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Objectives: High maternal pre-pregnancy body mass index (BMI), high birth weight,
and rapid infant weight gain are associated with increased risk of childhood obesity.
We examined whether moderate-to-vigorous physical activity (MVPA) or vigor-
ous physical activity (VPA) in 9- to 12-year-olds modified the associations between
these early life risk factors and subsequent body composition and BMI.

Methods: We used data from a sub-cohort of the Norwegian Mother and Child
Cohort Study (MoBa), including 445 children with available data on accelerometer
assessed physical activity (PA). All participants had data on BMI, 186 of them pro-
vided data on body composition (dual energy X-ray absorptiometry (DXA)). We
used multiple regression analyses to examine the modifying effect of PA by includ-
ing interaction terms.

Results: Maternal pre-pregnancy BMI and infant weight gain were more strongly
related to childhood body composition in boys than in girls. Higher VPA attenuated
the association between maternal pre-pregnancy BMI and BMI in boys (low VPA:
B =0.32, 95% CI = 0.22, 0.41; high VPA B = 0.22, 95% CI = 0.12, 0.31). Birth
weight was unrelated to childhood body composition, and there was no effect modi-
fication by PA. PA attenuated the associations between infant weight gain and child-
hood fat mass (low MVPA: B = 2.32, 95% CI = 0.48, 4.17; high MVPA: B = 1.00,
95% CI = 0.10, 1.90) and percent fat (low MVPA: B = 3.35, 95% CI = 0.56, 6.14;
high MVPA: B =1.41, 95% CI = —0.06, 2.87) in boys, but not girls.

Conclusion: Findings from this study suggest that MVPA and VPA may attenuate
the increased risk of an unfavorable body composition and BMI due to high maternal
pre-pregnancy BMI and rapid infant weight gain in boys, but not in girls.

KEYWORDS
birth weight, childhood BMI, childhood body composition, infant weight gain, maternal pre-pregnancy
BMI, physical activity

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited.

© 2019 The Authors. Scandinavian Journal of Medicine & Science In Sports Published by John Wiley & Sons Ltd.

1636 wileyonlinelibrary.com/journal/sms

Scand J Med Sci Sports. 2019;29:1636—1646.


www.wileyonlinelibrary.com/journal/sms
mailto:﻿
https://orcid.org/0000-0003-1622-2911
https://orcid.org/0000-0002-4401-301X
http://creativecommons.org/licenses/by/4.0/
mailto:g.p.bernhardsen@nih.no

BERNHARDSEN ET AL.

1 | INTRODUCTION
Childhood obesity is related to several short-term health con-
sequences’ and is a strong predictor of adult obesity with the
accompanying risks of cardiovascular diseases and mortal-
ity.2’3 The development of obesity may start before birth, with
intrauterine and early life exposures having long-term effects
on biology, leading to an increased fat mass and risk of obesity
later in life.*> Previous research has established high mater-
nal pre-pregnancy body mass index (BMI), high birth weight,
and rapid infant weight gain as risk factors for childhood obe-
sity.l’("8 Maternal pre-pregnancy obesity is associated with
three times increased odds for childhood overweight or obe-
sity.9 Similarly, high birth weight (>4.0 kg) is associated with
a twofold increased odds of obesity compared to normal birth
weight (2.5-4.0 kg)."” Both high and low birth weight have
been linked to subsequent development of obesity and non-
communicable diseases.'! Furthermore, low birth weight,
reflecting under-nourishment and fetal growth restriction, is
often accompanied by rapid postnatal weight gain, which is
an independent additional risk factor for later obesity,6 with
a nearly twofold increase in the odds of childhood obesity in
those children increasing their weight by at least one standard
deviation (z-score) between birth and 1 year.6

Body mass index is frequently used to define overweight
and obesity. However, using BMI as a proxy for adiposity
has obvious limitations due to its inability to differentiate be-
tween fat mass and fat-free mass. In studies where detailed
measurements of body composition are available, higher
maternal pre-pregnancy BMI, higher birth weight, and rapid
infant weight gain are associated with subsequent higher fat
mass in childhood.'*"

Furthermore, previous studies suggest that physical ac-
tivity (PA), especially high intensity PA, is associated with
lower fat mass in children.'®!” Hence, PA may be an import-
ant strategy to prevent an unfavorable body composition, par-
ticularly in those children prone to higher adiposity as a result
of high maternal pre-pregnancy BMI, high birth weight, or
rapid infant weight gain. Moreover, it could be hypothesized
that higher PA may attenuate the positive associations be-
tween maternal pre-pregnancy BMI, birth weight and infant
weight gain, and subsequent adiposity.

