1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Ovbesity (Silver Spring). Author manuscript; available in PMC 2017 July 01.

-, HHS Public Access
«

Published in final edited form as:
Obesity (Silver Spring). 2016 July ; 24(7): 1546-1553. doi:10.1002/0by.21511.

Greater early and mid-pregnancy gestational weight gains are
associated with excess adiposity in mid-childhood

Marie-France Hivert!:23, Sheryl L. Rifas-Shiman?l, Matthew W. Gillman?, and Emily Oken?

10besity Prevention Program, Department of Population Medicine, Harvard Medical School and
Harvard Pilgrim Health Care Institute, Boston, MA, USA

2Diabetes Unit, Massachusetts General Hospital, Boston, MA, USA

3Department of Medicine, Université de Sherbrooke, Sherbrooke, Canada

Abstract

Objective—It is unclear how specific periods of gestational weight gain (GWG) during
pregnancy relate to childhood adiposity. We aimed to assess the differential impact of GWG
timing on childhood body composition.

Methods—In 979 mother-child pairs from the pre-birth Project Viva cohort, we calculated
trimester-specific GWG using clinically recorded weights. Outcomes included body mass index
(BMI) z-score, dual X-ray absorptiometry fat mass index (FMI, kg/m?2) and fat free mass index
(FFMI, kg/m2) in mid-childhood. We used linear regression models to assess associations of each
trimester’s GWG (per 0.2 kg/week) with childhood outcomes, adjusted for maternal pre-pregnancy
BMI, socio-demographic variables, lifestyle, and GWG in prior trimester(s).

Results—Mean (SD) 15t trimester GWG was 0.22(0.22)kg/week, 2" trimester 0.49(0.18)kg/
week, and 379 trimester 0.47(0.20)kg/week. Faster 15t trimester GWG was associated with higher
BMI z-score (0.06 units [95% CI:0.01, 0.12] per 0.2kg/week) and with higher adiposity according
to all indices; associations were strongest in women with pre-pregnancy BMI>30kg/m?2. Faster 2"d
trimester GWG was associated with higher BMI z-score (0.11][0.04, 0.18]), fat mass
(FMI=0.16[0.02, 0.31] kg/m?) and also lean mass (FFM1=0.11[0.01, 0.22] kg/m?2). 3" trimester
GWG was not associated with childhood adiposity.

Conclusion—These results reinforce the importance of addressing appropriate GWG in early

pregnancy.
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Introduction

Increasing evidence supports that in utero and early life events contribute to risk of
childhood obesity. Better characterisation of these events will help to define opportunities
for interventions to prevent lifetime risk of obesity. Excessive maternal gestational weight
gain (GWG) is one prenatal exposure that is associated with higher risk of obesity in later
life.2 Recent studies and meta-analyses have consistently shown that greater total GWG is
associated with higher body mass index (BMI) in offspring, in childhood, adolescence, and
adulthood.2~* This literature is limited in that few of these studies have assessed childhood
adiposity using measures other than BMI,>~7 which incorporates lean mass as well as fat
mass.

Furthermore, excessive GWG might have different programming effects depending on
timing of the weight gain during pregnancy. Greater GWG in early pregnancy represents
mainly maternal fat gain and might influence placental nutrient transfer differently than later
GWG, which reflects fetal and placental growth and maternal vascular expansion in addition
to maternal fat gain. Late pregnancy GWG has been consistently reported to be associated
with birth weight.8 © Recently, greater GWG specifically in 2" and 3™ trimester were
associated with larger birth weight in some studies,® 10 while other studies showed
significant associations for all 3 trimesters.11: 12 Given that higher birth weight has been
associated with later childhood obesity, the timing of GWG might influence childhood
anthropometric outcomes through its impact on birth weight, or via other pathways.

However, only a handful of studies have assessed specific pregnancy periods of GWG rate
and risk of childhood excess weight and adiposity.> & 11-13 Most of these studies suggested
that greater 15t trimester GWG is associated with offspring risk of obesity, while data on 2"
trimester is inconsistent. 6 11-13 One of the main limitations of these previous studies is the
use of only BMI for child assessment, which captures both lean and fat mass together. One
notable exception, Fraser A et al., reported that greater early pregnancy GWG was
associated with higher childhood adiposity assessed by dual X-ray absorptiometry (DXA).>
However, they defined “mid-pregnancy” as 14 to 36 weeks of gestation,® which limited the
discrimination of a possible 2" or 3'd trimester-specific effect on childhood body
composition.

