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ABSTRACT
Objectives: To describe the home environment in
terms of housing conditions and their association
with child health in a disadvantaged immigrant
population.
Design: A cross-sectional observational study.
Setting: Enrolment took place during 2010–2011 in
Rosengård, Malmö, Sweden.
Participants: Children aged 0–13 years in 2 study
neighbourhoods were recruited from local health
records and from schools. 359 children participated,
with a participation rate of 40%. Data on health,
lifestyle and apartment characteristics from
questionnaire-led interviews with the mothers of the
children were obtained together with data from home
inspections carried out by trained health
communicators.
Outcome measures: Logistic regression analysis
was used to estimate ORs for various health outcomes,
adjusted for demographic information and lifestyle
factors.
Results: The housing conditions were very poor,
especially in one of the study neighbourhoods where
67% of the apartments had been sanitised of
cockroaches, 27% were infested with cockroaches and
40% had a visible mould. The association between
housing conditions and health was mostly
inconclusive, but there were statistically significant
associations between current asthma and dampness
(OR=4.1, 95% CI 1.7 to 9.9), between asthma
medication and dampness (OR=2.8, 95% CI 1.2 to
6.4), and between mould and headache (OR=4.2, 95%
CI 1.2 to 14.8). The presence of cockroaches was
associated with emergency care visits, with colds, with
headache and with difficulty falling asleep, and worse
general health was associated with mould and
presence of cockroaches.
Conclusions: The associations between dampness
and asthma, and the association between mould and
headache, are in line with current knowledge. The
presence of cockroaches seemed to be associated with
various outcomes, including those related to mental
well-being, which is less described in the literature.
The results of the present study are hypothesis
generating and provide strong incentives for future
studies in this study population.

BACKGROUND
This study was initiated in 2008 when the
public became aware of the extremely poor
housing conditions in certain areas of
Rosengård, a predominantly immigrant
neighbourhood in the city of Malmö in
southern Sweden. Apartments in the affected
neighbourhood in Rosengård (Herrgården)
were overcrowded, damp, affected by mould,
and infested by cockroaches and other
vermin. Toilets and bathrooms were often
out of order. Furthermore, anecdotal reports
from local health workers suggested that chil-
dren from Herrgården were over-represented
in terms of respiratory diseases and health-
care use.
Children’s health is especially vulnerable

to poor housing conditions for several
reasons. Not only is children’s exposure
usually higher in terms of time spent
indoors, but children have much higher
respiratory rates relative to their body weight
than adults, and their behaviour differs with
more time spent on the floor and placing
objects in their mouths. Moreover, their
immune systems and metabolic capacities
are less developed and they have fewer

Strengths and limitations of this study

▪ A disadvantaged population was studied in a
society that is one of the world’s most socio-
economically equal (Sweden).

▪ Associations between such poor housing and
health (or child health) have similarly not been
described in Sweden since the mid-1900s.

▪ Data were collected in a standardised way by
experienced health communicators speaking the
native language of the family.

▪ The study was cross-sectional and therefore
descriptive. Causal inference cannot be drawn.

▪ Health data were mainly self-reported.
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opportunities to actively influence their environment.1

The home environment during early life is thus an
important source of exposure to chemical, biological,
and physical agents.
Poor housing conditions have been reported to be

associated with respiratory infections, asthma, and
mental health in children,2 and poor housing conditions
play a role in the association between income inequality
and child health.3 4 Associations between poor housing,
especially mould and dampness, and childhood asthma
are well-established worldwide.5–10 Moreover, exposure
to high levels of cockroach allergens can contribute to
asthma severity in inner-city children in the USA.11

Sweden is considered one of the most socioeconomic-
ally equal countries in the world with a Gini coefficient
of 0.32 in 2009. Nevertheless, there are still substantial
inequalities within the country. An immigrant child in
Sweden (a child who is born outside of Sweden or a
child whose parents were both born outside of Sweden)
has a five times higher risk of living in an economically
disadvantaged household compared with children whose
parents were both born in Sweden.12 Segregation in
major cities has been described as a major social
problem in Swedish society,13 and in Malmö there are
inequalities in children’s health with respect to social
and ethnic gradients.14 Moreover, Malmö has the
highest rate of child poverty in Sweden with 32% of all
children in 2012 living in economically disadvantaged
households. In Rosengård, the rate of child poverty in
2012 was 50% compared with an overall rate of 12% in
Sweden as a whole.15 Furthermore, income inequalities
are increasing.15 According to the Organisation for
Economic Co-operation and Development (OECD),
Sweden was the world leader in income equality in 1995
but had dropped to 14th place by 2010.
The neighbourhood of Herrgården in Rosengård has

