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Background: Month of birth has been shown to affect later
development of allergic diseases.

Objective: We sought to evaluate the relationship between
month of birth and the prevalence of atopic dermatitis (AD) in
a large-scale general population of schoolchildren and to eluci-
date the possible mechanism for this relationship.

Methods: Questionnaire data on the prevalence of allergic dis-
eases were obtained for 33,725 schoolchildren aged 7 to 15
years. In a separate study the water-holding capacity of “unin-
volved” skin was compared for children with and without AD.
Results: We found striking differences in the prevalence of AD
according to the month of birth (x2 = 34.9,P < .0001). Overall,
those born in autumn showed the highest (7.5%), and those
born in spring showed the lowest (5.5%), prevalence of AD.
There was little or no such tendency for the prevalence of
bronchial asthma (2= 17.2,P = .103) and allergic rhinitis (x2

= 24,P = .01). We found no statistical variation across birth
month in the ratio of AD with no other allergic disease/total
AD, indicating that this deviation was observed whatever the
allergic predisposition of the subjects. In a separate study a
significantly lower water-holding capacity of uninvolved skin
was observed in children with AD even from early infancy.
Conclusion: These findings lead us to speculate that the cli-
mate in early infancy affects the skin condition and that those
born in autumn have dry skin in early infancy, which may ulti-
mately result in a higher prevalence of AD among young
schoolchildren. This might be at least one of the “nonallergic”
etiologic factors of this complex disease. (J Allergy Clin
Immunol 1999;103:1148-52.)
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respiratory syncytial virus infection enhancing atopy
during these monthsAalberse et &lshowed that this
“horoscope” effect held not only for seasonal but also for
nonseasonal allergens, such as egg white and cow’s milk,
and suggested a contribution by another unknown factor
in addition to allergen exposure.

Atopic dermatitis (AD) is a major allergic disorder,
especially in childreff,and its etiology involves both
allergic predisposition and nonallergic environmental
factors, such as seasonal climate changes, chemical irri-
tants, bacterial colonization, and psychologic stress. So
far, several reports have evaluated the relationship
between month of birth and AD, and no significant dif-
ferences in AD prevalence according to month of birth
has been observéd? However, these previous reports
may have been biased because they targeted only rather
small numbers of outpatients with AD. In this report we
administered a large-scale questionnaire survey on the
prevalence of allergic diseases among a general popula-
tion of more than 30,000 children of elementary and
junior high school age. We identified a relationship

Studies of the relationship between season of birth anbetween month of birth and presence of allergic disease

allergy have indicated that early infancy seems to be oand found a much greater difference in the prevalence of
particular importance for later development of allergic AD according to the month of birth than of other allergic
diseases$:” Most of these studies have shown that birthdiseases. We hypothesized that dry skin and subsequent
in winter is associated with a higher incidence of allergy.skin barrier disruption in the first several months of life
The reasons for this phenomenon might include morewvas one of the reasons for these differences. This hypoth-
extended early exposure to an indoor environment durinesis was supported by a separate study in which the
the longer and cooler winter period, which might involve water-holding capacity of the “uninvolved” skin of chil-
more exposure to indoor allergens, or increased risk adren with AD was shown to be lower than that of children
without AD.

METHODS
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A questionnaire survey on the prevalence of 3 allergic diseases
(ie, bronchial asthma [BA], allergic rhinitis [AR], and AD) was
administered to schoolchildren aged 7 to 15 years. The questionnaire
was based on that of the International Collaborative Study of Asth-
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ma and Allergies in Childhood (ISAA&)and was prepared by the TABLE I. List of symptoms for diagnosis of AD
Study Group of Epidemiology of Allergic Diseases founded by the Number Symptom

