kiruna had more often asthma 
and eczema than boys in Mölndal, whereas boys in Mölndal more often 
reported ARC. These geographical differences, only seen in boys, are difficult 
to interpret. However, they may reflect a minor geographical difference, that 
can be only be visualised in boys, since allergic diseases are more commonly 
seen in boys at this age [166, 167]. 

Bjerg and co-workers have also performed epidemiological studies on asthma 
and allergy among children of the same age in the north of Sweden, and how 
the prevalence of these diseases has changed over a ten-year period from 1996 
to 2006 (33). The prevalence figure for asthma in our 2007 study was similar 
to the one found by Bjerg et al, but we found slightly higher figures for ARC 
and eczema. Neither Bjerg, nor we, found a general increase in allergic disease 
between the last follow-up measurements, even though we found an ongoing 
increase in ARC, and Bjerg et al. found an increase in sensitisation. This 
ongoing increase in ARC is further supported by the World-wide ISAC-study 
(4).  

The reported prevalence of asthma, ARC and eczema, and the changes over 
time in prevalences, varies globally [4, 38, 39]. The majority of countries 
reported an ongoing increase in allergic diseases among 6-7 year old children, 
according to ISAAC phase one to three studies, during the period 1994-2003 
[4]. In several European countries, such as UK, Germany and Spain, 
increasing prevalences of asthma, ARC and eczema were still seen, while in 
Austria the prevalence of asthma decreased but ARC and eczema increased 
[4]. This diverging and discordant pattern of changing prevalences over time 
has also been seen in other studies. There are several reports, with similar 
findings to our study, indicating that the increase in asthma and eczema has 
started to level off [24, 33-38]. A possible explanation for this phenomenon 
could be that the proportion of susceptible individuals in the population of 
some countries has already reached a high degree of saturation, while this may 
not be the case in other countries.  
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The cumulative incidence of self-reported food allergy (SRFA) in our study 
was also in accordance with other studies [48, 49]. In the study conducted by 
Strinnholm and co-workers in 2006 in the north of Sweden, 21% of all seven 
to eight year old children reported food hypersensitivity, which is similar to 
our findings [49]. The exact prevalence of food allergy is, however, not easy 
to estimate as it should be based on oral food challenge tests measuring both 
acute- and late-onset reactions, and such tests are both costly and time 
consuming. Most reports on food allergy are based on self-reported data which 
probably overestimate the true prevalence of food allergy [50]. Only about 
10% of self-reported food allergy can be confirmed by double-blind food 
challenge tests [46, 50, 168], but such tests are limited by the fact that they 
usually only measure acute reactions, and not late-onset reactions that may be 
visible after a few days. Furthermore, they only measure current allergy, and 
not the cumulative incidence of disease during an individual’s life. The global 
prevalence of food allergy based on the oral-challenge test varies between 1-
10% [50].  

The significant difference in the cumulative incidence of SRFA between 
Kiruna and Mölndal is unlikely to be explained by genetic factors. The 
majority of the population are of similar ethnicity and have a similar lifestyle 
in both towns. Moreover, the prevalence of asthma and other allergic diseases 
was similar in both towns, as was the parental history of total allergy and food 
allergy. The only significant “lifestyle” difference between the towns, found 
in our study, was the time of introduction of solids to the diet of infants as a 
late introduction of solids was more common in Kiruna than in Mölndal.  

In contrast to changes in the prevalences of asthma and other allergic diseases 
which vary in different countries, the prevalence of food allergy is reported to 
be rising globally [50, 52, 53]. The change over time in food allergy could not 
be estimated in this thesis research study due to a lack of available data on the 
incidence of food allergy in the previous studies from 1979 and 1991. 

The main limitation of this thesis research study was the response rate of 
approximately 60% in the cross-sectional study of 2007, which is not 
uncommon nowadays, but was lower than in the previous studies from 1979 
and 1991. It could have affected the power of the study and the risk of type 
two errors. Nonetheless, the risk of selection bias is low as the results from the 
study are similar to the results from other studies performed in the same time 
periods in northern Sweden [33, 49]. Moreover, the increase of the prevalence 
of asthma and eczema levelled off, which should not be the case if there was 
a problem with selection bias, meaning the opposite would be expected since 

Anna Hicke-Roberts 

55 

mostly parents to allergic children were presumed to respond to the 
questionnaire if selection bias was an issue. 

 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

54 

The cumulative incidence of self-reported food allergy (SRFA) in our study 
was also in accordance with other studies [48, 49]. In the study conducted by 
Strinnholm and co-workers in 2006 in the north of Sweden, 21% of all seven 
to eight year old children reported food hypersensitivity, which is similar to 
our findings [49]. The exact prevalence of food allergy is, however, not easy 
to estimate as it should be based on oral food challenge tests measuring both 
acute- and late-onset reactions, and such tests are both costly and time 
consuming. Most reports on food allergy are based on self-reported data which 
probably overestimate the true prevalence of food allergy [50]. Only about 
10% of self-reported food allergy can be confirmed by double-blind food 
challenge tests [46, 50, 168], but such tests are limited by the fact that they 
usually only measure acute reactions, and not late-onset reactions that may be 
visible after a few days. Furthermore, they only measure current allergy, and 
not the cumulative incidence of disease during an individual’s life. The global 
prevalence of food allergy based on the oral-challenge test varies between 1-
10% [50].  

The significant difference in the cumulative incidence of SRFA between 
Kiruna and Mölndal is unlikely to be explained by genetic factors. The 
majority of the population are of similar ethnicity and have a similar lifestyle 
in both towns. Moreover, the prevalence of asthma and other allergic diseases 
was similar in both towns, as was the parental history of total allergy and food 
allergy. The only significant “lifestyle” difference between the towns, found 
in our study, was the time of introduction of solids to the diet of infants as a 
late introduction of solids was more common in Kiruna than in Mölndal.  

In contrast to changes in the prevalences of asthma and other allergic diseases 
which vary in different countries, the prevalence of food allergy is reported to 
be rising globally [50, 52, 53]. The change over time in food allergy could not 
be estimated in this thesis research study due to a lack of available data on the 
incidence of food allergy in the previous studies from 1979 and 1991. 

The main limitation of this thesis research study was the response rate of 
approximately 60% in the cross-sectional study of 2007, which is not 
uncommon nowadays, but was lower than in the previous studies from 1979 
and 1991. It could have affected the power of the study and the risk of type 
two errors. Nonetheless, the risk of selection bias is low as the results from the 
study are similar to the results from other studies performed in the same time 
periods in northern Sweden [33, 49]. Moreover, the increase of the prevalence 
of asthma and eczema levelled off, which should not be the case if there was 
a problem with selection bias, meaning the opposite would be expected since 

Anna Hicke-Roberts 

55 

mostly parents to allergic children were presumed to respond to the 
questionnaire if selection bias was an issue. 

 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

56 

5.2 RISK FACTORS FOR DEVELOPING 
ALLERGY 

Similar to previous reports [8,161], we found that a parental history of allergy 
was a risk factor for allergic disease. In contrast to this, the number of siblings 
or the parental level of education, which were considered risk factors in earlier 
reports [14, 18, 169], were not found to be risk factors in this study. A probable 
explanation could be that almost all children attended day-care centres, most 
commonly from the age of one or two years. Therefore, almost all of them 
have been exposed to microbes and infections regardless of having siblings. 
Due to the Swedish educational and welfare system, lifestyle in Sweden has 
become more homogenous for the majority of the Swedish population in 
recent years, a fact that may explain why parental education did not seem to 
influence the development of allergy. However, a maternal history of allergy 
and food allergy were risk factors for children developing food allergy. The 
prevalence of allergy and food allergy among parents were similar in both 
towns. Hence, the difference in incidence of SRFA between Mölndal and 
Kiruna could not be explained by this factor. 

The role of the child’s diet in the development of food allergy has been 
discussed intensively in recent decades, especially the time of weaning. 
Exclusive breastfeeding during the first 6 months of age is recommended by 
WHO [128], and it is especially important in developing countries where the 
risk of gastrointestinal infection is high [170]. Although there are no common 
recommendations, consensus suggests that delaying the introduction of 
complementary food beyond 6 months in industrialised countries is not 
recommended [171-173].  

Neither duration of breastfeeding nor the time of introduction of formula/gruel 
were associated with the risk for SRFA in this thesis research study. 

The role of solids, and the timing of introduction to the infants’ diets, on the 
development of allergic diseases has been discussed recently [83, 84]. There 
are reports indicating that very early introduction, before 4 months of age, 
might increase the risk of allergy [158]. Late introduction of allergenic food 
was previously recommended, especially to children with a high risk of 
developing allergy [139-141,145]. However, recent studies did not support 
this recommendation. Late introduction of solids, both allergenic and non-
allergenic, beyond the age of six months, did not protect the child from 
developing allergy [159]. Moreover, late introduction of allergenic food, such 
as cow’s milk, was associated with a higher risk of eczema, and delaying other 
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solids in infants’ diets resulted in an increased risk of recurrent wheeze and 
higher sensitisation to inhalant allergens and food [151,152,155]. 

The timing of presenting food proteins to a child’s immune system in order to 
develop tolerance is important as it should occur at a certain level of maturity 
of the immune system [84]. This immunological “early window” is most likely 
to be between the fourth and sixth month of age. [84, 174]. Missing this time 
period with the introduction of food proteins might result in dysregulation of 
the immune system, leading to food allergy and/or autoimmune diseases 
[175,176]. There are many studies on the timing of introducing allergenic food 
[136, 147-156] but timing of introduction of non-allergenic food may also be 
important. The possible effect of complementary food on developing food 
tolerance might play out both in presenting food proteins to the immune 
system and influencing the immune system through the impact on intestinal 
microbiome, which plays an important role in the development of the immune 
system [56, 58, 59, 78]. Therefore, all factors affecting the microbiome 
development will consequently influence the immune system, especially in 
early age.  Breastfeeding and weaning affect the intestinal microbiome [77, 
79]. First solids, most often cereals, vegetables and fruits contain inulin and 
fructooligosaccharides, which act as prebiotics for many bacteria in the gut 
microbiome [58, 177]. Hence, the time of introducing solids ought to play an 
important role in stimulating the development of the gut microbiome and 
consequently influencing the immune system and developing tolerance to 
food proteins. This thesis research study shows that the timing of the 
introduction of complementary foods might be important for developing 
tolerance or food allergy.  

We found that the late introduction of solids to the infant’s diet was associated 
with a higher risk of SRFA, but not of asthma or eczema for the child or for 
the child’s siblings. Food allergy, asthma and eczema are considered to be 
early signs of atopy, usually developing in the first year or years of life. There 
is always a risk of reverse causation, meaning that parents to a child with 
already existing allergic disease delayed the introduction of solids, as 
compared to parents of a healthy child. In order to minimise the risk of reverse 
causation, analyses of the association between late introduction of solids and 
the risk of developing asthma, eczema and SFRA were performed not only in 
the index child, but also among the siblings. The results indicate that the late 
introduction of solids was caused not by an already existing allergic disease 
in the index child or siblings, but rather was a result of family habits or 
recommendations. Moreover, further analyses revealed the fact that the late 
introduction of solids remained a risk factor for SFRA even after adjusting for 
the intake of formula/gruels introduced before 7 months of age, meaning that 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

56 

5.2 RISK FACTORS FOR DEVELOPING 
ALLERGY 

Similar to previous reports [8,161], we found that a parental history of allergy 
was a risk factor for allergic disease. In contrast to this, the number of siblings 
or the parental level of education, which were considered risk factors in earlier 
reports [14, 18, 169], were not found to be risk factors in this study. A probable 
explanation could be that almost all children attended day-care centres, most 
commonly from the age of one or two years. Therefore, almost all of them 
have been exposed to microbes and infections regardless of having siblings. 
Due to the Swedish educational and welfare system, lifestyle in Sweden has 
become more homogenous for the majority of the Swedish population in 
recent years, a fact that may explain why parental education did not seem to 
influence the development of allergy. However, a maternal history of allergy 
and food allergy were risk factors for children developing food allergy. The 
prevalence of allergy and food allergy among parents were similar in both 
towns. Hence, the difference in incidence of SRFA between Mölndal and 
Kiruna could not be explained by this factor. 

The role of the child’s diet in the development of food allergy has been 
discussed intensively in recent decades, especially the time of weaning. 
Exclusive breastfeeding during the first 6 months of age is recommended by 
WHO [128], and it is especially important in developing countries where the 
risk of gastrointestinal infection is high [170]. Although there are no common 
recommendations, consensus suggests that delaying the introduction of 
complementary food beyond 6 months in industrialised countries is not 
recommended [171-173].  

Neither duration of breastfeeding nor the time of introduction of formula/gruel 
were associated with the risk for SRFA in this thesis research study. 

The role of solids, and the timing of introduction to the infants’ diets, on the 
development of allergic diseases has been discussed recently [83, 84]. There 
are reports indicating that very early introduction, before 4 months of age, 
might increase the risk of allergy [158]. Late introduction of allergenic food 
was previously recommended, especially to children with a high risk of 
developing allergy [139-141,145]. However, recent studies did not support 
this recommendation. Late introduction of solids, both allergenic and non-
allergenic, beyond the age of six months, did not protect the child from 
developing allergy [159]. Moreover, late introduction of allergenic food, such 
as cow’s milk, was associated with a higher risk of eczema, and delaying other 

Anna Hicke-Roberts 

57 

solids in infants’ diets resulted in an increased risk of recurrent wheeze and 
higher sensitisation to inhalant allergens and food [151,152,155]. 

The timing of presenting food proteins to a child’s immune system in order to 
develop tolerance is important as it should occur at a certain level of maturity 
of the immune system [84]. This immunological “early window” is most likely 
to be between the fourth and sixth month of age. [84, 174]. Missing this time 
period with the introduction of food proteins might result in dysregulation of 
the immune system, leading to food allergy and/or autoimmune diseases 
[175,176]. There are many studies on the timing of introducing allergenic food 
[136, 147-156] but timing of introduction of non-allergenic food may also be 
important. The possible effect of complementary food on developing food 
tolerance might play out both in presenting food proteins to the immune 
system and influencing the immune system through the impact on intestinal 
microbiome, which plays an important role in the development of the immune 
system [56, 58, 59, 78]. Therefore, all factors affecting the microbiome 
development will consequently influence the immune system, especially in 
early age.  Breastfeeding and weaning affect the intestinal microbiome [77, 
79]. First solids, most often cereals, vegetables and fruits contain inulin and 
fructooligosaccharides, which act as prebiotics for many bacteria in the gut 
microbiome [58, 177]. Hence, the time of introducing solids ought to play an 
important role in stimulating the development of the gut microbiome and 
consequently influencing the immune system and developing tolerance to 
food proteins. This thesis research study shows that the timing of the 
introduction of complementary foods might be important for developing 
tolerance or food allergy.  

We found that the late introduction of solids to the infant’s diet was associated 
with a higher risk of SRFA, but not of asthma or eczema for the child or for 
the child’s siblings. Food allergy, asthma and eczema are considered to be 
early signs of atopy, usually developing in the first year or years of life. There 
is always a risk of reverse causation, meaning that parents to a child with 
already existing allergic disease delayed the introduction of solids, as 
compared to parents of a healthy child. In order to minimise the risk of reverse 
causation, analyses of the association between late introduction of solids and 
the risk of developing asthma, eczema and SFRA were performed not only in 
the index child, but also among the siblings. The results indicate that the late 
introduction of solids was caused not by an already existing allergic disease 
in the index child or siblings, but rather was a result of family habits or 
recommendations. Moreover, further analyses revealed the fact that the late 
introduction of solids remained a risk factor for SFRA even after adjusting for 
the intake of formula/gruels introduced before 7 months of age, meaning that 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

58 

the late introduction of solids was not caused by an already existing food 
(milk) allergy. 

The questions on food allergy in the questionnaire were not validated, which 
was a limitation of the study. Other limitations were that the data was collected 
retrospectively and that the incidence of food allergy was self-reported. This 
might involve a recall bias, and the latter aspects may raise the incidence of 
food allergy. However, the cumulative incidence of self -reported food allergy 
from this research study was in accordance with a similar study from the north 
of Sweden [49], which could indicate that the cumulative incidence of SRFA 
might be on this level. Ideally, the prevalence of food allergy should be proven 
in double-blind oral food challenges, which definitively would give lower 
prevalence figures than the self-reported cumulative incidence. However, the 
difference between the two towns would probably remain, even if recall bias 
occurred, since such a bias would have a similar effect in the two towns. 
Therefore, neither the difference in SRFA between the towns, nor the time of 
the introduction of solids, can be explained by recall bias.  The substantial 
difficulties with analyses and studies investigating the influence of a feeding 
mode and the introduction of different food items on the development of 
allergy, run the risk of selection bias and reverse causation. Therefore, 
prospective randomised intervention-studies are of choice, but they are 
arduous, not always possible to perform, and sometimes ethically challenging. 
As a consequence, and limitation, many studies investigating this subject are 
often based on questionnaires, as this research study was. Taking into 
consideration the difficulties associated with these types of epidemiological 
studies, several statistical methods and analyses, described above, were used 
in order to decrease the risk involved with selection and reverse causation.  
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5.3 PROTECTIVE FACTORS FOR DEVELOPING 
ALLERGY 

 

Hand dishwashing, eating fermented food and food bought directly from 
farms were protective factors for total allergy 

Dietary and lifestyle factors, which may increase microbial exposure have 
been shown, in our study, to be protective for the development of asthma and 
allergy. Dishwashing by hand, instead of machine dishwashing, was a strong 
protective factor against allergy, and the protective effect increased, in a dose-
related pattern, if the child also ate fermented food and food bought directly 
from a farm.  

Hand dishwashing is not as efficient as machine dishwashing with regard to 
bacterial content. The efficiency of machine dishwashing was shown to be 
superior to hand dishwashing already in the 1940’s, while testing 1000 
dishwashers in New York [178]. This finding was later confirmed in a German 
study, where even different hand dishwashing techniques were tested and 
compared to both each other and to machine dishwashing [179]. The German 
study showed that bacterial survival on the dishes after hand dishwashing 
depends on many factors such as the type of dishes, their shape, use of 
cleaning devices, sanitising agents, the water temperature and especially the 
remnants of milk products which were difficult to be utilised [180]. Therefore, 
it is most probable that hand dishwashing increases microbial exposure. 

Fermentation is a process where different bacteria such as Lactobacillus, 
Streptococcus, Bacillus, and Pseudomonas, and yeasts and fungi play an 
important role. Therefore, fermented food can increase bacterial exposure, 
especially fermented vegetables, which can act both as prebiotics and 
probiotics. The role of pre and probiotics in the development of the gut 
microbiome, as well as its possible role in preventing and influencing many 
diseases, has been intensively discussed [181,182], especially in relationship 
to the development of allergy [183-185].  Buying food directly from farms, 
often milk products, could also increase microbial exposure. Although there 
are early reports indicating that ingesting unpasteurised milk products had an 
allergy-protective effect among people living on farms [186] it is difficult to 
determine if consumption of unprocessed food or other environmental factors 
were protective. This study suggests that eating fermented or unprocessed 
food could have a protective effect on allergy development. 
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Microbial exposure in affluent countries has decreased due to improved 
hygiene standards. This has led to a decreased morbidity and mortality from 
infectious diseases. However, according to the hygiene hypothesis [14], 
microbial exposure in early life stimulates the immune system, and as such, 
induces tolerance. Consequently, a decrease in microbial exposure could 
enhance allergy development. There are many studies which discuss the role 
of microbial exposure on developing allergy, such as living on a farm [21-30], 
the presence of a high diversity of intestinal microbiome [16, 57, 81], the 
microbial content in drinking water [187], the family size [14, 18, 89], 
attending a day-care facility [188], infections in early life [189] or the parental 
habit of sucking the child’s pacifier as a cleaning method [96]. 

Many of these exposures are difficult or potentially dangerous for individuals 
to actively implement.  Therefore, identifying new, easily implementable and 
harmless daily living factors which increase the microbial exposure in affluent 
countries might be a way of counteracting the rise of allergy. 

The main difficulties in interpreting the findings in this part of the study were 
the risk that confounding factors may influence the results. A lower prevalence 
of allergic diseases among children whose parents mostly washed dishes 
manually might be associated to living conditions bound by socioeconomic 
status. There are other studies showing that a lower socioeconomic status, and 
an overcrowded housing environment, are protective against developing 
allergy [190]. These factors could be related to hand dishwashing. Therefore, 
complex statistical analyses adjusting for the different confounding factors 
have been applied (Paper II). Recall bias could also be a problem in this part 
of the thesis research, as parents answered the questions when the children 
were 7-9 years old. Furthermore, it was not specified if the dish-washing 
practice recorded in the questionnaire was always applied, also during the 
child’s first year of life. The question concerning fermented food included 
examples of fermented vegetables, but still, such a question could be 
misinterpreted. These were expected limitations in the cross-sectional studies 
and should be taken into consideration while interpreting the results. 

Pet keeping during the first year of life was a protective factor for allergy 
in a dose-related pattern. 

Pet keeping during the first year of life was found to be a protective factor for 
allergy in this study, and the result supports earlier findings [18-20, 105-107]. 
However, there are other studies which did not find the same association 
[191]. Moreover, our study showed that the protective effect of keeping 
animals increased with the number of kept pets. The other interesting finding 
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was that the degree of sensitisation, not only to animals but also to pollen, 
decreased with the number of pets kept.  

In this part of the thesis (Paper III), two different population studies have been 
used to increase the quality of research methodology and decrease the risk of 
spurious results and false interpretations. Both population studies (the birth 
cohort and the cross-sectional study) showed similar results, namely, a 
decreased risk of allergy with an increasing number of kept pets, which 
reduces the risk of selection bias and a “false positive” type 1 error. Although 
cross-sectional studies have many advantages, such as large populations, 
problems with recall bias and validity should be addressed. In this part of the 
research, the results from the cross-sectional study were confirmed with the 
results from the birth cohort study. In this way the risk of recall bias and 
reverse causation were minimised. The problem with the validity of diagnosis 
in the cross-sectional study could also be addressed by this study approach. 
The birth cohort study, with the strict diagnostic criteria, showed the same 
results as the cross-sectional study. A second approach to address selection 
bias, beside the dose-response approach, was in the cross-sectional study to 
ask the parents for the reasons for not having animals, and in the birth cohort 
study parents were asked about a history of allergy already during the 
enrolment and then tested when the child was 6 months old. Both these 
approaches, as well as the finding that there was no difference in sensitisation 
between parents who had or did not have animals, support our conclusion that 
the observed allergy-protective effect from early animal exposure was not 
explained by selection bias. 

The result of the pattern of sensitisation, the decreased sensitisation to both 
animals and pollen with an increased number of animals kept indoors, 
indicates that the effect is not species-specific. This supports the hypothesis 
that early exposure to animals might have a protective effect not only via high 
allergen exposure, but also via an increase in microbial exposure, i.e. in a 
farm-like manner. 

The tolerance development is most likely to be induced by direct contact with 
the animal kept indoors [192], via exposure to the allergens, as well as the 
animals’ microbes and endotoxin. If the animal is not kept indoors then the 
child will be exposed only to the allergen and not to its endotoxins and 
microbes. According to the hygiene hypothesis [14], microbial exposure is 
required for proper immune stimulation in order to develop tolerance. 
Therefore, an increase in microbial exposure is a probable explanation for the 
protective effect of keeping cats and/or dogs indoors during early life.   
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was that the degree of sensitisation, not only to animals but also to pollen, 
decreased with the number of pets kept.  
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Parental birth country 

Having both parents born abroad was also a protective factor found in this 
study. The lower prevalence of allergic diseases among migrants and their 
children, especially at the early phase of their life in a new country, has 
previously been reported [194, 195]. However, the protective effect of 
migration seems to decrease with time [194, 196], indicating that 
environmental factors in the new country may have an important influence on 
the risk of allergy development.  

A theoretical model of allergy development 

A possible model of the complex synergy between different factors affecting 
the risk of allergy development, integrating the findings from this research, is 
presented in the figure 12. In this model, the risk of allergy development 
depends on three different processes. The first is the individual genetic 
propensity, presented in the left bar. This determines the overall risk of 
developing allergy, but it can be adjusted by: 1) general tolerance mechanisms 
presented in the second bar influencing the development of tolerance by 
altering the immune defence and, 2) selective mechanisms acting as allergy 
switches presented in the third bar. The genetic propensity cannot explain 
either the difference in the prevalence of asthma and allergic disease between 
Kiruna and Mölndal recorded in 1979 and 1991, or in the prevalence of food 
allergy in 2007. The ethnic population in both towns, and the heredity for 
allergic diseases, were similar. The general mechanisms influencing 
development of tolerance, presented in the second bar, are probably subject to 
individual influence. Therefore, increasing microbial exposure, especially 
during early childhood such as hand dishwashing, eating fermented food or 
food directly bought from a farm, and keeping animals at home, could 
influence the immune system and stimulate development of tolerance. 
Introducing solids during the early immunological window could also increase 
tolerance development, e.g. through the influence on the intestinal 
microbiome. Furthermore, eating fish early in life and consumption of butter 
may influence tolerance development through immunomodulatory agents 
[122, 153]. The third bar in the “allergy development model” acts through 
selective processes which are supposed to be of environmental and epigenetic 
origin. Climate changes may influence the duration and intensity of the pollen 
season, and act as a switch-on factor leading to the development of pollen 
allergy but no other type of allergy. Keeping animals indoors, especially more 
than one, may act as a switch-off factor through high continuous allergen 
exposure and decrease the risk of developing allergy to the specific animal.  If 
the time trends for asthma, eczema and allergic rhino-conjunctivitis are 
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applied to our three-dimensional model for allergy development, it seems that 
positive changes in some of the general mechanisms are responsible for the 
break in the trend line for asthma and eczema, while selective mechanisms 
(such as a longer pollen period) may explain why no such break in the time 
line is seen for rhino-conjunctivitis.  

