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ABSTRACT
Objective To compare the incidence of atopic dermatitis 
in children aged from 6 months to 3 years across birth 
seasons and climate conditions.
Design Cohort study.
Setting Fifteen regional centres across Japan.
Participants A total of 100 304 children born from 2011 
to 2014.
Exposure Birth month, and mean sunshine duration 
(short/long) and humidity (high/low) in the first 6 months 
of life.
Primary outcome measure Incidence of atopic 
dermatitis.
Results The highest incidence of atopic dermatitis was 
in children born in the months of October to December. 
The lowest incidence of atopic dermatitis was in the 
months of April to June and in periods with a long 
duration of sunshine and high humidity. Low humidity was 
significantly associated with a higher incidence of atopic 
dermatitis. However, this significant difference disappeared 
when the birth season and parental history of allergic 
disease were considered in multivariate analysis.
Conclusions In Japan, being born in the late autumn to 
early winter months is associated with a risk of developing 
atopic dermatitis until the age of 3 years. Sunshine 
duration and humidity from birth to 6 months of age are 
not associated with the incidence of atopic dermatitis.

INTRODUCTION
Approximately 10%–20% of children have 
atopic dermatitis (AD).1 2 Many genetic and 
environmental factors may be associated 
with the incidence and aggravation of AD.3 
An epidemiological investigation identifying 
factors associated with AD would be helpful 
for reducing the number of child patients 
who suffer from this disease from infancy.

Possible environmental factors of AD 
include seasonal climate conditions, chemical 
irritants, bacterial colonisation, psychological 
stress4 and birth month.4 Among environ-
mental factors, being born from autumn to 
winter in the northern hemisphere increases 
the risk of developing AD, while birth from 
spring to summer may decrease the inci-
dence of AD.5 The mechanism of this asso-
ciation could be confounded by prevailing 
seasonal viruses, airborne natural antigens, 
or sunshine duration and humidity, which 
could be related to psychological stress, dry 
skin, and itchiness. Exposure to ultraviolet 
may improve skin barrier performance,6 and 
may reduce the risk of developing AD.7 Low 
humidity may be related to a high incidence 
of AD.8 Relating birth cohort data9–12 and 
metrological data13 may help answer the ques-
tion of how birth month is associated with the 
incidence of AD. Therefore, this study aimed 
to investigate how birth month is associated 
with the incidence of AD.

Strengths and limitations of this study

 ► Six- monthly meteorological data were used, corre-
sponding to individual children.

 ► The parental history of allergic disease was 
considered.

 ► A history of bacterial infection was not considered 
theoretically as a confounder.

 ► Metrological data of children’s residence were not 
individual but averaged.

 ► The severity of atopic dermatitis was not analysed.
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METHODS
Measures
Details on the Japan Environment and Children’s Study 
(JECS) project are published elsewhere.9 Approximately 
100 000 expecting mothers who lived in designated study 
areas were recruited over 3 years from January 2011. 
Participating children were followed until they reached 13 
years old. Exposure to environmental factors was assessed 
by chemical analyses of biospecimens (blood, cord blood, 
urine, breast milk and hair), household environment 
measurements and computational simulations using 
monitoring data and questionnaires. One of the JECS’ 
priority outcomes was immune system disorders (allergic 
diseases).9 The JECS comprises a cohort of 104 062 chil-
dren born from 2011 to 2014 in 15 Regional Centres 
covering 18 prefectures across Japan.14 We used the JECS 
data ‘jecs- ta-20190930- qsn’ for generating questionnaires, 
which were sent to caregivers by post when their children 
were aged 6 months, 1 year, 2 years and 3 years. We asked 
if physicians had diagnosed the children with AD.

