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Abstract

Body mass index (BMI) trajectories that improve othe lifecourse result in better
cardiometabolic profiles, but only a small propantiof children of an unhealthy weight show
improving BMI trajectories. This study aimed to exae the childhood factors related to
diverging BMI trajectories from childhood into athuwbod using data from the Childhood
Determinants of Adult Health study. A convergentgtial mixed methods design was used.
Quantitative data (n=2 206) came from the first0@06) and second (2009-11) adult
follow-ups of 8 498 Australian children (7-15 yeaassessed in 1985. Using BMI z-scores,
group-based trajectory modelling identified fivajéctory groups: Persistently Low,
Persistently Average, High Decreasing, Averagedasing and High Increasing. Qualitative
data (n=50) were collected from a sub-group (238646 years). Semi-structured interviews
with 6-12 participants from each BMI trajectory gpofocused on individual, social and
environmental influences on weight, diet and phglsactivity across the lifecourse. Log
multinomial regression modelling estimated relatrg&s of trajectory group membership
across childhood demographic, behavioural, heplitental and school factors. Qualitative
data were thematically analysed using a constanpeacative approach.

Childhood factors influenced BMI trajectories. Ragg education, main language spoken,
alcohol and self-rated health were significant quative childhood predictors of BMI
trajectory. A distinct ‘legacy effect’ of parentdestyle influences during childhood was
apparent among interview participants in the Stabk High Decreasing groups, a strong
and mostly positive concept discussed by both mensomen in these groups and persisting
despite phases of unhealthy behaviours. In contrestlegacy effect’ was much weaker in
the two Increasing BMI groups. This study is thetfto simultaneously identify important
guantitative and qualitative childhood factors tetato divergent BMI trajectories, and to

observe a legacy effect of parents’ lifestyle bétars on divergent BMI trajectories. This



work provides direction for further explorationtbe factors driving divergent BMI

trajectories.

Key words lifecourse, anthropometry, weight, social ecatagtheory, interviews, family



Introduction

Up to 90% of children with overweight or obesityiviave an unhealthy weight as adults,
with children with overweight or obesity having hes the odds of becoming obese as
adultsVTHORS 2007 Hawever, a small proportion of children with oweight or obesity have
body mass index (BMI) values that improve towarasanal classification (<25kg/by
adulthood" This group of individuals has similar cardiometébprofiles to those who are
healthy weight in childhood and adulthot@iven that deviating away from an unhealthy
BMI trajectory is uncommon, there may be imporfassons to learn from those whose BMI
tracks more favourably. Burgeoning rates of chilathoverweight and obesity
internationally? combined with high rates of conversion to aduksity, means that
identifying childhood factors associated with mtaeourable BMI trajectories may represent

a critical opportunity for informing early interveon strategies.

Social-ecological models offer a useful framewarkudnderstanding the influences on
weight and weight-related behaviodr8 These models posit that multiple levels of infloen
interact to influence behaviours (such as diet@mgical activity) and related health
outcomes (such as weight). Levels of influencetgreally conceptualised at the individual,
social and environmental levels. Individual levasttbrs include (but are not limited to)
demographic (e.g. gender, age, socioeconomic pogittognitive (e.g. self-efficacy,
enjoyment, knowledge, motivation), and health-etlge.g. self-assessed health,
injury/illness/disabilty) factors. Social level tacs include social support from family,
friends, peers and colleagues, cultural norms apedatations, and social connectedness.
Environmental factors include accessibility (eaplaces to be active, to fast food outlets),
affordability (e.g. gym/club membership, cost obd), neighbourhood aesthetics and quality

(e.g. of facilities, of fresh fruit and vegetablds)s unknown if deviations away from a



projected unhealthy BMI trajectory is a consequeasfdadividual, social, or environmental
factors, or a combination of these. A clearer usideding of these factors could help inform

targeted interventions.

Drawing on the unique longitudinal dataset of tiéldhood Determinants of Health study,
AUTHORS 2009, 2017, 2016 gpjective of this mixed methods study wasxangine the childhood
factors that may explain diverging BMI trajectori€@ur specific aims were to: 1)
guantitatively identify demographic, behaviouratidrealth-related childhood factors
associated with divergent BMI trajectories fromldhood to adulthood; 2) qualitatively
investigate how childhood experiences (e.g. socudtural, family, school, environmental)

shape BMI trajectories from childhood to adulthood.



Methods

This study is informed by a realist approach areswsconvergent parallel mixed methods
design in a non-independent saniggiigure 1).” The qualitative phase was informed by a
social-ecological framework and used semi structure interviews. Integraticuoed at the

sampling, analysis and interpretation levels ofgtuely® °

Quantitative Component

Quantitative Sample/Participants

The quantitative component used data collected frarticipants in the Childhood
Determinants of Adult Health (CDAH) study. The CDAKudy has followed a nationally
representative sample of 8 498 children (7-15 ydewsn the 1985 Australian Schools Health
and Fitness Survey (1985 ASHFS) with the aim ofigng childhood influences on adult

cardiovascular heafRifYTHORS 2009

(Figure 2). At the time of writing, two adult follow-ups
have been completed (2004-6 and 2009-11, knowrDasHz1 and CDAH-2), with a third
adult follow-up underway (2014-18, CDAH-3). The mikmethods study described here is

known as the CDAH-Pathways (CDAH-P) study.

Participants in the 1985 ASHFS came from 109 pulglkvernment), Catholic and
independent (private) schools. They were approathedrticipate in the CDAH study, with
online directories, historical and current elecdtooéls, school and participant networks used
to access contact details. Adults (n=2410) comglgteestionnaires and attended a 3-hour
study clinic in CDAH-1 (aged 26-36 years), and 9,568mpleted questionnaires only. In
CDAH-2, 3 049 adults (aged 31-41 years) completezstjonnaires online or via telephone.