Currently, the evidence is inconclusive. One study sug-
gested that PA does not modify the associations between
birth weight, fat mass index (fat mass/mz), and waist cir-
cumference in 9- and 15-year-olds.18 In contrast, others
have suggested an effect modification on the association
between birth weight and higher risk of obesity by self-re-
ported moderate-to-vigorous physical activity (MVPA) in
girls, but not boys."” Kolle et al** examined the associa-
tions between weight gain in infancy (0-2 years) and child-
hood (2-4 years) with subsequent fat mass in 30-year-olds
and observed that the association between weight gain in
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childhood and fat mass index in adulthood was attenuated
by objectively measured MVPA. No effect modification
of MVPA was observed on the association between infant
weight gain and subsequent fat mass index. Thus, additional
research is needed to examine whether PA mitigates the as-
sociations between early life exposures and long-term risk
of obesity.

Examining the modifying effect of PA on early life obe-
sity risk factors is important to obtain a more comprehensive
understanding of the underlying biological processes for obe-
sity development and for potentially efficacious prevention
strategies. The aim of this study was to examine if MVPA or
vigorous PA (VPA) in childhood modifies the associations
between maternal pre-pregnancy BMI, birth weight, and in-
fant weight gain with precisely measured body composition
and BMI in 9- to 12-year-old Norwegian boys and girls.

2 | METHODS

2.1 | Study design and participants

We used data from a sub-cohort of the Norwegian Mother and
Child Cohort Study (MoBa). MoBa is an ongoing prospective
population-based cohort study managed by the Norwegian
Institute of Public Health (NIPH).21 All women attending a
routine ultrasound examination at 17-20 weeks gestation at
Norwegian maternity units that deliver more than 100 births
annually (50 units out of 52 participated between 1999 and
2008) were invited to participate. More than 100 000 children
have been followed-up from birth. In this study, we used data
from a sub-cohort of 1603 participants born between 2002
and 2004, living within a 1-hour radius from one of four test
centers. These participants were invited to undergo additional
testing, including anthropometric, body composition, and PA
measurements. The tests were conducted between 2013 and
2015, in Oslo, Bergen, Stavanger and Fredrikstad. A total of
470 children agreed to participate (participation rate 29.3%),
of which 445 participants provided complete PA data (flow-
chart of participants in Figure S1). A dual X-ray absorptiom-
etry (DXA) scan was only available at the test center located
in Oslo; thus, body composition measurements were only
performed in 186 participants. Therefore, the number of par-
ticipants included in different analyses differs depending on
the outcome measure.

The establishment of MoBa and initial data collection
was based on a license from the Norwegian Data protection
agency and the approval from The Regional Committee for
Medical Research Ethics. The MoBa cohort is currently regu-
lated by the Norwegian Health Registry Act. The present sub-
study was additionally approved by The Regional Committee
for Medical Research Ethics (REC South East). A written
informed consent was obtained from the children's parents
prior to all measurements.
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2.2 | Measurements

2.2.1 | Exposures

The mothers reported their pre-pregnancy weight and height
in gestational week 18. We obtained birth weight and ges-
tational age at birth which was estimated using ultrasound,
from the Medical Birth Registry of Norway (MBRN). MBRN
is a national health registry containing information about all
births in Norway. We standardized birth weight as sex- and
gestational age-specific z-scores using information from
more than 100 000 births in the MoBa cohort. The mothers
reported their children's weight at 1-year via questionnaire.
We advised the mothers to use the measured weight recorded
on their child's health record. We calculated infant weight
gain as change in sex-specific z-scores from birth to 1 year,
using the mean and standard deviation (SD) from the entire
MoBa cohort.

2.2.2 | Outcomes

The participants and their parents were asked to attend their
nearest test center where trained personnel performed body
composition and anthropometric measurements. The par-
ticipants wore light clothing during body weight and height
measurements, which were performed using a mechanical
scale and a stadiometer, respectively. We calculated BMI by
dividing weight by height squared (kg/mz).

Trained personnel performed the DXA-measurements
using a Lunar iDXA (GE Healthcare Lunar) (enCORE
Pediatric whole-body analysis Software Version 14.10.022).
The participants underwent a whole-body scan, wore light
clothes, and removed all loose metal items prior to scanning.
The test personnel calibrated the scanner daily according to
the Lunar iDXA enCORE manual.

2.2.3 | Covariates

Parental education was self-reported via questionnaire at
gestational week 18. We estimated parental education as the
highest completed or ongoing education by either the mother
or the father.

We also modeled measured birth weight and self-reported
maternal pre-pregnancy BMI as covariates when not mod-
eled as the exposure of interest.

