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1   Introduction 

The aims and details of data collection of the GoActive cluster randomised controlled trial (CRCT) are 

provided in the main trial protocol paper, published in September 2017.
[1]

 The purpose of this 

document is to outline the procedures for the main trial analysis, designed to assess the 10-month 

effectiveness of the GoActive intervention to increase average daily objectively measured moderate to 

vigorous physical activity (MVPA) among 13–14-year-old adolescents. This includes details on quality 

control of the data collected and the criteria used to define derived variables. In addition, it describes 

to how the intention-to-treat and per-protocol analyses will be defined and planned sensitivity analysis 

for missing data. 

The analysis plan was approved by the Trial Steering Committee (TSC) on 11
th
 April  2018 (i.e. before 

the long-term follow-up (T4) data are analysed). 

Details of other analyses of data arising from the GoActive study will be the subject of later 

documents. This will include any cohort analyses, process evaluation, and cost-effectiveness analysis 

and long-term economic impact modelling (the latter two analysis plans are detailed in the GoActive 

Health Economics Analysis Plan, HEAP).  

 

2  Study outcomes 

Table 1 lists the primary and secondary outcomes of the GoActive study and describes the type of 

variable for each. 
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Table 1. GoActive study outcomes – all outcomes analysed separately at T3 and T4. 

 

Variable Type, Unit / Categories Source, Comments 

Primary outcome   

Average daily minutes of objectively measured 

moderate-to-vigorous physical activity (MVPA) 

at T4 

Continuous; minutes Continuous waveform data from wrist-worn Axivity monitor.
[2]

 

Secondary outcomes: activity   

Average daily minutes of objectively measured 

moderate-to-vigorous physical activity (MVPA) 

at T3 

Continuous; minutes Continuous waveform data from wrist-worn Axivity monitor.
[2]

 

Average daily minutes of MVPA during school 

time 
Continuous; minutes Continuous waveform data from wrist-worn Axivity monitor.

[2]
 

Average daily minutes of MVPA during 

weekdays after school 
Continuous; minutes Continuous waveform data from wrist-worn Axivity monitor.

[2]
 

Average daily minutes of MVPA at weekends Continuous; minutes Continuous waveform data from wrist-worn Axivity monitor.
[2]

 

Average daily minutes of sedentary time, light 

intensity physical activity and overall physical 

activity (average acceleration) 

Continuous; minutes  Continuous waveform data from wrist-worn Axivity monitor.
[2]

 

Average daily minutes of  sedentary time, light 

intensity physical activity and overall physical 

activity (average acceleration) during school 

time 

Continuous; minutes Continuous waveform data from wrist-worn Axivity monitor.
[2]

 

Average daily minutes of   sedentary time, light 

intensity physical activity and overall physical 

activity (average acceleration) during weekdays 

after school 

Continuous; minutes Continuous waveform data from wrist-worn Axivity monitor.
[2]

 

Average daily minutes of   sedentary time, light 

intensity physical activity and overall physical 

activity (average acceleration) at weekends 

Continuous; minutes Continuous waveform data from wrist-worn Axivity monitor.
[2]

 

Change in intensity distribution Continuous; minutes Continuous waveform data from wrist-worn Axivity monitor.
[2]
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Physical activity type  Categorical; Never, Once, 2 to 3 times, 4+ times 

Self-reported using items from the Youth Physical Activity 

Questionnaire (YPAQ).
[3]

 Categories may be collapsed further 

depending on response distribution. 

Secondary outcomes: anthropometry   

BMI  Continuous; score  

Body mass index (BMI) z (SD) score calculated from height and 

weight data (i.e. weight / height
2 

(kg/m
2
)) collected onsite by trained 

research staff. Later categorised according to age and sex 

standardised IOTF thresholds.
[4]

 

Body fat percentage  Continuous; % Data collected onsite using bioelectrical impedance scales. 

Waist circumference Continuous; whole number (cm) Data collected onsite by trained research staff. 

Secondary outcomes: psychosocial   

Self-efficacy Continuous; score in whole numbers (range 0-48)  
8 self-reported items from Reynolds’ Psychosocial Predictors of 

Physical Activity: Self-efficacy scale.
[5]

  

Social support for physical activity Continuous; score in whole numbers (range 9-36) 9 self-reported items from European Youth Heart Study.
[6]

 

Friendship quality Continuous; score in whole numbers (range 8-40) 8 self-reported items used in the ROOTS project (equally weighted).
[7]

 

Well-being Continuous; score in whole numbers (range 14-70) Self-reported using 14-item Edinburgh-Warwick Wellbeing Scale.
[8]

 

Self esteem Continuous; score in whole numbers (range 10-40) Self-reported using 10-item Rosenberg Self-Esteem Scale.
[9]

 

Shyness and sociability  Continuous; score in whole numbers (range 10-50) 
Self-reported using two 5-item measures from the EAS (Emotionality, 

Activity, Shyness and Sociability) temperament scale.
[10]
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2.1  Additional socio-demographic information   

In addition to study outcomes identified in Table 1, socio-demographic information was collected as 

part of the GoActive study. These data have been collected at baseline only, unless otherwise stated. 

