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FEIRPOBIENF E S DIEHICRETHEDOEHFRMBEITIC L D183

B#) EAAOS OIS k- T, FEOERPOBEE SR ORI D> T A & LIVR
shTwa, Lkl, &< o5, IEROFELY/NEO 1R TT- T, #Eicto
& R A, RBIFE T, R OBREES 3 e &/ 4 4 £ COMICINF
LB B LBELTWA R E S b, ETERE RGBT L TR 5 LA E
L,

FE  WRBERNT b T 2R REREMREEEE (PNToY a7 ) OF—2%
FAWT, 19914F 4 B 1 B 519994 3 A1 B, (WRUEBEME (8ILT) v T4
L, BROEEIN SEWRES > A RE L UFOBEYANSE L L, EEREEI
FREAEEL /2 HEROEME S SERhORBREAEEL, £/, SRR LR s
HERET 50, SELO/IERAFELET, IFJLOHEBT 2R L, NED
EEEAY T A A 7, BT SS J IR | (A D Body Mass Index (BMI) 25iTHE24) &,
MEEEG ) (HAD BMIBOICHEY) OFNEFNON 7T I, 38hS/ER 4 G4 £ TolMI
GEENL Y S, BEOERPOBERN T L iC Kaplan-Meier #i#R% 1 &, %/z Cox
KNG —FeFickanf—FRERET 5 ETHREL.

R IR R GOBEATRES - 21,628 A0 D B, REIRG HEFOBIELRE, 3 BEEEELER, 1
FIEEIESNTWARET— 05 LK 1| DHFEL TVWS1,428 A GERFZE87.7%)
DF — 4% BT Kaplan-Meier B #3072 & 05, BEOERBp OB 3 5 G i
44E4E (9-100%) OMIC TIRH) O 5TV EIhAC L LAEEICREL TuwWis (P<
0.001), Fiz, Cox HNF—FEFILEMWT, FXTOEEICIBMALV1,204 A GB
WE74.0%) FRRICRITET o7/ 0H, [IERbOBE | (20T, 3 e b/ER 4
&£ (9-108) ORI M &b T & b RERMEE RS (O —FH2.0, 95%EER
E]1.04-4.0),

iR SEIOPERA R, ERCT AEEEIC ST, BEOEE LA M ooiiink LT
T EBTEETH YD, EROBREREDET, =6KKE/EOIRETH~ L2t &
B, AREEED, ko fTReEEORTHFESN S,
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HHHERSHORSEC S5 HEREF—4 &,
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WO SERESIC E VIEREHE» SFL5 R
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3. EEETRMT

fEmASGE, PNEIEFEORRTH D, Cole BT
LAHEBRES T WNOHERELH T, HAD
BMI30LLE Y4 5 4 0% TIRG ), BMI25LLE
CHYT 550w GEEES SURE JERLT
AT L 722

PhRTAFHC S LT, W, aiAcENORGR. REAREE
M& v, BROBERRTIC W, MRESL
T b, TR bR - Th G A, TR
POEEL T/l MRELAZ iRV 04D
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A, HERA T, Cox N —FEF L%
AW —F L 20o% FEE MR L L.
ok, COLEFEITC B AMEMERR LR T
dh, WERT A, BRT— ¥ TRl - Bitds
F UG & S NIRRT RER S0,
B BV 4 S I B SRR OEET LT
EHSNERICEL A BERL .

HiEHEEHTIC I SAS version 9.2 (SAS Institute, Inc.,
Cary, NC, USA) &\ 7z,

I W R

Kaplan-Meier $£1C & 547 MR O BT I,
FIPCR M AT T L, AR HES 2 SRRl e 72
-5 721,628 A0 5 5, fEHRM HEFOREERG, 3 58
BEBLEE, 1FED LCHEX T SEET— 2
D>LEEL 2HBEEL TS 1,428 A GEEFER
87.7%) OF—FEH I, EfFDICBREL T
BEIE0A (6.3%) Th-7z, WAEMFEDL, BH
HAERRP I LT B D ST A e
fzdh, IEHRIE R OEAFER, BMI, SHEOE
IRMEBICEE R CERDE kol 26T, &R
chDEFEEHEIC VT, ERPICREL T\
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HTHRESHEREOREN TR &GP - 2(FE D,

3L BNERE 4 SR (9-1050) ORI, 200 A
(20.3%) % MBfkEs LUEW) ob5T0, 92
A (6.4%) 5 TIR# ] ohFTICEhnEFngsi
=¥ (b ol

[ F A RaNV SR B e ¥ e i 1) ke
fo b A, PELEMHILLL, AR s
Tz B T34 (BR#EFRE0.24E), BEL Tuwik
P Fz W CO.8F (BREGRZE0.035F) biroiz,
FHOIEMFER OB 3 570 O /N 4 4 (9-1050)
O TR OAFTVRSHEh5 & EfHK
EBEEL O (B, P<0.001),

Wiz, DEEEL LU A<V FELiz%
FHEOBNT 21T -7 L O 5, PHEEMIEL, &2
WAEER IS L TV IR TS (B0 9
), WLE ] Tuind o AT (BREIE0.06
) Lilrod, UL, (ERGPORE L, RO
FEIRiC DBAES JUER ob7rTyicgEzsn
LIk ERAEAMERRD R (A2, PL
0.064),

—F, Cox AINF—FEFNIZES, NEOIR
¥ L EiRE, SR OETEEE L oEOBH

F* 1 The comparison of ch istics between king mothers and non. king mothers
WVariables Smoking mothers  Non-smoking mothers Pvalue®
Maternal age at pregnancy registration (year) 28.1%4.7 289+42 0.055
Maternal body mass index before pregnancy (kg/m?) 0.8+5.4 20.7+2.8 0.9
Birth weight of infant (g) 2873411 3053 £ 390 <0.001
Gestational week of infant (week) 38.7%1.4 387+1.2 0.6
(Means + Standard Deviation)
Alcohol consumption during early pregnancy
Present 15 109 0.008
Absent 75 1,191
Maternal breakfast consumption
“1 sometimes skip” 49 248 <0.001
“I do not skip” 44 1,056
Childhood obesity
Present 14 78 <0.001
Absent 76 1,24
Childhood everweight
Present 25 264 0.08
Absent 65 1,058
Anthropometoric data of 9-10 years of age
Present 65 1,062 0.06
Absent 25 260