an official population of almost 5000 people although it
was originally planned for roughly 3000 inhabitants.
According to some estimates, as many as 8000 persons
currently live there.16 The population of Herrgården is
on the margin of Swedish society and was exposed to
home environments that are unimaginable for most
Swedes. Associations between such poor housing condi-
tions and various health outcomes have, to the best of
our knowledge, not been described in Sweden since the
establishment of the Swedish welfare state in the
mid-1900s. Cockroach allergens have, for example, previ-
ously been reported to be rare in Swedes 17 and are not
included as standard allergens in skin prick tests (SPTs)
in Sweden.
This study was initiated at the clinical department of

Occupational and Environmental Medicine, Medicinsk
Service, Region Skåne, when the main property owner
in Herrgården, after massive media attention, received
an injunction from local authorities to perform exten-
sive repairs in more than 800 housing units within a set
length of time. This provided a unique opportunity to
examine whether the health of children living in this

neighbourhood had been affected by poor indoor
environment, and if their health would improve after
the repairs were made. As the main study design is a
prospective intervention study looking at the effect of
the housing renovations on respiratory health in vulner-
able children, children with respiratory symptoms were
oversampled at baseline. The aim of our study is to
describe the home environment in terms of housing
conditions and its association with health at baseline in
this disadvantaged immigrant population in Malmö,
Sweden.

MATERIAL AND METHODS
Study area and recruitment
The study area was defined as the affected neighbour-
hood of Herrgården and a selected part of the adjoining
neighbourhood of Törnrosen with similar infrastructure.
Both study neighbourhoods are subdistricts within
Rosengård, Malmö, in southern Sweden. The buildings
are of similar age and construction, but the selected
area in Törnrosen had had appropriate upkeep in con-
trast to the main part of the buildings in Herrgården,
where upkeep had been severely neglected by the pro-
prietors for many years.
Recruitment of study participants was carried out in

two ways. In early 2010, electronic patient registries
between 2007 to 2010 at the two local primary health-
care centres (PHCs) serving the area were searched for
all children between the ages of 0 and 13 years (the
cut-off date was 1 May 2010) with diagnoses of asthma or
other respiratory diseases and who were registered as
living in the defined study area at the time of the docu-
mented healthcare contact. The specialised asthma
nurses’ records were also checked as were the enrolment
lists of information sessions for families with children
with asthma that had been held at the PHCs. This identi-
fication of index children was carried out by the same
team of investigators in both PHCs with similar proce-
dures. To obtain a subgroup where children with respira-
tory symptoms were not oversampled, the sampling was
expanded to include children from the study area who
were aged between 6 and 13 years from class lists that
were obtained from the local school. All families of the
children received written invitations from the research-
ers and the PHCs to participate in the study. It was
explained that the study would entail a home visit and
that data would be collected on the children (regardless
of whether or not they were symptomatic at the time of
the home visit), their siblings, and parents living in the
same household. If no replies to the written invitations
were received, the investigators attempted to contact the
families by telephone. If families chose to participate, a
home visit was scheduled during which health communi-
cators fluent in the family’s native language visited the
apartment. All initial visits were carried out between 27
May 2010 and 29 May 2011. At the start of the home
visit, informed written consent in the native language of
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the family for participation in the study was obtained
from the parents.
Interview questionnaires were used to collect demo-

graphic information for all core family members in the
household (including country of origin, place of birth,
and duration of residence in Sweden), physical apartment
characteristics (number of rooms, number of regular
occupants, presence of pests), subjective exposure assess-
ment in the various rooms (dampness, mould) and infor-
mation about lifestyles and behaviours (smoking, water
pipes, incense, pets). In addition, questionnaires were
used to collect health information for children aged
0–13 years at the time of visit with a main focus on respira-
tory, allergic, and dermal symptoms, using questions from
a national Children’s Environmental Health Survey of
2003. The questionnaires also gathered information on
physician-diagnosed diseases such as asthma, allergic rhin-
itis, and eczema. The mothers were also asked about
breast feeding practices for all children. Age of the
mother at the time of birth of the child as well as the
number of siblings were calculated from the available
data. Finally, a standardised visual assessment of multiple
areas of all homes was carried out at the time of the home
visit by the health communicators who had undergone
training in home assessments. Documented in the form
of a checklist, the assessment scored the extent of mois-
ture damage, visible mould, and mouldy odour in all
rooms to which access was granted.