These data will primarily be used to describe the analysis sample, and also in future exploratory 

analyses (i.e. sex, socio-economic status, ethnicity, baseline physical activity, weight status).  

2.1a Age and sex 

Data on student age will be derived from self-report questionnaires (based on age in years and month 

of birth). Where possible, data self-reported by students will be used to identify sex (either Male, 

Female, or Prefer not to say). For students with missing data, or selecting multiple response options, 

sex will be imported from the electronic form used during anthropometric measurements.  

2.1b  Ethnicity and language spoken at home 

Students self-reported their ethnicity from 20 response options (including free text for ‘Any other 

background’, ‘Don’t know’ and ‘Don’t want to answer’). Multiple responses will be re-coded as follows: 

 If a single ethnicity is selected (e.g. White British) in addition to ‘Don’t know’, ‘Don’t want to 

answer’, or ‘Any other background’ with no free text response, this will be recoded as the 

ethnicity that was identified by the student. 

 If multiple backgrounds within one particular ethnicity category (e.g. Asian backgrounds, 

including Indian, Pakistan, Bangladeshi etc.) are selected, then the response will be recoded 

as ‘Any other [e.g.] Asian background’. 

 Where multiple ‘Don’t know’ or ‘Any other [background]’ response options have been 

selected, the response will be recoded as the first distinct ethnicity (e.g. African) selected by 

the student.  

Cleaned responses will be collapsed into 5 categories: White, Mixed/multiple ethnic background, 

Asian or Asian British, Black or Black British, or Other ethnic group.  

2.1c Religious affiliation  

Students were asked “What are your religious beliefs?”. Religious affiliation will first be described 

using all options that were provided to students (no religion, Christian, Buddhist, Hindu, Jewish, 

Muslim, Sikh, other religion), but depending on the distribution of responses, may need to be further 

collapsed into a dichotomous variable (e.g. no religion vs. any religion selected).  

2.1d Family socio-economic status 

Family socio-economic status will be derived from student-reported data. At baseline, students were 

asked to indicate 1) their main caregivers, and 2) the highest level of education completed by the 

identified caregivers. Students also completed six items from the Family Affluence Scale
[13]

 related to 

family car ownership, holidays, computers and availability of bathrooms, dishwasher and own 

bedroom. Where multiple response options are selected, items will be recoded with the most socio-

economically deprived option (e.g. One bathroom, rather than Two or more bathrooms, in the family 
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home), in line with other conservative data processing approaches.
[14]

 Family affluence, as a proxy for 

family socio-economic status, will be calculated by summing answers (possible range: 0 to 13), and 

dividing into pre-defined groups (i.e. affluence: low = 0-6, medium = 7-9, high = 10-13).
[15]

 At least 4 

out of 6 completed items will be required for inclusion in the summary score. At T2, students indicated 

whether or not they are eligible for free school meals, this will be used as a dichotomous variable with 

don’t know and don’t want to answer coded as not eligible (eligible for free school meals vs. not 

eligible). 

2.1e  Family structure 

Family structure was collected by asking participants to select one or two main carers from a pre-

defined list of 8 possible family members (e.g. father, step-mum, older brother). Family structure will 

first be described in 16 distinct categories (Mother and father, Parent and opposite sex step-parent, 

Same sex parents, Mother and other family member, Father and other family member, Mother only, 

Father only, Multiple family members, Other family member only, Other adult only, No carer selected, 

Mother and other adult, Father and other adult, Older brother or sister and other adult, Grandparent 

and other adult, Step-dad and other adult). Depending on the distribution of responses, these 

categories may be further collapsed (Mother and father vs. any other family structure selected, or 

other categories).  

 

3  Quality control, cleaning data and deriving variables 

The same quality control (QC), cleaning, and variable derivation procedures will be used for data that 

were collected at baseline (T1), interim (T2), immediate follow-up (T3), and long-term follow-up (T4). 

Timelines for data collection and subsequent quality control, cleaning, and derivation of variables are 

as follows: 

 T1 data collection: September 2016 – January 2017, cleaned data release October 2017 

 T2 data collection: February – May 2017, cleaned data release scheduled April 2018 

 T3 data collection: April – July 2017, cleaned data release scheduled April 2018 

 T4 data collection: scheduled for March – July 2018, cleaned data release November 2018 

Apart from the process evaluation data, no follow-up data will be used in analysis until after the main 

analyses has been conducted.  