 

Figure 12. A model integrating genetic propensity, the hygiene hypothesis and specific 
exposures in the explanation of allergy development. The left-hand bar symbolises genetic 
propensity. A low genetic propensity results in a relatively low risk of developing allergies 
independent of other factors. A high genetic propensity, on the other hand, results in a 
relatively high risk even during the most favourable circumstances. On every genetic 
propensity level, the risk may be adjusted by general tolerance mechanisms, such as degree 
of microbial exposure, as shown in the middle bar. However, these first two steps only act on 
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a global level that is adjusting the risk of becoming allergic. In actual fact becoming sensitised 
or allergic to a specific allergen is mainly related to specific allergen characteristics and 
adjuvants, as shown in the right-hand bar. Hicke-Roberts et al. Acta Paediatrica 2016. Paper 
I. The text in the figure is partly based on the results of this thesis. 

 

Anna Hicke-Roberts 

65 

5.4 STRENGTHS AND LIMITATIONS  
 

This study was mainly based on the cross-sectional study performed in 2007, 
and the results were compared with two previous studies from 1979 and 1991. 
The same set of questions, in the same geographical regions among the same 
age group of children, were used. The questions on asthma, ARC and eczema 
were validated in 1992 [2]. The population of the study and the amount of 
collected data were also strengths of this survey.  

In one part of this research (paper III), a prospective birth cohort was used to 
complement the results from the retrospective cross-sectional study. With this 
approach, the validity of the diagnosis used in the cross-sectional study was 
confirmed, and it reduced the risk of selection bias, recall bias and reverse 
causation.  

Different statistical methods were used to decrease the risks associated with 
the cross-sectional study-methodology.  

A limitation was the lower response rate in the 2007 cross-sectional study, as 
compared to the studies in 1979 and 1991. It could affect the power of the 
study and cause a risk of type two errors. Nonetheless, the risk of selection 
bias is low because the results from our study are similar to the results from 
other studies in similar time periods from northern Sweden [33, 49]. The 
increase in the prevalence of asthma and eczema levelled off, which suggests 
the absence of selection bias because the opposite would have been expected 
if selection bias was an issue since, in such a case, mostly parents to allergic 
children would respond to the questionnaire. 

Other limitations were that questions on food allergy were not validated and 
that the data was collected retrospectively. Furthermore, the incidence of food 
allergy was self-reported. This may involve recall bias, as well as diagnostic 
uncertainty, raising the incidence of food allergy. However, self -reported 
food allergy from this study was similar to another study from the north of 
Sweden [49], which indicates that the cumulative incidence of SRFA might 
be at this level. The prevalence of food allergy should be proven in double-
blind oral food challenges for accurate results. Probably, the difference 
between the two towns would still remain, even if recall bias occurred and 
would result in a similar effect in both towns. Therefore, neither the difference 
in SRFA between the towns, nor the time of introduction of solids, can be 
explained by recall bias. Taking into consideration the difficulties associated 
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with risk for selection bias and reverse causation in these types of 
epidemiological studies, several statistical methods and analyses, described 
above, were used in order to decrease the risk involved with selection and 
reverse causation.  

The risk of confounding factors which might have influenced the results was 
another issue. A lower prevalence of allergic diseases among children whose 
parents mostly washed dishes manually might have been associated to living 
conditions bound by a socioeconomic status. Therefore, complex statistical 
analyses adjusting for the different confounding factors were applied (Paper 
II). Recall bias could also have been a problem as parents answered the 
questions when the children were 7-9 years old. Furthermore, it was not 
specified if the dish-washing practice recorded in the questionnaire was 
always applied, in particular during the child’s first year of life. The question 
about fermented food could have been misinterpreted although it included 
examples of fermented vegetables. These were expected limitations in the 
cross-sectional studies and should be taking into consideration while 
interpreting the results. 

The problem with recall bias and validity was also of concern in Paper III. 
Therefore, the results from the cross-sectional study were confirmed with the 
results from the birth cohort study. In this way, the risks of recall bias, reverse 
causation and the problem of diagnostic validity in the cross-sectional study 
were decreased. To address selection bias, besides the dose-response 
approach, parents were asked for the reasons for not having animals in the 
cross-sectional study, and, in the birth cohort study parents were asked about 
a history of allergy already during the enrolment and then tested when the 
child was 6 months old. These approaches, as well as the finding that there 
was no difference in sensitisation between parents who had or did not have 
animals, support our conclusion that the observed allergy-protective effect 
from early animal exposure was not explained by selection bias. 
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6 CONCLUSION 
The prevalence of asthma and eczema levelled off from 1991 to 2007, while 
allergic rhino-conjunctivitis continued to increase. While regional differences 
in the prevalence of asthma, ARC and eczema were noticed only among boys, 
the cumulative incidence of food allergy was significantly higher in Kiruna 
than in Mölndal in both sexes. Heredity for allergic diseases was a risk factor 
for the development of allergies. Our results do not give any specific 
explanation for this break in the trend line for asthma and eczema, but one 
may speculate that climate change with longer pollen periods may have 
prevented a similar course for rhino-conjunctivitis. 

Late introduction of solids to infants’ diets increased the risk for the 
development of food allergy. While there was no difference in the history of 
allergy among parents in Kiruna and Mölndal, it was found that solids were 
introduced later in Kiruna. Therefore, late introduction of solids to infants’ 
diets may, per se, be one explanation for the higher cumulative incidence of 
food allergy in Kiruna. 

Hand dishwashing instead of using machine dishwashing was a strong 
protective factor against allergy. The protective effect increased, in a dose-
related pattern, if the child also ate fermented food and food bought directly 
from a farm. These factors might increase microbial exposure and, in this way, 
stimulate the immune system to develop tolerance.  

Pet-keeping during the first year of life was also found to be protective against 
development of allergy. This protective effect increased with the number of 
pets. The degree of sensitisation, not only to animals but even to pollen, 
decreased with the number of pets, suggesting that indoor pets may reduce the 
risk of allergy development in a “farm-like” manner.  
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7 FUTURE PERSPECTIVES 
 

It is important to follow up how the prevalence of allergic diseases among 
children develop over time, both regionally and nationally. Will ARC and 
food allergy continue to increase, or will they start to level of as has been seen 
for asthma and eczema? Analysing the time trend in relation to possible 
protective factors may also help in understanding the mechanism behind 
allergy development, and it will help in planning and estimating the burden 
for the health system. 

It would be also interesting to follow up the cumulative incidence of food 
allergy and if the regional difference between Kiruna and Mölndal will remain 
the same as recorded in 2007. In this research study the changes over time 
could not be analysed for food allergy, since we had no such data in 1979 nor 
in 1991. There are, however, many reports showing that food allergy is 
increasing globally, but the knowledge of local changes would be of benefit 
to the health services in caring for children suffering from allergy.  

Finding new protective factors against allergy, preferably by increasing 
microbial exposure in a safe way, is desirable in affluent countries.  This 
should ideally be investigated in prospective- or interventional studies to avoid 
or minimise methodological pitfalls. Some of the allergy-protective factors 
found in this study ought to be confirm in prospective studies before official 
recommendations can be encouraged in parental lifestyles.  



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

68 

6 CONCLUSION 
The prevalence of asthma and eczema levelled off from 1991 to 2007, while 
allergic rhino-conjunctivitis continued to increase. While regional differences 
in the prevalence of asthma, ARC and eczema were noticed only among boys, 
the cumulative incidence of food allergy was significantly higher in Kiruna 
than in Mölndal in both sexes. Heredity for allergic diseases was a risk factor 
for the development of allergies. Our results do not give any specific 
explanation for this break in the trend line for asthma and eczema, but one 
may speculate that climate change with longer pollen periods may have 
prevented a similar course for rhino-conjunctivitis. 

Late introduction of solids to infants’ diets increased the risk for the 
development of food allergy. While there was no difference in the history of 
allergy among parents in Kiruna and Mölndal, it was found that solids were 
introduced later in Kiruna. Therefore, late introduction of solids to infants’ 
diets may, per se, be one explanation for the higher cumulative incidence of 
food allergy in Kiruna. 

Hand dishwashing instead of using machine dishwashing was a strong 
protective factor against allergy. The protective effect increased, in a dose-
related pattern, if the child also ate fermented food and food bought directly 
from a farm. These factors might increase microbial exposure and, in this way, 
stimulate the immune system to develop tolerance.  

Pet-keeping during the first year of life was also found to be protective against 
development of allergy. This protective effect increased with the number of 
pets. The degree of sensitisation, not only to animals but even to pollen, 
decreased with the number of pets, suggesting that indoor pets may reduce the 
risk of allergy development in a “farm-like” manner.  

 

  

 

Anna Hicke-Roberts 

69 

7 FUTURE PERSPECTIVES 
 

It is important to follow up how the prevalence of allergic diseases among 
children develop over time, both regionally and nationally. Will ARC and 
food allergy continue to increase, or will they start to level of as has been seen 
for asthma and eczema? Analysing the time trend in relation to possible 
protective factors may also help in understanding the mechanism behind 
allergy development, and it will help in planning and estimating the burden 
for the health system. 

It would be also interesting to follow up the cumulative incidence of food 
allergy and if the regional difference between Kiruna and Mölndal will remain 
the same as recorded in 2007. In this research study the changes over time 
could not be analysed for food allergy, since we had no such data in 1979 nor 
in 1991. There are, however, many reports showing that food allergy is 
increasing globally, but the knowledge of local changes would be of benefit 
to the health services in caring for children suffering from allergy.  

Finding new protective factors against allergy, preferably by increasing 
microbial exposure in a safe way, is desirable in affluent countries.  This 
should ideally be investigated in prospective- or interventional studies to avoid 
or minimise methodological pitfalls. Some of the allergy-protective factors 
found in this study ought to be confirm in prospective studies before official 
recommendations can be encouraged in parental lifestyles.  



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

70 

 

 

 

 

 

71 

ACKNOWLEDGEMENT 
I would like to thank the participants who kindly completed the questionnaires 
and those who willingly took part in the clinical study. I would also like to 
thank school personnel for helping to distribute and collect the questionnaires.   

I am eternally grateful to my main supervisor Bill Hesselmar and co-
supervisor Göran Wennergren, two excellent scientific guides and teachers, 
for their constant support, encouragement and unfailing help throughout the 
entire period from the beginning and all the way through to the completion of 
this thesis. I am grateful for reviewing the manuscripts and giving me 
professional advice in sharing their knowledge and broad experience in both 
clinical and academic practice.  I am especially grateful to Bill for all the help 
with statistics, for professionalism and the patience in explaining his use of 
the statistical methods. I am very grateful to Göran for his patience, kindness 
and inestimable editorial help in preparing all the manuscripts. Furthermore, I 
am grateful also for organising all the economic support for my studies.  

I would like to thank the following persons involved in the birth cohort study: 
the staff from the Delivery Ward, Mölndal Hospital, the study nurses Mainor 
Åmark, Helen Andersson and Anders Nordberg, the paediatricians Susanne 
Johansen, Margareta Ceder, Gunhild Lindhagen, Stefan Stentoft and Carl-
Johan Törnhage.  

I would also like to thank Martin Hesselmar for helping with transferring the 
data from the questionnaire to the SPSS-database.  

I would like to thank particularly the former executive chief of the children’s 
outpatient clinic Karin Andersson for her support and kindness. My gratitude 
goes also to the chief executive   Lorna Nicklasson, as well as the departmental 
heads of the children’s outpatient clinic Malin Lasu Sundborn, Gunilla 
Stenberg, Catarina Svalbacke and Kristofer Allin for enabling me to perform 
my studies. 

I would like to thank Jonas Hermansson, head of research department, 
Angereds Närsjukhus for the economic support.  

I also thank all my colleagues at work and in the research group of the Allergy 
Department of Drottnings Silvia barn- och ungdomssjukhus, for their support. 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

70 

 

 

 

 

 

71 

ACKNOWLEDGEMENT 
I would like to thank the participants who kindly completed the questionnaires 
and those who willingly took part in the clinical study. I would also like to 
thank school personnel for helping to distribute and collect the questionnaires.   

I am eternally grateful to my main supervisor Bill Hesselmar and co-
supervisor Göran Wennergren, two excellent scientific guides and teachers, 
for their constant support, encouragement and unfailing help throughout the 
entire period from the beginning and all the way through to the completion of 
this thesis. I am grateful for reviewing the manuscripts and giving me 
professional advice in sharing their knowledge and broad experience in both 
clinical and academic practice.  I am especially grateful to Bill for all the help 
with statistics, for professionalism and the patience in explaining his use of 
the statistical methods. I am very grateful to Göran for his patience, kindness 
and inestimable editorial help in preparing all the manuscripts. Furthermore, I 
am grateful also for organising all the economic support for my studies.  

I would like to thank the following persons involved in the birth cohort study: 
the staff from the Delivery Ward, Mölndal Hospital, the study nurses Mainor 
Åmark, Helen Andersson and Anders Nordberg, the paediatricians Susanne 
Johansen, Margareta Ceder, Gunhild Lindhagen, Stefan Stentoft and Carl-
Johan Törnhage.  

I would also like to thank Martin Hesselmar for helping with transferring the 
data from the questionnaire to the SPSS-database.  

I would like to thank particularly the former executive chief of the children’s 
outpatient clinic Karin Andersson for her support and kindness. My gratitude 
goes also to the chief executive   Lorna Nicklasson, as well as the departmental 
heads of the children’s outpatient clinic Malin Lasu Sundborn, Gunilla 
Stenberg, Catarina Svalbacke and Kristofer Allin for enabling me to perform 
my studies. 

I would like to thank Jonas Hermansson, head of research department, 
Angereds Närsjukhus for the economic support.  

I also thank all my colleagues at work and in the research group of the Allergy 
Department of Drottnings Silvia barn- och ungdomssjukhus, for their support. 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

72 

I am also thankful to Mr David Ely for excellent help in linguistic editing of 
the manuscripts.  

Special gratitude to my family including my parents and siblings.  

To my parents, Barbara and Czeslaw Hicke, for their unconditional love, 
upbringing, encouragement throughout my whole life. I love you. Dziekuje 
Wam bardzo za wszystko i kocham Was bardzo. 

To my dearest companion, friend and husband, Donald, for your support, help 
and patience, especially during the time of studies. I love you eternally.  

To Paul and Thomas, my dearest sons, for your support, you are my love and 
the source of happiness, joy and hope.   

To my sister Maja and my brother Wojciech, and their families, thank you for 
all your help.  

A special thanks to my niece Emilia and her son, Stanislaw and my niece 
Karolina and her daughter Klara for modelling in the picture of the cover of 
this thesis. 

A special gratitude to all my friends, both in Poland and Sweden, thank you 
for being with me. Dziekuje bardzo! 

 

 

 

 

The studies were founded by the Sahlgrenska Academy at the University of 
Gothenburg and the Swedish Asthma and Allergy Association Research 
Foundation. 

 

73 

REFERENCES 
1. Burr ML, Butland BK., King S, Vaughan-Williams E. Changes in asthma 
prevalence: two surveys 15 years apart. Arch Dis Child. 1989 64(10), 1452-6. 

 
2. Aberg N, Hesselmar B, Aberg B, Eriksson B. Increase of asthma, allergic rhinitis 
and eczema in Swedish schoolchildren between 1979 and 1991.Clin Exp Allergy. 
1995 Sep; 25(9):815-9. 
 
3. Burney PG, Chinn S, Rona RJ. Has the prevalence of asthma increased in 
children? Evidence from the national study of health and growth 1973-86. BMJ. 
1990 May 19; 300(6735):1306-10. 
 

4. Asher MI, Montefort S, Björkstén B, Lai CKW, Strachan DP, Weiland SK, et 
al. Worldwide time trends in the prevalence of symptoms of asthma, allergic 
rhinoconjunctivitis, and eczema in childhood: ISAAC Phases One and Three 
repeat multicountry cross-sectional surveys. The Lancet. 2006;368(9537):733-
43. 

 
5. Weiss KB, Sullivan SD Socio-economic burden of asthma, allergy, and other 
atopic illnesses. Pediatr Allergy Immunol. 1994; 5(6 Suppl):7-12. 
 
6. Warner AM, Björkstén B, Munir AK, Möller C, Schou C, Kjellman NI. Childhood 
asthma and exposure to indoor allergens: low mite levels are associated with 
sensitivity. Pediatr Allergy Immunol. 1996 May; 7(2):61-7. 
 
7. Nilsson L. The role of air pollutants. Pediatr Allergy Immunol. 1994; 5(6 
Suppl):52-6. 
 
8. Aberg N, Sundell J, Eriksson B, Hesselmar B, Aberg B. Prevalence of allergic 
diseases in schoolchildren in relation to family history, upper respiratory infections, 
and residential characteristics. Allergy 1996 Apr; 51(4):232-7. 
 
9. Hesselmar B, Aberg B, Eriksson B, Björkstén B, Aberg N. Building characteristics 
affect the risk of allergy development. Pediatr Allergy Immunol. 2005 16(2):126-
31.   
 
10. Ito H, Baba S, Mitani K. Connection between NO(x) and SO(x) collected from 
the Japanese cedar tree and Pollinosis. .Acta Otolaryngol Suppl. 1996; 525:79-84. 
 
 
11. Bowatte G, Lodge C, Lowe AJ, Erbas B, Perret J, Abramson MJ, Matheson M, 
Dharmage SC. The influence of childhood traffic-related air pollution exposure on 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

72 

I am also thankful to Mr David Ely for excellent help in linguistic editing of 
the manuscripts.  

Special gratitude to my family including my parents and siblings.  

To my parents, Barbara and Czeslaw Hicke, for their unconditional love, 
upbringing, encouragement throughout my whole life. I love you. Dziekuje 
Wam bardzo za wszystko i kocham Was bardzo. 

To my dearest companion, friend and husband, Donald, for your support, help 
and patience, especially during the time of studies. I love you eternally.  

To Paul and Thomas, my dearest sons, for your support, you are my love and 
the source of happiness, joy and hope.   

To my sister Maja and my brother Wojciech, and their families, thank you for 
all your help.  

A special thanks to my niece Emilia and her son, Stanislaw and my niece 
Karolina and her daughter Klara for modelling in the picture of the cover of 
this thesis. 

A special gratitude to all my friends, both in Poland and Sweden, thank you 
for being with me. Dziekuje bardzo! 

 

 

 

 

The studies were founded by the Sahlgrenska Academy at the University of 
Gothenburg and the Swedish Asthma and Allergy Association Research 
Foundation. 

 

73 

REFERENCES 
1. Burr ML, Butland BK., King S, Vaughan-Williams E. Changes in asthma 
prevalence: two surveys 15 years apart. Arch Dis Child. 1989 64(10), 1452-6. 

 
2. Aberg N, Hesselmar B, Aberg B, Eriksson B. Increase of asthma, allergic rhinitis 
and eczema in Swedish schoolchildren between 1979 and 1991.Clin Exp Allergy. 
1995 Sep; 25(9):815-9. 
 
3. Burney PG, Chinn S, Rona RJ. Has the prevalence of asthma increased in 
children? Evidence from the national study of health and growth 1973-86. BMJ. 
1990 May 19; 300(6735):1306-10. 
 

4. Asher MI, Montefort S, Björkstén B, Lai CKW, Strachan DP, Weiland SK, et 
al. Worldwide time trends in the prevalence of symptoms of asthma, allergic 
rhinoconjunctivitis, and eczema in childhood: ISAAC Phases One and Three 
repeat multicountry cross-sectional surveys. The Lancet. 2006;368(9537):733-
43. 

 
5. Weiss KB, Sullivan SD Socio-economic burden of asthma, allergy, and other 
atopic illnesses. Pediatr Allergy Immunol. 1994; 5(6 Suppl):7-12. 
 
6. Warner AM, Björkstén B, Munir AK, Möller C, Schou C, Kjellman NI. Childhood 
asthma and exposure to indoor allergens: low mite levels are associated with 
sensitivity. Pediatr Allergy Immunol. 1996 May; 7(2):61-7. 
 
7. Nilsson L. The role of air pollutants. Pediatr Allergy Immunol. 1994; 5(6 
Suppl):52-6. 
 
8. Aberg N, Sundell J, Eriksson B, Hesselmar B, Aberg B. Prevalence of allergic 
diseases in schoolchildren in relation to family history, upper respiratory infections, 
and residential characteristics. Allergy 1996 Apr; 51(4):232-7. 
 
9. Hesselmar B, Aberg B, Eriksson B, Björkstén B, Aberg N. Building characteristics 
affect the risk of allergy development. Pediatr Allergy Immunol. 2005 16(2):126-
31.   
 
10. Ito H, Baba S, Mitani K. Connection between NO(x) and SO(x) collected from 
the Japanese cedar tree and Pollinosis. .Acta Otolaryngol Suppl. 1996; 525:79-84. 
 
 
11. Bowatte G, Lodge C, Lowe AJ, Erbas B, Perret J, Abramson MJ, Matheson M, 
Dharmage SC. The influence of childhood traffic-related air pollution exposure on 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

74 

asthma, allergy and sensitization: a systematic review and a meta-analysis of birth 
cohort studies Allergy. 2015 Mar; 70(3):245-56. 
 
12. Halken S, Høst A, Nilsson L, Taudorf E. Passive smoking as a risk factor for 
development of obstructive respiratory disease and allergic sensitization. Allergy. 
1995 Feb; 50(2):97-105. 
13.Banderali G, Martelli A, Landi M, Moretti F, Betti F, Radaelli G, Lassandro 
C, Verduci E. Short and long term health effects of parental tobacco smoking 
during pregnancy and lactation: a descriptive review. J Transl Med 2015; 13: 
327.  

 
14. Strachan DP. Hay fever, hygiene, and household size. BMJ. 1989 Nov 18; 
299(6710):1259-60. 
 
15. Wold AE. The hygiene hypothesis revised: is the rising frequency of allergy due 
to changes in the intestinal flora? Allergy. 1998; 53(46 Suppl):20-5. 
 

16. Wang M, Karlsson C, Olsson C, Adlerberth I, Wold AE, Strachan DP, et al. 
Reduced diversity in the early fecal microbiota of infants with atopic eczema. 
Journal of Allergy and Clinical Immunology. 2008;121(1):129-34. 
 
17. von Mutius E. Allergies, infections and the hygiene hypothesis-the 
epidemiological evidence. Immunobiology. 2007; 212(6):433-9. 
 
18. Hesselmar B, Aberg N, Aberg B, Eriksson B, Björkstén B. Does early exposure 
to cat or dog protect against later allergy development? Clin Exp Allergy. 1999 
May; 29(5):611-7. 
 

19. Remes ST, Castro-Rodriguez JA, Holberg CJ, Martinez FD, Wright AL. Dog 
exposure in infancy decreases the subsequent risk of frequent wheeze but not of 
atopy. J Allergy Clin Immunol. 2001;108(4):509-15. 
 
20. Ownby DR, Johnson CC, Peterson EL Exposure to dogs and cats in the first year 
of life and risk of allergic sensitization at 6 to 7 years of age. JAMA. 2002 Aug 28; 
288(8):963-72.  
 
21. Braun-Fahrländer C, Gassner M, Grize L, Neu U, Sennhauser FH, Varonier HS, 
Vuille JC, Wüthrich B. Prevalence of hay fever and allergic sensitization in 
farmer's children and their peers living in the same rural community. SCARPOL 
team. Swiss Study on Childhood Allergy and Respiratory Symptoms with Respect to 
Air Pollution. Clin Exp Allergy. 1999 Jan; 29(1):28-34. 

 

75 

 
22. Nilsson L, Castor O, Löfman O, Magnusson A, Kjellman NI. Allergic disease in 
teenagers in relation to urban or rural residence at various stages of childhood. 
Allergy. 1999 Jul; 54(7):716-21. 
 

23. von Ehrenstein OS, von Mutius E, Illi S, Baumann L, Bohm O, von Kries R. 
Reduced risk of hay fever and asthma among children of farmers. Clin Exp 
Allergy 2000;30: 187–193. 
 
24. Wennergren G, Ekerljung L, Alm B, Eriksson J, Lötvall J, Lundbäck B. Asthma 
in late adolescence - farm childhood is protective and the prevalence increase has 
levelled off. Pediatric Allergy and Immunology. 2010;21(5):806-13. 
 
25. von Mutius E, Vercelli D. Farm living: effects on childhood asthma and 
allergy. Nat Rev Immunol. 2010 Dec 10 (12):861-8. 
 
26. Riedler J, Eder W, Oberfeld G, Schreuer M. Austrian children living on a farm 
have less hay fever, asthma and allergic sensitization. Clin Exp Allergy. 2000 Feb; 
30(2):194-200. 
 
27. Riedler J, Braun-Fahrländer C, Eder W, Schreuer M, Waser M, Maisch S, et al. 
Exposure to farming in early life and development of asthma and allergy: a cross-
sectional survey. The Lancet. 2001;358(9288):1129-33 
 

28. von Mutius E, Braun-Fahrlander C, Schierl R, et al. Exposure to endotoxin 
or other bacterial components might protect against the development of atopy. 
Clin Exp Allergy 2000; 30: 1230–1234.  
 
29. Strömbeck A, Nordström I, Andersson K, Andersson H, Johansen S, Maglio C, 
Rabe H, Adlerberth I, Wold AE, Hesselmar B, Rudin A, Lundell AC. Allergic disease 
in 8-year-old children is preceded by delayed B cell maturation. Clin Exp Allergy. 
2017 Jul; 47(7):918-928 
 
30. Gio-Batta M, Sjöberg F, Jonsson K, Barman M, Lundell AC, Adlerberth I, 
Hesselmar B, Sandberg AS, Wold AE. Fecal short chain fatty acids in children 
living on farms and a link between valeric acid and protection from eczema.Sci Rep. 
2020 Dec 31; 10(1):22449. 
 

31.Heinrich J, Nowak D, Wassmer G, Jörres R, Wjst M, Berger J, Magnussen 
H, Wichmann HE. Age-dependent differences in the prevalence of allergic 
rhinitis and atopic sensitization between an eastern and a western German city. 
Allergy. 1998 Jan; 53(1):89-93 

 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

74 

asthma, allergy and sensitization: a systematic review and a meta-analysis of birth 
cohort studies Allergy. 2015 Mar; 70(3):245-56. 
 