Background variables
We used the variables age at the time of the health visit,
sex, born in Sweden (yes/no), mother’s age at birth,
number of older siblings, number of months with exclu-
sive breast feeding, father’s education (university level or
lower), mother’s education (university level or lower),
father working full time (yes/no), and mother working
full time (yes/no) for sociodemographic description.

Outcome variables
We used self-reported data (with maternal report as
proxy) on general health (‘Good’ and ‘Very good’ vs
‘Fair’, ‘Poor’, and ‘Very poor’), current asthma (defined
as a doctor’s diagnosis in Sweden or abroad and at least
one episode of wheeze during the past 12 months or
wheeze more than four times in the past 12 months or
asthma medication during the past 12 months and at
least one episode of wheeze during the past 12 months),
the use of asthma medication in the past 12 months,
emergency care in the previous 3 months (2 times or
more vs 0 or 1 time), colds in the past 3 months (≥2 vs 0
or 1), otitis media in the past 3 months (≥1 vs 0), head-
ache in the past month (yes/no), stomach pain or
nausea in the past month (yes/no), feelings of stress in
the past month (yes/no), difficulty concentrating in the
past month (yes/no), difficulty falling asleep in the past
month (yes/no), and fatigue (yes/no). SPTs were per-
formed within 3 weeks after the home visit and read and
documented by experienced specialised nurses. SPTs

with a standard panel for aeroallergens, including
moulds, house dust mites, plants, animal dander, and, in
addition, cockroach (Bla g 2), were performed on all par-
ticipants who were willing to be included. All tests were
read after 15 min. Control tests were carried out with his-
tamine and saline. If a positive reaction occurred to hista-
mine with a negative reaction to normal saline, the SPT
was deemed valid. If the reaction to an antigen was at
least half the size of the histamine reaction, the test was
judged as positive. Any smaller or no reaction was
deemed a negative result.

Exposure variables
The following exposure variables that were objectively
assessed by the health communicators were used in the
current study: ‘Dampness in kitchen, bathroom, or
toilet’, ‘Dampness in bedrooms or living room’, ‘Mould
smell or visible mould in bedrooms or living room’,
‘Visible mould anywhere in apartment’, and ‘Mould
smell anywhere in apartment’. The variables were
defined as ‘yes’ if any of a list of observations were made.
For example, ‘Dampness in kitchen, toilet, or bathroom’
was defined as a ‘yes’ if at least one of the following were
observed: floor drain to the toilet; bubbles in the plastic
mats in the toilet, kitchen, or bathroom; a dripping
faucet in the bathroom or kitchen; visible damp patches
in the bathroom or kitchen; visible moisture stains in the
bathroom or kitchen; visible moisture stains on the toilet;
difficulty turning off the faucet in the bathroom or
kitchen; leaking or dripping water pipes in the bathroom
or kitchen; or inefficient floor drainage in the bathroom.
We also created a variable describing the total number of
factors from the list of factors aforementioned indicating
dampness in the kitchen, bathroom or toilet as well as for
mould or mould smell in bedrooms or living room. To
describe exposure to cockroaches, we were restricted to
self-reported data and the variables ‘Cockroaches in the
apartment now (yes/no)’ or ‘Apartment sanitised from
cockroaches (yes/no)’. Furthermore, we defined a vari-
able on environmental tobacco smoke (ETS) as anyone
smoking at home (mother or father or someone else
smoking at home every day, yes/no) and a variable for
the average number of persons living in the apartment
per room (bedrooms and living room) in the apartment
as an indicator of crowdedness.

Statistical analysis
We used descriptive statistics of the background variables
and the exposure variables to describe differences in the
background variables between the participating children
of the two neighbourhoods, Herrgården and Törnrosen.
The differences between the two study neighbourhoods
were tested with Fisher’s exact test for binary variables,
and with the Mann-Whitney test for continuous vari-
ables. For the outcome variables, we stratified the chil-
dren according to neighbourhood, as well as according
to whether the child was an index child, a sibling of an
index child, or if the child was recruited from the local
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schools or was a sibling to a child recruited from the
local schools. This was necessary because index children
were sampled from local health registers, and children
with respiratory health problems could thus be expected
to be oversampled in index children and in siblings of
index children.
In order to investigate associations between the