Further details regarding response proportiond@sslto follow-up from the first two adult



follow-up studies have been reported elsewhefg?Rs 2017 201%nd only measures of

relevance to this study’s aims are reported on.here

Quantitative Procedures

Height and weight were measured by trained tecamgcusing standardised procedures at
109 schools in the ASHFS (1985) and at 34 stuayadiin CDAH-1 (2004-6). In CDAH-2
(2004-6), height and weight were self-reportedeéc¢h timepoint, participants also
completed extensive questionnaires capturing deapbge, behavioural, social and

environmental information.

Quantitative Measures

Information on height and weight was collected @itthrough clinical measurement (1985
ASHFS, 2004-6 CDAH-1), self-report (2009-11, CDAMN-@r a combination of both (2004-
6). Correction factors, applied to self-report meas of weight, were developed using a
linear regression model of data collected fromip@@nts who had both clinical and self-
reported measures availabl&"°R>2%%” For the outcome variable, BMI (kghre-scores
were used in trajectory-based group modeffing identify clusters of individuals following
similar BMI pathways over time, using SAS Softwé@version 10.0). In group-based
trajectory modelling, groups should not be intetgdeas literal entitieS" *2 as the aim is to
identify clusters of individuals on similar devetopntal trajectories, but who are not
necessarily homogenols*? This method models the probability of a particips
membership in each of the defined groups (Figur&Bich were: Persistently Low,
Persistently Average, Increasing from Average (&gerincreasing), Increasing from Very

High (High Increasing) and Decreasing from Very lid{gligh Decreasing). This method



requires data from individual participants at eactepoint, therefore represents a complete-

case analysis.

Childhood exposure variables were collected thraighieys in the 1985 ASHFS and
included demographic factors (age, gender, ared-tmcioeconomic position (SEP) from
postcode, language spoken at home, urban/rurakstaim postcode), behavioural factors
(physical activity, breakfast consumption, smokexgerimentation, alcohol consumption,
parental physical activity, parental smoking), &edlth-related factors (self-rated health).
Childhood variables reported retrospectively inlddhod (in CDAH-1) were parental
education and parental occupation at a child age gfears as indicators of individual-level
SEP, and age at menarche. For descriptive purpesesport participants’ age, highest level

of education, occupation and perceived health (fsetfireport).

Quantitative Analyses

Log multinomial regression models were used tavest the relative risk and 95%
confidence interval for each of the non-excluded|Bigljectory groups (Persistently Average
was the excluded trajectory group). Only variablih P-values< 0.25 in unadjusted
analyses were added in full adjusted models. Tip@rtance of each added variable was
verified according to the Wald statistic. Variablesre removed except those with Wald p-
value < 0.15 in at least one trajectory group andw model was fit. The likelihood ratio test
(LRT) was used to compare this new model to thelatger model. A LRT p-value > 0.05
suggested that the reduced model fit the data hssvthe complex model and was therefore
used as it was more parsimonious. This processlefidg, re-fitting and verifying continued
for variables with Wald p-value < 0.10 and < 0.0%t least one trajectory group until we

obtained a model including all the important valeéasb Any variable not selected from the



full model was added back into the model one ana for re-verifying to avoid missing

essential variables.

Qualitative Component

Qualitative Sample

The sample for the qualitative component of CDAHWIved a sub-group of CDAH
participants who had provided height and weigha @teach of the first three timepoints
(1985 ASHFS, CDAH-1 in 2004-06, CDAH-2 in 2009-14hd who had also provided these
data at a fourth timepoint as part of the CDAH-Boke-up (2014-16), described

elseWheréUTHORS 2019(

see Figures 1 and 2). As data collection for CD3Was underway at
the time CDAH-P was implemented, the full cohorswat represented, but we considered
that there was sufficient heterogeneity in the wimgkcomes of interest (BMI groupings) for

the purposive sampling requirements of this qualéacomponent.

As detailed above for the quantitative componerutyg-based trajectory modellitfgvas

used to identify clusters of individuals followisgnilar BMI trajectories (Persistently Low,
Persistently Average, Average Increasing, Highdasing, High Decreasing), but in this case
using data from four time points. A random samplpasticipants from each of these five

BMI trajectory groups were invited to participatesemi-structured telephone interviews.

Qualitative Procedures
Participants were initially contacted by post aolibived up via telephone. Letters were
mailed until the initial target of 50 participartad been recruited, representing

approximately 10 participants from each BMI tragegtgroup. Semi-structured telephone



interviews (average duration 50.5 minutes, rangb-24.1 minutes) were conducted from

August to November 2016. Consent was audio-recqodeckding the interview questions.

Qualitative Measures

Demographic information for each interview partamp was obtained from the most recent
follow-up survey data available, supplemented ligrmation gathered in interviews. Using
a social-ecological framewotK and taking a sequential life-stage approach, asem
structured interview schedule was developed toagphfluences on weight-related
behaviours (e.g. diet and physical activity) atpleesonal (e.g. values, beliefs), social (e.g.
family, friends) and environmental (e.g. schooighbourhood) levels across the life-course.
Pilot testing of the schedule with one man andwoman of the same age group but not
involved in the CDAH study resulted in only mindranges. For consistent data collection,
one experienced author (SB), blinded to trajectpoup, conducted all interviews.

Interviews were audio-recorded and transcribedaterb

Qualitative Analysis

Interviews were thematically analysed using a comtstomparative approach (a grounded
theory method) facilitated by use of NVivo 11 (QBRernational, Doncaster, Victoria,
Australia)®® A codebook developed during data collection guiddide-member team coding
approach’: * **Coding consistency was checked twice using a camimterview, resulting

in some codebook refinements. Regular meetingsiduhie six-month team coding phase
(November 2016 - April 2017) facilitated coding atidcussion of emerging themes. On
completion of preliminary analysis all coding wasiewed by one team member (MS) for
thoroughness and relevance. Thematic analysis @rafucted across the trajectory

groupings. For the purpose of the thematic analylsesPersistently Low and Persistently



Average groups were collapsed into one group (redeto as “Stable”), which was compared
with the remaining three trajectory groups (refén® as Average Increasing, High
Increasing, High Decreasing). Team meetings coatdnuntil consensus was reached that
data had been comprehensively analysed, and noheemes were emerging. Themes were
compared across gender and education level whierearg. An audit trail included the
interview schedule, transcripts, codebook, notesesaarch team meetings, memos and

reflective notes. Transcribed interviews were edtimed to participants for checking.

