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Association between women’s 
perceived ideal gestational 
weight gain during pregnancy and 
pregnancy outcomes
Kohei Ogawa   1,2,3, Naho Morisaki2, Haruhiko Sago1,3, Takeo Fujiwara   4 & Reiko Horikawa5

We aimed to clarify which beliefs motivate women to control their weight during pregnancy and how 
such values influence pregnancy outcomes. Using a questionnaire administered during mid- to late- 
pregnancy in a hospital-based prospective cohort study, we explored women’s perceived ideal GWG and 
their reasons for having this ideal. Using multivariate regression, we evaluated the association between 
women’s perceived ideal GWG and pregnancy outcomes. Among 1,691 normal and underweight 
women, the most common reason women thought avoiding excessive weight gain was important was 
“for ease of delivery and/or her health and well-being”. 912 (54%) women wished to maintain their GWG 
below 12 kg, the upper limit recommended by the Japanese governmental guidelines, and had a lower 
actual GWG compared to those who had less stringent notions of GWG. Compared to women whose 
perceived ideal GWG was 12 kg, those who considered their perceived limit to be lower had infants with 
lower birthweight on average despite no significant reduction in cesarean delivery rate or post-partum 
body weight retention. Our findings suggest that women who believe they should limit their weight 
gain to an amount lower than the upper limit of current guidelines succeeded in gaining significantly 
less weight but received no additional benefit.

Guidelines on weight gain during pregnancy are based upon robust evidence showing that gestational weight gain 
(GWG) influences maternal and child health1. Despite the current recommendations on GWG based on scientific 
evidence from multiple countries2,3, previous studies have demonstrated that a significant proportion of women 
end up not meeting the recommendations4 and that such women are at a higher risk of adverse pregnancy out-
comes5. As many as 68% of women in the United States6 and 46% of non-obese women in Japan (Japan does not 
have documented recommendations for obese women) reported experiencing weight gain exceeding the range 
recommended by the respective guidelines2,3.

Many educational interventions have aimed to steer GWG towards a favorable range; unfortunately, only a 
few have succeeded7,8. One possible explanation for this failure may lie in the fact that interventions have not 
attempted to account for women’s underlying values related to gaining weight. How important a person considers 
the consequence of their actions is likely to influence their motivation to act, as can be seen from studies analyz-
ing success in smoking cessation9. For instance even when provided with the same information regarding recom-
mendations for gestational weight gain, the women’s personal views and values may have a substantial influence 
on whether and how she decides to follow such recommendations. Thus, understanding what women consider 
as appropriate GWG and to identifying the values driving this perception are important for designing effective 
educational interventions to improve actual GWG. We found one study investigating the association between 
women’s perceived ideal GWG and actual GWG10. However, it did not investigate the GWG considered by women 
to be optimal nor how women’s underlying beliefs might affect their behavior and pregnancy outcomes. Thus in 
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this prospective cohort study, we investigated the factors related to how women determine their perceived ideal 
GWG as well as how such ideals affect pregnancy outcomes, using normal or underweight women as subjects.

Material and Methods
Study sample.  Our study was based on a prospective, hospital-based birth cohort11,12. Pregnant women 
making antenatal visits to the National Center for Child Health and Development (NCCHD), a tertiary hospital 
in Tokyo managing approximately 1,500 deliveries annually, between May 13, 2010 and November 28, 2013 were 
recruited at their first antenatal visit, which usually takes place during weeks 6–14 of gestation. The participants 
were asked to fill out multiple questionnaires, including one self-administered questionnaire on demographics 
at recruitment; a second questionnaire on the respondent’s perceptions of ideal GWG and her reasons for having 
these perceptions was given to the women by researchers during a mid- to late-pregnancy visit and returned by 
the respondent at a later visit. At NCCHD, a booklet that includes information on the Ministry of Health, Labour 
and Welfare GWG pregnancy guidelines is handed out at the first trimester antenatal visit, and at each antenatal 
visit thereafter midwives monitor the women’s current weight gain and provide advice if the gain is too rapid or 
too slow in order to help prospective mothers maintain their GWG within the range recommended by the gov-
ernment guidelines.

Out of 4,164 subjects recruited, 2,310 (55%) consented to participate. We excluded 84 women with multiple 
pregnancies, 133 women with a pre-pregnancy BMI over 25 kg/m2, and 96 women with diabetes mellitus or 
gestational diabetes, as there is no consensus or guideline on GWG recommendations for multiple pregnancies 
or overweight women with a BMI exceeding 25 kg/m2 in Japan13, and women with a diagnosis of diabetes are 
likely to receive guidance from a nutritionist on weight gain, which may influence their perception of appropriate 
weight gain during pregnancy. In total 1,691 (85%) of the remaining 1,987 women returned both questionnaires 
with complete information on baseline demographics. All the women were followed until delivery and were 
included in our final sample. At one month after delivery, the women were asked whether they would like to 
continue participating in the cohort by answering additional questionnaires and attending visits, and 1,385 (82%) 
agreed. At 12 months post-partum, a questionnaire including questions about current weight were administered 
and completed by 1,032 (75%) of the subjects.

This study protocol was approved by the Institutional Review Board at the NCCHD on August 2, 2010 (project 
number 417), and written informed consent was obtained from each participant. All methods were performed in 
accordance with the relevant guidelines and regulations.

Measures.  Women’s perceived ideal GWG and their reasons for avoiding excessive weight gain.  In a question-
naire administered during mid to late pregnancy (ranging from 26 to 38 weeks), we asked women how much 
GWG they thought was appropriate for themselves (their perceived ideal GWG) and used two questions to deter-
mine whether they thought avoiding excessive weight gain was important and if so, why.