outcome variables and the exposure variables, we chose
two objectively assessed exposure variables described
above: ‘Mould smell or visible mould in bedrooms or
living room’ and ‘Dampness in kitchen, toilet or bath-
room’. The reason for analysing mould and dampness
separately was that indicators for dampness were very
common in the study setting, and that we wanted to also
use a more conservative measure. The overlap between
the variables was large; all but one apartments cate-
gorised with ‘Mould smell or visible mould in bedrooms
or living room’, were also categorised with ‘Dampness in
kitchen, toilet or bathroom’. We defined a variable for
exposure to cockroaches according to the self-reported
variables ‘Cockroaches in the apartment now’ or
‘Apartment sanitised from cockroaches’, and a ‘yes’ in
either of these two variables was coded as a ‘yes’ and a
‘no’ in both variables was coded as a ‘no’. We analysed
the data with logistic regression analysis and report
crude frequencies as well as unadjusted and adjusted
ORs with 95% CIs. Family ID was used as a repeated
subject because the exposure variables were identical for
children from the same family. In another analyses, cat-
egorical variables for ETS (‘yes’/‘no’), water pipe use
(‘yes’/‘no’), incense (‘yes’/ ‘no’), maternal and paternal
participation in labour market (working full time or
not) and continuous variables for the number of
persons per room in the apartment, child’s age, exclu-
sive breast feeding, mother’s age at birth, and number
of older siblings and were included as independent vari-
ables into the model to account for any potential bias
from confounding variables. Pets with fur were present
in less than 1% of the homes so this variable was
excluded from the analysis. We did an additional analysis
where we adjusted estimates associated with general

health and mental well-being for asthma. We performed
a sensitivity analysis with different definitions of expos-
ure to mould and dampness. All analyses were run on
complete case data, that is, individuals with missing data
were excluded. All analyses were performed with SAS
v9.4 for Windows 8.1.

RESULTS
A total of 359 children were recruited, including 161
children from 53 apartments in Herrgården and 198
children from 77 apartments in Törnrosen. The partici-
pation rate was 51% among children identified from the
PHCs (the index children) and 32% among children
identified from school class lists. Only one child was
identified as both an index child and as a class-list child,
and was denoted a class-list child in the analysis. The
participants from the two study neighbourhoods were
similar with respect to age, sex and exclusive breast
feeding (table 1).
The average number of older siblings (≥14 years old)

was 1.5 in Herrgården and 1.1 in Törnrosen. A larger
proportion of the children in Törnrosen were born in
Sweden (91%) than the children of Herrgården (81%),
whereas all parents were born outside Sweden, mainly in
Iraq (32%), Lebanon (22%), and the former Yugoslavia
(17%). The proportion of mothers with a university edu-
cation was low in both neighbourhoods (7% in
Herrgården and 9% in Törnrosen), whereas the corre-
sponding numbers for the fathers were 10% and 22%.
In Herrgården, there were almost no mothers working
full time (4%), whereas 27% of the mothers in
Törnrosen worked full time. For the fathers, the corre-
sponding numbers were 18% and 69% suggesting sub-
stantial differences in labour market participation
between the two study neighbourhoods (table 1).
Dampness, mould, and cockroaches were frequent in

Herrgården and Törnrosen, but as expected they were
more common in Herrgården than in Törnrosen (table 2).
The prevalence of any dampness was more common

in Herrgården; the average number of factors, for

Table 1 Descriptive statistics of background variables

Herrgården Törnrosen

Mean (SD) Missing (N) Mean (SD) Missing (N) p Value

Age (years) 7.4 (3.8) 0 6.8 (3.8) 0 0.14

Exclusive breast feeding (months) 4.1 (2.5) 8 3.8 (2.6) 6 0.28

Mother’s age at birth (years) 29 (5) 0 27 (6) 0 0.017

Number of older siblings 1.8 (1.5) 0 1.3 (1.1) 0 0.0018

N (%) Missing (N) N (%) Missing (N)

Girls 77 (48) 0 92 (46) 0 0.92

Born in Sweden 130 (81) 0 188 (94) 0 <0.0001

Fathers with university education 16 (10) 37 44 (22) 23 0.012

Mothers with university education 11 (7) 22 18 (9) 0 0.84

Fathers working full time 29 (18) 20 137 (69) 13 <0.0001

Mothers working full time 6 (4) 5 53 (27) 0 <0.0001
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example, those indicating dampness in the kitchen,
bathroom, or toilet was 3.4 in Herrgården and 1.7 in
Törnrosen (table 2). Among the self-reported exposure
variables, water pipe smoking at home was reported in
9% of the households of Herrgården and in 8% of the
households of Törnrosen, whereas incense was more
common in Herrgården (54%) than in Törnrosen
(21%). Exposure to ETS was similar between the two
neighbourhoods, and someone smoked indoors in 14%
of the households in Herrgården and in 16% of the
households in Törnrosen (table 2). Crowdedness was
similar between the two areas (table 2).
Children with respiratory health problems were over-