Data Integration

A variety of methods exist for integrating datamixed methods studiés’ These include
concepts of merging, connecting, embedding, tranmsfa, comparing and blending. Both
arms of this study used quantitative data fromG@B&AH study to categorise participants
according to their BMI trajectory from childhoodadulthood. Discriminatory comparative
analyses were conducted for the quantitative amineacomparison of thematic data occurred
between BMI trajectory groupings in the qualitataren. The quantitative analyses examined
the influence of childhood factors on BMI trajeassr while qualitative analysis investigated
the influence of different life stages and life Bige The findings and conclusions from the
guantitative and qualitative arms were combinedngduthe discussion and conclusion in
order to enhance our understanding of the impachiidhood factors on the BMI

trajectories

Ethics
The 1985 ASHFS study was approved by the Directargial of Education in each state, and
both parental and child consents were obtained tfAitee adult follow-ups were approved by

the Human Research Ethics Committee (Tasmania) dtkt{formerly the Southern

10



Tasmanian Health and Medical Human Research E@oasmittee). Written informed
consent was obtained from all participants bef@migpation in the quantitative CDAH

study, and verbal consent was obtained beforeggaation in the qualitative CDAH-P study.

Results
Quantitative findings
Child and adult characteristics of the quantitataenple are presentedTiable 1, for the

whole sample and stratified by BMI trajectory group

Unadjusted associations between individual childhfactors and BMI trajectory group are
presented iTable 2. Age and area-level SES were associated withctajye group
membership, but no consistent patterns were obdeBging female was significantly
associated with an increased risk of being in #rsiBtently Low group, as was age at
menarche, which was also associated with a deaemseof belonging to the Average
Increasing, High Increasing and High DecreasingigsoLower paternal education, lower
parental education and poorer self-rated healtle @wssociated with a decreased likelihood of
being in the Persistently Low group and an incrédi&elihood of being in the High
Increasing and High Decreasing groups; lower patematernal and parental occupation
status demonstrated a similar pattern. Speakiaggubge other than English at home was
associated with an increased likelihood of beloggmthe High Decreasing group. Physical
activity was associated with an increased riskedhd in the Persistently Low group with
inconsistent patterns observed for other trajeagooyps. Not consuming breakfast and
moderate alcohol consumption were associated wilver risk of belonging to the
Persistently Low group, and not consuming breakfest associated with a higher risk of

belonging to the High Increasing group.

11



In multivariable analyses, lower paternal educati@s significantly associated with a
decreased risk of being in the Persistently Low Bidjectory and increased risk of being in
the High Increasing BMI trajectoryl @ble 3). Speaking a language other than English was
significantly associated with decreased risk ohgen the Persistently Low and Average
Increasing BMI trajectories, and increased riske@hg in the High Decreasing trajectory
group. Moderate alcohol consumption in childhood waly significantly associated with
decreased risk of being in the Persistently Low Bidjectory. Poorer self-rated health in
childhood was associated with being in the Pernsilstéow BMI trajectory and increased

risk of being in the High Increasing and High Dexsiag BMI trajectory groups.

Qualitative findings

Characteristics of the qualitative sample are prieskinT able 4, for the whole sample and
stratified by BMI trajectory group. Just over htilé sample were women, with more women
represented in the Average Increasing and Higrelsing trajectory groups and fewer in the
High Decreasing trajectory group. More than hadf sample had a tertiary qualification,
which was more common in the Persistently Low aighHDecreasing groups. Most of the
sample were currently employed. Average BMI invhmle sample increased over time, but
variations in each of the trajectory groups weneststent with their quantitative

classification. No systematic differences were fbtor gender or education level.

Childhood experiences and the ‘legacy effect’
Participants on divergent BMI trajectories recalled impact of parental values surrounding
lifestyle behaviours and how these shaped theilt &dalth related beliefs and behaviours.

Compared with the Increasing BMI trajectory groupsse in the Stable and Decreasing

12



groups more commonly (almost half of the particigan these two groups) attributed their
current healthy lifestyle behaviours to the positinfluence of their parents and/or their
general childhood upbringing, suggesting a ‘legefégct’. A theme discussed by both men
and women irrespective of education lev&lum did a great job setting me up” (man; High
Decreasing. Another said that the impact of their parentsalthy lifestyle wasVery

positive, because I'm pretty much the same” (won&table) How early life experiences
shape adult health-related identity was also dsmdisWe were raised to eat pretty well, we
didn’t have a lot of junk food available, we welte@ys encouraged to be outside to play
sport, we were always really active as kids. | khine really maintained that through the
majority of my life.” (woman; StableYhe ‘legacy effect’ also appeared to persistughmut
adulthood despite periodic lapses into less favadarbehaviours, such as poorer eating
habits (e.g. more take away), less physical agt{atg. organised sport) and greater alcohol
consumption:There’s a few lapses having kids and babies, anslyb..But | think I've
always wanted to make sure that | come back tcatthelifestyle and being active.”

(woman; Stable)

Several men and women in the Stable and Decregsings only discussed an inverse
relationship between their childhood experiencekthnrir adult behaviours. Many of these
participants (regardless of education levels) iatdd that negative lifestyle-related
experiences in childhood had influenced their owsifive health behaviours as adults, and
they had essentially rejected their childhood elpees in adulthood:

“I know what my childhood was like and | didn’t leathose influences [positive role
modelling] at all. Regardless of whether I'm bigsmall, still being active | think is the key,
and showing your children that you're giving it a.gl still get out there and go for a run.”