To address this gap in the literature, we investigated the risk of excess adiposity in mid-
childhood (median 7.7 years, full range i.e. min-max 6.6 to 10.9 years) according to rate of
GWG by trimester. In addition, we evaluated whether trimester-specific associations differed
according to maternal pre-pregnancy BMI, which is also known to influence both GWG rate
and risk of excess weight in childhood.14 We consider that careful attention to maternal BMI
is essential not only because of the increasing rate of women entering pregnancy with
overweight or obesity, but also to tease out the separate contributions of these two often
correlated factors.
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Description of participants

Measures

Project Viva is a pre-birth cohort of mothers and children. Between 1999 and 2002, we
recruited pregnant women at 8 obstetric offices of Atrius Harvard Vanguard Medical
Associates, a multispecialty group practice in Massachusetts.1> All participating pregnant
women provided informed consent; institutional review boards reviewed and approved the
project in line with ethical standards established by the Declaration of Helsinki.18

We followed women throughout their pregnancy and collected clinical data on obstetric and
delivery outcomes on 2,128 live singleton births. For this analysis, we excluded 1,012
children without anthropometry data at mid-childhood. Among the remaining 1,116, we
excluded 8 women with pre-gestational diabetes (type 1 and type 2), 51 women with
gestational diabetes (because its management affects subsequent GWG), 17 women missing
weight data, 37 women with a pre-pregnancy BMI <18.5kg/m? and 14 deliveries at <34
weeks. Thus the final sample for our main analyses included 989 children with at least one
anthropometric measurement at mid-childhood, among which 780 children attended DXA
scans. We included the maximal sample size available for each trait of interest. We
compared characteristics of the 989 included in our current analyses with the 1139 excluded
participants. Overall, we found similar mean maternal age (32 years in both), pre-pregnancy
BMI (24.7 vs. 25.0kg/m?) and total GWG (0.39kg/week in both). Women included were
more likely to have completed a college degree (69 vs. 61%); had higher annual household
income (65 vs. 58% reported =$70,000/year); and less likely to report smoking during
pregnancy (10 vs. 15%). For analyses where we examined associations of trimester-specific
GWG with birth outcomes, we included 1,885 newborns whose mothers did not have pre-
gestational diabetes, gestational diabetes, or BMI <18.5kg/m?.

Exposures — definitions of total and trimester-specific GWG—We collected self-
reported pre-pregnancy weight at the initial prenatal visit. Among 343 women who had
weight recorded in the medical record in the 3 months before their last menstrual period, the
association between self-reported and clinically measured weight was linear (r=0.997).17 We
extracted serial prenatal weights from medical records — we obtained a median of 13 (range
5 to 27) clinical weights recorded per woman over the course of the index pregnancy. We
calculated total GWG rate as the difference between the last prenatal weight recorded
(within 4 weeks of delivery) minus the pre-pregnancy weight, divided by number of
gestational weeks at delivery. We defined 15t trimester as the date of last menstrual period to
day 91, 2" trimester as days 91-182, and 3™ trimester as day 182 to the time of the last
prenatal weight recorded (within 4 weeks of delivery). As previously reported,18 we
performed linear interpolation between the 2 closest weight measures to estimate weights at
day 91 and day 182 and calculated GWG rates (kg/wk) for each trimester.

Outcomes — Child anthropometry and adiposity indices—At a research visit in
mid-childhood (median 7.7 years), trained research assistants measured children’s weights
(TBF-300A,; Tanita, Arlington Heights, IL) and heights (calibrated stadiometer; Shorr
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Productions, Olney, MD). We calculated age- and sex-specific BMI percentiles and z-scores
using U.S. national reference data.1® Normal weight was defined as <85t percentile, and
obesity as =95t percentile. Using standardized protocols, our research assistants measured
subscapular (SS) and triceps (TR) skinfold thicknesses using Holtain calipers (Holtain,
Crosswell, U.K.); we calculated the sum (SS+TR) of skinfolds to represent overall adiposity.
As a measure of central adiposity, we measured waist circumference just above the right
iliac crest at the midaxillary line to the nearest 0.1 cm (Hoechstmass Balzer, Sulzbach,
Germany) using standardized procedures.20: 21

At visits performed at our research center, research assistants administered whole-body
DXA scans with Hologic model Discovery A (Hologic, Bedford, MA). We used Hologic
software version 12.6 for scan analysis. A single trained research assistant checked all scans
for positioning, movement, and artifacts and defined body regions for analysis. Intra-rater
reliability was high (r=0.99). We calculated the DXA fat mass (FMI) and fat-free mass
(FFMI) indexes using the formula: [total DXA measured mass (fat or fat free mass) in kg]/
(height in meters)2..22 We also calculated trunk fat mass (trunk FMI1).23: 24 We calculated the
percent fat by dividing total fat mass by total weight.