The first question was, “How much weight do you think is appropriate for yourself to gain during pregnancy?” 
to which the respondent was allowed to answer with, “I do not know” or by indicating an upper limit or a range 
(upper and lower limits) in kilograms. As the upper limit of GWG recommended by the Ministry of Health, 
Labour and Welfare guidelines is 12 kg for all women with a BMI 25 kg/m2 or lower (i.e., the recommended 
range is 7–12 kg for women with BMI below 18.5 kg/m2 and 9–12 kg for women with a BMI 18.5–25 kg/m2), we 
categorized women according to the upper limit of their perceived ideal GWG into five categories: “higher than 
the guideline recommendation (12 kg<)”, “same as the guideline recommendation (12 kg)”, “within the recom-
mended range but lower than the upper limit,” “lower than the guideline recommendation,” and “no limit/not 
sure.”

The second question was, “Do you think it is important not to gain too much weight during pregnancy?” 
Possible responses were “very much so,” “somewhat so,” “not sure,” “not much,” or “not at all.”

Women who answered the second question with “very much so” or “somewhat so” were asked to answer 
a third question, “Why do you think so?” Possible responses (multiple answers were allowed) were, “to bear a 
healthy child,” “for ease of delivery,” “to get my body back into shape quickly after delivery,” “to avoid stretch 
marks,” “because my doctor/nurse/midwife said so,” “because my family/friends said so,” “no particular reason,” 
and “to avoid lifestyle-related diseases later in life.” Responses to questions 2 and 3 were combined to create 
the following four categories: “women who think they should avoid excessive weight gain to have a healthy 
child”(those who answered “very much so” or “somewhat so” to question 2 and “to have a healthy child” to ques-
tion 3), “women who think they should avoid excessive weight gain for ease of delivery and/or health”, (those 
who answered “very much so” or “somewhat so” to question 2 and responded “for ease of delivery”, “to get my 
post-partum body back into shape quickly after delivery,” “to avoid stretch marks” or “to avoid lifestyle-related 
diseases later in life” to question 3), “women who think they should avoid excessive weight gain because they 
were told to do so” (those who answered “very much so” or “somewhat so” to question 2 and “because my doctor/
nurse/midwife said so” or “because my family/friends said so” to question 3) and “women who think they should 
avoid excessive weight gain for no reason in particular” (those who answered “very much so” or “somewhat so” to 
question 2 and responded “for no reason in particular” or gave no response to question 3). The original questions 
(translated into English) are shown in Appendix Fig. 1.

Demographic data.  Maternal sociodemographic data were collected from the questionnaire responses and cate-
gorized as annual household income (<4 million yen, 4–8 million yen, >8 million yen, or no answer), and mater-
nal education (university graduate, community college graduate, or school or training school education only).

Trained research staff collected the following baseline characteristics from the medical charts kept by obstetri-
cians and midwives: maternal age (15–29, 30–34, 35–39, 40–49 years), parity (0, 1, or more), history of previous 
preterm delivery (yes/no), and smoking during pregnancy (yes/no/missing). Self-reported pre-pregnancy height 
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and weight as well as weight measurements at each antenatal visit (average: eight visits) were also retrieved from 
the medical charts. Pre-pregnancy BMI was calculated and categorized as under 18.5 kg/m2, 18.5 to 25 kg/m2, or 
25 kg/m2 or more, according to the categorization used in the Japanese national guidelines on GWG recommen-
dations14. GWG was calculated by subtracting the self-reported pre-pregnancy weight from weight at birth meas-
ured on either the day they were admitted for delivery on the day of delivery if they were admitted beforehand, 
and substituted by measurement at the last antenatal visit if these were not available (range 28–42 weeks). GWG 
was adjusted for gestational week at delivery to calculate weight gain at 40 weeks, using a methodology previously 
reported which assumed linear increase in GWG in the third trimester15. Post-partum weight retention at 12 
months (PPWR) was calculated using weight at birth and self-reported weight at 12 months post-partum as well.

Data on the pregnancy outcomes were also obtained from the medical charts. Birth weight z-scores were cal-
culated for each day of gestation using the Japanese birth weight curves as a ref.16, and birth weight below the 10th 
percentile of the general population (stratified by parity and sex of the infant) was defined as small for gestational 
age (SGA) using the same reference. Low birth weight was defined as birthweight below 2500 grams. Gestational 
length was based on the best obstetric estimate, and preterm delivery was defined as delivery before 37 completed 
weeks of gestation.

Statistical analysis.  First, we compared maternal and infant demographics, and determined whether the 
respondents thought they should avoid excessive weight gain and why they thought so by using the upper limit 
of women’s perceived ideal GWG ranges in a test for trend analysis. Next, to estimate the association between the 
upper limit of perceived ideal GWG with pregnancy outcomes (GWG, birth weight, birth weight z-score, gesta-
tional length, and PPWR) and the risk of adverse outcomes (low birth weight, SGA, preterm delivery, and cesar-
ean delivery), we conducted linear regression analysis for continuous outcomes, and logistic regression analysis 
for binary outcomes. For these analyses, we constructed crude and multivariate regression models after adjusting 
for height and BMI (included as continuous variables), maternal age, parity, history of previous preterm delivery, 
maternal education, family income, and sex of the infant (included as categorical variables), as previous studies 
suggested that these characteristics were strongly associated with birth outcomes and might be associated with 
GWG as well. For the analyses, we used the upper limit of GWG recommended by Ministry of Health, Labour and 
Welfare guidelines (i.e., 12 kg) as the reference point.

