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Aims Physical activity is a target for early and ongoing cardiovascular health maintenance. However, relationships 
between life course trajectories of total activity and all comprising domains (leisure, transport, occupational, do
mestic) with vascular function and structure have not been examined. This study aimed to determine associa
tions between life course activity trajectories and mid-adulthood vascular structure and function.

Methods 
and results

Using the Australian Childhood Determinants of Adult Health Study [four time points (ages 9–49 years); 1985 
baseline], latent class growth mixture modelling assessed life course trajectories of questionnaire-measured to
tal and domain-specific activity (n = 2311). Relationships between trajectories and vascular structure [carotid 
intima–media thickness (n = 914), carotid plaques (n = 867)] and vascular function [Young’s elastic modulus 
(n = 765), carotid distensibility (n = 765)] were analysed using log-binomial and multivariable regression adjusted 
for mid-adulthood body mass index, smoking status, occupation type, area-level socio-economic status, and 
high- and low-density lipoprotein cholesterol. ‘Consistently high’ leisure activity was associated with reduced 
risk of plaques (RR = 0.56; 95% CI = 0.23–0.89). ‘High-increasing’ school/occupational activity was associated 
with higher carotid intima–media thickness (β = 0.06; 95% CI = 0.01–0.11). No associations were observed 
among Young’s elastic modulus, carotid distensibility, or transport and domestic activity.

Conclusion This study was the first to assess life course trajectories of total and domain-specific activity against vascular 
structure and function. Findings highlight that maintaining high levels of leisure-time activity across the life 
course may be associated with better vascular structure in mid-adulthood.
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Introduction
Cardiovascular disease (CVD) remains the leading cause of mor
tality internationally.1 In 2021 alone, 397 000 cardiovascular- 
related deaths were attributed to inadequate physical activity 
(PA).2 Vascular ageing begins in early life and involves the long- 
term deterioration of vascular structure and function that may 
lead to organ damage or overt CVD.3 Due to the lifelong nature 
of vascular ageing and CVD development, PA has been high
lighted as a readily accessible target for early and ongoing vas
cular health maintenance across the life course (from early 
childhood through late adulthood) due to its dynamic nature.

Despite the clear benefits of PA, globally, 31.3% of adults and 
81.0% of children and adolescents do not meet current PA 
guidelines.4,5 PA can be accumulated across four key domains: 
leisure-time (e.g. sport and exercise), transport (e.g. walking or 
cycling for transport), domestic (e.g. home maintenance and 
housework), and occupational PA (e.g. activity undertaken as 
part of employment). Both child6 and adult7 physical inactivity 
has been associated with increased cardiovascular disease risk 
in adulthood. The benefits of total and leisure-time PA for car
diovascular health and mortality are well-established,8,9 and 
there is growing evidence of an apparent paradox with greater 
occupational PA associated with higher cardiovascular risk.9,10

Comparatively, less is known about the cardiovascular health 
benefits of transport-related,11 or domestic PA,12 nor the role 
of individual PA domains independently. As the global preva
lence of physical inactivity remains stagnant and prominent 
among the world’s youth,4 the need to address adverse cardio
vascular disease risk at an early stage of disease development 
has become imperative.

Trajectories of leisure-time and total PA across the life course 
have observed PA to primarily decline from childhood through 
adulthood, with small subsamples following increasingly active 
trajectories.13,14 Transport-related PA has been examined to a 
lesser extent, with trajectories of persistently low and high 
and increasing PA determined across adulthood, independent 
of childhood.15 In contrast, trajectories of occupational and do
mestic activity, and their influence on CVD, remain relatively un
explored. Further, there is a sparsity of studies in which all 
domains of activity are assessed simultaneously alongside vas
cular measures.16 Given that participation in the PA domains 
may vary across the life course, understanding of PA’s dynamic 
nature in relation to measures of vascular structure and function 
(representative of atherosclerosis and arteriosclerosis) may cap
ture associations with the early and often asymptomatic cardio
vascular health deterioration and facilitate preventive measures 
prior to overt CVD development.17

Therefore, using the Childhood Determinants of Adult 
Health (CDAH) study, a population-based cohort of adults fol
lowed from childhood in Australia, this study aimed to deter
mine the association between life course trajectories of total 
and domain-specific PA and vascular structure and function in 
mid-adulthood.

