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Background: Among atopic diseases, atopic dermatitis is the most common allergic disease in children
and influences both infantile and parental quality of life.
Objective: The present study investigated the sex-specific relationship between the fetal/placental
weight ratio and The incidence of atopic dermatitis in infants during the first 14 months of life.
Methods: Study participants were 922 infants (462 female and 460 male) from singleton pregnancies
enrolled in the Hamamatsu Birth Cohort for Mothers and Children (HBC Study) after the exclusion of
298 with missing data on atopic dermatitis. The enrollment of infants with atopic dermatitis was based
on a positive response from parents regarding whether a physician had ever diagnosed their child with
atopic dermatitis by 14 months of age. The two-sample Wilcoxon rank-sum test or v2 test was adopted
for descriptive analyses where appropriate. Unadjusted odds ratios and 95% confidence intervals for the
infantile incidence of atopic dermatitis were compared using logistic regression analyses.
Results: Maternal and perinatal factors did not correlate with the incidence of infantile atopic dermatitis.
Fetal/placental weight ratio, but not birth or placental weight, correlated with the incidence of atopic der-
matitis in female, but not male, infants. A correlation was still observed after adjustments for maternal
allergies, gestational age at birth, maternal smoking during pregnancy, and household income at birth
(odds ratio: 1.57; 95% confidence interval, 1.05–2.33).
Conclusion: We speculated that the intrauterine fetal environment, represented by a relatively small pla-
centa, programs a predisposition in only female infants to atopic dermatitis during the first 14months of life.

� 2020 Published by Elsevier Inc. on behalf of Women’s Dermatologic Society. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction health and diseases has been established (Gluckman and Hanson,
Among atopic diseases, atopic dermatitis (AD) is the most com-
mon allergic disease in children and influences both infant and
parent quality of life (Alanne et al., 2011; Marciniak et al., 2017).

Early environmental disruptions have been causatively associ-
ated with the risk of atopic diseases (Woon et al., 2018). A recent
programing hypothesis revealed that developmental plasticity dur-
ing the early critical periods is closely associated with health and
diseases in later life, and the concept of developmental origins of
2006; Hanson and Gluckman, 2014; Itoh and Kanayama, 2015,
2017). Sex-specific differences in offspring have been repeatedly
reported in studies on developmental origins of health and dis-
eases (Eriksson et al., 2018; Sato et al., 2019; Tarrade et al., 2015;
Tekola-Ayele et al., 2019).

The placenta is the largest fetal organ that interacts with both
the mother and fetus (Tarrade et al., 2015). The extra- and
intrauterine environments are known to affect placental and fetal
development (Burton et al., 2010; Panchenko et al., 2015). The pla-
centa adapts to the maternal environment by changing its weight,
structure, and/or function, thereby maintaining an optimal envi-
ronment for fetal developmental (Coan et al., 2008; Fowden
et al., 2009). Increasing evidence supports the important role of
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the placenta in fetal adaptations to various environmental changes
and subsequently in health and the risk of disease after birth
(Godfrey, 2002; Jansson and Powell, 2007; Mando et al., 2016).

Barker and Thornburg (2013) reported on the concept of the
placental programing of chronic diseases. We previously reported
that placental vascular morphology correlated with fetal Doppler
echocardiographic measurements (Sekii et al., 2018). The placental
gene expression of 11b-hydroxysteroid dehydrogenase (11bHSD-
1) was associated with infant growth via adiponectin-associated
metabolic regulation (Muramatsu-Kato et al., 2014), and placental
pathology predicted infant body weight and composition (Yaguchi
et al., 2018).

Placental weight has also been associated with cardiovascular
diseases and systolic blood pressure in adulthood (Blake et al.,
2001; Heshmati and Koupil, 2014). Moreover, placental area corre-
lated with adult blood pressure (Barker et al., 2010). A relationship
was also shown to exist between umbilical cord length and chronic
rheumatoid heart disease (Goodman et al., 2015). Fetal/placental
weight (the F/P ratio) was introduced as a predictor of perinatal
outcomes (Godfrey, 2002; Itoh et al., 2019; Matsuda et al., 2018;
Risnes et al., 2009; Shehata et al., 2011). A relationship has been
reported between a low F/P ratio, a small fetus relative to the pla-
centa, and the risk of adult cardiovascular diseases (Godfrey, 2002;
Ortega et al., 2010; Shehata et al., 2011). However, the contribution
of the placenta to health and diseases after birth has not yet been
elucidated in detail.

