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Abstract

Objective
Rapid infant weight gain is a key risk factor for pediatric obesity, yet there is very little
evidence on how healthy behaviours in childhood might modify this association. We aimed to
examine how the association of infant weight gain with adolescent adiposity might be
attenuated by moderate-to-vigorous physical activity (MVPA) in childhood.

Methods
The sample comprised 4,666 children in the UK Millennium Cohort Study. The two outcomes
were BMI Z-score and % fat at 14 years. Sex-stratified regression models were developed
testing for interactions between infant weight Z-score gain between 0-3 years (continuous or
categorical) and MVPA at 7 years (continuous or binary). Models were sequentially adjusted
for basic covariates, socioeconomic variables, and parental BMI levels.

Results
Effect modification was observed in boys but not girls and, among boys, was stronger for %
fat than BMI. In a fully adjusted model for boys, the association between infant weight Zscore gain and adolescent % fat was 1.883 (1.444, 2.322) if MVPA < 60 mins/day and 1.305
(0.920, 1.689) if MVPA ≥ 60 mins/day; the difference between these two estimates being 0.578 (-1.070, -0.087). Similarly, % fat was 2.981 (1.596, 4.367) units higher among boys
who demonstrated rapid infant weight gain (+0.67 to +1.34 Z-score) compared to normal
weight gain (-0.67 to +0.67 Z-scores), but having MVPA ≥ 60 mins/day reduced this effect
size by -2.259 (-3.989, -0.535) units.

Conclusions
In boys, approximately 75% of the excess % fat at 14 years associated with rapid infant
weight gain was attenuated by meeting the MVPA guideline. In boys known to have
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demonstrated rapid infant weight gain, increasing childhood MVPA levels, with the target of
≥60 mins/day, might therefore go a long way to towards offsetting their increased risk for
adolescent obesity. The lack of effect modification in girls is likely due to lower MVPA levels.
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Cohort Study

4
Introduction

The NCD Risk Factor Collaboration have estimated that, between 1975 and 2016, the
worldwide prevalence of childhood obesity (5-19 years) increased from 5 to 50 million in girls
and 6 to 74 million in boys [1]. In the United Kingdom (UK), using harmonised data from a
series of national birth cohort studies, we have demonstrated a secular trend toward higher
body mass index (BMI) at increasingly younger ages [2]. By adolescence, overweight or
obesity prevalence is already 2-3 times higher in cohorts born into the obesity epidemic era
(> 1970) compared to those born before the obesity epidemic era (< 1970). More recent data
from the 2018-2019 National Child Measurement Programme for England (NCMP; N >
1,000,000) show that 9.7% of 4-5 year olds and 20.2% of 10-11 year olds are obese [3]. The
prevalence of obesity, therefore, approximately doubles between early-childhood and
adolescence, highlighting how critical the intervening period is for obesity prevention.

Weight gain during infancy is arguably the strongest early-life determinant of pediatric BMI.
Rapid infant weight gain, defined as upward crossing through one UK centile band in the first
few years of life, has consistently been found to be associated with increased obesity risk
[4]. In a recent systematic review, Zheng et al found that 15 out of 17 studies reported a
significant positive association between rapid infant weight gain and risk of future
overweight/obesity [5]. The pooled odds ratio for pediatric overweight/obesity of 4.16 (3.26,
5.32) is larger than the meta-analyzed estimates for other early-life risk factors (e.g.,
maternal smoking during pregnancy and not breast feeding) [6], including maternal obesity
and birth weight. For example, in a meta-analysis of 20 studies, Heslehurst et al reported
that maternal obesity before conception was associated with a 2.69 (2.10, 3.46) times
increased odds of pediatric obesity in the offspring [7]. Similarly, Yu et al reported that high
birth weight (> 4.0 kg) was associated with a 2.23 (1.91, 2.61) times increased odds of
obesity compared to normal birth weight (2.5-4.0 kg) [8].
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The prevention of rapid infant weight gain is clearly important, and this is a new and evolving
field [9], but we also need to understand how the adverse relationship of rapid infant weight
gain with adolescent obesity can be modified. Literature on this topic has tended to focus on
prenatal and infancy factors, mainly birth weight and breastfeeding [10-13], and there is real
dearth of evidence regarding the potentially important role of healthy lifestyle behaviours in
childhood. Greater physical activity, especially at high intensity, is a key candidate because
of its strong relationship with lower adiposity [14, 15], yet only two publications have
investigated moderate-to-vigorous physical activity (MPVA). Using data on 1,874 participants
in the 1982 Pelotas birth cohort study, Kolle et al found no evidence that the association of
infant weight gain between 0-2 years and fat mass index at 30 years was modified by MVPA
levels, although modification for weight gain between 2-4 years was observed [16].
Bernhardsen et al had a much earlier outcome at 9-12 years and showed that the
association of weight gain bewteen 0-1 years with BMI was attenuated by greater MVPA
levels, but only in boys [17]. This study was limited, however, by a small sample size of just
445 children (186 with fat mass outcomes) from the Norwegian Mother and Child Cohort
Study (MoBa). Further, the physical activity data were collected at the same time point as
the outcomes, thereby limiting causal inference due to possible reverse causation. As
discussed by Bernhardsen et al [17], the lack of evidence for effect modification in girls is
most likely because they are not meeting levels of MVPA high enough to attenuate the
adverse relationship of rapid infant weight gain with obesity risk [18-20]. This sex difference
does, however, require further investigation.

