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The Association Between Season of Birth and
Atopic Dermatitis in the Northern Hemisphere:
A Systematic Review and Meta-Analysis
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What is already known about this topic? Atopic dermatitis (AD) is a prevalent chronic skin condition. Although several
risk factors for AD have been proposed over the years, it is unknown whether season of birth can affect the risk of

What does this article add to our knowledge? This meta-analysis shows that fall and winter birth in the Northern
hemisphere was associated with a slightly increased risk of AD, but also indicate that more research is needed to support

How does this study impact current management guidelines? If prophylactic treatment aiming at improving the skin
barrier can reduce the risk of AD, this could be of particular value in children born during the fall and winter on the Northern

BACKGROUND: Cold and dry climate negatively affects skin
barrier functions. This could explain the higher incidence of
atopic dermatitis (AD) in Northern countries distant from the
equator, as well as the general worsening of AD in Northern
European winter months. Although it has been suggested that
fall and winter birth is associated with AD, this remains
unknown.

OBJECTIVES: To examine whether the prevalence of AD is
associated with season of birth.

METHODS: We conducted a systematic review and meta-
analysis. Two reviewers independently searched 3 databases.
Study quality was assessed using a Newcastle-Ottawa scale. Study
heterogeneity was assessed with Cochrane Q and I? statistics.
Odds ratios with 95% CIs were calculated. Publication bias was
assessed using funnel plots.

RESULTS: The systematic review identified 23 relevant articles
of which 9 articles were included in the meta-analysis. Among a
total of 726,378 children aged 0 to 12 years, the overall pooled
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prevalence of AD was 12.9%. The pooled prevalence of AD was
15.4% (95% CI, 12.1%-19.1%), 14.9% (95% CI, 12.0%-
18.1%), 12.7% (95% CI, 10.2%-15.4%), and 13.7% (95% CI,
10.8%-17.0%), among children born in the fall, winter, spring,
and summer, respectively. AD was significantly associated with
fall (odds ratio, 1.16; 95% CI, 1.06-1.28; P = .0018) and winter
(odds ratio, 1.15; 95% CI, 1.04-1.27; P = .0076) birth
compared with spring birth.

CONCLUSIONS: Although a positive and significant
association was observed between being born in fall and winter
and developing AD on the Northern hemisphere, there is a need
for additional and better-designed studies to understand the
effect of seasonal changes on the risk of AD. © 2019 American
Academy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol Pract 2019;m:m-m)
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Abbreviations used
AD- atopic dermatitis
OR- odds ratio

UV- ultraviolet

INTRODUCTION

Atopic dermatitis (AD) is a chronic relapsing pruritic in-
ﬂammatory skin condition that normally begins in early child-
hood."” Filaggrin gene mutations are associated with xerosis and
are a strong risk factor for AD. 34 However, certain climatic
factors including low temperatures and ambient humidity may
also negatively affect skin barrier functions,” and at least in part
explain the higher incidence of AD in countries on the Northern
hemisphere that are located distant from the equator, and the
dramatic worsening of AD in some patients during winter
months.”"? We recently observed a dramatic increase in the
incidence of AD in infants born during the fall and winter
months in Denmark.® Thus, we performed a systemic review and
meta-analysis to examine whether the prevalence of pediatric AD
is generally associated with season of birth.

METHODS
Literature search

A literature search was performed by 2 independent reviewers
(M.C. and F.A)) on April 21, 2018, using the databases PubMed,
Embase, and Web of Science (see Figure E1 in this article’s Online
Repository at www.jaci-inpractice.org). Search terms included
(“atopic dermatitis” OR “atopic eczema” OR “children eczema” OR
“flexural eczema”) AND (“season” OR “seasonal” OR “climate” OR
“birth” OR “month”). All articles were screened and included/
excluded on the basis of title and abstract. Articles were included in
the analysis if they contained data on AD incidence or prevalence
according to season or month of birth. If only months were given,
the spring was classified by the months March-April-May, summer
by the months June-July-August,
September-October-November, and winter by the
December-January-February. If inclusion criteria could not be
determined on the basis of title or abstract, the article was included

autumn by the months
months

for full-text screening. No restrictions were placed on date or lan-
guage of publication. If data were duplicated in more than 1 study,
data only from the most recent or comprehensive study were
included. Authors of relevant articles without extractable data from
text or tables were queried for more comprehensive data. Articles
were excluded if they lacked an abstract or only assessed atopy. If
there was doubt about inclusion or exclusion of an article, consensus
was achieved through discussion between the 2 screeners and the
senior author (see Figure E2 in this article’s Online Repository at
www.jaci-inpractice.org). Data extraction was done by 2 individual
authors. The study design, method of establishing the AD diagnosis,
the country of origin, and data on the participants’ age and sex were
collected for each included study. The search process was performed
according to Preferred Reporting Items of Systematic reviews and
Meta-analyses guidelines (see Figure E1)."

Study quality was assessed using an adapted version of Newcastle-
Ottawa scale for cross-sectional studies, because all studies identified
were cross-sectional. Studies with an adapted Newcastle-Ottawa
scale score of 7 or more were considered to be of high quality."’
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Statistical analysis

The possible association between AD and being born during,
respectively, the fall, winter, or summer was examined with spring as
the reference. Sensitivity analyses were performed for studies from
Europe and Asia. Odds ratios (ORs) with 95% ClIs were estimated.
Study heterogeneity was assessed with Cochrane Q and I? statistics.
For all analyses, random-effect models (DerSimonian-Laird) were
used. Publication bias was assessed using funnel plots (see Figure E3
in this article’s Online Repository at www.jaci-inpractice.org). All
statistical tests were performed using StatsDirect version 3 (Stats-

Direct Ltd, Cheshire, UK).

