
Inadequate Gestational Weight Gain Increases Risk of Small-for-
Gestational-Age Term Birth in Girls in Japan: A Population-
Based Cohort Study

MELISSA K. MELBYa, GORO YAMADAb, and PAMELA J. SURKANb

a Department of Anthropology, and Department of Behavioral Health and Nutrition, University of 
Delaware, Newark, Delaware 19716

b Department of International Health, Johns Hopkins Bloomberg School of Public Health, 
Baltimore, Maryland 21205

Abstract

Objectives—Babies born small for gestational age (SGA) have higher risk of neonatal morbidity 

and mortality as well as later life chronic disease. Objectives were to examine the extent to which 

pre-pregnancy body mass index (BMI) and gestational weight gain (GWG) influence risk of SGA 

among Japanese, and to evaluate physician response to and potential effects on GWG.

Methods—We examined SGA risk as function of maternal BMI and GWG using logistic 

regression with data from maternal child health handbooks obtained from women in Japan 

(N=383). Physicians’ written comments on weight and dietary restriction were analyzed for 

response to and influence on GWG.

Results—SGA babies comprised 8.6% of the sample, with 13% and 6% of the mothers being 

underweight and overweight respectively, and 21.7% and 19.8% of mothers gaining less and more 

than the recommended amounts respectively. In adjusted models, higher pre-pregnancy BMI and 

GWG were associated with lower risk of SGA (OR 0.71, 95% CI 0.56, 0.90; 0.75, 95% CI 0.61, 

0.92 respectively) in models for girls, but not for boys. Inadequate GWG was associated with 

higher risk of SGA in girls (OR 6.64, 95% CI 2.18, 20.22). Physician written instructions to 

restrict dietary intake and weight gain followed an average weight gain of 0.69kg/week from the 

previous prenatal exam, and were followed by weight gains that decreased to 0.30kg/week.

Conclusions—Pre-pregnancy BMI and GWG significantly influence SGA risk in female babies. 

GWG may be influenced by physicians’ recommendations.
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Introduction

Babies born small for gestational age (SGA) have higher risk of poor short-term outcomes 

such as neonatal morbidity and mortality (Stevens-Simon and Orleans, 1999) as well as 

long-term health outcomes such as later life obesity (Stettler et al., 2000), diabetes 

(Simmons, 2005), hypertension (Law et al., 2001; Law and Shiell, 1996; Leon et al., 2005), 

coronary heart disease (Barker et al., 2002), and stroke (Rinaudo and Lamb, 2008). SGA is a 

proxy measure of intrauterine growth restriction (IUGR), which refers to less than optimal 

fetal growth due to numerous potential stressors such as smoking and poor nutrition. 

Research on Developmental Origins of Health and Disease (DOHaD) has demonstrated that 

the association between LBW or SGA and long-term health outcomes persists even after 

controlling for postnatal environment (e.g., smoking, adult obesity, social class) – the 

primary focus of many current public health interventions (Barker, 1995; Osmond et al., 

1993). Prevalence of LBW has increased over the past few decades in Japan (Takimoto et al., 

2005), leading to acute and chronic public health concerns.

Many factors affecting LBW and SGA are non-modifiable, including gestational age (except 

in cases of elective inductions or Cesarean sections) (Mohsin et al., 2003), maternal height 

(Lampl et al., 2010), primiparity, and previous history of LBW (Valero De Bernabe et al., 

2004). Although the effects of maternal nutritional state at conception (with pre-pregnancy 

BMI as a proxy variable) and gestational weight gain (GWG) on risk of LBW and SGA are 

moderate compared to the above factors (Kirchengast and Hartmann, 2003; Valero De 

Bernabe et al., 2004), they are potentially modifiable. Ensuring adequate nutritional status at 

conception is challenging, but achieving adequate GWG during pregnancy is a more 

attainable goal. In 2006, the Japanese Ministry of Health, Labour and Welfare (MHLW) 

(MHLW, 2006) released new guidelines for GWG based on pre-pregnancy BMI (JSOG, 

2014). Suggested weight gain according to the Japanese guidelines is considerably lower 

than guidelines from the Institute of Medicine (IOM) (IOM, 2009) raising questions about 

the appropriateness of country-specific, rather than ethnicity-specific, guidelines (Table 1). 