For descriptive statistics, we defined childhood under-
weight, overweight, and obesity using the International
Obesity Task Force (IOTF) criteria, whereby “under-
weight” corresponds to an adult BMI value of
<18.5 kg/m2, “overweight” corresponds to an adult BMI
value of 225kg/m2, and “obesity” corresponds to an adult
BMI value of >30 kg/m2.22‘23

2.24 | Effect modifier—physical activity

We measured PA using Actigraph accelerometers (Actigraph
GT3X+; LLC), previously validated in free living conditions
among children.?* The participants wore the monitor on their
right hip and were instructed to wear the accelerometer dur-
ing all waking hours for seven consecutive days (in addition
to the day the monitor was attached), except while bathing
or doing other water-based activities. To eliminate reactiv-
ity bias, we set the monitors to start recording at 06:00 the
day after the participants received the monitors.”> We used
ActiLife (version 6.13.3) to process the data and used an
epoch length of 10 seconds. We excluded overnight activity
(00:00-05:59) from our analyses and defined non-wear time
as 20 minutes or more of consecutive zero counts. A day was
considered valid if the participant wore the monitor for at
least 480 minutes. Ninety-eight percent of the participants
provided three or more valid days of activity recordings, and
there was no difference in MVPA and VPA between these
children and those who provided less than three valid day.
Ninety-four percent of the participants provided at least
one valid weekday and one weekend, with no difference in
MVPA and VPA compared to those children that did not.
Hence, all participants providing at least one valid day were
included in the analyses. MVPA (min/d) was defined as
>2296 counts per minute (cpm), whereas VPA (min/d) was
defined as >4012 cpm,26 as recommended to estimate PA in-
tensities in children.?’

2.3 | Statistical analyses

Descriptive statistics of participants are presented as mean
and SD for continuous variables and number of participants
and proportions (%) for categorical variables (parental edu-
cation and BMI classification). We tested for differences
between boys and girls using independent samples ¢ tests
for continuous variables, Mann-Whitney two-sample tests
for parental education and chi-squared tests for categorical
data (underweight, normal weight, overweight, and obese).
We used multiple regression to examine the associations
between early life measurements (maternal pre-pregnancy
BMI, birth weight z-score, and infant weight gain), child-
hood body composition, and BMI. We examined for linear-
ity between independent and dependent variables and each
model for normal distribution of residuals and homoscedas-
ticity. We included a sex interaction term as previous studies
have observed sex-dependent associations.'”?® The formal
interaction tests showed that certain associations may dif-
fer between boys and girls (P < 0.05), thus we stratified all
analyses by sex. We adjusted each model for parental edu-
cation. When PA and BMI were modeled as the outcome
we additionally adjusted for current age, whereas models
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including body composition (ie fat mass, percent fat, and
fat-free mass) as the outcome measure were additionally ad-
justed for current height. Furthermore, other possible covari-
ates were included depending on the exposure. For example,
when maternal pre-pregnancy BMI and infant weight gain
were modeled as the exposures, we additionally adjusted the
analyses for birth weight. Similarly, the models including
birth weight as the main exposure were adjusted for mater-
nal pre-pregnancy BMI. To test if MVPA or VPA modified
the associations, we included the interaction terms; early life
risk factor X MVPA or early life risk factor X VPA into
separate models. In the case of a significant interaction, we
graphically displayed the predicted values of the outcome
variable (calculated from the adjusted regression models
with the interaction terms), at given values of the exposure
of interest and the 25th, 50th, and 75th percentile of MVPA
and VPA. In addition, we stratified the participants using a
median split in MVPA and VPA and examined the magni-
tude of the associations in the models without the interaction
term.

The number of participants with missing values for one or
more variables was 50 (20.7%) and 37 (18.2%) for boys and
girls, respectively. We replaced missing values on exposures
and covariates using fully conditional specification (FCS)
multiple imputation (predictive mean matching and ordered
logistic regression). We imputed a total of 20 datasets sep-
arately for boys and girls, based on all variables in the full
models in addition to auxiliary variables. More information
about the imputation method, imputation model, number of
missing values for each variable, and complete case analyses
are provided in File S1.

The statistical significance level was 5% for all analyses.
We used Stata/SE version 14.2 to conduct the analyses.

3 | RESULTS

Table 1 summarizes the characteristics of the total study sam-
ple and our sub-group with available DXA measurements.
Overall, boys had a significantly higher birth weight and
weight at 1 year than girls, whereas girls had higher fat mass
and percent fat mass in childhood. On average, participants
wore the accelerometer for 6.5 (SD 1.34) days, and for 786
(SD 55) min/d. Boys spent significantly more time in MVPA
and VPA than the girls.

Tables 2 and 3 show the results from the multiple regres-
sion analyses examining the associations between exposures
and outcomes and the effect modification by physical activity
for boys and girls, respectively.

The results from the complete case analyses are provided
in File S1, Table S3. The effect estimates are similar, but
some confidence intervals are wider, in the complete case
analyses.