The intrauterine environment has been increasingly implicated
in the development of allergic diseases, including AD. Warner et al.
(2000) showed that fetal exposure to allergens and maternopla-
cental–fetal immunological interactions actively contributed to
whether an allergic predisposition manifests as disease after birth.
Fetal growth restrictions as well as rapid catch-up growth after
birth were found to predispose offspring to allergic diseases
(Tedner et al., 2012). Illi et al. (2014) reported that maternal infec-
tions or bacterial exposure during pregnancy may induce a predis-
position to atopy in childhood. Furthermore, the expression of
placental genes associated with allergic disease was shown to dif-
fer between the sexes (Tuck et al., 2015). However, the contribu-
tion of fetoplacental interactions to the incidence of AD,
including sex-specific differences, remains unclear.

We hypothesized that placental factors are sex-specifically
associated with the risk of AD early in life. The specific objectives
of the present study were to sex-specifically compare maternal
(Supplemental Tables 1 and 2) and perinatal factors, as well as pla-
cental factors (placental weight, placental area, umbilical cord
length, and F/P ratio), with the incidence of AD during the first
14 months of life, using data obtained from the Hamamatsu Birth
Cohort for Mothers and Children (HBC study) in Japan.
Methods

Participants

The present study was conducted as part of an ongoing cohort
study (the HBC study), which has been described in detail else-
where (Takagai et al., 2016; Tsuchiya et al., 2010). Information col-
lected is listed in Supplemental Tables 3 and 4. We consecutively
contacted all pregnant women (n = 1258) who were expected to
give birth at our two research sites (Hamamatsu University Hospi-
tal and Kato Maternity Clinic, both in Hamamatsu City) and who
gave birth between December 20, 2007 and October 31, 2011.
We previously established that the enrolled parturients were rep-
resentative of Japanese parturients in terms of age, socioeconomic
status, parity, and the birth weight and gestational age of the infant
(Takagai et al., 2016; Tsuchiya et al., 2010).
Among the 1258 participants, we initially analyzed 1220 single-
ton pregnancies. After excluding 298 participants for missing data
on AD, we retrospectively analyzed the remaining 922 (75.6%). All
participating parturients were given a complete description of the
study and provided written informed consent to participate. In the
present study, we analyzed the data obtained from entry into the
study during mid-pregnancy to 14 months after childbirth, which
followed the original cohort plan (Takagai et al., 2016; Tsuchiya
et al., 2010).

The enrollment of infants with AD was based on a positive
response from parents regarding whether a physician had ever
diagnosed their child with AD by 14 months of age, following the
methods of cohort studies by other investigators (Moore et al.,
2004; Shinohara and Matsumoto, 2017). We enrolled infants with
AD based on the answers to the questionnaire and excluded those
with the description of suspected AD. The definition of and diag-
nostic criteria for AD by the Japanese Dermatological Association
are commonly used in Japan (Saeki et al., 2009).
Statistical analysis

The F/P ratio was calculated by dividing fetal weight by placen-
tal weight in grams (Ogawa et al., 2016).

We used STATA version 13.1, for statistical analyses. The two-
sampleWilcoxon rank-sum test orv2 test was adopted for descrip-
tive analyses where appropriate. Unadjusted odds ratios (ORs) and
95% confidence intervals (CIs) for the infantile incidence of AD
were initially compared using logistic regression analyses of
maternal and perinatal backgrounds (Table 1) or placental factors,
such as placental weight, placental area, umbilical cord length, and
F/P ratio.

Sex-specific unadjusted ORs and 95% CIs for the infantile inci-
dence of AD were compared using logistic regression analyses of
maternal and perinatal backgrounds or placental factors.

Because the unadjusted analysis showed a positive relationship
between the infant incidence of AD and the F/P ratio, logistic
regression analyses were performed after adjustments for mater-
nal allergies, gestational age at birth, maternal smoking during
pregnancy, and household income at birth as potential confound-
ing factors. A p-value of <.05 was considered significant.
Ethical considerations

The Ethics Committee of the Hamamatsu University School of
Medicine approved all procedures (Nos. 20–82, 21–114, 22–29,
24–67, 24–237, 25–143, 25–283, E14-062, and 17–037). Written
informed consent was obtained from the participating parturients
during pregnancy after a full explanation of the study.
Results

Relationships between maternal and perinatal backgrounds and the
incidence of AD

Among 922 infants, 54 (5.9%) developed AD during the first
14 months of life. No significant differences were observed in
maternal age, maternal body mass index, maternal education,
household income at birth, maternal allergies, maternal smoking
during pregnancy, parity, delivery mode, gestational age at birth,
birth weight, or the sex of newborns between affected and unaf-
fected infants using a simple comparison (Table 1).



