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ABSTRACT  

 

The purpose of the present study was to elucidate the relationship between the 

physiological characteristics and nutrit ional intake of pregnant women  and the birth 

weight of their  full -term infants.  The women had been recommended a certain 

gestational weight gain according to their body mass index (BMI) classification. We 

surveyed 477 pregnant women who provided their consent to participate in the stud y 

at  three hospitals and one clinic in Okinawa.  We performed prenatal  check -ups 

during the second and third tr imesters and measured the women ’s body weight and 

ordered blood tests and assessed their  nutritional intake status using a brief -type 

self -administered diet  history questionnaire (BDHQ) . We obtained the pre -pregnancy 

BMIs of the women using the World Health Organization (WHO)  criteria,  and 

classified the amount of gestational weight gain over the entire pregnancy as either 

“below,” “within,” or “above” the recommended weight gain as indicated by the 

Ministry of Health, Labour and Welfare. The fetal  birth weights were divided into 

four percenti le groups (≤10 t h  percenti le,  10–50 t h  percentile, 50–90 t h  percentile,  and 

≥90 t h  percentile) using the “Gestational age -specific standards for birth size 

(Revised edit ion)” created by the Japan Pediatric Society in 2010. We analyzed the 

associations between the four groups of fetal birth weight and the recommended 

actual gestational weight gains by the women. An analysis of covariance was 

performed between the birth weight percentile groups and the nutri tional intake, 

with each recommended gestational weight gain classification, age, and pre -

pregnancy BMI as covariates. As a result ,  with regard to the ratio of consu med 

energy and energy -producing nutrients,  in the second trimester the ratio of 

carbohydrate energy was significantly lower for women gaining less than the 
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recommended weight (10 -50 t h  percentile) than for those in the 50–90 t h  percentile 

group; and significantly higher for those gaining the recommended weight (≤10 t h  

percentile).  The ratio of protein and fat  energy was significantly higher for the 

group in the 10-50 t h  percenti le than for that  in the 50–90 t h  percentile.  In the third 

trimester, no significant differences were observed. In the second trimester,  

increasing staple foods in underweight mothers increased the energy intake from 

carbohydrates, leading to fetal  growth; however, projections suggested t hat 

overconsumption of energy from carbohydrates by mothers with normal weights 

according to the recommendations could lead to fetal  birth weights that  were small -

for-gestational -age.  

 

Key words:  fetal birth weight,  gestational weight gain , nutrient intake  
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INTRODUCTION  

 

Many epidemiological  and clinical  studies have been conducted demonstrating 

the concept of the “developmental  origins of health and disease (DOHaD) ” 

according to Barker’s hypothesis 1 - 3 ) .  The DOHaD theory explains well  the 

phenomenon in which decreased birth weight is caused by deterioration of the 

nutrit ional environment in the uterus. According to the model,  exposure to 

malnutri tion or overnutri tion during fert il ization, the embryonic or fetal stages, or 

during infancy leads to the generation of factors underlying lifestyle -related 

diseases, and subsequent l ifestyle stresses trigger the onset  of lifestyle -related 

diseases 3 ) .  In addit ion, a recent study reported that  small -for-gestational -age (SGA) 

infants was associated with adult  psychological  disorders as well .  Children born full  

term but weighing less than 5.5lb (2,495g) had increased psychological  distress in 

later life,  and that a 1SD decrease in birth weight for gestational age was associated 

with increased psychological  distress in adulthood 4 ) .  In  Japan, the mean birth weight 

of infants in single births over the past  30 years (1979–2010) has significantly 

decreased, and even though full-term infants , the rate of low -birth-weight (LBW) 

infants is increasing5 ) .  Using vital  statistics data, Yoshida et  al . l isted birth weights 

against  various factors including sex, single/multiple birth, maternal age, post -

term/full-term/preterm delivery, gestational age, and birth order;  and then examined 

factors that  influence low birth weight.  They found that  a shorter gestational 

duration can explain reductions of 0.04 kg in birth weights, but cannot account for 

al l  of the average 0.2 kg reduction that  has occurred during the past  30 years 6 ) .  In 

other developed countries,  advancements in medical technology and improved 

physical  f itness has led to a gradual and continued increase in birth weight, yet  by 
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contrast ,  considering the DOHaD theory, the low birth weights in Japan carry the 

risk of li festyle-related diseases developing later in l ife.  

