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Abstract
Background  The prevalence of obesity in the pediatric population is increasing, driven by a multifactorial etiology 
that includes genetic predisposition as well as both prenatal and postnatal influences. We aimed to explore 
associations between child physical activity (PA) at ages one and three years and body composition at age three. 
Furthermore, we investigated associations between maternal PA during pregnancy and child body composition at 
age three.

Methods  Mother-child pairs (n = 68) from a pregnancy PA intervention study were included. Children’s PA was 
assessed at one- and three-year follow-ups using 7-day accelerometry and categorized into 24-hour PA and daytime 
PA (6 a.m. – 8 p.m.). Child body composition was measured by Dual-energy X-ray absorptiometry and expressed as 
fat-free mass (FFM) and body fat percentage (BF%). Maternal moderate-to-vigorous intensity PA (MVPA) was measured 
using a commercial activity tracker. Associations between maternal and child PA and child body composition were 
examined using linear regression. Variables used for model adjustment included maternal pre-pregnancy body mass 
index, gestational weight gain, maternal educational level at baseline, parity, maternal age at baseline, child walking 
status at age one, child sex, and child age at the three-year follow-up.

Results  We found a positive association between daytime PA at age one and child FFM at age three. Daytime PA at 
age three was positively associated with FFM, and 24-hour PA at age three was negatively associated with BF% and 
positively associated with FFM. A 10% increase in 24-hour PA was associated with approximately 400 g higher FFM. 
Maternal MVPA during pregnancy showed no association with child body composition at age three.

Conclusion  More daytime PA at ages one and three was associated with higher FFM at age three in children. These 
findings highlight the importance of research focusing on early PA habits to support healthy body composition in 
young children.
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Introduction
Worldwide, the prevalence of overweight and obesity 
among children and adolescents is increasing [1]. The 
etiology of childhood overweight and obesity is multifac-
torial, involving prenatal exposures, postnatal environ-
mental factors, and shared parental–fetal genetics [2].

Current knowledge about prenatal factors indicates 
that being exposed to an adverse fetal environment, 
including maternal obesity and inactivity, enhances the 
risk of childhood obesity [3–5]. The association between 
maternal obesity during pregnancy and the risk of child-
hood obesity has been explored in cohort studies [6, 7]. 
A strong association between maternal pre-pregnancy 
Body Mass Index (BMI) and child weight and BMI has 
been found in 4–6-year-old children [8, 9]. Along the 
same lines, correlations have been observed between ges-
tational weight gain and children’s birth weight, adiposity, 
and BMI in childhood [10–12]. Another important factor 
seems to be maternal glucose metabolism, since mater-
nal hyperglycemia and gestational diabetes are associated 
with childhood obesity [13, 14].

Physical activity (PA) interventions during pregnancy, 
particularly those targeting gestational diabetes mellitus, 
have shown that PA during pregnancy has positive effects 
on fasting glucose, postprandial glucose, and glycated 
hemoglobin [15–17]. Likewise, PA during pregnancy 
has been shown to lower gestational weight gain [18, 
19]. Maternal PA may positively influence the intrauter-
ine environment, potentially affecting offspring weight 
development and obesity risk [20]. Some studies found 
that maternal PA, specifically during late pregnancy, 
has lasting benefits for the children’s body composition; 
however, these studies are based on self-reported PA [21, 
22]. Although several studies have examined associations 
between PA-focused or broader lifestyle interventions 
during pregnancy and childhood anthropometric out-
comes, the overall evidence is inconsistent with mixed 
findings [5, 23–25]. As examined in a systematic review 
from 2022, some of the existing literature combines PA 
with dietary or other lifestyle components, making it dif-
ficult to isolate the specific contribution of PA [26].

Postnatally, higher levels of childhood PA, measured 
by accelerometry and the doubly-labeled water method, 
have been associated with lower body fat percent-
age (BF%) and higher fat-free mass (FFM) in children 
aged 1.5–6 years [27–30]. Thus, children’s PA during 
early childhood may improve body composition, and 
consequently may play a role in the risk of becoming 
overweight.

Body composition in young children can be assessed 
using different techniques ranging from basic anthropo-
metrics to advanced imaging modalities. BMI is a simple 
and widely used method; however, it does not differenti-
ate between fat mass and lean tissue mass. This limitation 

is particularly relevant during childhood, as fat and lean 
tissue mass proportions vary with age, sex, and hor-
monal maturation [31]. Dual-energy X-ray Absorptiom-
etry (DXA) is a three-compartment model that separates 
body mass into fat mass, non-osseous lean body mass, 
and bone mass. As the gold standard for body composi-
tion assessment, DXA avoids the limitations of BMI and 
is especially suitable for pediatric assessment [32].

Taken together, existing evidence suggests that PA dur-
ing pregnancy and early childhood is associated with 
body composition in children and might decrease the risk 
of overweight and obesity. However, longitudinal studies 
using objective measures of PA and detailed assessments 
of body composition are still limited.

The primary aim of this study was to explore the asso-
ciation between children’s PA at ages one and three years 
and their body composition at age three. A secondary 
aim was to explore the association between maternal 
PA during pregnancy and child body composition at age 
three.

We hypothesized that higher child, and maternal PA 
would be associated with improved body composition at 
age three, with differences between 24-hour and daytime 
PA, and that higher maternal pre-pregnancy BMI would 
be associated with higher child BMI Z-score.

Methods
Study design and participants
The FitKids study is an observational study of the three-
year-old children of 220 pregnant women who partici-
pated in the randomized controlled trial, FitMum [33]. 
FitMum was conducted at North Zealand Hospital, Den-
mark, from October 2018 to May 2021. The purpose of 
the FitMum study was to explore the effect of two dif-
ferent exercise interventions on PA during pregnancy 
in healthy, inactive women, who were included before 
gestational age (GA) week 15 + 0. Of the 220 women 
included, 178 women participated until delivery. All 178 
women and their children were invited to participate in 
the one-year follow-up study FitBaby conducted from 
April 2019 to May 2022. Three years after delivery, the 
178 women who participated until birth were contacted 
again by e-mail to invite their children’s participation in 
the three-year follow-up study FitKids. Non-responders 
received the e-mail up to three times to enhance the par-
ticipation rate. Oral and written information about the 
study was provided to both parents or custody holders, 
and a clinical examination at North Zealand Hospital 
was scheduled if the parents or custody holders remained 
interested in participating. Written consent was obtained 
from 68 parent pairs or custody holders. The follow-up 
visits were conducted from October 2022 to October 
2024.
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Children with eligible data from both the one- and 
three-year follow-up and children with eligible data from 
the three-year follow-up and their mothers were included 
in this study (Fig. 1).

The analyses of the association between maternal PA 
during pregnancy and child body composition at age 
three included 53 mother–child dyads with valid DXA 
measurements at age three. Analyses of the association 
between child PA at age one and body composition at age 
three included 47 children with valid PA data at age one 
and DXA measurements at age three. Finally, analyses of 
the association between child PA and body composition 
at age three included 41 children with valid PA and DXA 
data at age three.

