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Day-care attendance and increased risk for respiratory and allergic

symptoms in preschool age

The prevalence of asthma and allergy has increased over
the past decades in Sweden as in the entire Western world
(1, 2). Numerous factors have been associated to an
increased prevalence, such as urban living, exposure to
tobacco smoke, lack of microbiological exposure and
living in a home with mould and dampness. Dose
response associations have been shown between home
ventilation rates, and exposure to phthalates in dust and
allergic diseases (3, 4). None of these, however, have been
convincingly shown as the basal factor underlying the
�allergy epidemic� (2, 5, 6).
Early childhood infections have been proposed to

protect against allergic diseases, �the hygiene hypothesis�
(7). Attendance at a day-care centre involves a high
exposure to infections and, in some studies, also a
protection against later asthma and hay fever, particularly
in childrenwith few siblings (7–10).During the first years of

life, however, children attending day care have an increased
morbidity in airways infections and respiratory symptoms
compared with children that stay at home (11–13).

The starting age in public day care varies between
different countries. In Sweden, most children stay at
home until about 18 months of age. In this paper, the aim
is to analyse the impact of current day-care attendance,
and age when starting at day-care centres on respiratory
and allergic diseases in a total population of children aged
1–6 years in a Swedish region.

Method

Study population

This study is part of a multidisciplinary survey on indoor environ-
ment in homes and health effects among preschool children, called
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Dampness in Buildings and Health (DBH) (14). A questionnaire
with 84 questions was sent out in March 2000 to all families with
children between 1 and 6 years of age in the county of Värmland in
Sweden (DBH-phase 1). Of 14 077 mailed questionnaires, 100 were
used in a pilot study and 195 could not be reached by post, and a
response rate of 79%, yielded 10 851 included children. A nonre-
spondent analysis was performed to investigate possible selection
biases. Of 200 nonrespondent families, 166 were reached by tele-
phone. There were no significant differences in reports of symptoms,
type of dwelling, or reports of dampness, between responding and
nonresponding families (15).
Questions on allergic symptoms were the same as used in the

ISAAC questionnaire (16). The following symptom reports were
studied: wheezing, cough at night apart from cold, rhinitis symp-
toms apart from cold (sneezing, runny nose or congestion), itching
eczema and the number of colds, all for the last 12 months; doctor
diagnosed asthma and hay fever, ever any allergic reactions to any
food and ever any ear infection.
The questions about day care included current type of day care

(day-care centre, family day care), time spent there (<20 h/week
and 20 h/week or more) and age when the child started. Family day
care in Sweden means that the child is in a private home together
with three to six children. Information on the child’s starting age at
day care was only obtained from children attending day-care centres
and not family day care.

Statistics

Associations between day-care status, symptoms and covariates
were first tested with chi-square test. Background information
interfering with day-care status was used as adjustment variables in
multiple logistic regression analyses. Logistic regression analyses
were used to calculate crude and adjusted odds ratio (AOR) with
95% confidence interval. Statistical analyses have been made in
SPSS 11.05. Adjustments have been made for: gender (male vs
female), age (1–3 years of age vs 3–6 years of age), breastfeeding, full
or partial (<3 months vs 3 months or more), siblings (one or more
siblings vs no siblings), current smoking mother or father (yes vs no),
atopic parent (asthma, allergic disease from nose or eyes or eczema
vs no such symptoms among mother or father), single parenthood
(one adult over 18 years of age living in the home vs two or more
adults), furred pets at home vs no furred pet, living in the centre of
the town (urban), outside in a housing area (suburban) or in the
countryside (rural) and type of house (single family house or chain
house vs apartment in a multi-family house). Additionally, adjust-
ments were moreover made for airway infections in some analyses.

Ethics

The study was approved by the Ethics Committee in Örebro,
Sweden.

Results

Attending day care was common in the investigated
population of children 1–6 years of age since 87.2% of
the children were in current day care or had attended day
care earlier in life, Table 1. In the youngest group of
children, aged 1–2 years, 71.2% were currently or had
earlier been in day care while the corresponding fre-
quency for the older children aged 5–6 years, was 92.6%.

Table 2 gives demographic characteristics for different
type of day-care attendance. Children cared at home were
younger, had more often one or more siblings, lived more
often in a rural area, in single-family houses and had
more often furred pets at home compared with children
attending day care. Furthermore, they less often lived
with a single parent and less often had a parent with
atopic disease. To start at a day-care centre before 1 year
of age was uncommon (4.9%). Children with such an
early start at day-care centre were more likely to be breast
fed <3 months, having no siblings, a smoking parent,
living together with one single parent, living in urban or
suburban region, and in a multi-family house or chain
house. The variables (about family and exposures) listed
in Table 2 are known to be associated with symptoms of
asthma, allergy and infections. As they also correlate to
various aspects of day care they were used as adjustment
variables in the multiple logistic regression analyses.