Table 1
Relationships between maternal and perinatal backgrounds and the incidence of atopic dermatitis during the first 14 months of life.

Affected infants
n = 54

Unaffected infants
n = 868

Statistics

Maternal background
Maternal age (years) 32.5 ± 5.0 (21.5–44.5) 31.7 ± 5.0 (17.7–44.9) z = �1.19 p = .23
Maternal body mass index (pre-pregnancy; kg/m2) 21.0 ± 3.2 (17.2–32.8) 21.1 ± 3.4 (14.6–40.4) z = .25 p = .81
Maternal education v2 = 1.62 p = .44
<12 years, n (%) 1 (1.8%) 40 (4.6%)
12–15 years, n (%) 36 (66.7%) 606 (69.8%)
�16 years, n (%) 17 (31.5%) 222 (25.6%)
Household income at birth (million JPY/year) 5.97 ± 2.83 (2.20–20.00) 6.08 ± 2.80 (1.00–27.00) z = .39 p = .70
Maternal allergy, n (%) 36 (66.7%) 544 (62.7%) v2 = 0.35 p = .56

Perinatal background
Maternal smoking during pregnancy, n (%) 2 (3.7%) 71 (8.2%) v2 = 1.40 p = .24
Nulliparous, n (%) 22 (40.7%) 440 (50.7%) v2 = 2.01 p = .16
Cesarean section, n (%) 13 (24.1%) 182 (21.0%) v2 = .28 p = .60
Gestational age at birth (weeks) 39.3 ± 1.1 (36.9–41.9) 39.0 ± 1.5 (30.1–42.1) z = �126 p = .21
Birth weight (g) 3021 ± 368 (1838–3700) 2949 ± 428 (1126–4286) z = �1.55 p = .12
Male sex, n (%) 30 (55.6%) 430 (49.5%) v2 = .74 p = .39

Values are presented as means ± standard deviation (range) or n (%). Comparisons of characteristics between groups by the Wilcoxson rank-sum test for continuous variables
and v2 test for categorical variables.
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Sex-specific relationship between maternal and perinatal backgrounds
and the incidence of AD

We assessed the sex-specific involvement of maternal and peri-
natal backgrounds in the incidence of AD. The incidence of AD in
male infants (30 cases; 6.5%) was similar to that in female infants
(24 cases; 5.2%; Table 2). There was no sex-specific involvement of
maternal and perinatal backgrounds in the incidence of AD
(Table 2).

Relationship between placental factors and the incidence of AD

We compared placental weight, placental area, umbilical cord
length, and the F/P ratio as placental factors between affected
and unaffected infants (Table 3). No significant differences were
observed between the two groups.

Sex-specific relationship between placental factors and the incidence
of AD

We examined the involvement of placental factors in the inci-
dence of AD for each sex using a simple comparison. The F/P ratio
showed a significant difference between affected and unaffected
infants in female, but not male, infants (Table 4).

Female-specific relationship between F/P ratio and incidence of AD

We performed a logistic regression analysis of the relationship
between the F/P ratio and risk of AD in female infants. An unad-
justed analysis revealed a correlation between the F/P ratio and
the risk of AD in female infants (OR: 1.68; p = .008; Table 5). This
correlation was still observed (OR: 1.65; p = .01) after adjustments
for maternal allergies as a potential confounder (Table 5). We also
adjusted for gestational age at birth, maternal smoking during
pregnancy, and household income at birth (OR: 1.57; p = .03;
Table 5). In contrast, no relationship was observed between the
F/P ratio and incidence of AD in male infants (Table 5).

Discussion

In the present study, we investigated the relationships between
infant incidence of AD and placental factors, such as placental
weight, placental area, umbilical cord length, and the F/P ratio.
Among these factors, only the F/P ratio correlated with the inci-
dence of AD in female, but not male, infants during the first
14 months (Table 4). A correlation was still observed after adjust-
ments for maternal allergies (OR: 1.65; 95% CI, 1.12–2.42) or
maternal allergies, gestational age at birth, maternal smoking dur-
ing pregnancy, and household income at birth (OR: 1.57; 95% CI,
1.05–2.33; Table 5).

To the best of our knowledge, the present study is the first to
describe a sex-specific relationship between a high F/P ratio and
the risk of an allergic disease in offspring. Previous studies reported
a relationship between a low F/P ratio, a small fetus relative to the
placenta, and cardiovascular diseases (Godfrey, 2002; Ortega et al.,
2010; Shehata et al., 2011). However, limited information is cur-
rently available on the relationship between a high F/P ratio and
a large fetus relative to the placenta (Ganer et al., 2017).