Maternal and child data
Maternal physical activity
All pregnant women wore a Garmin Vívosport activ-
ity tracker from randomization to delivery, measuring 
maternal heart rate every 15 s. The amount of PA was 
expressed as minutes (min) per week of moderate-to-vig-
orous intensity PA (MVPA) [34]. MVPA was defined as 
time with a heart rate equivalent to ≥ 64% of the theoreti-
cal maximum heart rate [35].

Child physical activity
Child PA was assessed for seven consecutive days at both 
the one- and three-year follow-up using the Actigraph 
wGT3XBT, a research-grade accelerometer. Participants 
were instructed to wear the device continuously on their 
presumed non-dominant wrist. PA was calculated as 
counts per minute (CPM) for the vector magnitude (VM) 
as derived from acceleration in the three axes (VM=√ 
x2 + y2 + z2). Presenting PA data expressed as CPM was 

done for transparency and because no consensus exists 
on age-appropriate cut‑points [36]. Non-wear time was 
defined as 60  min or more of consecutive zeros. Days 
with more than 10 h of wear time were considered valid, 
including at least one night with valid data (8 p.m. − 6 
a.m.) [37, 38]. Nighttime was defined using an empiri-
cal, data-driven approach. Independent t-tests were 
performed to compare average CPM between adjacent 
hourly intervals around expected sleep onset (7–8 pm 
vs. 8–9 pm) and wake time. Significant changes in activ-
ity levels at these transitions supported defining night-
time as 8 p.m.–6 a.m. Children with less than two valid 
days were excluded [39]. Child PA was categorized into 
24-hour PA and daytime PA, where daytime was defined 
as the hours between 6 a.m. and 8 p.m.

Child anthropometry
At age three, height was measured to the nearest 0.1 cm 
using a wall stadiometer (Seca 216). Weight in underwear 
or a clean diaper was measured to the nearest 0.1 kg using 
a standard balance beam scale (Seca 799). The beam scale 
was calibrated according to hospital standards. Abdomi-
nal and waist circumference were measured to the near-
est millimeter with a non-stretchable tape measure. 
Abdominal circumference was measured at the umbilical 
level, and hip circumference was measured at the widest 
diameter of the buttocks. BMI Z-scores at both ages one 
and three years were calculated based on the child’s BMI 
and predefined Danish growth standard scores based on 
age and sex [40, 41].

Child body composition
At age three, children were DXA-scanned. The DXA 
scans were performed at the Department of Radiology 

Fig. 1  Flowchart of participants in the FitMum, FitBaby, and FitKids studies
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by a trained bioanalyst. A GE Lunar Prodigy (GE Medi-
cal Systems, Madison, WI, USA) with Encore software 
(Version 14.1, Prodigy; Lunar Corp, Madison, WI, USA) 
was used to assess estimates of BF% and FFM defined as 
total body mass (kg) – fat mass (kg). The child’s height 
and weight were entered into the system, which sub-
sequently determined the appropriate scanning mode 
from two predefined options (standard or thick). Daily 
machine quality assurance procedures were conducted 
in accordance with the manufacturer’s instructions. The 
children wore light clothing during the scan. The chil-
dren were positioned on the scanner and guided to lie 
still in a supine position. In case of too much movement 
during the scan, a second attempt was made. All scans 
were reviewed by a medical doctor specialized in Clinical 
Physiology and Nuclear Medicine. Scans with too much 
movement were discarded.

Covariates
Data on maternal pre-pregnancy BMI (calculated based 
on self-reported pre-pregnancy weight), educational level 
at baseline (a bachelor’s degree or higher, yes/no), par-
ity (nullipara: yes/no), and age at baseline (self-reported) 
were collected from the original FitMum study. Informa-
tion was obtained by asking participants orally at inclu-
sion. Their weight gain during pregnancy was measured 
at four FitMum visits, and based on these measurements, 
their gestational weight gain (GWG) was calculated [42]. 
Child walking status at age one year (yes: corresponding 
to 3 steps or more/no) was obtained by asking the par-
ents at the one-year FitBaby follow-up visit.

Statistical analyses
Data are presented as mean ± standard deviation (SD) for 
equally distributed data and frequencies with propor-
tions for categorical data. Differences in baseline char-
acteristics between non-FitKids participants and FitKids 
participants, including the mother and her child, were 
analyzed using Student’s unpaired t-test or Mann-Whit-
ney U test for continuous variables, and Chi2 test for cat-
egorical variables. Child anthropometrics are presented 
as descriptive statistics. PA data from the mothers’ activ-
ity trackers were derived as a mean of 25 imputed datas-
ets for missing data due to non-wear time [42]. Maternal 
PA was analyzed across the full cohort, irrespective of 
intervention group, as we aimed to explore the potential 
physiological associations between any maternal PA and 
child body composition. Linear regression analyses were 
used to examine associations between child PA (both 
24-hour and daytime PA) at ages one and three and child 
body composition (BF% and FFM) at age three, as well as 
PA during pregnancy and child body composition (BF% 
and FFM) at age three. Covariates were selected a priori 
based on existing literature and established theoretical 

considerations [4, 22, 24, 27]. The final set of covari-
ates included child sex, child age, parent-reported walk-
ing status at age one (corresponding to 3 steps or more), 
gestational weight gain, maternal age at baseline, parity 
(nullipara, yes/no), pre-pregnancy BMI, and maternal 
educational level. All covariates were retained in the 
models regardless of statistical significance to ensure 
consistent adjustment across analyses. The linear regres-
sion analyses exploring the association between child PA 
at age one and child body composition at age three were 
adjusted for maternal education, child sex, and parent-
reported walking status at age one. The linear regression 
analyses exploring the association between child PA at 
age three and child body composition at age three were 
adjusted for maternal education, child sex, and child age 
at the three-year follow-up. We included an interaction 
term in the adjusted models to assess effect modification 
by sex and found no statistical evidence of interaction. 
We did not adjust for smoking since only one mother 
smoked at the beginning of pregnancy. Nor did we adjust 
for birth weight Z-scores since 92.1% of the children had 
a birth weight corresponding to the average weight for 
GA. Regression coefficients were scaled to represent the 
estimated change in FFM associated with a 10% increase 
in mean daily CPM at age 3 years. Corresponding 95% 
confidence intervals were derived using the standard 
error of the regression coefficient. Differences in FFM 
were estimated by scaling the regression coefficient to the 
difference in PA between the 10th and 90th percentiles. 
The linear regression analyses examining the association 
between maternal PA and child body composition at age 
three were adjusted for potential confounders, includ-
ing maternal age, pre-pregnancy BMI, gestational weight 
gain, parity, and maternal educational level. Both total 
pregnancy PA and trimester-specific PA were examined; 
however, the first trimester was not included separately 
since most participants were included in FitMum early 
in their second trimester. Statistical analyses were per-
formed using R (Version 2025.05.0) and the significance 
level was set at 5%.