In Table 3, the association between symptoms in
different types of day care is presented with their AOR
for day care compared with home care. In crude analyses,
all the listed symptoms were positively more frequently
found for children at day care compared with at home
care. Respiratory symptoms such as wheeze, nightly
cough, multiple colds and ear infection were in the
adjusted analyses significantly associated with day-care
attendance as well as allergic reactions to foodstuffs and
eczema. Doctor diagnosed asthmaweremore associated to
family day care, and with having earlier attended day care.

The risks of symptoms were more or less similar between
the groups of children irregardless of the time spent at
the day-care centre (>20 h/week vs <20 h/week), except
for eczema last 12 months (21.2 vs 18.7%; v2-test: P ¼
0.024) and having more than six colds (21.5 vs 19.3%:
P ¼ 0.050).

When stratifying for age (1–4 and 4–6 years) all
symptoms were more common among children in day
care compared with home care. However, significant
results were mainly found in the younger group of
children (wheezing, cough at night, reactions to foods,
multiple colds and ear infections) in adjusted analyses.
Among the older children (4–6 years old), a significant
difference in symptoms between home care and day-care

Table 1. Different type of day care in relation to age of the child

Type of day care, n (%)

Home care
Day care

>20 h/week
Day care

<20 h/week
Family
day care

Earlier day care
but not now

1–2 years 578 (28.8) 736 (36.7) 293 (14.6) 359 (17.9) 39 (1.9)
2–3 years 274 (13.8) 858 (43.2) 337 (17.0) 338 (17.0) 181 (9.1)
3–4 years 195 (9.3) 947 (45.3) 367 (17.6) 397 (19.0) 183 (8.8)
4–5 years 150 (6.6) 1148 (50.7) 368 (16.3) 405 (17.9) 192 (8.5)
5–6 years 178 (7.4) 1217 (50.7) 435 (18.1) 403 (16.8) 166 (6.9)
Total 1375 (12.8) 4906 (45.7) 1800 (16.8) 1902 (17.7) 761 (7.1)
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centre attendance was seen in crude analyses for rhinitis
last year, doctor diagnosed hay fever, eczema last year,
allergic reactions to food and ear infection, while ear
infection was the only disease that reached significance in
the adjusted analyses (Table 4).
Of 7406 children (61 missing information on age for

starting), 363 (4.9%) started at the day-care centre before
1 year of age, 5601 (75.6%) started between 1 and 2 years
of age and 1442 (19.5%) started after 2 years of age
(Table 5). Wheezing, cough at night, rhinitis, eczema and
allergic reactions to food where more prevalent among
children entering day-care centre during the first year of
life compared with later entrance. On the contrary,
children starting at a day-care centre after 2 years of
age had a higher risk of doctor diagnosed asthma and hay
fever compared with children who started earlier.

We found a strong co-variation of the prevalence of
asthma and allergic symptoms and the number of
reported colds last 12 months. The association was more
pronounced for respiratory symptoms than for atopy-
related symptoms, data not shown. To evaluate if the
associations between day-care attendance and health
symptoms can be explained by more common cold
infections among children in day care, we both adjusted
and stratified the data. When adjusting for the number of
colds last year (<6, 6–10 or >10 colds) together with the
other adjustment variables in Table 3, AORs for day-care
attendance and for starting age at day-care centre
(Table 5) remained roughly the same. In stratified ana-
lyses, the association between day care and symptoms
were stronger in the group of children with less than six
colds last year than among children with more colds last

Table 2. Different type of day care in relation to demographic characteristics

Characteristics

Type of day care, n (%) If day-care centre, age for starting, n (%)

Home care
Day-care centre
>20 h/week

Day-care
centre

<20 h/week
Family
day care

Earlier
day care

but not now P-value*
Before 1 year

of age 1–2 years
After 2 years

of age P-value�

Total study population, n 1375 (12.8) 4906 (45.7) 1800 (16.8) 1902 (17.7) 761 (7.1) 363 (4.9) 5601 (75.6) 13.3 (19.5)
No breastfeeding or
<3 months

215 (15.7) 712 (14.6) 283 (15.9) 286 (15.1) 109 (14.5) 0.430 19.9 14.3 16.2 0.008