In Japan, sunshine duration almost peaks on 21 June 
(the summer solstice) and is at its shortest on 21 December 
(the winter solstice). Humidity, which is lowest in winter, 
rises proportionally with a rise in sunshine duration to 
summer. Sunshine duration varies depending on regions 
from approximately 125–180 hours/month. Humidity 
also varies depending on region and month from approx-
imately 50%–80% in Japan. Therefore, sunshine dura-
tion and humidity of the 18 studied prefectures from the 
northern to southern regions of Japan varied. Overall in 
Japan, among seasons, summer has the longest sunshine 
duration and highest humidity, and winter has the 
shortest sunshine duration and lowest humidity.

We collected climate condition data per prefecture and 
month from the Japan Meteorological Agency website.13 
The sunshine duration was defined as hours with ≥120 
Watt/m2 of direct sunshine, as measured by a solarim-
eter. The mean sunshine duration and humidity of the 
18 prefectures from April 2011 to March 2015 were 
166.1 (SD: 45.4) hours/month and 68.4% (SD: 7.6%), 
respectively. These values were used as cut- off values for 
categorising children as being exposed to a long/short 
sunshine duration and high/low humidity while taking 
into account their resident area and birth month. For this 
categorisation, the mean sunshine duration and humidity 
in the child’s resident area over 6 months beginning with 
the child’s birth month were compared with the cut- off 
values. An example of this categorisation is that a child 
who was born in April 2011 would be categorised on the 
basis of meteorological data from April to September 
2011.

For considering a child’s genetic predisposition to AD, 
we used a parental history of asthma, allergic rhinitis, 
pollen allergy, AD, allergic conjunctivitis and/or food 
allergy. The father and mother were asked individually 
about a history of allergic diseases to determine their 
experience of each diagnosed disease by a physician.

Analyses
The 12 months of the year were categorised into four 
seasons in three different ways (ie, starting with January 
to March, February to April or March to May). We 
compared Kaplan- Meier curves of the incidence of AD 
among seasons by performing log- rank tests. The inci-
dence of AD by birth month and season until 3 years of 
age was calculated. We also compared the incidence of AD 
using Kaplan- Meier curves for children who were born in 
regions with long versus short sunshine, with high versus 
low humidity and with a long/short sunshine duration 
and high/low humidity. Because we found a difference in 
the incidence of AD among birth seasons, we compared 
this incidence among seasons by strata of children whose 
parents had a history of allergic disease and those who 
did not have a history of allergic disease. We performed 
Cox regression by birth season, humidity, and parental 
history of allergy, which were considered to be risk factors 
of AD from Kaplan- Meier curves. Data from participants 
who were lost to follow- up or developed AD after 3 years 
of age were considered as being censored. We conducted 
all statistical analyses using SAS statistical software V.9.4 
(SAS Institute). Kaplan- Meier curves were drawn using 
RStudio V.1.2.1335 (R Project for Statistical Computing, 
Vienna, Austria). Two- sided p values of <0.05 were consid-
ered to indicate a significant difference.

Patient and public involvement
Written informed consent was obtained from all partici-
pants. Patient consent for publication was not required. 
Patients or the public were not involved in the design, 
conduct, reporting, or dissemination plans of our 
research.

RESULTS
The number of participants who answered the ques-
tionnaire decreased with the child’s age. By the ages of 
6 months, 1 year, 2 years and 3 years, 1715 of 100 304 
children (response rate: 96.4%), 4505 of 90 549 chil-
dren (response rate: 87.0%), 7299 of 84 859 children 
(response rate: 81.5%), and 9704 of 80 176 children 
(response rate for 77.0%), respectively, had developed 
AD. Online supplemental table 1 shows the characteris-
tics of the participants. The highest and lowest incidence 
of AD was observed in the October to December group 
and the April to June group, respectively (figure 1). The 
overall incidence per 100 person- years varied from 5.27 
(October to December) to 4.31 (April to June) (online 
supplemental table 1). By month, the highest incidence 
was in children born in October and December (online 
supplemental figure 1). Online supplemental figures 2 
and 3 show the results after varying how the months were 
grouped. The order of accumulated incidence of AD 
among the seasons did not change much from 6 months 
to 3 years old.

