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Abstract
Aim: The aim of this study was to identify physical behaviour phenotypes in mothers 
in the first trimester and in their offspring at 24 months of age. The secondary aim 
was to examine relationships between mother and child behaviours with child body 
composition at age 24 months.
Methods: Longitudinal secondary analysis of the Glowing cohort collected between 1 
February 2011 and 22 August 2017 in Little Rock, Arkansas. Behaviours were meas-
ured using ankle-worn accelerometers in mothers during the first trimester and off-
spring at 24 months of age, including total activity, sleep, sedentary time and a novel 
variable of daily variation, patternicity. Child body fat was measured using quantita-
tive nuclear magnetic resonance.
Results: Three phenotypes were identified for mothers and children (n = 159 com-
plete dyads). There were no relationships between mother and child phenotypes, but 
higher maternal patternicity was associated with higher child patternicity (0.2, 95% CI 
0.1, 0.3, p = 0.001). There were no associations between mother or child phenotypes 
with child body composition, however higher child activity was associated with lower 
body fat (−0.01, 95% CI: −0.02, −0.001, p = 0.031).
Conclusion: Limited associations were found between mothers' pregnancy physi-
cal behaviours with child behaviours or child body composition at 24 months of age. 
Factors such as child diet or current parental physical activity may be better predic-
tors of early childhood outcomes.
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1  |  INTRODUC TION

Life transitions, such as pregnancy and early motherhood, may offer 
intervention windows for behaviour change for both mother and 
child health outcomes. Pregnant and postpartum women have been 
specifically identified in the most recent physical activity guidelines 
issued by the World Health Organization and the United States, and 
experts have called for increased research to better understand pat-
terns of physical activity during pregnancy.1 Physical activity is not 
only important for current health in mothers and children,2 but this 
may be a critical period that influences offspring health, including 
obesity, for the rest of the life-course. It is predicted that 75% of chil-
dren who are obese at age 2 will still be obese by age 35 compared 
to 58% of child who are not obese at age 2, and this risk increases as 
the child grows older.3 Thus, identifying health behaviours and early 
predictors of young children's body composition is important to set-
ting the life course trajectory of health.

While maternal obesity status has shown to influence offspring 
body composition, especially in boys,4 physical activity during preg-
nancy has also been suggested to affect offspring health such as 
body composition in infancy and early childhood.5 Mothers’ physical 
activity in pregnancy may influence childhood outcomes, such as 
body composition, through both physiological and behavioural path-
ways,6 but it is unknown how physical activity in early pregnancy 
may predict future offspring physical activity and related body 
composition.

While reviews have concluded the benefits of physical activity 
during pregnancy on maternal health,2 fewer studies have exam-
ined the longitudinal effects on childhood outcomes, particularly 
beyond birth outcomes. Device-measured physical activity in the 
first and second trimesters of pregnancy has been associated with 
infant size and birth outcomes,7 8 but other studies have found no 
relationships with infant outcomes including birthweight.9,10 A re-
cent study found that device-measured, early pregnancy physical 
activity was associated with increased early child growth rate up 
to 24 months.11 While studies have found concurrent relationships 
between mother and infant and child physical activity12,13 and 
relationships between early pregnancy physical activity and fine 
motor development14 no studies to our knowledge have examined 
maternal pregnancy physical activity with offspring child physical 
activity. Importantly, emerging evidence suggests the combination 
of broader activity behaviours, including sedentary behaviours and 
sleep, may better predict health compared to a single behaviour,15 
but few studies of pregnancy physical activity and childhood out-
comes have included multiple activity behaviours.16,17 Thus, there 
is a need for more information on specific intensities and doses, as 
well as relationships between physical activity during pregnancy 
and later child offspring outcomes. Previous research has iden-
tified ‘activity phenotypes’ of multiple movement behaviours in 
young adults, utilising patterns of movement characteristics mea-
sured by accelerometry using latent class analysis.18 A study has 
examined profiles of multiple health behaviours among preschool-
ers but did not included physical activity and sleep.19 A physical 

behaviour phenotype of young children, including the 24-h physi-
cal behaviours of physical activity, sedentary behaviour and sleep 
has yet to be examined.