sampled in index children because the original study
was designed as a longitudinal intervention study on
associations between poor housing conditions and
respiratory health. Therefore, we report the frequencies
for health outcomes separately for index children, sib-
lings of index children, and class-list children together
with their siblings (table 3).
The subjective health variables were reported by the

mothers of the children. The general health in the class-
list children seemed better in Törnrosen where 88%
had good or very good health according to their
mothers. The corresponding number in Herrgården was
70% (table 3). The proportion of class-list children with
a positive SPT, which was the only objective (not self-
reported) health measure in this study, was similar
between the two neighbourhoods at 13% in Herrgården
and 12% in Törnrosen. Among class-list children in

Herrgården 11% had been seeking emergency care two
times or more the previous 3 months compared with 9%
in Törnrosen. The proportion of class-list children in
Herrgården who had two or more reported colds the
previous 3 months was 31%, and in Törnrosen this was
24%. In Herrgården, 16% of the class-list children’s
mothers reported their child to have had otitis media at
least once during the previous 3 months compared with
17% in Törnrosen. Stomach ache and fatigue were more
common in Herrgården than in Törnrosen whereas con-
centration difficulties and stress were more often
reported in Törnrosen than in Herrgården (table 3).
When investigating associations between health and

housing conditions using logistic regression analysis, the
results were generally inconclusive (the CIs of the esti-
mated ORs often included OR=1; table 4). However,
current asthma was associated with dampness (OR=4.06,
95% CI 1.23 to 6.39) when adjusted for other risk
factors, as was asthma medication (OR=2.81, 95% CI
1.23 to 6.39). Moreover, there was a negative association
between mould and good general health (OR=0.32,
95% CI 0.11 to 0.96) and between mould and headache
(OR=4.20, 95% CI: 1.19 to 14.8) when adjusted for
other risk factors. The ORs for concentration difficulties,
difficulty falling asleep and fatigue in association with
mould were high but not statistically significant.
Presence of cockroaches was negatively associated with a
good general health (OR=0.36, 95% CI 0.14 to 0.93),
and with seeking emergency care the previous months
with an OR of 4.88 (95% CI 1.63 to 14.6), and with the

Table 2 Descriptive statistics of housing variables

Herrgården Törnrosen

N (%) Missing (N) N (%) Missing (N) p Value

Objective exposure assessment
Dampness in kitchen, bath or toilet 42 (79) 1 35 (45) 0 <0.0001

Dampness in bedrooms or living room 19 (36) 1 15 (19) 0 0.0415

Mould smell or visible mould in bedrooms or living room 8 (15) 1 8 (10) 0 0.42

Visible mould anywhere in the apartment 21 (40) 1 10 (13) 0 0.0006

Mould smell anywhere in the apartment 20 (38) 1 17 (22) 0 0.0495

Self-reported exposure assessment
Vermin (other than cockroaches) at present 31 (58) 2 50 (65) 0 0.0020

Cockroaches at present 14 (26) 2 5 (6) 3 0.0021

Cockroaches sanitised 35 (66) 3 5 (6) 10 <0.0001

Father smoking at home 7 (13) 22 9 (12) 37 1

Mother smoking at home 2 (4) 25 8 (10) 34 0.30

Anyone smoking at home 8 (15) 1 15 (19) 0 0.64

Water pipe 4 (8) 1 7 (9) 1 1

Incense 29 (55) 1 14 (18) 2 <0.0001

Mean (SD) Mean (SD)

Persons per room* 1.8 (0.6) 1.7 (0.5) 0.21

Number of factors indicating dampness in the

kitchen, bathroom and toilet

3.4 (2.3) 1.7 (1.7) <0.0001

Number of factors indicating mould smell or

visible mould in bedrooms or the living room

0.2 (0.6) 0.3 (0.7) 0.43

*The number of rooms were defined as the number of bed rooms plus 1 (living room).
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number of colds the previous 3 months (OR=2.87, 95%
CI 1.01 to 8.2), and with headaches (OR=5.2, 95% CI
1.93 to 13.9), as well as with difficulty falling asleep
(OR=8.61, 95% CI 2.52 to 29.4; table 4). The ORs of
stomach ache, concentration difficulties and fatigue in
association with presence of cockroaches were elevated,
but not statistically significant. In the additional analysis
when current asthma and SPT were included as depend-
ent variables, the ORs were often somewhat attenuated,
but the conclusions were similar (data not shown).
Crowdedness did not seem to be associated with any

of the outcomes investigated here.
The results of the sensitivity analysis with different

definitions of exposure to mould and dampness did not
change the estimates substantially (data not shown).
Crude ORs stratified by study neighbourhood are pre-
sented in online supplementary files 1A–C.