RESULTS

In total, 11,474 articles were identified. After title and abstract
screening, 11,292 articles were excluded and the remaining 182
full-text manuscripts were reviewed (see Figure E1). A total of 23
articles met the inclusions criteria for the systematic review.'®”*

Quantitative analysis

Nine articles contained sufficient quantitative data to be
included in the meta-analysis (Table 1).>°8 Studies came from 6
countries, and all from the Northern Hemisphere: China
(n = 1), Denmark (n = 2), Japan (n = 2), Slovak Republic
(n = 1), Taiwan (n = 1), and the United Kingdom (n = 2). The
quantitative analysis included a total of 726,378 children aged
0 to 12 years, of which 93,890 (12.9%) had a diagnosis of AD.
Studies had Newcastle-Ottawa scale scores of 6,”"7*% 7,7
8313738 4 9 3436

AD diagnosis was assessed by questionnaires in 6 of 9 studies.
In these 6 questionnaire studies, 1 study used the International
Study for Asthma and Allergies in Childhood (ISAAC) ques-
tionnaire,”” 2 studies used modified ISAAC questlonnaures,35 38
and 1 study used a nonvalidated questionnaire together with
objective scoring according to the SCORing Atopic Dermatitis
index.”” Of the 2 remaining studies that used the questionnaire,
1 study used a questionnaire with the query “did your child ever
have a physician-diagnosed AD?** and 1 study used the ques-
tion “has the child ever had eczema?””’ The remaining 3 studies
relied on physician examination for AD diagnosis,”"”**° based
on a modified Hanifin and Rajka,”” International C/a::iﬁmtz’an of
Diseases, Tenth Revision code from a claims data set’’; 1 study did
not specify the criteria used for defining AD 7! In 4 of 9 studies,
children were diagnosed before age 2 years,”' ** and in 1 study
before age 5 years.”® The remaining 4 studies included children
from various ages ranging between 3 and 12 years.”"?”?"*

Between-study heterogeneity was high in all analyses, with
Cochrane Q statistic P values less than .05 and 7 values greater
than 75% for all analyses. The random-effects weighted mean
prevalence of AD was highest among children born in the fall
(15.4%; 95% CI, 12.1%-19.1%) (Figure 1) followed by winter
(14.9%; 95% CI, 12.0%-18.1%), summer (13.7%; 95% CI,
10.8%-17.0%), and spring (12.7%; 95% CI, 10.2%-15.4%).

A significant association was found between AD and fall birth
(OR, 1.16; 95% CI, 1.06-1.28; P = .0018), winter birth (OR,
1.15; 95% CI, 1.04-1.27; P = .0076), but not summer birth
(OR, 1.04; 95% CI, 0.95-1.13; P = .4085) when spring birth
was used as the reference (Figure 2). Four of 9 studies showed a
significant association between AD and fall birth: Dunlop et al*
(OR, 2.02; 95% CI, 1.13-3.52), Kuzume and Kusu™ (OR,
1.84; 95% CI, 1.39-2.43), Egeberg et al’® (OR, 1.11; 95% CI,
1.09-1.13), and Cai et al”® (OR, 1.16; 95% CI, 1.02-1.31).
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TABLE I. Studies with an adapted NOS score of >7 were considered to be of high quality

Reference

Country

Participant
age (y)

Sex of AD
cases
(female/male)

Study design

Assessment of AD

Prevalence
of AD% (n/N¢otal)

NOS scale
(score)

Anderson et al,’w 1981

Arshad et al,>' 1993

Dunlop et al,”* 2006

Kuzume and Kusu," 3
2007

Wen et al,** 2011

Kahr et al,> 2014

Egeberg et al,*® 2016

Sasaki et al,’’ 2016

United
Kingdom

United
Kingdom

Slovak

Republic

Japan

Taiwan

Denmark

Denmark

Japan

12

0-2

0-1

0-1

3-9

0-5

6-12

Not given

67/59

90/116

264/366

18/25

460/445

315,112/
326,722
(not given
for AD
cases)

1506/1666

Prospective
cohort
Prospective
cohort

Prospective
cohort

Prospective
cohort

Prospective
cohort

Retrospective
cohort

Prospective
birth cohort

Cross-
sectional

History of AD reported by parent by answering the question
“Whether the child had ever had eczema?”

Diagnosed by doctor and based on the presence of chronic or
chronically relapsing, itchy dermatitis (lasting more than 6 wk)
with characteristic morphology (areas of scaly, erythematous,
pruritic lesions) and distribution (face, postauricular area, scalp
extensor surface of extremities, and flexural creases)

At age 1y, the birth cohort underwent a standardized clinical
evaluation consisting of a questionnaire completed by the mother
along with physical examination of the child. Physical
examinations were performed by allergists who underwent
training in the assessment of AD based on the SCORAD index. A
case of AD represented a child whose physical examination
yielded a SCORAD index of >2 or whose mother reported a
physician diagnosis of AD

The diagnosis of AD was made according to the criteria of Leung,”
which modified the definition of AD presented by Hanifin and
Rajka

Based on response to question: “Did your child ever have a
physician-diagnosed atopic dermatitis?”’