Japanese Ministry of Public Health and Welfare in 1993. Briefly, BA
was defined as repeated episodes of wheezing with dyspnea durir
the preceding 2 years. AD was defined as chronic eczema with mor
than 3 of 9 symptoms (listed in Table 1) typical of AD. This criteria
was established by well-experienced dermatologist/allergologists ir
the study group and was validated by the group. AR was defined a
the presence of more than 3 of the following chronic nasal symp-
toms: sneezing, rhinorrhea, scratching around the nose, and nas
obstruction. The guestionnaire was distributed through schoolteach
ers to the parents of 56,108 Japanese schoolchildren aged 7 to
years in 133 randomly selected schools in the suburban areas c.
Kyoto, Japan. A total of 50,086 questionnaires, which covers
approximately 17% of all schoolchildren in the area, was recovereqith much less significance, for the prevalence of AR (
(recovery rate, 89.3%). Among them, 33,725 subjects (67.3%) Wit~ 24 9 p = 01), and there was no statistical significance

the date of birth entered were analyzed for this study. for the prevalence of BA( = 17.2,P = .103) (Fig 1)

Water-holding capacity of uninvolved skin The subjects were divided into 4 groups according to
The water-holding capacity of the uninvolved skin was evaluat—tl’_]e season of birth, and simple Ioglstlc regression analy-
ed by a skin impedance meter, as originally described by Tagami SIS Was performed. Those born in autumn (October to
al12 Seventy-two patients with AD (male:female, 39:33; mean ageD€cember) showed the highest (7.5%, OR: 1.22, CI:
+ SD, 3.2 + 3.9 years) who fulfilled the criteria of Hanifin and 1.01-1.34P < .0001), and those born in spring (April to
Rajkal3were randomly selected from among our outpatients. Sixty-June) showed the lowest (5.5%, OR: 0.79, CI: 0.71-0.88,
four control subjects (male:female, 30:34; mean age + SD, 5.7 £ 4.P < ,0001), prevalence of AD (Table Il). Again, no sig-
years) who had no history of any allergic disease or present illnespificant deviation according to the season of birth was
were also chosen from outpatients visiting our cIin_ic. Subjects withghserved for the prevalence of BA or AR (Table II). The
fever were excluded from the study because their fever may havgqqqciation between birth in spring and autumn and the
affected the analysis. Subjects were allowed to remain quiet in ‘prevalence of AD remained significar® € .0001 for

room with constant air conditions (temperature, 26°C + 0.6°C; . . . B . .
humidity, 57% + 3.3%) for at least 20 minutes. Sensors were place1b'rth in spring and® = .0004 for birth in autumn) after

on the noneczematous skin of the forearm, abdomen, and back, a,cgntrolllng for age, geno_'eﬁ assomat!or_] of other _allerglc
skin conductance was measured with a skin impedance meter kindis€ases, and order of birth among siblings by using mul-
ly provided by Kao Corporation (Tokyo, Japan). The measurementiple logistic regression analysis. Variation in the preva-
was repeated 5 times for the same site, and 3 values, not includirlence of AD according to season of birth was still signif-
the maximum and minimum, were averaged. Data was rejectejcant (P < .0001) when we analyzed AD prevalence in
when subjects were crying or sweating. each season by treating it with 3 dichotomous variables,
with autumn as the reference season.

Dry skin on the face

Red papules on the trunk

Red papules on the extremities

Dry skin on the trunk

Moist eczema on the flexor side of elbow joint
Lichenification on the flexor side of elbow joint
Moist eczema on the flexor side of knee joint
Lichenification on the flexor side of knee joint
Nummular eczema distributed over the body

© 0o ~NOO O~ WNER

Statistical analysis

Data was entered into a computer file (SPSS PC+ V4, ChicagoMonth of birth and prevalence of AD
Ill). Chi-square analysis was used to analyze differences in the

prevalence of allergic diseases. Odds ratios (ORs) and 95% conf IlComparljpn b?[.tW(Zel[lh ADhVXg]. high ?Tﬁ |c|)|W
dence intervals (Cls) were calculated with logistic regression analya ergic predisposition oug IS one ot the aller-

sis. In this analysis we tested whether the disease prevalence 9iC dis€ases, its etiology involves not only allergic pre-
those born in one season is significantly different from that of thosediSposition but also nonallergic environmental factors.

