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ABSTRACT

Pregnancy is an excellent opportunity to provide medical interventions to women. It is also a stress test
used to predict health. Numerous studies have demonstrated that the pre-pregnancy body mass index (BMI)
and gestational weight gain (GWG) are critical factors for pregnancy complications such as hypertensive
disorders of pregnancy (HDP), gestational diabetes mellitus (GDM), large or small gestational age infants,
and spontaneous preterm birth (sPTB). These complications are associated with an increased risk of
cardiovascular disease (CVD), which is a leading cause of mortality in women. In addition, complications
adversely affect the short- and long-term prognoses of children. Optimal GWG to reduce complications is
recommended based on pre-pregnancy BMI; however, racial differences should also be noted. The values
in the Japanese guidelines are lower than those in the American Institute of Medicine guidelines. The
Asian BMI thresholds for CVD risk are also lower than those in Europe. Therefore, weight management
should be based on racial/genetic background. Interpregnancy weight gain or loss has also been reported
to be associated with the risk of pregnancy complications; however, few studies have been conducted in
Asian populations. Our previous reports suggested that avoiding an excess of 0.6 kg/m*year of annual
BMI gain may reduce the risk of HDP or GDM, and insufficient gain of < 0.25 kg/m?%year may increase
sPTB recurrence. Annual BMI is useful for practical weight control during interpregnancy. Based on these
findings, effective approaches should be established to improve the health of women and their offspring.
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INTRODUCTION

Body weight management is essential for maintaining overall health throughout life. Maintain-
ing a normal weight is particularly critical for preventing adverse complications in pregnant
women, including hypertensive disorders of pregnancy (HDP), gestational diabetes mellitus
(GDM), large or small for gestational age (LGA or SGA), and spontaneous preterm birth (sPTB).
These complications have harmful effects on mortality and morbidity in both women and their
offspring. First, these pregnancy complications, including HDP, GDM, sPTB, and SGA, are related
to the risk of women’s health issues later in life, especially cardiovascular diseases (CVD), a
leading cause of women’s morbidity and mortality.!* Besides CVD, HDP increases the risk of
hypertension, heart failure, stroke, and cognitive decline.*> Consequently, these complications
contribute to the reduction of women’s healthy life expectancy.® Second, preterm neonates born
to mothers with HDP and sPTB have neurological and respiratory problems, diminishing their
quality of life. Third, their offspring are at a high risk of hypertension, obesity, and CVD in later
life.” These findings underscore the significant impact that the prevention of HDP, GDM, and
sPTB can have on public health. Weight management strategies to prevent these complications
can be implemented even in low-resource settings. However, establishing an efficient protocol
for women remains challenging.

What is the optimal timing for interventions to reduce pregnancy complications: pre-conception,
pregnancy, or post-partum/interpregnancy (between pregnancies)? Figure 1 summarizes the associa-
tion between weight change and health problems. Obstetric management predominantly focuses
on interventions during pregnancy. Optimal gestational weight gain (GWG) by pre-pregnancy
body mass index (BMI) has been established, drawing from data on Japanese women.® However,
the short duration of intervention during pregnancy is often insufficient to achieve the desired
outcome. Recognizing this limitation, the concept of preconception care has emerged, emphasizing
the need for preventive measures prior to pregnancy to enhance pregnancy outcomes further.’
Despite the recommendation for all women of reproductive age to plan their pregnancies and
adopt a healthier lifestyle that includes diet, sleep, physical exercise, and mental health,'*!! ef-
ficient interventions face challenges, given that half of all pregnancies are unintended.'*!* Recently,
the importance of interpregnancy care has received increasing attention.? Pregnancy is an excellent
opportunity for women to engage with health care resources, and the postpartum/interpregnancy
period is a strategic phase that provides comprehensive information and guidance. During the
postpartum/interpregnancy period, women can gain insight into the potential risks in subsequent
pregnancies and anticipate health issues in later life. This period is a critical juncture in which
women acquire the knowledge and tools necessary to make informed decisions that positively
impact their reproductive health and overall well-being. Despite the significance of this period,
interpregnancy weight management in the United States is currently simplified, with a basic
recommendation to achieve a normal weight* (18.5-24.9 kg/m?). Moreover, there is a significant
lack of evidence specifically addressing the needs of Asian women in this issue. Therefore, it
is necessary to establish more practical protocols for interpregnancy weight management that
address diverse populations of women.