WILEY-L'®

3.1 | Maternal pre-pregnancy BMI

A higher maternal pre-pregnancy BMI was associated with
higher fat mass, fat-free mass, percent fat, and BMI in boys.
For example, a 1-unit increase in maternal BMI was associ-
ated with a 0.45 kg (95% CI = 0.28, 0.63) higher childhood
fat mass and a 0.64% (95% CI = 0.36, 0.93) higher percent
fat (Table 2). There were no significant associations be-
tween maternal pre-pregnancy BMI and the body composi-
tion measures in girls (Table 3). The association with BMI
was weaker in girls than in boys. There was no evidence that
these associations differed according to time spent in MVPA
or VPA in girls. However, the test for interaction showed
that the association between maternal pre-pregnancy BMI
and childhood BMI was modified by time spent in VPA in
boys, indicating that higher levels of VPA attenuated the
association.

Figure 1 shows the predicted values of the children's
BMI at given values of maternal pre-pregnancy BMI and
the 25th, 50th, and 75th percentile of VPA. For example, a
maternal pre-pregnancy BMI of 30 kg/m2 (corresponding to
mother being obese) gives predicted values of 20.0, 19.5, and
19.0 kg/m2 at the 25th, 50th, and 75th percentile of VPA,
respectively.

The association between maternal pre-pregnancy BMI
and childhood BMI was stronger (B = 0.32, 95% CI = 0.22,
0.41) in the participants below the median VPA (<28 min-
utes per day), compared with those above (B = 0.22, 95%
CI=0.12, 0.31).

3.2 | Birth weight z-score

The gestational age- and sex-specific birth weight z-scores
were not associated with fat mass, fat-free mass, or per-
cent fat mass in boys or girls (Tables 2 and 3). We ob-
served a positive association between birth weight and
BMI in childhood in girls, whereby 1 z-score higher birth
weight was associated with 0.34 (95% CI = 0.05, 0.64)
higher BMI (Table 3). Including the interaction terms birth
weight X MVPA and birth weight X VPA into the models
showed no evidence of effect modification by PA (Tables
2 and 3).

3.3 | Infant weight gain

Change in weight z-scores from birth to 1 year was positively
associated with the different components of body composi-
tion and BMI in boys (Table 2). For example, a 1-unit in-
crease in z-score from birth to 1-year was associated with
1.45 kg (95% CI = 0.59, 2.31) higher childhood fat mass in
boys. We did not observe any associations between infant
weight gain and adiposity measures in girls (Table 3). MVPA
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TABLE 1 Characteristics of the study participants at birth and follow-up (9 to 12 y old). All values are mean (SD) unless otherwise specified
All participants Participants with DXA
Boys (n = 242) Girls (n = 203) Boys (n = 98) Girls (n = 88)

Age (y) 10.9 (0.66) 10.9 (0.66) 10.9 (0.63) 11.0 (0.63)
Birth weight (kg) 3.70 (0.62)* 3.58 (0.54)* 3.76 (0.62)* 3.54 (0.58)*
Gestational age (wk) 39.5 (1.96) 39.5(1.52) 39.8 (1.84) 39.5(1.84)
Weight 1 y (kg) 10.30 (1.01)* 9.59 (0.99)* 10.43 (1.07)* 9.56 (1.04)*
Maternal pre-pregnancy BMI (kg/mz) 239 4.3) 23.8 (4.1) 23.7 (4.1) 24.0 (3.9)
Parental education®, n (%)

<High school 6 (2.5%) 4 (2.0%) 2(2.1%) 3(3.5%)

High school 50 (20.9%) 48 (24.0%) 18 (18.7%) 13 (15.1%)

College/university 1-4 y 95 (39.7%) 80 (40.0%) 40 (41.7%) 36 (41.9%)

College/university > 4 y 88 (36.8%) 68 (34.0%) 36 (37.5%) 34 (39.5%)
Weight (kg) 39.2(7.3) 39.1(7.7) 39.2(6.9) 40.0 (8.4)
Height (m) 1.47 (0.07) 1.48 (0.08) 1.48 (0.06) 1.49 (0.08)
Fat mass (kg) NA NA 10.0 (4.19)* 11.5 (4.6)*
Fat-free mass (kg) NA NA 29.4 (3.56) 28.6 (4.84)
Percent fat mass (%) NA NA 24.7 (6.15)* 28.1 (5.76)*
BMI (kg/m?) 17.9 (2.47) 17.7 (2.30) 17.8 (2.46) 17.9 (2.33)
Underweight (yes), n (%) 18 (7.4%) 18 (8.9%) 9 (9.2%) 4 (4.5%)
Normal weight (yes), n (%) 189 (78.1%) 161 (79.3%) 76 (77.5%) 72 (81.8%)
Overweight/obesity (yes), n (%) 35 (14.5%) 24 (11.8%) 13 (13.3%) 12 (13.6%)
Obesity (yes), n (%) 5(2.1%) 1 (0.5%) 3 (3.1%) 1 (1.14%)
SED (min/d) 496 (59.0) 506 (57.3) 501 (61.6) 508 (55.6)
MVPA (min/d) 74 (26.5)* 58 (19.0)* 75 (26.9)* 59 (17.4)*
VPA (min/d) 29 (14.6)* 21 (10.3)* 30 (15.7)* 21 (8.7)*

Abbreviations: BMI, Body mass index (weight/height?); MVPA, Moderate-to-vigorous physical activity; NA, Not available; SED, Sedentary time; VPA, Vigorous

physical activity.