Using data from the large UK Millennium Cohort Study (MCS), we recently reported strong
positive relationships of infant weight gain between 0-3 years with adolescent BMI at 14
years [21]. The aim of the present study is to examine the extent to which MVPA levels at
age 7 years might attenuate these deleterious associations. We hypothesise that any effect
modification will be stronger in boys than girls. Given the known limitations of BMI [22],
percentage body fat (% fat) at 14 years is also investigated.
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Methods

Sample
The MCS is based on 18,818 people born between September 2000 and January 2002 who
were living in England, Scotland, Wales, or Northern Ireland at age 9 months [23].
Subsequent sweeps have occurred when the children were aged 3, 5, 7, 11, and 14 years.
The study has received ethical approval and obtained informed parental and participant
consent.

Our sample comprised 4,666 singleton children (2,267 males, 2,399 females) with complete
data on the exposures, outcomes, and effect modifiers. The sample represents 74%
(4,666/6,309) of the singletons with reliable accelerometer data and 85% (4,666/5,478) of
the singletons with reliable accelerometer data who attended the 14-year sweep.

Exposures
Birth weights were collected from the main carer at the 9-month sweep and have been
shown to demonstrate a high level of agreement with registration data [24]. Weight was
measured at 3 years of age. Both measurements were converted to Z-scores according to
the World Health Organisation (WHO) Child Growth Standards [25]. A continuous exposure
was calculated as change in infant weight Z-score between ages 0-3 years. A categorical
exposure was also computed to identify infants with slow (< -0.67 Z-scores), normal (-0.67 to
+0.67), rapid (+0.67 to +1.34), and very rapid weight gain (> +1.34). A change of 0.67 or
1.34 Z-scores represents shifting upward/ downward through one or two, respectively, UK
centile bands [26].

Outcomes
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Weight and height were measured at age 14 years; details of the measurement protocols
are available in the User Guide [27]. BMI was calculated as kg/m2 and Z-scores (sex and
age specific) were computed according to the World Health Organisation (WHO) Child
Growth References [28]. Overweight and obesity were defined according to the International
Obesity Task Force cut-offs [29]. Percent body fat (% fat) was assessed via bioelectrical
impedance using electronic Tanita scales (Tanita UK Ltd, Middlesex, UK).

Effect modifiers
Accelerometers (Actigraph GT1M, Pensacola, Florida) were used to measure physical
activity levels (15 second sampling epochs) at age 7 years. Participants were instructed to
wear the accelerometers, on an elastic belt around the waist, during waking time (excluding
bathing or during other aquatic activities) for seven consecutive days. Details of the data
processing have been published elsewhere [30]. The cut-points developed by Pulsford et al
were used to define sedentary, light, moderate, and vigorous physical activity [31].
Participants were required to have ≥ 10 hours wear time on at ≥ 2 days for their data to be
considered reliable or useable. Average time per day in MVPA was computed, as was a
binary variable indicating whether or not the participant met the guideline of ≥ 60 minutes per
day in MVPA [32]. Within our sample, the correlation of MVPA with wear time (0.09) was
negligible. Sedentary time was not considered due to its much stronger correlation (0.67)
with wear time.