Birth Outcomes

We obtained birth weight and delivery date from hospital medical records and research
assistants measured birth length. We determined sex-specific birth length z-scores and birth
weight for-gestational-age (BW/GA) z-scores using US reference data.1® 25 We included all
newborns (N= 1885) with birth data available that met our maternal inclusion criteria to
maximize our power for analyses of birth outcomes.

Co-variables

Using questionnaires, we collected information on maternal race/ethnicity, age, education,
parity, household income, and smoking status during pregnancy. In early pregnancy, we
collected maternal dietary patterns, using validated food frequency questionnaires,2® and
physical activity, using a questionnaire modified from the Physical Activity Scale for the
Elderly.2” We collected additional prenatal clinical information from the mother’s medical
record, including glucose tolerance and mode of delivery. At the mid-childhood visit, we
repeated lifestyle questionnaires for the mothers, as well as indicators of children’s dietary
behaviors including consumption of convenience based fast food (frequency/week), and
average weekly physical activity across light, moderate and vigorous intensities, as reported
by the mother.1®

Statistical analyses

We conducted linear regression analyses modeling weekly rate of GWG — per 0.2kg/week —
for the total period of pregnancy and for each trimester to examine their associations with
mid-childhood anthropometric and DXA indices. We selected 0.2kg/week as the effect size
since this was the approximate SD of GWG rate at each trimester in our cohort. We
conducted logistic models to predict risk of childhood obesity (BMI=95™ percentile) versus
normal weight (<85™ percentile). We adjusted models for child sex and age at outcome, and
maternal pre-pregnancy BMI, parity, education, pregnancy smoking status and race/
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ethnicity. We additionally adjusted 2" trimester models for GWG during the 1st trimester,
and 3" trimester models for 15t and 2" trimester GWGs. We also conducted analyses
stratified by pre-pregnancy BMI: normal weight (BMI 18.5 to <25.0kg/m?), overweight
(BMI 25.0 to <30.0kg/m?), and obesity (BMI =30kg/m?). We conducted subsidiary analyses
to further adjust for maternal lifestyle during pregnancy and for child lifestyle at the time of
outcome measurements. We also further adjusted childhood outcomes models for BW/GA z-
score to examine the extent to which size at birth would be on the pathway leading to later
adiposity.

Among participants with data at birth, we examined associations of trimester-specific GWG
with birth outcomes and we adjusted models for child sex, maternal pre-pregnancy BMI,
parity, education, pregnancy smoking status and race/ethnicity (plus gestational age for birth
length). We performed all analyses using software SAS version 9.3 (SAS Institute Inc, Cary,
NC).

We recruited women at a mean (SD) age of 32.1(5.4) years, 48% were nulliparous and 36%
had pre-pregnancy BMI>25kg/m? (Table 1). Approximately a third (31%) were non-white,
91% were married or cohabitating, 69% had attained college degree or higher education, and
65% reported a household income of >US$70,000 per year at enroliment 1999-2002. Total
mean (SD) GWG was 15.6(5.3)kg, while 15t, 2"d, and 3" trimester GWG were 2.8(2.8)kg,
6.3(2.4)kg, and 6.5(2.7)kg respectively. Normal weight women gained 16.1(4.6)kg,
overweight women gained 16.1(5.2)kg, while women with BMI=30kg/m? gained
12.6(7.3)kg over the full period of pregnancy; rates of excess GWG were 50.3%, 79.5%, and
71.6% respectively, as classified according to IOM recommendations. Children were born at
a mean (SD) of 39.7(1.4) weeks of gestation, the mean (SD) birth weight was 3514(519)g
and 50% were female. At mid-childhood, 12% had a BM1=95" percentile.

GWG and childhood anthropometric measures (Figure 1)

Higher rate of 15t trimester GWG (B [95%CI] per 0.2kg/week) was associated with higher
BMI z-score (0.06 [0.01, 0.12]), as well as with more direct indices of overall adiposity —
FMI (0.18 [0.06, 0.29]kg/m?), percent fat (0.54 [0.17, 0.90]%), and sum of skinfolds (0.85
[0.34, 1.36]mm) — as well as with indices of higher central adiposity— trunk FMI (0.08 [0.03,
0.13]kg/m?) and waist circumference (0.64 [0.23, 1.06]cm), but was not associated with fat
free mass index (FFMI; 0.04 [-0.04, 0.12]kg/m?). Higher rate of GWG in 15t trimester was
also associated with greater odds risk of obesity in mid-childhood (OR 1.31; 95%CI 1.10,
1.55).