“The education level of the parent with the highest completed or ongoing education (mother or father).

*P < 0.05 for difference between boys and girls.

and VPA attenuated the associations between infant weight
gain, fat mass, and percent fat in boys.

Figure 2 shows the predicted values of fat mass and per-
cent fat across infant weight gain z-scores and the 25th, 50th,
and 75th percentile of MVPA and VPA in boys. The predicted
fat mass in boys given a 0.67 increase in weight z-score from
birth to 1-year (corresponding to upward centile crossing on
standard infant growth charts) were 11.9 kg, 11.3 kg, and
10.7 kg in the 25th, 50th, and 75th percentile of VPA, respec-
tively. Similarly, the predicted percentage body fat for a 0.67
increase in weight z-score was 27.5%, 26.6%, and 25.6%, for
the 25th, 50th, and 75th percentile of VPA, respectively.

In median split analyses, the association between infant
weight gain and fat mass was stronger in the low MVPA
group (B = 2.32, 95% CI = 0.50, 4.17) compared with the
high (B = 1.00, 95% CI = 0.10, 1.91) MVPA group (high
MVPA > 73.6 min/d). The association with percent fat mass
in those below the median for MVPA was B = 3.35(95%

CI = 0.55, 6.14) compared with those above the median
B =1.41(095% CI = -0.06, 2.87).

4 | DISCUSSION

Our results indicate that high maternal pre-pregnancy BMI
and rapid infant weight gain are stronger predictors for child-
hood fat mass and BMI in boys than in girls. Furthermore, it
appears that some of these associations are attenuated by PA
in boys. The results also indicate that birth weight is not as-
sociated with body composition in either sexes, nor modified
by MVPA or VPA.

A 1-unit higher maternal pre-pregnancy BMI was associ-
ated with 0.28 (95% CI = 0.22, 0.35) higher BMI in 9- to 12-
year-old boys and 0.10 (95% CI = 0.02, 0.18) higher BMI in
girls. MVPA and VPA did not modify this association in girls.
Conversely, in boys the magnitude of the association appears
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TABLE 2 Unstandardized regression coefficients, with 95% CI, for the associations between MVPA, VPA and early life exposures with body
composition measures and BMI in 9 to 12-year-old boys, and interaction between early life exposures and MVPA/VPA (in separate models)

MVPA (min/d)*
VPA (min/d)*

Maternal pre-pregnancy BMI

(kg/m®)°

X MVPA (interaction term)

X VPA (interaction term)

Birth weight (z-score)*

X MVPA (interaction term)

X VPA (interaction term)

Infant weight gain (z-score)®

X MVPA (interaction term)

X VPA (interaction term)

Fat mass (kg)

Fat-free mass (kg)

Percent fat (%)

BMI (kg/m?)

n =98

—0.03 (—0.06, —0.00)

—0.05 (—0.11, —0.00)
0.45 (0.28, 0.63)

~0.007 (~0.02, 0.00)
~0.010 (~0.02, 0.00)
0.24 (=0.45, 0.93)
0.010 (=0.01, 0.03)
0.012 (=0.02, 0.05)
1.45 (0.59, 2.31)
—0.026 (—0.05, —0.01)
—0.068 (—0.10, —0.02)

n =98

—0.01 (-0.03, 0.02)

—0.01 (=0.05, 0.03)
0.14 (0.02, 0.25)

—0.005 (—0.01, 0.00)
—0.006 (—0.02, 0.00)
0.07 (-0.37,0.51)

0.000 (—0.01, 0.01)

0.004 (—0.02, 0.03)

0.77 (0.26, 1.28)
—0.003 (=0.01, 0.01)
~0.005 (—0.03, 0.02)

n =98

—0.05 (—0.09, 0.00)

—0.09 (—0.16, —0.01)
0.64 (0.36, 0.93)

—0.008 (—0.02, 0.01)
—0.014 (—0.04, 0.01)
0.34 (—=0.76, 1.44)
0.031 (=0.00, 0.06)
0.039 (~0.01, 0.09)
2.09 (0.74, 3.43)
—0.035 (—0.06, —0.00)
—0.085 (—0.14, —0.03)

n=242

—0.01 (—0.03, —0.00)

—0.03 (—0.06, —0.01)
0.28 (0.22, 0.35)

—0.001 (—0.00, 0.00)
~0.005 (—0.01, —0.00)
0.13 (—0.14, 0.40)
0.000 (=0.01, 0.01)
0.001 (=0.01, 0.01)

0.75 (0.38, 1.11)
0.000 (=0.01, 0.01)
~0.002 (—0.02, 0.02)

Note: Significant results are highlighted in bold letters.