Methods
Study overview
Data were drawn from the Childhood Determinants of Adult Health 
(CDAH) study, a prospective cohort of Australian adults spanning 34 
years. The CDAH study is a continuation of the 1985 Australian 
Schools Health and Fitness Survey (ASHFS) in which a series of 
follow-up assessments occurred. ASHFS was a representative sam
ple of 8498 Australian children aged 7–15 years who undertook 

physical and behavioural assessments. Participants aged 9–15 years 
(n = 6559) completed questionnaires in small groups supervised by 
trained study data collectors. Procedures describing participant se
lection at baseline have been outlined in detail elsewhere.18 A flow
chart detailing CDAH study participation is displayed in 
Supplementary material online, Figure S1.

Ethical approval was granted at baseline by the Directors of 
Education of each state; schools and parents provided consent 
while children gave assent. Ethical clearance for CDAH follow-ups 
was obtained from the Human Research Ethics Committee (former
ly the Southern Tasmania Research Ethics Committee). Participants 
provided written informed consent (CDAH-1: H0008152, CDAH-2: 
H0010454, CDAH-3: H0013826). A STROBE checklist for cohort 
studies is presented in Supplementary material online, Table S1.

Total and domain-specific physical activity
Childhood physical activity
Self-reported PA data were available for 6559 participants aged 9– 
15 years who had completed non-validated questionnaires.19

Childhood total PA (min/week) was calculated as the sum of child
hood leisure-time, transport, and school physical activity. 
Childhood leisure-time PA (min/week) was determined from the 
self-reported duration and frequency of discretionary sport or exer
cise over the past week outside of the school setting. Childhood 
transport-related PA (min/week) was determined from self- 
reported frequency and duration of active commutes (walking and 
cycling) to-and-from school across the previous week. Childhood 
school PA (min/week) was determined from compulsory self- 
reported school physical education and school sport.20 For each ac
tivity, frequency was multiplied by duration to estimate minutes per 
week, and activities were summed to estimate total weekly physical 
activity in minutes per week.

Adult physical activity
Adult total and domain-specific (leisure, work, transport, and do
mestic) PA were assessed at each CDAH follow-up using the self- 
administered long-form International Physical Activity 
Questionnaire (IPAQ).21 For each domain, participants reported ac
tivity duration and frequency across the past week, from which min
utes per week were derived. Total PA levels were calculated as the 
sum of activity (min/week) of each domain.

Adult vascular outcomes
Adult outcomes of vascular structure [carotid intima–media thick
ness (cIMT) (indicative of subclinical carotid atherosclerotic vascular 
disease), the presence of carotid plaques (focal wall thickening)] and 
vascular function [Young’s Elastic Modulus (an estimate of arterial 
stiffness], and carotid distensibility [a measure of carotid artery elas
ticity)] were assessed in clinics by trained technicians. To enhance 
clinical interpretability and align with risk stratification practices, 
outcomes were dichotomized by risk (low, high) for primary analysis; 
secondary analysis was performed using continuous outcomes to 
retain sensitivity. A detailed description of outcome measurement 
and dichotomous cut-point definitions is presented in the 
Supplementary material. Briefly, outcomes of high-risk carotid in
tima–media thickness and Young’s elastic modulus were defined 
at the ≥90th percentile.22 This threshold was selected to identify in
dividuals at the extreme end of the distribution, consistent with pre
vious epidemiological studies examining subclinical vascular risk.22

This approach facilitates comparability with prior research and high
lights clinically meaningful extremes in the absence of universally 
accepted cut-points for mid-adulthood.

Covariates
At baseline, covariates of age, sex (biological), body mass index 
(from measured height and weight), and teacher-rated scholastic 
ability were recorded. During adult CDAH follow-ups, age, sex, 
body mass index, smoking frequency, area-level socio-economic 
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status (from postcode Index of Relative Socio-economic Advantage 
and Disadvantage), highest education level, occupation type, and 
high- and low-density lipoprotein levels (HDL-C and LDL-C) were 
recorded. Detailed methods outlining the assessment of covariates 
are provided in the Supplementary material. Covariates included in 
final regression models were selected based on the presence of stat
istical significance of their association with both the exposure of 
interest and the outcome, and whether the estimated coefficient 
of the relationship between exposure and outcomes changed by 
>10% when the potential confounder was included/excluded.23

Statistical methods
Analyses were performed using R (version 3.5.3; R Foundation for 
Statistical Computing, Vienna, Austria) and RStudio (Version 
1.2.1511; RStudio, Inc., Boston, MA, USA) or STATA Version 18.0 
(StataCorp LP, College Station, TX, USA).

