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Abstract 

Background: Raw acceleration data lends itself to innovative metrics in which comparisons 

can be made across populations. This study examined whether the intensity gradient (IG) or 

average acceleration (AvAcc) was associated with body mass index (BMI) in children and 

adults and explored parent-child associations between time spent in physical activity 

intensities and BMI. Methods: Parent-child dyads (n = 90) wore a wrist-mounted ActiGraph 

GT3X+ monitor for ≥ 3 valid days (i.e., ≥ 16hrs each day). Participants BMI was calculated. 

Results: Girls BMI-z scores were positively associated with parent BMI and inactive time. 

Parent BMI was negatively associated with boys’ inactive time. Parental inactive time 

predicted girls BMI-z scores. The metrics were not associated with parent BMI, and no 

independent effects were observed between the metrics. Associations between boys IG and 

BMI z-score were observed. No independent effects were observed between the metrics and 

no significant associations were observed between boys BMI z-score and AvAcc. Girls 

AvAcc and IG was not associated with BMI z-score and no independent effects were 

observed between the metrics. Conclusion: Findings support previous research which 

suggests that parent’s activity does not influence their child’s activity.  

Keywords: Physical activity profile, ActiGraph GT3X+, raw acceleration 
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Introduction 

The link between obesity and physical inactivity is well established. 1 Current 

recommendations encourage youth to undertake at least 60 minutes of daily moderate-

vigorous physical activity (MVPA) 2 yet global trends of 1.6 million youths from 146 

countries found that 81% of youths fail to meet current MVPA guidelines. 3 Therefore, 

identifying the primary determinants of children’s PA is an important public health issue.  

Parent-child PA has been of interest for decades given the likely influence parents 

have upon children’s PA levels. 4 Greater parental MVPA is associated with increased child 

MVPA 5 although earlier findings suggest there is no link between the time parents and 

children engage in MVPA. 6 Understanding the relationship between parent-child PA may 

provide useful insights on how best to develop effective strategies for increasing children’s 

PA levels. With this is mind, it is vital that appropriate measures are used to measure PA 

levels and that activity outcomes used to establish these relationships are valid and can 

facilitate comparisons between other studies. 

 Previous parent-child PA studies have based their findings on data collected from 

subjective measures of PA, 7 pedometers, 8 and varying activity outcomes (e.g., MVPA, total 

PA). 9 Accelerometers are the gold standard method for measuring free-living PA in adults 

and children 10 with ActiGraph (Pensacola, FL, USA) accelerometers commonly used by 

researchers. 11 Accelerometers can be worn continuously on sites including the wrist and hip. 

12 Advantages of wrist placement include the facilitation of long-term compliance, 13 the 

examination of low-intensity PA, and classifying sleep behaviours. 14 Nonetheless, it is 

important to highlight that wrist-mounted accelerometers such as the ActiGraph GT3X+ are 

unable to identify posture which is vital to the measurement of sedentary behaviour. 15 

As researchers can access raw tri-axial acceleration data from ActiGraph, Axivity and 

the GENEActiv accelerometer devices, researchers have a greater flexibility in how they 
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process the collected data. Machine learning methods are one approach that has gained 

popularity since such methods can be used to classify PA behaviours, as well as the intensity 

of acceleration. 16 Despite recent studies demonstrating promise in the use of such approaches 

to estimate PA and SB within free-living settings, 17,18 the use of such approaches are 

complex, and not yet automated, which hinder their wide adoption. 19 A common method for 

processing accelerometer data is through the cut-point approach. This approach typically 

relies on laboratory produced cut-points that are used to determine time spent within different 

PA intensity levels (sedentary, light, moderate, vigorous). 20 Yet, these laboratory produced 

cut-points are dependent on the calibration sample and protocol used which can limit their 

generalizability. 21 The use of counts/min from ActiGraph devices can provide a means of 

comparing the overall volume of activity undertaken between different populations 6 but this 

metric is limited to ActiGraph devices. Moreover, this activity metric does not provide 

information surrounding the intensity of activity undertaken. As has been recently proposed, 

activity metrics which do not rely on calibration protocols, capture the intensity of activity 

undertaken and are independent of overall activity are required to facilitate comparisons 

between studies. 22  

The use of average acceleration (AvAcc) alongside the intensity gradient (IG) metric 

to capitalise on the increasing availability of accelerometer data has recently been proposed. 