Potential confounders
Set 1 comprised ethnicity, birth weight Z-score, and gestational age in weeks estimated
using mother’s report of her expected due date; this has been shown to correlate highly with
routine hospital records of gestational age [33].

Set 2 comprised seven measures of socioeconomic position. Family income and tenure
were reported at the 9-month sweep. Mother’s and father’s age of leaving full time
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education, as well as highest qualification according to the National Qualifications
Framework (NQF), were based on data collected up until the 11-year sweep. Father’s or
mother’s (if no father figure was present; N = 693) occupation was assessed at the 11-year
sweep and was classified according to the Registrar General’s Social Class [34].

Set 3 comprised maternal and paternal BMI values, based on weights and heights reported
by the mother at the 9-month sweep.

Statistical analysis
Based on the literature [17], an a priori decision was made to stratify all analyses according
to sex. Descriptive statistics for all variables were produced. To further describe the sample
and data, infant weight gain status was tabulated against MVPA guidelines status at 7 years
and IOTF weight status at 14 years.

General linear regression (within a structural equation modelling framework) was used for
inferential analyses, with full-information maximum likelihood (FIML) to handle missing
confounder data under a missing at random (MAR) assumption [35, 36]. All independent
variables were grand mean centered and, for parsimony, all socioeconomic position
variables (except tenure which is binary) were modelled as ridit scores [37]. In exploratory
work, no evidence was found that the associations of infant weight gain Z-scores and MVPA
with the outcomes were non-linear. BMI Z-score and % fat at age 14 years were each
regressed on infant weight gain Z-scores, MVPA at age 7 years (scaled so that effect sizes
represent a change of 10 mins/day), and the interaction between these two independent
variables. After running completely unadjusted analyses, models were sequentially adjusted
for confounder sets 1-3. Sensitivity analyses were conducted investigating vigorous physical
activity (VPA) and moderate physical activity (MPA) separately.

9
Analyses were re-run using the binary (instead of the continuous) MVPA variable. For each
model, we obtained and present an effect size (of infant weight gain Z-score) for children
who met the guideline of ≥ 60 minutes per day, an effect size (of infant weight gain Z-score)
for children who did not meet the guideline of ≥ 60 minutes per day, and the difference
between these two estimates (i.e., the interaction term). Finally, fully adjusted regression
models were develop using the binary MVPA variable and the categorical infant weight gain
variable. A figure was produced to illustrate the extent to which the association of rapid infant
weight gain with % fat in boys was modified by meeting the MVPA guidelines.

All procedures were performed in Stata 14 (StataCorp LP, College Station, TX, USA).

Code availability
Available from the first author upon request.

Results

As shown in Table 1, average infant weight Z-score gain between 0-3 years was higher in
boys than in girls. Approximately 36% of boys demonstrated infant weight gain greater than
0.67 Z-scores (equivalent to one UK centile band) compared to 32% of girls. Boys, however,
had lower BMI Z-score and % fat at 14 years than girls. At age 7 years, average time in
MVPA was 69 mins/day in boys and 55 mins/day in girls, with 63% of boys meeting the
guideline of ≥ 60 mins/day in MVPA compared to just 36% of girls. Approximately 10% of
children with very rapid infant weight gain developed obesity compared to 5% of children
with rapid infant weight gain, but here was little difference across the infant weight gain
groups in terms of meeting the MVPA guidelines (Supplementary Table 1).

Table 2 presents regression models for BMI Z-score and % fat at 14 years using continuous
exposure and effect modifier variables (the unadjusted estimates are shown in
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Supplementary Table 2). As hypothesised, all the infant weight Z-score gain estimates were
positive, all the MVPA estimates were negative, and all the interaction estimates were
negative. There were also clear patterns in the strength of the estimates. For boys, in the
baseline models adjusted for confounder set 1, each 10 mins/day increase in MVPA
attenuated the association of infant weight gain with BMI Z-score by -0.015 (-0.032, 0.003)
units and with % fat by -0.118 (-0.233, -0.004) units. Additional adjustment for the SEP
variables in confounder set 2 only attenuated the interaction estimates slightly, while
additional adjustment for the parental BMI variables in confounder set 3 attenuated the
interaction estimates more substantially. For example, the -0.118 (-0.233, -0.004) interaction
estimate for % fat was reduced to -0.065 (-0.173, 0.043) in the fully adjusted model. For
girls, there was no strong evidence of effect modification in any of the models, with the pvalues for all interaction terms being > 0.6. Note also that the main effects of MVPA in girls
were small, with all but one set of 95% confidence intervals crossing zero. As shown in
Supplementary Tables 3 and 4, the observed patterns of effect modification were driven
more by vigorous than moderate physical activity.

