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Abstract

Objective: The aim of this study is to clearly validate therinatal
prognosis when Japanese pregnant women gain weighing
pregnancy within the Japanese Ministry of Healtbdr and Welfare
(HLWM) recommendation or the U.S. Institute of Hbal(IOM)
recommendationMethods. Japanese women who delivered single
term infants (37-42w) were recruited to the studlgrinatal risk factors
including light for date (LFD), heavy for date (HFDemergency
cesarean section (ECS) and pregnancy induced leyyiseoh (PIH) were
analyzed using the guidelines of HLWM and IOResults. 5,602
women were classified as underweight (group U:BNl8kg/nf,

n=1,035), normal weight (group N:1&BMI<25kg/nf, n=3,964),



overweight (group O:28MI<30kg/nf, n=449) and obese (group
OB:30kg/nf<BMI, n=154). When GWG was within the I0OM
recommendation, women were at decreased risk of (dejusted OR
0.50, 95% IC 0.26-0.70), and increased risk of HR8justed OR 1.99,
95% IC 1.50-2.64) and ECS delivery (adjusted OR6,185% IC
1.12-2.17) compared with women whose GWG was withenHLWM
recommendationConclusion: For Japanese women in groups U and
group N, the acceptable weight gain during pregnanay have been
within the US IOM recommendation to reduce LFD, Wwetstill need to

pay attention to the adverse events related to BiHECS.
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I ntroduction

Gestational weight gain (GWG) has been thoroughidied as a
predictor of adverse pregnancy outcomes. Low GW&ssociated with

LFD infants and preterm birth(Sebire et al. 200thtl8nd et al. 2006,



Takimoto et al. 2006, Tsukamoto et al. 2007), wasrkigh GWG is

associated with greater risk of cesarean section&tm et al. 1992). In
addition, Barker did a study in 1986 regarding &ssociation between
low birth weight and death from coronary heart dg& suggesting that
prenatal environmental factors are involved in fheghogenesis of
adult-onset diseases(Barker et al. 1986).

In the following decades, numerous epidemiologicstudies
substantiated a close association between low bugight and an
increased risk of developing adult diseases, inctudardiovascular
disease(Rich-Edwards et al. 1997), stroke(Lawloale2005), type 2
diabetes mellitus(Curhan et al. 1996) and hypeida@duxley et al.
2000). The results of these reports led to the @dgvmental Origins of
Health and Disease’ (DOHaD) hypothesis in whiclgepetic changes
influenced by the environment in the early lifegaacan alter later
disease risk(Gluckman et al. 2007). In 2009, 9.6%nfants born in
Japan weighed less than 2,500 grams at birth, wkashalmost double
the level recorded in 1980, while the rate is 6.iR%Organization for

Economic Co-operation and Development countriesGDE2012). In



addition, the average birth weight of Japanesentafdnas gradually
declined since 1985.

In 2006, the Japanese Ministry of Health, Labor @reffare (HLWM)
recommended pregnant women to eat a balanced ddtaahieve
adequate weight gain based on their pre-pregnaogdy bize(2006). In
this statement, underweight and normal weight womere advised to
gain 7-12kg and 9-12kg, respectively, as well ascdig professional
advice to prevent perinatal complicating diseasesh as gestational
diabetes mellitus or PIH, for overweight and ob&senen. On the other
hand, in 2009, the US Institute of Medicine (IOM)leased a new
guideline for weight gain during pregnancy that eimto optimize
outcomes each woman and infant(Rasmussen et a9).208e I0OM
recommended greater GWG than HLWM recommended: namiight
women were advised to gain 12.5~18kg, normal weiglmmen
11.5~16kg, overweight women 7~11.5kg, and obese emoBr9kg,
respectively. The IOM also indicated that it wagalie to find sufficient
evidence to continue to support a modification WG guidelines for

women of short stature, and they also recommendatl vwomen of



short stature (<157cm) gain at the lower end of lwege of their
pre-pregnant BMI. In this cohort study, we inveateg the independent
risk factors of pre-pregnancy body mass index (BMHWG, and other
factors, including maternal height, for pregnanaymplications in
Japanese women, using both recommendations reléasadHLWM

and IOM.