Results
Participants
68 children participated in FitKids. The children’s mean 
age at the three-year follow-up was 3.3 years (range 2.9–
3.8 years). Maternal baseline and neonatal characteristics 
for both FitKids participants and non-participants are 
presented in Table 1.

In total, 54 children (female, n = 32) were DXA scanned. 
One scan was excluded because of poor quality. Means 
of all anthropometric measures, including DXA, are pre-
sented in Table 2.
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Physical activity and child body composition
Only children with both valid PA and DXA data were 
included, resulting in 47 one-year-old children and 41 
three-year-old children. At one year of age, children had 
a mean daily PA of 1714 ± 276 CPM, calculated as the 
hourly average over a full 24-hour period (19 children, 
corresponding to 40.4%, were walking). Children in the 
10th percentile of PA had an approximate mean of 1957 
daily CPM, in contrast to children in the 90th percentile 

of PA, with an approximate mean of 3165 daily CPM. By 
age three, this increased to 2356 ± 307 CPM. For daytime 
PA, the mean hourly values were higher: 2510 ± 471 CPM 
at age one and 3784 ± 552 CPM at age three. Associations 
between PA at ages one and three and body composition 
at age three, expressed as total BF% and FFM measured 
by DXA, are presented in Figs. 2 and 3.

Higher daytime PA at one year of age was associated 
with greater FFM at age three (β = 0.90, 95% CI [0.187, 
1.613], p = 0.015), indicating that a 100-CPM higher 
level of daytime PA was associated with 90 g higher FFM 
at age three. There was a trend toward an association 
between 24‑hour PA at age one and FFM at age three 
(β = 1.30, 95% CI [‑0.040, 2.557], p = 0.057). Neither day-
time PA nor 24-hour PA at age one was associated with 
BF% at age three (Fig. 2).

At age three, higher 24-hour PA was associated with 
both lower BF% (β = -0.003, 95% CI [-0.006; -0.000], 
p = 0.041) and higher FFM (β = 1.72, 95% CI [0.461, 
2.982], p = 0.009), indicating that a 100-CPM higher level 
of 24-hour PA was associated with approximately a 0.3% 
lower body fat percentage and a 172  g higher fat-free 
mass at age three. Daytime PA was likewise associated 
with FFM (β = 1.0, 95% CI [0.306, 1.694], p = 0.006), but 
not with BF% (Fig. 3).

Based on the average activity level at age three of 
2356 ± 307 CPM, a 10% increase in 24-hour PA ( ≈ + 236 
CPM) would correspond to approximately 400 g (CI [119, 
693]) higher FFM and 0.7% (95% CI [-1.4, -0.1]) lower 
BF%. For daytime PA, a similar 10% increase would be 
associated with approximately 378 g (95% CI [124, 632]) 
higher FFM. Looking at the long-term effect of PA, being 
a child in the 90th percentile of PA at age one was associ-
ated with 0.84 kg higher FFM (95% CI [0.02, 1.67]) at age 
three compared to being a child in the 10th percentile.

Objectively measured maternal PA during pregnancy 
and child body composition at age three was not associ-
ated (Table 3).

Discussion
We found that children’s PA at ages one and three was 
associated with their body composition at age three, sug-
gesting potential short‑ and longer‑term relationships 
between early PA and body composition. To our knowl-
edge, this is the first study to incorporate detailed, objec-
tive measures of maternal PA during pregnancy together 
with repeated child PA assessments in infancy and early 
childhood, in relation to body composition at age three.

Prenatal vs. postnatal influence
In the present study, we did not find any associations 
between maternal PA in the prenatal period and body 
composition in the three-year-old children. However, our 
sample size is small, and the results should therefore be 

Table 1  Maternal and neonatal characteristics of FitMum and 
FitKids participants, including the statistical differences between 
the two groups

Participants in 
FitMum onlya 
(n = 110)

Participants 
in FitKidsb 
(n = 68)

P-
val-
ue

Maternal Characteristics

  Age at baseline (years) 31.5 ± 4.2 31.4 ± 4.3 0.807

  Pre-pregnancy BMI (kg/m2) 24.0 (18.5, 44.4) 25.2 (18.5, 
43.0)

0.144

  Further education ≥ 3 years* 89 (80.9%) 59 (86.8%) 0.419

  Nullipara 42 (38.2%) 28 (41.2%) 0.811

  GA at inclusion (weeks) 12.8 (6.1, 14.9) 12.7 (7.0, 
14.9)

0.648

  Daily MVPA (minutes) dur-
ing pregnancy

17.7 (12.7, 23.3) 16.5 (10.8, 
24.6)

0.403

  Gestational weight gain (kg) 15.2 ± 5.3 15.2 ± 6.0 0.984

Neonatal Characteristics

  Sex (female) 64 (58.2%) 29 (42.6%) 0.062

  GA at birth (days) 281 (225, 294) 283 (256, 
294)

0.118

  Premature (GA < 37 + 0) 5 (4.5%) 1 (1.5%) 0.409

  Birth weight (g) 3598 ± 561 3676 ± 469 0.316

  Birth weight Z-score 0.11 ± 1.04 0.09 ± 0.92 0.866
Participants in the FitKids study did not differ from those who only participated 
in the FitMum study in terms of maternal or neonatal characteristics

BMI Body mass index, GA gestational age, MVPA moderate-to-vigorous intensity 
physical activity, n number
aParticipants in FitMum only refer to the women and offspring who participated 
in the FitMum study until birth (n = 178) but who declined the invitation to 
participate in the FitKids three-year follow-up
bParticipants in FitKids refer to the women and their 3-year-old children who 
participated in both the FitMum and FitKids study
*a bachelor’s degree or higher. Data are presented as mean ± standard deviation, 
median (interquartile range), and n (%)

Table 2  Mean anthropometric outcomes and body composition 
at three years of age (FitKids participants)
Anthropometry n = 68
Height (cm) 98.5 ± 3.6

Weight (kg) 15.8 ± 1.6

BMI Z-score 0.39 ± 0.98

DXA n = 53

Total fat (kg) 4.20 ± 0.762

Fat-free mass (kg) 12.1 ± 1.3

Total body fat (%) 25.8 ± 3.5
Data are presented as mean ± standard deviation

BMI Body mass index, DXA Dual-energy X-ray Absorptiometry, n number
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Fig. 3  Linear associations between child physical activity at three years of age and child body composition assessed with DXA at three years of age
Number of participants in the analyses = 41. Daytime: the hours from 6 a.m. to 8 p.m. All analyses are adjusted for maternal education (holding a bache-
lor's degree or not), child sex, and child age. Black lines show the estimated linear association between physical activity and body composition outcomes, 
with light grey shaded areas indicating 95% confidence intervals

 