* 1 P-value of continuous variables were calculated by t-test, and P-value of categorized variables were calculated by chi-

square test,
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E 1 Curves for cumulative survival (not obese} rates cal- 2  Curves for cumulative survival (not overweight)
culated by life-table analysis (Kaplan-Meier method) rates caleulated by life-table analysis (Kaplan-Meier
of the children of smoking and nonsmoking mothers, method) of the children of smoking and nonsmoking
100 = mothers.
100

e e s

L

g =
in %
E 7
E P < 0.001 (lograsik test) E
= 50
i i =
H E
.E 5 = Children of now-smoking mothers
a = === Children of smoking mothers - = Childrea of non-smoking mothers
3 === == Children of smokicg mothers
LIS - v -
o 2 4 L} 8 10 o . ' " .
Children's age (years) 0 2 4 6 H 1w
Children's age (years)

2 Adjusted hazard ratio (HR)  and 959 confidence interval (C1) for maternal lifestyle factors that affected child-

hood obesity

Adjusted®
Liflestyle Non-obese children Obesity children
HR 95% CI

Smoking during early pregnancy

Current smoker G 11 204 (1.04-3.98)

Ex-smoker and Non-smoker i.064 G5
Sleep duration

More than 7 h/d 174 i6 133 (0.76-2.33)

Less than 7 h/d 954 60
Breakfast consumprion

Mothers who oecasionally skipped breakfast 230 24 1.61 (0.95-2.72)

Maothers who did not skip breakiast /98 52

* 1 Adjusted by maternal age, maternal body mass index, smoking status, sleep duration, and breakfast consumption.

#F 3  Adjusted hazard ratio (HR) and 95% confidence interval (CI} for maternal lifestyle factors that affected childhood

overweight
Adjusied®
Lifestyle Normal weight children Overweight children ————————
HR  95% CI

Smoking during early pregnancy

Current smoker 53 22 1.35 (0.86-2.12)

Ex-smoker and Non-smoker 896 233
Sleep duration

Muaore than 7 hid 142 48 124 (0.90-1.70)

Less than 7 h/d /07 207

Breakfast consumption
Mothers who occasionally skipped breaklast 191 63 1.29  (0.96-1.74)
Mothers who did not skip breakfas: 758 192

* 1 Adjusted by maternal age, maternal body mass index, smoking status, sleep duration, and breakfast consumption.
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A survival analysis approach to assess the association between
maternal smoking during pregnancy and childhood obesity

Kohta Suzuki®, Miri Sa10**, Daisuke ANDO®*,
Nacki Konpo'® and Zentaro YAMAGATA*2*

Key words © pregnancy, smoking, childhood obesity, life table analysis

Objectives It has been suggested that maternal smoking during pregnancy has an effect on childhood obesi-
ty. We previously clarified the association between maternal lifestyle habits practiced during preg-
nancy, including smoking, and childhood obesity and overweight at 9-10 years of age. In this study,
we aimed to demonstrate this association through survival analysis.

Methods This study was based on an on-going community-based prospective cohort study initiated in the
fetal stage called Project Koshu. The study population comprised of the participants of Project
Koshu, who were children born in a rural Japanese area between 1991 and 1999 and their mothers.
In this project, maternal smoking status during pregnancy was collected through a questionnaire
and childhood anthropometric data were measured at annual medical check-ups from 3 years of age
to 9-10 years of age. Using these data, we performed a survival analysis using the Kaplan-Meier
method to compare the cumulative rate of childhood obesity and overweight between those with
mothers who smoked during pregnancy and those who did not. Subsequently, we calculated the haz-
ard ratio {HR) of the effect of maternal smoking during pregnancy on childhood obesity using the
Cox proportional hazard model.

Results In the survival analysis of childhood obesity, we analyzed the data of 1428 children and their
mothers (follow-up rate: 87.7% ). Of these, 290 children (20.3% ) became overweight and 92 chil-
dren (6.4% ) became obese between 3 years of age and 9-10 years of age. This shows that the cu-
mulative rate of childhood obesity was significantly different between mothers with and without
smoking habits (P<0.001}.

Using the Cox proportional hazard model, we analyzed the data of 1204 children and their
maothers (fnllnw-up rate: 74.0% ). OF these, 255 children (21.2%) became overweight and 76 chil-
dren (6.3% ) becamne obese between 3 years of age and 9-10 years of age. Maternal smoking during
pregnancy was found to be associated with childhood obesity (HR, 2.0; 95% confidence interval
(CI): 1.04-4.0). However, there was no significant association between maternal smoking during
pregnancy and childhood overweight.

Coneclusion  Our results suggest that the effect of fetal environmental factors on childhood obesity is more
pronounced than that on childhood overweight. These results suggest that maternal smoking during
pregnancy may be a significant factor in the association between fetal environment and post-delivery

development.
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ing, University of Yamanashi, Chuo, Yamanashi, Japan

2* Center for Birth Cohort Studies, Interdisciplinary Graduate School of Medicine and Engineer-
ing, University of Yamanashi, Chuo, Yamanashi, Japan
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Abstract

Background: The aims of this study were to 1) determine the distinct patterns of body mass index (BMI) trajectories in
Japanese children, and 2) elucidate the maternal factors during pregnancy, which contribute to the determination of those
patterns.

Methodology/Principal Findings: All of the children (1,644 individuals) born in Koshu City, Japan, between 1991 and 1998
were followed in a longitudinal study exploring the subjects’ BMI. The BMI was calculated 11 times for each child between
birth and 12 years of age. Exploratory latent class growth analyses were conducted to identify trajectory patterns of the BMI
z-scores. The distribution of BMI trajectories were best characterized by a five-group model for boys and a six-group model
for girls. The groups were named “stable thin,” “stable average,” “stable high average,” “progressive overweight,” and
“progressive obesity” in both sexes; girls were allocated to an additional group called “progressive average.” Multinomial
logistic regression found that maternal weight, smoking, and skipping breakfast during pregnancy were associated with
children included in the progressive obesity pattern rather than the stable average pattern. These associations were
stronger for boys than for girls.