The pattern of results was the same in regression models replacing the continuous MVPA
variable with the binary MVPA variable (Table 3; the unadjusted estimates are shown in
Supplementary Table 5). Evidence of effect modification was present in boys but not girls
and, among boys, was stronger for % fat than BMI. In model adjusted for all confounders,
the association between infant weight Z-score gain and adolescent % fat was 1.883 (1.444,
2.322) among boys with MVPA < 60 mins/day and 1.305 (0.920, 1.689) among boys with
MVPA ≥ 60 mins/day; the difference between these two estimates being -0.578 (-1.070, 0.087).
The results in Table 4 build on the fully adjusted models in Table 3 and examines a
categorical infant weight gain variable. As expected, for both boys and girls, children with
rapid or very rapid infant weight gain had higher BMI Z-score and % fat than children with
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normal weight gain. Again, however, it is only in boys that we found evidence that meeting
the MVPA guidelines attenuated these associations. For example, % fat was estimated to be
2.981 (1.596, 4.367) units higher among boys who demonstrated rapid infant weight gain
compared to boys who had normal weight gain, but meeting (as opposed to not meeting) the
MVPA guideline reduced this difference by -2.259 (-3.989, -0.535) units. As shown in Figure
1, this meant that boys with rapid weight gain who meet the MVPA guideline had
comparable % fat at 14 years to boys whose infant weight gain was normal. Evidence of
effect modification for very rapid infant weight gain was weaker.

Discussion

The association of rapid infant weight gain with obesity has been extensively documented [46], but there is very little empirical evidence on what healthy lifestyle behaviours might help a
child attenuate their increased obesity risk related to rapid infant weight gain. The key finding
of the present paper is that higher childhood MVPA was consistently found to reduce the
effect size of infant weight gain on adolescent adiposity outcomes in boys, but not girls. As
shown in sensitivity analyses, this pattern of effect modification in boys was driven more by
vigorous than moderate physical activity. This is in agreement with previous MCS research
showing that vigorous physical activity, as a percentage of MVPA, is important in preventing
excessive weight gain in young people [38].

Our findings are in agreement with those of Bernhardsen et al [17] and represent a
necessary replication in a much larger sample (N = 4,666 vs 445). The size of our sample
allowed us to also investigate rapid infant weight gain and the modifying effect of meeting
the MVPA guideline of ≥ 60 mins/day [32]. In boys, approximately 75% (i.e., 2.259/2.981
from Table 4) of the excess % fat at 14 years associated with rapid infant weight gain was
attenuated by meeting the MVPA guideline. This result is novel and supports a clear public
health message regarding the importance of childhood physical activity levels. Evidence of
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effect modification for very rapid infant weight gain was weaker, suggesting that there is a
level of infant weight gain above which meeting the MVPA guideline is not enough, by itself,
to reduce obesity risk. Further investigation considering multiple llifestyle behaviours is
warranted. The other study on this topic by Kolle et al found no evidence that the association
of infant weight gain between 0-2 years and fat mass index at 30 years was modified by
MVPA levels at 30 years [16]. It would make sense that this lack of effect modification is
because of the later outcome (and effect modifier) age, but it remains unclear why the
authors observed modification for weight gain between 2-4 years.

The sex differences in our findings were consistent across all models. Bernhardsen et al also
found no evidence that MVPA modified the relationship of infant weight gain with % fat in
girls [17]. The most likely explanation is that girls are simply not meeting levels of MVPA high
enough to attenuate the adverse relationship of rapid infant weight gain with obesity risk.
Indeed, childhood MVPA was not even associated with adolescent BMI in girls. In our
sample, just 36% of girls meet the guideline of ≥ 60 mins/day in MVPA at age 7 years
compared to 63% of boys. Numerous other studies have similarly reported lower childhood
MVPA levels in girls than boys [18, 20]. The decline in MVPA between childhood and
adolescence is also greater in girls than boys [19], suggesting that sex differences in MVPA
after age 7 years would become even more pronounced. Because greater age-related
declines in MVPA have been reported in overweight/obese childhood compared to normal
weight children [39], part of the faster decline in MVPA in girls than boys might be explained
by their higher overweight/obesity prevalence [2].

