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A short period of breastfeeding in infancy,
excessive house cleaning, absence of older
sibling, and passive smoking are related

to more severe atopic dermatitis in children

Background: Atopic dermatitis (AD) is one of the most common, chronic
or chronically relapsing inflammatory skin diseases that affect children.
Multiple genetic and environmental factors appear to regulate the patho-
genesis of AD. Objectives: Our aim was to investigate the possible
association between family, social, dieting, atopic and environmental
factors and the severity of AD evaluated by SCORAD scores in children.
Materials & methods: The study group included 100 children with AD
who attended a paediatric dermatology outpatient clinic with a median
age of 18.5 months. The diagnosis of AD was established on the basis
of the clinical criteria according to the American Dermatology Soci-
ety, while the SCORAD score was used to evaluate disease severity.
Results: Multivariate linear regression analysis disclosed that excessive
cleanliness (p<0.001), RAST level greater than 0.7 KU/l (p<0.001),
breastfeeding for less than two months (p = 0.001), and the absence of
an older sibling (p = 0.049) were statistically significant independent
determinants for high SCORAD scores. Multivariate logistic regression
analysis showed that excessive cleanliness (p<0.001) was the strongest
independent risk factor for severe AD (SCORAD>36) (aOR: 59.4;
95% CI: 10.9-322.6). RAST level greater than 0.7 KU/l (aOR: 7.9;
95% CI: 1.5-41.0; p = 0.014) and severe passive smoking (aOR: 4.6;
95% CI: 1.0-22.1; p = 0.050) also showed a significant independent,
but clearly weaker, association with severe AD. Conclusions: A short
duration of breastfeeding, absence of older siblings, parental passive
smoking, food allergens along with aeroallergens, and excessive clean-
liness should be considered as negative prognostic factors, leading to a
higher SCORAD score in children with AD.
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chronic or chronically relapsing inflammatory

skin diseases that affect approximately 5-25% of
children worldwide [1]. In contrast to the typical and dis-
tinct clinical picture, the pathophysiology of AD appears
to be rather complex and obscure. A multitude of genetic
and environmental factors seem to be involved, regulat-
ing the pathogenesis of AD. Although the involvement of
genetic factors in the pathogenesis and clinical manifesta-
tions of AD has been demonstrated in recent studies, its
increasing incidence in developed countries, as well as the
wide range of disease severity on an individual basis, imply
that there might be environmental factors determining the
clinical expression and severity of the disease [2-4].
In response to an increasing recognition of the role of
the environment in atopic diseases, the so called “hygiene
hypothesis” was formulated in the late 1980s, based on the
observation that AD and other atopic diseases were noted

ﬁ topic dermatitis (AD) is one of the most common,

to be more common in children growing up in urban areas
with a western lifestyle (smaller families, excessive clean-
liness, day-care attendance, and a higher socioeconomic
status) [5, 6]. The hygiene hypothesis postulates that the
overprotective environment of western lifestyle leads the
immune system to be less exposed to environmental aller-
gens and infections during early life and thus to be more
susceptible to allergies. Moreover, a number of previous
studies have shown that several environmental factors, such
as breastfeeding [7], passive smoking [8], and sensitiza-
tion to food or aeroallergens [9, 10], affect AD. However,
there are studies with contradictory results regarding the
association between the above-mentioned factors and the
development or the severity of AD in children [11-13]. In
this study, our aim was to investigate the possible associ-
ation between multiple family, social, dieting, atopic and
environmental factors and the severity of AD evaluated by
the SCORAD score in children.
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Methods

This was a single-centre study addressing the possible asso-
ciation between several factors and AD severity in children.
After approval by the local ethics committee and institu-
tional scientific review, along with the parental consent,
100 children were evaluated on an outpatient basis by the
Dermatology Department of Pentelis General Hospital of
Pediatrics, in Athens, Greece.

Complete physical examination and routine laboratory
parameter tests were carried out for each child participat-
ing in the study. In addition, disease-specific parameter tests
were performed, including serum IgE, specific prick tests
for food allergens, and specific IgE measurement (RAST
test) for aeroallergens. The diagnosis of AD was estab-
lished on the basis of the clinical criteria according to the
American Dermatology Society, while the SCORAD score
was used to evaluate disease severity. A questionnaire was
completed for each child by the examining physician. The
questionnaire included the following sections:

— (1) Personal history: this section examines children’s his-
tory relevant to atopic dermatitis (time at onset, symptoms,
severity, and exacerbations) or other atopic diseases, such
as asthma, hay fever or disorders of the digestive system.
— (2) Family history of AD, asthma or hay fever.