22,23 AvAcc reflects directly measured dynamic acceleration over the measurement period and 

is reflecting the volume of activity undertaken whereas the IG is an accelerometer metric that 

describes the intensity distribution of activity over the measurement period. 24 The benefits of 

reporting these metrics lie in their suitability for comparison across studies with raw 

acceleration data. 23 When examining whether independent relationships were evident for 

AvAcc and IG with measures of adiposity in type 2 diabetic adults and adolescent girls, only 

AvAcc was independently and negatively associated with percent body fat and body mass 
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index (BMI) in the adult sample. 23 In adolescent girls, IG was independently and negatively 

associated with both percent body fat and BMI-z score. AvAcc was independently and 

positively associated with percent body fat. Another study examined whether AvAcc and IG 

were independently associated with several indicators of health and wellbeing in children. 25 

Unlike AvAcc, IG was found to be negatively associated with BMI z-score, waist-to-height 

ratio and a composite metabolic syndrome risk score, and positively associated with 

cardiorespiratory fitness when controlling for the alternate metric. 

Being able to examine the relative importance of intensity and volume of activity for a 

specific population/health outcome may provide important insights on how best to develop 

future interventions for a specific population/health outcome. For instance, studies reporting 

on the independent relationships between AvAcc, IG and measures of health and wellbeing 

seem to suggest that the volume of activity, rather than the intensity of activity, may be more 

important in adults. 23 Whereas the converse may be true for children. 25,26 Similar findings 

have been reported in children aged 9-11 years of age where higher MVPA was associated 

with lower odds of presenting with an increased BMI z-score 27 whereas in adults, the total 

volume of activity (counts/min) rather than the intensity of activity (bouted MVPA) was 

more strongly associated with insulin resistance. 28 

As the IG appears to be more independent of AvAcc than MVPA, these novel metrics 

afford researchers the ability to explore the independent effects of each measure upon 

measures of health and wellbeing. Furthermore, exploring the relationships of these metrics 

within parent-child dyads offers a unique opportunity to examine whether parents influence 

their child’s PA levels using a comparable method. Therefore, this study aimed to examine 

whether the intensity or volume of PA predicts BMI in children and adults and explore 

parent-child associations between these metrics and BMI.  
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Materials and Methods 

Participants 

Upon receiving ethical approval from the University’s Research Ethics Committee, a sample 

of 4-11-year-old children (n = 201) and one of their parents were recruited from six schools 

in Lanarkshire and Glasgow, UK. Details of the measures taken are provided below. 

Measures  

Participants mass was measured barefoot to the nearest 0.1kg on electronic scales (Seca 

Digital Scales, Seca Ltd, Birmingham, UK), while stature was measured barefoot to the 

nearest 0.1cm using a portable stadiometer (Seca Digital Scales, Seca Ltd, Birmingham, UK) 

as per standard procedures. 29 From the mass and stature data provided, BMI was calculated. 

Thereon, BMI z-scores of child participants was determined and classified as healthy weight 

or obese/overweight relative to the UK 1990 BMI population reference data. 29 Adult BMI 

was classified relative to the World Health Organisation (WHO) classifications. 30 

Participants wore an ActiGraph GT3X+ accelerometer on their non-dominant wrist. 

Each monitor was synchronised with Greenwich Mean Time and initialized to use a sample 

rate of 80HZ. Participants were instructed to wear the device for 24-hours each day for seven 

days, except during water-based activities. Home postcodes were collected to calculate the 

socioeconomic status (SES) of participants, based on the Scottish Index of Multiple 

Deprivation (SIMD). 31 SIMD is a measure of area-based multiple deprivations across six 

individual domains including current income, employment, housing, health, education, and 

skills/training.  

Accelerometer processing 

Data was downloaded in 5-s-epoch lengths using ActiLife v.6.13.3 (ActiGraph, Pensacola, 

FL) and saved in raw format as .gt3x files. These files were converted to time-stamp free .csv 

files, exported into R v3.5.2 (R Foundation for Statistical Computing, Vienna, Austria, 
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https://cran.r-project.org/), and processed using GGIR package v1.9.1. These raw triaxial 

accelerometer signals are auto-calibrated in GGIR using gravity as a reference, after detecting 

abnormally high values and non-wear time. 32 GGIR calculates Euclidean Norm Minus One 

(ENMO; 1 g) averaged over 5 s epochs and expressed in milli-gravitational units (mg). 