Infant growth clearly reflects gains in fat and fat-free mass and infant weight gain is therefore
positively associated with childhood lean mass as well as adiposity [40, 41]. The effect
modification we observed was stronger for % fat than BMI, thereby providing evidence that
MVPA is reducing the association of greater infant weight gain with higher adiposity not lean
mass. The interaction estimates in boys attenuated most upon adjustment for parental BMI
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values. This is unsurprising given the known strong associations between parental and
offspring BMI [7, 42], part of which are genetic and part of which are due to shared
environmental factors [43, 44]. Shared environmental factors are likely to promote rapid
infant weight gain and low MVPA, perhaps in addition to genetic effects related to parental
BMI [45, 46]. We do not interpret our results as evidence that reductions in parental BMI
would make child MVPA levels obsolete in reducing the obesity risk associated with rapid
infant weight gain.

The main strengths of this paper include the large sample size and crucially the collection of
device-measured physical activity in between the exposure (0-3 years) and outcomes (14
years). By properly considering the temporal order of events, our analysis is less likely to be
biased by reverse causation, which is a real possibility given evidence in children that higher
BMI can cause lower MVPA [47]. Having our MVPA effect modifier measured in between the
exposure and outcomes could be problematic if it also acts as a mediator [48], but there is
no strong evidence that infant weight gain affects childhood physical activity levels. In our
sample, the correlation between infant weight Z-score gain and MVPA (mins/day) was only ~
0.01 in both sexes. We are similarly confident in adjusting for confounders measured during
or after 0-3 years of age on the basis that there is no evidence they are “caused” by the
exposure. Infant weight gain was computed as weight Z-score at 3 years minus weight Zscore at birth. It is worth noting that, with adjustment for Z-score at birth, the regression of an
outcome on this change variable gives exactly the same results as using a “conditional
change” or “unexplained residuals” exposure or indeed just using Z-score at 3 years as the
exposure [49, 50]. Unfortunately, length is not available in the MCS before 3 years of age,
which meant that we were not able to investigate infant weight-for-length change. This is a
common limitation in the rapid infant weight gain literature [5] and means that infants who
are just becoming large (in weight and length) are grouped with those who are most at risk of
obesity, due to rapid weight but not length gain. We suspect that our effect sizes may have
been larger if we were able to use infant weight-for-length gain instead of weight gain. While
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BMI and % fat are also available in the MCS at 11 years of age, we decided to focus on the
14 year data, because by this age most girls and boys will have reached at least Tanner
stage 4 of pubertal development and many will have reached full maturity [51-53]. Our
results are less likely to be confounded by pubertal timing than those in the Bernhardsen et
al study, in which the outcomes were at 9-12 years. Time in MVPA has a correlation with
sedentary time that is not negligible (~ -0.4 in our sample). It is possible that part of the effect
modification we document is due to lower sedentary time rather than higher MVPA [54], but
this is unlikely given the relatively weak (compared to MVPA) relationship of sedentary time
with BMI in children [55-57]. A pragmatic approach was taken by using FIML to handle
missing confounder data, but known patterns of non-response in the accelerometer data
could have potentially biased the results [58]. The MCS was designed to be nationally
representative at inception [23], but due to attrition and non-response our results might not
be generalizable to the UK pediatric population or specific sub-groups (e.g., ethnic
minorities).

In conclusion, we provide robust evidence that higher MVPA in childhood attenuates the
positive association of infant weight gain with adolescent adiposity in boys, but not girls.
Boys with rapid weight gain who meet the MVPA guideline of ≥ 60 mins/day were found to
have comparable BMI and % fat at 14 years to boys whose infant weight gain was normal. In
boys known to have demonstrated rapid infant weight gain, increasing childhood MVPA
levels, with the target of ≥ 60 mins/day, might therefore go a long way to towards offsetting
their increased risk for adolescent obesity.
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Figure Legends

Figure 1. Meeting MVPA guidelines attenuates the association of rapid infant weight (0-3
years) with % fat (14 years) in boys