Latent physical activity trajectory identification
Latent class growth mixture modelling (LCGMM), a form of trajec
tory analysis, was performed to determine trajectories for total PA 
and each of the four comprising domains (leisure, occupational, 
transport, and domestic) across the life course using the lcmm 
1.9.3 package in R. LCGMM allows for the data-driven identification 
of trajectories, considering that a population consists of heteroge
neous subgroups, each with its own distinct patterns.24 Data is 
used to infer the number of trajectories, their shape across the life 
course, and the number of participants belonging to each trajectory. 
Through the integration of residuals into the LCGMM technique, 
adjustment for time-varying covariates was performed,15 a crucial 
requirement for the analysis of PA trajectories where covariates in
fluence the repeated measures of PA at each time point. Covariates 
of age, sex, BMI, education, and occupation at each time point 
across the life course were first identified from prior literature and 
confirmed as confounders (using the approach detailed above) prior 
to trajectory analysis.

Trajectory analysis of total PA and the domains of PA (leisure, 
school/occupational, and transport) was performed across the life 
course. Childhood school and adult occupational PA were used to 
create school/occupational trajectories due to their shared compul
sory nature—with both undertaken as a requirement of a role (stu
dent/employee) and within a structured setting. Domestic PA was 
only assessed across adult time points, due to a lack of a corre
sponding childhood variable for this domain. LCGMM was per
formed among participants with observations at childhood 
baseline (ASHFS) and a minimum of one of the three adult time 
points (CDAH-1, CDAH-2, and CDAH-3). Model building and class 
enumeration were performed in line with the recommendations of 
Proust-Lima et al.25 Further detail regarding LCGMM, selection of 
model specifications, and number of classes is detailed in the 
Supplementary material. Distinct trajectories of PA (adjusting for 
covariates of age, sex, education, and occupation) were identified 
among total and domain-specific life course PA. The latent PA tra
jectories were qualitatively labelled. PA levels within each PA trajec
tory are presented in Supplementary material online, Table S2.

Association of total and domain-specific physical activity 
trajectories with adult vascular outcomes
For the primary analysis, the association between total and domain- 
specific PA trajectories and dichotomous vascular structure and 
function outcomes was assessed via log-binomial regression. 
Log-binomial regression (binomial errors and log-link) using the 
‘breg’ package in STATA provides a practical approach to the deter
mination of multivariable-adjusted estimates of risk ratios, while 
overcoming issues of substantial overestimation commonly asso
ciated with logistic regression using a canonical logit link.26 For 
the secondary analysis, multivariable linear regression was per
formed using each trajectory of total and domain-specific PA as ex
posures and continuous outcomes of carotid intima–media 
thickness (mm), Young’s elastic modulus (mmHg.mm), and carotid 

distensibility (%/10 mmHg). A continuous measure of carotid pla
ques was not assessed due to the low prevalence of more than 
one plaque among participants [n = 21 (2.4%)]. LCGMM determined 
trajectories were introduced as predictors of each adult cardiovas
cular outcome. Model 1 was adjusted for covariates of age and 
sex in mid-adulthood, as well as other domains of physical activity. 
Model 2 was additionally adjusted for mid-adulthood body mass in
dex, smoking status, occupation type, area-level socio-economic 
status, HDL-C, and LDL-C. A P-value of <0.05 was considered stat
istically significant. Analysis considering only the trajectories of par
ticipants with observations at all time points across the life course 
was also undertaken and presented in the Supplementary 
material; however, as these analyses were restricted in sample 
size, the results cannot be interpreted with confidence. Similarly, 
sensitivity analysis was performed among those with complete-case 
outcome measures.

Results
Participant characteristics
Trajectory analysis was performed among 2311 participants 
with PA observations at baseline (ASHFS) and at least one other 
adult CDAH time point (Figure 1). Participant characteristics are 
presented within Table 1. The mean participant age at baseline 
(ASHFS) was 12.0 (2.0) years. During adulthood, the mean age 
of participants was 32.3 (2.1) years at CDAH-1, 37.5 (2.0) years 
at CDAH-2, and 45.0 (2.2) years at CDAH-3. Participants were 
more commonly female (52.5–57.8%), were non-smokers 
(55.8–89.7%), had high education levels (41.8–50.3%), and 
were employed in professional/managerial occupations (54.1– 
60.4%).

Latent physical activity trajectories
Total physical activity
From childhood through adulthood, three distinct trajectories of 
total PA were observed. A ‘persistently low’ life course trajec
tory was observed among 21.6% (n = 498) of participants, a 
‘low to high’ trajectory in 73.5% (n = 1669, a trajectory that in
creased from low levels of activity in childhood to high levels 
of activity in mid-adulthood), and a ‘consistently high’ trajectory 
in 4.9% (n = 114).