Fig. 2  Linear associations between child physical activity at one year of age and child body composition assessed with DXA at three years of age
Number of participants in the analyses = 47. Daytime: the hours from 6 a.m. to 8 p.m. All analyses are adjusted for maternal education (holding a bach-
elor's degree or not), child sex, and walking status at age one (yes). Black lines show the estimated linear association between physical activity and body 
composition outcomes, with light grey shaded areas indicating 95% confidence intervals
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interpreted with caution, as associations may reflect lim-
ited statistical power. If the lack of association between 
maternal PA and child body composition is genuine, a 
possible explanation could be that most women in this 
study were enrolled late in their first trimester or early 
in their second trimester, a period during which many 
of the processes believed to contribute to intrauterine 
programming may already have occurred [43]. Conse-
quently, the intervention may simply have been initiated 
too late to capture the full impact. In contrast to our find-
ings, other studies have reported potential associations 
between maternal PA during pregnancy and offspring 
body composition [21, 22]. However, an important limi-
tation of these studies is their reliance on self-reported 
PA during pregnancy, a method known to systematically 
overestimate actual activity levels because of both recall 
and social desirability bias [44, 45].

The association between PA at age one and FFM at age 
three may be clinically relevant, with children in the 90th 
percentile of PA at age one exhibiting 0.84 kg higher FFM 
at age three than those in the 10th percentile, suggest-
ing a persistent association between early PA and body 
composition. Consistent with our results, other studies 
have reported positive associations between objectively 
measured PA and body composition in preschool-aged 
children [46, 47]. A study including 3-5-year-old children 
explored both the cross-sectional and longitudinal asso-
ciations between PA and body composition and found 

a cross-sectional association between increased MVPA 
and a lower BF% [46]. Prospectively, over the course of 
a year, higher levels of MVPA were associated with an 
increase in FFM but not BF% [46], results that are consis-
tent with the findings of the present study.

It is well established that PA can influence body com-
position by modulating energy balance and tissue devel-
opment [48]. Also, the finding that activity patterns at 
one year of age are associated with body composition 
two years later highlights the potential importance of 
early-life PA behaviors. Specifically, the positive associa-
tion with FFM, but not BF%, suggests PA may be more 
strongly associated with lean tissue development than 
FM in early childhood.

24-hour physical activity and daytime physical activity in 
children
PA was expressed as both 24-hour PA and daytime PA in 
this study to explore the potential differences in PA dur-
ing the day. While examining associations between both 
24-hour and daytime PA and body composition is scien-
tifically relevant, 24-hour PA may be of limited practi-
cal value. Because daytime (6 a.m. − 8 p.m.) in our study 
was defined using an empirical, data‑driven approach, 
incorporating 24‑hour PA measures helps mitigate 
potential statistical limitations related to this definition. 
Assessing activity across the full 24‑hour cycle provides 
a more comprehensive representation of children’s total 
daily movement, including play‑based or spontaneous 
activities that may occur outside the predefined day-
time window. The modest association between 24‑hour 
PA and BF% may reflect that this measure captures total 
movement across the entire day, including low‑inten-
sity nighttime activity that contributes to overall energy 
expenditure. However, daytime PA, characterized to a 
greater extent by active play and purposeful movement, 
may exert a stronger influence, particularly on FFM, 
than the sporadic, low‑intensity movements that occur 
during nighttime. Regardless of the association between 
24-hour PA and lower BF%, it is important to emphasize 
that interventions targeting nighttime activity are neither 
feasible nor advisable. Sleep, particularly in young chil-
dren, is essential for healthy development, as longer and 
higher-quality sleep has been associated with decreased 
BMI and fat mass index in young children [49–51]. We 
did not collect data on sleep duration or quality of sleep, 
but future studies should focus on both daytime PA as 
well as sleep parameters as potential targets for early pre-
vention of obesity.

Strengths and limitations
This study is a follow-up study that allows individual 
tracking of changes over time and establishes temporal 
relationships. A notable strength of the present study is 

Table 3  Associations between maternal moderate-to-vigorous 
intensity physical activity during pregnancy and the children’s 
body composition at three years of age
Maternal MVPA 
(min/day)

Child body 
fat (%)
β [CI 95%]

P-value Child fat-free 
mass (g) β [CI 
95%]

P-
val-
ue

Crude analyses

  Inclusion to 
birth

0.008 
[-0.05;0.07]

0.792 0.953 
[-21.14;23.05]

0.931

  Second 
trimester

-0.015 
[-0.09;0.06]

0.668 0.663 
[-26.39;27.71]

0.961

  Third trimester 0.015 
[-0.03;0.06]

0.536 0.718 
[-17.08;18.52]

0.936

Adjusted analyses

  Inclusion to 
birth

0.016 
[-0.05;0.08]

0.637 -7.116 
[-30.48;16.25]

0.542

  Second 
trimester

-0.009 
[-0.09;0.07]

0.821 -7.691 
[-36.17;20.78]

0.589

  Third trimester 0.021 
[-0.03;0.07]

0.424 -5.811 
[-24.58;12.96]

0.536

Linear regression models exploring the association between maternal 
moderate-to-vigorous intensity physical activity during pregnancy and the 
children’s body composition at age three

All adjusted analyses are adjusted for maternal age at baseline, maternal pre-
pregnancy BMI, gestational weight gain, parity (nullipara, yes/no), and maternal 
educational level (bachelor’s degree or not) at baseline

MVPA moderate-to-vigorous intensity physical activity, g gram, CI confidence 
intervals
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the use of continuous objective maternal PA measure-
ments, since shorter periods of tracking in adults might 
alter their behavior. Moreover, objective measures over-
come the limitations of self-reported PA. Objective mea-
sures of child PA ensure high validity and reduce the risk 
of parental recall bias. A large knowledge of background 
characteristics allows for the adjustment of potential 
confounders. However, the lack of data on maternal BMI 
at the three-year follow-up and on the family’s dietary 
habits is a limitation. We did not collect sleep diaries, 
and nighttime hours were defined using a statistical test, 
which is less precise than parent-reported data. For chil-
dren’s PA, shorter epochs (< 60  s) may have been better 
suited to capture the brief, sporadic bursts of PA typi-
cal in young children (52) only other studies in this age 
group reporting CPM have also used 60‑second epochs, 
which informed our choice to ensure comparability 
across studies. The study is subject to attrition as only a 
subset of the original FitMum cohort participated in the 
FitKids examination, and an even smaller number of chil-
dren contributed valid DXA and PA data. Although no 
significant baseline differences were identified between 
participants and non-participants, the reduced sample 
size limited our ability to detect such differences and 
introduced a risk of selection bias. The relatively high 
educational level and limited diversity of the remaining 
sample may further constrain generalizability.

