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ABSTRACT 

Background: Adolescence is a critical period filled with life changes. Early implementation of effective 

health promotion strategies could help alleviate the morbidity and mortality associated with inactivity. 

This study investigated if adolescent participation in exercise and sport is associated with device-

assessed physical activity (PA) levels in midlife.  

Methods: 2984 participants (41.2% male) from the 1970 British Cohort Study were included. 

Participants were surveyed at age 16 on five indicators of exercise and sport participation. Total  daily 

PA and moderate-vigorous PA (MVPA) at age 46 was measured using a thigh-worn accelerometer, 

worn for 7 days. Associations between each adolescent exercise or sport indicator and adulthood total 

daily PA and MVPA were examined using linear regressions, adjusting for sex, wear time, BMI, 

smoking, disability, malaise, alcohol consumption, social class, education, self-rated health. 

Results: In fully-adjusted models, adolescents who reported exercising ‘much more’ than others 

(8.6mins/day; 95%CI:-0.1,17.1), who played sports at the park/playground more than once a week 

(8.5(3.0,14.0)mins/day) and who exercised on the most recent Saturday (3.8(-0.7,6.9)mins/day) had 

higher adult total PA levels than those who reported the lowest activity levels in sex-adjusted models. 

There was no evidence of an association between greater sport and exercise participation at age 16 

and MVPA at age 46. There was no association between playing sports at school and either measure 

of adult PA. 

Conclusion: Active adolescents, particularly those who engaging in out-of-school exercise, had higher 

total daily PA levels, but not MVPA levels, in midlife. This highlights the potential of early physical 

activity interventions to improve PA levels in adulthood. 
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INTRODUCTION 

Despite the proven benefits conferred by physical activity (PA), and in particular moderate-to-vigorous 

physical activity (MVPA), in preventing physical and mental illnesses1 and the continuous efforts to 

promote this to the public, over a third of adults in the UK do not meet the current recommended 

levels of PA2. One in six deaths are associated with inactivity in UK, at an estimated annual cost of 7.4 

billion pounds2. Public health policies and physical education classes aim to promote life-long PA from 

a young age3. Adolescence is a critical period in a person’s life, with many physiological and 

psychosocial changes occurring which can strongly influence activity behaviours4,5. Evidence suggests 

that the behavioural aspects exhibited early in life persist into adulthood 6,7, therefore implementing 

successful health promotion strategies at this stage in life could be of great importance 4,5, given the 

potentially sensitive period of adolescence for developing regular active habits. 

Before implementation of public health policies, it is imperative to monitor and understand how PA 

changes across the different stages of life and whether this acts independently of health or social 

pathways9. Identifying these factors will provide insight for targeted, evidence-based health 

promotion strategies4,5,9–11. Existing evidence suggests that PA tracking, defined as PA levels remaining 

stable over time or the maintenance of an individual’s relative activity rank within a group6,12, into 

adulthood is low to moderate4,12–15. Correlations are stronger in studies carried out over shorter time-

periods and with older participants at baseline12. Furthermore, exercise can take various forms (e.g. 

gym, sports, walking) and social contexts (individual/group, in/out of school)8, and may have different 

impacts on long-term PA behaviours. 

Previous research has predominantly focused on PA patterns from childhood into early 

adulthood4,7,9,14,20–22 with little investigation beyond 40 years3,11,23,24. Additionally, PA has mainly been 

measured through self-reported measures which are susceptible to inaccuracies from recall 

bias6,7,20,21, although recent evidence has shown associations between greater sports participation 

throughout childhood and higher device-measured PA in midlife 24. As PA is a complex behaviour, 

consisting of several domains, types and contexts, this study focuses on adolescent participation in 
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organised sport, whether in school or at a sports club, as evidence shows these to be good predictors 

of adult PA3,14,16–19. The aim of this study is to investigate if participation in activity and sport in 

adolescence is associated with PA at age 46, and if associations remain after adjustment for health 

and psychosocial pathways that influence adulthood PA. 

METHODS 

Study sample 

The 1970 British Cohort Study (BCS70) is an ongoing longitudinal population-based cohort study of 

17,196 participants born in the UK in the same week in 197025,26. This study uses data from the surveys 

carried out in 1986 (age 16) and 2016 (age 46)27. The age 16 assessment  involved face-to-face surveys 

with the cohort members, their parents, teachers and headteachers. The age 46 assessment  consisted 

of a self-completion questionnaire, computer-assisted interviews and an assessment by a trained 

nurse during which several biomedical measures were taken including implementation of a physical 

activity monitor26. Of the 17,196 people who initially formed part of BCS70, 11,622 participated at age 

16 and 8,581 participated at age 46. The derivation of the sample size is shown in detail in Figure 1. 

The final analysis comprised 2,984 participants. Informed consent was provided by all participants and 

the study received full ethical approval from NRES Committee South East Coast – Brighton and Sussex 

(Ref 15/LO/1446).  

Sport and exercise at age 16 

Five measures of sports and exercise at age 16 were ascertained through the following questions: 

“How often do you exercise compared to other people your age?” (responses: ‘much less’, ‘less’, ‘the 

same’, ‘more’, ‘much more’), “How often do you play sport at a club?” (‘rarely’, ‘less than once a week’, 

‘once a week’ or ‘more than once a week’), “How often do you play sports in a park/playground?” 