For sensitivity analysis, we adjusted for the reported lower limit of perceived ideal GWG on a sub-group con-
sisting of 1,240 women who had reported both the upper and lower limits of their perceived ideal range. For this 
analysis we additionally included the width of the reported range (upper limit – lower limit) as a co-variate in 
the model as previously described. We chose this method rather than including the reported lower limit directly 
because the upper and lower limits of the perceived ideal weight gain ranges were strongly correlated (Appendix 
Fig. 2).

All descriptive and statistical analyses were performed using STATA version 13 (STATA Corp, College Station, 
TX). Statistical significance was set at 0.05, and all statistical tests were two-tailed.

Data availability.  The datasets generated during and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Results
Among 1,691 women, 419 (25%) women stated that 12 kg (which is the same as the government guidelines) was 
the upper limit of their perceived ideal GWG range. In addition, 912 women (54%) reported the upper limit of 
their perceived ideal GWG range to be below 12 kg. Among these women, 879 (52%) women reported an upper 
limit within the guideline ranges, and the remaining 33 (2%) women reported an upper limit below the guide-
lines. Furthermore, 112 (7%) women selected a perceived ideal range with an upper limit higher than that of the 
guidelines (12 kg<), and 248 (15%) responded with “not sure/no answer.” The range and interquartile ranges 
(IQR) for the upper limit, lower limit, and range of perceived ideal GWG were as follows: upper limit [median 
10 kg, IQR 10–12 kg, range 2–20 kg], lower limit [median 8 kg, IQR 7–8 kg, range 0–14 kg], range [median 3 kg, 
IQR 2–4 kg, range 1–10 kg].

Table 1 shows the maternal and infant characteristics according to the women’s perceived ideal GWG catego-
ries with reference to the Ministry of Health, Labour and Welfare guidelines. Women whose perceived ideal GWG 
was lower than the upper limit in the current Japanese recommendations were older, more likely to be multi-para, 
had a higher BMI (although all women were normal or underweight), had less income, and were less likely to 
have graduated college. On the other hand, maternal height, smoking status, sex of the infant, or experience of 
previous preterm delivery did not differ between categories. Women with lower perceived ideal GWG categories 
had a lower GWG (observed or expected weight gain at 40 weeks), lower birth weight, lower birth weight z-score, 
and lower gestational age at delivery. They also had a higher rate of preterm delivery and less PPWR, but the rates 
of SGA and cesarean delivery did not show a significant trend.

Table 2 shows by how much the respondents thought they should avoid excessive weight gain and why they 
thought so. Of the 1,691 subjects, 1,569 (93%) answered that they considered not gaining too much weight during 
pregnancy to be “very much” or “somewhat” important. Some 1,395 (83%) women answered that weight should 
be controlled for ease of delivery and/or maternal health while 1,108 (66%) answered that weight should be 
controlled in order to bear a healthy child, and 496 (30%) answered that weight control during pregnancy was 
important based on advice from health professionals or others. Only nine (<1%) women did not give a reason or 
answered, “no reason in particular.”

Women whose perceived ideal GWG were lower were more likely to answer that they thought avoiding exces-
sive weight gain was “very much” important, and less likely to answer “somewhat” important or “not sure/not 
much/not at all” (p for trend <0.001). These women were also more likely to answer that avoiding excessive 
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weight gain was important “for ease of delivery and/or her health” (p = 0.031). However, the proportion of women 
who thought it was important to avoid excessive weight gain “to bear a healthy child” or “because (they were) told 
to do so” did not differ in terms of the chosen limit (p = 0.816, p = 0.770 and p = 0.888, respectively).

Figure 1 shows the association between women’s perceived ideal GWG categories and their pregnancy out-
comes after adjusting for maternal age, parity, height, pre-pregnancy BMI, history of previous preterm delivery, 
maternal education, family income, smoking status during pregnancy, and the sex of the infant. Estimated values 
for birth outcomes and risk of adverse outcomes by perceived ideal GWG category are shown in Tables 3 and 
4, respectively. Women who chose an upper limit below the government recommendations gained 2.6 kg [95% 
confidence interval (CI), 1.4–3.8] less, had infants with a birthweight 173 grams lower (95% CI, 33–312), and a 
lower average birthweight z-score 0.5 (95% CI, 0.2–0.9) than women who reported an upper limit congruent with 
the guideline recommendations (12 kg). The risk of low birth weight [aOR: 2.3 (95% CI, 0.8–6.7)], SGA [aOR 2.8 
(95% CI, 0.9–8.8)] and preterm delivery [aOR 1.6 (0.2–13.0)], as well as risk of cesarean delivery rate [aOR: 1.0 
(95% CI, 0.4–2.3)] and average PPWR [aOR: −0.3 (95% CI, −1.7–1.1)kg] were not statistically different than in 
women who reported an upper limit congruent with the guideline recommendations (12 kg). Similarly, those who 
chose an upper limit within the guideline range but lower than 12 kg gained 0.9 kg less (95% CI, −1.4–3.8) and 
had an infant with a birthweight 53 grams lower (95% CI, 15–108) on average. The risk of low birth weight [aOR 
1.5 (95% CI, 1.0–2.4)], SGA [1.3 (95% CI 0.8–2.3)], preterm delivery [1.8 (95% CI 0.8–2.3)] and cesarean delivery 
[0.8 (95% CI, 0.6–1.1)] and the average PPWR [−0.3 (95% CI, −0.8–0.1) kg] were not statistically different from 
the values of women who reported an upper limit congruent with the guideline recommendation (12 kg).