The IOM guidelines were constructed in the context of increasing maternal BMI in the US. 

Excessive GWG has been the focus of many studies concerned with obesity (Gillman, 

2012), but few have examined low GWG and associated sequelae, especially in countries 

with widespread access to high quality prenatal care. In contrast to many developed 

countries, the prevalence of underweight among reproductive age women has been 

increasing in Japan (Takimoto et al., 2004; Tsukamoto et al., 2007), and many women diet 

during pregnancy (Takimoto et al., 2011).

From the perspective of public health and individual obstetric care, it is critical to identify 

modifiable behavioral factors that might reduce the rate of SGA in populations and to assess 

whether and how physicians can intervene. During pregnancy, many women are highly 

motivated to make behavioral changes to improve the health of their babies. Thus 

obstetricians and other healthcare professionals have an opportunity to monitor and 

influence eating behavior and weight gain, and to intervene to reduce SGA outcomes. In this 

study, we examined: (1) the extent to which pre-pregnancy BMI and GWG, as well as GWG 

‘adequacy’ based on BMI categories, influence risk of SGA in babies; and (2) physician 
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response to gestational weight gain and influence of their instructions on subsequent weight 

gain.

Methods

As part of a longitudinal study on developmental origins of childhood obesity, data were 

extracted from maternal child health handbooks (MCHHs), government-issued booklets that 

are provided free of charge to all pregnant women in Japan and used to prospectively record 

data at prenatal visits, birth outcomes, and child growth and development until age 6 years. 

These handbooks are generally retained until adulthood as they contain all childhood 

vaccination records, and constitute the primary medical record for vaccinations, childhood 

illness, and infant-child health. The MCHH provides data on prenatal anthropometrics, 

blood pressure, and urine tests and also records ‘instructions’ from medical professionals. 

Parents of all children enrolled in four elementary and two middle schools in the Saku 

region of Nagano prefecture in Japan were invited to participate in this study in 2009, and 

asked to bring their children's MCHHs to school for copying on the day of their parent-

teacher conferences. Of the 903 elementary and middle school students in the recruitment 

area, we received 462 MCHHs (participation rate of 51.2%). All participants provided 

written informed consent.

GWG was calculated as weight gain from usual self-reported weight to last measured 

weight. All children in the logistic regression analysis were full-term (37 weeks or older). 

Women were assigned to 3 BMI categories, calculated using self-reported maternal height 

and pre-pregnancy weight according to the 2006 Japanese MHLW categories (for BMI<25) 

and the 1997 Japanese Society for Obstetrics and Gynecology (JSOG) recommendations (for 

BMI≥25) (中林正雄, 1999), since MHLW's recommendation for BMI ≥25 was to handle 

case by case with no specified weight gain range. GWG was compared to the recommended 

weight gain ranges based on pre-conception BMI (Table 1). Women were categorized as 

having inadequate, appropriate, or excessive GWG based on recommended ranges.

We conducted logistic regression with SGA (defined as birthweight percentile <10%, 

adjusted for gestational age, sex and primiparity using Japanese standards(JSPE, 2013)) as 

the dependent variable, examining maternal age, pre-pregnancy BMI and GWG as 

predictors. Model 1 included maternal age (years), usual weight (kg) and height to calculate 

BMI, and ‘last measured weight – usual weight’ to calculate GWG. Model 2 used GWG 

categories based on Japanese guidelines (Table 1). Smoking was not included due to small 

sample sizes and lack of cases of SGA babies (Table 2). We verified that the association 

between log odds of SGA and the covariates was roughly linear using lowess curves. We 

assessed whether non-linear associations including quadratic terms and spline terms were 

necessary in the models (data not shown). Two types of sensitivity analyses were conducted 

(results not shown):