In this review, we examined previous studies on the effects of body weight on pregnancy
complications across distinct phases of women’s lives: preconception, pregnancy, and postpartum/
interpregnancy. This review provides a basic understanding of the relationship between body
weight and the health of women and their offspring during critical life stages. Management issues
and limitations specific to preconception and pregnancy are also discussed. In light of this, we
outlined the potential benefits of interpregnancy weight management based on our recent findings.
This lays the foundation for future research aimed at developing more practical protocols that
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Fig. 1 The overview of body weight management and health issues during women’s life stages
BMI: body mass index
CVD: cardiovascular disease
DM: diabetes mellitus
GDM: gestational diabetes mellitus
GWG: gestational weight gain
HDP: hypertensive disorders of pregnancy
LGA: large for gestational age
SGA: small for gestational age
sPTB: spontaneous preterm birth

will contribute to improve the health of both women and their offspring.

PRECONCEPTION—PRE-PREGNANCY BMI AND
ADVERSE PERINATAL EFFECTS

BMI, calculating weight (kg) divided by squared height in meters (m?), is usually categorized'
as underweight (< 18.5 kg/m?), normal weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?),
and obese (> 30.0 kg/m?). Pre-pregnancy overweight and obese are associated with an increased
risk of HDP and GDM.">!7 On the contrary, pre-pregnancy underweight increases sPTB'® and
SGA." Therefore, having a normal weight prior to conception minimizes HDP, GDM, and
preterm birth risks, and women are recommended to achieve and maintain normal weight before
they attempt pregnancy.'® However, approximately 40-45% of pregnancies are unintended, even
in developed countries such as the United States!> and Japan.' Thus, challenges remain in
implementing preconception care.”

DURING PREGNANCY—WHAT IS RECOMMENDED IN GWG MANAGEMENT?

Emerging evidence has demonstrated that excess and insufficient GWG adversely affects
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mothers and their offspring.?’ Guidelines on the optimal GWG are provided during pregnancy
based on the women’s pre-pregnancy BMI categories®?? (Table 1). The guidelines by the American
Institute of Medicine (IOM), created using data from Caucasians, are used worldwide, but racial
differences should be considered before application to Japanese women. The Asian BMI cutoff
point for a higher risk of type 2 DM and CVD is lower than that of the Europeans, suggesting
that Asian overweight'* is defined as > 23.0 kg/m?. Thus, the optimal GWG that may minimize
SGA, preterm birth, complicated delivery, and HDP, have been evaluated in Japanese women.}?
In all the strata of pre-pregnancy BMI, especially in the obesity group, the values recommended
by the Japanese Ministry of Health, Labor and Welfare (https://www.mhlw.go.jp/seisakunitsuite/
bunya/kodomo/kodomo_kosodate/boshi-hoken/ninpu-02.html) are low compared to the IOM
(Table 1). Therefore, appropriate GWGs may vary according to racial or genetic backgrounds,
highlighting the importance of developing guidelines for Asian populations. The intervention
to limit GWG could minimize the risks for GDM and LGA,* which has also been shown in
Asians.?* On the contrary, insufficient GWG (< 2.75 kg) may increase the prevalence of SGA in
obese (> 25 kg/m?) Japanese women with GDM.? Strict controls of GWG may be harmful for
them. Moreover, appropriate interventions to support weight gain in underweight women remain
unestablished.”® These are the issues that need to be addressed in the future.

Table 1 Recommended GWG based on pre-pregnancy BMI

Japan (kg) United States (kg)
< 18.4 (underweight) 12.0-15.0 12.5-18.0
18.5-24.9 (normal weight) 10.0-13.0 11.5-16.0
25.0-29.9 (overweight) 7.0-10.0 7.0-11.5
2 30.0 (obese) <5.0 5.0-9.0

BMI: body weight mass index
GWG: gestational weight gain

WHAT IS INTERPREGNANCY CARE?

Women who develop pregnancy complications must be informed regarding future pregnancies
and health risks. However, these problems have often been ignored in clinical practice since most
complications spontaneously resolve after delivery. Interpregnancy care has not been described in
the Guidelines for Obstetrical Practice in Japan,?” although interpregnancy care starting seamlessly
after delivery is recognized as a good opportunity to optimize healthy conditions to improve
subsequent pregnancy outcomes and future health in the United States.> Weight management as
interpregnancy care can be tailored to specific pregnancy outcomes of previous pregnancies and
may be more effectively implemented than preconception care. Besides weight management,
interpregnancy care includes recommendations for breastfeeding for the first six months of life,
avoiding interpregnancy intervals shorter than six months, mental health care, and managing
medical and social conditions.’
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INTERPREGNANCY—HOW INTERPREGNANCY WEIGHT CHANGE AFFECTS
COMPLICATIONS IN A SUBSEQUENT PREGNANCY?