(‘rarely’, ‘less than once a week’, ‘once a week’ or ‘more than once a week’) and “Did you take any 

exercise last Saturday?” (‘Yes’, ‘No’). For the fifth measure, participants were asked “During the past 

year which of the following sports did you play in school and how often?” (see complete list in 

Supplemental File 1). Each of the 35 listed sports were scored as 0 (never practiced), 1 (1+ 
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times/month) or 2 (1+ times/week). Due to the skew of the data, participant total scores (range: 0-70) 

were divided into quartiles. Although no objective measures of PA or sport were collected at age 16, 

resting heart rate – measured as an indicator of cardiometabolic fitness – was consistently lower in 

those who self-reported higher participation in sport and exercise (see Supplemental Table 2). 

Physical activity at age 46 

At age 46, participants were asked to wear an activPAL device, secured to the midline of the anterior 

upper thigh by a nurse following their physical examination. The activPAL device is a triaxial 

accelerometer which provides information on body position and stepping speed28–30. Devices were 

programmed to sample at the default frequency of 20 Hz with 60 second sampling intervals. 

Participants were instructed to keep the device on for an entire week without removing it at any time, 

including while sleeping, bathing or swimming30. Participants were included in this study if they 

provided at least one full day of data, defined as having a waking wear time of at least 10 

hours/day28,29,31. The two outcome variables considered were the average daily total time spent 

engaging in total daily PA (PA of any intensity) and in MVPA. MVPA was derived using a step cadence 

threshold of 100 steps/minute, which has been previously validated and widely used28,30,32,33. 

Covariates 

To assess the independence of potential life course pathways, covariates were selected based on 

previously established life-course associations with PA 9–11,28,34,35. Height and weight were measured 

at age 46 as part of a physical assessment carried out by a nurse and used to calculate BMI. Where 

missing, self-reported height and weight were used (n=48). Alcohol consumption was assessed using 

the Alcohol Use Disorder Identification Test (AUDIT) questionnaire; participants were asked about the 

quantity and frequency with which they consume alcohol and categorised as non-drinkers, non-

problematic drinkers or problematic drinkers36. Participants rated their own general health as 

excellent, very good, good, fair or poor. Disability was classified according to the European Statistics 

of Income and Living Conditions (EU-SILC) as no disability, limited to some extent or severely 

hampered37. Smoking status was classified into three groups: smoker, ex-smoker or non-smoker. 
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Highest academic achievement was categorized into the following groups: no formal education, 

obtained A-levels or diploma (finished school) and obtained a degree or higher (attended university). 

Psychological well-being was assessed through the 9-item Malaise Inventory, where participants were 

classified as either having low malaise (scoring 0-3) or high malaise (4+)38,39.  

Participant’s father’s social class was collected from the age 16 cohort and categorised based on the 

Registrar-General’s model of Social Class (1980) as professional or managerial, non-manual or manual 

skilled worker and semi-skilled or unskilled worker40. If no data was available for father’s social class 

at age 16, data from the age 10 survey  was used instead (n=651).  

Statistical analysis 

Descriptive analysis of participant characteristics by sex was carried out using Chi-squared tests for 

categorical variables and one-way ANOVA tests for continuous variables. Linear regression models 

were used to assess associations between each of the five measures of exercise and sport participation 

at age 16 with MVPA and total daily PA at age 46. For each analysis, four models were considered. 

Model 1 adjusted for sex and wear time, model 2 adjusted for sex, wear time and health-related 

factors (BMI, alcohol consumption, general health, disability, smoking status), model 3 adjusted for 

sex, wear time and psycho-social factors (highest academic achievement, psychological well-being and 

father social class) and model 4 adjusted for all covariates simultaneously. Males and females were 

combined in all models as no interaction was present between sex and any of the selected measures 

of PA. Following a missing at random assumption, covariate data were imputed using multiple 

imputation chained equations41; estimates from 20 imputed datasets were combined using Rubin’s 

rules42. Missing data ranged from 0% for smoking and self-reported health to 4.3% for father’s social 

class. Data analyses were carried out using Stata 17.0. 

Differences between the analytical sample and various groups of cohorts missing data were examined. 

First, we compared MVPA and total daily PA time at age 46 between three groups: those with age 16 

sport and exercise data (e.g. analytical sample), those who did not participate in any data collection 
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age 16 and those who participated at age 16 but had no data on sport and exercise. Next, we 

compared sport participation at age 16 and all covariates between three different groups: the included 

analytical sample, those who participated at age 46 but did not wear an accelerometer and those who 

did not participate at age 46. 

RESULTS 

Sample characteristics 

Sample characteristics by sex are shown in Tables 1 and 2. At age 16, boys were more likely to report 

exercising ‘much more’ frequently (15.9% vs 7.8%) and on the previous Saturday compared to girls 

(66.1% vs 61.9%). Compared to boys, girls were more likely to report rarely performing sports at a 

sports club (53.7% vs 32.0%) or in a park/playground (77.1% vs 42.8%). There was no difference in 

total sports participation in school between boys and girls. At age 46, males had higher total daily PA 

(122.4 ±43.9 vs 118.0 ±40.4 mins/day) compared to females, but similar levels of MVPA (52.4±27.1 vs 

52.7±24.7 mins/day). Males were more likely to be problematic drinkers at age 46, while females were 

more likely to have obtained A-levels and have a disability status of ‘severely hampered’. Finally, there 

were no significant sex differences for BMI, smoking status, father’s social class, self-rated health and 

malaise scores (see Table 2). 