(woman; High Decreasing)

13



“Well, I think I've done the complete change, arsdsaon as | had kids | realised they
[parents] were just doing the best they could, od can’t blame, it's made me who | am,

and that’s it, move on.” (woman; Persistently Low)

The most common reason given by both men and wdanerjecting their parents’
unhealthy behaviours was parenthood (only oneqyaaint who had rejected their parents’
lifestyle habits did not have children). Other m@swere also discussed, such as a family
history of ill-health, their own health scare aradtper influence. Two women said that
difficult childhoods (e.g. a mother with an eatohigorder; a dysfunctional/abusive

household) had led them to adopt different headthaliours than their parents.

Men and women in the Average Increasing and Higtrelmsing groups less commonly
attributed their current lifestyle to parental udhces and childhood experiencédsdon’t
think they [parents] have had any influence on me .l grew up, | kind of developed my own
sorts of attitudes towards different things.” (maAyerage Increasing)Where parental
influence on current lifestyle habits was referred within these two BMI groups the
language used tended to be less convincing irréspecf education level. For example,
using phrases such & little bit” or “not especially” (man; High Increasing)While the
influence of positive health-related childhood exgeces on adult health-related behaviour
was a weaker theme in the Increasing groups, whelegacy effect was evident it too
appeared to persist despite ‘lapses’ during latdeadence and/or early adulthodd.It's
almost come full circle...When | was a kid...there wagsakeaways...dinners out were a
special thing. Then you get to that young adulthoaa leave for university and then two-

minute noodles and takeaway is all you live on.,Aedyou get to a point where you go, best

14



| start looking after myself and then the home edokeals and the carrots come back into
it"(man; High Increasing).

There were no participants in any BMI trajectorgugy who had been brought up with what
they perceived to be a healthy lifestyle who talkbdut deliberately rejecting this way of life

in adulthood.

15



Discussion

This study explored how childhood factors influeBd@l| trajectories across the lifecourse
from childhood to mid-adulthood. It found that siiieachildhood factors (paternal education,
language spoken at home, self-rated health andetssar extent, alcohol consumption) and
broader family experiences, such as parental eatidgphysical activity attitudes, values and
beliefs, appear to be influential with long-lastingpacts. This ‘legacy effect’ suggests that
some socioeconomic, cultural, behavioural and healated factors and broader childhood
family experiences and values related to healttimgand physical activity delineate and
shape BMI trajectories. Positive and negative d@epees of healthy eating and physical
activity in childhood were carried forward into dithood in complex and inter-related ways

that were more strongly revealed through our catale data.

This study was informed by socio-ecological theehjch focuses on discrete levels of
influence for individual behaviours. However, thedings indicate that social practice theory
may provide a more useful conceptual frameworkughowhich to understand the results of
this mixed methods study. Social practices, asrmdlby Shove and colleagu@sre
dependent on a range of social and material faatwdscan be understood as ‘human
activities that are reproduced and transformeduijincheir re-enactment and performanée’.
Three key elements inform the development of squ@ttices: meanings (ideas, aspirations),
materials (objects, infrastructure) and competenskills, know-how)> *” Social practices
are dependent on the way in which materials, mggramd competencies combine. Social
context, cultural traditions and economic condisiovill all influence social practice
development and evolution. Practices are intertinklynamic and have their own

é7, 18

trajectorie with practices emerging, persisting and disappegaas the links between

their elements appear and disapp@ainderstandings and skills, such as those gained in

16



childhood, will inform current and future practidest practices will evolve or be modified

over time in response to changing elements.

The relationship between BMI trajectories and dpechildhood factors, such as paternal
education and speaking a language other Englishthemnlasting impact (legacy) of
childhood experiences of healthy eating and physicavity, reflects the way in which social
practices operate over time to shape specific omso Families, and parents in particular,
appear to have played a critical role in the shgpinhealth behaviours of the participants in
this study. Studies investigating child and ada@espredictors of adult weight have found
that parental fatness, socioeconomic status, Weight, timing/rate of maturation and to
some extent physical activity, dietary factors asgchological factors in childhood are
related to obesity in adulthoddWhile not all of these factors were explored iis Study,

we found that lower paternal education in childhe@$ associated with a much higher risk
of being in the High Increasing BMI trajectory gmw group that could be considered the
least favourable, and a lower risk of being inBeegsistently Low trajectory group. This
supports earlier work demonstrating a link betwie@nchildhood socioeconomic status and
increased fatness in adulthoBdRace and sex are also important predictors ofreeve
obesity?® with language spoken at home in childhood, butgesider, showing an association

with BMI trajectory in this study.

Amongst those on stable or decreasing BMI trajeesopositive childhood experiences
were often embraced in adulthood, while negatiyeegrnces were often rejected as
participants aged and established their own famipeactices and traditions. Plausibly, a
strong sense of ‘health identity""°*° 291 has been instilled in these participants by their

parents, which has carried forward with them irdaléhood and contributed to their ability

17



to maintain a more favourable BMI pathway. For thosa less favourable BMI pathways,
parents’ lifestyle seemed less influential on tleeirent behaviours. Participants in these
increasing BMI trajectory groups may have weakealth identities’ and as such are more
vulnerable to other influencing factors, such asdhesogenic environment, leading to
unhealthy lifestyle behaviours. Undoubtedly cultdaators, which have been captured in
this study by the language spoken at home, widingjty influence social practices related to
eating and physical activity during childhood. Diésphe quantitative arm of this study being
unable to establish whether specific ethnic gromgie at higher or lower risk of being on
less favourable BMI trajectories (due to the ladgeersity in the number of languages spoken
at home), ethnicity appears important becausepegisng English at home was associated
with BMI trajectory. This finding supports previdy®bserved ethnic disparities in adult
obesity! and the limited research that has examined hotureuand/or ethnicity relates to
BMI from childhood into adulthootf The qualitative arm of this study did not specifig
explore how culture impacted social practices,iblihs highlighted that cultural and social

practices of childhood will continue to influencgu#t behaviours.

