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J, Krämer U, for the LISAplus study group. Association between attendance of day care centres and increased prevalence of eczema in the German birth cohort

study LISAplus. Allergy 2010; DOI: 10.1111/j.1398-9995.2010.02446.x.

Background

Eczema is the most common inflammatory skin disorder in

the paediatric population and significantly impacts the qual-

ity of life. In young children with eczema, sleep disruption,

psychological abnormalities and social isolation have been

described as disease-related consequences (1).
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Abstract

Background: Day care centre attendance is much more common in East than in

West Germany. Although there is evidence that early day care might be protective

against atopic diseases, several studies have shown a higher prevalence of childhood

eczema in East Germany compared to West Germany.

Objectives: To compare prevalence and cumulative incidence of eczema in a birth

cohort study in East and West Germany and to identify risk factors that are associ-

ated with eczema, which might explain regional differences.

Methods: We used data from the ongoing population-based birth cohort study Influ-

ence of Life-style factors on the development of the Immune System and Allergies

in East and West Germany Plus the influence of traffic emissions and genetics. In

1997, 3097 children from study areas in East and West Germany were recruited.

Cumulative incidence and 1-year prevalences of eczema up to the age of 6 years

were determined from yearly questionnaires. Cox regression and generalized estimat-

ing equations/logistic regression were used to quantify regional differences and to

identify risk factors that might explain them.

Results: Prevalence and incidence of eczema were higher in children living in East

Germany than those living in West Germany. We identified 11 risk factors that

showed significant regional differences. From these factors, only ‘day care atten-

dance during the first 2 years of life’ was significantly associated with eczema (odds

ratio 1.56, 95% confidence interval CI 1.31–1.86). The regional differences in

eczema could be explained by differences in early day care utilization.

Conclusion: Day care centre attendance is associated with an increased prevalence

and incidence of eczema. Regional differences in eczema prevalence could be

explained by regional differences in utilization of early day care.

Abbreviations

CI, 95% confidence interval; GEE, generalized estimating

equations; HR, hazard ratio; LISAplus, influence of Life-style factors

on the development of the Immune System and Allergies in East

and West Germany Plus the influence of traffic emissions and

genetics study; OR, odds ratio.
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There is evidence to support the idea that environmental

and lifestyle factors are important for determining eczema

expression (2). Various risk factors for childhood eczema

have been discussed in the literature including sex, socioeco-

nomic status, pet exposure, tobacco smoke, air pollution,

nutrition-related aspects, day care attendance and stress

(3–6). There is a great body of evidence that day care atten-

dance is associated with an increased prevalence of respira-

tory infections early in life (7–12). According to the hygiene

hypothesis (13), it is postulated that infections during early

childhood might protect children from the development of

atopic diseases later in life. Krämer et al. (14) showed that

children from small families who entered day nursery early in

life had less atopic sensitizations, asthma and hay fever than

children who first attend day care at an older age. The study

of Krämer et al. (14) was carried out in different towns in

East Germany, where early day care centre attendance is

much more common than in West Germany (10). However,

after the reunification of Germany, several epidemiological

studies consistently demonstrated that the prevalence of

eczema was higher in children from East Germany (15–17).

In contrast, hay fever and allergic sensitizations were signifi-

cantly less prevalent in this region (18). However, to date, the

causes for the different regional patterns of eczema preva-

lence are largely unknown.

Therefore, the aim of our study was to investigate the

prevalence and cumulative incidence of eczema in East and

West Germany and to identify risk factors that might explain

regional differences. We analysed the data from the Influence

of Life-style factors on the development of the Immune Sys-

tem and Allergies in East and West Germany Plus the influ-

ence of traffic emissions and genetics (LISAplus) birth cohort

study conducted in Germany and included children up to

6 years of age. To our knowledge, this is the first longitudinal

study that focuses on the identification of explanatory risk

factors for regional differences in eczema prevalence between

East and West Germany.

Subjects and methods

Study population

The study includes data from the ongoing German birth

cohort study LISAplus. The design of the study has been

described elsewhere in detail (19). Briefly, 3097 healthy, full-

term neonates from parents with German nationality were

recruited between 1997 and 1999. The cohort was followed

until the age of 6. Study areas in West Germany were

Munich, Wesel and Bad Honnef. Leipzig was chosen as the

study area in East Germany (Fig. 1). The study was

approved by the respective local ethics committees.