Total daily physical activity 

In linear regressions, there was a positive association between higher reported exercise, participation 

in sports at the park and having exercised during the weekend at age 16 with greater total daily PA at 

age 46 (Table 3). Compared to those who reported exercising ‘much less’ than others, those who 

exercised ‘more’ or ‘much more’ had 7.8 mins/day (95% Confidence Interval: -0.2, 15.8) and 9.3 (0.4, 

18.2) mins/day higher total PA, respectively in sex adjusted models. These positive trends are  

maintained across all stages of adjustment (Model 4, fully-adjusted: 8.6 (-0.01,17.1) min/day for ‘much 

more’). When compared to cohort members who rarely participated in sport at a park/playground, 

those who played sport more than once a week had 5.7 (-0.05, 11.4) mins/day higher total daily PA in 
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adulthood in sex-adjusted models. This pattern was also maintained across all four models (Model 4; 

8.5 (3.0,14.0) mins/day). Compared to those who had not performed exercise on the previous 

Saturday, those who did, had higher total daily PA at age 46 in all models (Model 4: 3.8 (0.7,6.9) 

mins/day). No association was found between increased sports club participation or number of sports 

played at school with total adult daily PA (see Table 3). 

Moderate-vigorous physical activity   

Across all linear regressions, there was no evidence to suggested that sport and exercise participation 

at age 16 was associated with time spent in MVPA at age 46 (see Table 4). There was a small positive 

trend of higher adult MVPA amongst adolescents who played sports at the park more than once a 

week when compared to those who rarely did so (Model 4; 3.2 (-0.3, 6.8) mins/day), but all other 

associations were negligible.  

Sensitivity analyses 

Those who did not participate in data collection at age 16 (49.3±26.0 min/day) or who participated 

but had no data on sport and exercise (49.2±24.5 min/day) had lower levels of MVPA than the 

analytical sample (52.6±25.7; p<0.001), however there was no difference in total daily PA time 

between the three groups (p=0.85). When comparing the analytical sample, those who did not 

participate in data collection at age 46 and those who participated at age 46 but had no accelerometer 

data (Supplemental Table 3), there was no difference in total sport participation quartiles (p=0.12) or 

Saturday exercise at age 16 (p=0.24). However, those who participated in the age 46 wave but had no 

accelerometer data were less likely to play sports in school and more likely to report exercising less 

than their peers in adolescence compared to those in the analytical sample and those who did not 

participate at age 46. Conversely, the analytical sample were the least likely to play sports in the 

street/park more than once a week. Finally, at age 46, those without accelerometer data were more 

likely to be male, smokers, non-drinkers or problematic drinkers, have a disability classification, poorer 
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self-rated health, higher malaise scores, lower academic qualifications and lower father social class 

compared to the analytical sample (Supplemental Table 3).  

DISCUSSION 

In a large British birth cohort study, we found that higher levels of exercise and sport participation at 

age 16 were associated with higher levels of total daily PA at age 46. In particular, adolescents who 

exercised more regularly and played sports during their leisure time at a park were found to have 

increased levels of total daily PA as adults. There was no evidence of an association between any 

measure of adolescent sport and exercise and adult MVPA. The associations found were independent 

of the health and psychosocial pathways  explored in this study, suggesting that adolescence may be 

a sensitive period for the consolidation of sport and exercise habits. 

Comparison with previous evidence 

Direct comparisons with previous studies in the same field is challenging as each study uses different 

indicators of PA, ages of measurement and analytical methods. However, previous studies assessing 

PA tracking from adolescence to adulthood generally show low but significant levels of tracking with 

the strength of the associations diminishing as the interval between follow-ups increases. These 

studies, however, largely relied upon self-reported measures of PA3,4,13,14,16,17. Previous longitudinal 

studies in this field have shown that increased adolescent PA, participation in sports out of school and 

at sports clubs to be predictors of increased adult PA4,6,17,43; the association between early years sports 

participation and adult PA levels also appears to diminish after longer follow-up periods13,15,23. In 

contrast to the null association between in-school sports participation and adulthood total PA, other 

studies have shown increased school sports participation to be associated with increased adult PA44,45.  

Interpretation 

Tracking is often assessed by means of correlation coefficients 3, which  does not allow for the role of 

covariates to be considered. The linear regressions used here suggested that frequent adolescent 

participation in sport and exercise was associated with increased likelihood of being an active adult; 

this association was independent of the covariates controlled for in this study which are known to 
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impact adulthood activity levels. The results found were consistent, but effect sizes were smaller than 

expected, possibly due to the complex factors across the life course together with the large number 

of life changes that can contribute to physical activity behaviours. These results suggest that PA is 

influenced by many other factors, such as internal and environmental factors, which may limit 

available time and resources for adult PA20,43,46,47.  

Early experiences of PA may influence on health outcomes in adulthood by forming a preference for 

PA participation which is maintained throughout life11,12,14. After secondary school, individuals become 

responsible for structuring their own exercise. Continued PA levels are positively affected by 

enjoyment of exercise, motivation and positive values of expected outcomes from exercise17,48. 