Similarly, higher rate of 2" trimester GWG was associated with higher BMI z-score (0.11
[0.04, 0.10]) and higher FMI (0.16 [0.02, 0.31]kg/m?2) and with central adiposity indices
(waist circumference: 0.75 [0.21, 1.29]cm, and trunk FMI: 0.06 [0.00, 0.13]kg/m?2). Higher
rate of GWG in 2" trimester was associated with greater odds risk of obesity in mid-
childhood (OR 1.33; 95%CI 1.06, 1.67). Second trimester GWG was also associated with
greater lean mass: FFMI (0.11 [0.01, 0.22]kg/m? per 0.2kg/week of gain).
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We did not find associations between 3 trimester GWG rate and any anthropometric
measurements at mid-childhood or with risk of obesity (Figure 1). Given the effects of GWG
in the first 2 trimesters, total GWG was associated with higher adiposity indices and with
risk of obesity in mid-childhood (Figure 1). In additional models adjusted for maternal and
childhood lifestyle behaviors, results remained essentially the same (Table S1).

GWG and childhood anthropometric measures by maternal pre-pregnancy weight status

Associations of 15t trimester GWG rate with childhood adiposity appeared stronger among
women with a pre-pregnancy BMI=30 kg/m? than among normal weight and overweight
women. For example, we noted associations between higher rate of 15t trimester GWG and
greater sum of skinfolds: 1.04 [0.44, 3.24]Jmm in children from women with pre-pregnancy
BMI1=30 kg/m? compared to 0.64 [-0.51, 1.79]mm in overweight and 0.54 [-0.10, 1.19]mm
in normal weight mothers. Associations of higher rate of 15t trimester GWG with higher
FMI, trunk FMI, percent fat, and waist circumference also demonstrated greater effect sizes
in women with BMI=30kg/m?2 compared to effect sizes among normal weight and
overweight women (Table 2). The association of faster 2" trimester GWG with greater lean
mass was mainly observed in normal weight women: FFMI=0.18 [0.04, 0.32]kg/m? in
children from normal weight women versus 0.13 [-0.09, 0.35] in overweight women and
0.05 [-0.22, 0.31] in women with BMI=30kg/m?.

GWG and birth outcomes

Higher rate of GWG during each trimester were associated with higher BW/GA z-score
(Table 3), with 2"d trimester GWG presenting a larger effect size and distinct confidence
intervals (0.21units per 0.2kg/wk [0.16, 0.26]) compared with 15t (0.07 [0.03, 0.10]) or 3"
trimester gain (0.06 [0.02, 0.11]). Associations between higher rates of GWG during the 15
and 2" trimesters and higher mid-childhood adiposity indices were not explained by their
effects on BW/GA, since adjusting mid-childhood outcome models for BW/GA did not
attenuate the results (Table S1). Higher rate of 2" trimester GWG was associated greater
birth length (0.11 [0.05, 0.16] z-score) but GWG during the 15t or 3" trimester were not
(Table 3).

Discussion

In this observational study of a modern cohort of US mothers and children, we found that a
faster rate of GWG during the 1%t trimester was associated with greater overall and central
adiposity among children at 7-10 years of age. This association is in contrast with an
existing literature suggesting that mid/late pregnancy GWG is more strongly predictive of
size at birth, but in line with the limited, more recent literature examining weight in
childhood. We are adding to the literature by using refined phenotyping to assess child body
composition including gold-standard DXA, as well as showing that the association between
15t trimester GWG and childhood adiposity is stronger in children born to women with
obesity prior to entering pregnancy. We also demonstrated for the first time that faster 2nd
trimester GWG is associated with greater lean mass, particularly in normal weight women,
which might explain some prior reports of an association between mid-pregnancy GWG and
childhood BMI,11: 28 3 measure that reflects both lean and fat mass. Women with obesity
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entering pregnancy require special attention: in addition to their higher own obstetric risk,2°
their offspring are more likely to be large at birth3% and have excess weight later in life.14
We demonstrate here that greater 15t trimester GWG is associated with offspring risk of
excess adiposity during childhood. Limiting GWG in early pregnancy in women with
obesity is also essential for their own health since excessive GWG in early pregnancy is also
associated with greater risk of pre-eclampsia,3! gestational diabetes,32 33 and post-partum
weight retention.18 Since many women are often entering obstetric care in early 2"
trimester, there is a critical need to develop effective pre-conception interventions for women
with obesity to promote weight reduction before pregnancy and to limit early pregnancy
GWG to improve short and long-term outcomes in both mothers and offspring.