Conclusion
We found that children’s PA at ages one and three was 
associated with body composition at age three. These 
findings may indicate that PA in early childhood exerts 
both immediate and long-term effects on body composi-
tion. Our results suggest that infancy may represent an 
important period for establishing healthy activity pat-
terns and suggest that promoting age-appropriate PA 
from the first year of life might be an effective strategy in 
healthy weight development. Future research on prevent-
ing childhood obesity should focus on both the perinatal 
period and early childhood.

Abbreviations
PA	� Physical activity
BF%	� Body fat percentage
FFM	� Fat-free mass
MVPA	� Moderate-to-vigorous intensity physical activity
DXA	� Dual-energy X-ray Absorptiometry
GA	� Gestational age
CPM	� Counts per minute
VM	� Vector magnitude
BMI	� Body mass index
CI	� Confidence interval
BMI Z-score	� Body mass index standard deviation score

Acknowledgements
The authors would like to acknowledge and thank all the participants for 
signing up for the project and delivering important data. We thank MD, PhD, 
Tine Dalsgaard Clausen, Department of Gynecology and Obstetrics, Sjaellands 

University Hospital, Roskilde, Denmark, for her involvement in the clinical part 
of the FitMum intervention and her valuable input throughout the process.

Authors’ contributions
SVG: Funding acquisition, Conceptualization, Project administration, 
Investigation, Methodology, Formal analysis, Visualization, Writing - Original 
Draft, Writing - Review & Editing. ADJ: Funding acquisition, Conceptualization, 
Project administration, Investigation, Methodology, Writing - Review & Editing. 
IKBJ: Investigation, Writing - Review & Editing. JMB: Funding acquisition, 
Writing - Review & Editing. SM: Funding acquisition, Writing - Review & Editing. 
EL: Funding acquisition, Conceptualization, Writing - Review & Editing. BS: 
Funding acquisition, Conceptualization, Writing - Review & Editing. KAP: 
Funding acquisition, Conceptualization, Methodology, Writing - Review 
& Editing, Supervision. LSB: Methodology, Writing - Review & Editing. GT: 
Funding acquisition, Conceptualization, Writing - Review & Editing.

Funding
Open access funding provided by Copenhagen University. The FitMum and 
FitBaby studies were supported by The Independent Research Fund Denmark 
[8020-00353B] and [0218-00014B], TrygFonden [128509], Copenhagen Center 
for Health Technology [061017], Beckett-Fonden [17–2-0883], Aase and Ejnar 
Danielsens Fond [10–002052], and Familien Hede Nielsens Fond [2017–1142]. 
Financial support was also provided by the University of Copenhagen and 
Copenhagen University Hospital – North Zealand, Hilleroed. The FitKids study 
was funded by the Novo Nordisk Foundation [NNF21OC0068834].

Data availability
The datasets generated and analyzed in the current study are not publicly 
available due to confidentiality, but are available from the corresponding 
author upon reasonable request. Individual participant data will be transferred 
according to the Data Protection Act, when approval from the Danish 
Data Protection Agency is obtained, and a Standard Contractual Clause is 
completed, to ensure the legal basis of the transfer.

Declarations

Ethics approval and consent to participate
Detailed oral and written information about the studies was provided, and 
written informed consent was obtained from all participants and for the 
children from their parents or guardians, respectively. The FitMum study, 
which included the FitBaby study, was approved by the Regional Committee 
on Health Research Ethics, The Capital Region of Denmark (August 30, 2018, 
#H-18011067) and the Danish Data Protection Agency (September 12, 2018, 
#P-2019-512). The study is registered at ClinicalTrials.gov; NCT03679130; 
20/09/2018. The FitKids study was approved by the Regional Committee on 
Health Research Ethics, The Capital Region of Denmark (September 19, 2022, 
#H-22018855) and the Danish Data Protection Agency (August 18, 2022, 
#P-2022-566). The study is registered at ClinicalTrials.gov; NCT05570396; 
26/09/2022. The study adheres to the principles of the Helsinki Declaration.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Received: 6 January 2026 / Accepted: 20 April 2026

References
1.	 World Health Organisation (WHO). Obesity and overweight [Internet]. 2024. 

Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​n​e​w​​s​-​​r​o​o​​m​/​f​​a​c​t​-​​s​h​​e​e​t​​s​/​d​​e​t​a​i​​l​/​​o​b​e​​s​i​t​​y​-​a​
n​​d​-​​o​v​e​r​w​e​i​g​h​t

2.	 Goel A, Reddy S, Goel P. Causes, Consequences, and Preventive Strategies for 
Childhood Obesity: A Narrative Review. Cureus. 2024 Jul;20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​7​7​5​9​​/​c​​u​r​e​u​s​.​6​4​9​8​5.

3.	 Dearden L, Ozanne SE. Early life impacts of maternal obesity: a window of 
opportunity to improve the health of two generations. Philos Trans R Soc 

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.7759/cureus.64985
https://doi.org/10.7759/cureus.64985


Page 9 of 10Gundersen et al. BMC Public Health         (2026) 26:1931 

Lond B Biol Sci. 2023;378(1885):20220222. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​8​​/​r​​s​t​b​.​2​0​2​2​.​0​
2​2​2. PubMed PMID: 37482780.

4.	 Mudd LM, Pivarnik JM, Pfeiffer KA, Paneth N, Chung H, Holzman C. Maternal 
physical activity during pregnancy, child leisure-time activity, and child 
weight status at 3 to 9 years. J Phys Act Health. 2015;12(4):506–14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​1​2​3​​/​j​​p​a​h​.​2​0​1​3​-​0​1​7​3. PubMed PMID: 24829090.

5.	 Haby K, Gyllensten H, Hanas R, Berg M, Premberg Å. A Lifestyle Intervention 
During Pregnancy and Its Effects on Child Weight 2.5 Years Later. Matern 
Child Health J. 2022;26(9):1881–90. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​0​9​9​5​-​0​2​2​-​0​3​3​9​
5​-​5. PubMed PMID: 35253077.

6.	 Cristian A, Tarry-Adkins JL, Aiken CE. The Uterine Environment and Childhood 
Obesity Risk: Mechanisms and Predictions. Curr Nutr Rep. 2023;12(3):416–25. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​S​​1​3​6​6​8​-​0​2​3​-. 00482-Z PubMed PMID: 37338777.

7.	 Voerman E, Santos S, Patro Golab B, Amiano P, Ballester F, Barros H et al. 
Maternal body mass index, gestational weight gain, and the risk of over-
weight and obesity across childhood: An individual participant data meta-
analysis [article]. Ma RCW, editor. PLoS Med. 2019;16(2):e1002744. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​m​e​​d​.​​1​0​0​2​7​4​4

8.	 Larqué E, Labayen I, Flodmark CE, Lissau I, Czernin S, Moreno LA, et al. From 
conception to infancy: clinical relevant strategies on child obesity develop-
ment. Nat Rev Endocrinol. 2019;15(8):456–78. PubMed PMID: 31270440.