Phenotypes

Data on childhood eczema were obtained using self-adminis-

tered, parental questionnaires that were sent to the LISAplus

cohort participants at 6, 12, 18, 24, 48 and 72 months after

birth. The dichotomous outcome variables considered were

parental report of eczema symptoms and of doctor-diagnosed

eczema. Children were classified as having eczema symptoms

if parents gave affirmative answer on having an intermittent,

itchy skin rash that affected places other than the nappy area

and lasted at least 2 weeks or appeared repeatedly in the last

12 months. With regard to doctor-diagnosed eczema, parents

were asked whether a physician had diagnosed the child with

atopic eczema since the last follow-up. At 6 years of age, the

members of the cohort were invited to participate in a medi-

cal examination by trained paediatricians, who determined

visible flexural dermatitis according to the ISAAC II protocol

(20).

Study region

The variable ‘East/West’ was defined as dichotomous vari-

able. Children from the study region Leipzig were defined as

children from ‘East’ (East/West = 1) and children from

Munich, Bad Honnef and Wesel as children from ‘West’

(East/West = 0).

Potential risk factors

Based on our previous knowledge, we investigated the following

16 covariates: parental allergy, sex, day care centre attendance

during the first 2 years of life, elder siblings, parental years of

Figure 1 Study regions in the LISAplus cohort.
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schooling >10 years, high professional qualification of

parents, maternal smoking during pregnancy, contact with

dog or cat in the first year of life, maternal age at childbirth

>30 years, relocation during the last 6 years, passive smok-

ing in household, single father or single mother, fully breast-

fed for at least 4 months, pregnancy unwanted, income over

at-risk poverty threshold (682 €) and indoor renovation

activities during the last 12 months before birth.

Statistical analysis

Descriptive statistics for qualitative values are given by abso-

lute and relative frequencies. Significant differences between

study regions were determined using chi-squared-test. The

association between the outcome variable eczema and the

variable East/West and potential explanatory risk factors was

analysed by Cox regression and logistic regression using

generalized estimating equations (GEE) for longitudinal

analyses. Proportionality of effects over time was tested.

From all covariates, we selected those variables as poten-

tial explanatory variables that demonstrated East/West

differences as well as an association with eczema. The

explainable proportion of a risk factor was determined by

comparing the odds ratio (OR) and the hazard ratio (HR)

for the variable East/West in two different models: model 1

adjusted only for sex and parental allergy, and model 2 addi-

tionally controlled for the risk factor under investigation.

Finally, risk factors that changed the OR and the HR for

the variable East/West of at least 10% towards one were

identified as explanatory risk factors. Odds ratio and HR are

presented with 95% confidence intervals (CI). All analyses

were completed using sas version 9.1 (SAS Institute Inc.,

Cary, NC, USA).

Results

Characterization of the study population

At birth, 3097 children were recruited into the LISAplus

cohort (Fig. 2). The proportion of loss to follow-up in the

first year was 12%. Thereafter, follow-up rates were over

90%. Response rates to 6-year questionnaires were over 90%.

Characteristics of the LISAplus cohort are presented in

Table 1. Children from East Germany were more likely to

have eczema at the age of 4 and 6 years. They also had a

higher cumulative incidence of eczema symptoms up to

6 years of age. Furthermore, several putative risk factors for

eczema demonstrated significant regional differences.

Prevalence and cumulative incidence of eczema in East and

West Germany

One-year prevalences and cumulative incidences were higher

in children living in East Germany than in those living in

West Germany (Fig. 3). Between 2 and 4 years of age, differ-

ences in prevalence and cumulative incidence were most

pronounced. However, we found no significant interaction

between the variable ‘East/West’ and age of the children.

Putative explanatory risk factors for regional differences in

eczema prevalence and cumulative incidence

Eleven of 16 covariates evaluated displayed significant regio-

nal differences (Table 1). These factors might explain the

regional patterns of eczema if they also had an association

with eczema. Therefore, we investigated the association

between eczema and the eleven covariates using Cox regres-

sion with doctor-diagnosed eczema up to the age of 6 as out-

come variable. As parental allergy and sex are well-known

risk factors for eczema, they were principally considered as

potential confounders. Results of Cox regression showed that

only day care attendance during the first 2 years of life and

smoking in household were significantly associated with

eczema. Although the HR for smoking in household was

significantly lower than 1, smoking was not considered as

explanatory variable, because this finding is not plausible and

might be owing to reverse causation. With regard to day care

centre attendance, the HR was 1.56 (1.31–1.86). However, as

exposure to the risk factor has to occur prior to the develop-

ment of eczema, we confined the analysis to children who

developed eczema after attending day care and found also a

strong association (HR: 1.71, 1.31–2.23).