Based on gold-standard DXA measurement, we were able to untangle the association of
trimester-specific GWG with adiposity and lean mass components in children. Our findings
showed that greater 2" trimester GWG is associated with greater lean mass, in addition to
some adiposity measures. This novel observation may be biologically explained by the fact
that 2"d trimester is the most important period for organogenesis — including muscles, heart,
liver, and bones — which are the main components of lean mass. Adipose tissue development
also starts around the same period, as the first “fat lobules” are detectable around the 14—
16th week of gestation.34 So, 2" trimester GWG might promote development of both
organs and adipose tissue, explaining our observation on lean mass and adiposity indices in
childhood. We found a positive - but non-significant association - with percent body fat
suggesting that 2"d trimester GWG does not overly affect relative adiposity — in contrast to
15t trimester GWG. We could speculate that the specific association of 15t trimester GWG
with adiposity indices — and not lean mass - might be related to the fact this earlier time is
the period of central nervous system (CNS) development, including appetite regulation
centers such as the hypothalamus. Animal studies have suggested that the perinatal period
might be important for appetite regulation centers,3°: 36 but CNS development in humans is
quite different from other mammals. Our finding of a 15t trimester-specific association with
adiposity could also be related to placental development and therefore subsequent nutrient
transfer. Placentas from women with obesity were found to have decreased system A neutral
amino acid transporter activity and leptin resistance.3” Overall, it is still unknown whether
these programming effects — either at 15t or 2"d trimester — occur because of molecular
changes such as epigenetic modifications influencing cells/tissues differentiation, or through
other mechanisms.

Previous studies have been inconsistent on the effect of 2" trimester GWG and childhood
BMI: one study found that greater 2" trimester GWG was associated with higher childhood
BMI,13 another study did not find significant association,2 while a third study found that
greater 2" trimester GWG was associated with higher risk of children being overweight, but
not developing obesity.11 Fraser et al. is the only study that used DXA scans to evaluate
children body composition: they did not find that “mid-pregnancy” GWG was associated
with increased adiposity or lean mass, but they defined mid-pregnancy as 14 to 36 weeks,
which includes both 2" and 3'd trimesters, for which we did not find associations.> This
difference in exposure period might explain the difference in results with our study.
Moreover, the population of pregnant women in Fraser et al.’s report included a small
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proportion of women with obesity prior to pregnancy (less than 7%), in whom our data
suggest slightly larger effects of 2" trimester GWG on childhood adiposity indices.

In our study, faster GWG rates over the total length of pregnancy and within each trimester
were associated with higher BW/GA, similar to most — but not all - previous reports.
Historically, lower GWG in the 279 and 3" trimester was associated with low birth weight —
keeping in mind that these reports included no or very few women with excess weight.8:
Prior studies also reported slightly greater effect of 29 trimester GWG on birth weight,®
concordant with our observations (Table 3). This is in line with the 219 trimester being the
most rapid period of fetal growth.38 Nevertheless, in our study, accounting for fetal growth
did not explain associations between 15t and 2" trimester GWG and child anthropometry as
illustrated by the small changes in effect sizes in our models further adjusted for BW/GA
(Table S1). We adjusted for maternal behaviours during pregnancy that were previously
shown to be associated with risk of excessive GWG in our cohort and for child behaviours;3°
however interestingly, this did not attenuate our findings, indicating that the observed
findings here are not associated with these family lifestyle behaviors.

Strengths of our study include the prospective design, the collection of multiple maternal
weights during pregnancy to assess trimester-specific GWG, and the use of DXA for child
body composition estimation. Our main limitation was related to limited power in some of
the analyses stratified by maternal pre-pregnancy BMI, as illustrated by the wider
confidence intervals; sub-group results should therefore be interpreted with caution. Project
Viva is composed in majority of women with relatively high socio-economic status and
education levels, thus our findings might not be generalizable to lower income populations.
Also, only 36% of women had a pre-pregnancy BMI>25kg/m?2 — which is lower than current
national estimates of overweight/obesity rate for women of reproductive age;*° having a
greater proportion of women with excess weight would likely have increased effect sizes
found in 15t trimester and power in sub-group analyses. Our loss to follow-up between
pregnancy and mid-childhood was substantial; yet, we feel that our results are unlikely to be
influenced by selection bias, as included and excluded participants were similar in GWG and
pre-pregnancy BMI.