Estimated from the model for boys in Table 4
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Table 1. Description of study sample, by sex

Exposures

Modifiers

Weight gain 0-3 years (Zscore)
Slow (< -0.67)
Normal (-0.67 to +0.67)
Rapid (+0.67 to +1.34)
Very Rapid (> +1.34)
VPA at 7 years (mins/day)
MPA at 7 years (mins/day)
MVPA at 7 years (mins/day)
Meets guidelines (≥ 60)
Does not meet guidelines (<
60)
Valid days
Valid weekend days
Wear time (hours/day)

Outcomes

BMI at 14 years (Z-score)
%fat at 14 years

Adjustment set
1

Birth weight (Z-score)
Gestational age (weeks)
Ethnicity
White British
Other

Adjustment set
2

Mean
(SD)
N (%)
N (%)
N (%)
N (%)
Mean
(SD)
Mean
(SD)
Mean
(SD)
N (%)
N (%)
Mean
(SD)
Mean
(SD)
Mean
(SD)
Mean
(SD)
Mean
(SD)
Mean
(SD)
Mean
(SD)

Males (N =
2,267)
0.33 (1.22)

Females (N =
2,399)
0.19 (1.24)

%
missing
0

449 (19.8)
1008 (44.5)
399 (17.6)
411 (18.1)
22.4 (11.3)

550 (22.9)
1087 (45.3)
387 (16.1)
375 (15.6)
17.6 (9.1)

0

46.7 (13.2)

37.8 (11.3)

69.1 (22.5)

55.4 (18.8)

1431 (63.1)
836 (36.9)

869 (36.2)
1530 (63.8)

5.8 (1.5)

5.6 (1.6)

1.4 (0.8)

1.3 (0.8)

12.3 (1.0)

12.2 (1.0)

0.28 (1.22)

0.41 (1.07)

0

16.2 (7.8)

26.3 (6.6)

0

0.23 (1.12)

0.21 (1.14)

0

39.4 (1.7)

39.4 (1.7)

0

2019 (89.1)
248 (10.9)

2132 (88.9)
267 (11.1)

0
N (%)
N (%)

7.3

Family income per annum (£)
> 52,000
31,200 to 51,999
20,800 to 31,199
10,400 to 20,799
3,100 to 10,399
0 to 3,099
Tenure
Own (outright or mortgage)
Other
Occupational class
I (Professional)
II (Managerial and technical)
IIIN (Skilled non-manual)
IIIM (Skilled manual)
IV (Partly-skilled)
V (Unskilled)
Maternal age left full-time
education
≥ 23
21-22
19-20
18
17
≤ 16
Paternal age left full-time
education
≥ 23
21-22

N (%)
N (%)
N (%)
N (%)
N (%)
N (%)

173 (8.2)
458 (21.8)
535 (25.4)
653 (31.0)
261 (12.4)
26 (1.2)

166 (7.5)
438 (19.7)
578 (26.0)
691 (31.1)
323 (14.6)
24 (1.1)

N (%)
N (%)

1713 (75.6)
554 (24.4)

1749 (72.9)
650 (27.1)

N (%)
N (%)
N (%)
N (%)
N (%)
N (%)

140 (7.3)
928 (48.5)
233 (12.2)
379 (19.8)
196 (10.2)
39 (2.0)

141 (7.0)
945 (47.1)
216 (10.8)
414 (20.7)
239 (11.9)
50 (2.5)

0
16.0

0.02
N (%)
N (%)
N (%)
N (%)
N (%)
N (%)

190 (8.4)
358 (15.8)
197 (8.7)
428 (18.9)
300 (13.2)
793 (35.0)

200 (8.3)
378 (15.8)
201 (8.4)
424 (17.7)
307 (12.8)
889 (37.1)
6.7

N (%)
N (%)

170 (8.1)
337 (16.0)

193 (8.6)
335 (14.9)

26
19-20
18
17
≤ 16
Maternal highest qualification
NQF Level 5+
NQF Level 4
NQF Level 3
NQF Level 2
NQF Level 1
None
Paternal highest qualification
NQF Level 5+
NQF Level 4
NQF Level 3
NQF Level 2
NQF Level 1
None
Adjustment set
3

Maternal BMI
Paternal BMI

N (%)
N (%)
N (%)
N (%)

125 (5.9)
235 (11.1)
211 (10.0)
1035 (49.0)