Increasing numbers of SGA infants and LBW infants have been attr ibuted to the 

low mean birth weight 5 ) .  Earlier studies have found that maternal factors underlying 

SGA and LBW include low pre -pregnancy BMI,  smoking during pregnancy, and poor 

gestational weight gain 7 – 9 ) .  In  Japan, over the past  50 years,  BMIs for women in 

their  20s and 30s (so -called women of reproductive age) have drastically decreased , 

whereas the rates of underweight women have increased. However, BMI for women 

of other generations is in an upward trend, and an extremely unique nutritional state 

is now seen in developed countries with increases in underweight and obese women 

of reproductive age 1 0 ) .  The “Healthy Parents and Children 21” promotion council  of 

the Japanese Ministry of Health, Labour and Welfare prepared recommendations for 

weight gain throughout pregnancy according to the mother ’s BMI classification 11 ) .  

Subsequent studies have confirmed that  irrespective of the pre -pregnancy BMI, 

appropriate weight gains during pregnancy effectively decrease the risk of SGA 

births1 2 – 1 4 ) .  

On the other hand, some nutrients are vital  to fetal  growth. Low serum 

concentrations of zinc, iron , and calcium in the first ,  second , and third tr imesters in 

the pregnant women affect  the birth weight of their  baby 1 5 ) .  Furthermore, vitamin D 

in the first  tr imester helps to maintain fetal growth and bone development 1 6 ) ,  and 

maternal serum levels of vitamin D at  delivery are significantly  low in the LBW 

group1 7 ) .  According to a survey conducted in South Korea, which is geographically  

close to Japan, consumption of dietary fiber,  phosphorus, iron, vitamin B6, and folic 

acid in the second trimester was significantly lower in a LBW group (<3. 1 kg) than 

in a high birth weight group (>3.6 kg)  1 8 ) .  However, the folic acid content of red 
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blood cells has also been shown to have a posit ive correlation with birth weight 

during late pregnancy and at  delivery 1 9 ) .  Meanwhile,  according to a cohort  study in 

Europe, the consumption of seafood during pregnancy decreases the risk of preterm 

delivery and increases weight gain 2 0 , 2 1 ) .  Furthermore, another study reported high 

omega -6 fatty acid levels in maternal total  red blood cells at  the t ime of delivery but 

low omega -3 fatty acid levels in the same cells in a LBW group 2 2 ) .  In Japan, 

underweight pregnant women showing li tt le weight gain usually have low intake of 

n-3 fatty acids, sodium, and zinc in the first  tr imester 2 3 ) ,  whereas pregnant women 

who were underweight before pregnancy have low intake of protein, iron, 

magnesium, and folic acid in the second trimester 2 4 ) .  

As noted above, regarding the nutritional status of pregnant women, many 

surveys examine serum concentrations, whereas few surveys examine intake from 

actual food. Furthermore,  although it  has been pointed out that  low gestational 

weight gain is a cause of SGA and LBW, gestational weight gain , and actual  

consumed nutrients have not been investigated in any longitudinal studies , including 

those in the second and third trimesters.  The purpose of the present study was 

therefore to find associations between the maternal hemoglobin and hematocrit 

levels,  the nutri tional intake of food and the birth weight of full -term infants, 

according to the recommended gestational weight gain for each BMI classification.  

 

METHODS  

 

1. Subjects  

Among the pregnant women seen for routine prenatal health check -ups at three 

hospitals (southern district ,  central  district ,  and northern central  district) ,  and one 
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clinic (southern district)  in Okinawa, we included  in our study those scheduled for 

delivery between August 2010 and March 2011.  