— (3) Food allergy, including time at onset of allergy to solid
food or any kind of reaction related to food, and duration
of breastfeeding.

— (4) Socioeconomic status, early-life exposure to infec-
tions, and kindergarten or school attendance.

The specific IgE (RAST) for the following allergens
were tested: Dermatophagoides pteronyssinus, Der-
matophagoides farinae, egg white, egg yolk, cow milk,
alpha-lactalbumin, beef, orange, banana, tomato, gluten,
soya, cereal mix, nut mix, fish, pellitory, fungi, and olive
tree. In addition, each child with AD was classified accord-
ing to the maximum RAST level, as assessed for at least
one of the studied allergens (Class O, I, II, IIT). Assessment
of overall cleanliness was based not only on house hygiene,
but also on personal hygiene. House hygiene included the
general appearance of the house, kitchen hygiene, as well as
frequency of house cleaning, and personal hygiene included
frequency of hand and face washing and frequency of
bathing. House cleaning was defined mainly according to
times per week that the family cleans the house. We clas-
sified house cleaning as normal (1-2 times/week), frequent
(3-4 times/week), and very frequent (daily, including daily
cleanliness of the bathroom using antiseptics and bleach).
Passive smoking was also evaluated. Questions about smok-
ing in the house (whether the mother or father smokes) and
the number of cigarettes smoked daily inside the house were
included in the questionnaire.

Statistical analysis

Statistical analysis of the data was performed using the Sta-
tistical Package for the Social Sciences (SPSS), version 19.0
(SPSS, Inc., Chicago, IL, USA). The Kolmogorov-Smirnov
test for normality was performed. SCORAD, which was
normally distributed, was expressed as the mean + standard
deviation (SD), while non-normally distributed variables
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were expressed as the median and interquartile range (IQR).
The median split was used to convert several continuous
variables into dichotomous variables. Categorical variables
were expressed as frequencies (and percentage). The Stu-
dent’s t test and one-way analysis of variance were used to
determine differences of SCORAD between two or more
groups of patients, respectively; post hoc analyses were
performed using the Tukey’s test. The chi-square test was
used to evaluate any potential association between the pres-
ence of severe AD (SCORAD>36; median value) and the
patients’ characteristics; odds ratios (OR) and their 95%
confidence intervals (95% CI) were calculated by means
of simple logistic regression analysis, as the measure of
the above associations. To assess the independent effect of
patients’ characteristics on SCORAD and the presence of
severe AD, multivariate stepwise linear and logistic regres-
sion models were respectively constructed. All tests were
two-tailed and statistical significance was considered for p
values less than 0.05.

Results

The study group consisted of 100 children with AD who
attended a paediatric dermatology outpatient clinic with
a median age of 18.5 months (range: 1-105; mean age
of 23.39 £+ 20.96 months). Of these, 53 (53.0%) were
girls, with a median age of 17 months (IQR: 5.50-35.5
months) and 47 (47.0%) were boys, with a median age of
22 months (IQR: 7-36 months). Data included information
about demographical characteristics, family status, medi-
cal and family history of allergic diseases, breastfeeding,
hygiene status, and kindergarten attendance, and is pre-
sented in fables 1, 2. The social class of the family was
recorded with respect to the father’s occupation: (A) Upper
class: professionals, directors, business managers; (B) Mid-
dle class: “White collar” workers; and (C) Lower class:
“Blue collar” workers, farmers, and labourers.

The classification of contributing factors according to
patients’ age revealed that a short period of breastfeed-
ing was more frequent in younger ages (82% in subjects
<18.8 months vs 36% in subjects > 18.8 months; p<0.001).
Excessive house cleaning was more frequent in younger
ages (14%, 16%, and 70% of subjects <18.8 months vs
36%, 34% and 30% of subjects>18.8 months were classed
with normal, frequent and very frequent cleanliness, respec-
tively; p<0.001). Similarly, passive smoking was more
frequent in younger ages (48% in subjects <18.8 months
vs 22% in subjects >18.8 months; p = 0.006). On the other
hand, absence of an older sibling was similar in the two age
groups (56% in subjects <18.8 months vs 66% in subjects
>18.8 months; p = 0.305).