9.	 Gademan MGJ, Vermeulen M, Oostvogels AJJM, Roseboom TJ, Visscher TLS, 
Van Eijsden M, et al. Maternal prepregancy BMI and lipid profile during early 
pregnancy are independently associated with offspring’s body composition 
at age 5–6 Years: The ABCD study. PLoS ONE. 2014;9(4):1–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​o​n​​e​.​​0​0​9​4​5​9​4. PubMed PMID: 24740157.

10.	 Dello Russo M, Ahrens W, De Vriendt T, Marild S, Molnar D, Moreno LA, et al. 
Gestational weight gain and adiposity, fat distribution, metabolic profile, 
and blood pressure in offspring: the IDEFICS project. Int J Obes (Lond). 
2013;37(7):914–9. 10.1038. /IJO.2013.35 PubMed PMID: 23567926.

11.	 Moreira P, Padez C, Mourão-Carvalhal I, Rosado V. Maternal weight gain 
during pregnancy and overweight in Portuguese children. Int J Obes (Lond). 
2007;31(4):608–14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​j​.​i​j​o​.​0​8​0​3​5​8​2. PubMed PMID: 
17384661.

12.	 Fernandez-Twinn DS, Hjort L, Novakovic B, Ozanne SE, Saffery R. Intra-
uterine programming of obesity and type 2 diabetes. Diabetologia. 
2019;62(10):1789–801. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​S​​0​0​1​2​5​-​0​1​9​-​4​9​5​1​-​9. PubMed 
PMID: 31451874.

13.	 Pettitt DJ, Baird HR, Aleck KA, Bennett PH, Knowler WC. Excessive Obesity in 
Offspring of Pima Indian Women with Diabetes during Pregnancy. N Engl J 
Med. 1983;308(5):242–5. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​6​​/​N​​E​J​M​​1​9​8​​3​0​2​0​​3​3​​0​8​0​5​0​2. 
PubMed PMID: 6848933.

14.	 Lowe WL, Lowe LP, Kuang A, Catalano PM, Nodzenski M, Talbot O, et al. Mater-
nal glucose levels during pregnancy and childhood adiposity in the Hyper-
glycemia and Adverse Pregnancy Outcome Follow-up Study. Diabetologia. 
2019;62(4):598–610. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​1​2​5​-​0​1​8​-​4​8​0​9​-​6. PubMed 
PMID: 30648193.

15.	 Laredo-Aguilera JA, Gallardo-Bravo M, Rabanales-Sotos JA, Cobo-Cuenca 
AI, Carmona-Torres JM. Physical Activity Programs during Pregnancy Are 
Effective for the Control of Gestational Diabetes Mellitus. Int J Environ Res 
Public Health. 2020;17(17):1–14. doi:10.3390/IJERPH17176151 PubMed PMID: 
32847106.

16.	 Wang C, Wei Y, Zhang X, Zhang Y, Xu Q, Sun Y, et al. A randomized clinical trial 
of exercise during pregnancy to prevent gestational diabetes mellitus and 
improve pregnancy outcome in overweight and obese pregnant women. 
Am J Obstet Gynecol. 2017;216(4):340–51. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​j​o​g​.​2​0​1​7​
.​0​1. .037 PubMed PMID: 28161306.

17.	 Xie W, Zhang L, Cheng J, Wang Y, Kang H, Gao Y. Physical activity during 
pregnancy and the risk of gestational diabetes mellitus: a systematic review 
and dose–response meta-analysis. BMC Public Health. 2024;24(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​9​-​0​2​4​-​1​8​1​3​1​-​7. PubMed PMID: 38395913.

18.	 Hamann V, Deruelle P, Enaux C, Deguen S, Kihal-Talantikite W. Physical activity 
and gestational weight gain: a systematic review of observational studies. 
BMC Public Health. 2022;22(1):1951. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​9​-​0​2​2​-​1​4​3​
2​4​-​0. PubMed PMID: 36271388.

19.	 Gonzalez-Plaza E, Bellart J, Arranz Á, Luján-Barroso L, Mirasol EC, Seguranyes 
G. Effectiveness of a Step Counter Smartband and Midwife Counseling Inter-
vention on Gestational Weight Gain and Physical Activity in Pregnant Women 
With Obesity (Pas and Pes Study): Randomized Controlled Trial. JMIR Mhealth 
Uhealth. 2022;10(2). 10. 2196/28886 PubMed PMID: 35166684.

20.	 Jones MA, Whitaker K, Taverno Ross SE, Davis K, Libertus K, Gibbs BB. Maternal 
Sedentary Behavior and Physical Activity across Pregnancy and Early 

Childhood Growth. Child Obes. 2022;18(6):399–408. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​9​​/​
c​​h​i​.​2​0​2​1​.​0​2​0​2. PubMed PMID: 35108109.

21.	 Mattran K, Mudd LM, Rudey RA, Kelly JSC. Leisure-Time Physical Activity 
During Pregnancy and Offspring Size at 18 to 24 Months. Journal of Physical 
Activity and Health. 2011. Report.

22.	 Mudd LM, Scheurer JM, Pruett M, Demerath EW, Kapur A, Ramel SE. Relations 
among maternal physical activity during pregnancy and child body compo-
sition [Internet]. 2019. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​o​​s​p​4​.​3​3​2

23.	 Raab R, Michel S, Günther J, Hoffmann J, Stecher L, Hauner H. Associations 
between lifestyle interventions during pregnancy and childhood weight and 
growth: a systematic review and meta-analysis. Int J Behav Nutr Phys Activity. 
2021;18(1):1–14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​6​6​-​0​2​0​-​0​1​0​7​5​-​7. PubMed PMID: 
33413486.

24.	 Tanvig M, Vinter CA, Jørgensen JS, Wehberg S, Ovesen PG, Lamont RF, et al. 
Anthropometrics and body composition by dual energy X-ray in children 
of obese women: a follow-up of a randomized controlled trial (the Lifestyle 
in Pregnancy and Offspring [LiPO] study). PLoS ONE. 2014;9(2). 10.1371. /
JOURNAL.PONE.0089590 PubMed PMID: 24586896.

25.	 Dalrymple KV, Martyni-Orenowicz J, Flynn AC, Poston L, O’Keeffe M. Can 
antenatal diet and lifestyle interventions influence childhood obesity? A 
systematic review. Matern Child Nutr. 2018;14(4):e12628. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​
1​1​1​​/​m​​c​n​.​1​2​6​2​8. PubMed PMID: 29962095.

26.	 Teede HJ, Bailey C, Moran LJ, Bahri Khomami M, Enticott J, Ranasinha S, et al. 
Association of Antenatal Diet and Physical Activity-Based Interventions With 
Gestational Weight Gain and Pregnancy Outcomes: A Systematic Review and 
Meta-analysis. JAMA Intern Med. 2022;182(2):106–14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​
/​j​​a​m​a​​i​n​t​​e​r​n​m​​e​d​​.​2​0​2​1​.​6​3​7​3. PubMed PMID: 34928300.