Conclusions/Significance: Multiple developmental patterns in Japanese boys and girls were identified, some of which have
not been identified in Western countries. Maternal BMI and some unfavorable behaviors during early pregnancy may impact
a child’s pattern of body mass development. Further studies to explain the gender and regional differences that were
identified are warranted, as these may be important for early life prevention of weight-associated health problems.
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Introduction identified 3 distinct trajectories of body mass index (BMI) in
e L. . . . individuals between the ages of 13 and 42 years, namely, the
Childhood obesity s associated with cardiovascular [1,2], “normative,” “progressively overweight,” and “progressively

endocrine [3,4], and respiratory diseases [5] in childhood, and overweight but stabilizing” trajectories. These risks were linked
these risks are likely to track into adulthood [6)]. These associations to differential cardiovascular risks in adulthood [10].

suggest that physical development in early childhood can strongly
determine health risks during adulthood. Te date, most epidemi-
ologic studies examining obesity have focused on physical
attributes at a single time point [7,8], and such studies often
provide misleading data because they do not take into account
physical attributes that vary over time during the natural
development of children. Recent developments in  statistical
techniques that allow the analysis of longitudinal data generated
from repeated measurements have enabled researchers to identify
distinctive developmental “patterns” in an exploratory manner.
Hoekstra et al. applied a novel latent-class growth-modeling
approach [3] to longitudinal data in Holland (n=1336), and

There have also been a few studies that have explored BMI
trajectories in early childhood. A study in the United Srates
monitored children aged 9 16 years and found 4 developmental
patterns: “constant obesity,” “gradual obesity,” “obesity followed
by recovery of normal weight,” and “never obese.” Another study
in the United States identified 3 patterns among children up to 12
years old [11,12], and a Canadian study tracked children aged 2 &
years and detected 3 growth patterns in boys and 4 in girls [13].
However, all of these studies were based on observations made
exclusively in Western countries, making the results of less
relevance to Asian populations. The results are most pertinent to
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Western populations since body mass and growth patterns can
vary greatly depending on race/ethnicity [14]. For example, BMI
in Asians is more likely to be lower than that of individuals from
the West [15]. These regional differences may be attributable to
variations in diets (Le., higher calories and more fat in Western
diets) [16,17].

Although the determinants of these differential growth patterns
are largely unknown, environmental exposures i stero [18,19] and
after birth, including maternal health and health behaviors during
pregnancy and the child’s socio-economic status and lifestyle (e.g.,
diet, physical exercise} have been suggested as possible determi-
nants of differential developmental patterns [11 13]. Therefore,
the aims of this study were to 1) determine the distinct patterns of
BMI trajectories in Japanese children from birth through |2 years
of age with an exploratory approach, and 2) elucidate maternal
factors, during pregnancy, which may contribute to the determi-
nation of those patterns. We hypothesized that there may be more
variations among the low BMI patterns in the Japanese data, in
addition to the normal and ohese patterns that were previously
identified by studies carried out in Western regions [11 13]. This
is the first study identifying the long-term BMI trajectory patterns
of children in an Asian country,

Results

BMI Trajectories

Maternal ages ranged from 16 to 42 years (mean, 28.9 years) for
boys and from 18 to 44 years (mean, 28.9) for girls; paternal ages
ranged from 17 to 48 years (mean, 32.0) for boys and from 18 to
56 years (mean, 31.9) for girls (Table 1),

When modeling the BMI trajectory, the Bayesian Information
Criterion (BIC) score increased as more groups were added.
Therefore, based on clinical knowledge and the objectives of the
analyses, a five-group model was selected for the boys and a six-
group model for the girls (Figures | and 2). Among boys, 12.6%
were categorized into Group 1, with an average BMI z score of
=122 and an average BMI of 14.4 (Figure 1). This group
maintained the lowest average BMI score throughout the
developmental trajectory (Figure 1), and was, therefore, labeled
the “stable thin” group. In this group, the average BMI gradually
decreased untll 7 years of age and then started to increase
(Figure 1). The majority of boys in the study population were
included in Groups 2 (42.2%) and 3 (30.5%). The average BMI z
score was almost 0 throughout the trajectory for Group 2, was
slightly larger, between 0.39 and 1.31, for Group 3. Group 2 was
named “stable average” and Group 3 was referred to as “stable
high average.” The average BMI of the boys in Group 4 (10.5%)
exceeded the overweight threshold at age 5 and continued to rise
throughout the observation period. This group was named the
“progressive overweight”™ group. Group 5 (4.2%) had the highest
BMI scores, exceeding the overweight threshold at around 2 years
of age and surpassed the obesity threshold around 4 years of age;
these individuals were in the “progressive obesity” group.

An identical 5 groups were described for girls. Groups 1, 2, 4, 5,
and 6 were named as “stable thin,” “stable average,” “stable high
average,” “progressive overweight,” and “progressive obesity,”
respectively (Figures 2). Group 3, composed 12.1% of the girls,
showed a unique pattern of gradually increasing BMI z scores
from =068 at age 5 to 0.93 atage 10. Therefore, this was denoted
as the “'progressive average” group.

A sensitivity analysis using the alternative dataset that included
the BMI scores calculated at birth did not alter the numbers or
shapes of the observed trajectory patterns.