The present study revealed that a high F/P ratio and a small pla-
centa relative to the fetus were associated with a predisposition to
AD during the infantile period in a female-specific manner. The
conditions under which a relatively small placenta maintains a
fetus of an appropriate size have been suggested to result in sub-
clinical overload to the placenta and resultant unedified immuno-
logic and/or endocrinologic changes in the fetoplacental unit,
which may program a future predisposition to AD. Further studies
are needed to examine this relationship in more detail.

This relationship was observed only in female infants in the
present study, which suggests female-specific pathways in the
unidentified responses of the fetoplacental unit to the conditions
of a small placenta relative to the fetus and/or in the unidentified
programing mechanism of a future predisposition to AD. The
expression of human placental genes associated with allergic dis-
ease was previously shown to differ between the sexes (Tuck
et al., 2015). Mando et al. (2016) revealed the sex-specific adapta-
tion of placental biometry to maternal obesity. However, the pre-
sent study did not find a correlation between a sex-specific
predisposition to infantile AD and other simple placental factors
(i.e., placental weight, placental area, and umbilical cord length).
The correlation between a high F/P ratio and sex-specific predispo-
sition to infantile AD suggests the importance of co-assessments of
both the placenta and fetus. Therefore, further studies that sex-
specifically compare the genes associated with allergic disease
between human placentas and fetuses are needed. Genetic and epi-
genetic cohort studies on both the placenta and fetus are also
required to elucidate the molecular mechanisms responsible for
the female-specific contribution of the F/P ratio to the risk of infan-
tile AD. The findings of these studies will provide insights into the



Table 2
Sex-specific relationship between maternal and perinatal backgrounds and the incidence of atopic dermatitis during the first 14 months of life.

Male Female

Affected infants
n = 30

Unaffected infants
n = 430

Statistics Affected infants
n = 24

Unaffected infants
n = 438

Statistics

Maternal background
Maternal age (years) 33.4 ± 5.2 (21.8–44.5) 31.7 ± 5.1 (18.3–44.9) z = �1.85

p = .07
31.4 ± 4.9 (21.5–40.4) 31.7 ± 5.1 (17.7–44.6) z = .21

p = .83
Maternal body mass index

(pre-pregnancy; kg/m2)
21.6 ± 3.8 (17.5–32.8) 21.3 ± 3.6 (15.4–40.4) z = �.36

p = .72
20.2 ± 2.1 (17.2–26.2) 20.9 ± 3.2 (14.6–35.7) z = .81

p = .42
Maternal education (years) v2 = .19

p = .91
v2 = 2.07
p = .36

<12 years, n (%) 1 (3.3%) 18 (4.2%) 0 (0%) 22 (5.0%)
12–15 years, n (%) 21 (70.0%) 311 (72.3%) 15 (62.5%) 295 (67.4%)
>16 years, n (%) 8 (26.7%) 101 (23.5%) 9 (37.5%) 121 (27.6%)
Household income at birth

(million JPY/year)
5.68 ± 1.89
(2.64–10.50)

5.86 ± 2.68
(1.00–22.40)

z = �.14
p = .89

6.33 ± 3.70
(2.2–20.00)

6.30 ± 2.90
(1.20–27.00)

z = .53
p = .60

Maternal allergy, n (%) 17 (56.7%) 267 (62.1%) v2 = .35
p = .55

19 (79.2%) 277 (63.2%) v2 = 2.51
p = .11

Perinatal backgrounds
Maternal smoking during

pregnancy, n (%)
1 (3.3%) 37 (8.6%) v2 = .03

p = .31
1 (4.2%) 32 (7.3%) v2 = .42

p = .52
Nulliparous, n (%) 9 (30.0%) 205 (47.7%) v2 = 3.52

p = .06
13 (54.2%) 235 (53.7%) v2 = .00

p = .96
Cesarean section, n (%) 9 (30.0%) 91 (21.2%) v2 = 1.27

p = .26
4 (16.7%) 91 (20.8%) v2 = .25

p = .62
Gestational age at birth (weeks) 39.2 ± 1.1

(37.4–41.9)
39.0 ± 1.5
(31.6–42.1)

z = �.18
p = .86

39.5 ± 1.1
(36.9–41.0)

39.0 ± 1.5
(30.1–42.1)

z = �1.64

p = .10
Birth weight (g) 3009 ± 416

(1838–3700)
3017 ± 439
(1150–4170)

z = �.10
p = .93

3036 ± 305
(2396–3646)

2883 ± 407
(1126–4286)

z = �1.82

p = .07

Values are presented as means ± standard deviation (range) or n (%). Comparisons of characteristics between groups by the Wilcoxson rank-sum test for continuous variables
and v2 test for categorical variables.