born in the other 3 seasons combined. We did the same analysis fEach patient is different in terms of the prevalence and
all 4 seasons independently, and the results were summarized importance of these factors. In this respect we assume
Tables Il and Ill. The Mann-Whitney test was used to analyze the that patients with AD without other allergic diseases,
difference in water-holding capacity between the skin of atopic ancsych as allergic asthma or allergic rhinitis, have less
n_onatopic childrer_L I_:’robab_ili@) values of less than .05 were con- allergic predisposition than those with any other allergic
sidered to be statistically significant. diseases. Therefore we defined AD accompanied by nei-
ther present illness nor a past history of any other aller-
gic diseases as AD with “low allergic” predisposition. We
checked whether there was any seasonal variation in the
eases ratio of low allergic AD/total AD. We found no signifi-
Striking variations were found in the prevalence of AD cant variation in such a ratix¥= 5.1,P = .93), indicat-
according to the month of birth. Fig 4, shows a clear ing that children born in spring tend to have a lower fre-
downward bell-shaped distribution, reaching a minimumquency of AD than those born in autumn, whatever their
in May (5.2%, OR: 0.77, CI: 0.65-0.92, = .003) and a allergic predisposition.
maximum in November (7.6%, OR: 1.20, CI: 1.03-1B9, Comparison between different age groups.deter-
= .017). The chi-square test showed that this variatiormine whether the effect of month of birth on the preva-
according to month of birth was statistically significag®t ( lence of AD can be seen from early childhood or from
= 34.9,P <.0001). The same tendency was observed, bulater childhood, the subjects were divided into 3 groups

RESULTS
Month of birth and prevalence of allergic dis-
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FIG 1. Month of birth and prevalence of allergic diseases in schoolchildren.

TABLE Il. Logistic regression analysis for season of birth and prevalence of allergic diseases

AD BA AR
Season of birth OR (95% Cl) P value OR (95% ClI) P value OR (95% Cl) P value
Spring, Apr-June (n = 8401) 0.79 (0.71-0.88) <.0001 0.87 (0.68-1.11) .261 0.95 (0.76-1.19) .668
Summer, July-Sep (n = 8261) 1.04 (0.94-1.14) .468 1.12 (0.90-1.39) .325 1.04 (0.85-1.28) .676
Autumn, Oct-Dec (n = 8955) 1.22 (1.01-1.34) <.0001 0.95 (0.76-1.18) .651 0.93 (0.76-1.13) 457
Winter, Jan-Mar (n = 8108) 0.97 (0.88-1.08) .609 1.06 (0.84-1.34) .602 1.09 (0.88-1.34) 447

*Statistically significant.

TABLE lll. Logistic regression analysis for season of birth and prevalence of AD: Comparison of different age groups

7 to 9y (n = 10,855) 10 to 12 y (n = 11,849) 13to 15y (n = 11,021)
Season of birth OR (95% Cl) P value OR (95% Cl) P value OR (95% ClI) P value
Spring (Apr-Jun) 0.81 (0.68-0.97) .021 0.75 (0.64-0.90) .001 0.81 (0.65-0.99) .042
Summer (Jul-Sep) 1.06 (0.90-1.25) 476 1.01 (0.86-1.18) .930 1.05 (0.87-1.27) .600
Autumn (Oct-Dec) 1.14 (0.97-1.34) .105 1.25 (1.07-1.46) *040 1.28 (1.06-1.54) .011
Winter (Jan-Mar) 1.00 (0.84-1.18) .956 1.02 (0.87-1.20) .803 0.89 (0.73-1.09) .278

*Statistically significant.