PLOS ONE | www.plosone.org
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Predictors of Membership within Each Trajectory

Among the factors evaluated at the time of pregnancy, the
mother's BMI, smoking habits, skipping of breakfast, and sleep
duration, as well as paternal smoking were associated with
differences in the BMI trajectory patterns among boys. The
child’s year of birth, mother’s age, aleohel consumption, snacking
habits, psycheosocial and socioeconomic status (e.g., educational
attainment), and paternal age were not associated with the
observed trajectory patterns. Amongst the girls, only the mother’s
age and BMI, as well as the father's age were associated with the
BMI trajectory patterns (Table 1), Univariate multinomial logistic
regression revealed that, compared to the stable average or stable
high average groups (Groups 2 or 3 for boys and Groups 2 or 4 for
girls), a | unit increase in maternal BMI was associated with 1.22
(95% confidence interval [CI]: 1.09, 1.36) and 1.27 (95% CI: 1.13,
1.42) times higher likelihood of the child being included in the
“progressive obesity” groups among boys and girls, respectively.
Multivariate models adjusted for children’s birth year and BMI,
and maternal age, BMI at the time of pregnancy registry, parity,
and educational attainment showed that mothers who smoked
(OR: 542; 95%CL 1.89, 15.50) or skipped breakfast during
pregnancy (OR: 3.50; 95% CI: 1.52, 8.08) were more likely to
have boys in the “progressive obesity” group than in the stable
average trajectory groups, independent of maternal BMI, mater-
nal age, or educational attainment. Although the association
between paternal smoking and boys’ trajectory patterns was
statistically significant, the 95% CI was very wide (OR: 14.23;
95% CI: 1.89, 107.09) (Table 2). These associations were not
shown among girls. We also created another model adjusting for
BMI of children aged 1.5 years. The findings were chiefly the same
as those obtained for models for adjusting for BMI at birth.
However, some estimates could not be obtained as some values of
the BMI at 1.5 years were missing.

Discussion

The results of this study suggest that there are at least 5 distinet
BMI trajectory patterns in Japanese boys and 6 among girls.
Further, the BMI at the early stages of life (age = 1.5 years) was
indicative, to some extent, of the subjects’ BMI at 12 years of age.
This finding is similar to those of recent studies that show that
adiposity in childhood is positively associated with that in
adulthood [20,21]. However, some trajectories did not show the
same results, Among the boys with a BMI of 17, some maintained
their “stable high average” BMI, whereas others developed a
“progressive overweight” pattern. Among girls, the 3 heaviest
trajectory patterns started from the same average BMI, which was
approximately 16 17. Moreover, there was a unique “progressive
average” pattern in a girl, whose BMI at 1.5 years of age was lower
than the “stable average™ pattern. Those patterns include the
rapid and progressive development of obesity as well as the
gradual movement into the overweight category. As hypothesized,
a unique feature of this Japanese study was the identification of a
stable thin pattern, which has never been identified in Western
populations [11 13]. This study also showed that maternal BMI
and some unfavorable behaviors during early pregnancy impact a
child’s pattern of body mass development. Furthermore, the
impact of these maternal characteristics appears to be different
between boys and girls.

A study in the United States by Mustillo et al. followed 991
white children aged 9 16 years and identified 4 groups with
different developmental trajectories, including a group developing
obesity and then returning to normal BMI after the age of 12 and
a group developing obesity after the age of 12 [12]. Another study
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Figure 1. Trajectories of Body mass index (EMI) and the average EMI of boys aged 1.5 to 12 years in Koshu City, Japan, 1991-1998.
Error bars indicate the standard error of the mean for each observed group. Group 1, "stable thin”; Group 2, "stable average”; Group 3, "stable high
average”; Group 4, "progressive overweight”; Group 5, "progressive obesity.”

doi:10.1371/journal pone 0051896.9001
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Figure 2. Trajectories of Body mass index (BMI) and the average BMI of girls aged 1.5 to 12 years in Koshu City, Japan, 1991-1998.
Error bars indicate the standard error of the mean for each observed group. Group 1, “stable thin®; Group 2, “stable average”; Group 3, “progressive
average”; Group 4, “stable high average”; Group 5, "progressive overweight”; Group 6, “progressive obesity.”

doi:10.1371/journal. pone.0051896.9002
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Table 2. Cdds ratios and confidence intervals for being categorized in the trajectory groups compared to average trajectory
groups (stable average and stable high average) by baseline parental characteristics among children in Koshu City, Japan, 1991
1998: Result of Multinomial Logistic Regression.
Variables Girls Boys
Crude Adjusted” Crude Adjusted”
OR 25% Q1 OR 95% CI OR 25% C1 OR 25% QI
Matemal age
Stable thin 103 098-1.08 099 0.94=1.04
Stable average 1.0 1.00
Frogressive average (girs only) 105 099-1.11
Progressive overweight 1.07  1.01-1.12 105 09%-1.11
Progressive obesity 106 097-1.16 101 083-1.10
Matermnal body mass index
stable thin 082 0.74-091 087  0.78-0.96
Stable average 1.0 1.00
Progressive average (gils only) 100 1.00-1.20
Frogressive overweight 112 1.04-121 17 1.08-1.27
Progressive obesity 127 1.13-1.42 122 1.00-1.36
Matemnal educational attainment (more than high
school)
Stable thin 058  034-138 114 067-194
Stable average 1.0 100
Progressive average (girls only) 095 0.53-1.71
Progressive overweight 072 034-151 068 028-1.21
Progressive obesity 053 019-1.51 074 0M1-175
Matemnal parity {first childbirth)
Stable thin 0.81 0.54-133 106 068-1.65
Stable average 1.0 100
Progressive average {girls only) 088 054-138
Frogressive overweight 063 0.40-100 081 0.49-136
Progressive obesity 051 DIT-1.40 147 073-297
Child's BMI at birth
Stable thin 072 0.06-085 086  072-1.04
Stable average 1.0 100
Frograssive average {gids only) 075 062-091
Progressive ovenweight 1.01 0.85-1.21 092 075-1.14
Progressive obesity 146 1.10-1.95 099 014-1.34
Matemal lifestyle at pregnancy registration
Current Smoking (+)
Stable thin 198 092-4236 187 0.71-495 080 0.28-232 057 0.16-197
Stable average 1.00 1.00
Frogressive average (girls only) 054 092-233 067 0.14-328
Progressive overweight 143 057-359 189  0.683-567 237 1.09-5.16 1.80 0.72-4.53
Progressive obesity 174  039-7.79 175 0.19-1599 514 2.07-12.81 542 1.89-155
Alcohol consumption {+)
Stable thin 069 0.33-145 058  0.25-136 092  041-2.10 0.89 0.38-2.09
Stable average 1.00 1.00
Frogressive average {girls only) 069 0.29-1.67 082 033-206
Progressive overweight 100 055-2.18 117 055-248 080 0.31-2.08 0.74 0.25-2.18
Progressive obesity 207  074-575 096  0.20-456 120 025-409 159 0.44-5.80
Eating habits: Skipping breakfast {+)
PLOS ONE | www.plosone.org [} December 2012 | Volume 7 | Issue 12 | e51896
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Table 2. Cont.
Variables Girls Boys