27.	 Leppänen MH, Henriksson P, Henriksson H, Nyström CD, Llorente-Cantarero 
FJ, Löf M. Physical activity level using doubly-labeled water in relation to body 
composition and physical fitness in preschoolers. Med (Lithuania). 2019;55(1). ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​m​​e​d​i​c​i​n​a​5​5​0​1​0​0​0​2. PubMed PMID: 30591687.

28.	 Leppänen MH, Nyström CD, Henriksson P, Pomeroy J, Ruiz JR, Ortega FB, 
et al. Physical activity intensity, sedentary behavior, body composition and 
physical fitness in 4-year-old children: Results from the ministop trial. Int J 
Obes. 2016;40(7):1126–33. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​i​​j​o​.​2​0​1​6​.​5​4. PubMed PMID: 
27087109.

29.	 Eriksson B, Henriksson H, Löf M, Hannestad U, Forsum E. Body-composition 
development during early childhood and energy expenditure in response to 
physical activity in 1.5-y-old children. Am J Clin Nutr. 2012;96(3):567–73. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​9​4​5​​/​a​​j​c​n​.​1​1​1​.​0​2​2​0​2​0. PubMed PMID: 22836033.

30.	 Fu J, Sun S, Zhu S, Wang R, Chen D, Chen R, et al. Relationship between 24-h 
activity behavior and body fat percentage in preschool children: based on 
compositional data and isotemporal substitution analysis. BMC Public Health. 
2024;24(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​9​-​0​2​4​-​1​8​5​7​0​-​2. PubMed PMID: 
38627707.

31.	 Weber DR, Leonard MB, Zemel BS. Body composition analysis in the pediatric 
population. Pediatr Endocrinol Reviews. 2012;10(1):130–9. PubMed PMID: 
23469390.

32.	 Eisenmann JC, Heelan KA, Welk GJ. Assessing body composition among 
3- to 8-year-old children: Anthropometry, BIA, and DXA. Obes Res. 
2004;12(10):1633–40. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​o​​b​y​.​2​0​0​4​.​2​0​3. PubMed PMID: 
15536227.

33.	 Roland CB, Knudsen SDP, Alomairah SA, Andersen AD, Bendix J, Clausen TD, 
et al. Structured supervised exercise training or motivational counselling dur-
ing pregnancy on physical activity level and health of mother and offspring: 
FitMum study protocol. BMJ Open. 2021;11(3):1–11. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​
b​​m​j​o​​p​e​n​​-​2​0​2​​0​-​​0​4​3​6​7​1. PubMed PMID: 33741668.

34.	 Sundhedsstyrelsen. Intensitetsformer ved fysisk aktivitet | Fagperson | Sund-
hedsstyrelsen. 2023 [cited 2025 Jan 6]. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​s​​s​t​.​​d​k​/​​d​a​/​
F​​a​g​​p​e​r​​s​o​n​​/​F​o​r​​e​b​​y​g​g​​e​l​s​​e​-​o​g​​-​t​​v​a​e​​r​g​a​​a​e​n​d​​e​-​​i​n​d​​s​a​t​​s​e​r​/​​F​y​​s​i​s​​k​-​a​​k​t​i​v​​i​t​​e​t​/​​A​n​b​​e​f​a​l​​i​
n​​g​e​r​​-​o​m​​-​f​y​s​​i​s​​k​-​a​k​t​i​v​i​t​e​t​/​I​n​t​e​n​s​i​t​e​t​s​f​o​r​m​e​r

35.	 Jensen IKB, Jessen AD, Gundersen SV, Roland CB, Knudsen S, de Alomai-
rah P. Mother’s heart rate: a valid way to measure physical activity during 
pregnancy? Data from the FitMum RCT. BMJ Open Sport Exerc Med. 
2025;11(2):e002458. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​B​​M​J​S​E​M​-​2​0​2​5​-​0​0​2​4​5​8. PubMed 
PMID:.

36.	 Phillips SM, Clevenger KA, Bruijns BA, Tucker P, Vanderloo LM, Loh A, et al. 
Effect of Accelerometer Cut-Points on Preschoolers’ Physical Activity and 
Sedentary Time: A Systematic Review and Meta-Analysis. Journal for the 
Measurement of Physical Behaviour. Human Kinetics Publishers Inc.; 2024. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​2​3​​/​j​​m​p​b​.​2​0​2​3​-​0​0​6​0.

https://doi.org/10.1098/rstb.2022.0222
https://doi.org/10.1098/rstb.2022.0222
https://doi.org/10.1123/jpah.2013-0173
https://doi.org/10.1123/jpah.2013-0173
https://doi.org/10.1007/s10995-022-03395-5
https://doi.org/10.1007/s10995-022-03395-5
https://doi.org/10.1007/S13668-023-
https://doi.org/10.1007/S13668-023-
https://doi.org/10.1371/journal.pmed.1002744
https://doi.org/10.1371/journal.pmed.1002744
https://doi.org/10.1371/journal.pone.0094594
https://doi.org/10.1371/journal.pone.0094594
https://doi.org/10.1038/sj.ijo.0803582
https://doi.org/10.1007/S00125-019-4951-9
https://doi.org/10.1056/NEJM198302033080502
https://doi.org/10.1007/s00125-018-4809-6
https://doi.org/10.1016/j.ajog.2017.01
https://doi.org/10.1016/j.ajog.2017.01
https://doi.org/10.1186/s12889-024-18131-7
https://doi.org/10.1186/s12889-024-18131-7
https://doi.org/10.1186/s12889-022-14324-0
https://doi.org/10.1186/s12889-022-14324-0
https://doi.org/10.1089/chi.2021.0202
https://doi.org/10.1089/chi.2021.0202
https://doi.org/10.1002/osp4.332
https://doi.org/10.1186/s12966-020-01075-7
https://doi.org/10.1111/mcn.12628
https://doi.org/10.1111/mcn.12628
https://doi.org/10.1001/jamainternmed.2021.6373
https://doi.org/10.1001/jamainternmed.2021.6373
https://doi.org/10.3390/medicina55010002
https://doi.org/10.3390/medicina55010002
https://doi.org/10.1038/ijo.2016.54
https://doi.org/10.3945/ajcn.111.022020
https://doi.org/10.3945/ajcn.111.022020
https://doi.org/10.1186/s12889-024-18570-2
https://doi.org/10.1038/oby.2004.203
https://doi.org/10.1136/bmjopen-2020-043671
https://doi.org/10.1136/bmjopen-2020-043671
https://www.sst.dk/da/Fagperson/Forebyggelse-og-tvaergaaende-indsatser/Fysisk-aktivitet/Anbefalinger-om-fysisk-aktivitet/Intensitetsformer
https://www.sst.dk/da/Fagperson/Forebyggelse-og-tvaergaaende-indsatser/Fysisk-aktivitet/Anbefalinger-om-fysisk-aktivitet/Intensitetsformer
https://www.sst.dk/da/Fagperson/Forebyggelse-og-tvaergaaende-indsatser/Fysisk-aktivitet/Anbefalinger-om-fysisk-aktivitet/Intensitetsformer
https://doi.org/10.1136/BMJSEM-2025-002458
https://doi.org/10.1123/jmpb.2023-0060
https://doi.org/10.1123/jmpb.2023-0060


Page 10 of 10Gundersen et al. BMC Public Health         (2026) 26:1931 

37.	 Breau B, Coyle-Asbil HJ, Vallis LA. The Use of Accelerometers in Young Chil-
dren: A Methodological Scoping Review. J Meas Phys Behav. 2022;5(3):185–
201. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​2​3​​/​j​​m​p​b​.​2​0​2​1​-​0​0​4​9.