Table 3
Relationships between placental factors and the incidence of atopic dermatitis during the first 14 months of life in both sexes.

In both sexes

Affected infants, n = 54 Unaffected infants, n = 868 Statistics

Placental weight (g) 541 ± 112 (240–810) 549 ± 107 (230–1070) z = .26 p = .80
Placental area (cm2) 237.2 ± 46.5 (112–345) 242.3 ± 49.4 (102–415) z = .81 p = .42
Umbilical cord length (cm) 54.3 ± 10.1 (32–80) 55.3 ± 10.9 (27–97) z = .61 p = .55
Fetal/Placental weight ratio 5.75 ± 1.16 (4.33–11.68) 5.49 ± 0.85 (2.40–10.59) z = �1.25 p = .21

Table 4
Relationships between placental factors and the incidence of atopic dermatitis during the first 14 months of life in male and female infants.

Male and female infants

Male Female

Affected infants, n = 30 Unaffected infants, n = 430 Statistics Affected infants, n = 24 Unaffected infants, n = 438 Statistics

Placental weight (g) 549 ± 113 (320–740) 555 ± 108 (230–950) z = .03
p = .98

530 ± 112 (240–810) 544 ± 105 (230–1070) z = .45
p = .65

Placental area (cm2) 233.1 ± 56.5 (165–330) 244.8 ± 49.3 (123–415) z = .81
p = .42

234.8 ± 54.1 (112–346) 239.1 ± 50.0 (102–379) z = .44
p = .66

Umbilical cord length (cm) 54.5 ± 12.0 (32–80) 56.5 ± 11.2 (30–97) z = �.93
p = .35

54.0 ± 7.3 (41–66) 54.2 ± 10.6 (27–90) z = �.14
p = .89

Fetal/placental weight ratio 5.61 ± 0.91 (4.23–8.24) 5.56 ± 0.87 (2.40–10.59) z = .31
p = .76

5.93 ± 1.42 (4.33–11.68) 5.41 ± 0.83 (2.40–9.65) z = �2.08
p = .04*

* p < .05. Values are presented as means ± standard deviation (range) or n (%). Comparisons of placental components between groups by the Wilcoxson rank-sum test.

Table 5
Sex-specific odds ratios and 95% confidence intervals for the relationship between the fetal/placental weight ratio and risk of atopic dermatitis during the first 14 months of life.

Sex Unadjusted Adjusted for maternal allergy Adjusted for maternal allergy, gestational age at birth, maternal
smoking during pregnancy, annual household income at birth

Male 1.06 (0.70–1.61) 1.06 (0.70–1.62) 1.03 (0.67–1.59)
Female 1.68 (1.14–2.46) 1.65 (1.12–2.42) 1.57 (1.05–2.33)
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contribution of perinatal care to the female-specific predisposition
to infantile AD.

Several limitations of the present study need to be acknowl-
edged. One limitation was the questionnaire-based enrollment of
infants with AD. Moreover, International Classification of Diseases
data on subjects by primary medical care provider were not avail-
able in the Japanese medical system. Furthermore, a family history
of AD was previously identified as a risk factor for AD (Dogruel
et al., 2016; Moore et al., 2004; Parazzini et al., 2014; Purvis
et al., 2005). However, the maternal information available involved
a history of allergies, but not AD, based on a self-reported question-
naire. We speculate that a history of other allergic diseases may
have affected the negative relationships observed in the present
study. Maternal asthma or hay fever were not associated with
infantile AD (Olesen et al., 1997; Sugiyama et al., 2007). Another
limitation is that we did not assess paternal factors because the
targets of the HBC study were mothers and children. Nevertheless,
Chang et al. (2005) showed that paternal factors appeared to be
weaker than maternal factors for infantile AD.
Conclusion

The present results suggest that a high F/P ratio is associated
with an increase in the incidence of AD in female infants during
the first 14 months of life, indicating the presence of
female-specific predictive adaptive responsive pathways toward
a predisposition to infantile AD in response to the diversity of
the intrauterine environment.