ENMO is a widely used acceleration metric that provides a valid estimate of free-living PA 

from accelerometers worn on the wrist and hip 33,34 and has demonstrated a high agreement 

between different accelerometer brands. 35 Although other methods could be used to process 

the raw acceleration data such as Signal Magnitude Area and Mean Amplitude Deviation 

methods, the popularity of ENMO over other methods will enhance data harmonization 

across studies.  

Participants were excluded from analysis if their accelerometer files showed: post-

calibration error greater than 0.01 g, < 3 days of valid wear (defined as ≥16 hour per day) 36 

or wear data was not present for each 15 min period of the 24-hour cycle. The default non-

wear setting whereby invalid data were imputed by the average at similar time-points on 

different days of the week was used. Therefore, outcome variables were calculated based on 

the entire 24-hour cycle for all included participants. 

PA was expressed as AvAcc across the day (mg), time accumulated in MVPA and 

time spent inactive. Time spent in MVPA was defined as the time accumulated above an 

acceleration of 201 mg for children and 101 mg for adults. 33 Inactive time, which included 

sleep, was defined as time accumulated below 50 mg. 23 The IG of the accelerations 

experienced over a 24 hour period was determined in GGIR using the argument 'iglevels = 

TRUE.’ 

Analyses 

AvAcc was used to describe overall activity and the IG used to describe the distribution of 

activity across the intensity categories. Initial examination of the data revealed that no school-

https://cran.r-project.org/
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level clustering was evident within the dataset (ICC = 0.01 to 0.05). Therefore, correlation 

coefficients examined the associations between parent-child activity outcomes as well as 

parent BMI and child BMI-z score. As there was evidence of a linear association with child 

BMI-z, linear regression analyses were undertaken to examine the extent of which parental 

inactive time and BMI predicted child BMI-z score. Models were adjusted for potential 

covariates which were significantly corelated to the relevant dependant variable and included 

parental BMI, household SIMD and the number of valid days of parent-child accelerometer 

wear time.  

Finally, multiple linear regression analyses were used to examine whether the IG and 

AvAcc metrics were associated with BMI/BMI z-score. Variables were centred before entry 

into the regression analyses with a variance inflation factor (VIF) of > 5 used to indicate the 

presence of multicollinearity. Statistical analyses were conducted using IBM SPSS statistical 

software for Windows version 25 (IBM, Armonk, NY). The loneway command in Stata V.13 

(Stata Corp. 2013. Stata Statistical Software: Release 13. College Station, Texas, USA: 

StataCorp LP) was used to examine if clustering was evident within the dataset.   

Results 

Children (n = 201; 8.41 ± 1.98 years) and one of their parents (38.48 ± 6.91 years) were 

recruited. Dyads (n = 4) were not provided with accelerometers due to their child being 

absent from school on the day of testing, and one leaving before being provided with the 

accelerometer, thus 196 dyads were provided with accelerometers. Dyads were excluded 

from analyses as either the child or parent participant lost their accelerometer (n = 3), the 

accelerometers were not worn (n = 10) or the device malfunctioned (n = 2). Furthermore, 

child (n = 3) and parent (n = 4) participants had device malfunctions which resulted in the 

exclusion of a further 7 dyads. Thus, 174 parent-child dyads were eligible for subsequent 

analysis. Of these 174 parent-child dyads, 117 parents and 104 children met the wear-time 
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criteria (WTC) of 3 days (≥16 h). Of these participants, 27 parents and 14 children were 

excluded due to their respective dyadic partner failing to meet the WTC. This resulted in 

available data of 90 parent-child dyads suitable to be analysed. Parents who met the WTC 

were found to be significantly older (40.29 ± 6.67 years) than those who did not (37.02 ± 

6.78 years). Similarly, child participants who met the WTC were significantly older (8.87 ± 

1.67 years) than those who did not (8.05 ± 2.13 years). Whilst our sample included children 

from 4-11 years old, the majority of children included in subsequent analysis were  8 years 

old (n = 74; 82.2 %). A significant difference in child gender was observed in those who did 

and did not meet the WTC, with 51/59 girls meeting the WTC and 39/45 boys meeting the 

WTC. 