The current report utilises 24-h, 7-day monitoring (including 
water-based activities) to first identify physical behaviour pheno-
types in mothers in the first trimester of pregnancy and in children 
at 24 months and then to examine if (1) mother physical behaviours 
during the first trimester of pregnancy predict child physical be-
haviours at 24 months; (2) if mother physical behaviours during the 
first trimester predict child body fat percentage at 24 months and (3) 
if child physical behaviours at 24 months are associated with child 
body fat percentage at 24 months.

2  |  METHODS

2.1  |  Study design

This study was a longitudinal secondary data analysis of existing co-
hort data. The study used data from the Glowing Study collected 
between 1 February 2011 and 22 August 2017 with accelerometer 
measured physical behaviours (physical activity, sleep and sedentary 
behaviour) in both mothers and their offspring.

The Glowing Study (gov ID: NCT01131117),20 collected data 
from 300 mothers and children to comprehensively study the effect 
of maternal programming on offspring metabolism. Physical activity 
was measured using an accelerometer in the mothers at 12 weeks 
gestation and in their child at 24 months.

2.2  |  Participants

Participants included mothers and their offspring children at 
24 months of age participating in the Glowing study with com-
pleted accelerometer measures. Expecting mothers were recruited 
to the original cohort through flyers, printed materials, obstetri-
cian and paediatrician offices, childcare providers, website and 
social media. Mothers were enrolled in the Glowing study if: their 

Key notes

•	 Identifying patterns of physical behaviours in pregnant 
mothers and young children as potential early predic-
tors of young children's body composition is important 
to establish a healthy life course trajectory.

•	 We found that only the child's current physical activ-
ity was associated with reduced body fat percentage at 
24 months of age.

•	 Interventions targeting young children's physical ac-
tivity may be beneficial for improving young children's 
body composition.
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pre-pregnancy Body Mass Index (BMI) was 18.5–35, it was their 
second parity, singleton pregnancy, they were 21 years of age or 
older, and they conceived without fertility treatments. They were 
excluded for preexisting medical conditions, sexually transmitted 
diseases, pregnancy complications, medications that may have in-
fluenced fetal growth during pregnancy, drugs or alcohol includ-
ing smoking, and excessive physical activity. Participants were 
excluded if they had a birth earlier than 37 weeks of gestational 
age. Participants were recruited from the Central Arkansas region 
through the Arkansas Children's Nutrition Center. All mothers 
provided informed, written consent and the study was approved 
by the University of Arkansas for Medical Sciences Institutional 
Review Board.

2.3  |  Measures

2.3.1  |  Physical activity

Mothers and children wore Actical accelerometers (Philips 
Respironics, Bend, OR) on their ankles using a medical band for up to 
7 consecutive days. Mothers wore the accelerometers at 12 weeks 
of pregnancy and children wore them at 24 months. The ankle site 
was selected to minimise discomfort on mothers if worn on the waist 
by 36 weeks of pregnancy.

The Actical data from both mothers and children were down-
loaded using the Actical software v3.1 (Philips Respironics, Bend, 
OR, USA). An iterative data-driven feature extraction process was 
conducted to identify intermediate characteristics, and validated 
using a criterion visual analysis.21 To maintain consistency between 
trial participants, the Actical data were standardised to a 24-h clock 

period. Only complete 24-h days from midnight to midnight were 
included (eliminating first and last days of wear). To account for days 
where participants removed their device, an automated, data-driven 
filter was used to remove days without sufficient activity. Four ac-
tivity metrics were extracted from the data including total activity, 
minutes of sleep, minutes of sedentary, and ‘patternicity’ or variabil-
ity in the data for a complete description of the algorithm develop-
ment.21 ‘Patternicity’ is defined as ‘the tendency to find patterns in 
meaningless noise’, and was calculated using Dynamic Time Warping 
which is a signal processing technique that allows for dilation and 
compression of time.22 The standard deviation of patternicity was 
calculated for each pairwise comparison to each of the N days of 
activity and divided by the total mean activity to account for the in-
fluence of total activity, for example, a participant that is more active 
than another will by default have a higher value than their counter-
part given otherwise equitable circumstance. A higher patternicity 
value represents higher variation, see Figure 1 for examples of high 
and low patternicity.