We also assessed the incidence of AD among four 
climate categories, including combinations of a long/
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short sunshine duration and high/low humidity, in the 
first 6 months of life. High or low sunshine duration 
was not associated with the incidence of AD (figure 2), 
while low humidity was associated with the incidence of 
AD compared with high humidity (figure 3). Among the 
long/short sunshine duration and high/low humidity 
groups, the short sunshine duration and low humidity 
group had a significantly higher incidence of AD than 
the long sunshine duration and high humidity group 
(figure 4).

We also analysed the incidence of AD based on parental 
history of any allergic disease. Online supplemental 
figures 4 and 5 show the incidence of AD by birth season, 
as stratified by parental history of allergic disease. The 
observed highest and lowest incidence of AD shown in 
online supplemental figures 4 and 5 was consistent with 
that shown in figure 1.

Table 1 shows the results of Cox proportional regres-
sion for risk factors of the incidence of AD. The adjusted 
HR showed that birth between October and December 

Figure 1 Birth season and incidence of atopic dermatitis 
in a Japanese birth cohort with the seasons starting from 
January.

Figure 2 Incidence of atopic dermatitis in regions with a 
long/short mean sunshine duration.

Figure 3 Incidence of atopic dermatitis in regions with a 
high/low mean humidity.

Figure 4 Incidence of atopic dermatitis in regions with 
a long/short mean sunshine duration and high/low mean 
humidity.
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and the father’s and mother’s history of allergy were risk 
factors of AD until the age of 3 years in the child.

DISCUSSION
The current study showed that the incidence of AD until 
the age of 3 years was highest when children were born 
between October and December and lowest when they 
were born between April and June. Consideration of 
parental history of allergic disease did not alter this asso-
ciation. Multivariate analysis showed that sunshine dura-
tion or humidity was not associated with the incidence of 
AD.

Potential aetiologies of this association are bacterial 
infection, dry air, high solar radiation/sunshine hours 
and atmospheric pressure. Dry skin and itchiness, which 
develop into AD, are common in low humidity. In the 
USA, a higher incidence of AD is associated with indoor 
heating use and low humidity, ultraviolet exposure and 
outdoor temperature.15 In Japan, a negative correlation 
between humidity and dermatological visits concerning 
AD was observed.16 In our study, we did not observe a 
clear correlation between high or low humidity in the 
first 6 months of life and the risk of AD, which suggested 
that humidity is not critical for inducing AD.

In Japan, AD shows remittance in 50% of 4- month- old 
patients before the age of 18 months. However, a previous 
study reported a high cumulative incidence rate of AD of 
30% in children who were younger than 3 years.17 In mice, 
low humidity caused a higher cutaneous immune reac-
tion by an increase in Langerhans cells and penetration of 
allergen.18 The mean humidity in Japan was 70% in 2016, 
which is not high compared with other countries.19 High 
humidity is clearly associated with a higher incidence of 
hand, foot and mouth disease with fever, ulcers and vesi-
cles.20 Dry and itchy skin are caused by low humidity and 
low temperature.8 However, in this study, there was no 
effect of high or low humidity on the risk of AD when 
birth month and parental history of allergic disease were 
considered (table 1). Therefore, in the present children, 
humidity did not appear to be important for inducing 
AD. Our study also did not suggest that a long sunshine 
duration induces AD.

Ultraviolet lighting is sometimes used clinically for 
reducing itchiness from severe AD.21 However, a long 
sunshine duration can also cause dry skin, which is a risk 
factor of AD. Furthermore, heat from a long sunshine 
duration can cause sweating, leading to itchiness and 
psychological stress from discomfort, both of which can 
exacerbate AD. In Japan, humidity is fairly constant. 
Therefore, we initially suspected that in Japan, itchiness 
and psychological stress from a long duration of sunshine 
may be a cause of AD in children. However, in contrast to 
our speculation, a combination of short sunshine dura-
tion and low humidity was associated with the highest 
incidence of AD (figure 4).