according to age (7 t0 9, 10 to 12, and 13 to 15 years) fcborn in autumn showed a significantly higher prevalence

a comparison of the relationship between month of birttof AD for only age groups 10 to 12 and 13 to 15 years

and prevalence of AD. There was still a significant dif- (Table 111).

ference in this relationship for subjects aged 10 to 1z . . . -

years k2 = 22.6,P = .02) and those aged 13 to 15 yearsVater-holding capacity of uninvolved skin in

(x2= 21.0,P = .03) (Fig 2). However, the difference was ¢hildren with AD

not statistically significant for subjects aged 7 to 9 years Although the reasons for the major differences in the

(x2 = 10.8,P = .456), although there was still the same prevalence of AD according to month of birth are not

tendency, and the prevalence of AD in those born in Mayclear, we speculate that the higher prevalence of AD in

was significantly lower (OR: 0.744, ClI: 0.555-0.9965 autumn and the lower prevalence in spring might be

.047). related to skin conditions in early infancy. Those born in
Logistic regression analysis was performed for theseautumn spend the first several months in cold, dry weath-

age groups. Those born in spring showed a significanther, which leads to dry skin, whereas those born in spring

lower prevalence of AD for all 3 groups, whereas thosespend the first several months in warm, humid weather,
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TABLE IV. Water-holding capacity of uninvolved skin
(conductance pQ)

Forearm Abdomen Back

Subjects with 39.5 15.0 27.0
AD (n=72) (20.0-72.3) (11.0-20.0§ (15.5-40.5)

Control subjects 54.0 36.0 53.0
(n=64) (34.0-106.0) (24.0-49.5)  (31.0-78.0)

Data is expressed as median (interquartile range).
*P =.0042.
P <.0001

—— 79
—A— 1012*
-4 1315*

which results in moist skin. These differences in skin
conditions in the first few months of life might be one of
the factors that affect the prevalence of AD at school age
If dry skin is an etiologic factor in AD, it can be expect- Ly age(yrs)

ed that apparently normal skin in children with AD is ——— (*"fo‘ O?) :
actually drier than that found in normal children. This 1 2 3 45 6 7 8 9 10 11 12
speculation was supported by a separate study in whic .

we compared the water-holding capacity of uninvolved month of birth
skin in children with and without AD. A significantly FfiG 2. Month of birth and prevalence of AD: Comparison of dif-
lower capacity was observed in children with AD (Table ferent age groups.

IV), with the abdominal skin showing the most signifi-

cant differencel < .0001). In the meantime no statisti- old children born during autumn and winter had eczema
cally significant difference was observed for the water-compared with those born in spring and sunifhbut
holding capacity of abdominal skin among different agethat no such difference was observed among 2-year-old
groups of children with AD (data not shown). These datachildren15This data, combined with our findings, suggest
indicate that children with AD tend to have dry skin eventhat the effect of month of birth on prevalence of AD can
from early infancy. The difference in the water-holding be seen more clearly as children become older.

capacity between the AD and control groups was not duc  The key question is, of course, why AD is more preva-
to the difference in mean age (3.2 vs 5.7 years) becaudent in children born in autumn and less so in those born
there was no statistical difference in water-holdingin spring. The same deviation is observed in AD with low
capacity according to age, either in the AD or controlallergic predisposition, suggesting that the seasonal vari-

prevalence of AD (%)

groups (data not shown). ation is related to some unknown factors that are specif-
ic for AD but are not linked to allergic predisposition.
DISCUSSION Recently, dry skin and subsequent skin barrier disruption