2.3.2  |  Body composition

Body composition in the children at 24 months was measured using 
quantitative nuclear magnetic resonance (EchoMRI-AH small; Echo 
Medical System, Houston, TX, USA) previously validated.20,23 As per 
manufacturer recommendations, children were placed in the prone 
position and instructed to minimise the movement, though slight 
movements were allowable. Maternal weight (standing scale, kg) 
and height (stadiometer, cm) was measured at the first study visit 
between 6 and 10 weeks of gestation to calculate the early preg-
nancy BMI.

F I G U R E  1  Example comparison of patternicity in child accelerometer data.
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2.3.3  |  Other information

Mothers self-reported obtain demographic information between 6 
and 10 weeks gestation.

2.4  |  Statistical analyses

Descriptives were calculated. t-Test or chi-squared test was used to 
compare included vs excluded participants.

To identify complex patterns of physical behaviours, latent class 
analysis was conducted using the mothers’ and children's activity 
variables. A detailed analyses of the mothers’ phenotypes can be 
found elsewhere21; identical methods were applied to the children's 
data. To identify physical behaviour phenotypes, latent class mod-
els were run in LatentGold software v 5.1.0.16230 (Arlington, MA, 
USA) using 200 random sets and 100 iterations. Four indicator vari-
ables of total activity, sleep, sedentary time, and patternicity were 
included and z-scores were calculated to standardise the scale. The 
fit of the model was determined using the following criteria24,25: (1) 
Probability and proportion assigned, (2) Average posterior probabil-
ity >0.7, (3) Odds of correct classification>5, (4) % of iterations con-
verging on the same solution, (5) Number of cluster model selected 
from those with satisfactory overall fit, (6) the minimum values of the 
goodness of fit measures Bayes Information Criterion (BIC), Akaike's 
Information Criterion (AIC) as indicators of the optimal number of 
classes, (7) the degree to which the trajectory classes identified cap-
tured distinct and meaningful patterns in the data and (8) the quality 
of the model based on entropy R,2 average posterior probability for 
each trajectory class, odds of correct classification and classification 
error.

To examine associations between mother and child physical be-
haviours, first pairwise univariate correlations between mother and 
child physical behaviour variables were made. Multinomial logistic 
regression was used to examine associations between mother and 
child phenotypes.

To examine associations between physical behaviours and child 
body composition, first, linear regressions predicting child body fat 
percentage from individual mother and child physical behaviours 
variables were used. Next, ANOVAs were used to compare child 
body fat percentage between mother's phenotypes, and child 
phenotypes.

Covariates of child sex, race, birthweight, mother's education, 
breastfeeding duration, and maternal early pregnancy BMI were 
explored. Final models exploring associations between physical be-
haviours variables were adjusted for child sex, child's ethnicity and 
mother's education. Models examining relationships with child's 
body fat percentage were also adjusted for birth weight, breastfeed-
ing duration and maternal early pregnancy BMI. Statistical signifi-
cance was set at p < 0.05. All analyses were completed using Stata/
IC v. 14.2 (College Station, TX).

3  |  RESULTS

In total, 159 mother–child dyads had mother's physical behaviours 
during pregnancy and child's physical behaviours at 24 months 
of age, with 138 dyads having child body composition outcomes. 
Mothers included in the study were of similar age, BMI, and had 
children with equivalent birthweight, and percent body fat at 
24 months of age compared to the 53 mothers excluded from 
the analyses as seen in Table 1. A higher percentage of mothers 
included in the analyses were college graduates and reported a 
longer duration of breastfeeding than those who were excluded. 
There were no differences (between the groups) in child's body 
fat percentage at 24 months by mother's race (p = 0.056), child 
race (p = 0.052), maternal education (p = 0.774) or child's sex 
(p = 0.052). A summary of the physical behaviour metrics can be 
seen in Table 1 for the mothers and children.

3.1  |  Associations between mother and child 
activity variables

In bivariate correlations between mother and child physical behaviour 
variables, only mother and child patternicity were significantly cor-
related (r = 0.25, p = 0.002), with the remaining correlations for total 
physical activity (r = 0.14, p = 0.070), sleep (r = 0.06, p = 0.422), and 
sedentary (r = 0.06, p = 0.437) not statistically significant.