The findings related to self-rated health in chddd and BMI trajectories are unsurprising.
Less favourable ratings of childhood health wesmeisited with being on a stable but below
average BMI trajectory. This could potentially kechuse of pre-existing illnesses (not
measured in the childhood survey), leading to carndating their health negatively, and
these existing illnesses also being related to i@&Ml. Poorer self-rated health was also
associated with an increased risk of being in tlghHhcreasing and High Decreasing BMI
trajectory groups, which may reflect the shareddtimod origins of a high BMI and the

likely negative health impacts of this. While alobbonsumption was significantly

associated with a decreased risk of being in tlsistently Low BMI group, there was no

18



apparent dose-response and no associations withthesytrajectory, suggesting caution in

the interpretation of this finding.

A potential limitation of this study is the possbhisclassification of BMI trajectory groups.
This could be related to errors in the measuremeBMI (although where self-reported
measures were used, an adjustment factor was gaJuBMI at the time of measurement not
representing usual BMI (e.g. post-pregnancy orgasrof illness where weight loss or gain
had occurred), or poor ‘fit’ into the defined trefiery groups (although only participants with
a >70% probability of being included in their respve trajectory group were invited to
participate). Generalisability may be an issuelfierquantitative findings, whereby data from
only around one quarter of the original childhoathple were available. Women, those with
higher levels of education, those married/livingreegried, and those employed in higher

status occupations tend to be over-representddsisample, as reported elsewhetBORs

2017, 2019 1though there is still substantial heterogenisitihe characteristics of participants.

There may have been important factors not examméte childhood quantitative
component or revealing questions missed in thetlagldl qualitative component. However,
the childhood questionnaire was comprehensive anered a wide range of demographic,
behavioural and health-related topics, and thet awhelrview schedule was guided by a
social-ecological framework comprehensively expigrindividual, social and environmental
influences across the lifecourse. Participanthénqualitative study were also invited to
provide additional comments of relevance. We didexamine the effect of adjusting for
adult factors, although future work could exploreether the influence of childhood factors

on BMI trajectories is direct or indirect (e.g.dahgh tracking of these factors into adulthood).
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Strengths of this study include the mixed methassgh and integration of findings that
allows deeper insights into the influences on bigse obesity risk and weight-related
behaviours over time. Few studies internationadlyehcollected such extensive childhood
information and mostly objective assessments of BMEpectively over a 30-35-year time
period. Other strengths include the use of a sibljeled interviewer for consistency in
gualitative data collection, the team approachotirty allowing thorough consistency

checks and ongoing discussion of emergent themes.

In conclusion, this study found an explicit acknedgement of the impact of parents’

lifestyle behaviours in childhood amongst thosénwaitore favourable BMI trajectories, and
identified some specific childhood factors thategopcritical in influencing obesity risk over
time. This work deepens understandings of thengsitnpact of childhood factors and

broader experiences on adult health and providestdn for further quantitative and
qualitative exploration of divergent BMI trajectesi. This study has also highlighted the
critical importance of family and parents in shapaarly life weight-related experiences,
attitudes and behaviours that appear to have lastiph impacts into adulthood. These
findings should be considered in programs and @slidesigned to prevent obesity across the

lifecourse.
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Figure Legends

Figure 1: A convergent parallel mixed method design

Figure 2. Flowchart of participation

Figure 3: BMI trajectory groups from ASHFS (1986DAH-1 (2004-6) to CDAH-2 (2009-
11)
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Table 1: Characteristics of the quantitative sample

Childhood to Adulthood BMI Trajectory Group

Persistently  Persistently Average/ High/ High/

Al L ow Average Increasing Increasing Decreasing

Childhood Variables (1985)
Age (years), Mean(SD), n=2 206 12.0(2.0) 12.0(2.0) 12.1(2.0) 11.9(2.1) 11.9(1.8) 2.112.1)
Sex, %, n=2 206

Male 46.1 43.1 50.5 44.2 43.6 40.0
Female 53.9 56.9 49.5 55.8 56.5 60.0
Highest paternal education, %, n=1 544
University (Bachelors and higher)  22.5 26.1 20.6 21.6 8.2 11.8
Diploma, Trade/Voc., Other 31.0 31.0 32.7 28.1 204 29.4
School/No education 46.5 42.9 46.6 50.4 71.4 58.8
Highest maternal education, %, n=1 590
University (Bachelors and higher)  16.3 18.2 15.5 15.5 6.3 115
Diploma, Trade/Voc., Other 17.7 17.8 18.0 17.6 18.8 13.5
School / No education 66.0 64.0 66.6 66.9 75.0 75.0
Highest parental education, %, n=1 620
University (Bachelors and higher)  27.3 31.0 25.6 26.2 12.0 15.1
Diploma, Trade/Voc., Other 32.6 32.5 34.1 31.0 26.0 26.4
School / No education 40.1 36.6 40.3 42.8 62.0 58.5
Highest paternal occupation, %, n=1 614
Professional/White Collar 56.4 58.2 57.2 49.0 50.0 48.2
Blue Collar/Unpaid / Unemployed 43.6 41.8 42.8 51.1 50.0 51.8
Highest maternal occupation, %, n=1 619
Professional/White Collar 54.7 57.2 53.9 55.9 44.7 37.5
Blue Collar/Unpaid / Unemployed 45.3 42.8 46.1 44.1 55.3 62.5
Highest parental occupation, %, n=1 655
Professional/White Collar 73.4 75.4 73.1 73.5 66.0 57.9