Day care attendance in East and West Germany and

association with eczema

Attendance in day care centres in the first 2 years of life was

more common in East than in West Germany (55.1% in East

Germany vs 5.7% in West Germany, Table 1). The associa-

tion between eczema and day care centre attendance was

independent of study region. Children attending day care

centres were at higher risk for eczema in East Germany as

well as in West Germany (Fig. 4). The HR for day care

centre attendance using eczema from the second life year up

to the sixth life year as outcome variable was 1.65 (1.05–2.60)

in East Germany and 1.93 (1.19–3.15) in West Germany.
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Adjusting for further covariates (e.g. parental school educa-

tion) did not change the parameter estimates for day care

centre attendance.

We additionally calculated the effect of day care atten-

dance in the group of children without elder siblings: the

effect in this subgroup was in the same order of magnitude

as for the whole group.

Identification of ‘day care attendance’ as an explanatory risk

factor

The association between the variable ‘East/West’ and eczema

was investigated using Cox regression and GEE (Table 2). In

each case, the HR or OR for the variable ‘East/West’ was cal-

culated in two different regression models (model 1 before

adjusting for day care attendance and model 2 after adjusting

for day care attendance). To insure that only cases that devel-

oped eczema after exposure (day care centre attendance in the

first 2 years of life) were considered, we additionally calculated

the HR from the second life year up to the sixth life year.

Before adjusting for day care attendance (model 1), the

ORs and HRs for the variable ‘East/West’ were significantly

greater than one. After additionally adjusting for day care

attendance (model 2), parameter estimates diminish towards

one. In model 2, the variable ‘East/West’ is no longer a risk

factor for eczema.

With regard to GEE, we additionally calculated the ORs

for day care (using eczema from the second life year up to

the sixth life year as outcome) separately for children who

already had eczema before attending day care and for those

children who had not. The OR was highly significant in the

group of children who had no eczema before attending day

care (1.91, 1.32–2.74). In contrast, we found no significant

effect in the group of children who had eczema before attend-

ing day care (OR 1.06, 0.63–1.79).

We observed that the effect of day care attendance was

strongest on eczema at 2 and 4 years of age: the OR for day

care attendance using model 2 by logistic regression was 1.51

(1.11–2.03) for eczema symptoms at 2 years of age. By 6 years

of age, the effect of day care attendance on symptoms was no

longer significant (OR: 1.09, 0.74–1.59). The same was true

using the point prevalence of flexural eczema at 6 years of age

as an outcome variable (OR: 1.09, 0.51–2.29).

Discussion

Our results demonstrate that different regional patterns of

eczema in Germany still exist more than 10 years after the

Table 1 Description of the study population

East West

N % N %

One-year prevalence in the age of 4

Doctor-diagnosed eczema 634 13.3*** 1728 8.4

Eczema symptoms 667 15.7* 1760 12.4

Cumulative incidence up to the age of 6

Doctor-diagnosed eczema 842 27.0 1964 23.6

Eczema symptoms 836 33.9* 1947 30.2

One-year prevalence in the age of 6

Doctor-diagnosed eczema 560 11.1* 1611 7.8

Eczema symptoms 558 13.3 1613 10.7

Visible flexural eczema: point prevalence at the age of 6 377 5.6 967 4.0

Sex, male 864 49.7 1995 52.2

Parental allergy 864 42.3*** 1989 56.7

Maternal age >30 years at birth of child 864 11.2*** 1995 42.1

Elder siblings 861 34.8*** 1991 47.5

Passive smoking in househould 864 37.9*** 1995 29.6

Maternal smoking during pregnancy 854 18.2 1982 15.3

Relocation during the last 6 years 864 48.5*** 1995 40.7

Contact with cat or dog in the first year of life 864 23.5 1995 20.3

Single father/single mother 802 28.9*** 1894 9.3

Indoor renovation activities in the last 12 month before birth 849 79.5 1978 71.8

Pregnancy unwanted 857 10.7** 1956 7.1

Fully breastfeeding for at least 4 months 864 52.2 1995 57.1

Day care attendance during the first 2 life years 862 55.1*** 1987 5.7

Parental professional qualification high 835 63.7*** 1972 77.3

Parental school education >10 years 820 59.2*** 1978 74.9

Income over at-risk poverty threshold (682 €) 718 73.1*** 1693 91.8

Chi-square test: *P < 0.05, **P < 0.01, ***P < 0.001.