12. Halken S, Høst A, Nilsson L, Taudorf E. Passive smoking as a risk factor for 
development of obstructive respiratory disease and allergic sensitization. Allergy. 
1995 Feb; 50(2):97-105. 
13.Banderali G, Martelli A, Landi M, Moretti F, Betti F, Radaelli G, Lassandro 
C, Verduci E. Short and long term health effects of parental tobacco smoking 
during pregnancy and lactation: a descriptive review. J Transl Med 2015; 13: 
327.  

 
14. Strachan DP. Hay fever, hygiene, and household size. BMJ. 1989 Nov 18; 
299(6710):1259-60. 
 
15. Wold AE. The hygiene hypothesis revised: is the rising frequency of allergy due 
to changes in the intestinal flora? Allergy. 1998; 53(46 Suppl):20-5. 
 

16. Wang M, Karlsson C, Olsson C, Adlerberth I, Wold AE, Strachan DP, et al. 
Reduced diversity in the early fecal microbiota of infants with atopic eczema. 
Journal of Allergy and Clinical Immunology. 2008;121(1):129-34. 
 
17. von Mutius E. Allergies, infections and the hygiene hypothesis-the 
epidemiological evidence. Immunobiology. 2007; 212(6):433-9. 
 
18. Hesselmar B, Aberg N, Aberg B, Eriksson B, Björkstén B. Does early exposure 
to cat or dog protect against later allergy development? Clin Exp Allergy. 1999 
May; 29(5):611-7. 
 

19. Remes ST, Castro-Rodriguez JA, Holberg CJ, Martinez FD, Wright AL. Dog 
exposure in infancy decreases the subsequent risk of frequent wheeze but not of 
atopy. J Allergy Clin Immunol. 2001;108(4):509-15. 
 
20. Ownby DR, Johnson CC, Peterson EL Exposure to dogs and cats in the first year 
of life and risk of allergic sensitization at 6 to 7 years of age. JAMA. 2002 Aug 28; 
288(8):963-72.  
 
21. Braun-Fahrländer C, Gassner M, Grize L, Neu U, Sennhauser FH, Varonier HS, 
Vuille JC, Wüthrich B. Prevalence of hay fever and allergic sensitization in 
farmer's children and their peers living in the same rural community. SCARPOL 
team. Swiss Study on Childhood Allergy and Respiratory Symptoms with Respect to 
Air Pollution. Clin Exp Allergy. 1999 Jan; 29(1):28-34. 

 

75 

 
22. Nilsson L, Castor O, Löfman O, Magnusson A, Kjellman NI. Allergic disease in 
teenagers in relation to urban or rural residence at various stages of childhood. 
Allergy. 1999 Jul; 54(7):716-21. 
 

23. von Ehrenstein OS, von Mutius E, Illi S, Baumann L, Bohm O, von Kries R. 
Reduced risk of hay fever and asthma among children of farmers. Clin Exp 
Allergy 2000;30: 187–193. 
 
24. Wennergren G, Ekerljung L, Alm B, Eriksson J, Lötvall J, Lundbäck B. Asthma 
in late adolescence - farm childhood is protective and the prevalence increase has 
levelled off. Pediatric Allergy and Immunology. 2010;21(5):806-13. 
 
25. von Mutius E, Vercelli D. Farm living: effects on childhood asthma and 
allergy. Nat Rev Immunol. 2010 Dec 10 (12):861-8. 
 
26. Riedler J, Eder W, Oberfeld G, Schreuer M. Austrian children living on a farm 
have less hay fever, asthma and allergic sensitization. Clin Exp Allergy. 2000 Feb; 
30(2):194-200. 
 
27. Riedler J, Braun-Fahrländer C, Eder W, Schreuer M, Waser M, Maisch S, et al. 
Exposure to farming in early life and development of asthma and allergy: a cross-
sectional survey. The Lancet. 2001;358(9288):1129-33 
 

28. von Mutius E, Braun-Fahrlander C, Schierl R, et al. Exposure to endotoxin 
or other bacterial components might protect against the development of atopy. 
Clin Exp Allergy 2000; 30: 1230–1234.  
 
29. Strömbeck A, Nordström I, Andersson K, Andersson H, Johansen S, Maglio C, 
Rabe H, Adlerberth I, Wold AE, Hesselmar B, Rudin A, Lundell AC. Allergic disease 
in 8-year-old children is preceded by delayed B cell maturation. Clin Exp Allergy. 
2017 Jul; 47(7):918-928 
 
30. Gio-Batta M, Sjöberg F, Jonsson K, Barman M, Lundell AC, Adlerberth I, 
Hesselmar B, Sandberg AS, Wold AE. Fecal short chain fatty acids in children 
living on farms and a link between valeric acid and protection from eczema.Sci Rep. 
2020 Dec 31; 10(1):22449. 
 

31.Heinrich J, Nowak D, Wassmer G, Jörres R, Wjst M, Berger J, Magnussen 
H, Wichmann HE. Age-dependent differences in the prevalence of allergic 
rhinitis and atopic sensitization between an eastern and a western German city. 
Allergy. 1998 Jan; 53(1):89-93 

 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

76 

32.Pearce N, Aït-Khaled N, Beasley R, Mallol J, Keil U, Mitchell E, Robertson C; 
ISAAC Phase Three Study Group. Worldwide trends in the prevalence of asthma 
symptoms: phase III of the International Study of Asthma and Allergies in Childhood 
(ISAAC).   Thorax. 2007 Sep; 62(9):758-66 
 
33. Bjerg A, Sandstrom T, Lundback B, Ronmark E. Time trends in asthma and 
wheeze in Swedish children 1996-2006: prevalence and risk factors by sex. Allergy. 
2010;65(1):48-55. 
 
34.Zilmer M, Steen NP, Zachariassen G, Duus T, Kristiansen B, Halken S. Prevalence 
of asthma and bronchial hyperreactivity in Danish schoolchildren: no change over 10 
years. Acta Paediatrica. 2011;100(3):385-9. 
 
35. Cohen S, Berkman N, Avital A, Springer C, Kordoba L, Haklai Z, et al. Decline in 
Asthma Prevalence and Severity in Israel over a 10-Year Period. Respiration. 
2015;89(1):27-32. 
 
36. Anthracopoulos MB, Pandiora A, Fouzas S, Panagiotopoulou E, Liolios E, Priftis 
KN Sex-specific trends in prevalence of childhood asthma over 30 years in Patras, 
Greece. Acta Paediatr. 2011 Jul;100(7):1000-5. 
 
37. Lötvall J, Ekerljung L, Rönmark EP, Wennergren G, Lindén A, Rönmark E, Torén 
K, Lundbäck B.West Sweden Asthma Study: prevalence trnds over the last 18 years 
argues no recent increase in asthma. Respir Res. 2009 Oct 12; 10(1):94. 

38. von Hertzen L, Haahtela T. Signs of reversing trends in prevalence of asthma.  
Allergy. 2005 Mar; 60(3):283-92. 

39. Hansen TE, Evjenth B, Holt J. Increasing prevalence of asthma, allergic 
rhinoconjunctivitis and eczema among schoolchildren: three surveys during the 
period 1985-2008. Acta Paediatr. 2013;102(1):47-52. 

40. Pierce JP. International comparisons of trends in cigarette smoking prevalence. 
Am J Public Health. 1989 Feb; 79(2):152-7. 
  
41. Hayatbakhsh MR, Sadasivam S, Mamun AA, Najman JM, Williams GM, 
O'Callaghan MJ. Maternal smoking during and after pregnancy and lung function 
in early adulthood: a prospective study. Thorax. 2009 Sep; 64(9):810-4. 
 
42. McEvoy CT, Spindel ER. Pulmonary Effects of Maternal Smoking on the Fetus 
and Child: Effects on Lung Development, Respiratory Morbidities, and Life Long 
Lung Health. Paediatr Respir Rev. 2017 Jan; 21: 27-33. 
 
43. Prescott S, Allen KJ. Food allergy: riding the second wave of the allergy epidemic. 
Pediatr Allergy Immunol. 2011;22(2):155-60. 
 

 

77 

44. Liew WK, Williamson E, Tang ML Anaphylaxis fatalities and admissions in 
Australia. J Allergy Clin Immunol. 2009 Feb; 123(2):434-42.  

45. Eller E, Kjaer HF, Host A, Andersen KE, Bindslev-Jensen C. Food allergy 
and food sensitization in early childhood: results from the DARC cohort. 
Allergy. 2009;64(7):1023-9. 

 
46. Osborne NJ, Koplin JJ, Martin PE, Gurrin LC, Lowe AJ, Matheson MC, et al. 
Prevalence of challenge-proven IgE-mediated food allergy using population-based 
sampling and predetermined challenge criteria in infants. Journal of Allergy and 
Clinical Immunology. 2011;127(3):668-76.e2. 
 
47. Venter C, Patil V, Grundy J, Glasbey G, Twiselton R, Arshad SH, et al. Prevalence 
and cumulative incidence of food hyper-sensitivity in the first 10 years of life. Pediatr 
Allergy Immunol. 2016;27(5):452-8. 
 
48. McBride D, Keil T, Grabenhenrich L, Dubakiene R, Drasutiene G, Fiocchi A, et 
al. The EuroPrevall birth cohort study on food allergy: baseline characteristics of 
12,000 newborns and their families from nine European countries. Pediatric Allergy 
and Immunology. 2012;23(3):230-9. 
  
49. Strinnholm Å, Winberg A, West C, Hedman L, Rönmark E. Food hypersensitivity 
is common in Swedish schoolchildren, especially oral reactions to fruit and 
gastrointestinal reactions to milk. Acta Paediatrica. 2014;103(12):1290-6. 
 
50. Prescott SL, Pawankar R, Allen KJ, Campbell DE, Sinn JKh, Fiocchi A, 
Ebisawa M, Sampson HA, Beyer K, Lee BW. A global survey of changing patterns of 
food allergy burden in children. World Allergy Organ J. 2013 Dec 4; 6(1):2. 
 
51. Sicherer SH, Furlong TJ, Maes HH, Desnick RJ, Sampson HA, Gelb BD.  
Genetics of peanut allergy: a twin study. J Allergy Clin Immunol. 2000 Jul; 
106(1 Pt 1):53-6. 

 

52. Lodge CJ, Allen KJ, Lowe AJ, Dharmage SC. Overview of evidence in 
prevention and aetiology of food allergy: a review of systematic reviews. Int J 
Environ Res Public Health. 2013;10(11):5781-806. 

 

53. du Toit G, Tsakok T, Lack S, Lack G. Prevention of food allergy. J Allergy 
Clin Immunol. 2016;137(4):998-1010. 

 

54. Adlerberth I, Carlsson B, de Man P, Jalil F, Khan SR, Larsson P, Mellander 
L, Svanborg C, Wold AE, Hanson LA. Intestinal colonization with 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

76 

32.Pearce N, Aït-Khaled N, Beasley R, Mallol J, Keil U, Mitchell E, Robertson C; 
ISAAC Phase Three Study Group. Worldwide trends in the prevalence of asthma 
symptoms: phase III of the International Study of Asthma and Allergies in Childhood 
(ISAAC).   Thorax. 2007 Sep; 62(9):758-66 
 
33. Bjerg A, Sandstrom T, Lundback B, Ronmark E. Time trends in asthma and 
wheeze in Swedish children 1996-2006: prevalence and risk factors by sex. Allergy. 
2010;65(1):48-55. 
 
34.Zilmer M, Steen NP, Zachariassen G, Duus T, Kristiansen B, Halken S. Prevalence 
of asthma and bronchial hyperreactivity in Danish schoolchildren: no change over 10 
years. Acta Paediatrica. 2011;100(3):385-9. 
 
35. Cohen S, Berkman N, Avital A, Springer C, Kordoba L, Haklai Z, et al. Decline in 
Asthma Prevalence and Severity in Israel over a 10-Year Period. Respiration. 
2015;89(1):27-32. 
 
36. Anthracopoulos MB, Pandiora A, Fouzas S, Panagiotopoulou E, Liolios E, Priftis 
KN Sex-specific trends in prevalence of childhood asthma over 30 years in Patras, 
Greece. Acta Paediatr. 2011 Jul;100(7):1000-5. 
 
37. Lötvall J, Ekerljung L, Rönmark EP, Wennergren G, Lindén A, Rönmark E, Torén 
K, Lundbäck B.West Sweden Asthma Study: prevalence trnds over the last 18 years 
argues no recent increase in asthma. Respir Res. 2009 Oct 12; 10(1):94. 

38. von Hertzen L, Haahtela T. Signs of reversing trends in prevalence of asthma.  
Allergy. 2005 Mar; 60(3):283-92. 

39. Hansen TE, Evjenth B, Holt J. Increasing prevalence of asthma, allergic 
rhinoconjunctivitis and eczema among schoolchildren: three surveys during the 
period 1985-2008. Acta Paediatr. 2013;102(1):47-52. 

40. Pierce JP. International comparisons of trends in cigarette smoking prevalence. 
Am J Public Health. 1989 Feb; 79(2):152-7. 
  
41. Hayatbakhsh MR, Sadasivam S, Mamun AA, Najman JM, Williams GM, 
O'Callaghan MJ. Maternal smoking during and after pregnancy and lung function 
in early adulthood: a prospective study. Thorax. 2009 Sep; 64(9):810-4. 
 
42. McEvoy CT, Spindel ER. Pulmonary Effects of Maternal Smoking on the Fetus 
and Child: Effects on Lung Development, Respiratory Morbidities, and Life Long 
Lung Health. Paediatr Respir Rev. 2017 Jan; 21: 27-33. 
 
43. Prescott S, Allen KJ. Food allergy: riding the second wave of the allergy epidemic. 
Pediatr Allergy Immunol. 2011;22(2):155-60. 
 

 

77 

44. Liew WK, Williamson E, Tang ML Anaphylaxis fatalities and admissions in 
Australia. J Allergy Clin Immunol. 2009 Feb; 123(2):434-42.  

45. Eller E, Kjaer HF, Host A, Andersen KE, Bindslev-Jensen C. Food allergy 
and food sensitization in early childhood: results from the DARC cohort. 
Allergy. 2009;64(7):1023-9. 

 
46. Osborne NJ, Koplin JJ, Martin PE, Gurrin LC, Lowe AJ, Matheson MC, et al. 
Prevalence of challenge-proven IgE-mediated food allergy using population-based 
sampling and predetermined challenge criteria in infants. Journal of Allergy and 
Clinical Immunology. 2011;127(3):668-76.e2. 
 
47. Venter C, Patil V, Grundy J, Glasbey G, Twiselton R, Arshad SH, et al. Prevalence 
and cumulative incidence of food hyper-sensitivity in the first 10 years of life. Pediatr 
Allergy Immunol. 2016;27(5):452-8. 
 
48. McBride D, Keil T, Grabenhenrich L, Dubakiene R, Drasutiene G, Fiocchi A, et 
al. The EuroPrevall birth cohort study on food allergy: baseline characteristics of 
12,000 newborns and their families from nine European countries. Pediatric Allergy 
and Immunology. 2012;23(3):230-9. 
  
49. Strinnholm Å, Winberg A, West C, Hedman L, Rönmark E. Food hypersensitivity 
is common in Swedish schoolchildren, especially oral reactions to fruit and 
gastrointestinal reactions to milk. Acta Paediatrica. 2014;103(12):1290-6. 
 
50. Prescott SL, Pawankar R, Allen KJ, Campbell DE, Sinn JKh, Fiocchi A, 
Ebisawa M, Sampson HA, Beyer K, Lee BW. A global survey of changing patterns of 
food allergy burden in children. World Allergy Organ J. 2013 Dec 4; 6(1):2. 
 
51. Sicherer SH, Furlong TJ, Maes HH, Desnick RJ, Sampson HA, Gelb BD.  
Genetics of peanut allergy: a twin study. J Allergy Clin Immunol. 2000 Jul; 
106(1 Pt 1):53-6. 

 

52. Lodge CJ, Allen KJ, Lowe AJ, Dharmage SC. Overview of evidence in 
prevention and aetiology of food allergy: a review of systematic reviews. Int J 
Environ Res Public Health. 2013;10(11):5781-806. 

 

53. du Toit G, Tsakok T, Lack S, Lack G. Prevention of food allergy. J Allergy 
Clin Immunol. 2016;137(4):998-1010. 

 

54. Adlerberth I, Carlsson B, de Man P, Jalil F, Khan SR, Larsson P, Mellander 
L, Svanborg C, Wold AE, Hanson LA. Intestinal colonization with 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

78 

Enterobacteriaceae in Pakistani and Swedish hospital-delivered infants.  Acta 
Paediatr Scand. 1991 Jun-Jul; 80(6-7):602-10. 

55. Fujimura KE, Lynch SV. Microbiota in allergy and asthma and the 
emerging relationship with the gut microbiome. Cell Host Microbe. 
2015;17(5):592-602. 

 
56. Kelly D, King T, Aminov R. Importance of microbial colonization of 
the gut in early life to the development of immunity.Mutat Res. 2007 Sep 1; 622(1-
2):58-69. 
 
57. Adlerberth I, Wold AE. Establishment of the gut microbiota in Western infants. 
Acta Paediatr. 2009 Feb; 98(2):229-38.  
 
58. Conlon MA, Bird AR. The impact of diet and lifestyle on gut microbiota and 
human health. Nutrients. 2014;7(1):17-44. 
 
59. West CE, Jenmalm MC, Prescott SL. The gut microbiota and its role in the 
development of allergic disease: a wider perspective. Clin Exp Allergy. 2015 Jan; 
45(1):43-53.  
 
60. Zimmermann P, Messina N, Mohn WW, Finlay BB, Curtis N. Association 
between the intestinal microbiota and allergic sensitization, eczema, and asthma: 
A systematic review. J Allergy Clin Immunol. 2019 Feb; 143(2):467-485. 
 
61. Lederberg J, Mccray AT. Ome Sweet Omics--A genealogical treasury of words. 
The Scientist. 2001; 15(7):8. 
 
62. Burbank AJ, Sood AK, Kesic MJ, Peden DB, Hernandez ML. Environmental 
determinants of allergy and asthma in early life. J Allergy Clin Immunol. 2017 Jul; 
140(1):1-12. 
 
63. Jimenez E, Fernandez L, Marin ML, Martin R, Odriozola JM, Nueno-Palop 
C, et al. Isolation of commensal bacteria from umbilical cord blood of healthy 
neonates born by cesarean section. Curr Microbiol. 2005; 51:270–4. 

 

64. Rautava S, Collado MC, Salminen S, Isolauri E. Probiotics modulate host-
microbe interaction in the placenta and fetal gut: a randomized, double-blind, 
placebo-controlled trial. Neonatology. 2012; 102:178–84. 

 
65. Yatsunenko T, Rey FE, Manary MJ, Trehan I, Dominguez-Bello MG, Contreras 
M, et al. Human gut microbiome viewed across age and geography. Nature. 
2012;486(7402):222-7. 
 

 

79 

66. Hall MA, Cole CB, Smith SL, Fuller R, Rollers CJ. Factors influencing the 
presence of faecal lactobacilli on early infancy. Arch Dis Child 1990; 65: 185–88.  
 
67.  Adlerberth I, Lindberg E, Aberg N, Hesselmar B, Saalman R, Strannegård IL, 
Wold AE. Reduced enterobacterial and increased staphylococcal colonization of the 
infantile bowel: an effect of hygienic lifestyle? Pediatr Res. 2006 Jan; 59(1):96-101.  
 
 68. Adlerberth I, Strachan DP, Matricardi PM, Ahrné S, Orfei L, Aberg N, Perkin 
MR, Tripodi S, Hesselmar B, Saalman R, Coates AR, Bonanno CL, Panetta V, Wold 
AE Gut microbiota and development of atopic eczema in 3 European birth cohorts. J 
Allergy Clin Immunol. 2007 Aug; 120(2):343-50.  
 
69. Dominguez-Bello MG, Costello EK, Contreras M, Magris M, Hidalgo G, Fierer 
N, et al. Delivery mode shapes the acquisition and structure of the initial microbiota 
across multiple body habitats in newborns. Proc Natl Acad Sci U S A. 2010; 
107:11971–5. 
 

70. Bager P, Wohlfahrt J, Westergaard T. Caesarean delivery and risk of atopy 
and allergic disease: meta-analyses. Clin Exp Allergy. 2008; 38:634–42. 

 

71. Thavagnanam S, Fleming J, Bromley A, Shields MD, Cardwell CR. A meta-
analysis of the association between Caesarean section and childhood asthma. 
Clin Exp Allergy. 2008; 38:629–33.  

 
72.Mitselou N, Hallberg J, Stephansson O, Almqvist C, Melén E, Ludvigsson 
JF. Cesarean delivery, preterm birth, and risk of food allergy: Nationwide 
Swedish cohort study of more than 1 million children. J Allergy Clin Immunol. 
2018 Nov; 142(5):1510-1514. 
 
73.McKeever TM, Lewis SA, Smith C, Hubbard R. Mode of delivery and risk of 
developing allergic disease. J Allergy Clin Immunol. 2002 May; 109(5):800-2. 
 
74. Maitra A, Sherriff A, Strachan D, Henderson J; ALSPAC Study Team. Mode of 
delivery is not associated with asthma or atopy in childhood. Clin Exp Allergy. 2004 
Sep; 34(9):1349-55. 
 

75. Park YH, Kim KW, Choi BS, Jee HM, Sohn MH, Kim KE. Relationship 
between mode of delivery in childbirth and prevalence of allergic diseases in 
Korean children. Allergy Asthma Immunol Res. 2010; 2:28–33.  

 

76. Menezes AM, Hallal PC, Matijasevich AM, Barros AJ, Horta BL, Araujo 
CL, et al. Caesarean sections and risk of wheezing in childhood and 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

78 

Enterobacteriaceae in Pakistani and Swedish hospital-delivered infants.  Acta 
Paediatr Scand. 1991 Jun-Jul; 80(6-7):602-10. 

55. Fujimura KE, Lynch SV. Microbiota in allergy and asthma and the 
emerging relationship with the gut microbiome. Cell Host Microbe. 
2015;17(5):592-602. 

 
56. Kelly D, King T, Aminov R. Importance of microbial colonization of 
the gut in early life to the development of immunity.Mutat Res. 2007 Sep 1; 622(1-
2):58-69. 
 
57. Adlerberth I, Wold AE. Establishment of the gut microbiota in Western infants. 
Acta Paediatr. 2009 Feb; 98(2):229-38.  
 
58. Conlon MA, Bird AR. The impact of diet and lifestyle on gut microbiota and 
human health. Nutrients. 2014;7(1):17-44. 
 
59. West CE, Jenmalm MC, Prescott SL. The gut microbiota and its role in the 
development of allergic disease: a wider perspective. Clin Exp Allergy. 2015 Jan; 
45(1):43-53.  
 
60. Zimmermann P, Messina N, Mohn WW, Finlay BB, Curtis N. Association 
between the intestinal microbiota and allergic sensitization, eczema, and asthma: 
A systematic review. J Allergy Clin Immunol. 2019 Feb; 143(2):467-485. 
 
61. Lederberg J, Mccray AT. Ome Sweet Omics--A genealogical treasury of words. 
The Scientist. 2001; 15(7):8. 
 
62. Burbank AJ, Sood AK, Kesic MJ, Peden DB, Hernandez ML. Environmental 
determinants of allergy and asthma in early life. J Allergy Clin Immunol. 2017 Jul; 
140(1):1-12. 
 
63. Jimenez E, Fernandez L, Marin ML, Martin R, Odriozola JM, Nueno-Palop 
C, et al. Isolation of commensal bacteria from umbilical cord blood of healthy 
neonates born by cesarean section. Curr Microbiol. 2005; 51:270–4. 

 

64. Rautava S, Collado MC, Salminen S, Isolauri E. Probiotics modulate host-
microbe interaction in the placenta and fetal gut: a randomized, double-blind, 
placebo-controlled trial. Neonatology. 2012; 102:178–84. 

 
65. Yatsunenko T, Rey FE, Manary MJ, Trehan I, Dominguez-Bello MG, Contreras 
M, et al. Human gut microbiome viewed across age and geography. Nature. 
2012;486(7402):222-7. 
 

 

79 

66. Hall MA, Cole CB, Smith SL, Fuller R, Rollers CJ. Factors influencing the 
presence of faecal lactobacilli on early infancy. Arch Dis Child 1990; 65: 185–88.  
 
67.  Adlerberth I, Lindberg E, Aberg N, Hesselmar B, Saalman R, Strannegård IL, 
Wold AE. Reduced enterobacterial and increased staphylococcal colonization of the 
infantile bowel: an effect of hygienic lifestyle? Pediatr Res. 2006 Jan; 59(1):96-101.  
 
 68. Adlerberth I, Strachan DP, Matricardi PM, Ahrné S, Orfei L, Aberg N, Perkin 
MR, Tripodi S, Hesselmar B, Saalman R, Coates AR, Bonanno CL, Panetta V, Wold 
AE Gut microbiota and development of atopic eczema in 3 European birth cohorts. J 
Allergy Clin Immunol. 2007 Aug; 120(2):343-50.  
 
69. Dominguez-Bello MG, Costello EK, Contreras M, Magris M, Hidalgo G, Fierer 
N, et al. Delivery mode shapes the acquisition and structure of the initial microbiota 
across multiple body habitats in newborns. Proc Natl Acad Sci U S A. 2010; 
107:11971–5. 
 

70. Bager P, Wohlfahrt J, Westergaard T. Caesarean delivery and risk of atopy 
and allergic disease: meta-analyses. Clin Exp Allergy. 2008; 38:634–42. 

 

71. Thavagnanam S, Fleming J, Bromley A, Shields MD, Cardwell CR. A meta-
analysis of the association between Caesarean section and childhood asthma. 
Clin Exp Allergy. 2008; 38:629–33.  