38.	 Bruijns BA, Truelove S, Johnson AM, Gilliland J, Tucker P. Infants’ and tod-
dlers’ physical activity and sedentary time as measured by accelerometry: 
A systematic review and meta-analysis. Int J Behav Nutr Phys Activity. 
2020;17(1):1–14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​6​6​-​0​2​0​-​0​9​1​2​-​4. PubMed PMID: 
32028975.

39.	 Jessen AD, Gundersen SV, Bach Jensen IK, de Knudsen P, Alomairah S, Roland 
SA. Physical activity in one-year-old children predicts physical activity level 
at age three years independent of maternal activity. J Pediatrics: Clin Pract. 
2025;200184. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​p​​e​d​c​​p​.​2​0​​2​5​​.​2​0​0​1​8​4.

40.	 Vaekstkurver.dk [Internet]. [cited 2025 Sep 11]. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​x​​
n​-​-​​v​k​s​​t​k​u​r​​v​e​​r​-​d​​6​a​.​​d​k​/​s​​d​s​​_​t​a​b​e​l​l​e​r​.​h​t​m​l

41.	 Stasinopoulos DM, Rigby RA. Journal of Statistical Software Generalized 
Additive Models for Location Scale and Shape (GAMLSS) in R [Internet]. 2007. 
Report. Available from: http://www.jstatsoft.org/

42.	 Knudsen S, de Alomairah P, Roland SA, Jessen CB, Hergel AD, Clausen IM. 
Effects of Structured Supervised Exercise Training or Motivational Counseling 
on Pregnant Women’s Physical Activity Level: FitMum Randomized Controlled 
Trial. J Med Internet Res. 2022;24(7):1–13.

43.	 Moholdt T, Hawley JA. Maternal Lifestyle Interventions: Targeting Preconcep-
tion Health. Trends in Endocrinology and Metabolism. Elsevier Inc.; 2020. pp. 
561–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​t​e​m​.​2​0​2​0​.​0​3. .002 PubMed PMID: 32284283.

44.	 Prince SA, Adamo KB, Hamel ME, Hardt J, Connor Gorber S, Tremblay M. A 
comparison of direct versus self-report measures for assessing physical activ-
ity in adults: A systematic review. Int J Behav Nutr Phys Activity. 2008. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​1​​4​7​9​-​5​8​6​8​-​5​-​5​6. PubMed PMID: 18990237.

45.	 Butte NF, Puyau MR, Wilson TA, Liu Y, Wong WW, Adolph AL, et al. Role of 
physical activity and sleep duration in growth and body composition of 

preschool-aged children. Obesity. 2016;24(6):1328–35. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​
2​​/​o​​b​y​.​2​1​4​8​9. PubMed PMID: 27087679.

46.	 Collings PJ, Brage S, Ridgway CL, Harvey NC, Godfrey KM, Inskip HM, et al. 
Physical activity intensity, sedentary time, and body composition in pre-
schoolers. Am J Clin Nutr. 2013;97(5):1020–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​9​4​5​​/​a​​j​c​n​.​1​1​2​
.​0​4​5​0​8​8. PubMed PMID: 23553158.

47.	 Westerterp KR. Exercise, energy balance and body composition. European 
Journal of Clinical Nutrition. Nature Publishing Group; 2018. pp. 1246–50. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​4​3​0​-​0​1​8​-​0​1​8​0​-​4. PubMed PMID: 30185845.

48.	 Baird J, Hill CM, Harvey NC, Crozier S, Robinson SM, Godfrey KM, et al. Dura-
tion of sleep at 3 years of age is associated with fat and fat-free mass at 4 
years of age: the Southampton Women’s Survey. J Sleep Res. 2016;25(4):412–
8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​s​r​.​1​2​3​8​9. PubMed PMID: 26909889.

49.	 Touchette et al. 2008 sleep duration and overweight.
50.	 Carter PJ, Taylor BJ, Williams SM, Taylor RW. Longitudinal analysis of 

sleep in relation to BMI and body fat in children: The FLAME study. BMJ. 
2011;342(7809). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​b​​m​j​.​d​2​7​1​2. PubMed PMID: 
21622518.

51.	 Altenburg TM, Wang X, Van Ekris E, Andersen LB, Møller NC, Wedderkopp N 
et al. The consequences of using different epoch lengths on the classification 
of accelerometer based sedentary behaviour and physical activity. PLoS One. 
2021;16(7 July 2021). ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​3​​​7​1​​/​j​o​​u​r​​n​​a​l​.​​p​​o​​n​e​.​0​2​5​4​7​2​1 PubMed 
PMID: 34265011.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1123/jmpb.2021-0049
https://doi.org/10.1186/s12966-020-0912-4
https://doi.org/10.1016/j.jpedcp.2025.200184
https://www.xn--vkstkurver-d6a.dk/sds_tabeller.html
https://www.xn--vkstkurver-d6a.dk/sds_tabeller.html
http://www.jstatsoft.org/
https://doi.org/10.1016/j.tem.2020.03
https://doi.org/10.1186/1479-5868-5-56
https://doi.org/10.1186/1479-5868-5-56
https://doi.org/10.1002/oby.21489
https://doi.org/10.1002/oby.21489
https://doi.org/10.3945/ajcn.112.045088
https://doi.org/10.3945/ajcn.112.045088
https://doi.org/10.1038/s41430-018-0180-4
https://doi.org/10.1038/s41430-018-0180-4
https://doi.org/10.1111/jsr.12389
https://doi.org/10.1136/bmj.d2712
https://doi.org/10.1371/journal.pone.0254721

	﻿Physical activity in infancy is associated with body composition at age three
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and participants
	﻿Maternal and child data
	﻿Maternal physical activity
	﻿Child physical activity
	﻿Child anthropometry
	﻿Child body composition


	﻿Covariates
	﻿Statistical analyses
	﻿Results
	﻿Participants
	﻿Physical activity and child body composition

	﻿Discussion
	﻿Prenatal vs. postnatal influence
	﻿24-hour physical activity and daytime physical activity in children
	﻿Strengths and limitations

	﻿Conclusion
	﻿References