Sibling (one or more) 1101 (80.6) 3768 (77.7) 1413 (79.2) 1420 (75.4) 704 (92.6) 0.394 72.9 78.4 85.6 0.004
Smoking mother or father 307 (22.3) 1104 (22.5) 481 (26.7) 517 (27.2) 174 (22.9) 0.322 36.4 22.0 25.9 <0.001
Atopic parent 604 (43.9) 2360 (48.1) 865 (47.5) 904 (43.6) 332 (43.9) 0.011 49.6 48.4 44.7 0.423
Single parenthood 57 (4.2) 588 (12.2) 141 (7.9) 199 (10.6) 32 (4.2) <0.001 16.5 9.8 11.0 <0.001
Rural 680 (50.1) 1268 (26.4) 581 (32.9) 820 (44.0) 278 (36.8) <0.001 20.4 28.1 34.5 <0.001
Sub-urban 576 (42.4) 2884 (59.9) 977 (55.4) 884 (47.4) 412 (56.6) <0.001 63.7 59.5 52.8 0.020
Urban 80 (5.9) 543 (11.3) 162 (9.2) 107 (5.7) 52 (6.9) <0.001 15.0 9.9 10.5 0.001
Single family houses (SH) 1087 (81.2) 3295 (68.9) 1262 (72.0) 1466 (79.0) 602 (80.4) <0.001 48.0 70.7 72.3 <0.001
Chain houses (CH) 82 (6.1) 502 (10.5) 154 (8.8) 131 (7.1) 131 (8.7) <0.001 14.0 9.8 8.7 0.006
Multi family houses (MH) 170 (12.7) 984 (20.6) 337 (19.2) 259 (14.0) 82 (10.9) <0.001 37.2 18.1 17.8 <0.001
Furred pet at home 681 (49.5) 1665 (33.9) 719 (39.9) 929 (48.8) 337 (44.3) <0.001 34.4 35.2 41.4 0.287

*Chi-square test; home care vs day-care centre (>20 h/week and <20 h/week).
�Chi-square test; before 1 year of age vs later start (1–2 year and after 2 years of age).

Table 3. Prevalence of symptoms in different day care and association between different day care and symptoms expressed adjusted odds ratio including 95% confidence
interval

Symptoms

Home care (reference) Day care >20 h/week Day care <20 h/week Family day care
Earlier day care but not

now

% AOR (reference) % AOR* (95% CI) % AOR* (95% CI) % AOR* (95% CI) % AOR* (95% CI)

Wheezing last 12 months 17.1 1.0 19.6 1.33 (1.12–1.58) 20.6 1.41 (1.16–1.71) 20.5 1.37 (1.13–1.67) 16.1 1.10 (0.85–1.42)
Cough at night last 12 months
(>2 weeks)

4.9 1.0 8.3 1.56 (1.17–2.07) 8.2 1.61 (1.17–2.20) 7.1 1.51 (1.10–2.07) 6.1 1.21 (0.80–1.83)

Asthma diagnosed by doctor 3.7 1.0 5.4 1.23 (0.88–1.71) 5.5 1.33 (0.92–1.92) 6.4 1.70 (1.19–2.44) 6.1 1.61 (1.04–2.48)
Rhinitis last 12 months 8.5 1.0 12.1 1.15 (0.92–1.44) 11.4 1.17 (0.91–1.51) 11.5 1.22 (0.95–1.57) 10.7 1.24 (0.90–1.71)
Hay fever diagnosed by doctor 0.9 1.0 2.5 1.75 (0.94–3.23) 2.6 1.72 (0.89–3.35) 2.3 1.81 (0.94–3.51) 1.8 1.21 (0.52–2.78)
Eczema last 12 months 13.2 1.0 21.2 1.49 (1.24–1.79) 18.7 1.33 (1.07–1.64) 16.8 1.21 (0.98–1.49) 18.5 1.37 (1.06–1.77)
Allergic reactions of food 15.5 1.0 21.0 1.27 (1.07–1.52) 20.3 1.22 (1.00–1.49) 1 18.4 1.10 (0.90–1.34) 17.3 1.13 (0.88–1.45)
More than six colds last 12 months 11.5 1.0 21.5 2.57 (2.12–3.12) 19.3 2.32 (1.87–2.88) 15.6 1.74 (1.40–2.17) 13.2 1.61 (1.21–2.14)
Ear infection ever 42.4 1.0 64.7 2.14 (1.87–2.45) 62.5 1.95 (1.68–2.28) 57.8 1.70 (1.46–1.97) 60.5 1.78 (1.47–2.16)

*Adjusted odds ratio (AOR), adjusted for gender, age, siblings, smoking parent, atopic parent, single parenthood, furred pet, breastfeeding <3 months, type of house, urbanity.
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year. However, in the group of children with >10 colds
(total n ¼ 151, home care n ¼ 16), the prevalence of
symptoms were higher for children in day care but this
difference was not significant for any symptom.