Of 964 candidates,  we included 477 pregnant women who provided their  

consent to participate in the study after receiving an explanation of the study 

content.  We had to exclude 35 women because of hospital  transfers,  13 for preterm 

delivery, three for carrying multiple fetuses, six for pregnancy-induced 

hypertension, six for gestational diabetes  melli tus,  one for concurrent mental  

disease, two for consent withdrawal,  72 for unsatisfactory survey completion, and 

36 for obesity with a pre -pregnancy BMI of ≥25 kg/m2  ( individual support  is 

recommended in the event of pre -pregnancy obesity.  11 )  In the end, 303 women were 

included in our analysis.  

2. Survey procedure  

The subjects  were explained the study significance, purpose, and content in 

writing in the waiting room of the outpatient services and gave their  signed consent 

to participate. Blood tests were performed once during routine prenatal  health 

examinations in the second t rimester (24–28 weeks of pregnancy) ,  third tr imester 

(34–37 weeks of pregnancy), and on the day defined as the survey date.  

3. Survey content  

1)  Maternal and infant birth data  

Maternal and infant birth data were extracted  retrospectively f rom hospital  

records (electronic charts) .  Information from the maternal records included  age, 

height,  pre -pregnancy weight,  gestational weight gain, smoking status,  parity, 

pregnancy complications , obstetric history. Physiological  indices of pregnant women 

included blood test  values in the second trimester (24–28 weeks of pregnancy) and 
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third trimester (34–37 weeks of pregnancy). Information extracted from the infant 

records included birth weight,  gestational age and sex.   

2)  The nutri tional intake status of pregnant women  

For the nutrit ional intake status of pregnant women, we used the brief -type self -

administered diet  history questionnaire (BDHQ). BDHQ is a four -page, structured 

self -administered questionnaire. BDHQ assesses dietary habits during the preceding 

month and consists of the following five sections:  (1) intake frequency of food and 

nonalcoholic beverage items, (2) daily intake of rice and miso soup, (3) frequency 

of drinking and amount per drink of alcoholic beverages, (4) usual cooking methods, 

and (5) general  dietary behavior.  Estimates of dietary intake for 58 food and 

beverage i tems were calculated using an ad hoc computer algorithm (including 

weighting factors) for BDHQ 2 5 ) .  

Regarding the reliabili ty and validity of BDHQ, the mean correlation 

coefficient for intake values obtained using BDHQ and intake values obtained from 

16-day weighted dietary records was 0.46–0.49, suggesting that  BDHQ is superior to 

other similar questionnaires and dietary assessment methods 2 6 ) .  

Subjects excluded from our analysis of nutritional intake status included those 

whose energy intake for each age group was either <0.5 times the estimated energy 

requirement for level I physical activity,  or equivalent to or >1.5 times the 

estimated energy requirement for level III physical  activity, in accordance with the 

2015 Dietary Reference Intakes for Japanese people (Ministry of Health, Labour and 

Welfare).  That is,  pregnant women aged 18–29 years consuming <825 kcal/day or 

equivalent to or >3,300 kcal/  day, and pregnant women aged 30–49 years consuming 

<875 kcal/day or equivalent to or >3,450 kcal/  day were excluded. Furthermore, 

Murakami et  al . found that the misreporting of dietary intake of energy, protein, 
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potassium and sodium was differential  among a group of lean young Japanese 

women with low -fat intake and was associated with their  BMI. Nevertheless,  the 

differential  misreporting of energy -adjusted values of protein, potassium and sodium 

was not associated with BMI because of a positive correla tion between the reporting 

accuracy of energy consumption and that  of the absolute values of the three 

nutrients 2 7 ) .  Therefore, for BDHQ, energy-adjusted intake values are highly 

reliable2 8 ) ,  and we therefore used the value adjustsd per 1,000 kcal of energy intake 

for each nutrient intake value in the present study.  