 
72.Mitselou N, Hallberg J, Stephansson O, Almqvist C, Melén E, Ludvigsson 
JF. Cesarean delivery, preterm birth, and risk of food allergy: Nationwide 
Swedish cohort study of more than 1 million children. J Allergy Clin Immunol. 
2018 Nov; 142(5):1510-1514. 
 
73.McKeever TM, Lewis SA, Smith C, Hubbard R. Mode of delivery and risk of 
developing allergic disease. J Allergy Clin Immunol. 2002 May; 109(5):800-2. 
 
74. Maitra A, Sherriff A, Strachan D, Henderson J; ALSPAC Study Team. Mode of 
delivery is not associated with asthma or atopy in childhood. Clin Exp Allergy. 2004 
Sep; 34(9):1349-55. 
 

75. Park YH, Kim KW, Choi BS, Jee HM, Sohn MH, Kim KE. Relationship 
between mode of delivery in childbirth and prevalence of allergic diseases in 
Korean children. Allergy Asthma Immunol Res. 2010; 2:28–33.  

 

76. Menezes AM, Hallal PC, Matijasevich AM, Barros AJ, Horta BL, Araujo 
CL, et al. Caesarean sections and risk of wheezing in childhood and 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

80 

adolescence: data from two birth cohort studies in Brazil. Clin Exp Allergy. 
2011; 41:218–23. 

 
77. Wold AE, Adlerberth I. Does breastfeeding affect the infant's immune 
responsiveness? Acta Paediatr. 1998 Jan; 87(1):19-22. 
 
78. Sudo N, Sawamura S, Tanaka K, Aiba Y, Kubo C, Koga Y. The requirement of 
intestinal bacterial flora for the development of an IgE production system fully 
susceptible to oral tolerance induction. J Immunol 1997: 159: 1739–45. 
 
79. Zuurveld M, van Witzenburg NP, Garssen J, Folkerts G, Stahl B, Van't Land B, 
Willemsen LEM Immunomodulation by Human Milk Oligosaccharides: The 
Potential Role in Prevention of Allergic Diseases. Front Immunol. 2020 May 7; 
11:801. 
 
80. Schwartz S, Friedberg I, Ivanov IV, Davidson LA, Goldsby JS, Dahl DB, et al. A 
metagenomic study of diet-dependent interaction between gut microbiota and host in 
infants reveals differences in immune response. Genome Biol. 2012; 13:r32. 
 
81. Penders J, Stobberingh EE, van den Brandt PA, Thijs C. The role of the 
intestinal microbiota in the development of atopic disorders. Allergy. 2007; 
62:1223–1236. 
 
82. Kalliomäki M, Kirjavainen P, Eerola E, Kero P, Salminen S, Isolauri E. 
Distinct patterns of neonatal gut microflora in infants in whom atopy was and was 
not developing. J Allergy Clin Immunol. 2001 Jan; 107(1):129-34. 
 
83. Sansotta N, Piacentini GL, Mazzei F, Minniti F, Boner AL, Peroni DG. Timing 
of introduction of solid food and risk of allergic disease development: understanding 
the evidence. Allergol Immunopathol (Madr). 2013 Sep-Oct; 41(5):337-45. 
 
84. Prescott SL, Smith P, Tang M, Palmer DJ, Sinn J, Huntley SJ, et al. The 
importance of early complementary feeding in the development of oral tolerance: 
Concerns and controversies. Pediatric Allergy and Immunology. 2008;19(5):375-80. 
 
85. Beamish LA, Osornio-Vargas AR, Wine E Air pollution: An environmental factor 
contributing to intestinal disease. J Crohns Colitis. 2011 Aug;5(4):279-86. 

86. Teo SM, Mok D, Pham K, Kusel M, Serralha M, Troy N, Holt BJ, Hales BJ, 
Walker ML, Hollams E, et al. The Infant Nasopharyngeal Microbiome Impacts 
Severity of Lower Respiratory Infection and Risk of Asthma Development. Cell 
Host Microbe. 2015. 

87. Vissers M, de Groot R, Ferwerda G. Severe viral respiratory infections: are 
bugs bugging? Mucosal Immunol. 2014; 7:227–238. 

 

81 

88. Bisgaard H, Hermansen MN, Bønnelykke K, Stokholm J, Baty F, Skytt NL, 
Aniscenko J, Kebadze T, Johnston SL. Association of bacteria and viruses with 
wheezy episodes in young children: prospective birth cohort study. BMJ. 2010; 
341:c4978. 
 
89. Wu P, Feldman AS, Rosas-Salazar C, James K, Escobar G, Gebretsadik T, et al. 
Relative Importance and Additive Effects of Maternal and Infant Risk Factors on 
Childhood Asthma. PLoS One. 2016; 2016 Mar22; 11(3):e0151705. 
 
90. Alm B, Erdes L, Möllborg P, Pettersson R, Norvenius SG, Aberg N, Wennergren 
G. Neonatal antibiotic treatment is a risk factor for early wheezing. Pediatrics. 2008 
Apr; 121(4):697-702.  
 
91. Goksör E, Alm B, Pettersson R, Möllborg P, Erdes L, Aberg N, Wennergren G. 
Early fish introduction and neonatal antibiotics affect the risk of asthma into school 
age. Pediatr Allergy Immunol. 2013 Jun; 24(4):339-44. 
 
92. Alm B, Goksör E, Pettersson R, Möllborg P, Erdes L, Loid P, Aberg 
N, Wennergren G. Antibiotics in the first week of life is a risk factor for allergic 
rhinitis at school age. Pediatr Allergy Immunol. 2014 Aug; 25(5):468-72.  
 
93. Yoshida S, Ide K, Takeuchi M, Kawakami K. Prenatal and early-life 
antibiotic use and risk of childhood asthma: A retrospective cohort study. Pediatr 
Allergy Immunol. 2018 Aug; 29(5):490-495. 
 
94. Strömberg Celind F, Wennergren G, Vasileiadou S, Alm B, Goksör E. 
Antibiotics in the first week of life were associated with atopic asthma at 12 years of 
age. Acta Paediatr. 2018 Oct; 107(10):1798-1804. 
 
95. Zhang X, Borbet TC, Fallegger A, Wipperman MF, Blaser MJ, Müller. 
An Antibiotic-Impacted Microbiota Compromises the Development of Colonic 
Regulatory T Cells and Predisposes to Dysregulated Immune Responses. A.mBio. 
2021 Feb 2; 12(1):e03335-20. 
 
96. Hesselmar B, Sjöberg F, Saalman R, Aberg N, Adlerberth I, Wold AE. Pacifier 
cleaning practices and risk of allergy development. Pediatrics. 2013Jun; 
131(6):e1829-37. 
 
97. Ruokolainen L, von Hertzen L, Fyhrquist N, Laatikainen T, Lehtomaki J, 
Auvinen P, et al. Green areas around homes reduce atopic sensitization in children. 
Allergy. 2015; 70:195–202. 
  
98. Klepeis NE, Nelson WC, Ott WR, Robinson JP, Tsang aM, Switzer P, Behar JV, 
Hern SC, Engelmann WH. The National Human Activity Pattern Survey (NHAPS): a 
resource for assessing exposure to environmental pollutants. J Expo Anal Environ 
Epidemiol. 2001; 11:231–252. 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

80 

adolescence: data from two birth cohort studies in Brazil. Clin Exp Allergy. 
2011; 41:218–23. 

 
77. Wold AE, Adlerberth I. Does breastfeeding affect the infant's immune 
responsiveness? Acta Paediatr. 1998 Jan; 87(1):19-22. 
 
78. Sudo N, Sawamura S, Tanaka K, Aiba Y, Kubo C, Koga Y. The requirement of 
intestinal bacterial flora for the development of an IgE production system fully 
susceptible to oral tolerance induction. J Immunol 1997: 159: 1739–45. 
 
79. Zuurveld M, van Witzenburg NP, Garssen J, Folkerts G, Stahl B, Van't Land B, 
Willemsen LEM Immunomodulation by Human Milk Oligosaccharides: The 
Potential Role in Prevention of Allergic Diseases. Front Immunol. 2020 May 7; 
11:801. 
 
80. Schwartz S, Friedberg I, Ivanov IV, Davidson LA, Goldsby JS, Dahl DB, et al. A 
metagenomic study of diet-dependent interaction between gut microbiota and host in 
infants reveals differences in immune response. Genome Biol. 2012; 13:r32. 
 
81. Penders J, Stobberingh EE, van den Brandt PA, Thijs C. The role of the 
intestinal microbiota in the development of atopic disorders. Allergy. 2007; 
62:1223–1236. 
 
82. Kalliomäki M, Kirjavainen P, Eerola E, Kero P, Salminen S, Isolauri E. 
Distinct patterns of neonatal gut microflora in infants in whom atopy was and was 
not developing. J Allergy Clin Immunol. 2001 Jan; 107(1):129-34. 
 
83. Sansotta N, Piacentini GL, Mazzei F, Minniti F, Boner AL, Peroni DG. Timing 
of introduction of solid food and risk of allergic disease development: understanding 
the evidence. Allergol Immunopathol (Madr). 2013 Sep-Oct; 41(5):337-45. 
 
84. Prescott SL, Smith P, Tang M, Palmer DJ, Sinn J, Huntley SJ, et al. The 
importance of early complementary feeding in the development of oral tolerance: 
Concerns and controversies. Pediatric Allergy and Immunology. 2008;19(5):375-80. 
 
85. Beamish LA, Osornio-Vargas AR, Wine E Air pollution: An environmental factor 
contributing to intestinal disease. J Crohns Colitis. 2011 Aug;5(4):279-86. 

86. Teo SM, Mok D, Pham K, Kusel M, Serralha M, Troy N, Holt BJ, Hales BJ, 
Walker ML, Hollams E, et al. The Infant Nasopharyngeal Microbiome Impacts 
Severity of Lower Respiratory Infection and Risk of Asthma Development. Cell 
Host Microbe. 2015. 

87. Vissers M, de Groot R, Ferwerda G. Severe viral respiratory infections: are 
bugs bugging? Mucosal Immunol. 2014; 7:227–238. 

 

81 

88. Bisgaard H, Hermansen MN, Bønnelykke K, Stokholm J, Baty F, Skytt NL, 
Aniscenko J, Kebadze T, Johnston SL. Association of bacteria and viruses with 
wheezy episodes in young children: prospective birth cohort study. BMJ. 2010; 
341:c4978. 
 
89. Wu P, Feldman AS, Rosas-Salazar C, James K, Escobar G, Gebretsadik T, et al. 
Relative Importance and Additive Effects of Maternal and Infant Risk Factors on 
Childhood Asthma. PLoS One. 2016; 2016 Mar22; 11(3):e0151705. 
 
90. Alm B, Erdes L, Möllborg P, Pettersson R, Norvenius SG, Aberg N, Wennergren 
G. Neonatal antibiotic treatment is a risk factor for early wheezing. Pediatrics. 2008 
Apr; 121(4):697-702.  
 
91. Goksör E, Alm B, Pettersson R, Möllborg P, Erdes L, Aberg N, Wennergren G. 
Early fish introduction and neonatal antibiotics affect the risk of asthma into school 
age. Pediatr Allergy Immunol. 2013 Jun; 24(4):339-44. 
 
92. Alm B, Goksör E, Pettersson R, Möllborg P, Erdes L, Loid P, Aberg 
N, Wennergren G. Antibiotics in the first week of life is a risk factor for allergic 
rhinitis at school age. Pediatr Allergy Immunol. 2014 Aug; 25(5):468-72.  
 
93. Yoshida S, Ide K, Takeuchi M, Kawakami K. Prenatal and early-life 
antibiotic use and risk of childhood asthma: A retrospective cohort study. Pediatr 
Allergy Immunol. 2018 Aug; 29(5):490-495. 
 
94. Strömberg Celind F, Wennergren G, Vasileiadou S, Alm B, Goksör E. 
Antibiotics in the first week of life were associated with atopic asthma at 12 years of 
age. Acta Paediatr. 2018 Oct; 107(10):1798-1804. 
 
95. Zhang X, Borbet TC, Fallegger A, Wipperman MF, Blaser MJ, Müller. 
An Antibiotic-Impacted Microbiota Compromises the Development of Colonic 
Regulatory T Cells and Predisposes to Dysregulated Immune Responses. A.mBio. 
2021 Feb 2; 12(1):e03335-20. 
 
96. Hesselmar B, Sjöberg F, Saalman R, Aberg N, Adlerberth I, Wold AE. Pacifier 
cleaning practices and risk of allergy development. Pediatrics. 2013Jun; 
131(6):e1829-37. 
 
97. Ruokolainen L, von Hertzen L, Fyhrquist N, Laatikainen T, Lehtomaki J, 
Auvinen P, et al. Green areas around homes reduce atopic sensitization in children. 
Allergy. 2015; 70:195–202. 
  
98. Klepeis NE, Nelson WC, Ott WR, Robinson JP, Tsang aM, Switzer P, Behar JV, 
Hern SC, Engelmann WH. The National Human Activity Pattern Survey (NHAPS): a 
resource for assessing exposure to environmental pollutants. J Expo Anal Environ 
Epidemiol. 2001; 11:231–252. 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

82 

 

99. Lynch SV, Wood RA, Boushey H, Bacharier LB, Bloomberg GR, Kattan M, 
O’Connor GT, Sandel MT, Calatroni A, Matsui E, et al. Effects of early-life 
exposure to allergens and bacteria on recurrent wheeze and atopy in urban 
children. J Allergy Clin Immunol. 2014; 134:593–601. 
 
100. Donohue KM, Al-alem U, Perzanowski MS, Chew GL, Johnson A, Divjan A, et 
al. Anti-cockroach and anti-mouse IgE are associated with early wheeze and atopy 
in an inner-city birth cohort. J Allergy Clin Immunol. 2008; 122: 914–20. 
 
101. Sporik R, Holgate ST, Platts-Mills TA, Cogswell JJ. Exposure to house-dust 
mite allergen (Der p I) and the development of asthma in childhood. A prospective 
study. N Engl J Med. 1990; 323:502–7. 
 
102. Tovey ER, Almqvist C, Li Q, Crisafulli D, Marks GB. Nonlinear relationship of 
mite allergen exposure to mite sensitization and asthma in a birth cohort. J Allergy 
Clin Immunol. 2008; 122:114–8. 8 e1–5. 
 
103.  Kjellman B, Pettersson R. The problem of furred pets in childhood atopic 
disease. Failure of an information program. Allergy. 1983 Jan; 38(1):65-73. 
 
104. Schäfer T, Stieger B, Polzius R, Krauspe A. Associations between cat keeping, 
allergen exposure, allergic sensitization and atopic diseases: results from the 
Children of Lubeck Allergy and Environment Study (KLAUS). 
Pediatr Allergy Immunol. 2009 Jun; 20(4):353-7. 
 
105. Mandhane PJ, Sears MR, Poulton R, Greene JM, Lou WY, Taylor DR, et al. 
Cats and dogs and the risk of atopy in childhood and adulthood. J Allergy Clin 
Immunol. 2009;124(4):745-50 e4.  
 
106. Almqvist C, Garden F, Kemp AS, Li Q, Crisafulli D, Tovey ER, Xuan W, Marks 
GB; CAPS Investigators. Effects of early cat or dog ownership on sensitisation and 
asthma in a high-risk cohort without disease-related modification of exposure. 
Paediatr Perinat Epidemiol. 2010 Mar; 24(2):171-8. 
 
107. Lodge CJ, Lowe AJ, Gurrin LC, Matheson MC, Balloch A, Axelrad C, et al. 
Pets at birth do not increase allergic disease in at-risk children. Clin Exp Allergy. 
2012;42(9):1377-85.  
 
108. Platts-Mills TA, Vaughan JW, Blumenthal K, Pollart Squillace S, Sporik RB 
Serum IgG and IgG4 antibodies to Fel d 1 among children exposed to 20 microg Fel 
d 1 at home: relevance of a nonallergic modified Th2 response. Int Arch Allergy 
Immunol. 2001 Jan-Mar; 124(1-3):126-9. 
 
109. Hesselmar B, Aberg B, Eriksson B, Björkstén B, Aberg N. High-dose exposure 
to cat is associated with clinical tolerance-a modified Th2 immune response? 

 

83 

Clin Exp Allergy. 2003 Dec 33(12):1681-5. 
 
110. Zeiger RS, Heller S, Mellon MH, Forsythe AB, O'Connor RD, Hamburger RN, 
Schatz M.J. Effect of combined maternal and infant food-allergen avoidance on 
development of atopy in early infancy: a randomized study. Allergy Clin Immunol. 
1989 Jul; 84(1):72-89. 
 
111. Hattevig G, Kjellman B, Sigurs N, Björkstén B, Kjellman NI. Effect of maternal 
avoidance of eggs, cow's milk and fish during lactation upon allergic manifestations 
in infants. Clin Exp Allergy. 1989 Jan; 19(1):27-32. 
 
112. Kramer MS, Kakuma R. Maternal dietary antigen avoidance during pregnancy 
or lactation, or both, for preventing or treating atopic disease in the child. Cochrane 
Database Syst Rev. 2012 Sep 12;2012(9).  
 
113. Järvinen KM, Westfall JE, Seppo MS, James AK, Tsuang AJ, Feustel PJ, 
Sampson HA, Berin C. Role of maternal elimination diets and human milk IgA in the 
development of cow's milk allergy in the infants. Clin Exp Allergy. 2014 Jan; 
44(1):69-78. 
 
114. Frazier AL, Camargo CA Jr, Malspeis S, Willett WC, Young MC.  
Prospective study of peripregnancy consumption of peanuts or tree nuts by mothers 
and the risk of peanut or tree nut allergy in their offspring. JAMA Pediatr. 2014 
Feb; 168(2):156-62. 
 
115. Tuokkola J, Luukkainen P, Tapanainen H, Kaila M, Vaarala O, Kenward 
MG, Virta LJ, Veijola R, Simell O, Ilonen J, Knip M, Virtanen SM. 
Maternal diet during pregnancy and lactation and cow's milk allergy in 
offspring. Eur J Clin Nutr. 2016 May; 70(5):554-9. 

 
116. Stråvik M, Barman M, Hesselmar B, Sandin A, Wold AE, Sandberg AS. 
Maternal Intake of Cow's Milk during Lactation Is Associated with Lower 
Prevalence of Food Allergy in Offspring. Nutrients. 2020 Nov 28; 12(12):3680. 
 
117. Calvani M., Alessandri C., Sopo S.M., Panetta V., Pingitore G., Tripodi S., 
Zappala D., Zicari A.M. Consumption of fish, butter and margarine during 
pregnancy and development of allergic sensitizations in the offspring: Role of 
maternal atopy. Pediatr. Allergy Immunol. 2006; 17:94–102.  

 

 118. Sausenthaler S., Koletzko S., Schaaf B., Lehmann I., Borte M., Herbarth 
O., von Berg A., Wichmann H.E., Heinrich J. Maternal diet during pregnancy in 
relation to eczema and allergic sensitization in the offspring at 2 y of age. Am. 
J. Clin. Nutr. 2007; 85:530–537.  



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

82 

 

99. Lynch SV, Wood RA, Boushey H, Bacharier LB, Bloomberg GR, Kattan M, 
O’Connor GT, Sandel MT, Calatroni A, Matsui E, et al. Effects of early-life 
exposure to allergens and bacteria on recurrent wheeze and atopy in urban 
children. J Allergy Clin Immunol. 2014; 134:593–601. 
 
100. Donohue KM, Al-alem U, Perzanowski MS, Chew GL, Johnson A, Divjan A, et 
al. Anti-cockroach and anti-mouse IgE are associated with early wheeze and atopy 
in an inner-city birth cohort. J Allergy Clin Immunol. 2008; 122: 914–20. 
 
101. Sporik R, Holgate ST, Platts-Mills TA, Cogswell JJ. Exposure to house-dust 
mite allergen (Der p I) and the development of asthma in childhood. A prospective 
study. N Engl J Med. 1990; 323:502–7. 
 
102. Tovey ER, Almqvist C, Li Q, Crisafulli D, Marks GB. Nonlinear relationship of 
mite allergen exposure to mite sensitization and asthma in a birth cohort. J Allergy 
Clin Immunol. 2008; 122:114–8. 8 e1–5. 
 
103.  Kjellman B, Pettersson R. The problem of furred pets in childhood atopic 
disease. Failure of an information program. Allergy. 1983 Jan; 38(1):65-73. 
 
104. Schäfer T, Stieger B, Polzius R, Krauspe A. Associations between cat keeping, 
allergen exposure, allergic sensitization and atopic diseases: results from the 
Children of Lubeck Allergy and Environment Study (KLAUS). 
Pediatr Allergy Immunol. 2009 Jun; 20(4):353-7. 
 
105. Mandhane PJ, Sears MR, Poulton R, Greene JM, Lou WY, Taylor DR, et al. 
Cats and dogs and the risk of atopy in childhood and adulthood. J Allergy Clin 
Immunol. 2009;124(4):745-50 e4.  
 
106. Almqvist C, Garden F, Kemp AS, Li Q, Crisafulli D, Tovey ER, Xuan W, Marks 
GB; CAPS Investigators. Effects of early cat or dog ownership on sensitisation and 
asthma in a high-risk cohort without disease-related modification of exposure. 
Paediatr Perinat Epidemiol. 2010 Mar; 24(2):171-8. 
 
107. Lodge CJ, Lowe AJ, Gurrin LC, Matheson MC, Balloch A, Axelrad C, et al. 
Pets at birth do not increase allergic disease in at-risk children. Clin Exp Allergy. 
2012;42(9):1377-85.  
 
108. Platts-Mills TA, Vaughan JW, Blumenthal K, Pollart Squillace S, Sporik RB 
Serum IgG and IgG4 antibodies to Fel d 1 among children exposed to 20 microg Fel 
d 1 at home: relevance of a nonallergic modified Th2 response. Int Arch Allergy 
Immunol. 2001 Jan-Mar; 124(1-3):126-9. 
 
109. Hesselmar B, Aberg B, Eriksson B, Björkstén B, Aberg N. High-dose exposure 
to cat is associated with clinical tolerance-a modified Th2 immune response? 

 

83 

Clin Exp Allergy. 2003 Dec 33(12):1681-5. 
 
110. Zeiger RS, Heller S, Mellon MH, Forsythe AB, O'Connor RD, Hamburger RN, 
Schatz M.J. Effect of combined maternal and infant food-allergen avoidance on 
development of atopy in early infancy: a randomized study. Allergy Clin Immunol. 
1989 Jul; 84(1):72-89. 
 
111. Hattevig G, Kjellman B, Sigurs N, Björkstén B, Kjellman NI. Effect of maternal 
avoidance of eggs, cow's milk and fish during lactation upon allergic manifestations 
in infants. Clin Exp Allergy. 1989 Jan; 19(1):27-32. 
 
112. Kramer MS, Kakuma R. Maternal dietary antigen avoidance during pregnancy 
or lactation, or both, for preventing or treating atopic disease in the child. Cochrane 
Database Syst Rev. 2012 Sep 12;2012(9).  
 
113. Järvinen KM, Westfall JE, Seppo MS, James AK, Tsuang AJ, Feustel PJ, 
Sampson HA, Berin C. Role of maternal elimination diets and human milk IgA in the 
development of cow's milk allergy in the infants. Clin Exp Allergy. 2014 Jan; 
44(1):69-78. 
 
114. Frazier AL, Camargo CA Jr, Malspeis S, Willett WC, Young MC.  
Prospective study of peripregnancy consumption of peanuts or tree nuts by mothers 
and the risk of peanut or tree nut allergy in their offspring. JAMA Pediatr. 2014 
Feb; 168(2):156-62. 
 
115. Tuokkola J, Luukkainen P, Tapanainen H, Kaila M, Vaarala O, Kenward 
MG, Virta LJ, Veijola R, Simell O, Ilonen J, Knip M, Virtanen SM. 
Maternal diet during pregnancy and lactation and cow's milk allergy in 
offspring. Eur J Clin Nutr. 2016 May; 70(5):554-9. 

 
116. Stråvik M, Barman M, Hesselmar B, Sandin A, Wold AE, Sandberg AS. 
Maternal Intake of Cow's Milk during Lactation Is Associated with Lower 
Prevalence of Food Allergy in Offspring. Nutrients. 2020 Nov 28; 12(12):3680. 
 
117. Calvani M., Alessandri C., Sopo S.M., Panetta V., Pingitore G., Tripodi S., 
Zappala D., Zicari A.M. Consumption of fish, butter and margarine during 
pregnancy and development of allergic sensitizations in the offspring: Role of 
maternal atopy. Pediatr. Allergy Immunol. 2006; 17:94–102.  

 

 118. Sausenthaler S., Koletzko S., Schaaf B., Lehmann I., Borte M., Herbarth 
O., von Berg A., Wichmann H.E., Heinrich J. Maternal diet during pregnancy in 
relation to eczema and allergic sensitization in the offspring at 2 y of age. Am. 
J. Clin. Nutr. 2007; 85:530–537.  



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

84 

 

119. Willers S.M., Devereux G., Craig L.C., McNeill G., Wijga A.H., Abou El-
Magd W., Turner S.W., Helms P.J., Seaton A. Maternal food consumption 
during pregnancy and asthma, respiratory and atopic symptoms in 5-year-old 
children. Thorax. 2007; 62:773–779. 
 
120. Jonsson K, Barman M, Moberg S, Sjöberg A, Brekke HK, Hesselmar B, 
Sandberg AS, Wold AE.  Serum fatty acids in infants, reflecting family fish 
consumption, were inversely associated with allergy development but not related to 
farm residence. Acta Paediatr. 2016 Dec; 105(12):1462-1471. 
 
121. Barman M, Rabe H, Hesselmar B, Johansen S, Sandberg AS, Wold AE. Cord 
Blood Levels of EPA, a Marker of Fish Intake, Correlate with Infants' T- and B-
Lymphocyte Phenotypes and Risk for Allergic Disease. Nutrients. 2020 Sep 30; 
12(10):3000.  
 