127 (5.7)
271 (12.1)
225 (10.0)
1091 (48.7)

N (%)
N (%)
N (%)
N (%)
N (%)
N (%)

121 (5.3)
887 (39.1)
348 (15.4)
567 (25.0)
186 (8.2)
157 (6.9)

132 (5.5)
869 (36.2)
346 (14.4)
663 (27.6)
205 (8.6)
184 (7.7)

N (%)
N (%)
N (%)
N (%)
N (%)
N (%)
Mean
(SD)
Mean
(SD)

183 (8.7)
729 (34.5)
330 (15.6)
528 (25.0)
172 (8.1)
171 (8.1)
24.6 (4.6)

175 (7.8)
761 (33.9)
334 (14.9)
557 (24.8)
192 (8.6)
224 (9.9)
24.5 (4.6)

10.7

25.9 (3.5)

25.9 (3.7)

17.1

0.02

6.6
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Table 2. Regression models testing if the associations of infant weight gain (0-3 years) with BMI Z-score and % fat (14 years) are modified by MVPA (7 years)
Males (N = 2,267)
B

BMI Z-score
95% CI

P

B

Females (N = 2,399)
% fat
95% CI

P

B

BMI Z-score
95% CI

P

Model 1
Weight gain 0-3 years (Z-score) 0.463
0.412, 0.515 <0.001 1.837
1.494, 2.18
<0.001 0.464
0.421, 0.509 <0.001
MVPA at 7 years (10 mins/day) -0.011 -0.031, 0.010 0.316 -0.204 -0.343, -0.066 0.004 -0.002 -0.023, 0.019 0.867
Interaction
-0.015 -0.032, 0.003 0.095 -0.118 -0.233, -0.004 0.043 -0.004 -0.020, 0.012 0.651
Model 2
Weight gain 0-3 years (Z-score) 0.461
0.410, 0.512 <0.001 1.867
1.527, 2.206 <0.001 0.467
0.424, 0.510 <0.001
MVPA at 7 years (10 mins/day) -0.017 -0.037, 0.004 0.111 -0.255 -0.392, -0.118 <0.001 -0.013 -0.034, 0.007 0.204
Interaction
-0.014 -0.031, 0.003 0.102 -0.106 -0.219, 0.006
0.065 -0.004 -0.020, 0.012 0.632
Model 3
Weight gain 0-3 years (Z-score) 0.404
0.356, 0.453 <0.001 1.535
1.206, 1.864 <0.001 0.437
0.396, 0.478 <0.001
MVPA at 7 years (10 mins/day) -0.010 -0.029, 0.010 0.337 -0.212 -0.343, -0.080 0.002 -0.003 -0.023, 0.016 0.759
Interaction
-0.006 -0.022, 0.010 0.435 -0.065 -0.173, 0.043
0.239 -0.002 -0.017, 0.013 0.772
Model 1. Adjusted for birth weight Z-score, gestational age, and ethnicity
Model 2. Additionally adjusted for income, tenure, occupational class, and maternal and paternal age left education and highest qualification
Model 3. Additionally adjusted for maternal and paternal BMI

B

% fat
95% CI

P

2.677
-0.076
-0.022

2.399, 2.954
-0.207, 0.056
-0.125, 0.081

<0.001
0.260
0.674

2.695
-0.153
-0.023

2.425, 2.965
-0.282, -0.024
-0.123, 0.077

<0.001
0.020
0.651

2.513
-0.092
-0.015

2.255, 2.772
-0.215, 0.032
-0.111, 0.080

<0.001
0.145
0.757
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Table 3. Regression models testing if the associations of infant weight gain (0-3 years) with BMI Z-score and % fat (14 years) differ according to whether or
not children meet MVPA guidelines (7 years)
Males (N = 2,267)
B