Leisure-time physical activity
Three trajectories of leisure-time PA were observed across the 
life course. Additionally, 85.5% of participants (n = 1975) under
took ‘persistently low’ levels of leisure-time activity from child
hood to mid-adulthood. A trajectory of very high childhood 
leisure-time activity that decreased to high levels of adult activ
ity (‘high and decreasing) was observed among 2.2% (n = 51), 
while a third trajectory of ‘consistently high’ leisure-time activity 
across the life course was observed among 12.3% (n = 285) of 
participants.

Transport-related physical activity
Two trajectories of transport-related PA were observed across 
the life course; 87.7% (n = 2026) of participants had ‘persistently 
low’ trajectories of transport-related activity while 12.3% (n =  
285) had ‘high and increasing’ patterns of transport-related PA.

School/occupational physical activity
Three distinct trajectories of childhood school-based and 
adulthood occupational PA were identified; 83.4% (n = 1928) 
of participants followed a ‘persistently low’ trajectory of 
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school-based/occupational PA, 13.1% (n = 303) followed trajec
tories from low school-based activity through to high levels of 
occupation activity (a ‘low to high’ trajectory) in adulthood, 
and 3.5% (n = 80) followed a trajectory of ‘high and increasing’ 
activity, where high levels were observed during childhood 
and continued to increase across the life course to the work
place in mid-adulthood.

Domestic physical activity
Trajectories of domestic PA were only available across the adult 
life-period. Two trajectories were observed: 78.8% (n = 1821) of 
participants performed ‘persistently low’ levels of domestic ac
tivity across adulthood; contrastingly, 21.2% (n = 490) under
took ‘consistently high’ levels of domestic PA from early 
through mid-adulthood.

Association of physical activity trajectories 
with adult vascular outcomes
The analysis of associations between PA trajectories and dichot
omous outcomes of vascular structure [high-risk cIMT (n = 914), 
presence of carotid plaques (n = 867)] and vascular function 
[high-risk YEM (n = 765), high-risk carotid distensibility (n =  
765)] is presented in Tables 2 and 3 and Supplementary 
material online, Tables S3–S5. As most participants were classi
fied into the lowest PA trajectory for each domain, the ‘persist
ently low’ PA trajectories were assigned as the reference group 
against which the alternate PA trajectories were compared.

Vascular structure
Carotid intima–media thickness
Total and domain-specific PA trajectories were not associated 
with categorical high-risk cIMT (Tables 2 and 3 and 
Supplementary material online, Tables S3–S5). Continuous mea
sures of cIMT were 0.02 mm higher (β = 0.020; 95% CI = 0.003, 
0.036) among those in the ‘low to high’ trajectory compared to 
those with ‘persistently low’ total PA trajectory (see 
Supplementary material online, Table S6, Model 2), although 
this relationship was not retained in the analysis of a subset of 
participants with complete-case outcome measures (see 
Supplementary material online, Table S7). Those with 

trajectories of ‘high to very low’ levels of occupational activity 
in mid-adulthood had 0.06 mm higher cIMT than those with per
sistently low occupational activity across the life course (β =  
0.057; 95% CI = 0.004, 0.111) (see Supplementary material 
online, Table S8, Model 2); this relationship was not retained in 
the analysis of a subset of participants with complete-case out
come measures (see Supplementary material online, Table S9).

Presence of carotid plaques
‘Consistently high’ leisure-time PA was associated with a 44.0% 
reduction in the risk of carotid plaques in mid-adulthood com
pared to ‘persistently low’ leisure-time physical activity in 
Model 1 (RR = 0.560; 95% CI = 0.228, 0.891). Slight attenuation 
of effect was observed following further adjustment in Model 2; 
however, a statistically significant 41.3% reduction of risk re
mained (RR = 0.587; 95% CI = 0.239, 0.935, Table 3). This rela
tionship remained when assessed among participants with 
complete-case outcome assessments (see Supplementary 
material online, Table S10).

Vascular function
Young’s elastic modulus
Trajectories of total and domain-specific PA were not associated 
with categorical or continuous measures of Young’s elastic 
modulus (P > 0.05 for all, Tables 2 and 3 and Supplementary 
material online, Tables S3–S5).

Carotid distensibility
No significant relationship was observed between trajectories 
of total or domain-specific PA domains and categorical or con
tinuous outcomes of carotid distensibility (Tables 2 and 3 and 
Supplementary material online, Tables S3–S5).