122. Jonsson K, Barman M, Moberg S, Sjöberg A, Brekke HK, Hesselmar B, 
Johansen S, Wold AE, Sandberg AS. Fat intake and breast milk fatty acid 
composition in farming and nonfarming women and allergy development in the 
offspring. Pediatr Res. 2016 Jan; 79(1-1):114-23. 
 
123. Klemens CM, Berman DR, Mozurkewich EL. The effect of perinatal omega-
3 fatty acid supplementation on inflammatory markers and allergic diseases: a 
systematic review. BJOG. 2011 Jul; 118(8):916-25. 
 

124. Palmer DJ, Sullivan T, Gold MS, Prescott SL, Heddle R, Gibson RA, 
Makrides M. Effect of n-3 long chain polyunsaturated fatty acid 
supplementation in pregnancy on infants' allergies in first year of life: 
randomised controlled trial. BMJ. 2012 Jan 30; 344: e184. 

 
125. Kremmyda LS, Vlachava M, Noakes PS, Diaper ND, Miles EA, Calder PC. 
Atopy risk in infants and children in relation to early exposure to fish, oily fish, or 
long-chain omega-3 fatty acids: a systematic review. Clin Rev Allergy Immunol. 
2011 Aug; 41(1):36-66. 
 
126. Miles EA, Calder PC Maternal diet and its influence on the development of 
allergic disease. Clin Exp Allergy. 2015 Jan; 45(1):63-74. 
 
127. Venter C, Agostoni C, Arshad SH, Ben-Abdallah M, Du Toit G, Fleischer DM, 
Greenhawt M, Glueck DH, Groetch M, Lunjani N, Maslin K, Maiorella A, Meyer R, 
Antonella M, Netting MJ, Ibeabughichi Nwaru B, Palmer DJ, Palumbo MP, Roberts 
G, Roduit C, Smith P, Untersmayr E, Vanderlinden LA, O'Mahony L. 
Dietary factors during pregnancy and atopic outcomes in childhood: A systematic 
review from the European Academy of Allergy and Clinical Immunology. 
Pediatr Allergy Immunol. 2020 Nov; 31(8):889-912. 

 

85 

 
128. Fifty-Fourth World Health Assembly. Provisional agenda item 13.1.1. Global 
strategy for infant and young child feeing: the optimal duration of exclusive breast 
feeding. Geneva. World Health Organization; 2001.  
 
129. Lack G. Update on risk factors for food allergy. J Allergy Clin Immunol. 
2012;129(5):1187-97. 
  
130. Saarinen UM, Kajosaari M, Backman A, Siimes MA. Prolonged breast-feeding 
as prophylaxis for atopic disease. Lancet. 1979 Jul 28; 2(8135):163-6. 
 
131. van Odijk J, Kull I, Borres MP, Brandtzaeg P, Edberg U, Hanson LA, Høst A, 
Kuitunen M, Olsen SF, Skerfving S, Sundell J, Wille S. Breastfeeding and allergic 
disease: a multidisciplinary review of the literature (1966-2001) on the mode of 
early feeding in infancy and its impact on later atopic manifestations. Allergy. 2003 
Sep; 58(9):833-43. 
 
132. Muraro A, Dreborg S, Halken S, Høst A, Niggemann B, Aalberse R, Arshad 
SH, Berg Av Av, Carlsen KH, Duschén K, Eigenmann P, Hill D, Jones C, Mellon M, 
Oldeus G, Oranje A, Pascual C, Prescott S, Sampson H, Svartengren M, Vandenplas 
Y, Wahn U, Warner JA, Warner JO, Wickman M, Zeiger RS. Dietary prevention 
of allergic diseases in infants and small children. Part III: Critical review of 
published peer-reviewed observational and interventional studies and final 
recommendations. Pediatr Allergy Immunol. 2004 Aug; 15(4):291-307. 
 
133. Lodge CJ, Tan DJ, Lau MX, Dai X, Tham R, Lowe AJ, Bowatte G, Allen KJ, 
Dharmage SC Breastfeeding and asthma and allergies: a systematic review and 
meta-analysis. Acta Paediatr. 2015 Dec; 104(467):38-53.  
 
134. Jelding-Dannemand E, Malby Schoos AM, Bisgaard H. Breast-feeding does not 
protect against allergic sensitization in early childhood and allergy-associated 
disease at age 7 years.J Allergy Clin Immunol. 2015 Nov; 136(5):1302-8.e1-13. 
 
135. Mennini M, Arasi S, Fiocchi AG. Allergy prevention through breastfeeding. 
Curr Opin Allergy Clin Immunol. 2021 Apr 1; 21(2):216-221. 
 
136. Alm B, Aberg N, Erdes L, Möllborg P, Pettersson R, Norvenius SG, Goksör 
E, Wennergren G. Early introduction of fish decreases the risk of eczema in infants. 
Arch Dis Child. 2009 Jan; 94(1):11-5.  
 
137. Bergmann RL, Diepgen TL, Kuss O, Bergmann KE, Kujat J, Dudenhausen JW, 
Wahn U; MAS-study group. Breastfeeding duration is a risk factor for atopic 
eczema. Clin Exp Allergy. 2002 Feb; 32(2):205-9. 
 
138. Sears MR, Greene JM, Willan AR, Taylor DR, Flannery EM, Cowan JO, 
Herbison GP, Poulton R. Long-term relation between breastfeeding and 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

84 

 

119. Willers S.M., Devereux G., Craig L.C., McNeill G., Wijga A.H., Abou El-
Magd W., Turner S.W., Helms P.J., Seaton A. Maternal food consumption 
during pregnancy and asthma, respiratory and atopic symptoms in 5-year-old 
children. Thorax. 2007; 62:773–779. 
 
120. Jonsson K, Barman M, Moberg S, Sjöberg A, Brekke HK, Hesselmar B, 
Sandberg AS, Wold AE.  Serum fatty acids in infants, reflecting family fish 
consumption, were inversely associated with allergy development but not related to 
farm residence. Acta Paediatr. 2016 Dec; 105(12):1462-1471. 
 
121. Barman M, Rabe H, Hesselmar B, Johansen S, Sandberg AS, Wold AE. Cord 
Blood Levels of EPA, a Marker of Fish Intake, Correlate with Infants' T- and B-
Lymphocyte Phenotypes and Risk for Allergic Disease. Nutrients. 2020 Sep 30; 
12(10):3000.  
 
122. Jonsson K, Barman M, Moberg S, Sjöberg A, Brekke HK, Hesselmar B, 
Johansen S, Wold AE, Sandberg AS. Fat intake and breast milk fatty acid 
composition in farming and nonfarming women and allergy development in the 
offspring. Pediatr Res. 2016 Jan; 79(1-1):114-23. 
 
123. Klemens CM, Berman DR, Mozurkewich EL. The effect of perinatal omega-
3 fatty acid supplementation on inflammatory markers and allergic diseases: a 
systematic review. BJOG. 2011 Jul; 118(8):916-25. 
 

124. Palmer DJ, Sullivan T, Gold MS, Prescott SL, Heddle R, Gibson RA, 
Makrides M. Effect of n-3 long chain polyunsaturated fatty acid 
supplementation in pregnancy on infants' allergies in first year of life: 
randomised controlled trial. BMJ. 2012 Jan 30; 344: e184. 

 
125. Kremmyda LS, Vlachava M, Noakes PS, Diaper ND, Miles EA, Calder PC. 
Atopy risk in infants and children in relation to early exposure to fish, oily fish, or 
long-chain omega-3 fatty acids: a systematic review. Clin Rev Allergy Immunol. 
2011 Aug; 41(1):36-66. 
 
126. Miles EA, Calder PC Maternal diet and its influence on the development of 
allergic disease. Clin Exp Allergy. 2015 Jan; 45(1):63-74. 
 
127. Venter C, Agostoni C, Arshad SH, Ben-Abdallah M, Du Toit G, Fleischer DM, 
Greenhawt M, Glueck DH, Groetch M, Lunjani N, Maslin K, Maiorella A, Meyer R, 
Antonella M, Netting MJ, Ibeabughichi Nwaru B, Palmer DJ, Palumbo MP, Roberts 
G, Roduit C, Smith P, Untersmayr E, Vanderlinden LA, O'Mahony L. 
Dietary factors during pregnancy and atopic outcomes in childhood: A systematic 
review from the European Academy of Allergy and Clinical Immunology. 
Pediatr Allergy Immunol. 2020 Nov; 31(8):889-912. 

 

85 

 
128. Fifty-Fourth World Health Assembly. Provisional agenda item 13.1.1. Global 
strategy for infant and young child feeing: the optimal duration of exclusive breast 
feeding. Geneva. World Health Organization; 2001.  
 
129. Lack G. Update on risk factors for food allergy. J Allergy Clin Immunol. 
2012;129(5):1187-97. 
  
130. Saarinen UM, Kajosaari M, Backman A, Siimes MA. Prolonged breast-feeding 
as prophylaxis for atopic disease. Lancet. 1979 Jul 28; 2(8135):163-6. 
 
131. van Odijk J, Kull I, Borres MP, Brandtzaeg P, Edberg U, Hanson LA, Høst A, 
Kuitunen M, Olsen SF, Skerfving S, Sundell J, Wille S. Breastfeeding and allergic 
disease: a multidisciplinary review of the literature (1966-2001) on the mode of 
early feeding in infancy and its impact on later atopic manifestations. Allergy. 2003 
Sep; 58(9):833-43. 
 
132. Muraro A, Dreborg S, Halken S, Høst A, Niggemann B, Aalberse R, Arshad 
SH, Berg Av Av, Carlsen KH, Duschén K, Eigenmann P, Hill D, Jones C, Mellon M, 
Oldeus G, Oranje A, Pascual C, Prescott S, Sampson H, Svartengren M, Vandenplas 
Y, Wahn U, Warner JA, Warner JO, Wickman M, Zeiger RS. Dietary prevention 
of allergic diseases in infants and small children. Part III: Critical review of 
published peer-reviewed observational and interventional studies and final 
recommendations. Pediatr Allergy Immunol. 2004 Aug; 15(4):291-307. 
 
133. Lodge CJ, Tan DJ, Lau MX, Dai X, Tham R, Lowe AJ, Bowatte G, Allen KJ, 
Dharmage SC Breastfeeding and asthma and allergies: a systematic review and 
meta-analysis. Acta Paediatr. 2015 Dec; 104(467):38-53.  
 
134. Jelding-Dannemand E, Malby Schoos AM, Bisgaard H. Breast-feeding does not 
protect against allergic sensitization in early childhood and allergy-associated 
disease at age 7 years.J Allergy Clin Immunol. 2015 Nov; 136(5):1302-8.e1-13. 
 
135. Mennini M, Arasi S, Fiocchi AG. Allergy prevention through breastfeeding. 
Curr Opin Allergy Clin Immunol. 2021 Apr 1; 21(2):216-221. 
 
136. Alm B, Aberg N, Erdes L, Möllborg P, Pettersson R, Norvenius SG, Goksör 
E, Wennergren G. Early introduction of fish decreases the risk of eczema in infants. 
Arch Dis Child. 2009 Jan; 94(1):11-5.  
 
137. Bergmann RL, Diepgen TL, Kuss O, Bergmann KE, Kujat J, Dudenhausen JW, 
Wahn U; MAS-study group. Breastfeeding duration is a risk factor for atopic 
eczema. Clin Exp Allergy. 2002 Feb; 32(2):205-9. 
 
138. Sears MR, Greene JM, Willan AR, Taylor DR, Flannery EM, Cowan JO, 
Herbison GP, Poulton R. Long-term relation between breastfeeding and 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

86 

development of atopy and asthma in children and young adults: a longitudinal study. 
Lancet. 2002 Sep 21; 360(9337):901-7. 
 
139. American Academy of Pediatrics. Committee on Nutrition, Hypoallergenic 
infant formulas. Pediatrics. 2000:106:346-9.  
 
140. Fiocchi A, Assa'ad A, Bahna S; Adverse Reactions to Foods Committee; 
American College of Allergy, Asthma and Immunology. Food allergy and the 
introduction  of solid foods to infants: a consensus document. Ann Allergy Asthma 
Immunol. 2006 Jul; 97(1):10-20. 
 
141. Maloney JM, Sampson HA, Sicherer SH, Burks WA. Food allergy and the 
introduction of solid foods to infants: a consensus document. Ann Allergy Asthma 
Immunol. 2006 Oct; 97(4):559-60. 
 
142. Wennergren G. What if it is the other way around? Early introduction of 
peanut and fish seems to be better than avoidance. Acta Paediatr. 2009;98(7):1085-
7. 
 
143. Allen CW, Campbell DE, Kemp AS. Food allergy: is strict avoidance the only 
answer? Pediatr Allergy Immunol. 2009;20(5):415-22. 

144. Greer FR, Sicherer SH, Burks AW; COMMITTEE ON NUTRITION; SECTION 
ON ALLERGY AND IMMUNOLOGY. The Effects of Early Nutritional Interventions 
on the Development of Atopic Disease in Infants and Children: The Role of 
Maternal Dietary Restriction, Breastfeeding, Hydrolyzed Formulas, and Timing of 
Introduction of Allergenic Complementary Foods. Pediatrics. 2019 Apr; 
143(4):e20190281. 
 
145. Zeiger RS, Heller S. The development and prediction of atopy in high-risk 
children: follow-up at age seven years in a prospective randomized study of combined 
maternal and infant food allergen avoidance. J Allergy Clin Immunol 1995; 95: 1179–
90. 

146. Benede S, Blazquez AB, Chiang D, Tordesillas L, Berin MC. The rise of food 
allergy: Environmental factors and emerging treatments. EBioMedicine. 2016;7:27-
34. 

147. Du Toit G, Katz Y, Sasieni P, Mesher D, Maleki SJ, Fisher HR, Fox AT, 
Turcanu V, Amir T, Zadik-Mnuhin G, Cohen A, Livne I, Lack G. 
Early consumption of peanuts in infancy is associated with a low prevalence 
of peanut allergy. J Allergy Clin Immunol. 2008 Nov; 122(5):984-91.  
  
148. de Silva D, Halken S, Singh C, Muraro A, Angier E, Arasi S, Arshad H, Beyer 
K, Boyle R, du Toit G, Eigenmann P, Grimshaw K, Hoest A, Jones C, Khaleva E, 
Lack G, Szajewska H, Venter C, Verhasselt V, Roberts G; European Academy of 

 

87 

Allergy, Clinical Immunology Food Allergy, Anaphylaxis Guidelines Group. 
Preventing food allergy in infancy and childhood: Systematic review of randomised 
controlled trials. Pediatr Allergy Immunol. 2020 Oct; 31(7):813-826. 
 
149. Perkin MR, Logan K, Tseng A, et al. Randomized trial of introduction of 
allergenic foods in breast-fed infants. N Engl J Med. 2016; 374(18):1733–1743. 
 
150. Sakihara T, Otsuji K, Arakaki Y, Hamada K, Sugiura S, Ito K. Randomized trial 
of early infant formula introduction to prevent cow's milk allergy. J Allergy Clin 
Immunol. 2021 Jan; 147(1):224-232.e8. 
 
151. Snijders BE, Thijs C, van Ree R, van den Brandt PA. Age at first introduction of 
cow milk products and other food products in relation to infant atopic 
manifestations in the first 2 years of life: the KOALA Birth Cohort Study. Pediatrics. 
2008 Jul; 122(1):e115-22. 
 
152. Jonsson K, Barman M, Brekke HK, Hesselmar B, Johansen S, Sandberg AS, 
Wold AE. Late introduction of fish and eggs is associated with increased risk of 
allergy development - results from the FARMFLORA birth cohort. Food Nutr Res. 
2017 Nov 7; 61(1):1393306. 
 
153. Hesselmar B, Saalman R, Rudin A, Adlerberth I, Wold A. Early fish 
introduction is associated with less eczema, but not sensitization, in infants. Acta 
Paediatr. 2010 Dec; 99(12):1861-7. 
  
154. Alm B, Goksör E, Thengilsdottir H, Pettersson R, Möllborg P, Norvenius G, 
Erdes L, Aberg N, Wennergren G. Early protective and risk factors for allergic 
rhinitis at age 4½ yr. Pediatr Allergy Immunol. 2011 Jun; 22(4):398-404. 
 
155. Nwaru BI, Takkinen HM, Niemelä O, Kaila M, Erkkola M, Ahonen S, Haapala 
AM, Kenward MG, Pekkanen J, Lahesmaa R, Kere J, Simell O, Veijola R, Ilonen J, 
Hyöty H, Knip M, Virtanen SM. Timing of infant feeding in relation to childhood 
asthma and allergic diseases. J Allergy Clin Immunol. 2013 Jan; 131(1):78-86. 
 
156. Vasileiadou S, Wennergren G, Strömberg Celind F, Åberg N, Pettersson R, Alm 
B, Goksör E. Eating fish and farm life reduce allergic rhinitis at the age of twelve. 
Pediatr Allergy Immunol. 2018 May; 29(3):283-289. 
 
157. Roduit C, Frei R, Depner M, Schaub B, Loss G, Genuneit J, et al. Increased food 
diversity in the first year of life is inversely associated with allergic diseases. J Allergy 
Clin Immunol. 2014;133(4):1056-64. 

158. Fergusson DM, Horwood LJ, Shannon FT.  Early solid feeding and recurrent 
childhood eczema: a 10-year longitudinal study. Pediatrics. 1990 Oct; 86(4):541-6. 
 
159. Zutavern A, Brockow I, Schaaf B, Bolte G, von Berg A, Diez U, Borte M, 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

86 

development of atopy and asthma in children and young adults: a longitudinal study. 
Lancet. 2002 Sep 21; 360(9337):901-7. 
 
139. American Academy of Pediatrics. Committee on Nutrition, Hypoallergenic 
infant formulas. Pediatrics. 2000:106:346-9.  
 
140. Fiocchi A, Assa'ad A, Bahna S; Adverse Reactions to Foods Committee; 
American College of Allergy, Asthma and Immunology. Food allergy and the 
introduction  of solid foods to infants: a consensus document. Ann Allergy Asthma 
Immunol. 2006 Jul; 97(1):10-20. 
 
141. Maloney JM, Sampson HA, Sicherer SH, Burks WA. Food allergy and the 
introduction of solid foods to infants: a consensus document. Ann Allergy Asthma 
Immunol. 2006 Oct; 97(4):559-60. 
 
142. Wennergren G. What if it is the other way around? Early introduction of 
peanut and fish seems to be better than avoidance. Acta Paediatr. 2009;98(7):1085-
7. 
 
143. Allen CW, Campbell DE, Kemp AS. Food allergy: is strict avoidance the only 
answer? Pediatr Allergy Immunol. 2009;20(5):415-22. 

144. Greer FR, Sicherer SH, Burks AW; COMMITTEE ON NUTRITION; SECTION 
ON ALLERGY AND IMMUNOLOGY. The Effects of Early Nutritional Interventions 
on the Development of Atopic Disease in Infants and Children: The Role of 
Maternal Dietary Restriction, Breastfeeding, Hydrolyzed Formulas, and Timing of 
Introduction of Allergenic Complementary Foods. Pediatrics. 2019 Apr; 
143(4):e20190281. 
 
145. Zeiger RS, Heller S. The development and prediction of atopy in high-risk 
children: follow-up at age seven years in a prospective randomized study of combined 
maternal and infant food allergen avoidance. J Allergy Clin Immunol 1995; 95: 1179–
90. 

146. Benede S, Blazquez AB, Chiang D, Tordesillas L, Berin MC. The rise of food 
allergy: Environmental factors and emerging treatments. EBioMedicine. 2016;7:27-
34. 

147. Du Toit G, Katz Y, Sasieni P, Mesher D, Maleki SJ, Fisher HR, Fox AT, 
Turcanu V, Amir T, Zadik-Mnuhin G, Cohen A, Livne I, Lack G. 
Early consumption of peanuts in infancy is associated with a low prevalence 
of peanut allergy. J Allergy Clin Immunol. 2008 Nov; 122(5):984-91.  
  
148. de Silva D, Halken S, Singh C, Muraro A, Angier E, Arasi S, Arshad H, Beyer 
K, Boyle R, du Toit G, Eigenmann P, Grimshaw K, Hoest A, Jones C, Khaleva E, 
Lack G, Szajewska H, Venter C, Verhasselt V, Roberts G; European Academy of 

 

87 

Allergy, Clinical Immunology Food Allergy, Anaphylaxis Guidelines Group. 
Preventing food allergy in infancy and childhood: Systematic review of randomised 
controlled trials. Pediatr Allergy Immunol. 2020 Oct; 31(7):813-826. 
 
149. Perkin MR, Logan K, Tseng A, et al. Randomized trial of introduction of 
allergenic foods in breast-fed infants. N Engl J Med. 2016; 374(18):1733–1743. 
 
150. Sakihara T, Otsuji K, Arakaki Y, Hamada K, Sugiura S, Ito K. Randomized trial 
of early infant formula introduction to prevent cow's milk allergy. J Allergy Clin 
Immunol. 2021 Jan; 147(1):224-232.e8. 
 
151. Snijders BE, Thijs C, van Ree R, van den Brandt PA. Age at first introduction of 
cow milk products and other food products in relation to infant atopic 
manifestations in the first 2 years of life: the KOALA Birth Cohort Study. Pediatrics. 
2008 Jul; 122(1):e115-22. 
 
152. Jonsson K, Barman M, Brekke HK, Hesselmar B, Johansen S, Sandberg AS, 
Wold AE. Late introduction of fish and eggs is associated with increased risk of 
allergy development - results from the FARMFLORA birth cohort. Food Nutr Res. 
2017 Nov 7; 61(1):1393306. 
 
153. Hesselmar B, Saalman R, Rudin A, Adlerberth I, Wold A. Early fish 
introduction is associated with less eczema, but not sensitization, in infants. Acta 
Paediatr. 2010 Dec; 99(12):1861-7. 
  
154. Alm B, Goksör E, Thengilsdottir H, Pettersson R, Möllborg P, Norvenius G, 
Erdes L, Aberg N, Wennergren G. Early protective and risk factors for allergic 
rhinitis at age 4½ yr. Pediatr Allergy Immunol. 2011 Jun; 22(4):398-404. 
 
155. Nwaru BI, Takkinen HM, Niemelä O, Kaila M, Erkkola M, Ahonen S, Haapala 
AM, Kenward MG, Pekkanen J, Lahesmaa R, Kere J, Simell O, Veijola R, Ilonen J, 
Hyöty H, Knip M, Virtanen SM. Timing of infant feeding in relation to childhood 
asthma and allergic diseases. J Allergy Clin Immunol. 2013 Jan; 131(1):78-86. 
 
156. Vasileiadou S, Wennergren G, Strömberg Celind F, Åberg N, Pettersson R, Alm 
B, Goksör E. Eating fish and farm life reduce allergic rhinitis at the age of twelve. 
Pediatr Allergy Immunol. 2018 May; 29(3):283-289. 
 
157. Roduit C, Frei R, Depner M, Schaub B, Loss G, Genuneit J, et al. Increased food 
diversity in the first year of life is inversely associated with allergic diseases. J Allergy 
Clin Immunol. 2014;133(4):1056-64. 

158. Fergusson DM, Horwood LJ, Shannon FT.  Early solid feeding and recurrent 
childhood eczema: a 10-year longitudinal study. Pediatrics. 1990 Oct; 86(4):541-6. 
 
159. Zutavern A, Brockow I, Schaaf B, Bolte G, von Berg A, Diez U, Borte M, 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

88 

Herbarth O, Wichmann HE, Heinrich J; LISA Study Group. Timing of solid food 
introduction in relation to atopic dermatitis and atopic sensitization: results from a 
prospective birth cohort study. Pediatrics. 2006 Feb; 117(2):401-11. 
  
160. Filipiak B, Zutavern A, Koletzko S, von Berg A, Brockow I, Grübl A, Berdel D, 
Reinhardt D, Bauer CP, Wichmann HE, Heinrich J; GINI-Group. Solid food 
introduction in relation to eczema: results from a four-year prospective birth cohort 
study. J Pediatr. 2007 Oct; 151(4):352-8. 
  
161. Aberg N, Engström I, Lindberg U. Allergic diseases in Swedish school 
children. Acta Paediatr Scand. 1989 Mar; 78(2):246-52. 
162. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, Crapo 
R, Enright P, van der Grinten CP, Gustafsson P, Jensen R, Johnson DC, MacIntyre 
N, McKay R, Navajas D, Pedersen OF, Pellegrino R, Viegi G, Wanger J; ATS/ERS 
Task Force. Standardisation of spirometry. Eur Respir J. 2005 Aug; 26(2):319-38. 
 
163. Crapo RO, Casaburi R, Coates AL, Enright PL, Hankinson JL, Irvin CG, 
MacIntyre NR, McKay RT, Wanger JS, Anderson SD, Cockcroft DW, Fish JE, Sterk 
PJ. Guidelines for methacholine and exercise challenge testing-1999. This official 
statement of the American Thoracic Society was adopted by the ATS Board of 
Directors, July 1999. Am J Respir Crit Care Med. 2000 Jan; 161(1):309-29.  
 
164. Skin tests used in type I allergy testing Position paper. Sub-Committee on Skin 
Tests of the European Academy of Allergology and Clinical Immunology. Allergy. 
1989; 44 Suppl 10:1-59. 
 
165. Williams HC.   Diagnostic criteria for atopic dermatitis. Lancet. 1996 Nov 16; 
348 (9038):1391-2. 
 
166. Almqvist C, Worm M, Leynaert B; working group of GA2LEN WP 2.5 Gender 
Impact of gender on asthma in childhood and adolescence: a GA2LEN review. 
Allergy. 2008 Jan; 63(1):47-57. 
 
167. Wieringa MH, Weyler JJ, Van Bever HP, Nelen VJ, Vermeire PA. Gender 
differences in respiratory, nasal and skin symptoms: 6-7 versus 13-14-year-old 
children. Acta Paediatr. 1999 Feb; 88(2):147-9. 
 