Conversely, some evidence has suggested that adult PA levels are negatively impacted by being forced 

to exercise in adolescence10,49. Outdoor sports played in the park or playground during adolescence 

reflects a free and unstructured form of sport which varies between different individuals. The contrast 

of the observed association for free sports played in the street or playground and the null association 

of organised school sports and sports club participation with adulthood PA levels could reflect the 

decision to engage in sports due to intrinsic enjoyment and free will. This purposeful and desired 

engagement in sports could potentially be the result of being brought up in an environment that 

encourages and supports living a physically active lifestyle. An upbringing in an environment with 

strong social support and positive encouragement towards sports participation leads to increased 

levels of pleasure from maintain an active life style and thereby also increases the motivation to 

maintain this across the life course11,35.  The null results for sport participation at school may indicate 

a negative reflection on the way physical education (PE) is taught at schools. There is currently a heavy 

emphasis on team sports within current PE curriculums50,51 but attempts are being made to shift to a 

concept-based PE through which students are exposed to a wide variety of non-competitive exercises 

adapted to their age with potential for future carry over18,52–55. Since not all youth are inherently 

interested in sport, providing these opportunities can help one feel part of a valued social unit, more 

autonomous and increase intrinsic motivation to exercise11.  
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Although greater sport and exercise participation in adolescence was associated with higher levels of 

total daily PA in adulthood, there was minimal evidence of an association with MVPA-specific activity. 

The contrast in results is surprising, given the mechanisms suggested above. However, there was still 

some evidence of a correlation with performing exercise and an association between playing sports 

at the park with greater levels of adult MVPA. This could be due to device-measured MVPA capturing 

any form of exercise, including incidental bouts of non-sustained PA (e.g. running for bus, climbing 

stairs) and not just structured PA, which are expected to have weaker associations with sport in 

adolescence. Device-measured MVPA records any bodily movement above the threshold of 100+ 

counts/minute.  Some adult MVPA, such as jobs involving heavy manual labour, may not be classified 

as MVPA as the nature of the task may involve moderate exertion that does not meet the defined 

cadence threshold. Additionally, leisure-time walking is a common type  of PA in midlife and is most 

commonly accrued as lower-intensity activity, rather than higher intensity brisk or breathless walking 

33.  Finally, the lack of associations could be a result of the selection bias present in this study with the 

analysis being carried out on a healthier and more active subset of the cohort members. Non-

participants were also more likely to be of lower socio-economic position, which has been shown to 

have a negative impact on PA in childhood 5,48 and physical inactivity has been demonstrated to track 

better than physical activity, thereby also potentially contributing to the small effect size.   

Implications 

There was a clear association between adolescent exercise and sport and total adulthood PA. This was 

particularly evident amongst those who exercised much more than others and those who played 

sports in the park more than once a week. For example, the 8.5 and 8.6 mins/day coefficients (Table 

3) equate to a substantial and clinically significant increase in total PA levels of about 1 hour per week 

in adulthood (8.5min*7days=59.5minutes). Although such findings were not seen with adult MVPA 

levels, clinically favourable cardiometabolic risk factor outcomes have been shown even amongst 

those participating in regular exercise at cadences of less than 100steps/minute56. Further research is 

required in this field and studies should make use of device-measured PA carried out at numerous 
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time-points from adolescence into adulthood to help better understand these associations and to 

discover whether efforts should be made to promote sport in early life. 

The results obtained showed the associations of PA into adulthood to be independent of the 

covariates controlled for in this study. This highlights the potential of intervention opportunities to 

influence behaviours early on in life that may contribute to engagement in more physically active 

lifestlyes. Interventions should aim to increase activity levels amongst those that are inactive whilst 

maintaining PA levels amongst those who are already active. Schools, through PE classes, are essential 

in imparting the values of sport and exercise and allow for equal exposure irrespective of student 

backgrounds10. While sport is an integral part of PE and should be encouraged, PE should also 

encourage skills that will be commonly used as adults such as individual, fitness oriented, non-

competitive exercises which are inclusive of all10,57. This increases the chances that an exercise may 

meet the needs and skill levels of an individual and increase their motivation to continue exercising 

long-term.  

Strengths and limitations 

The strengths of this study include its longitudinal design, the long 30-year follow-up period, 

prospective ascertainment of early life PA, objective thigh-worn measurement of PA and the nationally 

representative birth cohort. A further strength of this study is the high level of adherence to the 

activPAL3 wear protocol; 79.6% of participants recorded 6 full days of wear. The analytical approach 

considered various types of sport and exercise in adolescents and applied a robust statical approach 

that considered the impact of multiple relevant covariates. 

There are several limitations to be noted. PA measures at age 16 may be subject to inaccuracies due 

to social desirability bias7. These measures only reported frequency of PA with no information on 

duration or intensity and therefore may not be sufficiently sensitive indicators of sport and exercise 

participation. As with all longitudinal cohort studies, many individuals  were lost to follow-up over the 

30-year study period, with further restrictions due to accelerometer consent. When compared to 
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included cohort members, excluded participants were likely to be less healthy, with lower education 

levels and social class. This selection bias resulted in the analysis being performed on a healthier 

section of the cohort, which may limit the generalisability of findings. Although widely used and 

validated by Tudor-Locke et al32,33, the cut-points of 100steps/minute does not take into account 

individual factors such as fitness, health, or anthropometry, and therefore may have resulted in mis-

estimation of MVPA58. A final limitation is the amount of data missing completely at random at age 16 

due to a national teachers strike that occurred in 1986 which limited participation as members were 

traced via their schools25. 