(1) We used (last measured weight – usual self-reported weight) as 

an indicator of GWG. Women's last measured weight occurred 

with a median of 5 days (range 0-17 days, IQR=2,6) before 

delivery. Since we expect an increase in weight in the last weeks 

MELBY et al. Page 3

Am J Hum Biol. Author manuscript; available in PMC 2017 September 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of pregnancy, and since usual (pre-pregnancy) weights were 

self-reported, we used weights estimated taking week 37 – week 

17 as a sensitivity analysis to assess bias of last measured 

weight and self-reported measurements. We used 37 weeks as 

our last weight since all mothers in the analytic sample had 

delivery at the 37th week or later (i.e., all children were full-

term). We used 17 weeks for the first weight measurement due 

to variability in first measured weight at prenatal exams and 

missing weight data for women before week 17. While the first 

prenatal exam with recorded weights occurred at an average 

gestational age of 99±19 days, shortly after the start of the 

second trimester, 68/383 women (17.8%) had missing measured 

weight data before week 17. These weights were estimated 

using a restricted cubic spline for each mother.

(2) Usual BMI was calculated from self-reported usual (pre-

pregnancy) height and weight. Since mothers with missing 

usual weights had significantly higher first exam weights than 

mothers without missing data (60.7±14.8kg vs 52.2±6.9, 

P<0.001) despite no differences in gestational age at first exam 

(P=0.24), we used BMI estimated for week 17 as a sensitivity 

test to assess the possibility of bias in self-reported usual 

weights. Pre-pregnancy weight and first exam weight are highly 

correlated (Pearson correlation coefficient =0.93, N=383).

Significant differences in characteristics between male and female babies, and between SGA 

and non-SGA, were assessed using t-tests (with and without assuming equal variance) for 

continuous variables, and 2-sided Pearson Chi-Square tests for dichotomous variables. 

Variables of interest were entered into logistic regression models, and differences of P<0.05 

were considered significant. We used Generalized Estimating Equations (GEE) regression 

with robust variance estimation to account for clustering among children of the same mother. 

STATA (ver. 13.1) was used for all analyses.

In addition to standard prenatal uterine height, abdominal circumference, blood pressure and 

urine tests results, each MCHH prenatal exam entry includes weight, doctor's instructions 

for patient, and name of medical institution and doctor. All doctors’ instructions and 

comments were reviewed, and themes related to weight, diet, eating, and intake (e.g., of salt, 

water, sugar, etc.) were coded into categories following guidelines for thematic analysis of 

qualitative data (Braun and Clarke, 2006). Data from the immediately preceding and 

subsequent prenatal exams were compared with data from the exam in which the comment 

was received to assess changes preceding and following the comment in: weight (kg), weight 

gain rate (kg/week), and blood pressure (mmHg).

This study is a part of the project ‘Developmental Origins of Childhood Obesity’, which was 

approved by Saku Central Hospital Research Ethics Review Committee on 27 May 2009 

(#21-7), National Institute of Health and Nutrition Research Ethics Review Committee on 6 
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July 2009 (#20090706-01), and University of Delaware IRB on 10 September 2012 with 

continuing review approval on 9 September 2015 (#360687).

RESULTS

All MCHHs were copied and all potentially relevant data were entered into a database. Of 

the 462 children (236M, 226F) whose MCHHs were received, 12 were multiples, and 15 

were born prematurely (< 37 weeks of gestation), resulting in 437 full-term singleton births. 

Because maternal height and pre-pregnancy weight were self-reported and required for 

calculation of BMI and GWG adequacy, missing maternal height and/or weight reduced the 

sample to 384. One girl was born at 43 weeks and could not have SGA calculated using 

available standards (JSPE, 2013), thus reducing the final sample to 383 mother-child pairs 

for complete-case analysis of GWG and SGA risk. Qualitative data analysis of physicians’ 

written comments was conducted using all 462 handbooks.