4. Analytical  methods  

Pre -pregnancy BMI classification was performed using the WHO criteria 

(underweight:  BMI < 18.5, normal range: 18.5 ≤ BMI < 25)  2 9 ) .  Gestational weight 

gain was classified into the three categories of the recommended levels of the 

Healthy Parents and Children 21 Promotional Council ,  Ministry of Health, Labour 

and Welfare, Japan: below (< 9 kg),  within (9-12 kg), and above (> 12 kg) for 

underweight (BMI < 18.5 kg/m 2)  women; and below (< 7 kg),  within (7-12 kg), and 

above (> 12 kg) for normal range (18.5 ≤ BMI < 25.0 kg/m2)  women 11 ) .  In the 

present study, the gestational weight gain was defined as the di fference between 

measured weight at  the prenatal  visit  closest to the delivery and self -reported pre-

pregnancy weight  (<1 week prior to delivery).  

The fetal  birth weights were classified into one of four categories using the 

“new gestational age -specific standards for birth size (revised edition) ” created by 

the Japan Pediatric Society 3 0 ) ,  namely into a ≤10 t h  percenti le group (10 t h  group), a 

>10 t h–≤50 t h  percenti le group (10–50 t h  group), a >50 t h–≤90 t h  percentile group (50–

90 t h  group), or a >90 t h  percentile group (90 t h  group).  

The relationship between the four birth weight percentile groups and the 
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gestational weight gain for each pre -pregnancy BMI classification was examined by 

one -way analysis of variance, which revealed no statistically significant differences 

(underweight:  F =.804, P =.497, normal range: F = 2.074, P =.104). The weight gain 

was thus classified into three groups,  i .e. ,  below, within, and above the 

recommended weight gain.   

For each analysis,  the relationship between the four birth weight percenti les and 

the blood tests and energy and nutrient intakes for each recommended gestational 

weight gain classification was examined by analysis of covariance. After that ,  we 

used the variables that  showed a significant difference to perform a multiple 

comparison analysis using the Bonferroni test.  

Statist ical  analyses were performed using the software SPSS Statist ics Ver. 24.0 

J, and a p  value of <0.05 was considered significant.  

5. Ethical  considerations  

The present study was performed in accordance with the Declaration of Helsinki  

and the “Ethical  Principles for Medical  Research Involving Human Subjects ”.  The 

content of the survey was explained to the potential study participants in writ ing, 

and participants were also explained that  participation in the study was voluntary, 

that  they were free to withdraw from the study without any repercussions even after 

providing consent,  and that  due care would be paid to protecting their  personal 

information and that al l data would be processed statistically so as not to make 

individuals personally identifiable. Signed consent forms were subsequently 

obtained. The ethical  review board for clinical  research of the University of the 

Ryukus gave their approval for this survey to be conducted (approval number 246, 

July 21, 2010).  
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RESULTS  

 

Table 1 shows the characteristics of the Subjects.  Overall ,  the mean age of our 

participants was 31.8 ± 5.5 years, the mean height was 156 ± 5.5 cm, the mean 

weight was 49.7 ± 6.1 kg, and the mean pre -pregnancy BMI was 20.4 ± 2.0 kg/m 2 .  

The pre -pregnancy BMI classi fication showed that 18.8% women were underweight 

and that  the mean gestational weight gain was 11.3 ± 3.7 kg. According to the 

gestational weight gain classification, 11.6% women were below, 53.1% were 

within, and 35.3% were above the recommended pregnanc y weight gain. In addit ion, 

12.2% women had a smoking habit before their  pregnancy and 2.0% smoked during 

their  pregnancy. Overall ,  31.4% were primiparas, 74.3%  of the subjects  were 

delivered in normal delivery, and the rate of male neonates given birth to  was 

55.8%.  

Regarding to the birth weight percenti les,  the mothers of infants in the 10 t h  

group accounted for 8.6%, those in the 10–50 t h  group for 45.2%, those in the 50–

90 t h  group for 37.0%, and those in the 90 t h  group for 9.2%; thus, a higher rate was 

observed in the 10–50 t h  group than in the 50–90 t h  group.  