Blue Collar/Unpaid / Unemployed 26.6 24.6 26.9 26.5 34.0 42.1




Childhood to Adulthood BMI Trajectory Group

All Persistently  Persistently Average/ High{ High(
L ow Average Increasing Increasing Decreasing
Area-level SES, %, n=2 122
Quartile 1 25.7 27.7 26.2 18.5 14.3 22.2
Quartile 2 27.7 29.4 25.6 29.1 23.2 29.6
Quartile 3 39.1 36.0 39.8 45.5 57.1 39.5
Quartile 4 7.6 7.0 8.5 6.9 5.4 8.6
English at home, %, n=2 160
Yes 89.5 91.0 88.3 92.2 86.2 81.9
No 10.5 9.0 11.7 7.8 13.8 18.1
Urban-Rural, %, n=2 138
Urban 77.9 79.4 77.1 75.9 76.8 75.6
Rural 22.1 20.7 22.9 24.1 23.2 24.4
Physical activity (mins/wk), Median (IQR), 320 (180, 320 (190, 330 (180, 330 (190, 250 (120, 280 (160,
n=2206 560) 540) 562) 610) 390) 480)
Weekly PA, %, n=2 139
Yes 44.2 41.1 45.4 52.6 49.1 45.8
No 55.8 58.9 54.6 47.4 50.9 54.2
Breakfast consumption, %, n=2 160
Yes 85.6 87.5 85.3 84.4 69.0 80.7
No 14.4 12.5 14.7 15.6 31.0 19.3
Smoking, %, n=2 156
Never smoked 55.2 56.9 53.3 56.0 60.3 48.2
Few puffs 24.8 24.4 25.8 23.0 22.4 27.7
Smokes 20.0 18.8 21.0 20.9 17.2 24.1
Alcohol, %, n= 2161
Don’t drink 67.2 71.7 63.7 63.5 65.5 61.5
<once/week 25.7 22.0 28.1 29.7 29.3 31.3
1 or more/week 7.1 6.3 8.3 6.8 5.2 7.2

Parental PA, %, n=2 152




Childhood to Adulthood BMI Trajectory Group

All Persistently  Persistently Average/ High{ High(
L ow Average Increasing Increasing Decreasing
Both parents active 23.5 24.8 24.2 17.6 24.4 14.3
One parent active 36.8 36.3 36.2 39.2 35.6 44.4
Both parents inactive 39.7 38.9 39.6 43.2 40.0 41.3
Parental smoking, %, n=2 151
Neither parents smoke  57.3 59.9 56.5 53.1 55.2 45.8
One parent smokes 29.2 27.1 29.8 32.3 32.8 39.8
Both parents smoke 13.5 13.0 13.8 14.6 12.1 14.5
Self-rated health, %, n=2 163
Very Good 37.2 40.3 36.7 29.2 34.5 27.7
Good 43.4 43.0 43.6 51.0 31.0 36.1
Average/Poor/Very Poor 19.4 16.7 19.7 19.8 34.5 36.1
Age at mencarche (years), Mean (SD), n=39913.7 (1.3) 13.6 (1.3) 13.0 (1.2) 12.9 (1.4) 12.8)0 12.2 (1.1)
BMI (kg/m?), Mean (SD), n=2 206 18.6 (2.8) 17.1 (1.9) 19.0 (2.1) 19.8 (2.3) 24.1)3 25.0 (3.2)
Adulthood Variables'
BMI (kg/m?), CDAH-1 (26-36 years), n=
2206 25.7 (4.7) 22.2 (2.0) 26.6 (2.2) 32.9 (2.8) 39.4)5 29.7 (3.3)
BMI (kg/m?), CDAH-2 (31-41 years), n=2206 26.5 (5.1) 22.8 (2.2) 27.5 (2.3) 34.6 (3.4) 41.8)5 30.3 (3.3)
Age (years), CDAH-2, Mean (SD), n=2 206  37.6 (2.1) 37.6 (2.1) 37.7 (2.0) 37.6 (2.2) 37.0)2 37.7 (2.1)
Highest level of education, CDAH-2, %,
n=2,195
University (Bachelors and higher)  41.2 46.6 38.3 31.8 274 40.0
Diploma, Trade/Voc., Other 34.1 29.9 37.9 33.8 48.4 34.1
School / No education 24.7 23.5 23.8 34.4 24.2 25.9
Occupation, CDAH-2, %, n=1 302
Professional/White Collar 73.1 75.6 69.3 69.7 84.4 81.8
Blue Collar/Unpaid / Unemployed 26.9 24.4 30.7 30.3 15.6 18.2
Self-rated health, CDAH-2, %, n=2 187
Excellent/ Very Good 55.3 64.2 55.0 30.4 11.3 44.1




Childhood to Adulthood BMI Trajectory Group

All Persistently  Persistently Average/ High{ High(
L ow Average Increasing Increasing Decreasing
Good 34.5 29.1 35.0 50.5 53.2 40.5
Fair/ Poor 10.2 6.7 10.0 19.1 35.5 15.5

1CDAH-1: 2004-6, CDAH-2: 2009-11



Table 2: Unadjusted associations between childhood (1985) demographic, behavioural and health-related factorsand BM| trajectory
group from childhood to adulthood (1985, 2004-6, 2009-11)

Childhood to Adulthood BMI Trajectory Group

RR (95% CI) p-value
Stable Below Average/
Reference — Persistently Average  Average Increasing High/Increasingligh/Decreasing
Age at Baseline 9 1 1 1 1 0.1769

10 1.18(1.00,1.41) 0.61(0.36,1.03) 0.89(0.33,2.43) 1.19(0.56,2.53)
11 1.08(0.91,1.29) 1.04(0.67,1.60) 1.44(0.59,3.46) 0.72(0.31,1.68)
12 1.11(0.93,1.33) 0.58(0.34,0.97) 1.13(0.44,2.90) 0.75(0.32,1.77)
13 1.03(0.86,1.24) 0.71(0.43,1.16) 1.42(0.58,3.48) 0.69(0.29,1.66)
14 0.97(0.81,1.16) 0.70(0.44,1.14) 1.14(0.46,2.85) 1.75(0.89,3.45)
15 1.11(0.93,1.33) 0.93(0.59,1.46) 0.63(0.21,1.91) 0.84(0.37,1.92)