DISCUSSION
In this cross-sectional study on poor housing conditions
in association with child health in a disadvantaged immi-
grant population in Rosengård, Malmö, Sweden,
housing conditions seemed to be associated with general
health and asthma as observed by other, as well as with
indicators for mental well-being, which is less evident
from existing literature.
The housing conditions of the children were very

poor with a high prevalence of cockroaches, especially
in the study neighbourhood Herrgården, where 67% of
the apartments had been sanitised from cockroaches
and 27% of the apartments were infested with cock-
roaches at the time of the study. In the second study
area, Törnrosen, cockroaches were present in only 6%
of the households. Mould and dampness were also more

common in Herrgården where mould was visible in 40%
of the apartments compared with 13% in Törnrosen.
Moreover, the general health of the children in
Herrgården seemed poorer than in Törnrosen and in
the general population of the county with only70% of
the schoolchildren in Herrgården but 88% in Törnrosen
reported to have ‘Good’ or ‘Very Good’ health. The cor-
responding numbers for the county of Scania were 95%
for 12-year-olds, 89% for 4-year-olds, and 91% for 8--
month-old babies according to a national child survey
from 2011.18 The health of first-generation adult immi-
grants has been reported to be better than that of a com-
parable population in the country of arrival, and this is
referred to as the ‘immigrant paradox’.19 20 However, it
is uncertain whether this is true for children, and
poverty and economic disadvantages are more common
in immigrant populations, and subsequent generations
in general do not have better health than the average
population of the country of arrival. In fact, according to
a local report in Malmö, immigrants are clearly under-
represented in terms of healthcare utilisation despite the
fact that numerous risk factors are over-represented.21 In
this study, where the children mostly were born in
Sweden with parents who immigrated to Sweden, the
self-reported health in general was worse than that of a
comparable population.18

The focus of this study was to describe the home envir-
onment of the study population and to describe associa-
tions between various health outcomes and different
aspects of the home environment. When adjusted for
other factors, current asthma and asthma medication
seemed to be associated with dampness, and mould was
associated with worse general health and with headache,
results that are in line with existing literature.5 6 8 9 22–25

The association between the presence of cockroaches

Table 3 Descriptive statistics of outcome variables in Herrgården and Törnrosen for children by category

Herrgården N (%) Törnrosen N (%)

Total N

(%)/missing

Index

child

Sibling of

index child Schoolchild

Index

child

Sibling of

index child Schoolchild

Good general health 23 (61) 46 (87) 49 (70) 30 (64) 50 (76) 75 (88) 273 (76)/2

Positive skin prick test 4 (11) 5 (9) 9 (13) 4 (9) 6 (9) 10 (12) 38 (11)/0

Current asthma 15 (63) 3 (13) 6 (25) 22 (47) 4 (6) 6 (7) 56 (16)/21

Asthma medication 18 (47) 1 (2) 2 (3) 29 (62) 3 (5) 1 (1) 54 (15)/14

≥2 instances of emergency

care in the previous

3 months

9 (24) 6 (11) 8 (11) 6 (13) 6 (9) 6 (9) 41 (11)/2

≥2 colds in the previous

3 months

17 (45) 20 (38) 22 (31) 22 (47) 20 (30) 20 (24) 121 (34)/2

Otitis media in the previous

3 months

14 (37) 5 (9) 11 (16) 7 (15) 9 (14) 14 (17) 60 (17)/2

Headache 2 (5) 13 (25) 19 (27) 6 (13) 14 (21) 22 (26) 76 (21)/14

Stomach ache 6 (16) 12 (23) 24 (34) 17 (36) 19 (29) 25 (29) 103 (29)/13

Stress 0 (0) 5 (9) 1 (1) 4 (9) 8 (12) 6 (7) 24 (7)/15

Concentration difficulties 1 (3) 6 (11) 2 (3) 4 (9) 3 (5) 7 (8) 23 (6)/14

Difficulty falling asleep 0 (0) 7 (13) 6 (9) 5 (11) 7 (11) 9 (11) 34 (9)/13

Fatigue 2 (5) 11 (21) 9 (13) 10 (21) 13 (20) 12 (14) 57 (16)/13
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Table 4 Health outcomes in association with (1) self-reported presence of cockroaches in apartment, (2) mould smell or visible mould in bedrooms or the living room and (3) dampness in the kitchen, bathroom or toilet