Table 2 shows sample characteristics with significant differences by sex and SGA. Of the 

383 singletons born at full term (≥ 37 weeks and < 43 weeks) to mothers with self-reported 

maternal height and pre-pregnancy weight data, SGA babies comprised 8.6% (33/383) of the 

sample, with 13 males and 20 females. The population average pre-pregnancy weight was 

51.6 kg and average BMI was 20.7. Thirteen percent (51/383) of women were classified as 

underweight with BMI < 18.5. Overweight or obese women comprised only 6% of the 

population (25/383). Significant sex differences were observed for birthweight, but none 

were observed for any maternal or pregnancy characteristics examined. Significant 

differences between SGA and non-SGA babies were observed for birthweight, maternal 

height, pre-pregnancy weight; and primiparity (Table 2). Compared to mothers of non-SGA 

babies, mothers of SGA babies were significantly shorter, and lighter in weight, and were 

more likely to be primiparous. Statistical trends (P<0.1) for differences between SGA and 

non-SGA babies were observed for maternal age, parity and GWG adequacy. The average 

number of prenatal visits was 11.7 (median = 12, range =6-17, IQR = 10-13).

Figure 1 shows GWG by usual BMI category, with Japanese and US recommendations 

included for comparison. According to the 2006 MHLW recommended GWG ranges, 21.7% 

of this population gained less than the recommended amounts, and 19.8% gained more than 

the recommended amounts (Table 3).

SGA Risk

Table 4 shows logistic regression results. In Model 1, higher pre-pregnancy BMI and GWG 

were associated with lower risk of SGA in girls (OR= 0.71, 95% CI 0.56, 0.90; and 0.75, 

95% CI 0.61, 0.92, respectively). In Model 2 inadequate GWG was associated with higher 

risk of SGA in girls as compared to adequate GWG (OR 6.64, 95% CI 2.18, 20.22) while 

higher pre-pregnancy BMI was associated with a borderline significantly lower risk of SGA 

(OR 0.81, 95% CI 0.66, 1.00). Maternal BMI and GWG were not significantly associated 

with SGA risk in boys. Increasing maternal age exhibited a trend suggesting lower 

likelihood of SGA (P=0.05) in boys, but not girls.
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Sensitivity Analyses

Sensitivity analyses performed by conducting logistic regression using GWG from 17-37 

weeks instead of usual-last measured exam, and maternal BMI at 17 weeks (and GWG from 

first to last exam) gave similar results in terms of significant variables and odds ratios, 

although with increased significance for most variables as sample sizes were higher (data not 

shown).

Physician Roles

Physician instructions notated in handbooks were coded into the following categories: (1) 

restrict weight gain and/or dietary intake (including: (a) caution about weight or weight 

increase, (b) guidance about meals, (c) restrict calories, (d) restrict snacking); (2) restrict 

water; (3) restrict salt; (4) restrict water and/or salt; and (5) lose weight. Fifty comments 

related to diet and/or weight gain were recorded for 23 pregnancies. Comments on weight 

gain and/or restricting eating appeared in 30 exams, and on water- or salt-restriction in 23 

exams, as early as 16 weeks gestation. Physician comments about weight gain or water and 

salt restriction followed an average weight gain rate of 0.6-0.7kg/week and were followed by 

weight gain rates that decreased by more than half to 0.3kg/week.

No comments advising women to increase weight gain were recorded in any of the 462 

handbooks in spite of the fact that 22% had inadequate weight gain according to Japanese 

guidelines. One woman (pre-pregnancy weight of 49kg and BMI of 20.4) was instructed to 

not gain more than 10kg during pregnancy, a common recommendation in Japan. The 

absence of comments about inadequate weight gain was striking in several cases. One 

woman reported her pre-pregnancy weight as 54kg (BMI 24.7), but her first prenatal exam 

weight was recorded as 48kg (BMI 22). Her last recorded weight during pregnancy was only 

50.4kg. She gave birth to a girl at 38.1wks weighing 2340g after a total weight gain of 2.4kg 

from her first exam, or a total GWG of −3.6kg from her pre-pregnancy weight. Yet no 

comments about weight were ever recorded. Later in the MCHH, a physician recorded 

concerns about the baby's delayed movement and weight gain. According to the reproductive 

history record in the MCHH, she had a previous LBW birth, further increasing the risk of 

SGA for her daughter.