Among the entire cohort, SCORAD ranged from 8 to
72 with a mean value of 38.55 + 18.67 (median value:
36). A higher SCORAD was associated with younger age
(p = 0.013), absence of an older sibling (p = 0.050),
breastfeeding for less than two months (p<0.001), non-
attendance at kindergarten (p = 0.028), excessive house
cleaning (p<0.001), paternal/maternal smoking of more
than one pack per day (p<0.001), severe passive smok-
ing (p<0.001), reported food allergy to more than three
allergens (p<0.001), specific IgE to more than one allergen
(»p=0.004), and aRAST level of more than 0.7 kU/1 (Class I)



Table 1. Epidemiological data of patients.

Table 2. Clinical characteristics of patients.

Patients
n =100

Kindergarten

No 84

1-12 months

13-24 months 10

>24 months
Older sibling

No 61

Yes 39
Social status

Low 4

Medium 75

High 21
Cleanliness

Normal 25

Frequent 25

Very frequent 50
Breastfeeding

No 3

Intermittent up to 2 months 0

Intermittent for 3-5 months 34

Regularly up to 2 months 56

Regularly for 3-5 months 7
Personal history

Other atopic disease 90

Allergic rhinitis 10

Asthma 0
Family history

Other atopic disease 51

Allergic rhinitis 0

Asthma 49
Gender

Male 47

Female 53
Parental smoking (cigarettes/day)

0 35

1-10 13

11-20 17

>20 35
Passive smoking

Median IQR 4 (0-6)

Range 0-6
Age (months)

Median IQR 18.5 (6-36)

Range 1-105

(»<0.001). In contrast, SCORAD was not associated with
gender (p =0.948), social status (p =0.132), medical history
of atopic diseases (p = 0.716), family history of atopic dis-
eases (p =0.848), reported aeroallergens (p =0.826), or total
serum IgE levels (p = 0.083). Multivariate linear regression
analysis disclosed that excessive house cleaning (p<0.001),
RAST level greater than 0.7 kU/1 (p<0.001), breastfeeding
for less than two months (p = 0.001), and the absence of an
older sibling (p = 0.049) remained statistically significant

Patients
Food allergy
No 46
1-3 29
>3 25
(Median IQR) 1(0-3)
Aeroallergens
Sensitized to 0-4 83
Sensitized to >4 17
IQR RAST (Number) 3(2-4)
Median IQR 1(0-2)
Range 0-4
RAST (Level)
<0.35 kU/1 (Class 0) 42
0.35-0.7 kU/I (Class I) 14
0.7-3.5 kU/1 (Class 1I) 37
>3.5 kU/I (Class III) 7
Total serum IgE (IU/ml)
Median IQR 28.50 (13.98-64.75)
Range 1.00-800.00

independent determinants for high SCORAD scores, which
account for the 60.3%, 7.1%, 3.5%, and 1.2% variation of
variables, respectively (table 3, 4).

The median SCORAD score (36) was selected as a cut-off
point to subdivide patients into the following two groups:
mild AD (SCORAD <36) and severe AD (SCORAD >36).
Severe AD was significantly more frequent among younger
ages (p = 0.005), families with medium or high social class
(p = 0.040), children who were breastfed for less than two
months (p<0.001), children who did not attend kinder-
garten (p = 0.045), children of families with excessive house
cleaning (p<0.001), paternal/maternal smoking of more
than one pack per day (p<0.001), severe passive smoking
(»<0.001), reported food allergy to more than three aller-
gens (p<0.001), and a RAST level greater than 0.7 kU/1
(p<0.001) (table 5). Multivariate logistic regression analy-
sis showed that excessive house cleaning was the strongest
independent risk factor for severe AD (p<0.001), with an
adjusted odds ratio of almost 60 (aOR: 59.4; 95% CI: 10.9-
322.6). A RAST level greater than 0.7 kU/1 (aOR: 7.9;
95% CI: 1.5-41.0; p = 0.014) and severe passive smok-
ing (aOR: 4.6; 95% CI: 1.0-22.1; p = 0.050) also showed
a significant independent, but clearly weaker, association
with severe atopic dermatitis.