Children with AD were identified by a confirmatory response to the
following questions: “Has your child ever had eczema in the folds
of the elbows and knees? Questions were adopted and modified
from ISAAC

Danish National Patient Register—The primary end point was the
first occurrence of AD in childhood between age 0 and 5 y. An
algorithm for identification of children with AD in the Danish
population was collaboratively developed by specialists in
dermatology, allergology, pharmacoepidemiology, and
biostatistics. The algorithm was based on combinations of /CD
codes (L20, L308C), disease-specific dispensed prescribed
medication (ATC D07, D11AH), and selected exclusion criteria

ISAAC—Current eczema was defined as a positive response to the
following 3 questions: “Has your child ever had an itchy rash
which was coming and going for at least 6 months?” “Has your
child had this itchy rash at any time in the past 12 months?”” and
“Has this itchy rash at any time affected any of the following
places: folds of the elbows, behind the knees, in front of the
ankles, under the buttocks, or around the neck, ears, or eyes?”

5.9 (325/5548)

10.7 (126/1174)

15.6 (206/1325)

29.5 (630/2136)

5.9 (43/730)

14.4 (905/6270)

12.7 (85,743/673,614)

13.4 (3174/23,662)

6
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TABLE I. (Continued)

Sex of AD

NOS scale

Prevalence
of AD% (n/Notar)
23.6 (4371/11,919)

cases
(female/male)

Participant

(score)

Assessment of AD

Study design

age (y)

4-6

Country

China

Reference

Questions about childhood eczema were derived from ISAAC. A

Cross-

Not given

Cai et al,*® 2017

diagnosis was based on a confirmatory response to the following
question: “Has your child ever had eczema (an itchy rash that was
coming and going for at least 6 months)?” (ever) or “Has your

sectional

correct

child had eczema at any time in the last 12 months?” (past year).

The original ISAAC questionnaire did not include the word

“eczema” in the questions with respect to childhood eczema but

was added with a specific description (an itchy rash that was

coming and going for at least 6 mo)

ATC, Anatomical Therapeutic Chemical Classification System; ICD, International Classification of Diseases; ISAAC, International Study of Asthma and Allergies in Childhood; NOS, Newcastle-Ottawa scale; SCORAD, SCORing Atopic

Dermatitis.
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Three of 9 studies showed significant association between
AD and winter birth: Dunlop et al’> (OR, 1.97; 95% CI,
1.32-2.97), Kuzume and Kusu®> (OR, 1.80; 95% CI,
1.36-2.37), and Egeberg et al’® (OR, 1.10; 95% CI, 1.08-1.13).

Dunlop et al’” also showed a significant association between
AD and summer birth (OR, 1.82; 95% CI, 1.19-2.79)
compared with spring birth.

A sensitivity analysis restricted to European and Asian studies,
respectively, showed positive but nonsignificant associations be-
tween AD and summer birth (OR, 1.05; 95% CI, 0.90-1.22;
P = .5473), fall birth (OR, 1.12; 95% CI, 0.99-1.27;
P = .0738), and winter birth (OR, 1.15; 95% CI, 0.98-1.35;
P = .0948). In Asian studies, a significant association was
observed for fall birth (OR, 1.27; 95% CI, 1.02-1.57;
P = .0335), but not for summer birth (OR, 1.06; 95% CI,
0.89-1.27; P = .5122) or winter birth (OR, 1.20; 95% CI,
0.96-1.49; P = .1069).

Qualitative analysis

A total of 14 studies were included in the qualitative analysis
examining 676,867 individuals in total and including 47,467
with AD. In 6 of these studies, fall or winter birth was associated
with the highest AD prevalence,'”*"*>*” whereas 3 identified
summer birth as being associated with AD***>* and 5 showed
no association with season of birth (see Table E1 in this article’s
Online Repository at www.jaci»inplractice.01'g).](”21’22’2(”28

DISCUSSION
Main findings

This systematic review and meta-analysis examined whether
certain seasons of birth were associated with an increased
occurrence of AD. Included studies contained a high cumulative
number of children, but were performed only on the Northern
hemisphere and only contained European and Asian study par-
ticipants. We found that the risk of developing AD was slightly
increased in children born during the fall or winter when
compared with spring, in the quantitative analysis, but mixed
results in the qualitative analysis.

We identified surprisingly few studies that could be included
in the qualitative analysis, which increased the risk of a random
finding. Importantly, the association between AD and fall/winter
birth tended to be present in studies that found high AD prev-
alence estimates,”>>>**?® whereas studies with lower prevalence
estimates of AD did not show significant associations.”®?"*%7
Because it is possible that the high prevalence studies uninten-
tionally included more unspecific eczemas into the AD group
making the diagnosis less specific, these observations should be
interpreted carefully. We chose to include studies that did not
provide absolute data and hence could be included in the meta-
analysis to limit the risk of bias. Although some studies sup-
ported the finding from the meta-analysis, the findings from the
meta-analysis were only supported in part. Moreover, the asso-
ciation between AD and season of birth was generally much
weaker than other risk factors included in the analyses of
included studies, for example, parental atopy. Although Kuzume
and Kusu™ (29.5%) has a remarkable increased prevalence
compared with the other included studies, and Wen et al*
(5.9%) had a remarkable reduced prevalence, the other studies
show similar prevalence, and no influence on the results.