Cockroaches Mould Dampness

Yes No Yes No Yes No

Case/

non-case* OR† 95% CI OR‡ 95% CI

Case/

non-case* OR† 95% CI OR‡ 95% CI

Case/

non-case* OR† 95% CI OR‡ 95% CI

Good general health 40/14 233/64 0.77 0.34 to 1.74 0.36 0.14 to 0.93 25/11 248/67 0.61 0.25 to 1.50 0.32 0.11 to 0.96 161/55 112/23 0.59 0.21 to 1.12 0.60 0.29 to 1.22

Positive skin prick test 7/49 31/271 1.16 0.45 to 3.03 0.87 0.19 to 3.93 3/33 35/287 0.66 0.16 to 2.79 0.57 0.21 to 4.26 24/188 14/122 1.01 0.47 to 2.19 0.71 0.32 to 1.58

Current asthma 8/39 48/188 0.81 0.31 to 2.07 1.96 0.66 to 5.83 6/24 50/202 1.03 0.40 to 2.67 1.37 0.40 to 4.66 44/136 12/90 2.41 1.18 to 4.95 4.06 1.67 to 9.87

Asthma medication 6/43 48/212 0.61 0.24 to 1.52 0.82 0.21 to 1.93 5/26 49/229 0.91 0.34 to 2.41 0.79 0.27 to 2.34 42/150 12/105 2.44 1.28 to 4.64 2.81 1.23 to 6.39

≥2 instances of

emergency care in the

previous 3 months

10/45 31/266 1.93 0.78 to 4.78 4.88 1.63 to 14.63 6/30 35/281 1.51 0.47 to 4.90 1.32 0.38 to 4.58 27/191 14/120 1.19 0.55 to 2.57 1.47 0.51 to 4.24

≥2 colds in the

previous 3 months

22/33 109/199 1.41 0.63 to 3.16 2.87 1.01 to 8.18 17/19 104/213 1.76 0.64 to 4.84 2.14 0.67 to 6.86 78/140 43/92 1.15 0.65 to 2.04 0.99 0.50 to 1.56

Otitis media in the

previous 3 months

14/41 46/252 2.02 0.90 to 4.54 2.18 0.82 to 5.80 7/29 53/264 1.21 0.44 to 3.33 0.98 0.26 to 3.63 41/177 19/126 1.43 0.78 to 2.64 1.12 0.54 to 2.34

Headache 21/28 55/206 2.77 1.14 to 6.71 5.16 1.93 to 13.92 11/20 137/129 1.91 0.69 to 5.31 4.20 1.19 to 14.81 46/148 30/86 0.94 0.51 to 1.75 0.82 0.39 to 1.74

Stomach ache 19/30 74/179 1.30 0.59 to 2.90 2.44 0.90 to 6.59 10/21 93/188 0.98 0.38 to 2.54 1.61 0.51 to 5.03 65/130 38/89 1.02 0.56 to 1.84 1.25 0.62 to 2.52

Stress 8/41 16/242 2.19 0.58 to 8.64 – 3/27 39/227 1.05 0.22 to 5.07 – 11/182 13/101 0.53 0.19 to 1.50 –

Concentration

difficulties

4/44 19/241 1.15 0.40 to 3.34 1.76 0.52 to 5.96 3/28 20/258 1.38 0.40 to 4.73 3.91 0.91 to 16.71 15/177 8/108 1.14 0.47 to 2.76 1.62 0.55 to 4.80

Difficulty falling asleep 11/38 23/240 2.90 1.23 to 6.81 8.61 2.52 to 29.43 4/27 30/251 1.28 0.43 to 3.80 2.40 0.66 to 8.76 19/176 15/102 0.74 0.33 to 1.64 0.92 0.36 to 2.34

Fatigue 14/35 43/220 1.68 0.64 to 4.38 2.85 0.89 to 9.17 9/22 48/233 1.91 0.66 to 5.50 2.30 0.60 to 8.87 36/159 21/86 1.10 0.53 to 2.30 1.35

Unadjusted ORs and their 95% CIs from logistic regression analysis.

*Children with an ‘yes’ in the health outcomes are denoted as cases and children with a ‘no’ are denoted as non-cases.

†Crude OR with family ID as a repeated subject.