Conclusions

Understanding the impact of trimester-specific GWG on short and long-term outcomes is
crucial in the current epidemic of obesity and related metabolic conditions. Recent trials
aiming to limit GWG recruited pregnant women in late 15 or early 2" trimester4! — missing
the critical window of early pregnancy GWG. Our observations suggest that reducing GWG
in late pregnancy, although it might influence birth weight, would have little impact on
weight or adiposity in childhood, and that reducing GWG during the 2" trimester could
even have a negative impact on lean mass in childhood. If we want to lower the risk of
excess adiposity in future children, interventions will need to address excess weight before
conception and GWG in very early pregnancy, especially in women with obesity.
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What is already known about this subject?

1. Greater total gestational weight gain (GWG) is associated with
progression to a higher body mass index (BMI) and risk of obesity in
childhood

2. Greater late pregnancy GWG predicts higher birth weight

3. Greater 15 trimester GWG is associated with higher childhood BMI,

while data on 2" trimester gain is inconsistent
What does this study add?

1. Greater 15t and 2" trimester GWG is associated with greater childhood
adiposity measured by gold-standard instruments

2. The association between 15t trimester GWG and childhood adiposity is
stronger in women entering pregnancy with BMI1>30 kg/m2

3. Greater 2" trimester GWG is associated with greater lean mass in
childhood
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Figure 1. Anthropometric measurements and risk of obesity in mid-childhood according to rate
of GWG by 0.2kg/week) for each trimester and total duration of pregnancy

We adjusted all models for child sex and age at outcome and maternal pre-pregnancy BMI,
parity, education, pregnancy smoking status and race/ethnicity; 2nd trimester models were
further adjusted for 1st trimester GWG; 3rd trimester models were adjusted for 1st and 2nd
trimester GWG. BMI: body mass index; GWG: gestational weight gain; DXA: dual X-ray
absorptiometry; FMI: fat mass index; FFMI: fat free mass index; SS+TR; sum of skinfolds.
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Table 1

Project Viva mothers and children characteristics

Characteristics N=989
Mean (SD) or N (%)
Mothers
Age, years 32.1(54)
Pre-pregnancy BMI, kg/m? 24.7 (5.0)
Pre-pregnancy BMI category, %
18.5 — <25.0 kg/m? 640 (65)
25.0 — <30.0 kg/m? 215 (22)
>30.0 kg/m? 134 (14)
Race/ethnicity, %
Black 161 (16)
Hispanic 62 (6)
White 676 (69)
Other 86 (9)
College graduate or higher, % 676 (69)
Married or cohabitating, % 895 (91)
Household income >$70K/y, % 583 (65)
Smoking status, %
Never 702 (71)
Former 191 (19)
During pregnancy 94 (10)
Nulliparous, % 471 (48)
1st trimester GWG, kg/wk 0.22 (0.22)
2nd trimester GWG, kg/wk 0.49 (0.18)
3'd trimester GWG, kg/wk 0.47 (0.20)
Total GWG, kg/wk 0.39(0.13)
Total GWG, kg 15.6 (5.3)
Children
Female, % 492 (50)
At birth
Birth weight, gm 3514 (519)
Gestation length, wk 39.7 (1.4)
BW/GA z-score 0.20 (0.97)
C-section, % 219 (22)
At Mid-childhood
Age, years 7.9 (0.8)
BMI z-score 0.41 (0.99)
BMI percentile, %
. <85th 733 (75)
. 85th—<95th 129 (13)

Obesity (Silver Spring). Author manuscript; available in PMC 2017 July 01.
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Characteristics N=989
Mean (SD) or N (%)

. >95th 121 (12)
DXA FMI, kg/m? 4.4 (1.9)
DXA trunk FMI, kg/m? 1.5(0.9)
DXA FFMI, kg/m? 13.1(1.4)
DXA percent fat 24.6 (6.4)
Waist circumference, cm 60.0 (8.2)
Sum of skinfolds (SS+TR), mm 19.9 (9.8)

Page 15

BMI: body mass index; GWG: gestational weight gain; BW/GA: birth weight for gestational age; DXA: dual X-ray absorptiometry; FMI: fat mass

index; FFMI: fat free mass

index; SS: sub-scapular; TR: triceps
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