A priori, we expected to observe a higher prevalence of AD in
children born during fall and winter when compared with spring
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FIGURE 1. Prevalence of AD by birth season in studies included in the quantitative analysis.

and summer. Accordingly, we recently observed a 3% to
5% increased prevalence of pediatric AD at age 18 months in
Danish children born in late fall and early winter compared with
spring and summer months.” The Danish winters are normally
cold, which lead to increased use of indoor heating. Both cold
temperatures and low ambient humidity negatively affect the skin
barrier, in turn leading to reduced skin hydration and lipid
formation as well as increased reactivity to skin irritants.”*
Accordingly, there is an increased number of dermatologist visits
for AD as well as use of topical corticosteroids and calcineurin
inhibitors over the winter in Denmark,'® and a similar increased
incidence rate of health care consumption related to AD in Nor-
way during the winter and spring.*" Interestingly, Japanese pa-
tients with AD with common Filaggrin gene mutations reported
the highest AD severity in winter months, whereas those without
Filaggrin gene mutations experienced worsening in the summer
months, indicating genetic predisposition to worsening,*

Based on the scope of the systematic review and the included
studies, it was not possible to examine possible factors that could
explain a seasonal effect on the risk of AD. However, we here
discuss some relevant factors. The dramatic reduction in ultra-
violet (UV) irradiation during dark winters on the Northern
hemisphere may negatively influence skin barrier functions as
suberythemogenic doses of UVB decrease inflammation and
enforce skin barrier performance.” Indeed, a recent study from
Australia showed that babies with the highest amount of UV
exposure had the lowest risk of developing AD, whereas vitamin
D supplementation had no effect.”” A questionnaire study from
Korea reinforced this impression as children with the highest
number of hours spent outside had the lowest occurrence of AD.
Interestingly, cord blood vitamin D levels did not associate with
occurrence of AD at age 7 years in Danish children,** and
vitamin D supplementation during the third trimester of preg-
nancy did not affect the risk of AD in Danish children when
examined at age 3 years.”” These data support that factors
associated with UV exposure, but not related to vitamin D
synthesis, can reduce the risk of AD. A previous study from
Australia identified a latitude-dependent gradient with a higher
prevalence of AD in children born more far from the equaror,*
which we suggested was explained by improved skin barrier
functions rather than vitamin D synthesis.”” Although the factors
discussed here at least in theory could affect the risk of AD in
children, there is a need of studies that include such variables to
identify possible etiological factors.

Other factors could explain the increased risk of AD in chil-
dren born during the fall or winter on the Northern hemisphere.
Although litdle is known about the skin barrier function in ne-
onates born during different seasons, immune activity in cord
blood and airways is increased in Danish children born during
fall and winter.”” It has also been shown that the expression of
nearly one-fourth of human genes differs according to the time of
the year, with many immune genes being more active in the cold
and dark winters near the poles.*” The increased immune activity
could at least in theory increase the risk of developing inflam-
matory condition such as AD because the immune system here is
increased to fight off infections. A strong association between
other diseases and season of birth has also been identified.””
Interestingly, variations in genes encoding IL-1f and IL-4 were
recently associated with winter birth,”! and expression of these
cytokines is increased in the skin of individuals with AD. Also,
postnatal methylation of 92 GpGs was associated with season of
birth in children from 2 birth cohorts, and 20 were associated
with allergic outcomes.”® Although many patients with AD do
not have allergic disease, AD is indeed part of the atopic disease
spectrum. It may therefore be relevant that IgE levels are
significantly increased in individuals who are born in the fall and
that an association also has been observed for asthma and season
of birth.”® For asthma, a higher risk has been associated with
summer birth, although a higher risk has also been identified for
winter births, and likely due to infections.””*>” Air pollution,
which has been associated with AD,’° is often worse in cold
winters, partly due to entrapment from overcast weather, but also
due to increased emission from vehicles and household heating.
It is important to remember that genetic factors as well as family
history of atopy among participants in the included studies may
strongly increase the risk of AD,”""****" and that any random
uneven overrepresentation across birth months may affect the
risk estimates.

Study strengths included the higher number of included
studies and individuals as well as a fair representation of studies
from both Europe and Asia. Study quality was rated to be overall
good. Study limitations included that the AD diagnoses mostly
were based on questionnaires and sometimes unspecific AD
definitions, which potentially may result in misclassification.
Accordingly, the prevalence of AD was markedly different in the
included studies, which seemed to affect the associations.
Moreover, we would expect the association between AD and fall/
winter birth to be strongest in infants, but several studies
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FIGURE 2. The forest plots show the association between AD and being born during summer (A), fall (B), and winter (C), respectively,
compared with spring as reference. Number of AD cases and total sample size are added for each study (ADcases/Ntotal).

included much older children, hence allowing other exposures to
mask the effect of season. Because no studies were identified
from Australia, Africa, and North/South America, the findings
cannot be generalized. Also, there is need of studies from the
Southern hemisphere to support a genuine relationship with
season of birth. Finally, only 9 studies were included in the meta-
analysis, which increases the risk of a random finding.

CONCLUSIONS

In this systematic review and meta-analysis of 9 studies, we

identified a weakly positive association between developing AD
and being born in the fall and winter, but also identified
important methodological concerns and limitations. There is a
need for additional and better- designed studies to understand
the effect of seasonal changes on the risk of AD.