When examined using regression, again, the only associa-
tion between mother physical behaviours and child physical be-
haviours was a positive relationship between mother and child 
patternicity; higher patternicity in mothers’ physical activity was 
associated with higher patternicity in children's physical activity 
(0.2, 95% CI 0.1, 0.3, p = 0.001) as seen in Table 2, and the relation-
ship remained when adjusted for confounders, including mother's 
early pregnancy BMI.

3.2  |  Associations between phenotypes

Three child physical behaviours phenotypes were identified (see 
Table 3) based on fit statistics presented in Table S1: an average ac-
tivity pattern with low patternicity, an active high sleep low seden-
tary, and a low sleep high sedentary high patternicity phenotype. 
Mothers’ and children's phenotypes can be seen in Figure 2.

When examining the association between mother's physical be-
haviour phenotype and child's physical behaviour phenotype using 
unadjusted multinomial logistic regression, there was a relationship 
between mother and child phenotypes (p = 0.025). The relative risk of 
switching from mother's phenotype 2 (variable activity) to phenotype 
1 (low sedentary, stable activity) is 2.8 (95% CI: 1.0, 7.3) for having a 
child's phenotype 3 (low sleep, variable activity) compared to a child's 
phenotype 1 (average, stable activity). Similarly, the relative risk of 
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switching from mother's phenotype 2 (variable activity) to phenotype 
1 (low sedentary, stable activity) is 6.7 (95% CI: 1.9, 23.8) for having 
a child phenotype 3 (low sleep, variable activity) compared to child's 
phenotype 2 (high sleep, low sedentary). In other words, the relative 
risk of a child having phenotype 3 (low sleep, variable activity) compared 
to phenotype 1 or 2 is higher when the mother's phenotype is 2 (vari-
able activity). The relationships were no longer statistically significant 
(p = 0.115) when adjusted for confounders of probability of membership 
in each phenotype, child sex, child's race, and mother's education.

3.3  |  Associations between the activity 
variables and child per cent body fat

There were no associations between individual mother's physical 
behaviour variables and child's per cent body fat at 24 months as 
seen in Table 4.

Child total activity (−0.01, 95% CI: −0.02, −0.001, p = 0.031) was 
negatively associated with child per cent body fat at age 24 months, 
and these associations remained when adjusted for demographic 

Included Dyads 
(n = 159)

Excluded mothers 
(n = 53)

Mean (SD) or n (%) Mean (SD) or n (%)

Maternal age at birth (years) 30.3 (3.5) 30.1 (3.8) 0.741

Maternal BMI (kg/m2) 25.9 (4.3) 26.5 (4.5) 0.363

Maternal race 0.475

African American 16 (10%) 3 (6%)

Caucasian 140 (88.1%) 48 (90.6%)

Other/unknown 3 (1.9%) 2 (3.8%)

Maternal education 0.006

High school 40 (25.2%) 25 (47.2%)

College graduate 67 (42.1%) 10 (19.9%)

Graduate degree or training 46 (28.9%) 15 (28.3%)

Specialised training 6 (3.8%) 3 (5.7%)

Child birthweight (oz) 124.3 (1.2) 123.1 (20.9) 0.667

Child's sex (% female) 67 (42.1%) 23 (43.4%) 0.873

Child's race 0.701

African American 16 (10%) 4 (7.6%)

Caucasian 135 (84.9%) 45 (84.9%)

Other/unknown 8 (5%) 4 (7.6%)

Child body fat at 24 months (%) 25.9 (7.3) (N = 138) 24.2 (7.3) (n = 20) 0.304

Breastfeeding duration 0.001

None 24 (15%) 20 (37.7%)

Less than 6 months 55 (34.6%) 19 (35.9%)

6 months to 1 year 38 (23.9%) 5 (9.4%)

Longer than 1 year 42 (26.4%) 9 (17.0%)

Mother activity

Days included (n) 4.3 (0.7) 4.2 (0.6) 0.598

Total activity (counts/day) 306763.2 (107181) 285045.3 (94354.7) 0.190

Total 24-h sleep (min/day) 515.0 (115.7) 539.3 (120.8) 0.191

Sedentary (min/day) 423.9 (129.1) 410.9 (110.4) 0.511

Patternicity 0.3 (0.2) 0.3 (0.2) 0.572

Child activity

Days included (n) 4.7 (0.8) NA

Total activity (counts/day) 467057.4 (124153.8) NA

Total 24-h sleep (min/day) 614.5 (102.4) NA

Sedentary (min/day) 237.7 (114.8) NA

Patternicity 0.2 (0.2) NA

Bold indicates statistical significance at p < 0.05.