‡OR adjusted for environmental tobacco smoke, water pipe use, incense, number of persons per room in the apartment, child’s age, exclusive breast feeding, mother’s age at birth, number of older siblings and maternal

and paternal labour market participation (working full time or not).

Oudin
A,etal.BM

J
Open

2016;6:e007979.doi:10.1136/bm
jopen-2015-007979

7

O
p
e
n
A
c
c
e
s
s



and various health outcomes (including worse general
health, emergency care visits, headache, and difficulty
falling asleep) and tendencies of associations with
stomach ache, concentration difficulties and fatigue are
interesting and have not been reported previously to our
knowledge. The presence of cockroaches could be an
indicator of factors in the environment that are related
to mental well-being. Crowdedness is a tentative factor,
but the estimates were adjusted for the number of
persons per room in the apartment, and crowdedness in
itself was not associated with any of the outcomes investi-
gated here. Ventilation has been observed in previous
studies to reduce symptoms of headaches and fatigues in
adults,26 and cockroaches have previously been observed
to be associated with wheeze.27 There is previous scien-
tific evidence for housing to affect mental health as
described in a review from 2003,28 but many studies
have weaknesses when it comes to assessing causality.29

Large prospective longitudinal studies with random
effects for different types of neighbourhoods are still
lacking.
Multiple comparisons have to be considered in this

study, and the results should be interpreted with caution,
and as hypothesis generating. The study population is
disadvantaged compared with the average Swedish popu-
lation and the generalisability of the results to other
populations is thus uncertain. Subjective health symp-
toms in Sweden have previously been observed to be
more frequent in children with a foreign parental back-
ground,30 which could either be explained by differences
in inclination to report health symptoms or in differ-
ences in morbidity between children with and without an
immigrant background. Representativity of the study
population is uncertain because the participation rates
were rather low at 51% among children identified at the
PHCs (index children) and only 32% among children
identified through the local schools. Subjective health
symptoms were assessed though parental reporting, as
were diagnoses. Interestingly, we observed no association
between any of the exposures and the only non-
subjective health outcome in the study, a positive SPT.
Furthermore, the outcomes are not independent of each
other. For example, asthma and allergy are associated
with general health, sleeping problems, otitis media,
fatigue and headaches. A possibility would have been to
adjust the estimates for other outcomes, but we chose
not to do that, mainly because causal directions between
the different outcomes are ambiguous. Therefore, when
interpreting the results of this study it is important to
have in mind that the ORs were not adjusted for other
outcomes and that this may cause residual confounding.
In an additional analysis we adjusted for general health,
otitis media, stomach ache, fatigue, difficulties falling
asleep, concentration difficulties and stress for current
asthma, which mostly resulted in somewhat attenuated
ORs, but the conclusions were not altered.
Accuracy of questionnaire reports when assessing

home environment exposures has been challenged.31

Therefore, a major strength of the study is that the
exposure assessment for mould and dampness was
objectively assessed by health communicators. In fact,
the agreement between self-reported variables and
objectively assessed variables were only fair-to-moderate
in this study.32 Regarding cockroaches, there was no
objectively assessed information. This variable might
therefore be prone to bias due to selective reporting.
Given that the health variables are also self-reported the
results of health in association with cockroach exposure
could be especially sensitive to selective reporting bias
and should be interpreted with care.
The quality of exposure would benefit from measure-

ments,31 and there were many factors lacking that could
have been taken into account. For example, we did not
have sufficient information on the type of carpets in
the household, which has been observed to be an
important factor to consider when investigating associa-
tions between asthma symptoms and dampness.10

Furthermore, the amount of data regarding exposure
was large, and exposure to mould and dampness could
have been defined in many different ways. The sensitivity
analysis we performed revealed no substantial differ-
ences in our conclusions, but the estimates were not
easily comparable given the low inherent statistical
power in this study.
In conclusion, we have described the home environ-

ment for a study population on the margin of Swedish
society, and we have observed interesting tendencies for
associations between the presence of cockroaches and
outcomes related to general health and mental well-
being. Furthermore, we observed associations between
dampness and asthma, and associations between mould
and general health and headaches, which are in line
with current knowledge. Despite the weaknesses of the
study, the results provide a strong indication for the dir-
ection of future research in this study population. Poor
housing conditions are a strategic opportunity for inter-
vention,2 and housing conditions were poor in the both
study neighbourhoods. Children’s health will, therefore,
be studied in both study neighbourhoods in prospective
longitudinal studies with data from national and local
registers, and this will decrease the limitations of self-
reported data in this study.
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