Discussion

The strength of the present study includes a large sample
size and a population based design. The sample size allow
statistical models with adjustment for covariates such as
gender, age, smoking parent, single parenthood, atopic
parent, furred pet at home, breastfeeding, type of
dwelling, urbanity and reported dampness at home. The
high response rate and the nonresponder analysis (15)
indicate that the results are highly representative for this
region in Sweden.
Information on type of day care was collected for the

current situation. The questionnaire focused mainly on
allergic and asthmatic symptoms during the last
12 months. Parental report of ear infection ever, doctor
diagnosed hay fever and asthma and allergic reactions to
food should be reliable if collected within the first few
years of the life of the children. In most instances, only
clinically insignificant rash after some foods may have
been forgotten. One may argue that parents to children in
day care may remember colds or long-lasting nightly
cough of their child if their work was disrupted compared
with parents who always are at home. However, the main
part of the health variables may not be affected by this
recollection bias, particularly considering the relatively
short recollection time interval (12 months). In addition,
many of the included symptoms would probably not give
rise to disruption of work for parents with children in day
care, e.g. doctor diagnosed hay fever or asthma, eczema
or reactions of food resulting in limited risk for recollec-
tion bias.
There is a risk of bias if parents to sensitive children

actively behave different, like choosing a family day care

instead of day-care centre or chose to stay at home to care
their child for a longer time (late start at day care or home
care) to minimize the infection exposure. Children in
family day care and children who earlier had attended
day care had a higher prevalence of asthma (7.4% and
6.1%) than children attending day-care centres (5.5%)
currently. This could be an indication of that parents to
children with severe asthma more often choose to quit
day-care centre care and/or change to family day care.
Our findings on a late start (after 2 years of age) at day-
care centre as a risk factor for hay fever and asthma may
be also a result of such a behaviour. Some parents of
children with asthma or other diseases may choose to stay
at home during the whole preschool time. It has, however,
not been possible to identify such families in this data set
and such behaviour cannot explain our results, rather the
opposite. In some places in Sweden, allergic and asthma-
tic children with severe disease have access to special
�allergy day-care centres� where higher demands on
hygiene, �no pets� and infections among the children are
taken into account. The number of children attending
such centres is, however, so low that it can only
marginally affect the results.

There is a general agreement that symptoms of colds
and complications in terms of both wheezing and ear
infections in small children increases with exposure to
other children in day-care settings (13, 17–20). In the
present study, there were significantly higher frequencies
of the number of respiratory symptoms, infections and
allergic disease among children who attended day care
than among children in home care. While wheezing is
more readily related to airway infections, the increased
occurrence of eczema and food allergy is not expected
(21, 22).

Our findings of an increased prevalence of atopic
symptoms among children in day-care centres could not
be explained by a co-variation with multiple colds. The
prevalence of the many symptoms and diagnoses were in
general increased with the number of colds. However, the

Table 4. Association between symptoms and day care in different age groups expressed as adjusted odds ratios

Age 1–4 years Age 4–6 years

Home care,
n (%)

Day care,
n (%) P-value* AOR� 95% CI

Home care,
n (%)

Day care,
n (%) P-value AOR� 95% CI

Wheezing last 12 months 186 (18.1) 836 (24.1) <0.01 1.47 (1.22–1.78) 46 (14.1) 465 (15.0) 0.65 1.03 (0.72–1.47)
Cough at night last 12 months (>2 weeks) 49 (4.7) 318 (9.1) <0.01 1.82 (1.31–2.52) 17 (5.2) 228 (7.3) 0.17 0.97 (0.57–1.64)
Asthma diagnosed by doctor 34 (3.3) 185 (5.3) 0.01 1.46 (0.99–2.16) 16 (4.9) 172 (5.5) 0.65 1.02 (0.56–1.86)
Rhinitis last 12 months 95 (9.2) 434 (12.5) <0.01 1.09 (0.85–1.41) 20 (6.2) 351 (11.3) 0.01 1.32 (0.81–2.15)
Hay fever diagnosed by doctor 7 (0.7) 55 (1.6) 0.03 1.61 (0.71–3.65) 5 (1.5) 111 (3.5) 0.05 1.71 (0.68–4.32)
Eczema last 12 months 139 (13.3) 733 (20.7) <0.01 1.44 (1.17–1.78) 42 (12.8) 642 (20.3) <0.01 1.32 (0.92–1.89)
Allergic reactions of food 166 (16.0) 753 (21.5) <0.01 1.29 (1.06–1.57) 45 (13.8) 627 (20.0) 0.01 1.28 (0.90–1.81)
More than six colds last 12 months 129 (12.4) 1019 (29.1) <0.01 3.03 (2.46–3.74) 28 (8.6) 367 (11.7) 0.09 1.22 (0.80–1.88)
Ear infection ever 401 (38.5) 2086 (59.3) <0.01 2.24 (1.92–2.61) 179 (54.9) 2179 (64.9) <0.01 1.71 (1.33–2.19)