Crude Adjusted” Crude Adjusted”

OR 95% CI OoR 95% CI OR 95% C1 OR 95% CI
Stable thin 087  051-148 099 053-182 083  046-1.49 0.70 037-134
Stable average 1.00 100 1.00 1.00
Frogressive average (girls only) 111 062-1.9 110 0.53-235
Progressive overweight 135 0.B0-238 144 0.79-2.65 208 1.24-350 202 1.08-378
Frogressive obesity 147 0.60-3.60 209 0.66-6.67 268 1.27-5.68 350 1.52-8.08
Eating habits Having aftemoon snack {one or more
times'day)
Stable thin 130 0.79-2.15 123 0.70-2.19 104 061-1.77 1.25 0.70-2.24
Stable average 1.00 1.00 1.00 1.00
Frogressive average (girs only) 1.56  0B5-2.89 148  074-293
Frogressive overweight 100 0.60-1.67 097  055-1.7 039  035-098 054 0.30-0.97
Frogressive obesity 066  0.29-151 065  023-185 062  028-1.34 052 0.23-1.22
Eating habits: Having midnight snack every day {+)
Stable thin 185  057-600 175 040-771 125 042-374 0.7 0.15-329
Stable average 1.0 1.00 100 1.00
Prograssve average (girs only) 062  008-492 N/A®
Progressive overweight 1.64 0.44-6.70 242 0.56-10.39 082 0.19-358 112 0.23-5.44
Frograssive obesity 424 087-2051 B28  0.99-6048 092  0.12-7.08 097 0.12-8.02
Sleeping duration (per 1 hour longer)
Stable thin 103 082-1.29 101 084-145 106 0.84-138 1.16 0.88-154
Stable average 1.0 1.00 100 1.0
Frogressive average (girls only) 117 0.90-153 1.30  095-1.80
Frogressive overweight 089 069-1.15 097 073-130 087 066-1.15 087 0.63-1.20
Frogressive obesity 069 044-1.08 085  0.29-248 055  0.37-0.83 058 0.35-0.89
Working {+)
Stable thin .54 042-0.97 058 0.35-0.94 081 a.52-1.27 .64 0.28-1.07
Stable average 1.0 1.00 100 .03
Frogressive average {girls only) 107 066-172 109 0.63-190
Frogressive overweight 083 0.54-1.34 0.83 0.30-1.38 109 067-1.77 135 0.78-2.36
Frogressive obesity 0567 030-150 054 0.19-150 233 1.10-495 28 1.21-652
Fatemnal smoking (+)
Stable thin 098  0.63-152 100 061-165 076  048-1.19 0.68 041-1.12
Stable average 1.00 1.00 100 1.00
Frogressive average (girs only) 103 062-1.71 1.05  059-186
Progressive overweight 091 0.56-145 103 061175 080 048-131 070 0.40-1.22
Frogressive obesity 161 0ed-409 181 063-583 673  1.59-2851 1423 189-1070
Oher family member's smoking {+)
Stable thin 086 051-1.45 103 057-188 090 053-1.52 084 0.47-1.48
Stable average 1.0 1.00 100 1.00
Progressive average {girls only) 065  0.37-1.16 063 033-1.19
Frogressive overweight 057  0.34-09 0.65 0.37-1.16 091 0.50-1.64 075 0.39=1.41
Progressive obesity 058 024-1.43 082 0.25-2.67 103 041-259 099 0.38-2.58
Abbreviations: BMI, body mass index; (1, confidence interval; OR, odds ratio,
“ndjusted for children’s birth year and BMI, and maternal age, BMI at the time of pregrancy registry, parity, and educational attainment.

ecause of small number, estimates for “eating midnight snack”™ are not presented.

doii10.1371journal pone. 0051 896.6002
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conducted in the United States [11], examined the BMI trajectory
of 1,739 white, black, and Hispanic children aged 2 12 years and
identified 3 developmental trajectories. They also found a group
that developed obesity in later years (after the age of 8). However,
the study that was most comparahble to the present study explored
BMI trajectories of boys and girls, separately, in Canada. In this
Canadian study, Hejazi et al. analyzed self-reported BMIs of 973
children aged 2 8 years and identified 3 BMI trajectories for boys
and 4 for girls, including a pattern of declining BMI in later years
and a Jshaped rising BMI pattern [13]. The present study, having
advantages in terms of sample size, objective measurements of
BMI, and study duration, found 2 additional patterns among
Japanese children, although both studies were consistent in terms
of identifying an additional pattern for girls. The existence of
multiple normal to thin-weight patterns in Japan might reflect a
lower BMI among Japanese children compared to Western
children, § ially due to diff es in dietary and cultural
habits between the countries [15].

Our study and the Canadian study [11] both found that girls
had more variation in their BMI trajectories than do boys, having
the additional “progressive average” pattern among Japanese girls.
This might be explained by the earlier development of secondary
sex characteristics among girls, as the pubertal growth spurt
usually occurs in conjunction with an increase in BMI. In Japan,
96% of girls develop secondary sex characteristics at the age of 12
or earlier. An alternative explanation for the observed gender
differences may be the differential behavioral or lifestyle patterns
between the sexes. Gender differences in social behavior and diet
could also help 1o explain the observed gender differences in BMI
trajectories [22 24]. For example, analyses of the present results
revealed that mothers who regularly skipped breakfast during
pregnancy contributed to the elevated risk of obesity in boys, but
not girls, This suggests that the impact of maternal lifestyle on
developmental patterns could differ by gender, potentially due to
the impact of parent-child associations [18,25,26].