Association between attendance of day care centres and increased prevalence of eczema Cramer et al.
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German reunification. The nationally representative German

Health Interview and Examination Survey for Children

and Adolescents (KiGGS) from 2003 to 2006 (21) demon-

strated a higher prevalence of eczema in East Germany too,

but the difference between East and West Germany was not

significant.

From a broad range of potential risk factors, we identified

day care centre attendance in the first 2 years of life as the

only explanatory risk factor for the observed regional differ-

ences in eczema prevalence and incidence. Several epidemio-

logical studies in different countries have focused on the

relationship between day care and atopic diseases (7, 14, 22–

27). In our previous study (14), we demonstrated that in

children aged 5–14 years from small families who entered day

nursery at age 6–11 months, the prevalence of atopic sensiti-

zations, asthma and hay fever was lower than in children

who entered day nursery at an older age. However, there was

no effect of age at entry to day nursery on eczema develop-

ment (Krämer U, personal communication).

Most studies do not militate in favour of a significant

association between day care attendance (2, 23, 25, 26) and

eczema. A few studies have reported a protective effect (22,

24) or, as in our case, a promotional (7) effect of day care

attendance on eczema. These controversial results might

partly be because of different study designs, different age

groups and different type or intensity of day care attendance.

Doctor-diagnosed eczema

0

5

10

15

20

Life years

P
re

va
le

nc
e 

(%
)

0

5

10

15

20

25

30

35

Life years

C
um

ul
at

iv
e 

in
ci

de
nc

e 
(%

)

0

5

10

15

20

25

30

35

Life years
C

um
ul

at
iv

e 
in

ci
de

nc
e 

(%
)

Eczema symptoms

0

5

10

15

20

1 2 3 4 5 6

1 2 3 4 5 6 1 2 4 6

1 2 4 6
Life years

P
re

va
le

nc
e 

(%
)

East Germany West Germany

Figure 3 Prevalence and cumulative incidence of eczema in East and West Germany.

Day care centre attendance + Day care centre attendance -

East

0
5

10
15
20
25
30
35

Life years

West

0
5

10
15
20
25
30
35

1 2 3 4 5  6 1 2 3 4 5  6 
Life years

C
um

ul
at

iv
e 

in
ci

de
nc

e 
(%

)

C
um

ul
at

iv
e 

in
ci

de
nc

e 
(%

)

Figure 4 Cumulative incidence of eczema and day care attendance.

Cramer et al. Association between attendance of day care centres and increased prevalence of eczema

ª 2010 John Wiley & Sons A/S



Most of these studies investigated eczema prevalence among

school-aged children, whereas children in our study were

younger. Although we found no significant deviation from

proportionality over time, our data displayed a slight trend

that the effect of early day care centre attendance on eczema

weakened as the children grew older. This might explain why

most of the aforementioned studies did not find an effect of

day care centre attendance on eczema. Our results are in line

with findings from a large cross-sectional study in Sweden (7)

in which children between 1 and 6 years of age had an

increased risk for eczema if they attended a public day care

centre. As in our study, the effect was strongest in the youn-

ger age groups.

Contradictory to our findings, results from a birth cohort

study in Denmark (24) and one from the United States (22)

indicated that day care attendance had a protective effect

against eczema. The study from Celedón et al. (22) only

included children with parental history of atopy and Benn

et al. (24) evaluated children who attended day care before

6 months of age and who were up to 18 months old. There-

fore, these studies are not directly comparable to our study.

Furthermore, it has to be taken into consideration that type

and intensity of day care attendance differ between countries.

There is a great body of evidence that day care attendance is

associated with an increased prevalence of respiratory infec-

tions early in life (10–12). According to the hygiene hypothe-

sis (13), it is postulated that infections during early childhood

might protect children from the development of atopic dis-

eases later in life. Therefore, our results are surprising. Quite

recently, results from a Dutch birth cohort study demon-

strated that children who attend day care early in life had an

increase in airway symptoms until 4 years of age but were

not protected from asthma symptoms, hyperresponsiveness

or allergic sensitization at the age of 8 (27).