CONCLUSION 

The results from this study suggested that out of school sport and exercise engagement in adolescence 

are associated with higher total daily PA, but not MVPA levels, in adulthood. Contrary to this, frequent 

participation in sports at school or at a sports club did not translate into significant increases in adult 

PA levels. Considering the enormous financial impact of preventable non-communicable diseases, 

even small increases in adult PA levels can prove to be highly cost-effective. This study shows there 

are undeniable advantages to promoting adolescent PA, with increases in PA levels of up to 1 

hour/week in adulthood amongst the most active adolescents, justifying the need to promote it from 

a public health viewpoint.  

Funding: JB is supported through a British Heart Foundation grant SP/F/20/150002. 
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Table 1. Sample characteristics by sex: sport and physical activity measures at ages 16 and 46 
(up to n=2,984) 

 Male 
(up to n=1227) 

Female 
(up to n=1757) 

p-value for 
difference 

AGE 16 MEASURES 
“Compared with others – I perform exercise” n (%) 

Much less 41 (4.1) 76 (5.2)  
Less 162 (16.4) 373 (25.3)  
About the same 319 (32.2) 552 (37.4) <0.001 
More 311 (31.4) 361 (24.4)  
Much more 158 (15.9) 115 (7.8)  

“I play sports at a sports club or sports centre” n (%) 
Rarely 320 (32.0) 800 (53.7)  
Less than once a week 183 (18.3) 304 (20.4) <0.001 
Once a week 224 (22.4) 242 (16.2)  
More than once a week 272 (27.2) 145 (9.7)  

“I play sports at a park playground or in the street” n (%) 
Rarely 433 (42.8) 1156 (77.1)  
Less than once a week 189 (18.7) 206 (13.7) <0.001 
Once a week 183 (18.1) 88 (5.9)  
More than once a week 206 (20.4) 49 (3.3)  

Total sport participation at school: n (%)a 
Q1 (0-3) 251 (26.3) 358 (25.8)  
Q2 (4-8) 278 (29.1) 421 (30.4) 0.79 
Q3 (9-13) 212 (22.2) 287 (20.7)  
Q4 (14+) 215 (22.5) 321 (23.1)  

“Did you take any exercise last Saturday?” n (%) 
Yes 754 (66.1) 1044 (61.9) 0.02 
No 386 (33.9) 644 (38.2)  

AGE 46 MEASURES 
Total activity time (mins/d), mean ±SD  

 
122.4 ±43.9 

 
118.0 ±40.4 

 
<0.005 

MVPA (mins/day), mean ± SD 52.4 ±27.1 52.7 ±24.7 0.83 

SD: Standard Deviation, MVPA: moderate-vigorous physical activity 
a Participants were provided with a list of 35 sports. The sport was assigned a score of 0 if 
never practiced, a score of 1 if performed at least once a month and a score of 2 if performed 
at least once a week. This gave a total possible score ranging from 0 to 70, participant scores 
were then divided into quartiles.  
N.B. Percentages may not add up to 100% due to rounding of values to one decimal point  
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Table 2. Sample Characteristics by sex: health, psycho-social factors and wear time (up to n=2,984) 

 Male 
(up to n=1227) 

Female 
(up to n=1757) 

p-value 

HEALTH FACTORS 
BMI, mean ± SD 

 
28.3 ±4.7 

 
28.0 ±6.2 

 
0.07 

Smoking, n (%)    
Non smoker 665 (54.2) 973 (55.4)  
Ex-smoker 378 (30.8) 522 (29.7) 0.79 
Smoker 184 (15.0) 262 (14.9)  

Alcohol consumption, n (%)    
Non-drinker 91 (6.9) 176 (10.1)  
Unproblematic drinker (AUDIT: 1-4) 794 (65.9) 1322 (75.5) <0.001 
Problematic drinker (AUDIT: 5+) 340 (27.3) 254 (14.5)  

EU-SILC Disability Classification, n (%) 
None 1095 (89.2) 1448 (82.5)  
Limited to some extent 94 (7.7) 226 (12.9) <0.001 
Severely hampered 38 (3.1) 82 (4.7)  

Self-reported health, n (%)    
Poor 32 (2.6) 61 (3.5)  
Fair 145 (11.8) 184 (10.5)  
Good 316 (25.8) 448 (25.5) 0.27 
Very Good 492 (40.1) 677 (38.5)  
Excellent 242 (19.7) 387 (22.0)  

SOCIAL AND PSYCHOLOGICAL FACTORS 
Father’s Social Class, n (%) 

Professional or Managerial 465 (39.5) 647 (38.5)  
Skilled worker (manual/non-manual) 577 (49.0) 832 (49.5) 0.84 
Partly skilled or unskilled worker 135 (11.5) 201 (12.0)  

Highest Academic Qualification, n (%)   
None 249 (20.5) 315 (18.1)  
Up to A-levels or diploma 525 (43.1) 839 (48.1) 0.03 
Degree or higher 443 (36.4) 590 (33.8)  

Malaise Score, n (%)    
Low (0-3) 1013 (85.3) 1409 (83.0) 0.1 
High (4+) 174 (14.7) 288 (17.0)  

Wear time (hours/day), mean ± SD 16.0 ±1.2 15.7 ±1.2 <0.001 

BMI: Body Mass Index, SD: Standard Deviation, AUDIT: Alcohol Use Disorder Identification Test, EU-
SILC: European Statistics of Income and Living Conditions 
N.B. Percentages may not add up to 100% due to rounding of values to one decimal point  