Typically, an adiposity rebound (the first increase in BMI after a
nadir) happens around 5 6 years of age [27]. However, the
present study suggested that the period of adiposity rebound might
differ, based on the BMI trajectory pattern. That is, stably thin
children may have an adiposity rebound that occurs both more
slowly and later, around the age of 7 years. Those children
categorized in the groups of progressive overweight and progres-
sive obesity did not show a dear rebound in their adiposity, or the
rebound may have oceurred between 1.5 3 years; the period
during which BMI information was not collected. Previous reports
have suggested that the early occurrence of adiposity rebound may
contribute to the risk of developing obesity in later years [28].

Potential determinants of physical developmental patterns can
be categorized into genetic predisposition, the prenatal environ-
ment, and the postnatal environment [29]. The link found
between maternal BMI and an overweight-type development
pattern in the child supports the existence of the genetic or
intrauterine effects. A ing body of epidemiologic and animal
experimental evidence supports a link between in were exposure to
toxic substances or environmental conditions and the development
of obesity in children, although the underlying mechanisms have
not been completely elucidated [18,30 34].

One potential imitation of the present study is that the number
of groups and the shape of each group's trajectory are not fully
validated. However, our preliminary analysis using categories
based on BMI trajectory (e.g., the “stable, thin” pattern includes
those who have BMI z score of =1 or less at baseline and at the
last survey) showed similar trends in the association between these
patterns and their potential determinants incuding maternal BMI

PLOS ONE | www.plosone.org
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and smoking during pregnancy. This supports the validity of our
analytical approach. Another potential Lmitation is the lack of
certainty regarding its generalization to other regions of Asia, as
the samples were only collected from a single region within Japan.
Another potential limitation is the lack of detailed data on the
physical development in utero (gestational weight gain) that could
also affect the growth trajectories after birth. Moreover, the
estimates based on our multivariate models may not be sufficiently
adjusted for their potential measured and unmeasured confound-
ers. We selected the covariate to be adjusted based on the
theoretical consideration of confounding and the validity of
statistical modeling (e.g, avoiding multicollinearity between
variables). Although a [Z-year longimdinal study period was an
advantage of this study, further studies may require an even longer
observation period with repeated measurements. Such a study
would be particularly important in order to understand the
independent and interactive impact of heredity and pre- and
postnatal environments on BMI trajectories [35].

In conclusion, we found multiple trajectories of body mass
development, which start to diverge early in life. Some modifiable
factors were also identified, which could determine unfavorable
trajectories. Based on data from this and other studies, BMI
trajectories appear to vary across demographics, with gender and
region being the main contributing elements. Data from this study
support the concept that preventive interventions focused on the
early development period, which target modifiable individual and
environmental determinants, would likely be effective. A better
understanding of the underlying meck and determi of
BMI trajectory patterns are expected to make those interventions
more effective.

Materials and Methods

Study Cohort

The analyses were based on data obtained through Project
Koshu, a register-based prospective cohort study in Japan. The
study population comprised all | 644 children (825 boys and 819
girls} born between April 1991 and March 1998 in Koshu City,
Japan, and their mothers. The expectant mothers were recruited
at the beginning of their pregnancy, throughout Koshu City,
where the local law requires registration of all new pregnancies.
During pregnancy registration, a questionnaire on the lifestyles
and the habits of the mothers and their children and families was
administered to the mothers. During infant medical examinations,
data were obtained regarding the infant’s growth and physical
characteristics. As the children entered school, anthropometric
data continued to be collected during annual measurements in
each grade, as required by the School Health Law. Data of 1518
children (768 boys and 750 girls; 92.3%) who had been followed
for 12 years, with at least | usable data point in their follow-up
period, were analyzed. Three pairs of twins as well as participants
who lacked baseline information on weight and height were
excluded from the data analyses. Overall participation rates fell
during the course of the study from 84.6% at 18 months of age to
74.9% by age 12.

Measures

BMI of children. Data on the birth height and weight of the
children in the study were obtained from the Maternal and Child
Health Handbook. This record serves as an aid in monitoring
child health and growth and is required to be provided to
expectant mothers at the time of pregnancy registration [36]. Data
on the height and body weight of the children were obtained from
measurements taken during health checkups at ages 1.5, 3, and 5

December 2012 | Volume 7 | Issue 12 | 51856

227



and during annual school health monitoring for children aged 6
12 years. BMI scores were calculated using the standard formula:
body weight (kg)/height (m)®. To maximize comparabiliy,
individual BMI z-scores were also calculated, as described in the
World Health Organization standard [37]. Due to the unreliable
nature of height measurements at birth, the BMIs at birth were not
used in the primary analyses; they were, however, included in the
sensitivity analyses to confirm the robusiness of the data.

Maternal and familial variables. Although direct evidence
regarding the determinants of trajectory patterns of childhood
BMIs is lacking, some empirical studies have suggested that
maternal health beh during preg (smoking, aleohol
consumption, eating habits, and sleep staws), socioeconomic
status, and maternal BMI scores impact a child’s weighe [11,12].
Therefore, in this study, the following factors were considered as
independent variables having potential impact on the BMI
trajectory patterns of children: maternal and familial smoking
habits (smoking, had quit smoking, or never smoked), parental age,
maternal BMI, maternal alcohol consumption {consuming alcohal,
had stopped consuming alcohol, or never consumed alcohol),
breakfast habits (having or skipping daily breakfast), snacking
habits (having more than | per day or having | or fewer per day),
average sleep duration, educational attainment (high school
graduate or not having completed high school), and employment
status (employed or unemployed), At the first pregnancy checkup,
maternal height and weight during the first trimester were assessed
by an obstetrician or midwife. The data were recorded in the
Maternal and Child Health Handbook.