Several studies have reported an association between weight change during interpregnancy
and subsequent pregnancy outcomes. In a Swedish large cohort study, a weight gain of > 3
kg/m? during interpregnancy increased the risks of HDP, GDM, cesarean section, and LGA.*
The results from the meta-analyses also revealed that interpregnancy BMI gain is associated
with the risks of those complications.?'**! Furthermore, interpregnancy BMI gain most impacted
pregnancy outcomes in women with BMI < 25 kg/m? (normal or underweight) before the first
pregnancy,” which is similar to our findings.*> Thus, normal or underweight women also need
to be advised to avoid gaining too much weight after delivery. In contrast, interpregnancy BMI
loss is associated with risks of SGA and preterm birth.?! Unfortunately, these findings have
been established in Western countries, and few studies have been conducted on Asian women.
Additionally, as mentioned above, practical weight management protocols are not shown.? Bariatric
surgery may be considered for women with a BMI greater than 35 kg/m? with at least one
obesity-related severe morbidity and who are refractory to medical intervention.> It improves
pregnancy outcomes but also increases the risk of SGA.? There are a few reports on the effect
of bariatric surgery in Japan.** Thus, recommending bariatric surgery appears premature as part
of the interpregnancy management.

Recently, we have investigated the associations using annual BMI changes (kg/m?%year) to
establish a practical approach to minimize subsequent pregnancy outcomes.’>3*3 Annual BMI
changes, which we have first reported in the interpregnancy period, are possible indicators for
a specific, measurable, achievable, relevant, timely (SMART) goal setting in practical weight
management. The SMART goal setting has been used in a weight management program.*® The
risks for HDP, GDM, and sPTB have been recalculated from the dataset in previous reports.’>33
The results show a positive association between annual BMI change and the risks for HDP and
GDM (Figure 2A and B, respectively) and a negative association between annual BMI change
and sPTB (Figure 2C). By applying this formula, the risk of developing these complications in
subsequent pregnancies can be calculated using the estimated weight shortly before the subsequent
pregnancy and the desired timing for the subsequent pregnancy. Additionally, the risk in women
with a history of these complications (Figure 2A-C, orange lines) was higher than that in women
without such a history (Figure 2A—C, blue lines). This finding suggests that women should be
managed based on the presence or absence of a history of complications. Furthermore, we have
reported that avoiding an excess of 0.6 kg/m*year of annual BMI increase may reduce the risk
of HDP or GDM.** For women who develop sPTB, an annual BMI change of > 0.25 kg/m*
year may prevent the recurrence of sPTB.>* A recent Japanese study®’ suggests that women with
a pre-pregnancy BMI of less than 25 kg/m? have an increased risk of LGA in their subsequent
pregnancies if their interpregnancy weight gain exceeds 1 kg/m? Thus, the importance of inter-
pregnancy BMI change is becoming increasingly recognized in Japan. We propose a seamless
weight management from pregnancy to postpartum/interpregnancy and risk assessment based on
pregnancy complications (Figure 1) using annual BMIL
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Fig. 2 Estimated probabilities for HDP, GDM, and sPTB by annual BMI change during interpregnancy
The fitted values (solid lines) and 95% confidence intervals (shaded areas) for HDP (A), GDM (B), and sPTB
(C) were calculated using a generalized additive model (R, version 4.1.3 [https://cran.r-project.org/]). The orange
and blue lines indicate the presence and absence of history of pregnancy-related complications, respectively.
BMI: body mass index
GDM: gestational diabetes mellitus
HDP: hypertensive disorders of pregnancy
sPTB: spontaneous preterm birth

FUTURE PERSPECTIVE

Women are encouraged to set annual BMI goals autonomously for subsequent pregnancies and
future health. Visualizing their risks seems beneficial in this regard. We are currently advancing
our program, wherein risks are presented upon entering various relevant factors, including age,
pre-pregnancy BMI, and the history of pregnancy complications. Women can then determine their
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annual weight goals based on their individual risks and desired timing for the next pregnancy.
Although further investigation is required to confirm the effectiveness of this intervention, it has
the potential to enhance motivation for weight management.

CONCLUSION

Changes in the pre-pregnancy BMI, GWG, and interpregnancy BMI have a significant impact
on the health of women and their offspring. Importantly, these risk factors are modifiable. These
findings underscore the need to establish the most effective approach to enhance the health of
women and their offspring. Implementation of such measures would yield substantial benefits
for public health promotion.
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