DISCUSSION

WHO does not currently make GWG recommendations, although determinants of LBW 

were reported over 25 years ago in the Bulletin of the WHO, and the top 3 for developed 

countries were smoking, poor gestational nutrition and low pre-pregnancy weight (Kramer, 

1987). In contrast, both the US IOM and Japan have clear GWG guidelines that vary 

depending on maternal pre-conception BMI, yet do not vary by sex of the baby, nor by 

ethnicity in the case of IOM despite significant differences between US and Japanese 

guidelines (Table 1). The current results suggest that GWG recommendations may be 

particularly critical for women carrying female fetuses, and that optimal GWG may vary by 

ethnicity and population.
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Girls’ increased sensitivity to maternal nutritional status during gestation (as measured by 

GWG) relative to boys may be related to apparent sex differences in the effects of a fetus on 

mother's glucose metabolism. A recent study found that women carrying a male fetus had 

higher odds (OR 1.39) of developing gestational diabetes (Retnakaran et al., 2015). While 

the paper focused on the implications for the mother's health, it is interesting to consider the 

implications for the baby. That is, boys may be more able than girls to obtain the glucose 

needed for growth by manipulating the mother's metabolism. Fetal sex differences in growth 

trajectories in response to maternal size have been documented (Lampl et al., 2010), and 

need further exploration in diverse populations.

Optimal GWG ranges may vary by population and ethnicity. Interestingly, when this 

Japanese population is analyzed according to the 2009 US IOM guidelines, most (>75%) 

gained less than and only 3% gained more than the recommended amounts during pregnancy 

(data not shown), compared to 22% and 20% respectively by the Japanese guidelines. Yet 

only 8.6% of the births were SGA, much lower than expected if >75% had inadequate 

GWG. These results are consistent with results from other studies of Japanese GWG and 

SGA (Harita et al., 2012), although those studies generally combine males and females in 

their analyses (Tanaka et al., 2014). The lower-than-expected prevalence of SGA based on 

IOM-defined guidelines for this population raises questions about the appropriateness of 

IOM guidelines for Japanese-Americans, and possibly other subpopulations with Asian 

ancestry (Ee et al., 2014).

Among those categorized as having inadequate GWG by IOM guidelines (Fig. 1), weight 

gains averaged 5.5kg less than the recommended range midpoint, much more than the 

weight of a healthy baby (2.5-4kg). Since GWG includes 3 components (the products of 

conception (fetus and placenta), maternal tissues, and maternal fat reserves) (CIPWMCH, 

2007), the low rates of SGA relative to IOM GWG adequacy suggest that fetal growth may 

be prioritized over maternal tissues and fat reserves, and optimal GWG influenced by 

maternal characteristics may exhibit population differences. Given that Asian BMI cutoffs 

have been set differently for chronic disease risk (e.g. less than 18·5 kg/m2 underweight; 

18·5–23 kg/m2 increasing but acceptable risk; 23–27·5 kg/m2 increased risk; and 27·5 kg/m2 

or higher high risk) from those for Europeans and their descendants (Shiwaku et al., 2004), 

perhaps Asian populations require less maternal tissues or fat reserves during pregnancy to 

achieve adequate fetal growth. Results of this study suggest that further research is required 

to assess whether GWG recommendations should be modified by ethnicity and population to 

optimize birth outcomes. The IOM guidelines may not be biologically universal, particularly 

problematic given the diversity of the US population.

The analysis of physician instructions and their effect on weight gain suggests that patients 

do follow physician instructions with respect to diet and weight gain, and thus physicians 

may have an important role to play in modifying dietary behavior to ensure adequate GWG 

to improve outcomes related to SGA. Advised and target weight gains have been strongly 

associated with actual weight gains (Cogswell et al., 1999), underscoring the need for public 

health guidelines and prenatal monitoring of appropriate target weight gains. Indeed, all 

restrictive diet- and weight-related comments (e.g., restrict weight gain, snacking, water 

intake, salt intake) appeared to have effects on weight gain rate, approximately halving 
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weight gain rate to the subsequent exam, suggesting an ability of physician instructions to 

influence behavior related to weight gain. While verbal instructions may have been given 

more often than written comments, the nature of the latter (e.g., recommending food and 

weight gain restriction; absence of comments about inadequate weight gain) are probably 

indicative of the types of or lack of instructions women received during their prenatal 

checkups.