Discussion
Following a sample of Australian children through to adulthood, 
this study is the first to define life course trajectories of total and 
domain-specific PA (leisure, transport, school/occupational, do
mestic) among a single cohort. We also examined the relation
ship between these specific trajectories and outcomes of 

Figure 1 Flow chart of Australian Childhood Determinants of Adult Health Study participants included within this analysis.
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vascular structure and function in mid-adulthood. The main find
ing was that trajectories of total, leisure-time, and school/occu
pational PA, but not transport-related or domestic PA, were 

associated with some cardiovascular structure (cIMT, plaques) 
outcomes. This study suggests the importance of maintaining 
high levels of total and leisure-time physical activity consistently 
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Table 1 Characteristics of participants from which physical activity trajectories were derived

ASHFS 
N = 2311

CDAH-1 
N = 1761

CDAH-2 
N = 1888

CDAH-3 
N = 1518

Age (years), mean (SD) 12.0 (2.0) 32.3 (2.1) 37.5 (2.0) 45.0 (2.2)
Sex (male), % (n) 45.0 (1041) 47.5 (837) 42.2 (796) 45.5 (691)
Body mass index (kg/m2), mean (SD) 18.5 (2.7) 25.8 (4.8) 26.2 (5.0) 27.6 (5.7)
HDL (mmol/L), mean (SD) 1.50 (0.40)
LDL (mmol/L), mean (SD) 3.08 (0.81)
Teacher-rated scholastic ability, % (n)

Excellent 13.3 (289)
Very good 34.9 (756)
Good 38.9 (843)
Fair or poor 12.9 (280)

Highest education level, % (n)
High 41.8 (918) 45.4 (854) 50.3 (764)
Medium 30.6 (672) 31.3 (589) 46.2 (702)
Low 27.5 (604) 23.3 (439) 3.5 (53)

Occupation, % (n)
Managers/professionals 54.1 (1073) 55.3 (748) 61.8 (935)
White collar 16.9 (335) 18.0 (243) 16.5 (250)
Blue collar 16.3 (324) 13.0 (176) 12.9 (196)
Not in labour force 12.7 (251) 13.7 (185) 8.8 (133)

Smoking frequency, % (n)
Never 55.8 (1221) 59.3 (803) 60.4 (891)
Ex-smoker 23.1 (507) 25.9 (351) 29.5 (435)
Less than weekly 3.5 (77) 2.4 (32) 2.0 (29)
Weekly 2.5 (54) 1.3 (18) 1.4 (21)
Daily 15.1 (331) 11.1 (151) 6.7 (98)

Area-level socio-economic status (IRSAD), mean (SD) 1031.9 (88.6) 1019.6 (108.7) 1033.6 (86.7)
Physical activity, median (IQR)

Total (min/week) 325.0 
(190.0, 555.0)

660.0 
(370.0, 1070.4)

690.0 
(385.0, 1080.0)

705.2 
(410, 1117.6)

Leisure-time (min/week) 120.0 
(24.0, 300.0)

100.0 
(0.0, 240.0)

120.0 
(20.0, 240.0)

131.4 
(30.0, 270.0)

Transport-related (min/week) 20.0 
(0.0, 75.0)

50.0 
(0.0, 140.0)

45.0 
(0.0, 150.)

60.0 
(0.0, 175.0)

Occupational (min/week) 120.0 
(60.0, 180.0)

20.0 
(0.0, 395.1)

0.0 
(0.0, 300.0)

15.0 
(0.0, 342.2)

Domestic (min/week) 161.5 
(60.0, 360.0)

201.2 
(90.0, 450.0)

180.0 
(75.0, 360.0)

Young’s elastic modulus (mmHg.mm), mean (SD) 352.1 (142.9)
High-risk (≥90th percentile), % (n) 10.2 (79)

Carotid distensibility (%/10 mmHg), mean (SD) 2.02 (0.69)
High-risk (≥90th percentile), % (n) 9.75 (75)

Carotid intima media thickness (mm), mean (SD) 0.650 (0.109)
High-risk (≥90th percentile), % (n) 11.2 (104)

Carotid plaques present, % (n) 13.4 (117)

ASHFS, Australian Schools Health and Fitness Survey; BP, blood pressure; CDAH, Childhood Determinants of Adult Health Study; HDL, high-density lipoprotein; IQR, 
interquartile range; IRSAD, Index or Relative Socio-economic Advantage and Disadvantage; LDL, low-density lipoprotein; PA, physical activity; SD, standard deviation. 
N for variables within each time point varies.
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throughout the life course for healthy vasculature and reduced 
atherosclerotic risk in adulthood.