Descriptive characteristics of the participants and the number of participants 

providing measures for each outcome are presented in Table 1. Of the 201 dyads recruited to 

this study 90 dyads both met the WTC. Of these participants, children (n = 87) and parents (n 

= 52) had their mass and stature measured objectively. Parents (n = 31) self-reported their 

mass and stature as they were unable to attend the school on data collection days. One 

mother’s mass and stature were objectively measured but excluded from analysis as she was 

pregnant. Children (n = 3) and parents (n = 6) refused to either self-report their mass and 

stature or have it measured. 

 Bivariate correlations between accelerometer-derived parent-child activity outcomes 

are presented in Table 2. Findings revealed no significant associations between any of the 

parent and child activity outcomes. For girls, BMI-z was positively associated with parent 

inactive time (r = 0.32, p<0.05) and parent BMI (r = 0.41, p<0.01). For boys, parent BMI was 

negatively associated with their inactive time (r = -.044, p <0.01) and positively associated 

with their LPA (r= 0.36, p<0.05). Linear regression models used to predict child BMI-z score 

are presented in Table 3. Parental inactive time, when adjusted for parent BMI, SIMD and 
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number of valid days of accelerometer wear predicted girls BMI-z score (p<0.05), however, 

this was not observed in boys. Parent BMI predicted both girls (p<0.01) and boys (p<0.05) 

BMI z-score when adjusted for parent inactive time, SIMD and number of valid days of 

accelerometer wear. Table 4 outlines the associations between AvAcc and IG with BMI 

measures in parents and children. Findings show that for parents, AvAcc and IG were not 

associated with BMI. Additionally, no independent effects were observed between AvAcc 

and IG and between MVPA and AvAcc. In boys’ significant associations between IG and 

BMI z-score were observed in the unadjusted model, and when adjusted for age and SIMD. 

However, when the model was adjusted further for the alternative metric, this significant 

association was not evident. No independent effects were observed between AvAcc and IG 

and no significant associations were observed between boys BMI z-score and AvAcc. For 

girls, no significant associations were observed between AvAcc and IG with BMI z-score. No 

independent effects were observed between the two metrics. In all cases, VIF did not exceed 

5 although the independent effects between MVPA and AvAcc could not be determined due 

to a high VIF (>5).  

Discussion 

Our findings suggest that parent-child activity is not related although a significant 

relationship was evident between parent BMI and BMI z-score but for girls only. Whilst girls 

BMI z-score was found to be positively associated with parent inactive time and parent BMI, 

this was not observed for boys. This is the first study to examine parent-child activity using 

novel accelerometer-derived metrics. Findings revealed no significant associations between 

parent-child activity. 

Whilst the sharing of genetic and behavioural factors between parents and children 

could result in a similar propensity for obesity status, the association of parent-child BMI can 

vary by the sex of parents and by children’s sex and age. 37 Both the son’s and daughter’s 
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BMI has been reported to be significantly related to father’s BMI, while a daughter’s BMI 

was significantly related to the mother’s BMI only. 38 Our sample is largely made up of 

female participants (mothers (81.1%) and daughters (56.7%)) which may explain the stronger 

observed association between mothers BMI and daughters BMI z-score compared to that of 

the sons BMI z-scores. 39 Indicative of our results, it would be expected that unhealthy 

parental BMI would be associated with unhealthy child behaviours, with children of active 

parents being less likely to be overweight/obese. 37 Indeed previous studies have observed 

associations of higher parental BMI with their children viewing more TV 40 and, similarly to 

our findings, engaging in less PA. 41 Parental BMI reflects their health behaviours and home 

environment, which in turn, may influence their children’s health behaviours such as PA. 

Specifically, higher maternal BMI is related to increased sedentary behaviours 42 and reduced 

fruit consumption 43 in children. Overall, these results indicate that low levels of parental 

activity and high parental BMI can negatively influence their children’s weight status. This 

may place children at greater risk of becoming an obese adult as well as developing 

conditions including type 2 diabetes mellitus and the metabolic syndrome at a younger age. 44 

No significant associations were found for AvAcc, IG and MVPA with BMI in adult 

participants or BMI z-score in children.  