However, women who set an upper limit higher than the recommended value gained 0.8 kg (95% CI, 0.1–1.5) 
more than women whose perceived ideal GWG was congruent with the upper limit of the guideline recommen-
dations, but no significant difference in the risk of low birth weight [aOR: 0.9 (95% CI, 0.4–2.1)], SGA [aOR: 1.1 
(95% CI, 0.4–2.7)] or risk of preterm delivery [aOR: 0.6 (95% CI, 0.1–2.6)] was observed. Women who reported 
“no limit/not sure” for their upper limit gained 0.7 kg (95% CI, 0.1–1.2) less and did not have a significantly higher 

Women’s perceived ideal GWG categorized according to the Ministry of Health, Labour and Welfare 
guidelines

Lower than 
guideline range 
(n = 33)

Within 
guideline range 
(n = 879)

Same as 
guideline upper 
limit (n = 419)

Above 
guideline range 
(n = 112)

Not sure/
no answer 
(n = 248)

p-value 
for trend

Age (yrs), mean (SD) 35.5 (4.2) 36.0 (4.3) 35.4 (4.1) 35.1 (4.2) 36.1 (4.1) P = 0.012

Height (cm), mean (SD) 158.6 (6.2) 159.5 (5.4) 159.4 (5.2) 160.0 (5.5) 159.4 (5.9) P = 0.362

BMI (kg/m2), mean (SD) 18.5 (1.7) 20.1 (1.9) 19.7 (1.7) 19.9 (1.9) 20.1 (2.0) P = 0.165

Highest education

University, n (%) 17 (52%) 534 (61%) 306 (73%) 71 (63%) 139 (56%) P = 0.010

Community college, n (%) 10 (30%) 169 (19%) 58 (14%) 19 (17%) 54 (22%)

High school, training 
school, n (%) 6 (18%) 176 (20%) 55 (13%) 22 (20%) 55 (22%)

Annual income

Over 8 million yen, n (%) 19 (58%) 465 (53%) 253 (60%) 70 (63%) 128 (52%) P = 0.030

4–8 million yen, n (%) 8 (24%) 329 (37%) 116 (28%) 25 (22%) 87 (35%)

Under 4 million yen, n (%) 2 (6%) 50 (6%) 26 (6%) 13 (12%) 23 (9%)

Missing, n (%) 4 (12%) 35 (4%) 24 (6%) 4 (4%) 10 (4%)

BMI
18.5–25 (kg/m2), n (%) 24 (73%) 175 (20%) 104 (25%) 29 (26%) 54 (22%) P = 0.001

−18.5 (kg/m2), n (%) 9 (27%) 704 (80%) 315 (75%) 83 (74%) 194 (78%)

Primiparity, n (%) 14 (42%) 495 (56%) 296 (71%) 57 (51%) 154 (62%) P = 0.011

Previous preterm delivery, n (%) 0 (0%) 43 (5%) 11 (3%) 5 (5%) 7 (3%) P = 0.433

Smoking during pregnancy, n (%) 1 (3%) 14 (2%) 5 (1%) 6 (5%) 7 (3%) P = 0.140

Male infant, n (%) 20 (61%) 468 (53%) 215 (51%) 56 (50%) 121 (49%) P = 0.274

Small for gestational age, n (%) 5 (15%) 60 (7%) 23 (6%) 7 (6%) 26 (11%) P = 0.195

Birth weight <2500 g, n (%) 5 (15%) 86 (10%) 28 (7%) 7 (6%) 22 (9%) P = 0.030

Preterm delivery, n (%) 1 (3%) 49 (6%) 13 (3%) 2 (2%) 9 (4%) P = 0.024

Preeclampsia, n (%) 2 (6%) 21 (2%) 8 (2%) 1 (1%) 8 (3%) P = 0.140

Cesarean delivery, n (%) 8 (24%) 221 (25%) 111 (27%) 33 (30%) 75 (30%) P = 0.301

Weight gain at 40 weeks+(kg), mean (SD) 8.2 (3) 10 (3.3) 10.9 (3.2) 11.8 (3.5) 10.3 (3.8) P = 0.001

Birthweight (grams), mean (SD) 2,826 (332) 2,993 (418) 3,040 (401) 3,050 (402) 3,005 (383) P = 0.005

Gestational age (weeks), mean (SD) 38.9 (1.4) 38.7 (1.5) 38.9 (1.4) 38.9 (1.2) 38.9 (1.3) P = 0.023

Birthweight z-score, mean (SD) −0.6 (1.0) 0.1 (1.0) 0.1 (1.0) 0.1 (1.1) 0.1 (1.0) P = 0.009

PPWRa at 12 months (kg), mean (SD) −0.1 (2.1) −0.8 (3.0) −0.4 (2.8) 0.1 (3.1) 0.0 (3.8) P = 0.022b

Table 1.  Maternal and infant characteristics among 1,691 women. aPPWR: post-partum weight retention. 
Analysis for this cell is n = 1,032. bP for trend for missing PPWR value by the category of the upper limit of 
women’s upper limit of perceived ideal GWG p = 0.42. c+Weight gain at 40 weeks was calculated from all 
antenatal weight gain measurements available assuming linear increase in gestational weight in the third 
trimester.



www.nature.com/scientificreports/

5SCiENTiFiC RepOrtS |  (2018) 8:11574  | DOI:10.1038/s41598-018-29936-z

risk of low birth weight, SGA birth or preterm delivery than women who adopted the guideline value. Women in 
these two strata did not differ from those who had a perceived ideal GWG congruent with the guideline value in 
terms of PPWR or the risk of cesarean delivery.

Sensitivity analysis adjusted for the range of perceived ideal GWG and conducted in a population limited to 
women who reported both a lower and upper limit for the perceived ideal GWG range showed similar results 
(Appendix Tables 1 and 2). The crude associations between the category of the upper limit of women’s perceived 
ideal GWG and pregnancy outcomes are shown in Appendix Table 3.