REFERENCES

1. Weidinger S, Novak N. Atopic dermatitis. Lancet 2016;387:1109-22.

2. Furue M, Chiba T, Tsuji G, Ulzii D, Kido-Nakahara M, Nakahara T, et al.
Atopic dermatitis: immune deviation, barrier dysfunction, IgE autoreactivity and
new therapies. Allergol Int 2017;66:398-403.

3. Kelleher M, Dunn-Galvin A, Hourihane JO, Murray D, Campbell LE,

McLean WH, et al. Skin barrier dysfunction measured by transepidermal water
loss at 2 days and 2 months predates and predicts atopic dermatitis at 1 year.
J Allergy Clin Immunol 2015;135:930-935.el.

. Irvine AD, McLean WH, Leung DY. Filaggrin mutations associated with skin

and allergic diseases. N Engl J Med 2011;365:1315-27.

. Cravello B, Ferri A. Relationships between skin properties and environmental

parameters. Skin Res Technol 2008;14:180-6.

. Engebretsen KA, Bager P, Wohlfahrt J, Skov L, Zachariae C, Nybo

Andersen AM, et al. Prevalence of atopic dermatitis in infants by domestic water
hardness and season of birth: cohort study. J Allergy Clin Immunol 2017;139:
1568-1574.el.

. Engebretsen KA, Johansen JD, Kezic S, Linneberg A, Thyssen JP. The effect of

environmental humidity and temperature on skin barrier function and dermatitis.
J Eur Acad Dermatol Venereol 2016;30:223-49.

. Weiland SK, Husing A, Strachan DP, Rzehak P, Pearce N. Climate and the

prevalence of symptoms of asthma, allergic rhinitis, and atopic eczema in
children. Occup Environ Med 2004;61:609-15.

. Silverberg JI, Hanifin J, Simpson EL. Climatic factors are associated with

childhood eczema prevalence in the United States. J Invest Dermatol 2013;133:
1752-9.

. Fuertes E, Flohr C, Silverberg JI, Standl M, Strachan DP, Group IPTS. Global

associations between UVR exposure and current eczema prevalence in children
from ISAAC phase three. J Invest Dermatol 2017;137:1248-56.

. Thyssen JP, Zirwas MJ, Elias PM. Potential role of reduced environmental UV

exposure as a driver of the current epidemic of atopic dermatitis. J Allergy Clin
Immunol 2015;136:1163-9.

. Kim M, Kim YM, Lee JY, Yang HK, Kim H, Cho J, et al. Seasonal variation

and monthly patterns of skin symptoms in Korean children with atopic eczema/
dermatitis syndrome. Allergy Asthma Proc 2017;38:294-9.

. Hamann CR, Andersen YMF, Engebretsen KA, Skov L, Silverberg JI,

Egeberg A, et al. The effects of season and weather on healthcare utilization


http://refhub.elsevier.com/S2213-2198(19)30896-7/sref1
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref2
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref2
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref2
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref3
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref3
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref3
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref3
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref4
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref4
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref5
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref5
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref6
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref6
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref6
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref6
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref7
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref7
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref7
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref8
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref8
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref8
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref9
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref9
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref9
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref10
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref10
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref10
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref11
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref11
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref11
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref12
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref12
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref12
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref13
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref13

J ALLERGY CLIN IMMUNOL PRACT
VOLUME M, NUMBER B

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

among patients with atopic dermatitis. J Eur Acad Dermatol Venereol 2018;32:
1745-53.

. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al; PRISMA-

P Group. Preferred reporting items for systematic review and meta-analysis pro-
tocols (PRISMA-P) 2015: elaboration and explanation. BMJ 2015;350:27647.

. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of

the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol 2010;
25:603-5.

Olesen AB, Ellingsen AR, Olesen H, Juul S, Thestrup-Pedersen K. Atopic
dermatitis and birth factors: historical follow up by record linkage. BMJ 1997;
314:1003-8.

Chew FT, Goh DY, Teo J, Quak SH, Lee BW. Month of birth and childhood
atopic diseases in the tropics. Allergy 1998;53:962-8.

Aoki T, Kojima M, Adachi J. Seasonal variation in the month of first visit for
atopic dermatitis patients. Allergol Int 1998;47:137-42.

Meffert H, Kunzel M, Gunther K, Kaczmarek C, Sonnichsen N. Patients born in
autumn more frequently develop atopic eczema [in German]. Dermatol Mon-
atsschr 1990:176:11-4.

Kusunoki T, Morimoto T, Sakuma M, Mukaida K, Yasumi T, Nishikomori R,
et al. Effect of eczema on the association between season of birth and food
allergy in Japanese children. Pediatr Int 2013;55:7-10.

Chang WC, Yang KD, Wu MT, Wen YF, Hsi E, Chang JC, et al. Close cor-
relation between season of birth and the prevalence of bronchial asthma in a
Taiwanese population. PLoS One 2013;8:e80285.

Hwang JM, Oh SH, Shin MY. The relationships among birth season, sunlight
exposure during infancy, and allergic disease. Korean J Pediatr 2016;59:218-25.
Kuo CL, Chen TL, Liao CC, Yeh CC, Chou CL, Lee WR, et al. Birth month and
risk of atopic dermatitis: a nationwide population-based study. Allergy 2016;71:
1626-31.