has attracted attention as a nonallergic etiologic factor of

This is the first report to examine the prevalence of ADAD.16.17 Production of various inflammatory cytokines
in a large-scale general population of young schoolchild-has been demonstrated at the barrier-disrupted skin of
ren according to the month of birth. A significant rela- both micé8.19 and humang? In addition, the antigen-
tionship was found between the prevalence of AD inpresenting ability of skin Langerhans cells has been
schoolchildren and the month of birth. Overall, AD is shown to increase after barrier disruptidnKer-
seen significantly less frequently in those born in spring,atinocytes from atopic skin have been shown to overpro-
whereas it is significantly more common in those born induce GM-CSF and other cytokines both spontane&isly
autumn. The same tendency was observed for AR, brand after stimulation with IFN:23 Thus it is possible
with much less significance than for AD, whereas therethat dry skin and subsequent barrier disruption lead to an
was no such tendency in the case of BA. Although abouimmunologic disregulation that may produce suitable
30% of the recovered samples were without date of birttconditions for allergens to be sensitized epicutaneously
and therefore were omitted from the analysis, we do noand to induce allergic inflammation on the skin. Tupker
think this omission affected the results because there is net aP4 have identified increased irritant susceptibility in
statistical difference in either age distribution or the both AD skin and control skin in winter, probably
prevalence of any allergic disease between subjects witbecause of reduced barrier function, reduced skin hydra-
and without date of birth. When children were divided tion, and/or absence of the beneficial effect of ultraviolet
into 3 groups according to age (7 to 9, 10 to 12, and 13 tdight on cellular targets beneath the stratum corneum. On
15 years), the same statistically significant deviation wasthe basis of this evidence, we speculate that the higher
observed in age groups 10 to 12 and 13 to 15 years but nprevalence of AD in those born in autumn and the lower
in age group 7 to 9 years, although there was the samprevalence in those born in spring might be related to
tendency. It has been shown in a whole population studskin conditions in early infancy. Those born in autumn
of 1218 subjects on the Isle of Wight, that more 4-year-spend the first several months in cold, dry weather, which
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leads to dry skin, whereas those born in spring spend tf 5.
first several months in warm, humid weather, which
results in moist skin. These differences in skin conditions
in the first few months of life might be one of the factors
that trigger and/or aggravate allergic skin inflammation 7.
and ultimately affect the prevalence of AD at school age

In relation to this hypothesis, our study showed that no &
only the involved but also the uninvolved skin of children o
with AD tends to have a lower water-holding capacity.

This tendency was observed in both older children ano.

younger children under the age of 12 months. This dat
suggests that children with dry skin, whether inherent ol
environmentally induced, tend to have AD more fre-
quently. This is in agreement with our hypothesis base:
on the etiologic survey.

It has been reported that repeated application of hapte!?

to mouse skin induces a shift from an initial delayed-type
hypersensitivity to an immediate-type reac®aéIt has
also been shown that long-term topical application of oval:

bumin results in a rise in total and ovalbumin-specific14

serum IgE and leads to localized allergic dermatitis.

Layers of the stratum corneum, which is responsible fois.

skin barrier function, are thinner in early infancy. Com-
bined with the fact that children born in autumn spend the

first several months of their life mainly at home under skin*®:

drying conditions, this may lead to long-term epicutaneou

exposure to and sensitization of indoor allergens and suly7.

sequent skin inflammation. This phenomenon should b

more obvious in children who have an allergic predisposié-

tion and already have AD caused by food allergens. Onc

skin allergic inflammation is triggered, subsequent;g

scratching,Staphylococcus aureusfection, and various
nonspecific irritating stimuli may aggravate the inflamma-

tion and ultimately lead to long-term aggravation of the®*:

disease. If this is the case, appropriate skin care from ear

infancy to both prevent skin barrier disruption and blockos.

exposure to allergens that may penetrate the skin migl
reduce the prevalence of AD. In this respect, mite-block:
ing bedding encasing made from microfine fibers has bee
shown to be effective for preventing atopic infants from
becoming sensitized to house dust nites.

In conclusion, we have shown that the month of birth23.

affects the prevalence of AD among school-age children
We have also shown that patients with AD tend to hav,,
dry skin from early infancy. On the basis of these results
we speculate that the climate in early infancy affects skir
condition and may ultimately affect the prevalence of
AD. This might constitute at least one of the “nonaller-
gic” etiologic factors of this complex disease.
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