Acknowledgments

The authors thank Dr. Tetsuo Kato at the Kato Maternity Clinic,
as well as Drs. K. Sugihara, M. Sugimura, K. Takeuchi, Y. Murakami,
Y. Miyabe, K. Hirai, Y. Nakamura, R. Koizumi, H. Murakami, and K.
Muramatsu-Kato; the former chief midwife, Ms. Kiyomi Hinoki;
and all midwives and staff at the maternity clinic of the Hama-
matsu University School of Medicine, for their full support with
participant enrollment and data collection. The authors also thank
Ms. E. Higashimoto, N. Kodera, C. Nakayasu, Y. Nishimura, H.
Suzuki, Y. Kugizaki, M. Honda, H. Muraki, M. Narumiya, E. Sato,
Y. Suzuki, R. Takabayashi, Mr. R. Nakahara, Drs. D. Choi, T. Harada,
T. Horikoshi, T. Nishimura, A. Okumura, N. Takahashi, Y.K. Kuroda,
K. Matsumoto, and Y. Seno for the collection and management of
the data.
Financial disclosures

None.
Funding

This work was supported in part by MEXT KAKENHI (a Grant-in-
Aid for Scientific Research; grant number JP15H04882).
Study Approval

The author(s) confirm that any aspect of the work covered in
this manuscript that has involved human patients has been con-
ducted with the ethical approval of all relevant bodies.
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ijwd.2020.02.009.
References

Alanne S, Nermes M, Soderlund R, Laitinen K. Quality of life in infants with atopic
dermatitis and healthy infants: a follow-up from birth to 24 months. Acta
Paediatr 2011;100:e65–70.

Barker DJ, Thornburg KL. Placental programming of chronic diseases, cancer and
lifespan: a review. Placenta 2013;34:841–5.

Barker DJ, Thornburg KL, Osmond C, Kajantie E, Eriksson JG. The surface area of the
placenta and hypertension in the offspring in later life. Int J Dev Biol
2010;54:525–30.

Blake KV, Gurrin LC, Beilin LJ, Stanley FJ, Landau LI, Newnham JP. Placental weight
and placental ratio as predictors of later blood pressure in childhood. J
Hypertens 2001;19:697–702.

Burton GJ, Jauniaux E, Charnock-Jones DS. The influence of the intrauterine
environment on human placental development. Int J Dev Biol
2010;54:303–12.

Chang WT, Sun HL, Lue KH, Chou MC. Predictability of early onset atopic dermatitis
by cord blood IgE and parental history. Acta Paedia Taiwan 2005;46:272–7.

Coan PM, Angiolini E, Sandovici I, Burton GJ, Constancia M, Fowden AL. Adaptations
in placental nutrient transfer capacity to meet fetal growth demands depend on
placental size in mice. J Physiol 2008;586:4567–76.

Dogruel D, Bingol G, Altintas DU, Yilmaz M, Kendirli SG. Prevalence of and risk
factors for atopic dermatitis: a birth cohort study of infants in southeast Turkey.
Allergol Immunopathol 2016;44:214–20.

Eriksson JG, Salonen MK, Kajantie E, Osmond C. Prenatal growth and CKD in older
adults: Longitudinal findings from the Helsinki Birth Cohort Study, 1924–1944.
Am J Kidney Dis 2018;71:20–6.

Fowden AL, Sferruzzi-Perri AN, Coan PM, Constancia M, Burton GJ. Placental
efficiency and adaptation: endocrine regulation. J Physiol 2009;587:3459–72.

Ganer Herman H, Miremberg H, Schreiber L, Bar J, Kovo M. The association between
disproportionate birth weight to placental weight ratio, clinical outcome, and
placental histopathological lesions. Fetal Diagn Ther 2017;41:300–6.

Gluckman PD, Hanson MA. Developmental origins of health and
disease. Cambridge: Cambridge University Press; 2006.

Godfrey KM. The role of the placenta in fetal programming: a review. Placenta
2002;23 Suppl A:S20–7.

Goodman A, Kajantie E, Osmond C, Eriksson J, Koupil I, Thornburg K, et al. The
relationship between umbilical cord length and chronic rheumatic heart
disease: a prospective cohort study. Eur J Prev Cardiol 2015;22:1154–60.

Hanson MA, Gluckman PD. Early developmental conditioning of later health and
disease: physiology or pathophysiology? Physiol Rev 2014;94:1027–76.

Heshmati A, Koupil I. Placental weight and foetal growth rate as predictors of
ischaemic heart disease in a Swedish cohort. J Dev Orig Health Dis
2014;5:164–70.

Illi S, Weber J, Zutavern A, Genuneit J, Schierl R, Strunz-Lehner C, et al. Perinatal
influences on the development of asthma and atopy in childhood. Ann Allergy
Asthma Immunol 2014;112. 132–9.e131.

Itoh H, Kanayama N. Nutritional conditions in early life and risk of non-
communicable diseases (NCDs); the perspective of preemptive medicine in
perinatal care. Hypertens Res Preg 2015;3:1–12.

Itoh H, Kanayama N. Developmental origins of health and diseases (DOHaD):
perspective toward preemptive medicine. Precision Med Gynecol Obstet
2017:237–50.