 

 



SPORT AND PHYSICAL ACTIVITY ACROSS LIFE 

 

21 
 

 

Table 3: Regression models of the association between different contexts of sport and exercise at 
age 16 with total PA at age 46 

Age 16 exercise/sports 
indicator 

Differences in total activity time over the day (mins/day) at age 
46 [coefficient (95% CI)] 

Model 1: 
Adjusted for 
sex and wear 

time 

Model 2: 
adjusted for 

sex, wear time 
and health 

factorsa 

Model 3: 
adjusted for 

sex, wear time 
and psycho-

social factorsb 

Model 4: 
adjusted for 

sex, wear 
time, healtha 
and psycho-

socialb factors 

“Compared with others – I perform exercise” (n=2468) 
   Much less 
   Less 
   About the same 
   More 
   Much more 

REF REF REF REF 

1.3 (-6.8, 9.5) 1.0 (-6.8, 8.9) 1.6 (-6.5, 9.7) 1.6 (-6.2, 9.4) 

3.6 (-4.3, 11.5) 2.7 (-4.8, 10.3) 3.6 (-4.3, 11.4) 3.5 (-4.0, 11.1) 

7.8 (-0.2, 15.8) 5.3 (-2.4, 13.0)  7.3 (-0.7, 15.3) 5.9 (-1.9, 13.6) 

9.3 (0.4, 18.2) 7.9 (-0.7, 16.4) 9.0 (0.1, 17.9) 8.6 (-0.01, 17.1) 

“I play sports at a sports club or sports centre” (n=2490) 
   Rarely 
   Less than once a week 
   Once a week 
   More than once a week 

REF REF REF REF 

-0.4 (-4.7, 4.0) -1.7 (-5.9, 2.4) -0.5 (-4.8, 3.9) -0.9 (-5.1, 3.2) 

1.5 (-2.9, 6.0) -0.8 (-5.1, 3.5) 1.0 (-3.5, 5.5) -0.1 (-4.4, 4.2) 

2.5 (-2.3, 7.2) 2.9 (-1.7, 7.4) 2.5 (-2.2, 7.3) 3.9 (-0.7, 8.5) 

“I play sports at a park playground or in the street” (n=2510) 
   Rarely 
   Less than once a week 
   Once a week  
   More than once a week 

REF REF REF REF 

2.5 (-2.0, 7.1) 2.1 (-2.6, 6.8) 2.5 (-2.1, 7.0) 2.4 (-1.9, 6.8) 

1.5 (-4.0, 7.0) 4.2 (-1.2, 9.7) 1.6 (-3.8, 7.1) 2.2 (-3.0, 7.4) 

5.7 (-0.05, 11.4) 11.2 (5.4, 17.0) 5.7 (-0.03, 11.4) 8.5 (3.0, 14.0) 

Total sport participation at school (n=2343) 
   Q1 (0-4) 
   Q2 (4-8) 
   Q3 (9-13) 
   Q4 (14-70) 

REF 
1.3 (-3.2, 5.9) 
2.3 (-2.6, 7.2) 
-2.4 (-7.3, 2.4) 

REF 
-0.1 (-4.5, 4.3) 
1.4 (-3.4, 6.1) 
-2.1 (-6.8, 2.5) 

REF 
1.3 (-3.2, 5.8) 
2.1 (-2.9, 7.0) 
-2.4 (-7.3, 2.4) 

REF 
0.6 (-3.7, 5.0) 
2.0 (-2.7, 6.8) 
-1.8 (-6.5, 2.8) 

“Did you take any exercise last Saturday?” (n=2828) 
   No 
   Yes  

REF 
3.6 (0.4, 6.8) 

REF 
3.4 (0.4, 6.5) 

REF 
3.6 (0.2, 6.6) 

REF 
3.8 (0.7, 6.9) 

a Health factors include: BMI, smoking status, alcohol consumption, disability classification and 
self-rated health.  
b Psycho-social factors include: Malaise score, father’s social class, highest academic qualification 
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Table 4: Regression models of the association between different contexts of sport and exercise at 
age 16 with MVPA at age 46 

Age 16 exercise/sports 
indicator 

Differences in total activity time over the day (mins/day) at age 
46 [coefficient (95% CI)] 

Model 1: 
Adjusted for 
sex and wear 

time 

Model 2: 
adjusted for 

sex, wear time 
and health 

factorsa 

Model 3: 
adjusted for 

sex, wear time 
and psycho-

social factorsb 

Model 4: 
adjusted for 

sex, wear 
time, healtha 
and psycho-

socialb factors 

“Compared with others – I perform exercise” (n=2468) 
   Much less 
   Less 
   About the same 
   More 
   Much more 

REF REF REF REF 

0.1 (-5.1, 5.4) -0.2 (-5.2, 4.8) -0.1 (-5.3, 5.1) -0.3 (-5.3, 4.7) 

1.3 (-3.7, 6.4) 0.5 (-4.4, 5.3) 0.7 (-4.4, 5.7) 0.3 (-4.5, 5.2) 

3.5 (-1.6, 8.7) 1.5 (-3.4, 6.4)  2.6 (-2.5, 7.8) 1.4 (-3.5, 6.3) 

4.7 (-1.0, 10.3) 2.9 (-2.5, 8.3) 3.7 (-1.9, 9.4) 2.7 (-2.7, 8.1) 