168. Zuberbier T, Edenharter G, Worm M, Ehlers I, Reimann S, Hantke T, Roehr 
CC, Bergmann KE, Niggemann B. Prevalence of adverse reactions to food in 
Germany - a population study. Allergy. 2004 Mar; 59(3):338-45. 
 
169. von Mutius E, Martinez FD, Fritzsch C, Nicolai T, Reitmeir P, Thiemann HH. 
Skin test reactivity and number of siblings.BMJ. 1994 Mar 12; 308(6930):692-5. 
 
170. Ogbo FA, Agho K, Ogeleka P, Woolfenden S, Page A, Eastwood J; Global 
Child Health Research Interest Group. Infant feeding practices and diarrhoea in 

 

89 

sub-Saharan African countries with high diarrhoea mortality. PLoS One. 2017 Feb 
13; 12(2):e0171792. 
 
171. Muraro, A.; Halken, S.; Arshad, S.H.; Beyer, K.; Dubois, A.E.J.; Du Toit, G.; 
Eigenmann, P.A.; Grimshaw, K.E.; Hoest, A.; Lack, G.; et al. EAACI food allergy 
and anaphylaxis guidelines. Primary prevention of food allergy. Allergy 2014, 69, 
590–601. 
 
172. Fewtrell, M.; Bronsky, J.; Campoy, C.; Domellöf, M.; Embleton, N.; Fidler Mis, 
N.; Hojsak, I.; Hulst, J.M.; Indrio, F.; Lapillonne, A.; et al. Complementary Feeding: 
A Position Paper by the European Society for Paediatric Gastroenterology, 
Hepatology, and Nutrition (ESPGHAN) Committee on Nutrition. J. Pediatr. 
Gastroenterol. Nutr. 2017, 64, 119–132. 

173. Ferraro V, Zanconato S, Carraro S. Timing of Food Introduction and the Risk 
of Food Allergy. Nutrients. 2019 May 21; 11 (5):1131. 
 
174. Poole JA, Barriga K, Leung DY, Hoffman M, Eisenbarth GS, Rewers M, Norris 
JM. Timing of initial exposure to cereal grains and the risk of wheat allergy. 
Pediatrics. 2006 Jun; 117(6):2175-82. 
 
175. Norris JM, Barriga K, Klingensmith G, et al. Timing of initial cereal exposure 
in infancy and risk of islet autoimmunity. JAMA 2003: 290: 1713–20. 
 
176. Norris JM, Barriga K, Hoffenberg EJ, et al. Risk of celiac disease 
autoimmunity and timing of gluten introduction in the diet of infants at increased 
risk of disease. JAMA 2005: 293: 2343–51. 
 
177.  Sghir A, Gramet G, Suau A, Rochet V, Pochart P, Dore J. Quantification of 
bacterial groups within human fecal flora by oligonucleotide probe hybridization. 
Appl Environ Microbiol. 2000 May; 66 (5):2263-6. 
 
178. Kleinfeld HJ, Buchbinder L. Dishwashing practice and effectiveness (swab-
rinse test) in a large city as revealed by a survey of 1,000 restaurants. Am J Public 
Health Nations Health. 1947; 37(4): 379–389. 
 
179. Stamminger R, Badura R, Broil G, Dörr S, Elschenbroisch A. A European 
Comparison of Cleaning Dishes by Hand. Bonn, Germany: University of Bonn; 
2004: 735–743 25. 
 
 180. Lee J, Cartwright R, Grueser T, Pascal MA. Efficiency of manual dishwashing 
conditions on bacterial survival on eating utensils. J Food Eng. 2007; 80: 885–891. 
  
181. Thomas DW, Greer FR; American Academy of Pediatrics Committee on 
Nutrition; American Academy of Pediatrics Section on Gastroenterology, 
Hepatology, and Nutrition. Probiotics and prebiotics in pediatrics. 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

88 

Herbarth O, Wichmann HE, Heinrich J; LISA Study Group. Timing of solid food 
introduction in relation to atopic dermatitis and atopic sensitization: results from a 
prospective birth cohort study. Pediatrics. 2006 Feb; 117(2):401-11. 
  
160. Filipiak B, Zutavern A, Koletzko S, von Berg A, Brockow I, Grübl A, Berdel D, 
Reinhardt D, Bauer CP, Wichmann HE, Heinrich J; GINI-Group. Solid food 
introduction in relation to eczema: results from a four-year prospective birth cohort 
study. J Pediatr. 2007 Oct; 151(4):352-8. 
  
161. Aberg N, Engström I, Lindberg U. Allergic diseases in Swedish school 
children. Acta Paediatr Scand. 1989 Mar; 78(2):246-52. 
162. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, Crapo 
R, Enright P, van der Grinten CP, Gustafsson P, Jensen R, Johnson DC, MacIntyre 
N, McKay R, Navajas D, Pedersen OF, Pellegrino R, Viegi G, Wanger J; ATS/ERS 
Task Force. Standardisation of spirometry. Eur Respir J. 2005 Aug; 26(2):319-38. 
 
163. Crapo RO, Casaburi R, Coates AL, Enright PL, Hankinson JL, Irvin CG, 
MacIntyre NR, McKay RT, Wanger JS, Anderson SD, Cockcroft DW, Fish JE, Sterk 
PJ. Guidelines for methacholine and exercise challenge testing-1999. This official 
statement of the American Thoracic Society was adopted by the ATS Board of 
Directors, July 1999. Am J Respir Crit Care Med. 2000 Jan; 161(1):309-29.  
 
164. Skin tests used in type I allergy testing Position paper. Sub-Committee on Skin 
Tests of the European Academy of Allergology and Clinical Immunology. Allergy. 
1989; 44 Suppl 10:1-59. 
 
165. Williams HC.   Diagnostic criteria for atopic dermatitis. Lancet. 1996 Nov 16; 
348 (9038):1391-2. 
 
166. Almqvist C, Worm M, Leynaert B; working group of GA2LEN WP 2.5 Gender 
Impact of gender on asthma in childhood and adolescence: a GA2LEN review. 
Allergy. 2008 Jan; 63(1):47-57. 
 
167. Wieringa MH, Weyler JJ, Van Bever HP, Nelen VJ, Vermeire PA. Gender 
differences in respiratory, nasal and skin symptoms: 6-7 versus 13-14-year-old 
children. Acta Paediatr. 1999 Feb; 88(2):147-9. 
 
168. Zuberbier T, Edenharter G, Worm M, Ehlers I, Reimann S, Hantke T, Roehr 
CC, Bergmann KE, Niggemann B. Prevalence of adverse reactions to food in 
Germany - a population study. Allergy. 2004 Mar; 59(3):338-45. 
 
169. von Mutius E, Martinez FD, Fritzsch C, Nicolai T, Reitmeir P, Thiemann HH. 
Skin test reactivity and number of siblings.BMJ. 1994 Mar 12; 308(6930):692-5. 
 
170. Ogbo FA, Agho K, Ogeleka P, Woolfenden S, Page A, Eastwood J; Global 
Child Health Research Interest Group. Infant feeding practices and diarrhoea in 

 

89 

sub-Saharan African countries with high diarrhoea mortality. PLoS One. 2017 Feb 
13; 12(2):e0171792. 
 
171. Muraro, A.; Halken, S.; Arshad, S.H.; Beyer, K.; Dubois, A.E.J.; Du Toit, G.; 
Eigenmann, P.A.; Grimshaw, K.E.; Hoest, A.; Lack, G.; et al. EAACI food allergy 
and anaphylaxis guidelines. Primary prevention of food allergy. Allergy 2014, 69, 
590–601. 
 
172. Fewtrell, M.; Bronsky, J.; Campoy, C.; Domellöf, M.; Embleton, N.; Fidler Mis, 
N.; Hojsak, I.; Hulst, J.M.; Indrio, F.; Lapillonne, A.; et al. Complementary Feeding: 
A Position Paper by the European Society for Paediatric Gastroenterology, 
Hepatology, and Nutrition (ESPGHAN) Committee on Nutrition. J. Pediatr. 
Gastroenterol. Nutr. 2017, 64, 119–132. 

173. Ferraro V, Zanconato S, Carraro S. Timing of Food Introduction and the Risk 
of Food Allergy. Nutrients. 2019 May 21; 11 (5):1131. 
 
174. Poole JA, Barriga K, Leung DY, Hoffman M, Eisenbarth GS, Rewers M, Norris 
JM. Timing of initial exposure to cereal grains and the risk of wheat allergy. 
Pediatrics. 2006 Jun; 117(6):2175-82. 
 
175. Norris JM, Barriga K, Klingensmith G, et al. Timing of initial cereal exposure 
in infancy and risk of islet autoimmunity. JAMA 2003: 290: 1713–20. 
 
176. Norris JM, Barriga K, Hoffenberg EJ, et al. Risk of celiac disease 
autoimmunity and timing of gluten introduction in the diet of infants at increased 
risk of disease. JAMA 2005: 293: 2343–51. 
 
177.  Sghir A, Gramet G, Suau A, Rochet V, Pochart P, Dore J. Quantification of 
bacterial groups within human fecal flora by oligonucleotide probe hybridization. 
Appl Environ Microbiol. 2000 May; 66 (5):2263-6. 
 
178. Kleinfeld HJ, Buchbinder L. Dishwashing practice and effectiveness (swab-
rinse test) in a large city as revealed by a survey of 1,000 restaurants. Am J Public 
Health Nations Health. 1947; 37(4): 379–389. 
 
179. Stamminger R, Badura R, Broil G, Dörr S, Elschenbroisch A. A European 
Comparison of Cleaning Dishes by Hand. Bonn, Germany: University of Bonn; 
2004: 735–743 25. 
 
 180. Lee J, Cartwright R, Grueser T, Pascal MA. Efficiency of manual dishwashing 
conditions on bacterial survival on eating utensils. J Food Eng. 2007; 80: 885–891. 
  
181. Thomas DW, Greer FR; American Academy of Pediatrics Committee on 
Nutrition; American Academy of Pediatrics Section on Gastroenterology, 
Hepatology, and Nutrition. Probiotics and prebiotics in pediatrics. 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

90 

Pediatrics. 2010 Dec; 126(6):1217-31. 
 
182. West CE, Renz H, Jenmalm MC, Kozyrskyj AL, Allen KJ, Vuillermin P, 
Prescott SL; in-FLAME Microbiome Interest Group. The gut microbiota and 
inflammatory noncommunicable diseases: associations and potentials for gut 
microbiota therapies. J Allergy Clin Immunol. 2015 Jan; 135(1):3-13; quiz 14.  
 
183. Osborn DA, Sinn JK.Prebiotics in infants for prevention of allergic disease and 
food hypersensitivity.Cochrane Database Syst Rev. 2007 Oct 17; (4):CD006474. 
 
 
184. West CE, Hammarström ML, Hernell O. Probiotics during weaning reduce the 
incidence of eczema. Pediatr Allergy Immunol. 2009 Aug; 20(5):430-7. 
 
185. West CE, Dzidic M, Prescott SL, Jenmalm MC. Bugging allergy; role of pre-, 
pro- and synbiotics in allergy prevention. Allergol Int. 2017 Oct; 66(4):529-538.  
 
186. von Mutius E. Maternal farm exposure/ingestion of unpasteurized cow's milk 
and allergic disease.Curr Opin Gastroenterol. 2012 Nov; 28(6):570-6.  
 
187. von Hertzen L, Laatikainen T, Pitkänen T, Vlasoff T, Mäkelä MJ, Vartiainen E, 
Haahtela T. Microbial content of drinking water in Finnish and Russian Karelia - 
implications for atopy prevalence. Allergy. 2007 Mar; 62(3):288-92. 
 
188. Krämer U, Heinrich J, Wjst M, Wichmann HE. Age of entry to day nursery  
and allergy in later childhood. Lancet. 1999 Feb 6; 353(9151):450-4. 
 
189. Matricardi PM, Rosmini F, Riondino S, Fortini M, Ferrigno L, Rapicetta M, 
Bonini S. Exposure to foodborne and orofecal microbes versus airborne viruses  
in relation to atopy and allergic asthma: epidemiological study. BMJ. 2000 Feb 12; 
320(7232):412-7. 
 
190. Bråbäck L, Breborowicz A, Julge K, Knutsson A, Riikjärv MA, Vasar M, 
Björkstén B. Risk factors for respiratory symptoms and atopic sensitisation in the 
Baltic area.Arch Dis Child. 1995 Jun; 72(6):487-93. 
 
191. Lødrup Carlsen KC, Roll S, Carlsen KH, Mowinckel P, Wijga AH, Brunekreef 
B, Torrent M, Roberts G, Arshad SH, Kull I, Krämer U, von Berg A, Eller E, Høst A, 
Kuehni C, Spycher B, Sunyer J, Chen CM, Reich A, Asarnoj A, Puig C, Herbarth O, 
Mahachie John JM, Van Steen K, Willich SN, Wahn U, Lau S, Keil T; GALEN WP 
1.5 ‘Birth Cohorts’ working group. Does pet ownership in infancy lead to asthma or 
allergy at school age? Pooled analysis of individual participant data from 11 
European birth cohorts..PLoS One. 2012; 7(8):e43214. 
 

 

91 

192.  Nermes M, Niinivirta K, Nylund L, Laitinen K, Matomäki J, Salminen S, 
Isolauri E. Perinatal pet exposure, faecal microbiota, and wheezy bronchitis: is 
there a connection? ISRN Allergy. 2013 Jan 9; 2013: 827934. 
 
193. Bråbäck L, Vogt H, Hjern A. Migration and asthma medication in international  
adoptees and immigrant families in Sweden. Clin Exp Allergy. 2011Aug; 
41(8):1108-15.  
 
194. Silverberg JI, Simpson EL, Durkin HG, Joks R. Prevalence of allergic disease 
in foreign-born American children. JAMA Pediatr. 2013 Jun; 167(6):554-60. 
 
195. Cabieses B, Uphoff E, Pinart M, Antó JM, Wright J. A systematic review on the 
development of asthma and allergic diseases in relation to international 
immigration: the leading role of the environment confirmed. PLoS One. 2014 Aug 
20; 9(8):e105347. 
  
196. Garcia-Marcos L, Robertson CF, Ross Anderson H, Ellwood P, Williams HC, 
Wong GW; ISAAC Phase Three Study Group. Does migration affect asthma, 
rhinoconjunctivitis and eczema prevalence? Global findings from the international 
study of asthma and allergies in childhood. Int J Epidemiol. 2014 Dec; 43(6):1846-
54. 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
. 
 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

90 

Pediatrics. 2010 Dec; 126(6):1217-31. 
 
182. West CE, Renz H, Jenmalm MC, Kozyrskyj AL, Allen KJ, Vuillermin P, 
Prescott SL; in-FLAME Microbiome Interest Group. The gut microbiota and 
inflammatory noncommunicable diseases: associations and potentials for gut 
microbiota therapies. J Allergy Clin Immunol. 2015 Jan; 135(1):3-13; quiz 14.  
 
183. Osborn DA, Sinn JK.Prebiotics in infants for prevention of allergic disease and 
food hypersensitivity.Cochrane Database Syst Rev. 2007 Oct 17; (4):CD006474. 
 
 
184. West CE, Hammarström ML, Hernell O. Probiotics during weaning reduce the 
incidence of eczema. Pediatr Allergy Immunol. 2009 Aug; 20(5):430-7. 
 
185. West CE, Dzidic M, Prescott SL, Jenmalm MC. Bugging allergy; role of pre-, 
pro- and synbiotics in allergy prevention. Allergol Int. 2017 Oct; 66(4):529-538.  
 
186. von Mutius E. Maternal farm exposure/ingestion of unpasteurized cow's milk 
and allergic disease.Curr Opin Gastroenterol. 2012 Nov; 28(6):570-6.  
 
187. von Hertzen L, Laatikainen T, Pitkänen T, Vlasoff T, Mäkelä MJ, Vartiainen E, 
Haahtela T. Microbial content of drinking water in Finnish and Russian Karelia - 
implications for atopy prevalence. Allergy. 2007 Mar; 62(3):288-92. 
 
188. Krämer U, Heinrich J, Wjst M, Wichmann HE. Age of entry to day nursery  
and allergy in later childhood. Lancet. 1999 Feb 6; 353(9151):450-4. 
 
189. Matricardi PM, Rosmini F, Riondino S, Fortini M, Ferrigno L, Rapicetta M, 
Bonini S. Exposure to foodborne and orofecal microbes versus airborne viruses  
in relation to atopy and allergic asthma: epidemiological study. BMJ. 2000 Feb 12; 
320(7232):412-7. 
 
190. Bråbäck L, Breborowicz A, Julge K, Knutsson A, Riikjärv MA, Vasar M, 
Björkstén B. Risk factors for respiratory symptoms and atopic sensitisation in the 
Baltic area.Arch Dis Child. 1995 Jun; 72(6):487-93. 
 
191. Lødrup Carlsen KC, Roll S, Carlsen KH, Mowinckel P, Wijga AH, Brunekreef 
B, Torrent M, Roberts G, Arshad SH, Kull I, Krämer U, von Berg A, Eller E, Høst A, 
Kuehni C, Spycher B, Sunyer J, Chen CM, Reich A, Asarnoj A, Puig C, Herbarth O, 
Mahachie John JM, Van Steen K, Willich SN, Wahn U, Lau S, Keil T; GALEN WP 
1.5 ‘Birth Cohorts’ working group. Does pet ownership in infancy lead to asthma or 
allergy at school age? Pooled analysis of individual participant data from 11 
European birth cohorts..PLoS One. 2012; 7(8):e43214. 
 

 

91 

192.  Nermes M, Niinivirta K, Nylund L, Laitinen K, Matomäki J, Salminen S, 
Isolauri E. Perinatal pet exposure, faecal microbiota, and wheezy bronchitis: is 
there a connection? ISRN Allergy. 2013 Jan 9; 2013: 827934. 
 
193. Bråbäck L, Vogt H, Hjern A. Migration and asthma medication in international  
adoptees and immigrant families in Sweden. Clin Exp Allergy. 2011Aug; 
41(8):1108-15.  
 
194. Silverberg JI, Simpson EL, Durkin HG, Joks R. Prevalence of allergic disease 
in foreign-born American children. JAMA Pediatr. 2013 Jun; 167(6):554-60. 
 
195. Cabieses B, Uphoff E, Pinart M, Antó JM, Wright J. A systematic review on the 
development of asthma and allergic diseases in relation to international 
immigration: the leading role of the environment confirmed. PLoS One. 2014 Aug 
20; 9(8):e105347. 
  
196. Garcia-Marcos L, Robertson CF, Ross Anderson H, Ellwood P, Williams HC, 
Wong GW; ISAAC Phase Three Study Group. Does migration affect asthma, 
rhinoconjunctivitis and eczema prevalence? Global findings from the international 
study of asthma and allergies in childhood. Int J Epidemiol. 2014 Dec; 43(6):1846-
54. 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
. 
 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

92 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 

 

 

 

 

. 

 

 
 

 
 
 

 
 
 
 
 
 
 

 

93 

APPENDIX 
Ⅰ- The questionnaire in Swedish 

Ⅱ-The translated questionnaire in English 

III- Diagnostic criteria birth cohort 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

92 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 

 

 

 

 

. 

 

 
 

 
 
 

 
 
 
 
 
 
 

 

93 

APPENDIX 
Ⅰ- The questionnaire in Swedish 

Ⅱ-The translated questionnaire in English 

III- Diagnostic criteria birth cohort 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

94 

Appendix Ⅰ- The questionnaire in Swedish 

 
Frågeformulär 

Förekomst av astma och allergi bland skolbarn i Sverige och Polen 

 

Datum då formuläret fylls i………………… 

 

Barnets namn…………………………………………………………… 

Barnets 
personnummer………………………………………………………………. 
 

Barnets adress……………………………………………………………… 

Postnummer…………………………… 

Postadress………………………………… 

 

Tel dagtid ………………………Mammans mobiltel……………………… 

Tel kvällstid……………………Pappans mobiltel………………………… 

 

Kön:  Flicka  

 Pojke  
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Informerat  samtycke 

 

Jag har läst och fått en kopia av föräldrainformationen. Jag har haft möjlighet 
att ställa frågor och mina frågor har besvarats tillfredställande. Jag är 
medveten om att deltagandet är frivilligt och att vi föräldrar kan avbryta vårt 
barns medverkan när vi önskar utan närmare motivering, utan att det kommer 
att påverka vårt barns möjligheter till framtida behandling. 

 

Jag ger också min tillåtelse till att insamlade uppgifter bevaras i dataregister. 

 

Datum………………………………………. 

Förälders namnteckning………………………………………………… 

Textat namn……………………………………………………………… 
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Informerat  samtycke 

 

Jag har läst och fått en kopia av föräldrainformationen. Jag har haft möjlighet 
att ställa frågor och mina frågor har besvarats tillfredställande. Jag är 
medveten om att deltagandet är frivilligt och att vi föräldrar kan avbryta vårt 
barns medverkan när vi önskar utan närmare motivering, utan att det kommer 
att påverka vårt barns möjligheter till framtida behandling. 

 

Jag ger också min tillåtelse till att insamlade uppgifter bevaras i dataregister. 

 

Datum………………………………………. 

Förälders namnteckning………………………………………………… 

Textat namn……………………………………………………………… 
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Andningsbesvär – frågor baserade på ISAAC-formuläret  

 

    Ja      Nej    

2) Har Ert barn någonsin haft väsande eller pipande  

    andningsljud i bröstet?                

 

Om ni svarat ”NEJ”,  gå direkt till fråga 7 

 

 

3) Har Ert barn haft väsande eller pipande andningsljud i bröstet 

    någon gång under de senaste 12 månaderna?         

 

Om ni svarat ”NEJ”, gå direkt till fråga 7 

 

 

4) Hur många episoder med väsande eller pipande andningsljud 

      i bröstet har Ert barn haft de senaste 12 månaderna? 

Ingen    
1 – 3 gånger   
4 – 12 gånger   
Fler än 12 gånger    

 

5) Under de senaste 12 månaderna hur ofta har i genomsnitt  
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 Ja      Nej 

Ert barns sömn störts av andningsbesvär enligt ovan? 

 

  Aldrig vaknat med besvär  
  Mindre än en natt/vecka  
  En – flera nätter/vecka   

 

6) Under de senaste 12 månaderna har Ert barns andningsbesvär någon gång 
varit så svår att det endast kunnat säga ett-två ord mellan andetagen? 

         

 

 

7) Har Ert barn någonsin haft astma?      
            

 

8) Har Ert barn de senaste 12 månaderna haft pip i bröstet eller väsande 
andning under eller efter ansträngning?          

 

9) Har barnet under de senaste 12 månaderna haft nattlig torrhosta utan att 
ha varit förkyld eller haft en luftrörskattar eller lunginflammation 
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Andningsbesvär – frågor baserade på ISAAC-formuläret  

 

    Ja      Nej    

2) Har Ert barn någonsin haft väsande eller pipande  

    andningsljud i bröstet?                

 

Om ni svarat ”NEJ”,  gå direkt till fråga 7 

 

 

3) Har Ert barn haft väsande eller pipande andningsljud i bröstet 

    någon gång under de senaste 12 månaderna?         

 

Om ni svarat ”NEJ”, gå direkt till fråga 7 

 

 

4) Hur många episoder med väsande eller pipande andningsljud 

      i bröstet har Ert barn haft de senaste 12 månaderna? 

Ingen    
1 – 3 gånger   
4 – 12 gånger   
Fler än 12 gånger    

 

5) Under de senaste 12 månaderna hur ofta har i genomsnitt  
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 Ja      Nej 

Ert barns sömn störts av andningsbesvär enligt ovan? 

 

  Aldrig vaknat med besvär  
  Mindre än en natt/vecka  
  En – flera nätter/vecka   

 

6) Under de senaste 12 månaderna har Ert barns andningsbesvär någon gång 
varit så svår att det endast kunnat säga ett-två ord mellan andetagen? 

         

 

 

7) Har Ert barn någonsin haft astma?      
            

 

8) Har Ert barn de senaste 12 månaderna haft pip i bröstet eller väsande 
andning under eller efter ansträngning?          

 

9) Har barnet under de senaste 12 månaderna haft nattlig torrhosta utan att 
ha varit förkyld eller haft en luftrörskattar eller lunginflammation 
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Andningsbesvär – frågor baserade på tidigare Svenska 
undersökningar  
    Ja       Nej 

 

10) Har barnet haft astma eller astmatisk luftrörskatarr?         

 
Om ni svarat ”NEJ”, gå direkt till fråga 22  
 

 

11) Vid vilken ålder märktes 

besvären första gången?……………….. års ålder 

 

12) Vid vilken ålder hade  

barnet senast besvär?……………………års ålder 

 

13) Har barnet haft astma eller astmatisk luftrörskatarr  

senaste året?            

 

14) Antal gånger med besvär senaste året……………… antal ggr 

 

15) Hur många dagar varar besvären varje gång?  1-3 dagar      

     4-fler 
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Ja       Nej 

16) Har barnet varit inlagt på sjukhus för astma eller astmatisk luftrörskatarr?
             

 

17) Om ja, hur många gånger har barnet varit inlagt på sjukhus för astma eller  

astmatisk luftrörskatarr?   ……………… antal ggr 

 

18) När får/fick barnet astma eller astmatisk luftrörskatarr? 

 Vid förkylning 

 Vid ansträngning 

 Av kyla 

 Vid kontakt med djur 

 Vid lövsprickning (utomhus i 
maj) 

 Utomhusvistelse i juni-juli 

 Vid kontakt med damm 

 Av födoämnen 

 

19) Har barnet senaste 12 månaderna behövt vara hemma från  skolan pga 
astma eller astmatisk luftrörskatarr?   
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Andningsbesvär – frågor baserade på tidigare Svenska 
undersökningar  
    Ja       Nej 

 

10) Har barnet haft astma eller astmatisk luftrörskatarr?         