Abbreviations: BMI, Body mass index; MVPA: Moderate-to-vigorous physical activity; VPA, Vigorous physical activity.

#Adjusted for highest parental education and current age.

bAdjusted for highest parental education, birth weight and current height (for body composition outcomes only) and current age (for BMI outcome only).

“Adjusted for highest parental education, maternal pre-pregnancy BMI and current height (for body composition outcomes only) and current age (for BMI outcome

only).
9Sex and gestational age-specific z-scores.
“Change in sex-specific z-scores from birth to 1 y.

to be contingent on VPA, suggesting that VPA might mitigate
the increased risk of high childhood BMI that accompanies
a higher maternal pre-pregnancy BMI. The predicted BMI
in childhood given a maternal pre-pregnancy BMI of 30kg/
m? was 0.9 higher in the 25th compared to 75th percentile of
VPA. This difference is equivalent to a difference of about
17 minutes of VPA between the 25th and the 75th quartile.
The association between maternal pre-pregnancy BMI and
childhood BMI is attenuated in those above the median in
VPA, although not fully eliminated. These results suggest
that a large amount of VPA is necessary to mitigate the in-
creased risk of higher childhood BMI associated with high
maternal pre-pregnancy BMI. We did not observe an effect
modification when fat mass and percent fat were modeled as
the outcomes, and this should be further examined in larger
studies. From a public health perspective, it is promising that
higher childhood BMI accompanying a high maternal pre-
pregnancy BMI appears modifiable by PA, at least in boys.
Some previous studies have observed a positive associa-
tion between birth weight and subsequent risk of obesity,10
whereas others have suggested a possible U-shaped rela-
tionship.29 We did not observe any associations between
birth weight for gestational age and body composition in
childhood. This is similar to the results from Chomtho et
al,30 but contrary to other studies.'**! Eriksson et al'? ob-
served an association between birth weight and fat mass
in boys, but not in girls. Neither of the studies observed

an association between birth weight and measures of fat
relative to fat-free or total body mass,lz’l“()’31 which is
possibly explained by the association between birth weight
and larger size in general, rather than specifically an asso-
ciation with adiposity.

However, we observed a stronger relationship between
birth weight and BMI in girls than in boys, which is in
agreement with a previous study that showed a stronger as-
sociation between birth weight and subsequent risk of obe-
sity in girls than in boys.29 The lack of effect modification
by PA on the association between birth weight and child-
hood adiposity is consistent with the results from Ridgway
et al,18 but in contrast to Boone-Heinonen et al ** who ob-
served an effect modification in girls. However, none of
these studies adjusted their analyses for gestational age.
Thus, these results may therefore be confounded by natural
high and low birth weight from being born before or after
term. However, we cannot exclude a genetic contribution
to low or high birth weight, that is, birth weight for gesta-
tional age may not be an adequate measure of intrauterine
growth.32

Infants who have experienced growth restraint in utero,
often measured by a low birth weight, tend to gain weight
rapidly—a so-called catch up growth.33 Rapid infant weight
gain is consistently associated with higher fat mass 3* and
has been considered one of the most important early life risk
factors for obesity.35 We observed a significant interaction
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TABLE 3 Unstandardized regression coefficients, with 95% CI, for the associations between MVPA, VPA and early life exposures with body
composition measures and BMI in 9 to 12-year-old girls, and interaction between early life exposures and MVPA/VPA (in separate models)

MVPA (min/d)*
VPA (min/d) *
Maternal pre-pregnancy BMI
(kg/m>)°
X MVPA (interaction term)
X VPA (interaction term)
Birth weight (z-score)*?
X MVPA (interaction term)
X VPA (interaction term)
Infant weight gain (z-score)®
X MVPA (interaction term)

X VPA (interaction term)

Fat mass (kg)

Fat-free mass(kg)

Percent fat (%)

BMI (kg/m?)

n =88

—0.03 (—0.08, 0.03)

—0.04 (—0.15, 0.07)
0.20 (=0.04, 0.45)

—0.003 (—0.02, 0.01)
—0.006 (—0.03, 0.02)
0.25 (=0.58, 1.09)

0.017 (=0.04, 0.07)
—0.001 (=0.11, 0.11)
0.04 (~1.24, 1.33)
—0.021 (—0.08, 0.04)
—0.025 (—0.17, 0.12)

n =88

—0.01 (—0.06, 0.05)

—0.00 (—0.11, 0.11)
0.07 (=0.05, 0.20)

—0.003 (—0.01, 0.01)
—0.003 (—0.02, 0.01)
0.39 (=0.05, 0.84)