*Pearson chi-square for home care vs day-care centre attendance.
�Adjusted odds ratio (AOR), adjusted for gender, siblings, smoking parent, atopic parent, single parenthood, furred pet, breastfeeding <3 months, type of house, urbanity.
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group of children with few colds (less than six colds)
during the past year had the highest ORs and AORs for
allergic diseases associated with day-care centre attend-
ance compared with children with a larger number of
colds. This indicates that the higher risk for allergic
diseases in children attending day-care centres should be
explained by other factors than frequent infections.
Building ventilation rate, quality and frequency of
cleaning and other building related factors should be
considered. Another recognized property of day-care
centres is the presence of allergens from furred pets, a
prerequisite for allergic sensitization and contributing to
expression of symptoms (23).

The question whether exposure to early infections in
terms of day care is a risk or a protection against future
allergic disease or asthma (allergic and nonallergic) is
ambiguous (24). Most asthma exacerbations in school age
are caused by viral infections in the respiratory tract,
mainly rhinovirus (25). In infants and small children
respiratory syncytial virus (RSV) is a main cause of lower
respiratory symptoms (26). RSV infection in very early
age has been related to asthmatic symptoms later in
childhood (27), in the Tucson Children’s Respiratory
Study up through 11 years of age (28).

In a number of epidemiological studies early upper
respiratory tract infections have been followed by a lower
occurrence of asthma (8, 29) and atopy (30) sometimes
after an initial increase in asthma occurrence (8). Other
studies of early respiratory infections have exhibited an
increased prevalence of atopy (31) and asthma (32),
particularly after RSV infections (26, 27). Day-care
attendance, particularly during the two first years of life
and in absence of older siblings, is reported to imply some
protection against later asthma and allergy (8, 29, 10, 33).
In adults, an increased exposure to infections has also
been suggested to cause a lower occurrence of adult hay
fever after childhood day-care attendance in the ECRHS
study (34). There are other studies with no effect on
asthma or allergy of early respiratory infections or
infectious exposure in terms of day care (35–37). A 13-
year follow-up study showed that children in large day-
care centres suffered more often from common cold than
children in home care, but during the early school years
earlier day-care attendance was a protective factor for
common cold until about 13 years of age (9). When we
stratified our data into two groups of ages (1–4 and 5–
6 years), the prevalence of symptoms where higher
among children attending day-care centres in both age
groups, but the relationship was stronger in the age group
1–4 years. However, the prevalence of asthma among the
children 5–6 years of age at home and in day care were
mainly the same (4.9% and 5.5%), and an evidence for a
potential �protective� effect could not be seen.

A German study by Kramer et al. (10) found that an
early start of day-care (before 6 months) decreased the
risk for atopy, hay fever and irritated eyes later in life
especially for children from small families. In our study, aTa
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somewhat higher risk for asthma (P-trend ¼ 0.06) and
hay fever (P-trend ¼ 0.02) were observed in the group of
children entering day-care centre care after 2 years of age
compare with children who started earlier. However, the
accuracy of the trend value for hay fever in Table 5 could
be questioned as the prevalence is very low (2.1–3.7%). In
our data, only 4.9% of the children attending day-care
centres started during their first year of life which might
affect the comparisons with studies from some other
countries.
The study only included preschool children between 1

and 6 years of age, which leaves the long-term develop-
ment of respiratory and atopic conditions an open
question, a challenge for a follow-up study. But even if
the increase of disease related to day care may level out
later in life, the reported amount of disease and symp-
toms during the preschool age involves a considerable
strain for the children and their families as well as an
economic load for the society. The decrease in hospital-

ization for childhood asthma during the last decades does
not include the first four years of life (38), when the
asthma morbidity still often requires hospital care.

Our study did not show any protective effect of day-
care attendance for any symptom in any age group. On
the contrary, there was an increased risk for most
symptoms studied, particularly in the lower age groups.
Considering the significant increase of the allergic dis-
eases in Sweden over the last decades (2, 39) our findings
justify a significant public health concern.
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