Sargsyan A, Gupta J, Ghosh D. Association of severe atopic dermatitis with
month of birth in Armenian pediatric patients. Pediatr Allergy Immunol 2018;
29:655-6.

Beck HI, Hagdrup HK. Atopic dermatitis, house dust mite allergy and month of
birth. Acta Derm Venereol 1987;67:448-51.

Schafer T, Przybilla B, Ring J, Kunz B, Greif A, Uberla K. Manifestation of
atopy is not related to patient’s month of birth. Allergy 1993:48:291-4.
Karachaliou FH, Panagiotopoulou K, Manousakis M, Sinaniotis K,
Papageorgiou F. Month of birth, atopic disease, and sensitization to common
aeroallergens in Greece. Pediatr Allergy Immunol 1995;6:216-9.

Saitoh Y, Dake Y, Shimazu S, Sakoda T, Sogo H, Fujiki Y, et al. Month of
birth, atopic disease, and atopic sensitization. J Investig Allergol Clin Immunol
2001;11:183-7.

Kusunoki T, Asai K, Harazaki M, Korematsu S, Hosoi S. Month of birth and
prevalence of atopic dermatitis in schoolchildren: dry skin in early infancy as a
possible etiologic factor. J Allergy Clin Immunol 1999;103:1148-52.
Anderson HR, Bailey PA, Bland JM. The effect of birth month on asthma,
eczema, hayfever, respiratory symptoms, lung function, and hospital admissions
for asthma. Int J Epidemiol 1981;10:45-51.

Arshad SH, Stevens M, Hide DW. The effect of genetic and environmental
factors on the prevalence of allergic disorders at the age of two years. Clin Exp
Allergy 1993;23:504-11.

Dunlop AL, Reichrtova E, Palcovicova L, Ciznar P, Adamcakova-Dodd A,
Smith SJ, et al. Environmental and dietary risk factors for infantile atopic
eczema among a Slovak birth cohort. Pediatr Allergy Immunol 2006;17:103-11.
Kuzume K, Kusu M. Before-birth climatologic data may play a role in the
development of allergies in infants. Pediatr Allergy Immunol 2007;18:281-7.
Wen HJ, Wang YJ, Lin YC, Chang CC, Shieh CC, Lung FW, et al. Prediction
of atopic dermatitis in 2-yr-old children by cord blood IgE, genetic poly-
morphisms in cytokine genes, and maternal mentality during pregnancy. Pediatr
Allergy Immunol 2011;22:695-703.

Kahr N, Naeser V, Stensballe LG, Kyvik KO, Skytthe A, Backer V, et al. Gene-
environment interaction in atopic diseases: a population-based twin study of
early-life exposures. Clin Respir J 2015;9:79-86.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

CALOV ETAL 7

Egeberg A, Andersen YM, Gislason G, Skov L, Thyssen JP. Neonatal risk
factors of atopic dermatitis in Denmark—results from a nationwide register-
based study. Pediatr Allergy Immunol 2016;27:368-74.

Sasaki M, Yoshida K, Adachi Y, Furukawa M, Itazawa T, Odajima H, et al.
Environmental factors associated with childhood eczema: findings from a na-
tional web-based survey. Allergol Int 2016;65:420-4.

CaiJ, Liu W, Hu Y, Zou Z, Shen L, Huang C. Household environment, lifestyle
behaviors, and dietary habits in relation to childhood atopic eczema in Shanghai,
China. Int Arch Occup Environ Health 2017;90:141-59.

Leung YM. Atopic dermatitis: the skin as a window into the pathogenesis of
chronic allergic diseases. J Allergy Clin Immunol 1995;96:302-18.

Agner T, Serup J. Seasonal variation of skin resistance to irritants. Br J Der-
matol 1989;121:323-8.

Mohn CH, Blix HS, Halvorsen JA, Nafstad P, Valberg M, Lagerlov P.
Incidence trends of atopic dermatitis in infancy and early childhood in a
nationwide prescription registry study in Norway. JAMA Netw Open 2018;1:
el184145.

Nemoto-Hasebe I, Akiyama M, Nomura T, Sandilands A, McLean WH,
Shimizu H. Clinical severity correlates with impaired barrier in filaggrin-related
eczema. J Invest Dermatol 2009;129:682-9.

Rueter K, Jones AP, Siafarikas A, Lim EM, Bear N, Noakes PS, et al. Direct
infant UV light exposure is associated with eczema and immune development.
J Allergy Clin Immunol 2019;143:1012-1020.e2.

Chawes BL, Bonnelykke K, Jensen PF, Schoos AM, Heickendorff L,
Bisgaard H. Cord blood 25(OH)-vitamin D deficiency and childhood asthma,
allergy and eczema: the COPSAC2000 birth cohort study. PLoS One 2014;9:
€99856.

Chawes BL, Bonnelykke K, Stokholm J, Vissing NH, Bjarnadottir E,
Schoos AM, et al. Effect of vitamin D3 supplementation during pregnancy on
risk of persistent wheeze in the offspring: a randomized clinical trial. JAMA
2016;315:353-61.

Osborne NJ, Ukoumunne OC, Wake M, Allen KJ. Prevalence of eczema and
food allergy is associated with latitude in Australia. J Allergy Clin Immunol
2012;129:865-7.