Comparisons according to each birth weight percenti le revealed the mean 

maternal  age to be highest  in the 10 t h  group (P = 0.035), whereas mean height and 

pre-pregnancy weight were lowest in the 10 t h  group (P < 0.001) and the mean pre -

pregnancy BMI was lowest in the 10–50 t h  group (P = 0.022). According to the 

recommended gestational weight gain classification, for subjects with weight gain 

below the recommended amount,  the birth weight percenti le of thei r  infants was 

most commonly in the 10 t h  group at  23.1%, and for subjects with weight gain above 

the recommended amount,  their  infants were most commonly in the 90 t h  group, 
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accounting for 46.4%.  

For the mean hemoglobin and hematocrit  levels in the second and third 

trimesters,  we found no statist ically significant differences among the four birth 

weight percenti les (Table 2).  

To examine the relationship of the birth weight percentiles with consumed 

energy and the rate of energy -producing nutrient intake according to each 

recommended gestational weight gain classification, we performed an analysis of 

covariance, with age and pre -pregnancy BMI as covariates (Table 3).  We observed 

no statistical  significant  difference between the consumed energy in both the sec ond 

and third trimesters and the birth weight percentiles.  On the other hand, the rate of 

energy from protein in the second trimester was significantly higher in the 10 -50 t h  

group than i t was in the 50–90 t h  group in the “below” category (P = 0.043). 

Furthermore, the rate of energy from carbohydrates was significantly lower in the 

10-50 t h  group than in the 50–90 t h  group in the “below” category (P = 0.012),  

whereas the rate of energy from carbohydrates was high in the 10 t h  group in the 

“within” category (P = 0.044). The rate of energy from lipids was significantly 

higher in the 10 -50 t h  group than in the 50–90 t h  group in the “below” category (P = 

0.037). In the third tr imester,  we found no significant differences between the rate 

of energy from all  energy -producing nutrients and the birth rate percentiles.  

An analysis of covariance was performed to examine the relationship between 

nutrient intake corrected per 1,000 kcal and birth weight percenti les according to 

each recommended gestational weight gain classific ation (Table 4).  To this end, age 

and pre -pregnancy BMI were included as covariates.  In the second trimester,  the 

vitamin B6  intake was significantly higher in the 10–50 t h  group than in the 50–90 t h  

group in the “below” category (P = 0.047), and intake of z inc was also significantly 
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higher in the 10–50 t h  group than in the 50–90 t h  group in the “below” category (P = 

0.010). In the third tr imester,  the intake of vitamin D was significantly higher in the 

10–50 t h  group than in the 50–90 t h  group in the “within” category (P = 0.010).  

 

DISCUSSION  

 

According to WHO reports anemia is associated with abortion, preterm delivery, 

LBW, and fetal growth restriction 3 1 , 3 2 ) .  Many previous studies have also reported an 

association between maternal hemoglobin and birth weight 3 3 – 3 6 ) .  However, in the 

present study we found no statist ically significant differences between the four birth 

weight percenti les and the mean hemoglobin and hematocrit  levels in the second and 

third trimesters. In Japan, fees for health check -ups are subsidized up to 14 times 

during pregnancy and testing for anemia is performed in the second trimester (at  24–

27 weeks of pregnancy) when expectant mothers are physiologically prone to 

anemia. When hemoglobin levels are found to be <11.0 in these check -ups, iron 

tablets are often prescribed. The same tests are performed in the third trimester (at 

≥34 weeks of pregnancy) to verify whether the iron tables have improved the 

anemia, which suggests that  no pregnancies occur with severe anemia that  might 

affect  birth weight.  

An earlier study showed that  age and BMI can influence the relative accuracy of 

energy intake among Japanese adults 3 7 ) .  In the present study, age and BMI showed a 

significant difference with the birth weight percentile.  We therefore conducted an 

analysis of covariance with age and pre -pregnancy BMI as covariates to examine 

their  relationship with the birth weight percenti le in each recommended gestational 

weight gain classification.  
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As a result ,  there were not  significant differences among birth weight 

percentiles for the energy intake in the second and third tr imesters.  The Dietary 