Previous research exploring the associations of AvAcc and IG with BMI have found 

that the volume of activity (AvAcc) is negatively associated with adolescent girls’ percent 

body fat, type 2 diabetic adults’ percent body fat and BMI, and children’s BMI. 23,26 

Additionally, these studies suggest that the intensity distribution of activity (IG) is negatively 

associated with BMI z-score in children and adolescent girls. Our study found an association 

between the intensity distribution of activity and BMI z-score in boys, but not girls or adults. 

When the model was adjusted further for the alternative metric, this significant association 
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was not evident. No independent effects between the metrics were observed in adults or 

children.  

It is difficult to pinpoint the reasons why we did not find independent effects of either 

IG or AvAcc upon measures of BMI in either children or adults as has been demonstrated 

elsewhere. 23,25,26 The use of different methodologies between studies notwithstanding, the 

different AvAcc and IG values observed between studies may offer a plausible explanation 

for the difference in study findings. For instance, we observed higher AvAcc (29.4mg) and 

IG (-2.518) values (data not shown) for the adults in our study in comparison to those 

presented by Rowlands et al., 23 who reported values of 22.1 mg and -3.11 for AvAcc and IG 

in adults with type 2 diabetes. The different values between studies likely reflect the different 

volume, and intensity, of activity undertaken between the adult participants. Furthermore, the 

different findings between studies concerning adults may also suggest that encouraging more 

intense activities may be more effective for adults with type 2 diabetes to improve BMI 

whereas in adults without type 2 diabetes, the volume and intensity of activity are equally 

important for improving BMI. Given the limited evidence available which has reported on the 

independent effects of IG and AvAcc upon indicators of health and wellbeing in both adults 

and children, further research is needed to confirm our assumptions. 

Research surrounding the associations between parent-child activity remains 

ambiguous. For instance, Jago et al., (2010) found no association between parent-child 

activity among a sample of 10- to 11-year-old children and their parents. 6 By contrast, others 

have found that parent activity levels are positively correlated with child activity levels, with 

children of more active parents more likely to have higher activity levels than children of less 

active parents. 5,45 Ambiguity in such findings may be explained by the fact that parents can 

influence their children’s activity both directly and indirectly. Indeed, whilst parents can 

influence their children’s PA through their own PA (modelling) and encouragement to be 
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active, there are also various mechanisms including societal differences by generation, 

genetic heredity, and implications of being in a minority which are additional possibilities for 

influencing parent-child physical activity relationships. 46 Whilst it seems obvious to suggest 

that parents are more likely to influence their child’s activity when they are in one another’s 

company, difficulty in interpreting the relationship between parent and child activity is 

apparent. It should also be noted that the gender of parents has been found to influence 

children in various ways regarding their activity. For example, maternal participation in 

outdoor activities have shown to be associated with higher participation in this activity in 

girls, whereas paternal sedentary behaviour including screen time was significantly 

associated with screen-based behaviour in boys. 45 The difficulties in interpreting the 

relationship between objective parent-child PA is most likely due to studies employing 

different accelerometer devices, placement sites and cut-points used to quantify time spent in 

activity intensities. In their laboratory validation study, Hildebrand et al., (2014) required 

both adult and child participants to wear ActiGraph GT3X + and GENEActiv devices on 

their hip and wrist to compare raw accelerometer outputs after completing eight structured 

activities. 33 Although accelerometer outputs appeared compatible when attached to the same 

location in adults, inconsistent differences were evident between device placement and brand 

of accelerometers in children. 33 

Deploying wrist-mounted accelerometers will likely result in higher compliance rates 

when deployed on the hip. 21 Indeed, the 2011–2012 and 2013–2014 cycles of the National 

Health and Nutrition Examination Survey (NHANES) required participants to wear 

accelerometers on their non-dominant wrist based on improved user compliance, improved 

ability to measure sleep, and for capturing more upper extremity movements which may not 

have been captured using a hip-mounted device. 10,12,47 Greater compliance will provide 

researchers with confidence that activity estimates are more representative of habitual activity 
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however, activity levels themselves vary when comparing hip and wrist placement. 48 A study 

examining the activity estimates of children wearing wrist- and hip-mounted ActiGraph 