“I play sports at a sports club or sports centre” (n=2490) 
   Rarely 
   Less than once a week 
   Once a week 
   More than once a week 

REF REF REF REF 

0.9 (-1.9, 3.7) -0.3 (-3.0, 2.3) 0.1 (-2.7, 3.0) -0.4 (-3.1, 2.3) 

1.9 (-1.0, 4.8) -0.03 (-2.8, 2.7) 0.8 (-2.1, 3.7) -0.2 (-3.0, 2.6) 

0.5 (-2.6, 3.6) 0.2 (-2.8, 3.1) -0.3 (-3.4, 2.8) 0.1 (-2.8, 3.0) 

“I play sports at a park playground or in the street” (n=2510) 
   Rarely 
   Less than once a week 
   Once a week  
   More than once a week 

REF REF REF REF 

1.4 (-1.5, 4.4) 1.0 (-1.9, 3.8) 1.3 (-1.7, 4.2) 1.0 (-1.8, 3.8) 

-1.1 (-4.7, 2.4) -0.7 (-4.1, 2.6) -1.1 (-4.6, 2.4) -0.6 (-4.0, 2.8) 

1.3 (-2.4, 5.0) 3.0 (-0.5, 6.5) 1.9 (-1.8, 5.6) 3.2 (-0.3, 6.8) 

Total sport participation at school (n=2343) 
   Q1 (0-4) REF REF REF REF 
   Q2 (4-8) 0.7 (-2.3, 3.6) -0.3 (-3.1, 2.4) -0.03 (-3.0, 2.9) -0.4 (-3.2, 2.4) 
   Q3 (9-13) 2.4 (-0.8, 5.6) 1.4 (-1.6, 4.4) 1.7 (-1.5, 4.9) 1.4 (-1.7, 4.4) 
   Q4 (14-70) -0.2 (-3.3, 3.0) -0.1 (-3.1, 2.8) -0.4 (-3.5, 2.8) -0.1 (-3.1, 2.9) 

“Did you take any exercise last Saturday?” (n=2828) 
   No REF REF REF REF 
   Yes  1.2 (-0.8, 3.3) 1.0 (-1.0, 3.0) 0.8 (-1.3, 2.9) 0.9 (-1.0, 2.9) 
a Health factors include: BMI, smoking status, alcohol consumption, disability classification and 
self-rated health.  
b Psycho-social factors include: Malaise score, father’s social class, highest academic qualification 
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Figure 1. Participation flow diagram describing sample size and reasons for exclusion at age 46 and 16 

Sample size at birth in 1970 

N = 17,196 

Invited to participate in study at age 46 

N = 12,368 

Lost to follow-up between surveys  

N = 4,828 (853 due to death) 

Did not respond 

N = 3,787 

Participants in data collection at age 46 

N = 8,581 Not issued invitation to wear activPAL 

device (most commonly as patient did 

not undergo physical assessment by 

nurse) 

N = 1,142 Invited to wear activPAL device 

N = 7,439 

Declined invitation 

N  = 877 

Consented to wear activPAL device 

N = 6,562 

ActivPal device not applied by nurse;     
N = 102 

Device not returned; N = 591 
Data unusable; N = 421 

ActivPAL data collected and activity time 

calculated 

N = 5,448 

Total PA per day analytical sample 

N = 2,984 

Missing data N = 2,787 

(Did not participate in questionnaire at 

age 16 N=1,592, Participated at age 16 

but did not provide answer to any of PA 

questions N=3, Missing covariate data 

N=1192) 

 

MVPA per day analytical sample 

N = 2,695 

Unable to derive MVPA 

N = 261 
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SUPPLEMENTAL FILES 
Supplemental Table 1. Age 16 survey question on sport participation in school 

 During the past year which of the following sports did 
you play when they were in season and how often? 
In school: 

Team Activities At least once a week At least once a month 

Baseball   

Basketball   

Cricket   

Football   

Hockey   

Netball   

Rounders   

Rugby   

Volleyball   

Other (please state)   

Individual Activities   

Aerobics   

Track/field events   

Badminton   

Canoeing   

Cross-country   

Cycling   

Dancing   

Gymnastics   

Horse Riding   

Jogging   

Fitness exercises   

Motorcycling   

Roller or ice-skating   

Rowing   

Sailing   

Scrambling   

Skiing   

Squash   

Swimming   

Table Tennis   

Tennis   

Walking   

Water-skiing   

Weight-training   

Wind-surfing   

Other (please state)   
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Supplemental Table 2. Mean resting heart rate across each indicator of age 16 sport or exercise (to 
indicate reliability of the measure) 

 
Resting heart rate, 

mean±SD 

Mean difference between 
lowest and highest group (95% 

CI) 

“Compared with others – I perform exercise” 
Much less 74.8±9.2 

3.7 (1.9, 5.6) 
Less 74.8±10.4 
About the same 73.7±9.3 
More 72.8±10.0 
Much more 71.1±9.8 

“I play sports at a sports club or sports centre”  
Rarely 74.5±9.8 

3.8 (2.8, 4.8) 
Less than once a week 73.5±9.3 
Once a week 72.9±9.7 
More than once a week 70.7±9.9 

“I play sports at a park playground or in the street”  
Rarely 74.0±9.6 

2.9 (1.8,4.0) 
Less than once a week 73.2±9.8 
Once a week 72.3±9.9 
More than once a week 71.1±10.4 