Reference Intakes for Japanese people (2010), recommended by the Ministry of 

Health Labour and Welfare, indicate that an additional 250 kcal and 450 kcal in 

energy intake are needed in the second and third trimesters,  respectively 3 8 ) .  In the 

present study, the energy intake in the second and third tr imesters did not meet the 

recommended amounts.  A study by Konno et  al .  using BDHQ found that  energy 

intake was less than the amount recommended by the Ministry of Health, Labour and 

Welfare by 180–230 kcal/day in the second trimester and by 320–370 kcal/day in the 

third trimester. 2 3 )  In another survey, by Kubota et  al .,  energy intake was found to be 

<1,600 kcal/day throughout pregnancy3 9 ) .  Results of the National Health and 

Nutri tion Survey from 1995 to 1999 show no difference in energy intake between 

pregnant women and nonpregnant women at  1,869 ± 498 kcal/day 4 0 ) .  Furthermore, in 

Okinawa prefecture, the energy intake of women aged 20–39 years is low at  just 

1,549 kcal/day4 1 ) .  It  may therefore be difficult to improve on pre -pregnancy dietary 

habits during pregnancy.  

On the other hand, regarding the rate of energy -producing nutrients among 

pregnant women who had “below” the recommended weight gain in the second 

trimester,  the intake of carbohydrates was significantly lower in the 10–50 t h  group 

than in the 50–90 t h  group, whereas the protein and fat  intake was significantly 

higher.  Furthermore, for pregnant women classified “within” the recommended 

weight gain, the rate of energy intake from carbohydrates was highest  in the 10 t h 

group. On comparing the dietary reference intakes for the pregnancy trimesters,  the 

carbohydrate intake was within the reference range, b ut the fat  intake exceeded the 

reference range. Moreover, addit ional protein is needed in the second and third 
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trimesters.  Sekiya et  al.  report  the most sensitive period of maternal weight gain for 

the birth weight and length of gestation to be the second trimester 4 2 ) .  During the 

second trimester,  increasing consumption of staple foods in pregnant women with 

poor weight gain improves fetal  growth because of  the increase in energy intake 

from carbohydrates and selection of foods that  are low in fat  and high in protein. 

Furthermore, if  the pregnant woman’s weight gain is as recommended, then 

consuming near the lower l imit  of the reference energy consumption from 

carbohydrates may effectively decrease their  r isk of a SGA birth. In Japan, for 

pregnant women who are underweight and for those with normal pre -pregnancy 

weights, the recommended weight gain per week from the second trimester through 

to the third trimester is 0.3–0.5 kg/week. As a result ,  a subsequent survey regarding 

the effects of physicians ’ guidance on weight gain listed no recommendations for 

increasing weight and the rate of weight gain was consequently decreased by half  in 

prenatal  health checks following this guidance on weight gain and snacking 4 3 ) .  

British guidelines note the importance of  measuring maternal weight and height at  

the init ial  prenatal  checkup and discourage weighing on a daily basis when there is 

no benefit  to i t 4 4 ) .  A pre -pregnancy BMI of <25 kg/m2  is  also reported to be 

desirable to prevent Japanese women from developing pregnancy induced 

hypertension 4 5 ) .  Furthermore, in the case of pre -pregnancy obesity, weight 

management throughout the trimesters is important.  However, pregnant women who 

are underweight or within the normal weight range pre -pregnancy and who have no 

complications or problems in their  family history should be instructed to watch the 

ratio of energy-producing nutrients they consume based on their  recommended 

weight gain.  

Regarding nutrient intake adjusted to 1,000 kcal of energy, we found that in the 
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second trimester,  the intake of vitamin B 6  and zinc was significantly higher in the 

10–50 t h  group than in the 50–90 t h  group among pregnant women with “below” the 

recommended weight gain,  whereas in the third tr imester,  the intake of vitamin D 

was significantly higher in the 10–50 t h  group than in the 50–90 t h  group among 

pregnant women classified “within” the recommended weight gain. On comparing 

the Dietary Reference Intakes for Japanese people (2010) in the second and third 

trimesters 3 8 ) ,  adjusted to 1,000 kcal of energy intake, as recommended by the 