TA B L E  1  Demographics, n = 212 for 
total mothers with physical behaviours, 
n = 167 for children with physical 
behaviours, n = 159 for both mothers and 
children, n = 53 just mothers.
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confounders of sex, race, mother's education, birthweight and ma-
ternal early pregnancy BMI.

There were no differences in child percent body fat between 
mother (p = 0.750) or child (p = 0.476) physical behaviour phenotypes 
in unadjusted models as seen in Table 3 or adjusted models. Child 
body fat percentages, in fully adjusted models, were 26.0% (95% CI: 
24.6, 27.4) for mother's phenotype 1 (low sedentary, stable activity), 
25.1% (95% CI: 21.9, 28.3) for mother's phenotype 2 (variable activ-
ity), and 24.6% (95% CI 21.5, 27.6) for mother's phenotype 3 (low 
sleep, high sedentary). Child body fat percentages, in fully adjusted 
models, were 25.9% (95% CI 23.9, 27.8) for child's phenotype 1 (av-
erage, stable activity), 26.6% (95% CI: 23.9, 29.3) for child's pheno-
type 2 (high sleep, low sedentary), and 24.8% (95% CI: 21.5, 28.1) for 
child's phenotype 3 (low sleep, variable activity).

4  |  DISCUSSION

This analysis explored the relationships between mother's physical 
behaviour during the first trimester of pregnancy, their 24-month-old's 

physical behaviour, and child body fat percentage outcomes. The 
study examined multiple metrics of physical behaviours including 
total activity, sedentary time, sleep, and a novel variable of daily 
variation in physical behaviours or patternicity in activity patterns, 
creating an overall physical behaviour phenotype. Three unique 
phenotypes were identified for mothers and three for children. 
There were no relationships between mother physical behaviour and 
either child physical behaviour or child body composition, except 
a positive relationship between mother's patternicity and child's 
patternicity. Child's total activity was negatively associated with 
child's percent body fat.

This is the first study to our knowledge to examine associations 
between device-measured physical behaviours during pregnancy 
and the physical activity of their offspring at 24 months. There was a 
positive relationship between mother's total physical activity during 
pregnancy and child's total physical activity at 24 months, however 
it was not statistically significant. Similarly, there were no relation-
ships between the identified physical behaviour phenotypes when 
adjusted for confounders. The only statistically significant relation-
ship between mother's and child's physical behaviours, was higher 

TA B L E  2  Relationships between mother physical behaviour variables and child physical behaviour variables, n = 159.

Unadjusted

p

Adjusted for 
confoundersa

p

Adjusted for confoundersa 
and mother's BMI

pBeta (CI) Beta (CI) Beta (CI)

Total activity (counts per day) 0.2 (−0.01, 0.3) 0.070 0.1 (−0.04, 0.3) 0.132 0.1 (−0.04, 0.3) 0.136

Sleep (min/day) 0.06 (−0.1, 0.2) 0.422 0.1 (−0.1, 0.2) 0.495 0.1 (−0.1, 0.2) 0.395

Sedentary (min/day) 0.1 (−0.1, 0.2) 0.437 0.01 (−0.1, 0.2) 0.849 0.02 (−0.1, 0.2) 0.843

Patternicity 0.2 (0.1, 0.3) 0.001 0.2 (0.1, 0.3) 0.005 0.2 (0.04, 0.3) 0.014

aChild's sex, child's race, mother's education, child's birthweight, breastfeeding duration.
Bold indicates statistical significance at p < 0.05.

TA B L E  3  Description of physical behaviour phenotypes for mothers and children, estimated mean (SE) adjusted for probability of 
membership.