Discussion
We found that women who thought that the upper limit of the current Ministry of Health, Labour and Welfare 
guidelines on GWG was higher than their ideal gained significantly less weight. Although such women believed 
more strongly that avoiding excessive weight gain would ease their delivery and lead to better health, they did 
not show a reduced risk of cesarean delivery or lower PPWR. We also found that their infants had significantly 
lower birthweight although they did not have a significantly higher risk of low birthweight, SGA or preterm birth.

In our study, we found a strong association between the upper limit of perceived ideal GWG (obtained at 26 
to 38 weeks gestation) and actual GWG (calculated from weight at delivery and pre-pregnancy weight). One 
small, recent study of 166 women in the United States10 investigated the association between perceived ideal and 
actual GWG. However, the study reported neither the association between perceived ideal GWG and pregnancy 
outcomes nor the women’s reasons for having their perceived ideal, as our study did. Even when provided with 
similar information from the guidelines, not all women followed the recommendations17. Our findings suggest 
that women’s perceived ideal GWG closely correlated with whether they thought that avoiding excess gain would 
help avoid stretch marks, reduce weight retention, and ease their delivery. Notably, the majority of women were 
well-educated, and all were given information regarding the current GWG recommendations at their antenatal 
visits. Thus the range of perceived ideal GWG indicated in the women’s responses did not substantially differ from 
the government recommendations (only 6% chose an upper limit higher than the recommended range while only 
12% chose a lower limit below the recommended range).

Furthermore we found that such perceived ideals may influence birthweight by altering actual GWG. This is 
the first study describing pregnant women’s notions of perceived ideal GWG and their relationship to pregnancy 
outcomes. In our cohort, women who set a upper limits for GWG as “≦9 kg” delivered an infant that was more 
than 100 gm smaller (and although not statistically significant, had twice the risk of low birth weight as well) com-
pared to women who reported 12 kg (the upper limit in the Japanese recommendations for normal and under-
weight women) as the upper limit of their perceived ideal GWG. Our findings suggest that women’s attitudes 
towards weight gain may influence birthweight by changing the actual gestational weight gain.

The current recommendation includes a 3–5 kg range for adequate GWG (e.g. 7–12 kg for underweight 
women with BMI under 18.5 kg/m2 and 9–12 kg for normal women with a BMI 18.5–25.0 kg/m2), leaving room 
for some variation in the perceived ideal GWG even while staying within the guideline-recommended range. 
The majority of women in our study indicated that they hoped to keep their GWG below the upper limit recom-
mended by the government guidelines, but in our study these women had infants with a lower birthweight. Our 

Women’s upper limit of perceived ideal GWG categorized according to the Ministry of Health, Labour and 
Welfare guidelines

Lower than 
guideline range 
(n = 33)

Within guideline 
range (n = 879)

Same as 
guideline upper 
limit (n = 419)

Above guideline 
range (n = 112)

Not sure/no 
answer (n = 248)

Reported upper limit of 
gain (kg), mean (SD) 7.2 (1.5) 9.7 (0.7) 12.0 (0) 14.3 (1.1) NA

Does the woman think it is important to not gain too much weight during pregnancy?

p-value 
for trend*

Very much so, n (%) 19 (57%) 402 (51%) 157 (37%) 25 (22%) 51 (21%) p < 0.001

Somewhat so, n (%) 11 (33%) 445 (46%) 232 (55%) 72 (64%) 155 (63%)

Not sure/not much/not 
at all, n (%) 3 (9%) 31 (4%) 157 (7%) 15 (13%) 42 (17%)

No answer, n (%) 0 (0%) 1 (0%) 0 (0%) 0 (0%) 0 (0%)

Whether the woman thinks she should avoid excexxive GWG weight for the following reasons:

p-value 
for trend

To bear a healthy child, 
n (%) 23 (70%) 631 (70%) 312 (75%) 74 (66%) 139 (56%) p = 0.816

For easy delivery and/or 
her health, n (%) 28 (85%) 779 (89%) 359 (86%) 91 (81%) 177 (71%) p = 0.031

Because she was told to 
do so, n (%) 9 (27%) 284 (32%) 126 (30%) 40 (36%) 77 (31%) p = 0.770

For no reason in 
particular, n (%) 0 (0%) 3 (0%) 2 (1%) 0 (0%) 4 (2%) p = 0.888

Table 2.  Reasons associated with the range of perceived ideal gestational weight gain among 1,691 women. 
*Analysis conducted by assuming both factors as ordinal variables.
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findings suggest that ‘personal’ notions of perceived ideal GWG that vary by several kilograms can have an impact 
on birthweight.

In our study 80% of women responded that they considered avoiding excessive weight gain was important 
“for ease of delivery and/or her health”. However, neither risk of cesarean delivery nor post-partum body weight 
retention was lower among women who chose a lower weight limit for their perceived ideal GWG. Studies con-
ducted in other populations conducted in overweight as well as normal and underweight women have shown that 
excess GWG increases the risk of cesarean delivery and post-partum body weight retention. One possible reason 
we failed to detect an association is that the current Japanese Ministry of Health, Labour and Welfare guidelines 
are already quite strict15; thus there is no benefit in further restriction. It is even possible that further restriction 
may lead to suboptimal growth of the fetus, leading to a possible increase in risk of cesarean section18. Indeed 
recent research suggested that weight gain recommended by the current national guidelines may be lower than 
what provides most optimal pregnancy outcomes15.

