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Editorial on the Research Topic

The Fetal Origins of Metabolic Disorders

INTRODUCTION

The Research Topic of ‘The Fetal Origins of Metabolic Disorders’ was based on the concept of the
Developmental Origins of Health and Disease (DOHaD) theory (1). DOHaD theory connects
metabolic disorders of offspring with environmental disruptions during the early critical
developmental period. DOHaD theory was devised from the findings of three well-known cohort
studies: British (2) and Finnish (3) studies that demonstrated adult health deterioration of low
birthweight babies (less than 2,500 g), and a Dutch study (4) of increased risk of adult lifestyle
diseases in the people who experienced severe undernourishment in utero during the ‘Dutch
Famine’ in World War II.

Since the early 1980s in Japan, the rate of low birthweight infants has increased and has remained
high at about 10% (Figure 1). In this editorial, we introduce the origins and changes of Japanese
nutritional guidance for pregnant women and discuss the possible importance of follow-up studies
of the offspring to compare health prognoses.
THE HISTORY OF NUTRITIONAL MANAGEMENT OF PREGNANT
WOMEN IN JAPAN GOES BACK TO EPIDEMIOLOGICAL
RESEARCH DURING WORLD WAR II

At the end of World War II, there was extreme famine around Amsterdam, the so-called ‘Dutch
Famine’. During the famine, pregnant women had low incidence rates of preeclampsia (5) and
decreased blood pressure during labour (6). Based on a clinical study (7), the Japan Society of
Obstetrics and Gynecology (JSOG) officially recommended energy intake restrictions for pregnant
women who developed preeclampsia in 1981 (Figure 1) (8). In consideration of the effect of this
treatment policy, the Perinatal Committee of JSOG aimed to prevent preeclampsia for general
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pregnant women and formulated a guideline for maternal weight
gain in pregnancy in 1997 that was published in 1999 (Figure 1)
(9). This guideline recommended weight gain of 7-10 kg during
pregnancy for pregnant women with a BMI of 18-24 kg/m2

(Figure 1) (9).
Independently, the Japanese Ministry of Health, Labour and

Welfare published the ‘Optimal weight gain chart during
pregnancy’ in 2006, which recommended aiming for a birth
weight of 2,500 g to 4,000 g and a weight gain of 7-12 kg during
pregnancy for women with a BMI of 18.5 to 25 kg/m2 (Figure 1)
(10). It was a serious problem at that time that there were two
different guidelines, JSOG 1999 and Ministry of Health, Labour
and Welfare 2006, that were enforced in parallel in Japan
(Figure 1). Moreover, the purpose of the recommendation was
different between the two guidelines (prevention of preeclampsia,
and aiming for an appropriate birth weight of 2,500 g to 4,000
g, respectively).
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Hytten and Leitch, performed metabolic analysis on pregnant
Caucasian women of normal physique and calculated
physiological weight gain due to pregnancy to be 12.5 kg (11).
It is suggested that the weight gain recommendation of JSOG
1999 as well as Ministry of Health, Labour andWelfare 2006 may
be less than the physiological weight gain of pregnant women;
however, there is no report that performed an exact metabolic
analysis of Japanese pregnant women.
WITHDRAWAL OF 1999 JSOG
RECOMMENDATIONS OF WEIGHT GAIN
IN PREGNANCY

Based on the DOHaD theory, an article by Normile (2018) in
‘Science’ reported that the rate of low birthweight since the early
1980s had increased in Japan and may induce serious health
problems in future generations, and that there was considerable
involvement of the recommendation of strict weight gain during
pregnancy by JSOG 1981 in the continuous decrease of
birthweight since the early 1980s in Japan (12). However,
JSOG 1981 recommended the restriction of calorie intake only
to pregnant women complicated with eclampsia (8), whereas the
recommendation of strict weight gain restrictions for general
pregnant women for the purpose of preventing preeclampsia was
published in 1999 (9) (Figure 1), when a decrease in Japanese
birthweight had already been occurring for two decades (13).
However, this may have had a contribution to this trend.