The lack of comments about inadequate weight gain in this population, although 22% were 

categorized as inadequate compared to 20% categorized as excessive, may reflect a legacy of 

chisaku umare, ookiku sodatte (birth small, raise large). A majority of Japanese women 

believe that smaller babies will translate to an easier delivery (Takimoto et al., 2011), and 

this widespread belief might lead obstetricians to focus more on efforts to limit rather than 

encourage weight gain, despite increasing rates of SGA babies and high proportions of 

women with low pre-pregnancy BMI (Takimoto et al., 2005). If the Developmental Origins 

of Health and Disease paradigm is correct, increases in SGA babies are likely to lead to 

increases in later life chronic disease in this population (Barker, 2004; Martin-Gronert and 

Ozanne, 2012).

This study's strengths lie in the coupling of detailed clinical prenatal visits (average of 11.7 

per mother) with birth records in a population where almost all women receive regular 

prenatal care. Additionally, written records of physician instructions during pregnancy were 

available for qualitative analysis. In contrast to many developed countries, Japan faces a high 

proportion of underweight women of reproductive age and thus provides an excellent 

population in which to examine the Developmental Origins of Health and Disease paradigm. 

Low maternal pre-pregnancy BMI and inadequate GWG appear to place girls at particular 

risk of SGA, possibly due to differences in metabolism and growth strategies (Lampl et al., 

2010). Conclusions of this study about the effects of GWG on SGA may be limited by small 

sample sizes, particularly for boys, which constrain interpretation of logistic regression 

results. It may be that girls are more sensitive to maternal BMI and GWG than boys, or that 

our sample was underpowered to detect such relationships among boys. Some children who 

were born SGA and had associated health problems or disabilities may not have been 

enrolled in local schools, thus potentially biasing the sample and limiting our analyses only 

to those children who were healthy enough to enroll in local public schools. Possible 

selection-bias may have occurred if parents who remembered to bring their handbooks to 

parent-teacher conferences were different from other parents. Analysis of physicians’ 

comments can be considered exploratory due to small sample sizes. Further qualitative 

research is needed to understand women's and providers’ knowledge and beliefs about 

healthy GWG.

CONCLUSIONS

Many Japanese women (13%) not only have low BMI at conception, but many also have 

inadequate GWG according to Japanese recommendations (21.7%), with much higher 

proportions of women categorized as having inadequate GWG according to the IOM 

guidelines. Maternal pre-pregnancy BMI and GWG inadequacy are significant predictors of 

SGA in girls, with lower BMI and lower GWG associated with higher risk of SGA. GWG 
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appears to be a modifiable behavioral variable, potentially amenable to influence from 

physicians’ instructions.

This study's results suggest that education of health care providers and women is needed to 

decrease the rates of SGA, by recommending adequate target weight gains based on BMI 

categories and making changes to medical record forms (such as MCHHs in Japan) and 

prenatal exams to facilitate monitoring and interventions to ensure appropriate weight gain, 

particularly for women carrying female babies. Maternal height and weight should be 

measured at the earliest prenatal exam to estimate pre-pregnancy BMI; optimal GWG range 

should be explained; and weight gain rate between exams and adequacy should be recorded 

at each prenatal exam. Similar to sex-specific infant and child growth charts, perhaps sex-

specific GWG charts could be created, with optimal ranges identified for each BMI category, 

possibly modified by ethnicity and population.
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Fig. 1. 
Boxplots of gestational weight gain by BMI category (dashed lines show Japanese MHLW 

recommendations and dotted lines show US recommendations for upper and lower bound of 

recommended weight gains). BMI 5 body mass index.
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