Gender Man 1 1 1 1 0.0166
Woman1.13(1.02,1.24) 1.08(0.83,1.41) 1.11(0.67,1.82) 1.28(0.84,1.96)
Paternal Education University (Bachelors and higher 1 1 1 1 0.0009

Diploma, Trade/Voc., Othed.86(0.75,0.99) 0.92(0.59,1.46) 1.78(0.56,5.62)1.78 (0.70, 4.54)
School / No educatio.80(0.70,0.92) 1.13(0.75,1.69)4.22(1.51,11.78p.41 (1.01, 5.74)
Maternal Education University (Bachelors and higher 1 1 1 1 0.3535
Diploma, Trade/Voc., Othed.91(0.76,1.09) 1.04(0.61,1.79)2.94(0.82,10.57)1.03(0.35,3.02)
School / No Educatio§.87(0.76,1.00) 1.05(0.68,1.64) 2.85(0.88,9.19) 1.59(0.68,3.71)




Highest Parental Education

University (Bachelors igher) 1 1 1 1 0.0008
Diploma, Trade/Voc., Othed.88(0.78,1.01) 0.97(0.64,1.46) 1.91(0.74,4.92) 1.43(0.61,3.38)
School / No Educatio®.81(0.71,0.92) 1.11(0.76,1.64) 3.42(1.43,8.14) 2.65(1.23,5.71)

Paternal Occupation Professional/White Collar 1 1 1 1 0.1574
Blue Collar/Unpaid / Unemploye@.93(0.83,1.04) 1.35(0.99,1.84) 1.29(0.74,2.26)1.39 (0.83, 2.32)
Maternal Occupation Professional/White Collar 1 1 1 1 0.0303
Blue Collar/Unpaid / Unemploye@.90(0.81,1.01) 0.96(0.70,1.31) 1.50(0.85,2.64) 2.01(1.18,3.43)
Highest Parental Occupation Professional/White&toll 1 1 1 1 0.0538
Blue Collar/Unpaid / Unemploye@.90(0.79,1.02) 1.00(0.70,1.41) 1.42(0.80,2.53)2.01 (1.20, 3.36)
Area-level SES Quartile 1 1 1 1 1 0.0283

Quartile 20.99(0.87,1.11) 1.46(0.97,2.19) 1.51(0.63,3.61) 1.24(0.68,2.26)
Quartile 30.86(0.76,0.96) 1.62(1.11,2.36) 2.63(1.22,5.66) 1.17(0.66,2.06)
Quartile 40.85(0.69,1.05) 1.26(0.68,2.32) 1.27(0.34,4.73) 1.32(0.56,3.10)

English at Home Yes 1 1 1 1 0.0368
No 0.85(0.71,1.01) 0.73(0.44,1.21) 1.37(0.66,2.85) 1.89(1.10,3.25)
Urban-Rural Urban 1 1 1 1 0.6937

Rural 0.92(0.82,1.03) 1.12(0.82,1.54) 1.07(0.58,1.97) 1.14(0.70,1.87)

Physical Activity
(mins/wk)(n=2206 )

0.0104
1.00(1.00,1.03).01(0.99,1.03) 0.94(0.89,0.99) 0.95(0.92,1.00)

Weekly Physical Activity
(n=2139)

0.0353
Yes 1 1 1

No 1.14(1.14,1.25) 0.71(0.54,0.94) 0.82(0.49,1.37) 0.94(0.61,1.43)




Breakfast Consumption (n=2160) Yes 1 1 1 1 0.0048

No 0.85(0.85,0.98) 1.10(0.76,1.59) 2.67(1.55,4.59) 1.41(0.83,2.41)
Smoking (n=2156) Never smoked 1 1 1 1 0.7241

Few puffs0.95(0.95,1.06) 0.91(0.65,1.28) 0.83(0.44,1.55) 1.28(0.77,2.11)
Smokes0.91(0.91,1.03) 1.03(0.73,1.45) 0.79(0.39,1.57) 1.38(0.81,2.33)

Alcohol (n=2161) Don’t drink 1 1 1 1 0.0241
< Once/week).80(0.80,0.91) 1.22(0.91,1.65) 1.17(0.67,2.06) 1.33(0.84,2.12)
1 or more/week).83(0.83,1.02) 1.00(0.58,1.74) 0.74(0.23,2.38) 1.11(0.48,2.54)

Parental Physical Activity
(n=2152) Both parents inactive 1 1 1
One parent activa.01(1.01,1.12) 1.11(0.83,1.48) 0.99(0.56,1.74) 0.98(0.63,1.54)
Both parents activ&.09(1.09,1.24) 0.72(0.48,1.11) 1.03(0.51,2.06) 0.53(0.26,1.08)
Parental Smoking (n=2151) Neither parents smoke 1 1 1 1 0.537
Mother smoke$.92(0.92,1.04) 1.16(0.81,1.65) 1.16(0.61,2.24) 1.71(1.02,2.89)
Father smoke$.83(0.83,0.99) 1.25(0.82,1.91) 1.16(0.52,2.60) 1.68(0.89,3.16)
Both parents smok6.92(0.92,1.07) 1.17(0.78,1.74) 0.93(0.41,2.08) 1.34(0.71,2.53)

0.3526

Self-Rated Health Very Good/Good 1 1 1 1 0.0001
Average/Poor/Very Po00.83(0.73,0.95) 1.02(0.73,1.44) 2.18(1.28,3.71) 2.35(1.52,3.63)
Menarche age (years) 1.18(1.14, 1.22)0.79(0.69, 0.92)0.60(0.47, 0.77)0.61(0.48, 0.76) 0.0000

NB: bold text indicates variables that demonstrateéssociation with trajectory group membership@{p<0.25 level and were considered for
inclusion in the fully adjusted model