Statistical Analyses

BMI trajectory patterns. BMI trajectories were determined
by fitting a semiparametric mixture model, using the PROC
TRAJ macro in SAS version 9.2 (SAS Institute, Cary, NC)[38].
We fitted this model to the data for eight BMI measures in
children grouped by sex. This group-based modeling approach
made it posstble to identify a number of discrete classes, each

VI ERIBE (RE
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censored normal model, typically used to model the conditional
distribution of censored variables where there is a cluster of data at
the maximum or minimum values [40].

Following Nagin's suggestions [39], the Bayesian Information
Criterion [41] and the log of the Bayes factor [42] were used to
find the optimal number of patterns in the BMI trajectories. Part
of this analysis involved the identification of the point where the
sign of the log of the Bayes factor changed. Nagin has
recommended that if this BIC-based criterion does not clearly
identify the number of patterns, ie, the BIC continuously
increases as more groups are added, more subjective criteria,
based on domain knowledge and the objective of the analysis,
should be considered [43].

Potential determi of BMI trajectory p To
explore the factors determining the BMI trajectory patterns in the
children, the basic statistics were described, and their crude
associations with BMI trajectory patterns were tested using
univariate multinomial logistic regressions. Then, multivariate
multinomial logistic regressions were fitted to identify the
independent impact of each factor on the children’s BMI
trajectory patterns. These analyses were pedormed separately
for boys and girls because of the gender differences in physical
development [44]. All P values were two-tailed.

Ethies Statement. This study was approved by the Ethical
Review Board of the University of Yamanashi, School of
Medicine. A full description of the setting, sample, and data
collection methods can be found elsewhere [18,25,45). Informed
assent for children was taken by self-reported questionnaires, and
the parents and guardians were provided the opportunity to opt
out of participation in this study.
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# 2. Adjusted hazard ratio (HR) and 95% confidence interval (CI) for maternal lifestyle factors that

affected childhood obesity

Adjusted”
Lifestyle Non-obese  Obesity
children children HIR e
Smoking during early pregnancy
Current smoker 64 11 204 ( 1.4 - 398 )
Ex-smoker and Non-smoker 1064 65
Sleep duration
More than 7 h/d 174 16 1.33 ( 076 - 233 )
Less than 7 h/d 954 60
Breakfast consumption
Mothers who occasionally skipped breakfast 230 24 1.61 ( 095 — 272 )
Mothers who did not skip breakfast 898 52

*: Adjusted by maternal age, maternal body mass index, smoking status, sleep duration, and breakfast

consumption.
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M The 2nd Asia—Pacific Conference on Health Promotion and Education (APHPE 2012). May 4-6, 2012.
Taiwan
Kohta Suzuki (Presenter speaker): Community—based birth cohort study and an application of the
results to health promotion activity (Symposium 9: Smoking and passive smoking prevention for

children in Japan and Taiwan)

Maternal smoking during pregnancy is a possible major cause of fetal
undernourishment. Many studies have shown that maternal smoking during pregnancy
affects placental and fetal circulation, which may lead to intrauterine growth
retardation, low-birth-weight infants, and small-for-gestational age infants. In addition,
recently, it has been suggested that exposure to smoking in utero could influence
childhood growth. For example, children whose mother smoked are likely to be obese
or overweight. To clarify the association between maternal smoking and childhood
growth, it might be necessary to conduct a prospective cohort study which starts from
fetal period. Our research center used the data from Project Koshu (formerly Project
Enzan), a dynamic, ongoing prospective cohort study of pregnant women and their
children in rural Japan, which commenced in 1988. The aim of this project is to
improve health status in the whole community including children, adults and elderly
people. For instance, the knowledge from the results from this project, such as the
association between maternal smoking during pregnancy and perinatal outcomes might
be very valuable to reduce smoking rate among expectant mothers and their families.
Then, prevalence of low-birth-weight infants and childhood obesity would decrease.
Therefore, it is important and necessary to provide these results to the community.

In this presentation, some of the results from this project will be introduced as
examples of the association between adverse fetal environment and childhood growth.
Moreover, the application of these results to the community should be introduced as an
example to promote healthy activities for expectant mothers.
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M BIT’s 1st Annual World Congress of SQ Foods—2012. November 1-3, 2012. Shenzhen, China

Title: Gender Differences in the Association between Maternal Smoking during
Pregnancy and Childhood Growth Trajectories: A Multi-level Analysis

Dr. Kohta Suzuki* Miri Sato and Zentaro Yamagata.
Associate Professor

University of Yamanashi

Japan

Abstract

Because there are gender differences in fetal growth, these differences may be a basis for gender differences in the
sensitivity to fetal programming; however, such differences have not been studied previously. In this study, the
authors aimed to examine the gender differences in the association between maternal smoking during pregnancy and
later growth in childhood using a multi-level analysis. The study population comprised 1,619 children born between 1
April 1991 and 31 March 1999 in Koshu City, Japan, and their mothers. Maternal smoking during early pregnancy
was the exposure studied, and body mass index (BMI) trajectories of the exposed and unexposed children from birth
to age 9 years were compared. Anthropometric data at age 9 were collected from 1,274 (78.7%) of these children. The
mean birth weight of both the male and female children whose mothers had smoked during pregnancy was
significantly low compared with those born to non-smoking mothers (P < 0.01). However, the childhood BMI at each
subsequent check-up age significantly increased only among the male children born to the smoking mothers.
Smoking by pregnant women decreases the infant birth weight irrespective of gender but increases childhood weight
gain especially by male children.