Itoh T, Matsuda Y, Itoh H, Ogawa M, Sasaki K, Kanayama N. Intrauterine fetal and
neonatal death between small for date and non-small for date in small for
gestational age infants. Int J Med Sci 2019;16:501–6.

Jansson T, Powell TL. Role of the placenta in fetal programming: underlying
mechanisms and potential interventional approaches. Clin Sci 2007;113:1–13.

Mando C, Calabrese S, Mazzocco MI, Novielli C, Anelli GM, Antonazzo P, et al. Sex-
specific adaptations in placental biometry of overweight and obese women.
Placenta 2016;38:1–7.

Marciniak J, Reich A, Szepietowski JC. Quality of life of parents of children with
atopic dermatitis. Acta Derm Venereol 2017;97:711–4.

Matsuda Y, Itoh T, Itoh H, Ogawa M, Sasaki K, Kanayama N, et al. Impact of placental
weight and fetal/placental weight ratio Z score on fetal growth and the
perinatal outcome. Int J Med Sci 2018;15:484–91.

Moore MM, Rifas-Shiman SL, Rich-Edwards JW, Kleinman KP, Camargo Jr CA, Gold
DR, et al. Perinatal predictors of atopic dermatitis occurring in the first six
months of life. Pediatrics 2004;113:468–74.

Muramatsu-Kato K, Itoh H, Kobayashi-Kohmura Y, Murakami H, Uchida T, Suzuki K,
et al. Comparison between placental gene expression of 11beta-hydroxysteroid
dehydrogenases and infantile growth at 10 months of age. J Obstet Gynaecol
Res 2014;40:465–72.

Ogawa M, Matsuda Y, Nakai A, Hayashi M, Sato S, Matsubara S. Standard curves of
placental weight and fetal/placental weight ratio in Japanese population:
difference according to the delivery mode, fetal sex, or maternal parity. Eur J
Obstet Gynecol Reprod Biol 2016;206:225–31.

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.

Ortega FB, Lee DC, Sui X, Ruiz JR, Cheng YJ, Church TJ, et al. Cardiorespiratory fitness,
adiposity, and incident asthma in adults. J Allergy Clin Immunol 2010;125(271–
3):e271–5.

Panchenko PE, Lemaire M, Fneich S, Voisin S, Jouin M, Junien C, et al. Epigenetics and
nutrition: maternal nutrition impacts on placental development and health of
offspring. Biologie Aujourd’hui 2015;209:175–87.

https://doi.org/10.1016/j.ijwd.2020.02.009
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0005
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0005
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0005
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0010
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0010
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0015
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0015
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0015
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0020
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0020
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0020
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0025
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0025
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0025
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0030
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0030
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0035
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0035
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0035
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0040
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0040
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0040
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0045
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0045
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0045
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0050
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0050
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0055
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0055
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0055
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0060
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0060
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0070
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0070
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0070
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0075
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0075
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0080
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0080
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0080
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0085
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0085
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0085
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0090
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0090
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0090
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0095
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0095
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0095
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0100
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0100
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0100
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0105
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0105
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0110
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0110
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0110
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0115
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0115
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0120
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0120
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0120
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0125
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0125
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0125
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0130
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0130
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0130
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0130
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0135
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0135
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0135
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0135
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0140
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0140
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0145
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0145
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0145
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0150
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0150
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0150


M. Matsumoto et al. / International Journal of Women’s Dermatology 6 (2020) 176–181 181
Parazzini F, Cipriani S, Zinetti C, Chatenoud L, Frigerio L, Amuso G, et al. Perinatal
factors and the risk of atopic dermatitis: a cohort study. Pediatr Allergy
Immunol 2014;25:43–50.

Purvis DJ, Thompson JM, Clark PM, Robinson E, Black PN, Wild CJ, et al. Risk factors
for atopic dermatitis in New Zealand children at 3.5 years of age. Br J Dermatol
2005;152:742–9.

Risnes KR, Romundstad PR, Nilsen TI, Eskild A, Vatten LJ. Placental weight relative to
birth weight and long-term cardiovascular mortality: findings from a cohort of
31,307 men and women. Am J Epidemiol 2009;170:622–31.

Saeki H, Furue M, Furukawa F, Hide M, Ohtsuki M, Katayama I, et al. Guidelines for
management of atopic dermatitis. J Dermatol 2009;36:563–77.

Sato Y, Sakurai K, Tanabe H, Kato T, Nakanishi Y, Ohno H, et al. Maternal gut
microbiota is associated with newborn anthropometrics in a sex-specific
manner. J Dev Orig Health Dis 2019;10:659–66.