Discussion

To the best of our knowledge, this study is the first to attempt
to investigate an association between SCORAD scores,
the scoring system for AD severity [14-16], and multiple
family, social, dieting, atopic, and environmental factors.
In particular, the short period of breastfeeding in infancy,
excessive house cleaning, absence of an older sibling in the
family, elevated RAST levels, along with an exposure to
parental smoking have been shown to be related to more
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Table 3. SCORAD values according to the different variables investigated in children with AD.

SCORAD p value Tukey’s test
Kindergarten
No 40.33 £ 18.66 0.028
Yes 29.19 £+ 16.17
Older sibling
No 41.38 + 19.08 0.050
Yes 34.13 £ 17.02
Social status
Low 24.50 £ 10.91
Medium 37.83 + 18.81 0-132
High 43.81 £ 18.11
Cleanliness
Normal (I) 22.64 £ 11.02 0.651, I vs II
Frequent (IT) 25.60 £ 8.28 <0.001 <0.001, I vs I1I
Very frequent (III) 52.92 £+ 13.56 <0.001, II vs III
Breastfeeding
Up to 2 months 47.59 + 15.81 <0.001
3-5 months 25.54 +14.35
Personal history
Other atopic disease 38.32 4+ 18.57 0.716
Allergic rhinitis 40.60 £ 20.46
Family history
Other atopic disease 38.20 + 19.34 0.848
Asthma 38.92 £+ 18.13
Gender
Male 38.68 £ 19.55 0.948
Female 38.43 £+ 18.04
Food allergens
None (I) 35.63 £17.32 0.572,1vs 11
1-3 (II) 31.55 £ 18.91 <0.001 0.001, I vs 11T
>3 (III) 52.04 £+ 13.89 0.004 <0.001, 1T vs III
Spearman’s p correlation coefficient 0.360
Aeroallergens
<2 39.08 £ 19.36 0.826
>2 38.23 £ 18.39 0.434
Spearman’s p correlation coefficient -0.079

severe clinical features of AD and higher SCORAD scores
in children. In contrast, we found that SCORAD scores
were not influenced by gender, age, social status, family or
personal history of atopy, or kindergarten attendance.

Our results support the significance of microbial exposure
in infancy regarding the prevention of atopic dermatitis, the
so-called “hygiene hypothesis”. In favour of this hypoth-
esis, our study showed that children with no siblings and
those who experienced excessive cleanliness exhibited a
more severe form of AD, as indicated by SCORAD scores,
suggesting that these factors should be considered as inde-
pendent aggravating factors affecting severity [5].

Until now, epidemiological studies have shown that envi-
ronmental exposure during early age has a significant role
in the maturation of the immune system and the suscepti-
bility to allergic diseases throughout childhood [17]. The
“hygiene hypothesis” was derived from evidence for an
association between atopy, family size, and birth order [18].
Thus, we hypothesized that all variables associated with
microbial exposure could be associated with lower risks
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of severe AD. Younger children spend most of their time
at home, therefore environmental factors have more influ-
ence on the development of their immune system than in
adults [19]. Family size and the presence of older siblings
were inversely associated with incidence of atopic diseases,
probably because infections are transmitted by older sib-
lings to younger children in a family [20], strengthening
the evidence for a “parity effect” originating in utero [21],
as has been suggested by studies reporting altered immune
function as a consequence of birth order [22]. The pres-
ence of older siblings has been associated not only with the
transmission of infections but also with atopy [23-25]. The
decrease in family size coincides with the increase in inci-
dence of atopy in industrialized countries since the early
20" century [18]. In the same period, new products and
equipment were developed for house cleanliness and there
was increasing emphasis, not only on house, but also on per-
sonal, cleanliness [18]. In our study, we report that parental
social status, that depicts the parental education level, is
positively associated with AD, although this is not a strong

— 59



Table 4. SCORAD values according to the different variables investigated in children with AD.