Vascular structure
Total physical activity
Our study observed three distinct trajectories of total PA across 
the life course (persistently low, low to high, and consistently 
high) and positively associated with cIMT in mid-adulthood. 
We found that participants with trajectories of low childhood 
PA increasing to high mid-adulthood PA had less favourable 
cIMT than participants with ‘persistently low’ trajectories of to
tal PA, which was an unexpected finding. cIMT is associated 
with CVD events such as stroke,27 myocardial infarction,28

and the presence and degree of atherosclerosis.29 Prior relation
ships between higher PA levels and lower CIMT30,31 have been 
observed. The explanation for this unexpected finding is unclear, 
although we hypothesize that greater levels of occupational ac
tivity among the ‘low to high’ total PA trajectory may have been 
responsible. Following sensitivity analysis in which occupational 
activity was adjusted for, no change in the relationship was ob
served (data not shown). However, sensitivity analysis among 
those with measures of all outcomes saw no significant relation
ship between ‘low to high’ total activity and cIMT, suggesting a 
small number of outliers may be responsible. These findings in
dicate the potential for effect via external factors or outlying ob
servations and highlight a need for replication in other datasets 
to disentangle this observation.

Leisure-time physical activity
Three distinct trajectories of leisure-time PA were determined 
across the life course: ‘persistently low’, ‘high and decreasing’, 

and ‘consistently high’. Our findings indicate that ‘consistently 
high’ leisure-time PA across the life course was associated 
with significantly lower risk of carotid plaques in mid-adulthood 
compared to persistently low leisure PA. However, associations 
were not identified among any of the other vascular outcomes 
assessed. While early-life leisure PA has been associated with 
decreased vascular disease risk,32 we found no significant differ
ence in cardiovascular health outcomes between the ‘persist
ently low’ trajectories and ‘high and decreasing’ leisure PA. 
This indicates that maintaining leisure PA beyond childhood 
may be crucial for vascular benefits in mid-adulthood. Further, 
it has previously been hypothesized that high PA may decrease 
associated cardiovascular risk factors (e.g. overweight and obes
ity), as well as improve vascular repair.33 When considering the 
pathogenesis of plaque development, endothelial injury via oxi
dative stress is believed to play a key role.34 High leisure-time 
PA has been shown to yield anti-inflammatory properties and 
protect against oxidative stress, thus slowing vascular damage. 
Given that vascular aging is a lifelong process, it is plausible 
that maintained leisure-time activity across the life course may 
have the greatest effect in slowing the progression of early vas
cular aging.

School/occupational physical activity
We observed three distinct trajectories of school/occupational 
activity across the life course: ‘persistently low’, ‘low to high’, 
and ‘high and increasing’. Our analysis suggests that prolonged 
exposure to higher levels of school/occupational PA across 
the life course may be associated with higher cIMT and 
therefore greater cardiovascular disease risk. These findings 
are supported by prior observations of positive longitudinal 
relationships between adult occupational PA and IMT.35

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 2 Associations between total physical activity trajectories and dichotomous adult vascular structure and function 
outcomes

Outcome, latent total physical activity trajectory Model 1 Model 2

n/N RR (95% CI) n/N RR (95% CI)

High-risk Young’s elastic modulus 79/765 76/713
Persistently low REF REF
Low to high 1.396 (0.758, 2.033) 1.331 (0.683, 1.977)
Consistently high 1.611 (0.183, 3.039) 1.460 (0.157, 2.763)

High-risk carotid distensibility 75/765 72/713
Persistently low REF REF
Low to high 0.940 (0.433, 1.448) 0.915 (0.403, 1.428)
Consistently high 1.985 (0.469, 3.501) 1.878 (0.414, 3.342)

High-risk cIMT 104/914 97/853
Persistently low REF REF
Low to high 1.120 (0.655, 1.591) 1.119 (0.630, 1.608)
Consistently high 1.117 (0.098, 2.136) 1.043 (0.060, 2.026)

Presence of carotid plaques 116/867 110/807
Persistently low REF REF
Low to high 1.071 (0.634, 1.507) 1.146 (0.671, 1.620)
Consistently high 1.653 (0.533, 2.773) 1.453 (0.483, 2.423)