Sekii K, Yaguchi C, Itoh H. The correlation of morphological and thrombotic villous
arterial lesions with fetal Doppler echocardiographic measurements in the
placentas of low-risk term pregnancies. Eur J Obstet Gynecol Reprod Biol
2018;223:39–45.

Shehata F, Levin I, Shrim A, Ata B, Weisz B, Gamzu R, et al. Placenta/birthweight
ratio and perinatal outcome: a retrospective cohort analysis. BJOG
2011;118:741–7.

Shinohara M, Matsumoto K. Fetal tobacco smoke exposure in the third trimester of
pregnancy is associated with atopic eczema/dermatitis syndrome in infancy.
Pediatr Allergy Immunol Pulmonol 2017;30:155–62.

SugiyamaM, Arakawa H, Ozawa K, Mizuno T, Mochizuki H, Tokuyama K, et al. Early-
life risk factors for occurrence of atopic dermatitis during the first year.
Pediatrics 2007;119:e716–23.
Takagai S, Tsuchiya KJ, Itoh H, Kanayama N, Mori N, Takei N, et al. Cohort profile:
Hamamatsu Birth Cohort for mothers and children (HBC study). Int J Epidemiol
2016;45:333–42.

Tarrade A, Panchenko P, Junien C, Gabory A. Placental contribution to nutritional
programming of health and diseases: epigenetics and sexual dimorphism. J Exp
Biol 2015;218:50–8.

Tedner SG, Ortqvist AK, Almqvist C. Fetal growth and risk of childhood asthma and
allergic disease. Clin Exp Allergy 2012;42:1430–47.

Tekola-Ayele F, Workalemahu T, Gorfu G, Shrestha D, Tycko B, Wapner R, et al. Sex
differences in the associations of placental epigenetic aging with fetal growth.
Aging 2019;11:5412–32.

Tsuchiya KJ, Matsumoto K, Suda S, Miyachi T, Itoh H, Kanayama N, et al. Searching
for very early precursors of autism spectrum disorders: The Hamamatsu Birth
Cohort for mothers and children (HBC). J Dev Orig Health Dis 2010;1:158–73.

Tuck AR, Grzeskowiak LE, Osei-Kumah A, Saif Z, Edwards SM, Tai A, et al. Distinct
sex-specific gene expression changes in the placenta in association with
childhood allergy. Inter J Respir Pulm Med 2015;2.

Warner JA, Jones CA, Jones AC, Warner JO. Prenatal origins of allergic disease. J
Allergy Clin Immunol 2000;105:S493–6.

Woon FC, Chin YS, Ismail IH, Chan YM, Batterham M, Abdul Latiff AH, et al.
Contribution of early nutrition on the development of malnutrition and allergic
diseases in the first year of life: a study protocol for the Mother and Infant
Cohort Study (MICOS). BMC Pediatr 2018;18:233.

Yaguchi C, Itoh H, Tsuchiya KJ, Furuta-Isomura N, Horikoshi Y, Matsumoto M, et al.
Placental pathology predicts infantile physical development during first 18
months in Japanese population: Hamamatsu Birth Cohort for mothers and
children (HBC Study). PLoS One 2018;13 e0194988.

http://refhub.elsevier.com/S2352-6475(20)30021-6/h0155
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0155
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0155
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0160
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0160
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0160
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0165
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0165
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0165
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0170
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0170
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0175
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0175
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0175
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0180
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0180
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0180
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0180
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0185
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0185
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0185
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0190
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0190
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0190
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0195
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0195
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0195
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0200
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0200
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0200
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0205
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0205
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0205
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0210
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0210
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0215
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0215
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0215
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0220
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0220
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0220
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0225
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0225
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0225
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0230
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0230
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0235
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0235
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0235
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0235
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0240
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0240
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0240
http://refhub.elsevier.com/S2352-6475(20)30021-6/h0240

	The fetal/placental weight ratio is associated with the incidence of atopic dermatitis in female infants during the first 14months: The Hamamatsu Birth Cohort for Mothers and Children (HBC Study)
	Introduction
	Methods
	Participants
	Statistical analysis
	Ethical considerations

	Results
	Relationships between maternal and perinatal backgrounds and the incidence of AD
	Sex-specific relationship between maternal and perinatal backgrounds and the incidence of AD
	Relationship between placental factors and the incidence of AD
	Sex-specific relationship between placental factors and the incidence of AD
	Female-specific relationship between F/P ratio and incidence of AD

	Discussion
	Conclusion
	ack15
	Acknowledgments
	Financial disclosures
	Funding
	Study Approval
	Appendix A Supplementary data
	References