So what does our study suggest? We observed that among normal and underweight women, a majority 
reported that their perceived ideal GWG was lower than current Japanese recommendation by Ministry of 
Health, Labour and Welfare guidelines. While they considered avoiding excess weight gain as important for eas-
ier delivery and/or their health, we failed to observe any reduction in cesarean delivery rates or post-partum 

Figure 1.  Association between birth outcomes and the upper limit of ideal gestational weight gain ranges 
among 1,691 women. p < 0.05; **p < 0.01; ***p < 0.001. Dots represent effect estimates and bars represent 95% 
confidence intervals. Estimates on post-partum weight retention were calculated using weight change from 
self-reported weight before pregnancy to self-reported weight at 12 months post-partum. The sample size for 
this analysis was N = 1,032. All models were adjusted for maternal age, parity, height, BMI, history of previous 
preterm delivery, maternal education, family income, smoking status during pregnancy, and the sex of infant. 
Weight gain at 40 weeks was calculated from all antenatal weight gain measurements available assuming linear 
increase in gestational weight in the third trimester.

Women’s perceived upper limit of ideal GWG 
categorized according to the Ministry of 
Health, Labour and Welfare guidelinese

Weight gain at 
40 weeks+c (kg) 
[95% CIb]

Birth weight 
(grams) 
[95% CIb]

Birth weight 
z-score  
[95% CIb]

Gestational 
length (weeks) 
[95% CIb]

Post-partum weight 
retention++d (kg)  
[95% CIb]

Lower than guidelines
−2.6***a −173*a −0.5**a 0.0 −0.3

[−3.8, −1.4] [−312, −33] [−0.9, −0.2] [−0.4, 0.5] [−1.7, 1.1]

Within guidelines but lower than upper limit 
(12 kg)

−0.9***a −53*a −0.1 −0.1 −0.3

[−1.3, −0.5] [−99, −7] [−0.2, 0.0] [−0.3, 0.0] [−0.8, 0.1]

Same as upper limit (12 kg)
0 0 0 0 0

Reference Reference reference Reference Reference

Higher than guidelines
0.8*a 11 0.0 0.0 0.3

[0.1, 1.5] [−70, 93] [−0.2, 0.2] [−0.2, 0.3] [−0.5, 1.1]

No limit/not sure
−0.7*a −38 −0.1 −0.0 0.4

[−1.2, −0.1] [−99, 24] [−0.2, 0.1] [−0.2, 0.2] [−0.2, 1.0]

Table 3.  Association between birth outcomes and the upper limit of ideal gestational weight gain ranges among 
1,691 women. a*p < 0.05; **p < 0.01; ***p < 0.001. b95% CI: 95% confidence interval. c+Weight gain at 40 weeks 
was calculated from all antenatal weight gain measurements available assuming linear increase in gestational 
weight in the third trimester. d++Calculated from self-reported weight at 12 months post-partum. Sample size 
for this analysis was N = 1,032. eAll models adjusted for maternal age, parity, height, BMI, history of previous 
preterm delivery, maternal education, family income, smoking status during pregnancy, and sex of infant.
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weight retention among these women. On the other hand, we observed that actual GWG correlated with the 
upper limit of the perceived ideal GWG. As many studies show that actual GWG is associated with many birth 
outcomes15,19,20, we believe our study suggests that women may not be aware of the true consequences of excessive 
or inadequate GWG. Thus, providing more detailed antenatal education on the influence of GWG on pregnancy 
outcomes may help women achieve adequate gestational weight gain and thus better birth outcomes.

Furthermore, our findings may help understand the increased prevalence of low birthweight births in Japan 
that has been observed over the past two decades. A high proportion (54%) of women in our study answered that 
their perceived ideal GWG was below guideline recommendations. Even though there was no increase in risk of 
low birthweight births due to lower perceived ideal GWG, we cannot deny the possibility that changes in mater-
nal values (such as an increase in women who consider that weight gain below the guideline recommendations 
would help ease delivery) leading to declines in perceived ideal GWG contributed to the increase in cases of low 
birthweight births.

There are several limitations to our study. First, as the women were surveyed using an unvalidated question-
naire, social desirability bias may have led them to give a GWG range closer to the Japanese Ministry of Health, 
Labour and Welfare recommendation. However, we found that perceived ideal GWG and actual GWG were very 
highly correlated, suggesting that the effect of such a bias is likely to be small. Second, our study was based on a 
relatively small sample, and adjusting for numerous confounders may have led to model over-fitting; thus future 
studies should be aimed at determining whether our findings, especially those relating to preterm birth, are 
replicable and consistent. Third, although all the mothers in our study received antenatal education at the same 
institution based on the Ministry of Health, Labour and Welfare guidelines on GWG, the quantity and quality of 
the education may have varied according to the heath care provider.

Several limitations are also inherent in our study design. Our study used the ideal upper limit of GWG as the 
main measure of the perceived ideal GWG due to the nature of our questionnaire design (women were allowed 
to leave the lower limit blank). Although we believe the upper limit of GWG is by itself a meaningful indicator 
as women would be more conscious of adopting a weight gain target below rather than above a given value, 
self-restriction of weight gain should be measured more rigorously in future studies. Another limitation is that the 
reporting timing was during mid- to late- pregnancy (mean 31.0 weeks); thus we were unable to rule out the pos-
sibility that women with a lower GWG had reported a lower GWG as “ideal” to justify their actual GWG. While 
our finding that perceived ideal GWG was associated with maternal values (such as the notion of the importance 
of not gaining too much weight during pregnancy) suggests that such reverse causation does not explain all of our 
observed associations, future studies aiming to obtain information about perceived ideal GWG at an earlier stage 
of pregnancy, or even better, repeatedly (to check for the influence of education on maternal ideals) are desired. 
Last but not least, maternal values may differ according to maternal and cultural background; thus research on 
other populations is needed. It is important to note that we were not able to analyze overweight/obese women for 
whom there are no Japanese GWG recommendations to serve as a reference.