Mothers

Phenotype 1 Phenotype 2 Phenotype 3

p-Value (ANOVA)
Low sedentary, stable 
activity (n = 136)

Variable activity 
(n = 39)

Low sleep, high 
sedentary (n = 37)

Total activity (counts/day^1000) 315.0 (8.9) 282.9 (16.7) 270.5 (17.5) 0.058

Sleep (min/day) 552.2 (14.8) 554.2 (14.8) 370.8 (15.5) <0.001

Sedentary (min/day) 371.0 (7.9) 432.9 (14.9) 590.2 (15.6) <0.001

Patternicity 0.21 (0.01) 0.63 (0.02) 0.21 (0.02) <0.001

Child's body fat (%) 25.8 (0.7) 25.8 (1.4) 24.7 (1.4) 0.750

Children
Average, stable activity 
(n = 75)

High sleep, low 
sedentary (n = 48)

Low sleep, variable 
activity (n = 36)

Total activity (counts/day^1000) 455.7 (14.2) 504.8 (17.8) 440.4 (21.0) 0.069

Sleep (min/day) 602.1 (9.2) 704.3 (11.5) 520.7 (13.6) <0.001

Sedentary (min/day) 242.9 (9.9) 141.7 (12.4) 355.1 (14.6) <0.001

Patternicity 0.14 (0.01) 0.15 (0.01) 0.43 (0.02) <0.001

Child's body fat (%) 26.2 (0.8) 25.8 (1.1) 25.0 (1.3) 0.476
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mother's patternicity during pregnancy was associated with higher 
child's patternicity at 24 months. This means that higher variability 
in mother's activity was associated with higher variability in the 
child's activity pattern. This finding may be related to organisational 
or routine factors contributing both to mother's physical behaviour 

patterns during pregnancy and child's activity 24 months postpar-
tum. Importantly, this study did not account for mother's current 
work status or childcare. In our previous study, the high patternic-
ity maternal phenotype was associated with a higher early preg-
nancy BMI.21 Working mothers and children in childcare are likely 

F I G U R E  2  Description of physical 
behaviour variables for mother and 
child physical behaviour phenotypes. 
Four indicator variables of total activity, 
sleep, sedentary time, and patternicity 
(a measure of daily variation) were used 
in latent class analysis to create physical 
behaviour phenotypes separately for 
mothers and children included. The Y-axis 
represents standardised z-scores of each 
variable.
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Total Activity Sleep Sedentary Patternicity

Mother Phenotype 1: Low
sedentary, stable activity

Mother Phenotype 2:
Variable activity

Mother Phenotype 3: Low
sleep, high sedentary

Child Phenotype 1:
Average, stable activity

Child Phenotype 2: High
sleep, low sedentary

Child Phenotype 3: Low
sleep, variable activity

TA B L E  4  Relationships between mother and child's physical behaviours and child percent body fat.

Unadjusted

p

Adjusted for 
confoundersa

p

Adjusted for confoundersa 
and mother's BMI

pBeta (CI) Beta (CI) Beta (CI)

Mother's physical behaviours during the first trimester of pregnancy (n = 158)

Total activity (counts/
day^1000)

0.01 (−0.003, 0.02) 0.186 0.004 (−0.01, 0.01) 0.405 0.004 (−0.01, 0.01) 0.467

Sleep (min/day) −0.001 (−0.01, 0.01) 0.874 0.002 (−0.01, 0.01) 0.589 −0.003 (−0.01, 0.01) 0.539

Sedentary (min/day) −0.003 (−0.01, 0.01) 0.577 0.001 (−0.01, 0.01) 0.839 −001 (−0.01, 0.01) 0.775

Patternicity −0.2 (−6.2, 5.7) 0.935 1.0 (−5.2, 7.3) 0.744 1.5 (−4.9, 7.8) 0.650

Child physical behaviours at 24 months (n = 138)

Total activity (counts/
day^1000)

−0.01 (−0.02, −0.001) 0.031 −0.01 (−0.02, −0.005) 0.003 −0.01 (−0.02, −0.005) 0.003

Sleep (min/day) 0.005 (−0.006, 0.02) 0.336 0.01 (−0.004, 0.02) 0.238 0.01 (−0.004, 0.02) 0.208

Sedentary (min/day) −0.001 (−0.01, 0.009) 0.886 0.0004 (−0.01, 0.01) 0.931 0.001 (−0.01, 0.01) 0.922