n, number with high-risk outcomes; N, number with outcomes assessed; RR, relative risk; CI, confidence interval; cIMT, carotid intima–media thickness.
Model 1: adjusted for age and sex.
Model 2: additionally adjusted for occupation-type, body mass index, smoking status, high-density lipoprotein, low-density lipoprotein, and area-level socio-economic 
status.
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Further, it is well-established that a paradox exists in which 
greater occupational PA is associated with higher cardiovascular 
disease risk.9,10 Notably, a significant association was only ob
served with continuous measures of cIMT, suggesting that clas
sification in a more favourable trajectory of school/occupational 
activity was not associated with a level of effect sufficient to 
raise cIMT levels into the highest 10% of the sample population 
(high-risk cIMT). Our observations are unsurprising as occupa
tional PA is characterized by low intensity, long duration, and 
low discretion activity. This activity is commonly experienced 
among workers who experience long working hours and strenu
ous manual labour that has been associated with systemic in
flammation.9,36 Further, those undertaking blue-collar work 
are more likely to be male, receive lower incomes, have less ac
cess to resources, live in low socio-economic status areas, and 
have poorer access to health services.37 These factors have 
the potential to confound or negate the usual benefits of PA. 
Despite adjusting for BMI, smoking, cholesterol, occupation, 
and area-level socio-economic status, disentangling the effect 
of occupational activity from other accompanying lifestyle and 
socio-economic factors present among those undertaking high 
levels has been acknowledged as difficult.38 There is strong evi
dence to support the role of school-based physical activity inter
ventions in the short-term reduction of cardiovascular disease 
risk factors,39 but the longitudinal retention of cardiovascular 
benefits from such activity is not yet certain.20 As such, it is 
possible that the benefits of high school-based activity levels 
may be offset by the poor cardiovascular associations of 
adult occupational activity. However, as there is little research 
into the domain-specific mechanisms between PA and the 

cardiovascular dysfunction, further research is recommended 
to shed light on these findings.

Transport-related physical activity
Two distinct trajectories of transport-related PA were observed 
across the life course from childhood to adulthood. These findings 
align with our previous research on the same cohort of Australian 
children followed into mid-adulthood, where we identified two dis
tinct classes of adult transport-related PA.15 Although represented 
as a continued pattern of activity from childhood through to adult
hood, it must be noted that in line with our prior findings, childhood 
transport-related PA did not differentiate trajectories of 
transport-related PA in adulthood. This is observed via a negligible 
difference in median transport-related PA (and overlap of inter
quartile range) in childhood when stratified by trajectory (see 
Supplementary material online, Table S2).

We found no significant differences between each trajectory 
and its relationship with cardiovascular measures. This lack of 
relationship may be related to limitations of using the IPAQ-L 
self-report tool to record transport-related PA levels. As 
transport-related PA typically occurs in short bursts and bouts 
of activity <10 min in duration are not recorded by the IPAQ, 
it is possible that participants of the ‘persistently low’ trajectory 
cumulatively undertook levels of transport-related PA compar
able to the ‘high and increasing’ group via unreported smaller 
(<10 min) and more frequent bouts. Furthermore, studies have 
shown transport-related PA to be influenced by environmental 
factors such as distance to destination and land-use mix.40

Similarly, at baseline, only activity undertaken when walking or 
cycling to school was assessed, which may not be completely 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 3 Associations between leisure-time physical activity trajectories and dichotomous adult vascular structure and 
function outcomes

Outcome, latent leisure-time physical activity trajectory Model 1 Model 2

n/N RR (95% CI) n/N RR (95% CI)

High-risk Young’s elastic modulus 79/765 76/713
Persistently low REF REF
High and decreasing NA NA
Consistently high 1.133 (0.549, 1.718) 1.210 (0.536, 1.886)

High-risk carotid distensibility 75/765 72/713
High and decreasing REF REF
High to low 0.772 (−0.654, 2.198) 1.408 (−1.309, 4.126)
Consistently high 1.026 (0.452, 1.601) 1.053 (0.434, 1.671)

High-risk cIMT 104/914 97/853
Persistently low REF REF
High and decreasing 1.757 (0.067, 3.448) 2.305 (0.179, 4.432)
Consistently high 0.969 (0.464, 1.472) 0.842 (0.360, 1.324)

Presence of carotid plaques 116/867 110/807
Persistently low REF REF
High and decreasing 1.020 (−0.282, 2.312) 1.831 (−0.459, 4.211)
Consistently high 0.560 (0.228, 0.891) 0.587 (0.239, 0.935)

Bold indicates significance.
n, number with high-risk outcomes; N, number with outcomes assessed; RR, relative risk; CI, confidence interval; cIMT, carotid intima–media thickness.
Model 1: adjusted for age, sex, and transport, occupational, and domestic physical activity.
Model 2: additionally adjusted for occupation-type, body mass index, smoking status, high-density lipoprotein, low-density lipoprotein, and area-level socio-economic 
status.
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representative of all transport-related PA undertaken. To fur
ther determine the benefits of transport-related PA beyond its 
capacity to bolster total levels of PA, future research is recom
mended to determine the domain-specific effects of active tra
vel on CVD.11

Domestic physical activity
As domestic PA was only measured at adult time points (CDAH 
1–3), trajectories spanning the entire life course were not pos
sible. Two trajectories of domestic PA were observed across 
adulthood. These domestic PA trajectories did not significantly 
differ in their effect on cardiovascular outcomes. However, 
our observations of distinct patterns of adult domestic PA high
light the potential to increase total adult PA levels through inter
ventions aimed at supporting those within the ‘persistently low’ 
domestic PA trajectory.