In conclusion, we found that women who reported an upper limit for perceived ideal GWG that was lower 
than the current Ministry of Health, Labour and Welfare guidelines gained less actual GWG than women who 
reported an upper limit congruent with the guidelines; however they did not show a reduced risk of cesarean 
delivery or lower PPWR even though they believed that avoiding excessive weight gain would ease delivery 
and lead to better health. In addition to educating women about the current GWG guidelines, providing more 
detailed antenatal education on the influence of GWG on the mother and the child may help improve pregnancy 
outcomes.

 Women’s perceived upper limit of ideal GWG 
categorized according to the Ministry of Health, 
Labour and Welfare guidelinese

Low birth 
weight ORb 
[95% CI]c

Small for 
gestational age 
ORb [95% CI]c

Preterm 
delivery ORb 
[95% CI]c

Cesarean 
delivery ORb 
[95% CI]c

Lower than guidelines
2.3 2.8 1.6 1.0

[0.8, 6.7] [0.9, 8.8] [0.2, 13.0] [0.4, 2.3]

Within guidelines but lower than upper limit (12 kg)d
1.5 1.3 1.7 0.8

[1.0, 2.4] [0.8, 2.2] [0.9, 3.3] [0.6, 1.1]

Same as upper limit (12 kg)d
1 1 1 1

reference reference reference reference

Higher than guidelines
0.9 1.1 0.6 1.2

[0.4, 2.1] [0.4, 2.7] [0.1, 2.6] [0.7, 1.9]

No limit/not sure
1.3 2.2* 1.2 1.1

[0.7, 2.4] [1.1, 4.3] [0.5, 2.9] [0.8, 1.6]

Table 4.  Association between risk of adverse outcomes and the upper limit of ideal gestational weight gain 
ranges among 1,691 women. a*p < 0.05; **p < 0.01; ***p < 0.001. bOR: odds ratio. c95% CI: 95% confidence 
interval. dMinistry of Health, Labor and Welfare recommends gestational weight gain to be 9–12 kg if pre-
pregnancy BMI is <18.5 kg/m2, and 7–12 kg if pre-pregnancy BMI is 18.5–25 kg/m2. eAdjusted for maternal age, 
parity, height, BMI, history of previous preterm delivery, maternal education, family income, smoking status 
during pregnancy, and sex of the infant.



www.nature.com/scientificreports/

8SCiENTiFiC RepOrtS |  (2018) 8:11574  | DOI:10.1038/s41598-018-29936-z

References
	 1.	 Alavi, N., Haley, S., Chow, K. & McDonald, S. D. Comparison of national gestational weight gain guidelines and energy intake 

recommendations. Obesity reviews: an official journal of the International Association for the Study of Obesity 14, 68–85, https://doi.
org/10.1111/j.1467-789X.2012.01059.x (2013).

	 2.	 American College of Obstetricians and Gynecologists. ACOG Committee opinion no. 548: weight gain during pregnancy. Obstetrics 
and gynecology 121, 210–212, https://doi.org/10.1097/01.AOG.0000425668.87506.4c (2013).

	 3.	 Japanese ministry of health Labor and Welfare. Healthy Parents and Children 21, http://www.mhlw.go.jp/houdou/2006/02/h0201-3a.
html (2006).

	 4.	 Olson, C. M. Achieving a healthy weight gain during pregnancy. Annual review of nutrition 28, 411–423, https://doi.org/10.1146/
annurev.nutr.28.061807.155322 (2008).

	 5.	 Goldstein, R. F. et al. Association of Gestational Weight Gain With Maternal and Infant Outcomes: A Systematic Review and Meta-
analysis. Jama 317, 2207–2225, https://doi.org/10.1001/jama.2017.3635 (2017).

	 6.	 Deputy, N. P., Sharma, A. J., Kim, S. Y. & Hinkle, S. N. Prevalence and characteristics associated with gestational weight gain 
adequacy. Obstetrics and gynecology 125, 773–781, https://doi.org/10.1097/aog.0000000000000739 (2015).

	 7.	 Muktabhant, B., Lawrie, T. A., Lumbiganon, P. & Laopaiboon, M. Diet or exercise, or both, for preventing excessive weight gain in 
pregnancy. The Cochrane database of systematic reviews 6, Cd007145, https://doi.org/10.1002/14651858.CD007145.pub3 (2015).

	 8.	 Tanentsapf, I., Heitmann, B. L. & Adegboye, A. R. Systematic review of clinical trials on dietary interventions to prevent excessive 
weight gain during pregnancy among normal weight, overweight and obese women. BMC pregnancy and childbirth 11, 81, https://
doi.org/10.1186/1471-2393-11-81 (2011).

	 9.	 Smith, A. L., Carter, S. M., Dunlop, S. M., Freeman, B. & Chapman, S. The views and experiences of smokers who quit smoking 
unassisted. A systematic review of the qualitative evidence. PloS one 10, e0127144, https://doi.org/10.1371/journal.pone.0127144 
(2015).

	10.	 McPhie, S., Skouteris, H., Hill, B. & Hayden, M. Understanding gestational weight gain: the role of weight-related expectations and 
knowledge. Aust N Z J Obstet Gynaecol 55, 21–26 (2015).

	11.	 Morisaki, N., Fujiwara, T. & Horikawa, R. The Impact of Parental Personality on Birth Outcomes: A Prospective Cohort Study. PloS 
one 11, e0157080, https://doi.org/10.1371/journal.pone.0157080 (2016).

	12.	 Hashimoto, K. et al. Gross motor function and general development of babies born after assisted reproductive technology. The 
journal of obstetrics and gynaecology research 42, 266–272, https://doi.org/10.1111/jog.12898 (2016).