BMI Z-score
95% CI

P

B

Females (N = 2,399)
% fat
95% CI

P

B

BMI Z-score
95% CI

P

Model 1
Weight gain 0-3 years (Z-score)
If MVPA < 60 mins/day
0.516
0.448, 0.585 <0.001 2.321
1.863, 2.780
<0.001 0.462 0.413, 0.511 <0.001
If MVPA ≥ 60 mins/day
0.430
0.370, 0.490 <0.001 1.522
1.118, 1.926
<0.001 0.470 0.408, 0.532 <0.001
Difference
-0.086 -0.164, -0.009 0.029 -0.800 -1.319, -0.280 0.003 0.008 -0.058, 0.074 0.812
Model 2
Weight gain 0-3 years (Z-score)
If MVPA < 60 mins/day
0.512
0.444, 0.580 <0.001 2.326
1.873, 2.778
<0.001 0.463 0.415, 0.512 <0.001
If MVPA ≥ 60 mins/day
0.429
0.369, 0.489 <0.001 1.565
1.166, 1.964
<0.001 0.474 0.413, 0.534 <0.001
Difference
-0.084 -0.161, -0.007 0.033 -0.760 -1.272, -0.249 0.004 0.010 -0.055, 0.075 0.756
Model 3
Weight gain 0-3 years (Z-score)
If MVPA < 60 mins/day
0.436
0.371, 0.501 <0.001 1.883
1.444, 2.322
<0.001 0.434 0.388, 0.480 <0.001
If MVPA ≥ 60 mins/day
0.385
0.328, 0.442 <0.001 1.305
0.920, 1.689
<0.001 0.442 0.384, 0.500 <0.001
Difference
-0.051 -0.124, 0.022
0.169 -0.578 -1.070, -0.087 0.021 0.008 -0.054, 0.070 0.795
Model 1. Adjusted for birth weight Z-score, gestational age, and ethnicity
Model 2. Additionally adjusted for income, tenure, occupational class, and maternal and paternal age left education and highest qualification
Model 3. Additionally adjusted for maternal and paternal BMI

B

% fat
95% CI

P

2.668
2.689
0.021

2.357, 2.979
2.296, 3.081
-0.398, 0.440

<0.001
<0.001
0.923

2.680
2.714
0.034

2.376, 2.983
2.331, 3.097
-0.375, 0.444

<0.001
<0.001
0.870

2.505
2.519
0.014

2.215, 2.795
2.153, 2.885
-0.376, 0.405

<0.001
<0.001
0.943
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Table 4. Fully adjusted regression models testing if the associations of rapid infant weight gain (0-3 years) with BMI Z-score and % fat (14 years) differ
according to whether or not children meet MVPA guidelines (7 years)
Males (N = 2,267)
B

BMI Z-score
95% CI

P

B

Females (N = 2,399)
% fat
95% CI

P

B

BMI Z-score
95% CI

P

B

% fat
95% CI

P
Weight gain 0-3 years (Z-score)
Slow (< -0.67)
-0.450 -0.652, -0.248 <0.001 -1.400 -2.759, -0.040 0.044 -0.483 -0.606, -0.360 <0.001 -3.003 -3.776, 2.230 <0.001
Normal (-0.67 to +0.67)
------------Rapid (+0.67 to +1.34)
0.699
0.493, 0.904
<0.001 2.981
1.596, 4.367 <0.001 0.370
0.233, 0.508 <0.001 1.938 1.073, 2.802 <0.001
Very Rapid (> +1.34)
0.932
0.721, 1.142
<0.001 4.162
2.746, 5.577 <0.001 0.867
0.711, 1.022 <0.001 4.890 3.911, 5.869 <0.001
MVPA at 7 years
Does not meet guidelines (< 60)
------------Meets guidelines (≥ 60)
0.065
-0.071, 0.202
0.348 -0.367 -1.285, 0.551
0.433 -0.016 -0.130, 0.099
0.790 -0.417 -1.139, 0.306 0.258
Interaction
Slow, Meets guidelines
0.055
-0.192, 0.303
0.662
0.552
-1.114, 2.219
0.516
0.062
-0.137, 0.261
0.543
0.645 -0.608, 1.898 0.313
Normal, Meets guidelines
------------Rapid, Meets guidelines
-0.420 -0.676, -0.164 0.001 -2.259 -3.983, -0.535 0.010 -0.029 -0.255, 0.196
0.800 -0.067 -1.488, 1.354 0.926
Very rapid, Meets guidelines
-0.175 -0.425, 0.076
0.172 -1.161 -2.848, 0.526
0.177 -0.015 -0.242, 0.212
0.896 -0.181 -1.611, 1.249 0.804
Adjusted for birth weight Z-score, gestational age, ethnicity, income, tenure, occupational class, and maternal and paternal age left education, highest qualification, and BMI