Biography

Dr. Kohta Suzuki, Medicine Doctor, Ph.D —-medicine, Master of Public Health, now is an Associate professor of
Department of Health Sciences, Interdisciplinary Graduate School of Medicine and Engineering, University of
Yamanashi. In addition, he is a Vice Director of Kohshin Unit Center of Japan Environment and Children’s Study
which is conducted by Ministry of Environment. Moreover, he is a Member of the Board of Cousncilors of Japan
Epidemiological Association. He got his Medicine Doctor's degree at Yamanashi Medical University in 2000, Ph.D
—medicine at Yamanashi Medical University in 2005. Furthermore, he got his Master of Public Health (Pass with
Merit) at University of Sydney in 2011. He got the excellent poster award: 67th Annual Meeting of Japan Society of
Public Health in 2008 and the excellent university staff award: University of Yamanashi in 2009.Currently, he is
working in epidemiology of maternal and child health. Recently, the main theme of his study has been the association
between maternal smoking during pregnancy and childhood growth, especially in the gender difference of the
association.
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2012. Minneapolis, Minnesota

The association between depressive symptoms and body image in children with
normal weight: A community-based study in Japan

*M Sato, K Suzuki, N Kondo, Z Yamagata (University of Yamanashi, Japan)
Background

Body image affects the association between overweight and depression. Of the
many aspects of body image, body dissatisfaction is a serious mental health
problem not only in overweight children but also in children with normal weight.
Therefore, this study aimed to examine the affect of weight status and body
dissatisfaction on the depressive status of children with a normal weight.
Method

In 2008, a baseline study was initiated with 1,740 children in grades 4-8.
Anthropometric data were obtained during medical checkups; body
dissatisfaction and depressive status were recorded at baseline and at the
1-year-follow-up. The presence of depressive symptoms was defined by a cutoff
score on the Birleson Depression Self-Rating Scale for Children. Overweight and
thinness were defined according to the international cutoff value for body mass
index (BMI). Children exhibiting depressive symptoms, overweight, and thinness
at baseline were excluded; multiple logistic regression analyses were conducted
on the remaining subjects to examine the relationship of BMI and body
dissatisfaction with depressive symptoms at the follow-up.

Result

The follow-up rate was 90.1%, and 8.0% of these children showed depressive
symptoms at follow-up. For body dissatisfaction, the “wish to be thin” and
“extremely wish to be thin” showed a significant association with the depressive
status (odds ratio [OR], 2.6; 95% confidence interval [CI], 1.2-5.9 and OR, 1.9;
95% CI, 1.1-3.4, respectively). There is no interaction between body image and
BMI.

Conclusion

Body dissatisfaction is independently associated with the development of
depression in children with normal weight during puberty.
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M Society for Epidemiologic Research. 45th Annual Meeting. June 27-30, 2012. Minneapolis,

Minnesota

Interaction of maternal smoking during pregnancy and fetal growth and its effects on
childhood growth
*K. SUZUKI, M. SATO and Z. YAMAGATA (University of Yamanashi, Chuo, Japan)

Recently, it has been suggested that intrauterine growth retardation (IUGR) does not
intervene in the association between maternal smoking during pregnancy and
childhood obesity. Although maternal smoking during pregnancy is a major risk factor
for IUGR, the difference in the mean birth weight of children born to smoking and
nonsmoking mothers was suggested to be only 120 g. Some interaction might exist
between maternal smoking during pregnancy and fetal growth and its effects on
childhood growth, and this requires further examination. This study aimed to examine
the effect of this interaction by using data from a prospective cohort study in Japan.
The study participants were 2666 women and their children who were born between
April 1, 1991, and March 31, 2006. Anthropometric data were compiled through
medical check-ups conducted at 3 years of age in 2183 (81.9%) of these children.
Multiple linear regression models were used to analyze the data. After adjusting for
parity, maternal body mass index (BMI), and BMI of children at birth; the BMI at 3
years of age of appropriate for gestational age (AGA) babies from smoking mothers,
especially in male children, was found to be significantly larger than the BMI of AGA
babies from nonsmoking mothers. However, as compared to the BMI of AGA babies
from nonsmoking mothers, the BMI of small for gestational age (SGA) babies from
both smoking and nonsmoking mothers was not significantly larger. Maternal smoking
during pregnancy had little apparent effect on childhood growth in female children.

In conclusion, maternal smoking during pregnancy might increase the BMI of children

at 3 years of age only when the children, especially males, were born as AGA.
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B Obesity 2012(30th Annual Scientific Meeting) . September 20-24, 2012. San Antonio, Texas

Interaction between Maternal Smoking during Pregnancy and
Fetal Growth and the Effect of this interaction on Childhood
Growth: A Multilevel Analysis

Kohta SUZUKI, Miri SATO, and Zentaro YAMAGATA
Center for Birth Cohort Studies, University of Yamanashi

Background: Recent studies suggest that intrauterine growth retardation
(IUGR) is not involved in the association between maternal smoking during
pregnancy and childhood obesity. However, in reality, maternal smoking
during pregnancy is a major risk factor for IUGR. An interaction might exist
between maternal smoking during pregnancy and fetal growth, and this
interaction might affect childhood growth. This study aimed to examine the
effect of this interaction by using data from a prospective cohort study in
Japan.

Methods: The study population included children born between 1991 and 1999,
in Koshu City, Japan, and their mothers. We compared the trajectories of body
mass index (BMI) z-score, as defined by WHO, of appropriate for gestational
age (AGA) babies and small for gestational age (SGA) babies of smoking and
non-smoking mothers, from birth to 9 years. SAS Proc Mixed was used for
statistical analysis.

Results: The study included 1644 women and their children. The BMI z-score
trajectories of AGA babies of smoking mothers were significantly different
from those of AGA babies of non-smoking mothers, especially for male children.
However, the BMI z-score trajectories of SGA babies of smoking mothers were
not significantly different from those of SGA babies of non-smoking mothers.
Maternal smoking during pregnancy did not have an apparent effect on the
childhood growth of female children.

Conclusion: We concluded that the interaction between maternal smoking
during pregnancy and fetal growth and the effect of this interaction on
childhood growth differ according to gender. (241 words)
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NP ER S RICEELBEZHORFEEEZRCETOLELE (943 B BF53.6%) & RE
L EROFERERBEZFIC. IBIN-EEERENBERBEMLEEEE (Index of
Orthodontic Treatment Need) [ZEL T, FEKREDZEZIT oI, BREODEBE. F-tOEFE
EBOERKRLEMBERAVTREL . BoN-T—2%Z I, BREFEREDEEDET
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