SCORAD p value Tukey’s test
RAST (number)
<1 ( = median) 34.76 £+ 18.44
>1 4591 £+ 17.06 0.004
Spearman’s p correlation coefficient 0.292 0.003
RAST (Level)
<0.35 or 0.35-0.7 kU/1 (Class 0, I) 30.73 £ 16.56 <0.001
>0.7 kU/I (Class II, IIT) 48.50 £ 16.46
RAST (Level)
<0.35 kU/1 (Class 0) 31.48 £ 17.43 <0.001
0.35-0.7 kU/1 (Class I) 28.50 &+ 13.95
0.7-3.5 kU/1 (Class 1I) 48.70 + 16.78
>3.5 kU/I (Class I1I) 4743 £ 15.83
Cigarettes/day
0@ 34.77 £ 18.22 0.830, I vs IT
1-20 (II) 27.10 £ 15.02 <0.001 <0.001, I vs IIT
>20 (I1I) 52.14 £+ 13.04 <0.001, IT vs 11T
Passive smoking
<4 ( = median) 30.38 4+ 16.30
>4 53.08 + 12.97 <0.001
Spearman’s p correlation coefficient 0.476 <0.001
Age
<18.5 months ( = median) 42.86 + 18.10
>18.5 months 34.24 + 18.40 0.020
Spearman’s p correlation coefficient -0.248 0.013
Total serum IgE
<28.5 ( = median) 35.08 £ 18.27 0.063
>28.5 42.02 £ 18.60
Spearman’s p correlation coefficient 0.174 0.083

influencing factor. In other studies, family socioeconomic
status [26] and parental education level [27] were also posi-
tively associated with AD. However, Bisgaard et al. did not
verify that social status is associated with AD [28].

The results of previous studies regarding the exact role of
food allergy in AD are contradictory [25, 26, 28, 29]. In
our study, we found that a higher RAST level and sensi-
tization to food allergens are associated not only with a
higher risk of AD in children but also with a more severe
form of AD, as defined by SCORAD scores. The allergic
nature of the disease might be a good explanation for the
finding that children with elevated RAST levels experience
more severe clinical features. Personal or family history
of atopy was neither associated with the development of
AD nor its severity. Similar to our results, Schafer et al.
reported that the prevalence of AD increased significantly
with increasing RAST class and the prevalence of sensiti-
zation increased with the severity of AD [30]. Regarding
sensitization to aeroallergens and SCORAD scores, only
three studies have been carried out, showing that there is
a significant association between higher SCORAD scores
and higher serum IgE levels or more frequent sensitiza-
tion to aeroallergens [9, 31]. However, studies on family
history of atopy and the severity of AD are contradictory
[9, 12, 26, 28, 32]. Also, a recent study revealed that the
degree of sensitization to house dust mite in children, as
examined by the skin prick test, was associated with a higher
total SCORAD score [32].

Another significant contributing factor in the development
of AD is breastfeeding. In our study, we found that a short
period of breastfeeding, less than two months, is associ-
ated with higher SCORAD scores in children. In particular,
the short duration of breastfeeding (1-2 months) leads to a
more intense clinical picture and a higher SCORAD score,
compared with a duration of 3-5 months. This means that
an additional month of breastfeeding during the initial six
months of life could be highly significant in protecting
from a severe clinical phenotype. The protective role of
breastfeeding against atopic diseases appears to be based
on the transmission of maternal antibodies. However, short
periods of breastfeeding, of less than three months, have
little or no protective effect against atopy [33]. Moreover,
the data concerning the contribution of breastfeeding on
the development of AD are conflicting [11, 12]. There
are many studies suggesting that breastfeeding is posi-
tively associated with the development of atopic diseases,
including AD, with a protective role against these condi-
tions [7, 26, 34]. Studies revealing that breastfeeding may
be associated with a higher risk of AD give the impres-
sion that it is a causative factor for AD. This association,
however, is due to the fact that the vast majority of AD ini-
tially appears within the first month of life and, in any case,
breastfeeding for a month is not adequate to protect against
atopic diseases [29]. Also, hyperallergenic food intake by
the mother or the transmission of environmental conta-
minants through the breast milk are other possible factors
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Table 5. High SCORAD values (>36) according to patient characteristics.