GT3X+ accelerometers found that the wrist device detected more minutes in LPA, MPA, 

VPA and MVPA whereas the hip detected more sedentary behaviour. 49 Furthermore, the cut-

points used to determine time spent in activity intensities can also lead to contrasting results 

with findings suggesting that time spent in MVPA for a sample of 419 children aged 3-6 

years can vary from 39 to 269 minutes per day depending on the cut-points used. 50 

Therefore, comparing findings between studies deploying different accelerometer 

methodologies is challenging and may in part explain the ambiguity in findings of studies 

examining parent-child activity.  

Limitations of this study 

The cross-sectional nature of this study is a limitation, as is the recruitment of participants 

from only two locations in Scotland which may limit the generalizability of our findings. 

Also, as most parents were females it is possible that our findings would differ if more fathers 

had been recruited to the study. We recognise the limitations of including self-reported BMI 

data, however, we believe that in doing so, we avoid inclusion bias and the exclusion of 

participants who have additional valid data. The large loss of accelerometery data due to 

participants not meeting the robust WTC utilized in this study are also recognised as 

limitations. Finally, the use of only one health outcome measure is acknowledged. Further 

work examining the IG and AvAcc with additional health outcomes in parents and children is 

encouraged. A strength of this study is the examination of the utility of the IG and AvAcc 

metrics with BMI and BMI z-score in parent-child dyads for the first time. Finally, the use of 

stringent accelerometer inclusion criteria meant that outcome variables were based on the 

entire 24-hour cycle rather than estimating time awake which provides confidence in our 

outcomes. By reporting these novel metrics, future work may be able to directly compare 
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their findings to ours without the limitations of using widely different accelerometer 

processing methods.  

 In summary, our study revealed no significant associations in parent-child activity 

using the AvAcc and IG metrics. However, we found that girls BMI z-score was positively 

associated with parent inactive time per day and parent BMI. These findings were not 

observed for boys. Further research is warranted to explore the effects of parental weight and 

activity status on male and female child participants to understand these relationships in more 

detail.  
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 Note. AvAcc = average acceleration; LPA = light physical activity; Min.d-1 = minutes per day; MVPA = moderate-to-vigorous physical activity; IG = intensity 

gradient; BMI = body mass index.  

 

Table 1 Descriptive characteristics for continuous variables 

Variables Male (n) Female (n) Male  M (SD) Female M (SD) 

Child Age (y) 39 51 8.90 (1.67) 8.84 (1.69) 

Child AvAcc (mg) 39 51 52.73 (22.06) 44.55 (10.97) 

Child LPA (min.d-1) 39 51 85.69 (25.46) 90.42 (17.79) 

Child MVPA (min.d-1) 39 51 73.49 (37.54) 57.92 (22.24) 

Child inactive time <50mg (min.d-1) 39 51 1151.67 (85.69) 1150.25 (50.35) 

Child IG 39 51 -1.91 (0.15) -2.04 (0.15) 

Child Stature (cm) 38 49 134.94 (11.04) 135.61 (12.19) 

Child Mass (kg) 38 49 31.48 (6.71) 31.80 (8.24) 

Child BMI z-score  38 49 0.45 (1.02) 0.07 (1.43) 

Parent Age (y) 16 73 42 (8.90) 39.92 (6.09) 

Parent AvAcc (mg) 17 73 26.33 (5) 30.14 (6.79) 

Parent LPA (min.d-1) 17 73 128.44 (35.86) 164.74 (39.61) 

Parent MVPA (min.d-1) 17 73 90.08 (34.34) 104.19 (40.91) 

Parent inactive time <50mg (min.d-1) 17 73 1223.67(58.36) 1174.28 (71.68) 

Parent IG  17 73 -2.48 (0.23) -2.53 (0.20) 

Parent Stature (cm) 15 68 175.69 (6.30) 163.14 (7.28) 

Parent Mass (kg) 15 68 82.53 (14.21) 70.54 (15.49) 

Parent BMI 15 68 26.81 (4.88) 26.56 (5.86) 
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Table 2 Correlations between parent and child accelerometer-derived activity outcomes and BMI.  