Vascular function
We did not observe an association between trajectories of PA 
and measures of vascular function (Young’s elastic modulus 
and carotid distensibility). Existing cross-sectional studies sug
gest that total (mins/week) and light-to-moderate intensity PA 
may be associated with greater vascular function (lower stiff
ness) in older adults (>60 years), whereas vigorous PA may be 
necessary to elicit similar vascular benefits in younger and 
middle-aged populations.41–43 It is likely that our lack of PA in
tensity measures prevented our own observation of the associ
ation between PA and vascular function, given the age range of 
participants assessed. Further, as our participants have not yet 
reached older-adulthood, potential relationships between PA 
duration and vascular function (as previously suggested41) could 
not be examined. Future research incorporating objective 
measures of PA intensity and extended follow-up into older 
adulthood may provide greater insight into these complex 
relationships.

Strengths and limitations
This study was strengthened by its use of a large, nationally rep
resentative cohort of children at baseline, with a long period of 
follow-up into mid-adulthood. Further, detailed PA measures 
were recorded in both childhood and adulthood. The use of 
LCGMM facilitated the first comparison of PA trajectories 
across all domains, adjusting for time-varying covariates. 
Identification of these trajectories highlights an opportunity to 
better understand the characteristics of individuals in which ac
tivity is persistently low, providing insights for domain-specific 
intervention development. LCGMM allowed for the a posteriori 
determination of PA trajectories using a data-driven approach. 
Unlike a priori classification, this data-driven technique reduces 
the risk of misclassification and information loss.24 It must be 
noted that with additional datapoints and larger samples, more 
granular trajectories might emerge than those of this study. 
These factors should be considered when interpreting the large
ly neutral vascular findings.

This study was limited by loss to follow-up. As those lost to 
follow-up often exhibit poorer health behaviours, it is possible 
that the findings of this study may underestimate the proportion 
of people who fall within the low PA trajectories and high-risk 
outcome categories. This study involved multiple comparisons 
across several correlated exposures and outcomes. To avoid in
flating the risk of Type II error, formal correction for multiple 
testing was not applied. We acknowledge that this decision in
creases the potential for Type I error; therefore, we have 

interpreted findings with caution including focusing on effect 
sizes and confidence intervals rather than P-values. This study 
was limited as the use of a self-reported PA measurement in 
childhood and adulthood introduces the potential for recall error 
into this study. Specifically, the IPAQ-L does not capture bouts 
of activity under 10 min in duration potentially overlooking 
small bouts that may sum to provide greater totals.44

However, the IPAQ-L has been observed to have acceptable 
validity and high reliability in PA assessment.45 Childhood mea
sures of PA presented in this study were assessed using differ
ent, unvalidated questions from those within the IPAQ-L used in 
adulthood, and therefore may not be directly aligned with adult 
activity domains15 (e.g. the potentially differing nature of com
pulsory and structured school-based and occupational activity). 
Further, the questions used in childhood were not validated, and 
as such, the effect of childhood PA on adult CVD and life course 
trajectories may be underestimated. We were unable to exam
ine PA intensity across the life course due to the inconsistent 
availability of these data over the study period. Future research 
incorporating objective measures of intensity and extended 
follow-up into older adulthood is warranted. Finally, measures 
of carotid-to-femoral pulse wave velocity—a key marker of vas
cular degradation—were not available in this study.

Conclusions
Maintaining consistently high levels of total and leisure-time ac
tivity across the life course is associated with more favourable 
vascular structure in mid-adulthood compared to lower levels 
of these types of activity. The early-life origins of vascular deg
radation, coupled with the distinct trajectories of PA identified 
across the life course, underscore the necessity of early and sus
tained PA for optimal vascular health. Negative relationships be
tween school/occupational activity trajectories and vascular 
structure warrant future examination to determine mechanisms 
of effect. Further examination of PA intensity and vascular func
tion beyond mid-adulthood is also recommended. While trajec
tories of high leisure-time PA from childhood through adulthood 
were identified to be of benefit to vascular structure, the obser
vation of associations among trajectories of total PA strength
ens the case that any PA may be beneficial.
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