Materials and Methods

Maternal and infant birth data from January 2008 ugust 2013 were
extracted retrospectively from hospital recorddzamiotsu Municipal
Hospital on an anonymous basis. Among 6,100 Japapesgnant
women who delivered babies at this hospital, 5,68#Zmen were
investigated after excluding stillborn infants, tple births and
premature deliveries. The questionnaire elicitddrimation about body
height, pre-pregnancy bodyweight and parity. Peggpancy BMI was
calculated as pre-pregnancy bodyweight divided kight squared.
Ethics approval for the study was obtained frontitusonal review

boards of Izumiotu Municipal Hospital in Izumiotigpan.



According to pre-pregnancy BMI, we divided all s into four
groups; underweight (group U:<18.5kgJmnormal weight (group
N:18.5-24.9kg/rf), overweight (group 0:25-29.5kg/m and obese
(group OB=30kg/nf) according to the guidelines of the World Health
Organization (WHO). GWG was calculated by subtrarthe maternal
pre-pregnancy weight from the weight at delivery avas categorized
as insufficient, adequate HLWM, adequate IOM or esstve in
accordance with the HLWM guidelines of 2006 andIth®l guidelines
of 2009 for each BMI category. GWG was also clasdifinto four
groups based on the recommended levels of the ivdelines as shown
Tablel. We difided all patients into three grougading to height;
more than 158cm (average of Japanese women), &l 3ess than
152cm (less than 10% tile of Japanese woméigonates were
classified into three groups: light for date (LFD3ppropriate for
gestational age (AFD) and heavy for date (HFD) Isyamdard deviation
score (SD score) for birth weight using the “BiSize Standards by
Gestational Age for Japanese Neonates” releaséldebyapan pediatric

society in 2011 (Itabashi et al. 2010) LFD infantswkefined as infants



who had an SD score below -1.5SD and HFD infante wiefined as
over +1.5SD. Pregnancy-induced hypertension (Plidy wefined as
gestational hypertension (blood pressure >140/90Hgymwithout
proteinuria at a gestational age of >20 weeks andwmore occasions
at least 6 h apatrt,

or pre-eclampsia (blood pressure >140/90 mmHg)omkanation with
proteinuria (>0.3 gm/24 h) after 20 weeks of gestatECS was defined
as unscheduled cesarean section. The risks of HFD, ECS and PIH
were evaluated using multiple logistic models (EkusToukei 2012:
Social Survey Research Information Co., Ltd., Tqklapan).

Adjusted odds ratios (ORs) and 95% confidence vater(95% CIs)
were estimated taking into account possible cordews which could
have any effect on perinatal outcomes. Maternalaagtelivery, parity,
pre-pregnancy BMI, and maternal height were inalde confounders
to estimate the effect of weight gain during pregyaon perinatal
outcomes. Dunnett’s test was done to compare agerfag each group

with the normal weight group. The association betwavo categorical



variables was investigated with the likelihood aafi with a Bonferroni

correction. AP-value of less than 0.05 was considered significant.

Results

18.5% of women were in group U, 70.8% of women wergroup N,
8.0% of women were in group O and 2.7% of womerevireigroup OB
based on their pre-pregnancy BMI. In the overalharg the infant
outcome rates were significantly different in grodpcompared with
group N (8.0% compared with 6.7% for LFD), and iroup O and
group OB compared with group N (8.9% and 18.2% cmaxgh with
5.5% for HFD, 3.3% and 5.8% compared with 0.8%RtH, 6.7% and
13.0% compared with 4.0% for ECS) (Table 2).

On the basis of HLWM and IOM gestational weight ngai
recommendations, 19.7% of women gained less wéhgint the HLWM
recommended, 48.3% of women gained the HLWM recona®ae
weight, and 24.5% of women gained weight as the i@sbmmended,

while 7.6% of women gained more than the IOM recanded (Table



3). Mean GWG weights were 10.6kg for group U, 10.8x group N,
8.6kg for group O, and 5.6kg for group OB.

The proportions of HFD increased as pre-pregnandy/iBcreased. The
highest proportion of LFD infants were born to wam&ho began
pregnancy with a lower BMI. In groups U and N, theportions of
LFD continuously decreased with every 2kg of weigatin during
pregnancy, and the rate of LFD was lowest when ktegain was
within the IOM recommended range (Fig 1).