 Girls (n = 51) Boys (n = 36)  

 

 

Variables 

Inactive 

time 

(min.d-1) 

 LPA 

(min.d-1) 

 MVPA 

(min.d-1) 

AvAcc 

(mg) 

 BMI-z  IG  Inactive 

time 

(min.d-1) 

 LPA 

(min.d-1) 

 MVPA 

(min.d-1) 

 AvAcc 

(mg) 

 BMI-z IG 

Parent inactive time 

<50mg (min.d-1) 

0.03 -0.11 -0.06 -0.05 0.32* -0.01 0.13 -0.10 -0.08 -0.07 0.27 -0.03 

Parent LPA (min.d-1) -0.05 0.09 0.03 0.05 -0.27 -0.02 -0.18 0.14 0.19 0.21 -0.27 0.18 

Parent MVPA 

(min.d-1) 

-0.03 0.16 0.11 -0.09 -0.26 0.06 -0.07 0.07 -0.02 -0.04 -0.16 -0.09 

Parent AvAcc (mg) -0.06 0.17 0.11 0.10 -0.27 0.53 -0.08 0.70 -0.02 -0.05 -0.20 -0.10 

Parent IG -0.10 0.11 0.06 0.06 -0.001 0.03 0.13 -0.13 -0.20 -0.22 -0.24 -0.19 

Parent BMI 0.21 -0.11 -0.12 -0.14 0.41** -0.116 -0.44** 0.36* 0.27 0.23 0.32 -0.20 

Note. * = p<0.05; ** = p<0.01; Min.d-1 = minutes per day; LPA = light physical activity; MVPA = moderate-to-vigorous physical activity; AvAcc = average 

acceleration; IG = intensity gradient; BMI = body mass index.  
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Table 3 Linear regression models predicting child BMI-z score by gender 

Note. 95% CI = 95% confidence interval; Min.d-1 = minutes per day; BMI = body mass index. * Models were adjusted for parental BMI, Scottish Index of 

Multiple Deprivation (SIMD) and number of valid days of accelerometer wear time; ** Models were adjusted for parent inactive time, SIMD and number of 

valid days of accelerometer wear time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                               Girls (n = 51) Boys (n = 36) 

Exposure Coefficient 95% CI T P Model R2 Coefficient 95% CI T P Model R2 

Parent  inactive time  

(min.d-1)* 

0.006 0.01, 0.01 2.24 0.03 0.30 0.001 -0.005, 0.006 0.20 0.85 0.171 

Parent BMI** 0.10 0.03, 0.17 2.75 0.009 0.30 0.13 0.01, 0.24 2.30 0.03 0.35 
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Table 4 Associations between two activity metrics with BMI measures in parents and children  

 Model 1 Model 2 Model 3 Independent effect 

Variables Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI (Model 3) 

Adult BMI         

Adult AvAcc (mg) -0.09 -0.30, 0.12 -0.05 -0.26, 0.16 -0.004 -0.24, 0.23 x 

Adult IG -4.16 -10.71, 2.39 -3.58 -9.80, 2.65 -3.53 -10.40, 3.34 x 

Girls BMI z-score         

Girls AvAcc (mg) -0.03 -0.07. 0.01 -0.03 -0.08, 0.008 -0.03 -0.09, 0.03 x 

Girls IG -1.69 -4.62, 1.24 -1.92 -5.04, 1.20 -0.36 -4.72, 4.01 x 

Boys BMI z-score         

Boys AvAcc (mg) -.008 -0.03, 0.008 -0.007 -0.02, 0.009 0.003 -0.02, 0.02 x 

Boys IG -3.14** -5.34, -0.94 -2.57* -4.94, -0.20 -2.84 -5.74, 0.73 x 

Note. * = p<0.05; ** = p<0.01; 95% CI = 95% confidence interval; BMI = body mass index; AvAcc = average acceleration; IG = intensity gradient. Model 1 

unadjusted. Model 2 adjusted for age, gender and Scottish Index of Multiple Deprivation (SIMD). Model 3 adjusted for alterative activity metric. Whether 

associations between an activity metric were independent of the other metric is noted in the final column (i.e., x or ✓). 