With regard to eczema, in addition to immunological

factors, defects in skin barrier function seem to play an

important role (28). Attendance of day care might coincide

with a higher exposure to allergens and micro-organisms. In

the case of children with an impaired epithelial barrier,

these substances easily penetrate into the subepidermal

layer. This might result in a higher predisposition for sec-

ondary eczema manifestation (29). However, other factors

such as stress should also be taken into consideration. Sev-

eral studies report an association between stress and day

care centres (30, 31), and there is a growing body of evi-

dence that psycho-neuroimmunological factors and emo-

tional stress are important for the development of eczema

(8, 9). Recent studies have suggested that stress impairs the

barrier function of the skin and favours a shift in immunity

towards a T-helper type 2 cell (Th2) response, which might

result in higher predisposition for the development of

eczema (8, 9, 32).

The strengths of our study are the prospective study

design and the good follow-up rates. One limitation is the

fact that our results might not be fully representative for

Eastern and Western Germany as they are mainly based on

a comparison between the city of Leipzig in Eastern

Germany and Munich in Western Germany. On the other

hand, the best-known epidemiological study, which showed

regional differences of allergic diseases in East and West

Germany shortly after reunification, was also performed in

these two study regions (18). The 1-year prevalence of

eczema was assessed using questionnaire-based data.

Although there is scepticism regarding the validity of ques-

tionnaire-based data, it has been shown that questionnaire-

derived symptom prevalences can be sufficiently precise for

comparison between populations (33). The association

between day care attendance and eczema was found for doc-

tor-diagnosed eczema as well as for eczema symptoms as

outcome variable. However, it cannot be excluded that the

observed effect might be because of reporting bias associated

with day care centre attendance. Using the point prevalence

of visible flexural eczema observed by a physician at 6 years

of age as an additional outcome measure, we did not

observe an effect of day care attendance of eczema preva-

lence. However, this result does not conflict with our find-

ings as there was a slight trend showing that the effect of

day care attendance on eczema plateaued when children

were in school age. The LISAplus study was conducted with

focus on the immune system and allergies. Therefore, we

have no in-depth information with regard to type and inten-

sity of day care centre attendance. However, to identify the

underlying factors that are causal for the higher prevalence

of eczema in children who attend day care centres, such

information would be necessary.

We recommend future studies on the relationship between

day care attendance and eczema, with a focus on different

conditions (e.g. time spent in day care and type of day care)

under which day care attendance influences immune reactiv-

ity and stress level in children.

Table 2 East/West differences in eczema before and after adjust-

ing for day care centre attendance�

Cox regression N

Model 1� Model 2§

HR (95% CI) HR (95% CI)

Doctor-diagnosed eczema

2nd–6th year

2288 1.29*

(1.00–1.67)

0.94

(0.67–1.31)

Eczema symptoms

2nd–6th year

2227 1.26*

(1.01–1.58)

1.15

(0.88–1.51)

GEE analyses N

Model 1� Model 2§

OR (95% CI) OR (95% CI)

Doctor-diagnosed eczema

2nd–6th year

2843 1.48***

(1.19–1.85)

1.10

(0.85–1.44)

Eczema symptoms

2nd–6th year

2843 1.38**

(1.13–1.69)

1.22

(0.96–1.55)

CI, 95% confidence interval; GEE, generalized estimating equa-

tions; HR, hazard ratio; OR, odds ratio.

�Within the first 2 years of life.

�Adjusted for gender and parental allergy, significance indicated by

*P < 0.05, **P < 0.01, ***P < 0.001.

§Adjusted for gender, parental allergy and day care centre attendance.
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Conclusions

Using data from the German birth cohort LISAplus, we dem-

onstrated that more than 10 years after the German reunifica-

tion, the prevalence and incidence of eczema in children up to

the age of 6 years were still higher in East Germany compared

to West Germany. Day care centre attendance in the first

2 years of life was much more common in East Germany than

in West Germany. Day care centre attendance is associated

with an increased prevalence and incidence of eczema in East

Germany as well as in West Germany. However, the effect of

day care centre attendance appears to level out as children get

older. In our study, the regional differences in eczema preva-

lence and incidence could be explained by regional differences

in utilization of early day care. Further longitudinal studies are

needed to replicate our findings and to identify the causal

factors for the higher risk of eczema in children who attend

day care centres within the first 2 years of life.
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17. Krämer U, Oppermann H, Ranft U, Schäfer
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