0.015 (=0.01, 0.04)
0.033 (=0.03, 0.09)
—0.16 (=0.75, 0.44)
0.002 (—0.02, 0.03)
0.005 (~0.06, 0.07)

n =88

—-0.02 (-0.09, 0.05)

—0.04 (—0.18, 0.10)
0.25 (=0.10, 0.61)

0.001 (~0.02, 0.02)
—0.000 (—0.04, 0.04)
0.21 (~1.00, 1.41)

0.036 (=0.04, 0.11)

0.024 (—0.14, 0.19)

0.28 (—1.38, 1.94)
—0.041 (—0.12, 0.03)
~0.072 (—0.25, 0.10)

n =203

—0.00 (=0.02, 0.01)

~0.01 (—0.04, 0.02)
0.10 (0.02, 0.18)

—0.000 (—0.00, 0.00)

—0.003 (—0.01, 0.00)
0.34 (0.05, 0.64)
0.000 (—0.01, 0.02)

—0.005 (—0.04, 0.03)
0.37 (~0.06, 0.81)
0.003 (=0.02, 0.02)
0.013 (—0.03, 0.05)

Note: Significant results are highlighted in bold letters.

Abbreviations: BMI, Body mass index; MVPA: Moderate-to-vigorous physical activity; VPA, Vigorous physical activity.

*Adjusted for highest parental education and current age.

bAdjusted for highest parental education, birth weight and current height (for body composition outcomes only) and current age (for BMI outcome only).
“Adjusted for highest parental education, maternal pre-pregnancy BMI and current height (for body composition outcomes only) and current age (for BMI outcome

only).
9Sex and gestational age-specific z-scores.
“Change in sex-specific z-scores from birth to 1 y.

by sex suggesting a stronger association in boys compared
to girls. Furthermore, there were significant interactions with
both MVPA and VPA on the associations between infant
weight gain with fat mass and percentage body fat in boys
(Table 2).

Figure 2 indicates that boys with a rapid infant weight gain
may be more vulnerable to an inactive lifestyle, and that high-
intensity PA may mitigate, although not eliminate, the influ-
ence of rapid infant weight gain on adiposity. An increase in
z-score equal to or larger than 0.67 is commonly referred to
as upward centile crossing and defined as rapid infant weight
gain, as 0.67 represents the difference between each displayed
percentile line on standard infant growth charts (ie, 2nd,
10th, 25th, 50th, 75th, 90th, and 98th percentile lines).***’
According to these definition criteria, 18.7% of the girls and
22.5% of the boys in the present study have had a rapid infant
weight gain. Our results indicate that boys who gained weight
rapidly in infancy but being in the 75th percentile of VPA in
childhood reduce the predicted fat mass by more than 1 kg
compared to those being in the 25th percentile of VPA. For
the low active boys below the median for MVPA, an increase
in weight z-score of 0.67 is associated with 1.55 kg higher fat
mass (B = 2.32 X 0.67) in childhood. Given the average fat
mass in this sample of 10.0 kg, an increase in this magnitude
is noteworthy. Neither MVPA nor VPA modified the associ-
ation between rapid infant weight gain and BMI, which may
be explained by the inability of BMI to discriminate between
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FIGURE 1 Predicted childhood BMI across values of maternal

pre-pregnancy BMI and the 25th, 50th, and 75th percentile of VPA,
in 9- to 12-year-old boys. Predicted values calculated from multiple
regression model with interaction term (maternal pre-pregnancy

BMI x VPA). 25th VPA percentile = 19.7 min/d, 50th VPA
percentile = 28.3 min/d, 75th VPA percentile = 37.2 min/d. Adjusted
for birth weight, parental education and age. BMI, Body mass index;
VPA, Vigorous physical activity

fat mass and fat-free mass, where fat-free mass represents the
largest component (in average 29.5 kg compared with 10.0 kg
fat mass, Table 1). This underscores the importance of in-
cluding valid measures of body composition when examining
determinants of childhood obesity. The results in the present
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FIGURE 2 Predicted childhood fat mass (A and B) and percent fat (C and D) across values of infant weight gain and the 25th, 50th, and
75th percentile of MVPA (A and C) and VPA (B and D), in 9- to 12-year-old boys. Predicted values calculated from multiple regression models
with interaction terms (infant weight gain X MVPA/VPA). 25th MVPA percentile = 55.3 min/d, 50th MVPA percentile = 73.8 min/d, 75th MVPA
percentile = 88.8 min/d. 25th VPA percentile = 19.7 min/d, 50th VPA percentile = 28.3 min/d, 75th VPA percentile = 37.2 min/d. Adjusted for
birth weight, height, and parental education. MVPA, Moderate-to-vigorous physical activity; VPA, Vigorous physical activity

study are contrary to the study by Kolle et al,”* in which no
effect modification of MVPA was observed on the associa-
tion between infant conditional weight gain (0-2 years) and
fat mass in 30-year-olds (both sexes combined). Thus, it is
unclear whether the effect modification by MVPA and VPA
observed in this study persists into adulthood.