Ministry of Health, Labour and Welfare, we found that the reference amount was 

consume in the 50–90 t h  group despite low intakes of vitamin B 6  and zinc in the 

second trimester,  whereas in the 10–50 t h  group, intakes were above the 

recommended amount.  These nutrients are obtained from sources including meat and 

seafood, and thus among expectant mothers with “below” the recommended weight 

gain, a significantly high rate of energy intake from protein and fat  was seen in the 

10–50 t h  group, which suggested that  the birth weight was affected by an energy 

intake from fat  that  was higher than the reference value. Furthermore, in the third 

trimester,  the intake of vitamin D among pregnant women classified “within” the 

recommended weight gain was at  least  twice the recommended amount in the 10–50 t h  

group, which indicates that , as in the second trimester,  high fat  consumption affects 

birth weight.  According to reports, of the nutrients important to pregnancy, those 

associated with birth weight are iron 1 5 , 1 8 ) ,  vi tamin B6
1 8 ) ,  and folic acid 1 8 , 1 9 )  in 

relation to blood formation, and calcium 1 5 ) ,  vi tamin D1 6 , 1 7 ) ,  zinc1 5 ) ,  and n -3 fatty 

acids2 1 , 2 2 )  in relation to bone formation and growth. The Okinawan diet  is reportedly 

nutrit ionally characterized by a low caloric intake, high meat consumption, and low 

seafood consumption 4 6 ) .  Furthermore, i t  is  said that the rapid post -war shift  in 

dietary habits was mainly because of strong influences from the food culture of 
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mainland Japan and the United States, and from socio -economic changes. However, 

the traditional cooking styles of Okinawa (such as “stir-fry” and “boiling”) have 

been maintained despite the larger changes seen in the raw materials used in 

cooking4 7 ) .  The vast  majority of nutrients associated with birth weight can be 

obtained from meat products.  The food culture of Okinaw a includes low seafood 

consumption with many fried dishes, which suggests that  n-3 fatty acids, which 

contribute to fetal  growth, can be obtained from seasoning oils.  

 

LIMITATIONS  

 

In the present study,  we excluded subjects whose energy intake had been 

calculated using BDHQ. According to Okubo et  al . , underreporting, rather than over 

reporting, of energy intake has been predominant in the relatively lean Japanese 

female population and BMI has been the most important factor affecting the 

reporting accuracy of energy intake 4 8 ) .  In  the present survey, the fact that  the 

“below” category included only one individual with an infant birth weight below the 

10 t h  percentile indicates that  many underweight pregnant women underreport on the 

BDHQ survey. This may explain their  exclusion from analysis sets.  Further 

investigation is needed into those who underreport .  Furthermore, Okinawa 

prefecture, where the survey was conducted, is the prefecture in Japan with the 

lowest income per inhabitant;  investigation into birth weights and dietary intake in 

relation to income should therefore also be conducted.  

 

CONCLUSIONS  
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We found the energy intake of pregnant women to be below the required amount 

throughout the second and third tr imesters of pregnancy. During the second 

trimester,  increasing consumption of staple foods in pregnant  women with poor 

weight gain led to improved fetal  growth because of  the increased energy intake 

from carbohydrates.  However, our analysis suggested that if  a pregnant woman’s 

weight gain is as recommended, then consuming an amount of carbohydrates near 

the lower l imit  of the reference range may effectively lower the risk for giving birth 

to a SGA baby.  

Based on our study, we recommend that  pregnant women who are underweight 

pre-pregnancy receive nutri tional guidance to select  foods that  are low in fat  and 

high in protein,  while increasing carbohydrate intake up unti l  the second trimester. 

If  the recommended weight gain is achieved, carbohydrate intake should be 

decreased,  and protein intake should be increased.  

Dietary habits are strongly associated with the food culture surrounding 

pregnant women and can be difficult  to improve after a woman becomes pregnant.  

We therefore believe that  in addition to recommendations regarding gestational  

weight gain and dietary intake, interventions are needed in secondary schools and 

other educational insti tutions to improve the dietary hab its of young women prior to 

them becoming pregnant.  
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