It is also noted that young Japanese women have a strong desire
to be thin (14) and their BMI has continued to decline (Figure 1),
which may be one of important candidates causing a decrease in
Japanese birthweight (13). Nevertheless, in consideration of the
‘Science’ article, the JSOG Perinatal Committee acknowledged that
the 1999 JSOG recommendation of weight gain in pregnancy was
below the physiological increase and may be harmful for fetuses
especially concerning long-term health outcomes, and that there
had been little evidence supporting its preventive effect for
preeclampsia. Therefore, they decided to officially withdraw the
1999 JSOG recommendation (15).
2021 FORMULATION OF NEW
RECOMMENDATIONS OF WEIGHT GAIN
IN PREGNANCY

From the background described in the previous chapter, a new
‘JSOG reference value for weight gain during pregnancy 2021’
was formulated (16). For pregnant women with a BMI of 18.5 to
25 kg/m2, the recommended value for weight gain due to
pregnancy was 10-13 kg (16), which was quite a large amount
compared to that of JSOG 1999 (7-10 kg for BMI of 18 to 24 kg/
m2) (9) or Japanese Ministry of Health, Labour andWelfare 2006
(7-12 kg for BMI of 18.5 to 25 kg/m2) (10) (Figure 1). The
Japanese Ministry of Health, Labour and Welfare withdrew the
2006 recommendation and officially accepted that of JSOG
2021 (17).
FIGURE 1 | Comparison of the longitudinal changes of rate of low
birthweight (%), mean birthweight (kg), average BMI for women in their 20s
(kg/m2), rate of being underweight (BMI < 18.5) for women in their 20s (%),
and recommendation of weight gain in pregnancy at that time in Japan. BMI;
body mass index (kg/m2). JSOG; Japan Society of Obstetrics and
Gynecology. Web data used for Figure 1 is summarized in Supplemental
Table 1.
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IMPACT OF FUTURE LONG-TERM
COHORT STUDIES IN JAPAN AS A
UNIQUE MODEL OF DOHAD POPULATION
STUDY

In Japan, mean birthweight decreased and the rate of low
birthweight increased from the early 1980s. Rather strict
restrictions were recommended between 1991 and 2019
(Figure 1); however, this was followed by a sudden increase of the
weight gain recommendation in 2021. The average BMI of the
childbearing generation has decreased (Figure 1). These
characteristic changes may indicate distinct differences in
intrauterine nutritional conditions between the different
generations. Therefore, it is an interesting and valuable research
target to investigate the long-termprognosisof Japaneseoffspringof
the different generations and possible associations with maternal
dietary conditions.
CONTRIBUTIONS OF THE ARTICLES
PUBLISHED ON THE RESEARCH TOPIC

The Research Topic of ‘The Fetal Origins of Metabolic Disorders’
fundamentally consists of: 1) environmental disruption in the early
critical period, 2) resultant phenotypic and/or metabolic disorders
in the offspring, and 3) programming. As for environmental
disruption in the early critical period, Ishiyama et al. reported
that there were embryonal nutritional effects, Molle et al. described
thrifty eating behavior, Lundy et al. reported vitamin D deficiency,
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and Nemoto et al. demonstrated the effects of nicotine exposure.
Regarding resultant phenotypic and/or metabolic disorders in the
offspring, Huang et al. and Ikenoue et al. reported changes of fetal
growth or composition, and Suzuki et al. and Zhang et al. reported
changes in adipose tissue.Regardingprogramming,Yang et al., Sato
et al., and Liu et al. investigated fibroblast growth factor 19, ghrelin,
and fatty acid binding protein 4, respectively; Itoh et al. focused on
chronic inflammation, (metaflammation); and Kasuga et al.
reported epigenetic changes.
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