Patternicity −5.6 (−13.1, 1.9) 0.140 −4.1 (−11.7, 3.5) 0.284 −3.7 (−11.5, 4.1) 0.347

aChild's sex, child's race, mother's education, child's birthweight and breastfeeding duration.
Bold indicates statistical significance at p < 0.05.
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to have more structured days, and likely lower patternicity vari-
ables. This study did not account for mothers’ physical behaviours 
at 24 months, simultaneously with the child. Parental support and 
encouragement of physical activity may be more important than 
parents role modelling and participating in physical activity for 
young children's physical activity. The remaining physical behaviour 
variables were positively associated with child physical behaviour 
variables, but they were small magnitude associations and did not 
reach statistical significance.

There were no associations between mothers’ physical be-
haviours during pregnancy and child body fat percentage at 
24 months. It is likely that several other factors contribute to child 
body composition, such as the child's current diet, physical activ-
ity, and genetics.26 While some evidence exists for weak epigenetic 
changes related to metabolism in offspring,27 the environmental 
factors in a child's life may likely be a contributor to their body fat 
percentage as well. There have been inconsistencies in previous 
findings between mother's physical behaviours during pregnancy 
and child outcomes, likely due to differences in how and when 
physical behaviours were measured. Previous self-reported studies 
have found relationships between pregnancy physical activity with 
child outcomes. For example, self-reported physical activity during 
the 3rd trimester was associated with decreased risk of preterm 
births, while self-reported physical activity in the first two trimes-
ters was not associated with risk of preterm births.28 Additionally, 
accelerometer measured physical activity during the 2nd trimester 
was also not associated with preterm births. Others have found no 
associations between self-reported physical activity with child's 
body composition at 7 years of age.29 Studies measuring physical 
behaviours at multiple timepoints during pregnancy and then fol-
lowing later child outcomes will contribute to a better understand-
ing of the relationship between maternal pregnancy behaviours and 
child health.

There was an association between child's total activity with 
lower body fat percentage, however there were no significant dif-
ferent in body fat percentage by child's physical behaviour pheno-
type which is similar to previous findings.19 The relationship with 
total activity is unsurprising, as the association between physical 
activity with decreased body fat percentage has long been estab-
lished, though findings have been inconsistent in young children.30 
This evidence that total child activity and not mother's activity is 
associated with body fat, may translate into important public health 
messaging for mothers to focus on their child's activity, without the 
additional stress of how active (or inactive) they were during preg-
nancy. The association between current physical activity and body 
composition may become more important as activity behaviours in 
early childhood may predict body composition development later 
in childhood.

This study is novel in its use of physical behaviour phenotypes 
and includes multiple strengths including the prospective longitu-
dinal assessments up to 24 months of age in the offspring, device-
measured physical behaviours in both mothers and children, and 
consideration of multiple confounders. Additional contextual 

factors, such as childcare and working status, should be consid-
ered to explain the relationship between mother's and child's pat-
ternicity, although larger samples are needed to examine these 
additional confounders and increase the generalisability of the 
findings. However, the current sample, with stricter inclusion crite-
ria increased the internal validity of the study. Accelerometers do 
not assess the context of the movement, which may be especially 
important for young children where some of the movement may 
be passive (i.e. being carried by a parent or in a pram), so future 
assessment methods to reliability assess the context of activity 
should be developed for these populations. Physical behaviours 
during the first trimester may be unique and not representative of 
the mother's regular physical behaviours due to nausea and morn-
ing sickness. Physical behaviours at other timepoints, or trajecto-
ries of activity, during pregnancy may be more predictive of future 
children's activity and body composition. In addition, concurrent 
studies of mother's and child's physical behaviours may help to ex-
plain some of the nature vs nurture debate, as role modelling may 
play a large role.

5  |  CONCLUSION

Complex physical behaviour phenotypes were identified for moth-
ers during the first trimester of pregnancy and their offspring at 
24 months of age. However, these physical behaviour phenotypes 
were not associated with child body composition. Importantly, a 
child's current total physical activity may be more important for 
child body composition compared to their mother's physical behav-
iour during the first trimester and offers insight into the potential 
benefits of early interventions to increase physical activity among 
young children.
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