 
Om ni svarat ”NEJ”, gå direkt till fråga 22  
 

 

11) Vid vilken ålder märktes 

besvären första gången?……………….. års ålder 

 

12) Vid vilken ålder hade  

barnet senast besvär?……………………års ålder 

 

13) Har barnet haft astma eller astmatisk luftrörskatarr  

senaste året?            

 

14) Antal gånger med besvär senaste året……………… antal ggr 

 

15) Hur många dagar varar besvären varje gång?  1-3 dagar      

     4-fler 
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Ja       Nej 

16) Har barnet varit inlagt på sjukhus för astma eller astmatisk luftrörskatarr?
             

 

17) Om ja, hur många gånger har barnet varit inlagt på sjukhus för astma eller  

astmatisk luftrörskatarr?   ……………… antal ggr 

 

18) När får/fick barnet astma eller astmatisk luftrörskatarr? 

 Vid förkylning 

 Vid ansträngning 

 Av kyla 

 Vid kontakt med djur 

 Vid lövsprickning (utomhus i 
maj) 

 Utomhusvistelse i juni-juli 

 Vid kontakt med damm 

 Av födoämnen 

 

19) Har barnet senaste 12 månaderna behövt vara hemma från  skolan pga 
astma eller astmatisk luftrörskatarr?   
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                                    Ja       Nej 

20) Hur många dagar har barnet senaste 12 månaderna behövt vara hemma 
från skolan pga astma eller astmatisk luftrörskatarr?…………………antal 
dagar 

21) Har barnet senaste 12 månaderna tagit medicin mot astma eller astmatisk 
luftrörskatarr?                       

Om ja, skriv vilka mediciner barnet tar, vilken styrka och hur ofta medicinen 
tas: 

Medicinens namn Styrka Hur ofta tas medicinen 

   

 

   

 

   

 

   

 

   

 

   

 

22) Brukar barnet få hosta vid ansträngning?                   
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Näs- och ögonbesvär - frågor baserade på ISAAC 
formuläret   
                                                                                                  Ja       Nej 
23) Har Ert barn någonsin varit besvärad av nysningar,                
rinnsnuva eller nästäppa utan att ha varit förkylt?                            
 
Om ni svarat  ”NEJ”, gå direkt till fråga  28 
 
 
24) Har Ert barn under de senaste 12 månaderna varit besvärad av 
nysningar, rinnsnuva eller nästäppa utan att ha varit förkylt? 
                                                                                                                                            
Om ni svarat ”NEJ”, gå direkt till fråga 28 
 
 
25) Har under de senaste 12 månaderna dessa näsbesvär  
åtföljts av kliande, rinnande ögon?                                                
 
26) I vilken/vilka månader hade Ert barn näsbesvär 
(sätt ”x” i lämpliga rutor)? 
 

 januari  maj  september 
       

 februari  juni   oktober 
 

 mars   juli  november 
 

 april  augusti  december 
 
27 Under de senaste 12 månaderna, hur mycket påverkade  
näsbesvären Ert barns dagliga aktiviteter? 

 
  Inte alls 
  Något lite 
  Måttligt 
  Ganska mycket 

 
28) Har Ert barn någonsin haft ”hösnuva”?                                       
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                                    Ja       Nej 

20) Hur många dagar har barnet senaste 12 månaderna behövt vara hemma 
från skolan pga astma eller astmatisk luftrörskatarr?…………………antal 
dagar 

21) Har barnet senaste 12 månaderna tagit medicin mot astma eller astmatisk 
luftrörskatarr?                       

Om ja, skriv vilka mediciner barnet tar, vilken styrka och hur ofta medicinen 
tas: 

Medicinens namn Styrka Hur ofta tas medicinen 

   

 

   

 

   

 

   

 

   

 

   

 

22) Brukar barnet få hosta vid ansträngning?                   
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Näs- och ögonbesvär - frågor baserade på ISAAC 
formuläret   
                                                                                                  Ja       Nej 
23) Har Ert barn någonsin varit besvärad av nysningar,                
rinnsnuva eller nästäppa utan att ha varit förkylt?                            
 
Om ni svarat  ”NEJ”, gå direkt till fråga  28 
 
 
24) Har Ert barn under de senaste 12 månaderna varit besvärad av 
nysningar, rinnsnuva eller nästäppa utan att ha varit förkylt? 
                                                                                                                                            
Om ni svarat ”NEJ”, gå direkt till fråga 28 
 
 
25) Har under de senaste 12 månaderna dessa näsbesvär  
åtföljts av kliande, rinnande ögon?                                                
 
26) I vilken/vilka månader hade Ert barn näsbesvär 
(sätt ”x” i lämpliga rutor)? 
 

 januari  maj  september 
       

 februari  juni   oktober 
 

 mars   juli  november 
 

 april  augusti  december 
 
27 Under de senaste 12 månaderna, hur mycket påverkade  
näsbesvären Ert barns dagliga aktiviteter? 

 
  Inte alls 
  Något lite 
  Måttligt 
  Ganska mycket 

 
28) Har Ert barn någonsin haft ”hösnuva”?                                       



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

102 

Näs- och ögonbesvär – frågor baserade på tidigare 
Svenska undersökningar  
                                                                           Ja     Nej 
 
29) Har barnet haft allergisk snuva/ögonkatarr?                 
 
Om ni svarat ”NEJ”, gå direkt till fråga 36 
  
30) Vid vilken ålder märktes besvären första gången?……års ålder 
 
31) Vid vilken ålder hade barnet senast besvär………….  .års ålder 
 
32) Har barnet haft allergisk snuva/ögonkatarr 
senaste året?            
 
33) När får barnet allergisk snuva/ögonkatarr? 
                                                               

 Vid kontakt med djur 
 Vid lövsprickning (maj) 
 Under juni-juli månad 
 Vid kontakt med damm 

 
34) Har barnet senaste året fått behandling för  
allergisk snuva/ögonkatarr?           
 
35) Om ja, hur ofta? 
 
    Enstaka gånger 
    Vår och/eller sommar 
    Året runt 
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Hudbesvär – frågor baserade på ISAAC-formuläret 
 

Ja       Nej 
 
36) Har Ert barn någonsin haft ett kliande utslag som 
kommit och gått under minst 6 månader?          
 
Om ni svarat ”NEJ”, gå direkt till fråga 42  
 
37) Har Ert barn haft detta kliande utslag någon 
gång under de senaste 12 månaderna?          
 
Om ni svarat ”NEJ”, gå direkt till fråga 42 
 
 
38) Har detta kliande utslag vid något tillfälle förekommit 
på något av följande ställen: armveck, knäveck, fotleder, 
på lårens baksidor eller på halsen, kring ögonen eller öronen? 
                                                                                                  
 
39) Vid vilken ålder sågs utslagen första gången? 
 
    Före 2 års ålder 
    mellan 2 och 5 års ålder 
    Från fyllda 5 års ålder 
 
40) Har detta utslag försvunnit helt vid något tillfälle 
under de senaste 12 månaderna?          
 
41) Under de senaste 12 månaderna, hur ofta, i genomsnitt,  
har det kliande utslaget hållit Ert barn vaket nattetid? 
 
   Aldrig 
   Inte så ofta som en natt/vecka     
   En eller flera nätter/vecka 
 
 
42) Har Ert barn någonsin haft eksem?          
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Näs- och ögonbesvär – frågor baserade på tidigare 
Svenska undersökningar  
                                                                           Ja     Nej 
 
29) Har barnet haft allergisk snuva/ögonkatarr?                 
 
Om ni svarat ”NEJ”, gå direkt till fråga 36 
  
30) Vid vilken ålder märktes besvären första gången?……års ålder 
 
31) Vid vilken ålder hade barnet senast besvär………….  .års ålder 
 
32) Har barnet haft allergisk snuva/ögonkatarr 
senaste året?            
 
33) När får barnet allergisk snuva/ögonkatarr? 
                                                               

 Vid kontakt med djur 
 Vid lövsprickning (maj) 
 Under juni-juli månad 
 Vid kontakt med damm 

 
34) Har barnet senaste året fått behandling för  
allergisk snuva/ögonkatarr?           
 
35) Om ja, hur ofta? 
 
    Enstaka gånger 
    Vår och/eller sommar 
    Året runt 
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Hudbesvär – frågor baserade på ISAAC-formuläret 
 

Ja       Nej 
 
36) Har Ert barn någonsin haft ett kliande utslag som 
kommit och gått under minst 6 månader?          
 
Om ni svarat ”NEJ”, gå direkt till fråga 42  
 
37) Har Ert barn haft detta kliande utslag någon 
gång under de senaste 12 månaderna?          
 
Om ni svarat ”NEJ”, gå direkt till fråga 42 
 
 
38) Har detta kliande utslag vid något tillfälle förekommit 
på något av följande ställen: armveck, knäveck, fotleder, 
på lårens baksidor eller på halsen, kring ögonen eller öronen? 
                                                                                                  
 
39) Vid vilken ålder sågs utslagen första gången? 
 
    Före 2 års ålder 
    mellan 2 och 5 års ålder 
    Från fyllda 5 års ålder 
 
40) Har detta utslag försvunnit helt vid något tillfälle 
under de senaste 12 månaderna?          
 
41) Under de senaste 12 månaderna, hur ofta, i genomsnitt,  
har det kliande utslaget hållit Ert barn vaket nattetid? 
 
   Aldrig 
   Inte så ofta som en natt/vecka     
   En eller flera nätter/vecka 
 
 
42) Har Ert barn någonsin haft eksem?          



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

104 

Hudbesvär – frågor baserade på tidigare Svenska 
undersökningar 
 

Ja       Nej 
 
43) Har barnet haft eksem?                                  
 
Om ni svarat ”NEJ”, gå direkt till fråga 50 
 
 
44) Vid vilken ålder märktes 
eksemet första gången?……………….. års ålder 
 
45) Vid vilken ålder hade 
barnet senast besvär………………….. års ålder 
 
46) Har barnet haft eksem  
senaste året?            
 
47) Behöver barnet daglig smörjning pga eksem?         
 
48) Vilka salvor brukar barnet använda? 
 
Mjukgörande salva/kräm  Kortisonsalva/kräm 
 

 Aldrig    Aldrig   
 Ibland    Ibland 
 Nästan varje dag   Nästan varje dag 
 Varje dag    Varje dag 

 
Ange namn på annan salva eller kräm som barnet använder mot 
eksem?……………………………………………. 
 
49) Får barnet klåda av viss mat?          
 
 
 
50) Har barnet haft nässelutslag/allergisk svullnad?         
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        Ja      Nej  
51) Vid vilken ålder märktes besvären första gången?……. års ålder 
52) Vid vilken ålder hade barnet senast besvär?……………års ålder 
53) Har barnet haft nässelutslag/allergisk svullnad senaste året? 
                                        
 
54) Har barnet fått utslagen av viss mat?                                      
                               

   

Födoämnesallergi/överkänslighet  
   
     
55) Har barnet reagerat med allergi eller överkänslighet mot något 
födoämne?                                      
    
Om ”NEJ”, gå till fråga 56 
 
Ange nedan för varje födoämne vid vilken ålder besvären började, vid vilken 
ålder de märktes senast, och vilka symtom/besvär barnet hade 
 

 Mjölk  
besvären började vid…….års ålder. Besvär senast vid……års ålder 
 
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 
   Andningsbesvär  Ögon/näsbesvär 
 
 
   
 

 Ägg  
besvären började vid……. års ålder.    Besvär senast vid……års ålder 
 
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

104 

Hudbesvär – frågor baserade på tidigare Svenska 
undersökningar 
 

Ja       Nej 
 
43) Har barnet haft eksem?                                  
 
Om ni svarat ”NEJ”, gå direkt till fråga 50 
 
 
44) Vid vilken ålder märktes 
eksemet första gången?……………….. års ålder 
 
45) Vid vilken ålder hade 
barnet senast besvär………………….. års ålder 
 
46) Har barnet haft eksem  
senaste året?            
 
47) Behöver barnet daglig smörjning pga eksem?         
 
48) Vilka salvor brukar barnet använda? 
 
Mjukgörande salva/kräm  Kortisonsalva/kräm 
 

 Aldrig    Aldrig   
 Ibland    Ibland 
 Nästan varje dag   Nästan varje dag 
 Varje dag    Varje dag 

 
Ange namn på annan salva eller kräm som barnet använder mot 
eksem?……………………………………………. 
 
49) Får barnet klåda av viss mat?          
 
 
 
50) Har barnet haft nässelutslag/allergisk svullnad?         
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        Ja      Nej  
51) Vid vilken ålder märktes besvären första gången?……. års ålder 
52) Vid vilken ålder hade barnet senast besvär?……………års ålder 
53) Har barnet haft nässelutslag/allergisk svullnad senaste året? 
                                        
 
54) Har barnet fått utslagen av viss mat?                                      
                               

   

Födoämnesallergi/överkänslighet  
   
     
55) Har barnet reagerat med allergi eller överkänslighet mot något 
födoämne?                                      
    
Om ”NEJ”, gå till fråga 56 
 
Ange nedan för varje födoämne vid vilken ålder besvären började, vid vilken 
ålder de märktes senast, och vilka symtom/besvär barnet hade 
 

 Mjölk  
besvären började vid…….års ålder. Besvär senast vid……års ålder 
 
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 
   Andningsbesvär  Ögon/näsbesvär 
 
 
   
 

 Ägg  
besvären började vid……. års ålder.    Besvär senast vid……års ålder 
 
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 
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   Andningsbesvär  Ögon/näsbesvär
  
 

 Fisk  
besvären började vid……. års ålder.  Besvär senast vid……års ålder 
  
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 
   Andningsbesvär  Ögon/näsbesvär 
  

 Jordnötter 
besvären började vid……. års ålder      Besvär senast vid……års ålder 
  
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 
   Andningsbesvär  Ögon/näsbesvär 
 
 

 Andra nötter/mandel 
besvären började vid……. års ålder.  Besvär senast vid……års ålder 
  
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 
   Andningsbesvär  Ögon/näsbesvär 
 
 

 Mjöl (vete, havre, korn eller råg) 
besvären började vid…….års ålder .    Besvär senast vid……års ålder 
 
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 
   Andningsbesvär  Ögon/näsbesvär 
 
 

 annat födoämne (ange vilket) 
…………………………………………………… 
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besvären började vid…….års ålder           Besvär senast vid……års ålder 
 
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 
   Andningsbesvär  Ögon/näsbesvär 
   

 annat födoämne (ange vilket)  
……………………………………………………… 
 
besvären började vid…….års ålder           Besvär senast vid……års ålder 
 
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 
   Andningsbesvär  Ögon/näsbesvär
  
 
 

 

Barnets pappa 
 
                                                                                                        Ja        Nej 
 
56) Har pappan haft astma eller astmatisk luftrörskatarr?                     
 
Om ”NEJ”, gå direkt till fråga 59 
 
57) Vid vilken ålder märktes besvären första gången? ……………… års 
ålder 
 
58) Vid vilken ålder hade pappan senast besvär? ……………….. års 
ålder 
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   Andningsbesvär  Ögon/näsbesvär
  
 

 Fisk  
besvären började vid……. års ålder.  Besvär senast vid……års ålder 
  
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 
   Andningsbesvär  Ögon/näsbesvär 
  

 Jordnötter 
besvären började vid……. års ålder      Besvär senast vid……års ålder 
  
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 
   Andningsbesvär  Ögon/näsbesvär 
 
 

 Andra nötter/mandel 
besvären började vid……. års ålder.  Besvär senast vid……års ålder 
  
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 
   Andningsbesvär  Ögon/näsbesvär 
 
 

 Mjöl (vete, havre, korn eller råg) 
besvären började vid…….års ålder .    Besvär senast vid……års ålder 
 
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 
   Andningsbesvär  Ögon/näsbesvär 
 
 

 annat födoämne (ange vilket) 
…………………………………………………… 
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besvären började vid…….års ålder           Besvär senast vid……års ålder 
 
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 
   Andningsbesvär  Ögon/näsbesvär 
   

 annat födoämne (ange vilket)  
……………………………………………………… 
 
besvären började vid…….års ålder           Besvär senast vid……års ålder 
 
Symtom/typ av besvär  Klåda i munnen  Kräkningar 
   Diarré   Magvärk 
   Hudrodnad     Eksem 
   Svullnad i ansikte  Nässelutslag 
   Andningsbesvär  Ögon/näsbesvär
  
 
 

 

Barnets pappa 
 
                                                                                                        Ja        Nej 
 
56) Har pappan haft astma eller astmatisk luftrörskatarr?                     
 
Om ”NEJ”, gå direkt till fråga 59 
 
57) Vid vilken ålder märktes besvären första gången? ……………… års 
ålder 
 
58) Vid vilken ålder hade pappan senast besvär? ……………….. års 
ålder 
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       Ja      Nej 
 
59) Har pappan haft allergisk snuva/ögonkatarr?                               
 
Om ”NEJ”, gå direkt till fråga 62 
 
  
60) Vid vilken ålder märktes besvären första gången? …………års ålder 
 
61)Vid vilken ålder hade pappan senast besvär? ……………   .års ålder 
 
 
 
62) Har pappan haft eksem?                                         
 
Om ”NEJ”, gå direkt till fråga 66 
 
 
63) Vid vilken ålder märktes besvären första gången? ………  års ålder 
 
64)Vid vilken ålder hade pappan senast besvär? ………………års ålder 
 
65) Har eksemet varit kontaktallergi?                             
 

 
66) Har pappan haft nässelutslag/allergisk svullnad?                       
 
Om ”NEJ”, gå direkt till fråga 69 
 
 
67) Vid vilken ålder märktes besvären första gången? ……………års ålder 
 
68) Vid vilken ålder hade pappan senast besvär? …………………års ålder 
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71) Om ja, mot vilka födoämnen? 
 

 Mjölk  Ägg  Fisk  Vete (och andra mjölsorter) 
 Soja  Äpple  Jordnöt  Andra nötter 
 Annat födoämne, ange vilket/vilka  

………………………………………………………………………… 
 
 
 
 
Barnets mamma 
                                                                                      Ja        Nej 

                        
72) Har mamman haft astma eller astmatisk 
 luftrörskatarr?                                                                                      
 
Om ”NEJ”, gå direkt till fråga 75 
 
73) Vid vilken ålder märktes besvären första gången? ………års ålder 
 
74) Vid vilken ålder hade mamman senast besvär? …………års ålder 
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78) Har mamman haft eksem?                    
 
Om ”NEJ”, gå direkt till fråga 82 
 
 
79) Vid vilken ålder märktes besvären första gången? …………….års ålder 
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         Ja       Nej 

 
80)Vid vilken ålder hade mamman senast besvär? ……….           års ålder 

 
81) Har eksemet varit kontaktallergi?                   
 

 
82) Har mamman haft nässelutslag/allergisk svullnad?                       

 
 
Om ”NEJ”, gå direkt till fråga 85 
 
 
83) Vid vilken ålder märktes besvären första gången? …………års ålder 
 
84) Vid vilken ålder hade mamman senast besvär? ………………års ålder 

   
85) Har mamman reagerat med allergi eller överkänslighet mot något 
födoämne?                                                  

 
86) Har mamman reagerat med allergi eller överkänslighet mot något 
födoämne sista året?                                                                   
 
Om ”NEJ”, gå direkt till fråga 88 
 
 
87) Om ja, mot vilka födoämnen? 
 

 Mjölk  Ägg  Fisk  Vete (och andra mjölsorter) 
 Soja  Äpple  Jordnöt  Andra nötter 
 Annat födoämne, ange vilket/vilka  

……………………………………………………………………….. 
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Frågor om familj och miljö 
 

   Ja       Nej 
 
88) I vilken graviditetsveckan föddes barnet?.............vecka 
    
89) Föddes barnet i Sverige?                                      
 
Om ”Nej” i vilken land ………………………. 
 
 
90) Föddes pappan i Sverige?              
 
Om ”Nej” i vilken land ………………………. 

 
91) Vilket år föddes pappa? 19……  
 
92)Vilket yrke ha pappa ?................................... 
 
93)Vilken utbildning har pappa?(sätta en kryss i motsvarande rutan) 
 
Pappans utbildning 
  Grundskola 

 Gymnasium 2-4år el motsvarande 
 Högskola eller universitet, max 120 poäng 
 Högskola el universitet > 120 poäng 

 
 
 
94) Föddes mamma i Sverige?                                                       
 
Om ”Nej” i vilken land ………………………. 
 
95) Vilket år föddes mamma? 19…… 
 
96) Vilket yrke har mamma?............................. 
 
97) Vilken utbildning har mamma? (sätta en krys i motsvarande rutan) 
 
Mammans utbildning 
  Grundskola 
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 Gymnasium 2-4år el motsvarande 
 Högskola eller universitet, max 120 poäng 
 Högskola el universitet > 120 poäng 

 
 

Ja        Nej 
                  

 
98) Har barnet syskon?            
 
Om ”Ja”, fyll i tabellen nedan 
 
Ange syskonens: Har syskonen: 
Förnamn kön födelseår astma hösnuva eksem Födoämnesallergi 
       
       
       
       
       
       
       

 
 
 
99) Rökte mamman under graviditeten?            
     
100) Har pappan eller någon annan i hushållet rökt regelbundet  
inomhus medan mamman var gravid med barnet?          
 
101) Har någon rökt inomhus under barnets första  
levnadsår?                                                                    
 
 
102) Har Ni  någon gång under graviditeten haft 
hundar, katter eller andra djur som bott eller i huvudsak  
vistats inomhus?            
 

Om ”Ja”, ange: 
Antal hundar:………………….. 
Antal katter……………………. 
Andra djur…………………….. 
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Ja        Nej 
103) Hade Ni  någon gång under barnets första levnadsår  
hundar, katter eller andra djur som bott eller i huvudsak  
vistats inomhus?            
 

Om ”Ja”, ange: 
Antal hundar:………………….. 
Antal katter ……………………. 
Andra djur…………………….. 

  
Om ”Nej”, ange varför: 

 vi/jag ville inte ha djur  
 ville, men kunde ej pga allergibesvär hos någon i familjen 
 vi/jag ville undvika att barnet blev allergiskt 
 annat skäl……………………………..  

 
104)Har ni haft hund, katt eller annat djur under senaste året? 
                                    
 
105)Vistas något av djuren regelbundet inomhus?                        
 

Om ”Ja”, ange vilket/vilka:……………………………. 
 
106) Ungefär hur många luftvägsinfektioner (förkylningar) 
har barnet haft? 
 
Under första levnadsåret? 
 

0-5                   6-10                 mer än 10  minns ej 
    
under senaste året ? 
 
 

0-5                   6-10                 mer än 10 
 
 
107) Hur många gånger behövde barnet ta antibiotika? 
 
Under det första levnadsåret……….. ………………………… 
 
Totalt under hela livet? ungefär……………………………….. 
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 Ja         Nej 
 

108) Har barnet varit på daghem/hos dagmamma?           
 
Om ”JA”: 
I vilket ålder började barnet på daghem?...........års ålder 
 
109)Bor barnet tillsammans med  
 

 båda föräldrarna    ensamstående  mamma    
 en förälder och styvförälder  ensamstående pappa 

 
 110) Bor familjen i: 
 

 villa                  rad- eller kedjehus     
lägenhet              bondgård 

 
Bostad storlek………………m2 
Antal boende………………personer 
 
111)Har Ni fukt eller mögelskada i bostaden?          
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Barnets kost 
 

                                                                                       
Ja        Nej 

        
112)Ammades barnet?            
 
Om ”JA” hur många månader?......................................... 
 
113) Vid vilken ålder började barnet få tillägg eller välling ? 
………..månaders ålder 
 
114) Vid vilken ålder började barnet få pure och annan 
mat?………….månaders ålder? 
 
115) Brukade ni lagat mat själv till barnet under första levnadsåret? 
  

 aldrig eller nästan aldrig 
 ibland 
 ung. hälften 
 oftast 
 alltid 

 
116) Hur ofta äter barnet frukt? 

 aldrig eller nästan aldrig 
 1-2 frukter per vecka 
 3-6 frukter per vecka 
 Minst 1 frukt per dag 
 Flera frukter per dag 

 
117) Hur ofta äter barnet grönsaker? 

 aldrig eller nästan aldrig 
 1-2 ggr per vecka 
 3-6 ggr per vecka 
 Minst 1 gång per dag 
 Flera ggr per dag 

 
 
118) Hur ofta äter barnet yoghurt? 

 Aldrig 
 1-3 ggr per vecka 
 mer än 4 ggr per vecka  
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119) Hur ofta äter barnet fisk? 

 Aldrig eller nästan aldrig 
 1 -2 ggr per månad 
 1 ggr per vecka 
 flera ggr per vecka 

 
120) Äter barnet mat som innehåller fermenterade (surgjorda) 
grönsaker(t.ex. surkål, sur gurka – inte inlagd gurka) eller annat mat som är 
fermenterad?  

 Aldrig eller nästan aldrig 
 1 -2 ggr per månad 
 1 ggr per vecka 
 flera ggr per vecka 

 
121) Hur ofta brukar Ni använda halvfabrikat när Ni lagar mat åt barnet 
(t.ex. fiskpinnar, köttbullar, korv)? 

 Aldrig eller nästan aldrig 
 1-3 ggr per månad 
 1-3 ggr per vecka 
 varje dag eller nästan varje dag 

 
122) Hur ofta brukar barnet äta ”snabbmat ” (t.ex. hamburgare, pizza)? 

 Aldrig eller nästan aldrig 
 1-3 ggr per månad 
 1-2 ggr per vecka 
 mer än 3 ggr per vecka  

 
123) Hur ofta brukar barnet äta jordnötter? 

 Aldrig 
 1-2 ggr per månad 
 1-2 ggr per vecka 
 mer än 3 ggr per vecka  

 
124) Hur ofta brukar barnet äta andra nötter (tex mandel, hasselnöt etc)? 

 Aldrig 
 1-2 ggr per månad 
 1-2 ggr per vecka 
 mer än 3 ggr per vecka  

 
125) Hur ofta brukar barnet dricka läsk? 