The underlying mechanism for the association between
rapid infant weight gain and subsequent development of
obesity is not clear, and some have suggested that it may be
that increased growth simply results in larger size." Another
proposed theory is that an undernourished prenatal environ-
ment leads to developmental responses to which the fetus
anticipates it may be exposed to after birth, possibly result-
ing in a mismatch between the prenatally undernourished
and postnatally nourished environments, thus leading to a
rapid infant weight gain and increased risk of adult disease
and obesity.4’38 We adjusted our analyses for birth weight.
In combination with previous findings suggesting that birth
weight does not modify the association between infant
weight gain and childhood BML? it appears that rapid infant

weight gain, at least in boys, is associated with increased
risk of an unfavorable body composition regardless of birth
weight. The question arises whether the underlying mecha-
nism for development of later adiposity is the same for those
who were growth restricted in utero and thereafter rapidly
gained weight during infancy, compared to those who expe-
rienced a rapid infant weight gain without previous in utero
growth restriction? Thus, it would be interesting to examine
if PA modifies the association between rapid infant weight
gain and later adiposity similarly in these two groups.

The observed sex differences may be explained by differ-
ences in early developmental responses in boys and girls.39’40
Our results suggest that boys may be more vulnerable to high
maternal BMI and rapid weight gain than girls, and that el-
evated fat mass and BMI due to early life risk factors can be
more easily reduced by MVPA and/or VPA in boys. Other
possible explanations are differences in pubertal status be-
tween boys and girls and differences in PA levels. A high
amount of PA appears necessary to attenuate the increased
risk related to a high maternal pre-pregnancy BMI and rapid
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infant weight gain, and on average, boys are more likely to
accumulate high amounts of MVPA and VPA. Lastly, due to
the small sample size, we cannot exclude possible significant
associations and an effect modification by PA in girls.

4.1 | Strengths and limitations

This study should be interpreted keeping some strengths and
limitations in mind. Although we consider it a strength that
we examined associations between several early life risk fac-
tors on both body composition and BMI, the number of statis-
tical tests increases the risk of a chance findings. Therefore,
we consider our study explorative in nature aiming to suggest
avenues for future research. The small sample size limited
the possibility for a more refined stratification into tertiles
or quartiles of PA when significant interactions between
the main exposure and PA were observed. Sample size also
limited the possibility to include additional covariates in our
models, for example diet. It is likely that highly active chil-
dren may also eat more healthily. Low statistical power can
lead to type II errors, and we therefore examined associations
using BMI as the outcome variable with a larger sample size.
To compensate for the low number of participants in some of
our analyses, we conducted multiple imputations. However,
this does not fully address the issue of low sample size.
Another important limitation is that body composition and
BMI were measured at the same time point as PA. Ideally,
multiple measures of PA conducted during childhood may
increase the possibility to infer causality. The study sample
is active and healthy, that is, only 1.3% of the children were
classified as obese and the majority satisfied the recom-
mended PA level of >60 min/d of MVPA. However, activity
levels are similar to that observed in representative samples
of Norwegian 9- to 15—year—olds.41 Furthermore, although
the vast majority of the participants have highly educated
parents, there were no differences between participants and
nonresponders concerning parental education, birth weight,
maternal pre-pregnancy BMI, maternally reported PA at age
7 and children's BMI at age 7 (data not shown). Nevertheless,
we cannot exclude the possibility of selection bias, which is
not unfamiliar in epidemiological studies * and may influ-
ence the generalizability of the results.

Our objective measures of body composition by DXA and
PA by accelerometry are strengths of this study, providing an
opportunity to examine the modifying effect of both mod-
erate and vigorous intensity PA on early life and childhood
obesity associations.

4.2 | Perspective

Prevention of obesity is an important public health goal,
and although high intensity PA is associated with lower

adiposity in young children,'® it is unclear whether PA at-
tenuates the increased risk of childhood obesity accompa-
nying high maternal pre-pregnancy BMI, high birth weight
and rapid infant weight gain.lg'20 The results from this
study in Norwegian children suggest that the associations
between maternal pre-pregnancy BMI and rapid infant
weight gain with fat mass and BMI in 9- to 12-year-olds
are attenuated by higher MVPA and VPA in boys, but not
in girls. We observed no association between birth weight
for gestational age and childhood body composition, nor
modified by level of MVPA or VPA.

High-intensity PA may be considered as one of many pub-
lic health strategies to curb childhood obesity, especially in
boys who are prone to obesity due to high maternal pre-preg-
nancy BMI and rapid infant weight gain. These results should
be confirmed in larger studies.
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