Thyssen JP, Elias PM. Xerosis is latitude dependent and affects the propensity
to develop atopic disease. J Allergy Clin Immunol 2012;130:820-1.

Thysen AH, Rasmussen MA, Kreiner-Moller E, Larsen JM, Folsgaard NV,
Bonnelykke K, et al. Season of birth shapes neonatal immune function.
J Allergy Clin Immunol 2016;137:1238-1246.e13.

Dopico XC, Evangelou M, Ferreira RC, Guo H, Pekalski ML, Smyth DJ, et al.
Widespread seasonal gene expression reveals annual differences in human im-
munity and physiology. Nat Commun 2015;6:7000.

Boland MR, Shahn Z, Madigan D, Hripcsak G, Tatonetti NP. Birth month af-
fects lifetime disease risk: a phenome-wide method. J Am Med Inform Assoc
2015;22:1042-53.

Alfimova MV, Korovaitseva GI, Lezheiko TV, Golimbet VE. Interaction effects
of season of birth and cytokine genes on schizotypal traits in the general pop-
ulation. Schizophr Res Treatment 2017;2017:5763094.

Lockett GA, Soto-Ramirez N, Ray MA, Everson TM, Xu CJ, Patil VK, et al.
Association of season of birth with DNA methylation and allergic disease.
Allergy 2016;71:1314-24.

Susanto NH, Vicendese D, Salim A, Lowe AJ, Dharmage SC, Tham R, et al.
Effect of season of birth on cord blood IgE and IgE at birth: a systematic review
and meta-analysis. Environ Res 2017;157:198-205.

Smith JM, Springett VH. Atopic disease and month of birth. Clin Allergy 1979;
9:153-7.

Wu P, Dupont WD, Griffin MR, Carroll KN, Mitchel EF, Gebretsadik T, et al.
Evidence of a causal role of winter virus infection during infancy in early
childhood asthma. Am J Respir Crit Care Med 2008;178:1123-9.

Oh I, Lee J, Ahn K, Kim J, Kim YM, Sun Sim C, et al. Association be-
tween particulate matter concentration and symptoms of atopic dermatitis in
children living in an industrial urban area of South Korea. Environ Res
2018;160:462-8.


http://refhub.elsevier.com/S2213-2198(19)30896-7/sref13
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref13
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref14
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref14
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref14
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref15
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref15
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref15
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref16
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref16
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref16
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref17
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref17
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref18
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref18
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref19
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref19
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref19
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref20
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref20
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref20
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref21
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref21
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref21
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref22
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref22
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref23
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref23
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref23
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref24
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref24
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref24
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref25
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref25
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref26
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref26
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref27
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref27
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref27
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref28
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref28
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref28
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref29
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref29
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref29
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref30
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref30
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref30
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref31
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref31
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref31
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref32
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref32
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref32
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref33
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref33
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref34
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref34
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref34
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref34
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref35
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref35
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref35
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref36
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref36
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref36
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref37
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref37
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref37
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref38
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref38
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref38
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref70
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref70
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref39
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref39
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref40
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref40
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref40
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref40
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref41
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref41
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref41
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref42
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref42
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref42
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref43
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref43
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref43
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref43
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref44
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref44
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref44
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref44
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref45
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref45
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref45
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref46
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref46
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref47
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref47
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref47
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref48
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref48
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref48
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref49
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref49
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref49
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref50
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref50
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref50
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref51
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref51
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref51
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref52
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref52
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref52
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref53
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref53
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref54
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref54
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref54
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref55
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref55
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref55
http://refhub.elsevier.com/S2213-2198(19)30896-7/sref55

TABLE E1. Characteristics of studies included in the qualitative analysis only

Sex of AD
cases
Participant (female/ n total AD
Reference Country age (y) male) Study design Assessment of AD N total cases Main findings
Beck and Denmark 0-41 106/104 Retrospective ~ Not given 210 210 Among 210 patients with AD, the risk of
Hagdrup,”’ cohort having house-dust mite allergy was
1987 increased in patients born between May
and November (RR, 1.49; 95% CI, 1.22-
2.17)
Meffert et al,”>  Germany NA NA Case-control Diagnosis of AD was based 448,288 4,040 There was a higher prevalence of AD among
1990 on clinical examination and history individuals born during August to October
(9.1%). The prevalence of AD was lower
in persons born from March to July (8.1%)
(with the exception of May)
Schaferer Germany 5-6 NA Cross- Personal history (by questionnaire) and 1,066 235 No association was observed between AD
etal,” 1993 sectional personal examination (no further information) and month of birth
Karachaliou Greece 2.5-30 NA Retrospective ~ Diagnosis given by physician 1,755 350 More patients with AD were born in July and
et al,"* 1995 cohort August compared with all other months of
the year (RR, 1.40; 95% CI, 1.11-1.17; P
< .001)
Olesen et al,”>  Denmark 6-7 204/199 Prospective Diagnosis of AD given by a doctor, 7,862 403 No association was observed between AD
1997 birth cohort noted as a specialist and season of birth
Aoki et al,"° Japan 0-31 4,641/ Prospective Based on Japanese Dermatological 10,156 10,156 The prevalence of AD in children <1 y was
1998 5,515 cohort Association Criteria for the diagnosis AD significantly lower, compared with
expected for each month, among those
born in March and April (P < .001) and
higher in those born between October and
November (P < .001)
Chew et al,"”  Singapore  6-15 NA Retrospective ~ ISAAC Questionnaire NA NA Two periods (March-May and September-
1998 cohort November) had the highest AD
prevalence, with exceptions in few birth
years
Kusunoki Japan 7-15 34/30 Cross- AD was defined by Hanifin and Rajka 33,725 74 Those born in October to December had the
et al,”® 1999 sectional highest prevalence of AD (OR, 1.22; 95%