	13.	 Morikawa, M. et al. Prevalence of hyperglycemia during pregnancy according to maternal age and pre-pregnancy body mass index 
in Japan, 2007–2009. International journal of gynaecology and obstetrics: the official organ of the International Federation of 
Gynaecology and Obstetrics 118, 198–201, https://doi.org/10.1016/j.ijgo.2012.04.019 (2012).

	14.	 Minakami, H. et al. Guidelines for obstetrical practice in Japan: Japan Society of Obstetrics and Gynecology (JSOG) and Japan 
Association of Obstetricians and Gynecologists (JAOG) 2014 edition. The journal of obstetrics and gynaecology research 40, 
1469–1499, https://doi.org/10.1111/jog.12419 (2014).

	15.	 Morisaki, N. et al. Pre-pregnancy BMI-specific optimal gestational weight gain for women in Japan. Journal of epidemiology/Japan 
Epidemiological Association 27, 492–498, https://doi.org/10.1016/j.je.2016.09.013 (2017).

	16.	 Uehara, R., Miura, F., Itabashi, K., Fujimura, M. & Nakamura, Y. Distribution of birth weight for gestational age in Japanese infants 
delivered by cesarean section. Journal of epidemiology/Japan Epidemiological Association 21, 217–222 (2011).

	17.	 de Jersey, S. J., Mallan, K. M., Callaway, L. K., Daniels, L. A. & Nicholson, J. M. Prospective Relationships between Health Cognitions 
and Excess Gestational Weight Gain in a Cohort of Healthy and Overweight Pregnant Women. Journal of the Academy of Nutrition 
and Dietetics, https://doi.org/10.1016/j.jand.2016.12.011 (2017).

	18.	 Poma, P. A. Correlation of birth weights with cesarean rates. International journal of gynaecology and obstetrics: the official organ of 
the International Federation of Gynaecology and Obstetrics 65, 117–123 (1999).

	19.	 Nehring, I., Schmoll, S., Beyerlein, A., Hauner, H. & von Kries, R. Gestational weight gain and long-term postpartum weight 
retention: a meta-analysis. The American journal of clinical nutrition 94, 1225–1231, https://doi.org/10.3945/ajcn.111.015289 (2011).

	20.	 Siega-Riz, A. M. et al. A systematic review of outcomes of maternal weight gain according to the Institute of Medicine 
recommendations: birthweight, fetal growth, and postpartum weight retention. American journal of obstetrics and gynecology 201, 
339.e331–314, https://doi.org/10.1016/j.ajog.2009.07.002 (2009).

Acknowledgements
We are deeply indebted to all participants in the Seiiku Boshi Cohort Study. We also thank James R. Valera for 
his editorial support. RH, TF, and NM were supported by the Research Development Grant for Child Health and 
Development (H25-4), NM and TF were supported by the Japan Agency for Medical Research and Development 
(AMED-6013), and NM was supported by the Kanzawa Medical Research Association (H25-10). The funders had 
no role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Author Contributions
N.M. and K.O. conceived and designed the study. R.H., H.S. and T.K. collected the data. N.M. analyzed the data, 
and N.M. and K.O. wrote the first draft. All authors approved the final manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-29936-z.
Competing Interests: The authors declare no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://dx.doi.org/10.1111/j.1467-789X.2012.01059.x
http://dx.doi.org/10.1111/j.1467-789X.2012.01059.x
http://dx.doi.org/10.1097/01.AOG.0000425668.87506.4c
http://www.mhlw.go.jp/houdou/2006/02/h0201-3a.html
http://www.mhlw.go.jp/houdou/2006/02/h0201-3a.html
http://dx.doi.org/10.1146/annurev.nutr.28.061807.155322
http://dx.doi.org/10.1146/annurev.nutr.28.061807.155322
http://dx.doi.org/10.1001/jama.2017.3635
http://dx.doi.org/10.1097/aog.0000000000000739
http://dx.doi.org/10.1002/14651858.CD007145.pub3
http://dx.doi.org/10.1186/1471-2393-11-81
http://dx.doi.org/10.1186/1471-2393-11-81
http://dx.doi.org/10.1371/journal.pone.0127144
http://dx.doi.org/10.1371/journal.pone.0157080
http://dx.doi.org/10.1111/jog.12898
http://dx.doi.org/10.1016/j.ijgo.2012.04.019
http://dx.doi.org/10.1111/jog.12419
http://dx.doi.org/10.1016/j.je.2016.09.013
http://dx.doi.org/10.1016/j.jand.2016.12.011
http://dx.doi.org/10.3945/ajcn.111.015289
http://dx.doi.org/10.1016/j.ajog.2009.07.002
http://dx.doi.org/10.1038/s41598-018-29936-z
http://creativecommons.org/licenses/by/4.0/

	Association between women’s perceived ideal gestational weight gain during pregnancy and pregnancy outcomes

	Material and Methods

	Study sample. 
	Measures. 
	Women’s perceived ideal GWG and their reasons for avoiding excessive weight gain. 
	Demographic data. 
	Statistical analysis. 

	Data availability. 

	Results

	Discussion

	Acknowledgements

	Figure 1 Association between birth outcomes and the upper limit of ideal gestational weight gain ranges among 1,691 women.
	Table 1 Maternal and infant characteristics among 1,691 women.
	Table 2 Reasons associated with the range of perceived ideal gestational weight gain among 1,691 women.
	Table 3 Association between birth outcomes and the upper limit of ideal gestational weight gain ranges among 1,691 women.
	﻿Table 4 Association between risk of adverse outcomes and the upper limit of ideal gestational weight gain ranges among 1,691 women.