High SCORAD >36 p value OR (95% CI)

Kindergarten
No 44 (52.4) 0.045 3.3 (1.0-11.1)
Yes 4(25.0)

Older sibling
No 32 (52.5) 0.264 1.6 (0.7-3.6)
Yes 16 (41.0)

Social status
Low 0 (0.0) -
Medium 35 (46.7) 0.040 -
High 13 (61.9) -

Cleanliness
Normal - frequent 4(8.0) <0.001 84.3 (22.3-319.2)
Very frequent 44 (88.0)

Breastfeeding
Up to 2 months 41 (69.5) <0.001 11.1 (4.1-29.6)
3-5 months 7(17.1)

Personal history
Other atopic disease 44 (48.9) 0.594 0.7 (0.2-2.6)
Allergic rhinitis 4 (40.0)

Family history
Other atopic disease 23 (45.1) 0.553 1.3 (0.6-2.8)
Asthma 25 (51.0)

Gender
Male 21 (44.7) 0.532 1.3 (0.6-2.8)
Female 27 (50.9)

Food allergens
0-3 28 (37.3) <0.001 6.7 (2.3-19.9)
>3 20 (80.0)

Aeroallergens
<2 19 (50.0) 0.754 1.1 (0.5-2.6)
>2 29 (46.8)

RAST (number)
=1 28 (42.4) 0.120 1.9 (0.8-4.5)
>1 20 (58.8)

RAST (Level)
(Class 0, I) 17 (30.4) <0.001 5.5(2.3-13.0)
(Class II, IIT) 31 (70.5)

Cigarettes/day
0-20 18 (27.7) <0.001 15.7 (5.3-46.7)
>20 30 (85.7)

Passive smoking
<4 16 (25.0) <0.001 24.0 (7.3-78.4)
>4 32 (88.9)

Age
<18.5 months 31 (62.0) 0.005 3.2 (1.4-7.2)
>18.5 months 17 (34.0)

Total serum IgE
<28.5 21 (42.0) 0.230 1.6 (0.7-3.6)
>28.5 27 (54.0)

[26, 29]. However, many studies suggest that the positive
association between breastfeeding and atopic diseases may
be attributed to inverse causality. Indeed, the development
of AD or the presence of a higher risk of atopic diseases
tend to prolong the duration of breastfeeding in the hope
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that breastfeeding will have a protective effect [35]. Con-
sequently, this inverse causality can be misinterpreted to
suggest that a longer duration of breastfeeding leads to AD,
whereas the symptoms of AD result in a longer duration of
breastfeeding [36].



Regarding passive smoking, to our knowledge, no study
has been published regarding an association with SCORAD
scores in childhood AD. However, our results do not suggest
an association between passive smoking and the develop-
ment or the severity of AD, in accordance with most of the
studies that have been carried out to date [12, 29, 37, 38].
On the contrary, an association was found between parental
smoking and a higher risk of AD in children [8, 39, 40].
Importantly, our study differs from others based on the
fact that our data indicate that environmental factors, pre-
viously suggested as risk factors, appear to play a major
role as independent factors in the severity of AD accord-
ing to SCORAD scoring. However, we note that there are
some limitations in our study that affect the interpretation
of our results. First of all, due to the limited number of chil-
dren who participated in the study, definitive conclusions
cannot be drawn. It should also be mentioned that the num-
ber of children in our study who attended kindergarten was
limited, thus the results regarding kindergarten attendance
should be considered with caution. Secondly, our results
may not be applicable to the general population due to the
urban origin of all the participating children. Certain fac-
tors might predominantly affect children who live in rural
regions; factors that are either absent in urban areas or more
overwhelming in rural areas. However, the diagnosis of AD
was based on specific and strict criteria through medical
examination using an adequate definition of AD. Also, we
used SCORAD scores for the evaluation of AD severity,
which is the most highly recommended scoring system for
AD.

To conclude, this is a study that clearly highlights the
correlation between certain environmental factors and AD
severity in children. The short duration of breastfeeding, the
absence of older siblings, parental passive smoking, food
allergens along with aeroallergens, and excessive cleanli-
ness should be considered as negative prognostic factors,
leading to higher SCORAD scores in children with AD.
Our results are useful in understanding AD and, therefore,
could be utilized for effective management of the disease.
However, the extent to which each of the above factors
contributes to the severity of the disease and the possible
use of some of them as a disease biomarker remains to be
clarified, stressing the need for larger, multicentre studies
in the future, to explore, in addition, gene-environmental
interactions.

Disclosure. Financial support: none. Conflict of interest:
none.
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