 Aldrig 
 1-2 ggr per månad 
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 1-2 ggr per vecka 
 varje dag eller nästan varje dag 

 
126) Hur mycket mjölk dricker barnet? 

 Aldrig 
 1-2 glas per vecka 
 1-2 glas dagligen 
 mer än 3 glas dagligen     

127)Hur ofta äter barnet viltkött, älg, ren, hjort, rådjur eller 
vildsvin? 

 Aldrig eller nästan aldrig 
 1-5 ggr per år 
 1-2 ggr per månad 
 en gång per vecka eller oftare 

 
128)Köper ni ibland ägg, kött eller opastöriserad mjölk 
direkt från bondgården?                       
 
129) Hur brukar ni diska? 

 oftast handdisk 
 oftast i diskmaskin 

 
 
 
Tack för er medverkan.  
Frågeformuläret lämnas till skolan. Använd gärna bifogat kuvert. 
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Appendix II 
 
 

Questionnaire 
Occurrence of asthma and allergy among school 

children in Sweden and Poland 
 
 
Date when the questionnaire is answered ………………… 
 
 
1) Name of the child 
…………………………………………………………………… 
 
Personal identification number 
………………………………………………………… 
 
Address……………………………………………………………………….. 
 
Postal code…………………………… Postal 
address……………………………… 
 
Phone day time ……………………… Mother’s mobile phone 
…………………… 
 
Phone evening…………………… Father’s mobile phone 
…………………… 
 
 
 
Gender:  Girl  
 Boy  
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Informed  consent 
 

I have received and read the copy of the information regarding the study. I 
have had the right to ask questions regarding the study and my questions 
have been answered. I am aware that taking part in the study is voluntary and 
we can withdraw participation of our child at any time during the study 
without offering a motivation and without influencing our child’s possibility 
of any future treatment. 
 
Furthermore, I agree to allow any information that is given in the study to be 
kept in a computer bank. 
 
 
 
Date………………………………………. 
 
Parent’s 
signature…………………………………………………………………… 
 
Name in block letters ……………………………………………….. 
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Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

120 

Wheezing module – questions from the ISAAC 
questionnaire 
     
                                Yes     No    
2) Has your child ever had wheezing or whistling  
in the chest at any time in the past?                       
 
IF YOU ANSWERED "NO" PLEASE SKIP TO QUESTION 7 
 
 
3) Has your child had wheezing or whistling  
in the chest in the last 12 months?                   
 
IF YOU ANSWERED "NO" PLEASE SKIP TO QUESTION 7 
 
 
4) How many attacks of wheezing has your child had in the last 12 months? 
 
None     
1 to 3     
4 to 12    
More than 12     
 
5) In the last 12 months, how often, on average, has your child's sleep  
been disturbed due to wheezing?  
 
Never woken with wheezing  
Less than one night per week  
One or more nights per week  
 
6) In the last 12 months, has wheezing ever been severe enough to limit your 
child's speech to only one or two words at a time between breaths? 
                           
 
 
7) Has your child ever had asthma?                                       
 
 
8) In the last 12 months, has your child's chest sounded wheezy during or 
after exercise?                                                                                      
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Yes     No    

 
9) In the last 12 months, has your child had a dry cough at night, apart from 
a cough associated with a cold or a chest infection? 
             
 
 
 
 
Breathing difficulties – questions based on previous 
Swedish investigations  
 
      
 
10) Has the child had asthma or wheezing bronchitis?                
 
If you answered ”NO”, go directly to question 22  
 
 
11) At what age were the symptoms first seen? ………………..
 year of age 
 
12) At what age did the child last time have the symptoms? …………… 
year of age 
 
13) Has the child had asthma or wheezing bronchitis 
during the last year?             
 
14) Number of times with symptoms during the last year ……………… 
times  
 
15) How many days do the symptoms last each time? 
     1-3 days       
     4-more 
 
16) Has the child been hospitalised due to asthma or wheezing bronchitis?                
                                                           
 
17) If yes, how many times has the child been hospitalised due to asthma or  
wheezing bronchitis?……………… times 
 



Changes in prevalence of asthma and allergy in Swedish school children over almost three 
decades and factors reducing risk of allergy  

120 

Wheezing module – questions from the ISAAC 
questionnaire 
     
                                Yes     No    
2) Has your child ever had wheezing or whistling  
in the chest at any time in the past?                       
 
IF YOU ANSWERED "NO" PLEASE SKIP TO QUESTION 7 
 
 
3) Has your child had wheezing or whistling  
in the chest in the last 12 months?                   
 
IF YOU ANSWERED "NO" PLEASE SKIP TO QUESTION 7 
 
 
4) How many attacks of wheezing has your child had in the last 12 months? 
 
None     
1 to 3     
4 to 12    
More than 12     
 
5) In the last 12 months, how often, on average, has your child's sleep  
been disturbed due to wheezing?  
 
Never woken with wheezing  
Less than one night per week  
One or more nights per week  
 
6) In the last 12 months, has wheezing ever been severe enough to limit your 
child's speech to only one or two words at a time between breaths? 
                           
 
 
7) Has your child ever had asthma?                                       
 
 
8) In the last 12 months, has your child's chest sounded wheezy during or 
after exercise?                                                                                      
 
 

 

121 

                                                                                           
Yes     No    

 
9) In the last 12 months, has your child had a dry cough at night, apart from 
a cough associated with a cold or a chest infection? 
             
 
 
 
 
Breathing difficulties – questions based on previous 
Swedish investigations  
 
      
 
10) Has the child had asthma or wheezing bronchitis?                
 
If you answered ”NO”, go directly to question 22  
 
 
11) At what age were the symptoms first seen? ………………..
 year of age 
 
12) At what age did the child last time have the symptoms? …………… 
year of age 
 
13) Has the child had asthma or wheezing bronchitis 
during the last year?             
 
14) Number of times with symptoms during the last year ……………… 
times  
 
15) How many days do the symptoms last each time? 
     1-3 days       
     4-more 
 
16) Has the child been hospitalised due to asthma or wheezing bronchitis?                
                                                           
 
17) If yes, how many times has the child been hospitalised due to asthma or  
wheezing bronchitis?……………… times 
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Yes      No 

 
18) When does/did the child get asthma or wheezing bronchitis? 
 

 with colds 
 At exercise 
 By cold weather 
 On contact with animals 
 At leafing (outdoors in May) 
 Outdoors in June-July 
 On contact with dust 
 By foodstuffs 

 
19) Has the child during the last 12 months needed to stay home from 
school due to asthma or wheezing bronchitis?          
    
20) How many days during the last 12 months has the child needed to stay at 
home from school due to asthma or wheezing bronchitis?…………number 
of days 
 
 21) Has the child during the last 12 months taken any medication due to 
asthma or wheezing bronchitis?                                
   
 
If yes, write down what medicines the child takes, what strength and how 
often the medicine is taken: 
 
Name of the drug Strength How often is it taken 
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            Yes     No 

 
22) Does the child usually cough during exercise?                               
 
 
Rhinitis module – questions from the ISAAC 
questionnaire 
                                                                                                     

                                                                                             
23) Has you child ever had a problem with sneezing, or a runny, or a blocked 
nose when he/she DID NOT have a cold or the flu?                                                                                                                     
 
IF YOU ANSWERED "NO" PLEASE SKIP TO QUESTION 28 
 
 
24) In the past 12 months, has your child had a problem with sneezing, or a 
runny, or a blocked nose when he/she DID NOT have a cold or the flu? 
                                                                                        
                                           
IF YOU ANSWERED "NO" PLEASE SKIP TO QUESTION 28 
 
 
25) In the past 12 months, has this nose problem been accompanied by itchy-
watery eyes?                                                                            
   
 
26) In which of the past 12 months did this nose problem occur?  
(please tick any which apply) 
 

 January  May  September 
       

 February  June   October 
 

 March   July  November 
 

 April  August  December 
 
27) In the past 12 months, how much did this nose problem interfere with 
your child's daily activities? 
 

  Not at all 
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 Yes     No 
   

  A little 
  A moderate amount 
  A lot 

 
          
28) Has your child ever had hay fever?                                  
 
 
Nose and eye troubles – questions based on previous 
Swedish investigations  

     
29) Has the child had allergic problems from the nose/eyes? 
                                                                                  
If you answered  ”NO”, go directly to question 36 
 
 
30) At what age were the troubles first seen?……………years of age 
                                                                                          
31) At what age did the child last have troubles?…………… years of age 
 
32) Has the child had allergic problems from the nose/eyes 
during the last year?              
 
33) When does the child get allergic problems from the nose/eyes? 
                                                                 

 On contact with animals 
 At leafing (May) 
 During June-July 
 On contact with dust 

 
34) Has the child during the last year got treatment for allergic problems 
from the nose/eyes?                                        
 
35) If yes, how often? 
    Occasionally 
    Spring and/or summer 
    All-the-year-round 
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Eczema module – questions from the ISAAC 
questionnaire 
           Yes     No
  
36) Has your child ever had an itchy rash which was coming and going for at 
least 6 months?                                           
 
IF YOU ANSWERED "NO" PLEASE SKIP TO QUESTION 42  
 

 
37) Has your child had this itchy rash at any time in the last 12 months? 
                                                                  
 
IF YOU ANSWERED "NO" PLEASE SKIP TO QUESTION 42 
 
 
38) Has this itchy rash at any time affected any of the following places: the 
folds of the elbows, behind the knees, in front of the ankles, under the 
buttocks, or around the neck, ears or eyes?                                        
                                                                      
 
39) At what age did this itchy rash first occur? 
 

 Under 2 years 
 Age 2–4  
 Age 5 years or more 

 
40) Has this rash cleared completely at any time during the last 12 months?
                  
                                                                                             
 
41) In the last 12 months, how often, on average, has your child been kept 
awake at night by this itchy rash?  
 

 Never in the last 12 months 
 Less than one night per week 
 One or more nights per week 

 
 
42) Has your child ever had eczema?                
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Eczema module – questions from the ISAAC 
questionnaire 
           Yes     No
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42) Has your child ever had eczema?                
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Skin problems – questions based on previous Swedish 
investigations 
     Yes     No 
 

   
43) Has the child had eczema?                                 
 
If you answered  ”NO”, go directly to question 50 
 
                                                                                             
44) At what age was the eczema first seen?……………..years of age 
 
45) At what age did the child last have problems………. years of age 
 
46) Has the child had eczema during the last year?                     
 
47) Does the child need daily application of ointments due to eczema? 
                                  
 
48) Which ointments does the child usually use? 
 
Softening ointment/cream  Cortisone ointment/cream 
 

 Never    Never 
 Sometimes    Sometimes                 
 Almost every day   Almost every day 
 Every day    Every day 

 
Name of any other ointment or cream that the child uses against eczema                                                                                            
………………………………………………………………………….. 
49) Does the child get an itch from certain foods?                       
 
 
 
50) Has the child had urticaria (hives)/allergic oedema?            
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                                 Yes     No  
51) At what age were the problems first seen?………         years of age 

 
52) At what age did the child last have problems?……years of age 

 
53) Has the child had urticaria (hives)/allergic oedema during the last year?
                                          
 
54) Has the child got a rash from certain food?                                   
   

 

Food allergy/intolerance 

  

55) Has the child reacted with allergy or intolerance to any foodstuff? 
                                                                 
    
 
If  ”NO”, go to question 56 
 
State below for each foodstuff at what age the problems started, at what age 
they were last seen, and what symptoms/problems the child had. 
 

 Milk. The problems started at…….years of age. Problems last time 
experienced at……years of age. 
 
Symptom/type of problem  Itch in the mouth  Vomiting 
   Diarrhoea   Stomach pain 
   Red flush (skin)  Eczema 
   Swollen face      Urticaria/hives 
   Breathing problems  Eye/nose troubles
  
    
 

 Egg. The problems started at…….years of age. Problems last time 
experienced at……years of age. 
 
Symptom/type of problem  Itch in the mouth  Vomiting 
   Diarrhoea   Stomach pain 
   Red flush (skin)  Eczema 
   Swollen face                               Urticaria/hives 
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   Breathing problems  Eye/nose troubles
  
 

 Fish. The problems started at…….years of age. Problems last time 
experienced at……years of age.  
 
Symptom/type of problem  Itch in the mouth  Vomiting 
   Diarrhoea   Stomach pain 
   Red flush (skin)  Eczema 
   Swollen face                               Urticaria/hives 
   Breathing problems  Eye/nose troubles
  
  

 Peanuts. The problems started at….years of age. Problems last time 
experienced at……years of age. 
  
Symptom/type of problem  Itch in the mouth  Vomiting 
   Diarrhoea   Stomach pain 
   Red flush (skin)  Eczema 
   Swollen face                               Urticaria/hives 
   Breathing problems  Eye/nose troubles
  
 

 Other nuts/almonds. The problems started at…….years of age. Problems 
last time experienced    at……years of age.  
Symptom/type of problem  Itch in the mouth  Vomiting 
   Diarrhoea   Stomach pain 
   Red flush (skin)  Eczema 
   Swollen face                               Urticaria/hives 
   Breathing problems  Eye/nose troubles
   
 

 Flour (wheat, oats, barley or rye).The problems started at…….years of 
age. Problems last time experienced      at……years of age. 
 
Symptom/type of problem  Itch in the mouth  Vomiting 
   Diarrhoea   Stomach pain 
   Red flush (skin)  Eczema 
   Swollen face                               Urticaria/hives 
   Breathing problems  Eye/nose troubles
   
 
 

 Other foodstuff (state which)……………………………………… 
The problems started at…….years of age. Problems last time experienced   
at……years of age. 
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Symptom/type of problem  Itch in the mouth  Vomiting 
   Diarrhoea   Stomach pain 
   Red flush (skin)  Eczema 
   Swollen face                               Urticaria/hives 
   Breathing problems  Eye/nose troubles
  
 
   
 

 Other foodstuff (state which)…………………………………… 
The problems started at…….years of age. Problems last time experienced 
at……years of age. 
 
Symptom/type of problem  Itch in the mouth  Vomiting 
   Diarrhoea   Stomach pain 
   Red flush (skin)  Eczema 
   Swollen face                               Urticaria/hives 
   Breathing problems  Eye/nose troubles
  
  
   

 
 

The child’s father 
    
                                  Yes      No 

 
56) Has the father had asthma or asthmatic bronchitis?                       
 
If ”NO”, go directly to question 59 
 
57) At what age were the problems first seen? ………        years of age 
 
58) At what age did the father last have the problems?……….. years of age 
 
59) Has the father had allergic problems from the nose or eyes? 
                                                                              
 
If  ”NO”, go directly to question 62 
 
  
60) At what age were the problems first seen? ……………       years of age 
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The child’s father 
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    Yes      No 

 
61) At what age did the father last have the problems? ……….. years of age 
 
 
 
62) Has the father had eczema?               
 
If ”NO”, go directly to question 66 
 
 
63) At what age were the problems first seen? …………………years of age 
 
64) At what age did the father last have the problems? …………years of age 
 
65) Has the eczema been contact allergy?                                      
 
 
66) Has the father had urticaria (hives)/allergic oedema?  
                   
 
If ”NO”, go directly to question 69 
 
 
67) At what age were the problems first seen? …………….    years of age 
 
68) At what age did the father last have the problems? ………years of age 
     
69) Has the father reacted with allergy or intolerance to any foodstuff? 
                                                               
 
70) Has the father reacted with allergy or intolerance to any foodstuff last 
year?                                            
 
If ”NO”, go directly to question 72 
 
 
71) If yes, to which foodstuffs? 
 

 Milk  Egg  Fish  Wheat (and other types of flour) 
 Soy  Apple  Peanuts  Other nuts  
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 Other foodstuffs, state what/which………………………………… 
 
………………………………………………………………………… 
 
 
 
 
The child’s mother 
 

         Yes      No 
 
 
72) Has the mother had asthma or asthmatic bronchitis?                      
 
If ”NO”, go directly to question 75 
 
73) At what age were the problems first seen? …………          years of age 
 
74) At what age did the mother last have the problems? …….. years of age 
 
 
 
75) Has the mother had allergic problems from the nose or eyes? 
                                                   

 
If ”NO”, go directly to question 78 

 
  
76) At what age were the problems first seen? …………years of age 
 
77) At what age did the mother last have the problems? ……… years of age 
 
 
 
78) Has the mother had eczema?                                                            
 

If ”NO”, go directly to question 82 
 
 
79) At what age were the problems first seen? …………years of age 
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          Yes      No 
 
80) At what age did the mother last have the problems? ……. years of age 
 
81) Has the eczema been contact allergy?                                            
 

 
82) Has the mother had urticaria (hives)/allergic oedema?                    
 
If ”NO”, go directly to question 85 

 
83) At what age were the problems first seen? …….          years of age 
 
84) At what age did the mother last have the problems? ………  years of age 

 
  

85) Has the mother reacted with allergy or intolerance to any foodstuff?          
                                               
 
86) Has the mother reacted with allergy or intolerance to any foodstuff last 
year?                                                                      
 
If ”NO”, go directly to question 88 
 
 
87) If yes, to which foodstuffs? 
 

 Milk  Egg  Fish  Wheat (and other types of flour) 
 Soy  Apple  Peanuts  Other nuts 
 Other foodstuffs, state 

what/which…………………………………………………………… 
 
…………………………………………………………………… 
 
 
 
Questions on family and environment 
 

    
           

 
88) In which gestational week was the child born?.............week 

 

133 

             Yes       No 
89) Was the child born in Sweden?                                                         
 
If ”No”, in which country ………………………. 
 
90) Was the father born in Sweden?                     
 
If ”No”, in which country ………………………. 
 
91) Which year was the father born? 19……  
 
92) What is the father’s profession?................................... 
 
93) What is the father’s education? (mark the appropriate box with a cross 
”x”) 
 
Father’s education 
  Primary school 

 Secondary school 2-4 years or corresponding 
 College or university, max 120 university points 
 College or university, more than 120 university points 

 
     
94) Was the mother born in Sweden?                   
 
If ”No”, in which country ………………………. 
 
95) Which year was the mother born? 19……  
 
96) What is the mother’s profession?................................... 
 
97) What is the mother’s education? (mark the appropriate box with a cross 
”x”) 
 
Mother’s education 
  Primary school 

 Secondary school 2-4 years or corresponding 
 College or university, max 120 university points 
 College or university, more than 120 university points 
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93) What is the father’s education? (mark the appropriate box with a cross 
”x”) 
 
Father’s education 
  Primary school 

 Secondary school 2-4 years or corresponding 
 College or university, max 120 university points 
 College or university, more than 120 university points 

 
     
94) Was the mother born in Sweden?                   
 
If ”No”, in which country ………………………. 
 
95) Which year was the mother born? 19……  
 
96) What is the mother’s profession?................................... 
 
97) What is the mother’s education? (mark the appropriate box with a cross 
”x”) 
 
Mother’s education 
  Primary school 

 Secondary school 2-4 years or corresponding 
 College or university, max 120 university points 
 College or university, more than 120 university points 
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     Yes       No 
98) Does the child have siblings?                
 
If ”Yes”, fill in the table below 
 
Give the siblings’: Do the siblings have: 
First 
name 

Gender Birth 
year 

Asthma Hay 
fever 

Eczema Food 
allergy 

       
       
       
       
       
       
       

 
 
99) Did the mother smoke during the pregnancy?                
     
100) Has the father or somebody else in the household smoked regularly at 
home when the mother was pregnant with the child? 
                  
 
101) Has anybody smoked at home during the child’s first year? 
                  
 
 
102) Have you any time during the pregnancy had dogs, cats or other 
animals who lived or was mainly kept indoors?                
 
If ”Yes”, state: 
Number of dogs………………….. 
Number of cats ……………………. 
Other animals…………………….. 
  
103) Have you any time during the child’s first year of life had 
dogs, cats or other animals who lived or was mainly kept indoors?  
                 
 
If ”Yes”, state: 
Number of dogs………………….. 
Number of cats ……………………. 
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  Yes       No 

 
Other animals…………………….. 
  
If ”No”, tell why: 

 We/I did not want to have animals  
 Wanted, but could not due to allergy problems in a family member 
 We/I wanted to avoid the child becoming allergic 
 Other reason……………………………………………………. 

 
104) Have you had a dog, cat or another animal during the last year? 
                                                           
 
105) Are y of the animals regularly inside at home?           
 
If ”Yes”, state what/which:……………………………. 
 
106) Approximately, how many airway infections (colds) 
has the child had? 
 
During the first year of life? 
 

 0-5                   6-10                 more than 10       do not remember 
    
during the last year ? 
 

 0-5                   6-10                 more than 10 
 
 
107) How many times did the child need to take antibiotics? 
 
During the first year of life ……….. ………………………… 
 
In total until now? approximately……………………………….. 
 
108) Has the child been at a day care centre/at a family day nursery? 
                                     
 
If ”Yes”: 
At what age did the child start at the day-care centre?...........years of age 
 
109) Does the child live together with  
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     Yes       No 

 
 

 both parents    single mother    
 one parent and a step parent  single father 

 
 110) Does the family live in: 
 

 detached house, villa            semi-detached house, linked house     
 apartment               farm 

 
 
Living space………………m2 
Number of inhabitants………………persons 
 
111) Do you have damp or damage by mould in the house/apartment? 
                                          
 
 
The child’s food/diet 
 
112) Was the child breastfed?                 
 
If ”Yes” for how many months?......................................... 
 
113) At what age did the child start to get formula or gruel? …months of age 
 
114) At what age did the child start to get purée and other food?…………. 
months of age. 
 
115) Did you use to cook yourself for the child during the first year of life?
   

 never or almost never 
 sometimes 
 approximately half of the time 
 usually 
 always 

 
116) How often does the child eat fruit? 

 never or almost never 
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 1-2 fruits per week 
 3-6 fruits per week 
 At least 1 fruit per day 
 Several fruits per day 

 
117) How often does the child eat vegetables? 

 never or almost never 
 1-2 times per week 
 3-6 times per week 
 At least once a day 
 Several times per day 

 
118) How often does the child eat yoghurt? 

 Never 
 1-3 times per week 
 more than 4 times per week  

 
119) How often does the child eat fish? 

 Never or almost never 
 1-2 times per month 
 Once a week 
 Several times per week 

 
120) Does the child eat food that contains fermented (soured) vegetables (for 
example sauerkraut, sour cucumber – not pickled cucumber ) or other food 
that is fermented?  

 Never or almost never 
 1-2 times per month 
 Once a week 
 Several times per week 

 
121) How often do you use semi-manufactured food when you cook for the 
child(for example fish fingers, meat balls, sausages)? 

 Never or almost never 
 1-3 times per month 
 1-3 times per week 
 Every day or almost every day 

 
122) How often does the child usually eat ”fast food”  (for example 
hamburgers, pizza)? 

 Never or almost never 
 1-3 times per month 
 1-2 times per week 
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      Yes       No 
 

 more than 3 times per week  
 
123) How often does the child usually eat peanuts? 

 Never 
 1-2 times per month 
 1-2 times per week 
 more than 3 times per week  

 
124) How often does the child usually eat other nuts (for example almonds, 
hazel nuts etc)? 

 Never 
 1-2 times per month 
 1-2 times per week 
 more than 3 times per week  

 
125) How often does the child usually drink soft drinks? 

 Never 
 1-2 times per month 
 1-2 times per week 
 Every day or almost every day 

 
126) How much milk does the child drink? 

 Never drinks milk 
 1-2 glassfuls per week 
 1-2 glassfuls daily 
 more than 3 glassfuls daily 

 
127) How often does the child eat game-meat, elk, reindeer, venison,  
roe deer or wild boar? 

 Never or almost never 
 1-5 times a year 
 1-2 times a month 
 once per week or more often  

 
128) Do you sometimes buy egg, meat or unpasteurised milk 
directly from the farm?                      
 
129) How do you usually wash the dishes? 

 usually hand dish 
 usually with dishwasher 
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Thank you for your participation! 
 
The questionnaire should be given to the school. Please use the attached 
envelope. 
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      Yes       No 
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Thank you for your participation! 
 
The questionnaire should be given to the school. Please use the attached 
envelope. 
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Appendix III   Diagnostic criteria birth cohort 

  

 ARC Asthma Eczema Food allergy 

18 m symptoms from 
eyes and/or nose 
on exposure to 
pollen or animals 
with positive 
IgE/SPT to 
respective allergen 

≥ 3 episodes of 
wheeze last year and 
any of: 

-symptoms outside 
infections   

or 

-other manifestations 
of allergy 

OR 

persistent wheeze ≥ 4 
weeks  

itching spots on 
typical locations 
which has come and 
gone for at least 6 
months 

or 

based on William’s 
criteria 

An immediate or 
late onset 
reaction after 
ingestion of the 
specific food, 
followed by a 
clear and prompt 
clinical 
improvement 
when 
eliminating the 
suspected food 
allergen, and 
any of:  

-other signs of 
allergic disease  

or 

more than one 
organ system 
involved 

or  

supported by 
positive allergy 
tests, biopsies, 
or  challenge 
tests 

3 yr Same as 18 m, 
with symptoms 
during last 12 m 

≥ 3 episodes of 
wheeze with the last 
episode after 2 years 
of age, and any of: 

Same as 18 m, with 
symptoms during last 
12 m 

Same as 18 m, 
with symptoms 
during last 12 m 
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-symptoms outside 
infections 
or 
-other allergic 
manifestations 
          OR 
wheeze with onset 
after 2 years of age, 
and any of: 
-triggered by colds in 
children with other 
manifestations of 
allergy 
or 
-triggered by exercise 
or  
-response to anti-
inflammatory 
maintenance therapy 

OR 

persistent wheeze ≥ 4 
weeks last year 

8 yr Same as 18 m, 
with symptoms 
during last 12 m 

wheeze/heavy 
breathing and any of: 
-response to anti-
inflammatory 
maintenance therapy 
or 
-BHR with PD20 <0.6 
mg methacholine 
or 
-FEV1rev >12% 

Same as 18 m, with 
symptoms during last 
12 m 

symptoms of 
food allergy, 
supported by 
open food 
challenge, 
planned or 
accidental 
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