Total sport participation at school 
Q1 (0-3) 74.5±9.9 

1.8 (0.8, 2.9) 
Q2 (4-8) 73.3±9.6 
Q3 (9-13) 72.9±9.6 
Q4 (14+) 72.7±10.1 

“Did you take any exercise last Saturday?”  
Yes 73.0±9.8 

-1.46 (-21.13, -0.79) 
No 74.4±9.7 
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Supplemental Table 3. Characteristics of included vs non-included participants 

 
Analytical 

sample 
(up to n=2984) 

Participated at 
age 46; no 

accelerometer 
data  

(up to n=3012) 

Participated at 
age 16; did not  

participate at age 
46 

(up to n=4871) 

P-value 

SEX, n(%)     Female 1 755 (58.8) 1174 (51.6) 2232 (45.8) 
<0.001 

   Male  1 229 (41.2) 1103 (48.4) 2639 (54.2) 

AGE 16 SPORT AND EXERCISE PARTICIPATION 
“Compared with others – I perform exercise” n (%)  

Much less 117 (4.7) 78 (7.2) 124 (6.7)  
Less 535 (21.7) 206 (19.1) 358 (19.2)  
About the same 871 (35.3) 422 (39.2) 647 (34.7) <0.001 
More 672 (27.2) 255 (23.7) 489 (26.2)  
Much more 273 (11.1) 117 (10.9) 248 (13.3)  

“I play sports at a sports club or sports centre” n (%) 
Rarely 1120 (45.0) 497 (45.8) 873 (46.2)  
Less than once a week 487 (19.6) 235 (21.7) 336 (17.8) 0.02 
Once a week 466 (18.7) 180 (16.6) 317 (16.8)  
More than once a week 417 (16.8) 173 (15.9) 365 (19.3)  

“I play sports at a park playground or in the street” n (%) 
Rarely 1589 (63.3) 677 (62.3) 1148 (60.0)  
Less than once a week 395 (15.7) 177 (16.3) 301 (15.7) 0.01 
Once a week 271 (10.8) 96 (8.8) 205 (10.7)  
More than once a week 255 (10.2) 136 (12.5) 258 (13.5)  

Total sport participation at school: n (%)a 
Q1 (0-3) 609 (26.0) 289 (27.4) 531 (28.4)  
Q2 (4-8) 699 (29.8) 302 (28.7) 515 (27.6) 0.12 
Q3 (9-13) 499 (21.3) 196 (18.6) 359 (19.2)  
Q4 (14+) 536 (22.9) 267 (25.3) 463 (24.8)  

“Did you take any exercise last Saturday?” n (%) 
Yes 1798 (63.6) 771 (62.1) 1335 (61.3) 0.24 
No 1030 (36.4) 470 (37.9) 843 (38.7)  

AGE 46 HEALTH FACTORS  
BMI, mean ± SD 28.1±5.7 29.2±6.5 - <0.001 
Smoking, n (%)     

Non smoker 1638 (54.9) 1331 (44.2) -  
Ex-smoker 900 (30.2) 903 (30.0) - <0.001 
Smoker 446 (15.0) 775 (25.8) -  

Alcohol consumption, n (%) 
Non-drinker 267 (9.0) 426 (14.4) -  
Unproblematic drinker 
(AUDIT: 1-4) 

2116 (71.1) 1781 (60.4) - 
<0.001 

Problematic drinker (AUDIT: 
5+) 

594 (20.0) 743 (25.2) - 
 

EU-SILC Disability Classification, n (%) 
None 2543 (85.3) 2362 (78.6) -  
Limited to some extent 320 (10.7) 349 (11.6) - <0.001 
Severely hampered 120 (4.0) 296 (9.8) -  

Self-reported health, n (%)     
Poor 93 (3.1) 265 (8.8) -  
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Analytical 

sample 
(up to n=2984) 

Participated at 
age 46; no 

accelerometer 
data  

(up to n=3012) 

Participated at 
age 16; did not  

participate at age 
46 

(up to n=4871) 

P-value 

Fair 329 (11.0) 489 (16.3) -  
Good 764 (25.6) 915 (30.4) - <0.001 
Very Good 1169 (39.2) 918 (30.5) -  
Excellent 629 (21.1) 420 (14.0) -  

SOCIAL AND PSYCHOLOGICAL FACTORS 
Age 16 Father’s Social Class, n (%) 

Professional or Managerial 1112 (39.0) 814 (31.1) 1147 (26.9)  
Skilled worker (manual/non-
manual) 

1409 (49.3) 1359 (51.8) 2315 (54.2) 
<0.001 

Partly skilled or unskilled 
worker 

336 (11.8) 449 (17.1) 810 (19.0) 
 

Age 46 Highest Academic Qualification, n (%) 
None 564 (19.1) 991 (33.6) -  
Up to A-levels or diploma 1364 (46.1) 1301 (44.1) - <0.001 
Degree or higher 1033 (34.9) 657 (22.3) -  

Age 46 Malaise Score, n (%) 
Low (0-3) 2422 (84.0) 1920 (77.3) - <0.001 
High (4+) 462 (16.0) 565 (22.7) -  

BMI: Body Mass Index, SD: Standard Deviation, AUDIT: Alcohol Use Disorder Identification Test, EU-
SILC: European Statistics of Income and Living Conditions 
N.B. Percentages may not add up to 100% due to rounding of values to one decimal point  
 
 