CI, 1.01-1.34; P < .0001) and those born
in April to June had the lowest prevalence
(OR, 0.79; 95% (I, 0.71-0.88; P < .0001).
Reference season was the 3 other seasons
combined. The AD prevalence reached a
minimum for children born in May (5.2%;
OR, 0.77; 95% CI, 0.65-0.92; P = .003)
and a maximum for children born in
November (7.6%; OR, 1.20; 95% CI,
1.03-1.39; P = .017) The reference month
was not given
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Saitoh et al,”’
2001
Chang et al,m”
2013
Kusunoki
et al,r" :
2013

Hwang
et al,”"?

Kuo et al,'_“|3

2016

Sargsyan
et al,F*

2018

Japan
Taiwan

Japan

Korea

Taiwan

Armenia

12-13 391/364
7-15 NA
7-15 NA
6-13 NA
0-20 16,459/
14,778
Mean age, 147/195
2.5

Cross-
sectional

Retrospective
cohort

Cross-
sectional

Cross-
sectional

Case-control

Retrospective
cohort

AD was defined by Hanifin and Rajka
ICD-9-CM codes

The parents were asked the following
questions: (1) has your child ever had
eczema; and (2) if so, at what age was it
initially observed? Those who answered
“yes” to question (1) and those who answered
“age within 6 months after birth” to question
(@)
were regarded as having eczema for 6 mo

Korean version of ISAAC questionnaire

ICD-9-CM codes

Diagnosis given by physicians

755

NA

13,179

3,344

156,185

342

211

NA

NA

209

31,237

342

No association was observed between AD
and season of birth

No association was observed between AD
and season of birth

Children born between September and
February, compared with children born in
March-August, had a significantly higher
prevalence (11.4%; OR, 1.51; 95% CI,
1.34-1.69; P = .0001) of AD diagnosed
before the age of 6 mo. For March-August,
the prevalence was 7.9%

The prevalence of AD was higher in children
born in the winter (adjusted OR, 1.24;
95% CI, 1.03-1.49; P = .024) than in
summer. The prevalence of AD for
“symptoms in the recent year” and season
of birth showed a nonsignificant
association (OR, 1.24; 95% CI, 0.88-1.75;
P = 223)

The AD prevalence varied by birth month,
with the highest prevalence in summer-
born babies. Compared with participants
born in May, those born in December (OR,
1.17; 95% CI, 1.10-1.25) had the highest
risk of AD followed by those born in
October (OR, 1.15; 95% CI, 1.08-1.22)
and those born in November (OR, 1.13;
95% ClI, 1.06-1.20)

The association between birth season and AD
severity showed that being born in the
winter was significantly associated with a
lower risk of severe AD compared with
birth in the spring (OR, 0.2; 95% CI, 0.06-
0.64; P = .007) and summer (OR, 0.29;
95% CI, 0.09-0.93; P = .04)

ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; ISAAC, International Study of Asthma and Allergies in Childhood; RR, relative risk; NA, not applicable/available.
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Eligibility Screening Identification
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FIGURE E1. The Preferred Reporting Items of Systematic reviews and Meta-analyses flow diagram.

Records identified through database
searching
(PubMed n = 2674)
(Embase n = 6500)
(Web of Science n = 2300)
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Additional records identified
through other sources

l

Records after duplicates removed
(n=9228)

A 4

Records screened

(n=9228)

y

Full-text articles assessed
for eligibility
(n=182)

y

Studies included in
qualitative synthesis
(n=23)

A 4

Studies included in
quantitative analysis
(meta-analysis)
(n=9)

Records excluded based on
title and abstract review
(n =9046)

Full-text articles excluded,
with reasons
Irrelevant exposure (n = 75)
Irrelevant outcome (n = 18)
Review (n =29)
Same population as other
study (n=4)

No access (n =31)

No control group (n = 2)

MONTH 2019



J ALLERGY CLIN IMMUNOL PRACT CALOV ETAL 7.e4
VOLUME M, NUMBER B

Inclusion and exclusion criteria

Inclusion Exclusion
Full text articles No access to data
Only human studies No access to full text
All languages ‘ No assessment of season of birth and AD
No restriction on publication date or year Review articles
Assessing AD and season of birth Duplicated data (Only data from most recent of comprehensive
Data including cases of AD and a control group study was included)

No control group

FIGURE E2. Inclusion and exclusion criteria.
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FIGURE E3. The forest plots show bias assessment plot for the studies included in the quantitative analyses, divided into seasons:
summer (A), fall (B), and winter (C), respectively, compared with spring as reference.
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