Notably, the association between the incidence rate 
of AD across birth seasons, sunshine duration, and 
humidity levels hardly changed from 6 months to 3 years 
old (figures 1 and 4). This finding indicates that envi-
ronmental factors with an adverse or preventive effect 
persist through early childhood. Allergic predisposition 
may not be determined until 6 months of age. Before that 
age, most infants only drink milk and do not eat aller-
genic solid products. A meta- analysis did not show clear 
evidence for a protective effect of breast feeding on the 
incidence of AD.22 Our analysis did not examine feeding 
behaviour of the children.

Confounding factors of our analysis need to be consid-
ered. When we considered genetic predisposition, we 
found a high incidence of AD in children who were born 
in October to December, regardless of whether their 
parents had allergic diseases (figure 1, online supple-
mental figures 4, 5 and table 1). Because parents do not 
plan the birth month of a newborn with a genetic predis-
position to AD, this factor could not have theoretically 
confounded the observed associations.

Serum vitamin D levels may be involved in the asso-
ciation between birth month and the incidence of AD. 
Maternal vitamin D supplementation does not affect 
the risk of AD at 3 years old.23 However, in an Australian 
study, a far distance from the equator was associated with 
a higher prevalence of eczema.24 Ultraviolet B irradiation 
decreases inflammation and promotes skin barrier func-
tion.6 Our data showed that birth between April and June 
was the most protective period against the incidence of 

Table 1 HRs (95% CIs) of possible factors involved in the incidence of atopic dermatitis until 3 years old

Factors Crude HR (95% CI) Adjusted HR (95% CI)

Short versus long sunshine duration 1.03 (0.99 to 1.08) ―
Low versus high humidity 1.06 (1.01 to 1.11) 0.99 (0.95 to 1.04)

Birth month between January and March 1.02 (0.95 to 1.09) 1.02 (0.95 to 1.09)

Birth month between April and June Reference Reference

Birth month between July and September 1.06 (0.99 to 1.13) 1.05 (0.98 to 1.13)

Birth month between October and December 1.20 (1.12 to 1.28) 1.20 (1.12 to 1.29)

Father’s history of allergy 1.21 (1.16 to 1.28) 1.18 (1.12 to 1.24)

Mother’s history of allergy 1.70 (1.62 to 1.78) 1.69 (1.61 to 1.77)
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AD. A high or low prevalence of AD among birth seasons 
was preserved from 6 months to 3 years old.

Limitations
Our study has the following limitations. First, our results 
are limited by infection not being examined as a poten-
tial confounder. Second, we used 6 monthly means of 
sunshine duration and humidity. Individual experience 
was not considered. Third, dichotomisations of a long/
short sunshine duration and high/low humidity were 
determined by single cut- off values. Fourth, the inci-
dence of AD was reported by caregivers based on the 
physician’s diagnosis. There could have been recall bias 
of caregivers. Fifth, physicians who diagnosed children 
included specialists of AD and non- specialists. Physicians 
might have underdiagnosed AD in infancy because this 
diagnosis can cause stigma to children and caregivers.25 
Sixth, we were unable to consider details of AD. Because 
AD can be caused by several mechanisms, analysis of 
disease severity may lead to a further understanding of 
its aetiology.

CONCLUSIONS
Births in October to December have the highest incidence 
of AD until the age of 3 years. This result is consistent 
when a parental history of allergic disease is considered. 
A high or low incidence of AD by birth season persists 
from 6 months through to 3 years in childhood. Although 
the lowest incidence of AD is found in residents in 
regions with a long sunshine duration and high humidity 
in crude data, multivariate analysis shows no association 
of sunshine duration and humidity with the incidence of 
AD.
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