Table 3: Adjusted” associations between childhood (1985) demographic, behavioural and health-related factorsand BMI trajectory
group from childhood to adulthood (1985, 2004-6, 2009-11)

Childhood to Adulthood BMI Trajectory Groups (N=1,503)

Persistently Average* Persistently Low Average/lncreasing High/Increasing High/Decreasing
RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)
Highest Paternal Education
University (Bachelors and higher) 1 1 1 1
Diploma, Trade/Voc., Other  0.86 (0.74, 0.98) 1.01 (0.64, 1.59) 1.54 (0.48, 4.93) 1.90 (0.704p.1
School / No education  0.81 (0.71, 0.93) 1.17 (0.77, 1.76) 3.81(1.36, 10.66) 2.29 (0.90, 5.87)
English at Home
Yes 1 1 1 1
No 0.80 (0.64, 0.99) 0.47 (0.22, 0.99) 0.90 (0.36, 2.22) 2.18(1.13,4.21)
Alcohol
Don’t drink 1 1 1 1
< Once/week 0.78 (0.68, 0.90) 1.30 (0.92, 1.84) 1.08 (0.58, 2.02) 1.46 (0.838R.5
1 or more/week 0.85 (0.67, 1.07) 1.16 (0.63, 2.16) 0.70 (0.171p.8 0.67 (0.17, 2.67)
Self-Rated Health
Very Good 1 1 1 1
Good 0.94 (0.84, 1.06) 1.43 (0.99, 2.09) 0.58 (0.2801L.2 0.95 (0.44, 2.03)
Average/Poor/Very Poor  0.77 (0.65, 0.92) 1.31 (0.82, 2.08) 1.95(1.02, 3.75) 3.50 (1.77, 6.90)

! Final adjusted model contains only those variaptesented in the table, which were identified tigtoa process of deleting, re-fitting and verifymgdels
until the most parsimonious model was established
* excluded group.

RR: relative risk, Cl: confidence interval. Bolckténdicates confidence intervals that do not cthés



Table 4: Characteristics of the qualitative sample

Childhood to Adulthood BMI Trajectory Groups

All Persistently  Persistently Average/ High_/ High/_
(n=50) Low Average Increasing Increasing Decreasing
(n=11) (n=12) (n=10) (n=6) (n=11)
Women, n (%) 29 (58) 5 (50) 7 (58) 7 (64) 5 (83) 5 (45)
Current Age(years), mean (SD) 41.0 (2.8) 41.9 (2.5) 41.8 (2.3) 39.9 (3.6) 41.8)2 40.3 (2.6)
Highest level of education, n (%)
University (Bachelors and higher) 28 (56) 7 (70) 5 (42) 5 (45) 1(17) 10 (91)
Diploma, Trade/Voc., Other 8 (16) 1(10) 1(8) 4 (36) 2 (33) 0 (0)
School / No education 14 (28) 2 (20) 6 (50) 2 (18) 3 (50) 1(9)
Currently Employed, n (%) 46 (92) 9 (90) 11 (92) 10 (91) 5 (83) loqr
Current Self-Rated Health, n (%)*
Very Good 4 (14.8) 2 (40.0) 1(16.7) 1(11.1) 0 (0) 0 (0)
Good 13 (48.2) 3(60.0) 3 (50.0) 7 (77.8) 0 (0) 0 (0)
Average/Poor/Very Poor 10 (37.0) 0 (0) 2 (33.3) 1(11.1) 6 (100) 1 (100)
BMI kg/m? mean (SD)
ASHFS1985 (7-15 years) 19.8 (3.4) 17.1(1.2) 20.4 (2.5) 18.0 (3.4) 20.8)3 23.0 (3.2)
CDAH-1 2004-6 (26-36 years) 28.4 (6.1) 21.7 (2.0) 26.6 (1.8) 32.8 (3.3) 39.9)4 27.0 (3.6)
CDAH-2 2009-11 (31-41 years) 29.3 (6.8) 22.2 (3.1) 27.4 (2.5) 33.2 (3.6) 42.8)3 28.0 (3.4)
CDAH-3 2014-18 (36-46 years) 29.7 (7.2) 22.0 (1.8) 27.3 (2.8) 37.0 (4.4) 40.9)4 27.2 (3.4)

T For two participants work status was uncertain,dmih were counted as unemployed because unemphbywmas implied in the transcripts

A Data not available for 27 participants who did complete this question at CDAH-2

BMI: body mass index; SD: standard deviation



Figure 1: A convergent parallel mixed method design
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Participantsin the 1985 Australian Schools
Health and Fitness Survey

(n=8 498)
> 1658 Not traced
A
6 840 participants traced (2002-2004)
817 No response
767 Refused
» 86 Deceased

v

5170 enrolled in the CDAH Study

v

1171 Did not participate in CDAH-1

A 4

3 999 participated in CDAH-1 (2004-2006)

2 410 attended study clinics
1 589 completed questionnaires only

A\ 4

v

950 Did not participatein CDAH-2

3 049 participated in CDAH-2 (2009-2011)

1 786 completed full questionnaire
1 263 completed short questionnaire

v

A 4

~1 000 participantsin CDAH-3 (2014-16)

(data collection ongoing)

v

83 wereinvited to participate

A 4

50 participated in CDAH-P interviews (2017)

Figure 2. Flowchart of participation



Figure 3: BMI trajectory groupsfrom ASHFS (1985 at average age 12 years), CDAH-1

(2004-6 at average age 31.7 years) to CDAH-2 (2009-11 at aver age age 37.6 years)
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This study integrated quantitative prospective aath nested qualitative data

It enabled unique insights into childhood factatated to lifecourse BMI trajectories
Childhood paternal education, language, alcoholsatidrated health predicted BMI
trajectory

Parental lifestyles and attitudes had lasting irtgpfar stable or high/decreasing BMI
groups

Parents play a key role in shaping children’s ptaisactivity and diet across the

lifecourse