We stratified outcomes by pre-pregnancy BMI anddusenultivariable
model to compare women who gained less than HLWM \&@omen
who gained within IOM, as well as women who gainaore than IOM
with women who gained within HLWM. After adjustifgr maternal
age, parity, and height, women who gained less thaWwM were at
increased risk of LFD (OR 2.19, 95% CI 1.72-2.749)t women who
gained within IOM were at decreased risk of LFD (0OR0, 95% CI
0.26-0.70)(Table 4). Women who gained within IOMdamore than
IOM were at increased risk of HFD (OR 1.99, 95%1(30-2.64; OR

2.58, 95% CI 1.78-3.73) (Table5). Group O and OBewat increased

10



risk of emergency cesarean delivery (OR 1.80, 93%.C7-2.78; OR
4.14, 95% CI 2.39-7.18) and group U was at decreask (OR 0.60,
95% CI 0.40-0.93). Women who gained within IOM walgo increased
risk of emergency cesarean delivery (OR 1.56, 95P01.@2-2.17)
(Table 6). On the other hand, women who were tall®8cm and
multiparous were at decreased risk of ECS (OR @%3% CI 0.52-0.94;
OR 0.12, 95%CI 0.08-0.18) (Table 6). Group O and @8&e at
increased risk of PIH (OR 4.00, 95% CI 2.06-7.78 651, 95% CI
3.71-19.48), but this was not related to weighihgauring pregnancy

(Table 7).

Discussion

Since there has been no standard guideline for GM€drding to

pre-pregnancy BMI for pregnant Japanese women,muestigated the
differences in perinatal prognosis when pregnanheam gained weight
during pregnancy within the recommended levels fribv@ Japanese
HLWM or the US IOM. In our cohort of 5,602 pregnawbmen,

approximately half of them gained weight duringgmancy within the

11



HLWM recommendation and a quarter of women withine tOM

recommendation.

We found that lower GWG than the HLWM recommendatiwas

significantly associated with a higher risk of LF&s others have
reported(Watanabe ea al. 2010). On the other hahdG within the

IOM recommendation resulted in significantly lowesk of LFD. In our

analysis, there was no statistical significance ftoe relationship
between body size and LFD, which differed from thieservation
Murakami et al. reported(Murakami et al. 2005). GW{&hin the IOM

recommendation was significantly associated witbraased risk of
HFD (OR: 1.99), and a high prevalence of HFD i&dith with increased
risk of emergent cesarean section (OR: 1.56). Wowiem were taller
than 158 cm (average height of Japanese women) ultigravida

women were associated with significantly lower r@k ECS. In this
regard, it is possible that women taller than 158 beight or
multigravida women should gain weight during pregnawithin the

IOM recommendation rather than the HLWM recommeiodaih order

to reduce the prevalence of LFD. Meanwhile, the @R$IH were not

12



higher regardless of GWG, although it was highegiaups O (OR:
4.00 95%CI 2.06-7.74) and group OB (OR: 8.51 95%CL-19.48). In
U.S. studies, a significant relationship between &@Wand the
prevalence of PIH was reported(DeVader et al. 260&, etal. 2007).
Murakami et al. reported that GWG did not show agnificant
influence on the onset of PIH, although being oldesfere pregnancy
increased the risk of PIH onset compared with nbm®aght women,
which was similar to the result of our stddyOther perinatal factors
other than GWG such as hypertension or diabetedituseimay be
involved in the onset of PIH. Further investigatwill be necessary to
confirm these factors because we did not exclugsethcomplicating
cases.

The study population was from a single hospitahwhie same protocol.
This is very important to strengthen the statistipawer. We could
directly manage all the medical records of the iggdnts, which
provided highly reliable data. Nevertheless, oundgt has certain
limitations. In this study, we did not consider @g#®nal diabetes

because the diagnostic criteria of gestational etef were changed

13



during the cohort. There is some concern that highd/G results in
increased risk of gestational diabetes. Consequefitither research
will be needed to investigate the relationship leetawwomen who gain
weight during pregnancy within the IOM recommenadiatand maternal
glucose intolerance.

It is necessary to reconsider adequate weight darmg pregnancy
because birth weight in Japanese infants has cantsly declined since
the 1980s and the prevalence of low-birth-weighants has steadily
increased, reaching almost 10% of live births icerg years. In our
investigation, adequate weight gain during pregpatould be within
the IOM recommendation to reduce the number of luiif@nts, but we
need to pay attention to adverse events when pnégramen gain more
weight. Women whose BMI is over 25 should gain \eiguring
pregnancy, but not over the HLWM recommendationabee they are
at higher risk for emergency cesarean section drd Purthermore,
women who are shorter than 152cm should not gaighwever the
HLWM recommendation because they are at higher afsklFD and

ECS. Our investigation suggests that women of nbweaght or lower

14



should gain weight during pregnancy within the |I@¢ommendation;
this will not increase perinatal or maternal adeeevents and will

reduce the number of LFD infants.
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