All QC, data cleaning, and processing will be conducted on data sets not including intervention 

identifiers. Data cleaning will be conducted by Dr Kirsten Corder, supported by GoActive study 

assistants and members of the relevant function teams at the MRC Epidemiology Unit, University of 

Cambridge. Of this team, only Dr Kirsten Corder is unblinded to the intervention.  
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3.1 Accelerometer data 

Information on activity will be derived from wrist-worn accelerometry (Axivity) data, with a 7-

day wear protocol. Monitors will set up to record acceleration at 100Hz with a dynamic range of +-8g. 

Once returned, data from the monitors will be downloaded. The acceleration signal is composed of 

two main components; activity-related acceleration and gravity. Euclidean Norm Minus One (ENMO) 

can be interpreted as the magnitude of activity-related acceleration, accounting for (subtracting) 

gravitational acceleration, and represents a plausible approximation of human movement.
[16,17]

 We 

suggest classifying time spent below 30mg of ENMO as sedentary (equivalent to 1.5 METs or ≤100 

ActiGraph cpm), and time spent above 210mg ENMO will be classified as MVPA (equivalent to 4 

METs or ≥2000 ActiGraph cpm).
[18]

 Specific cut-points will be decided upon based on the best 

available evidence at the time of T4 data processing.  

Given the 24-hour wear time protocol of the Axivity monitors, a diurnal adjustment will be 

used to reduce any bias caused by imbalances of non-wear.
[19,20]

 Each day of possible wear will be 

divided into four time quadrants: morning (6am – 12pm), afternoon (12pm - 6pm), evening (6pm – 

midnight), and night (midnight – 6am). For students to be included in analyses, at least 12 hours of 

wear time will be required from the possible 42hrs in each quadrant (i.e. ≥12 hours from 7 possible 

mornings, ≥12 hours from 7 possible afternoons, and ≥12 hours from 7 possible evenings). The ‘night’ 

quadrant (i.e. midnight – 6am) will be classed sleep time for adolescents. For an individual hour to be 

included for analysis, at least 70% wear time will be required. These settings will be evaluated to 

ensure optimal use of the data. The final settings will be decided upon based on the best available 

evidence at the time of T4 data processing 

Additional QC steps will include: 

 Creating normal plots, histograms, and scatter plots to identify potentially implausible values. 

 Scatter plots will compare baseline and follow-up values for each variable, and will be used to 

review different variables measured at the same time point that we would expect to be 

correlated (e.g. time spent in MVPA and overall physical activity).   

 Outliers that deviate from the ‘line’ of the scatter plots by 2 SD or more on either axis will be 

considered implausible. For implausible values, the original data will be checked in the 

accelerometer software to make sure criteria have been applied correctly and any errors will 

be modified. 

3.2 Anthropometric data 

Anthropometric data will be cleaned using cleaning procedures similar to those conducted with 

accelerometry data. As the onsite data collection form used prevents the entry of pre-defined 

implausible values, visual review of histograms etc. will be only conducted as a secondary precaution. 

Scatter plots will however be used to compare each measure at baseline to the equivalent measure at 

follow-up, and will also match weight to height, weight to waist circumference, and weight to body fat 

percentage values at relevant time points. 
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Variables for weight status will be then derived. Body Mass Index (BMI) will be calculated from height 

and weight data, using weight / height
2 
(kg/m

2
).  

Where: 

 oBMIag is the observed BMI for a given sex and age (within 6 month categories) 

 mBMIag is the mean BMI for participants of the same sex and same age as a given 

participant for whom the score is being derived 

 sdBMIag is the standard deviation of the mean BMI for participants of the same sex and same 

age as a given participant for whom the score is being derived 

Data on BMI, waist circumference, and body fat percentage will be treated as continuous. The derived 

BMI z-scores will then be categorised in a new variable denoting Underweight, Normal weight, 

Overweight, or Obese, according to age and sex standardised International Obesity Task Force 

thresholds.
[4]

  

3.3 Questionnaire data:  self-efficacy 

Self-efficacy is measured using 8 items from Reynolds’ Psychosocial Predictors of Physical Activity: 

Self-efficacy scale,
[5]

 covering self-efficacy for support seeking. A sum score across all items will be 

generated, with higher scores indicating greater self-efficacy for physical activity (range 0-48). During 

cleaning, for items for which multiple response options have been selected, data will be transformed 

to reflect the most conservative value.
[14]

 To account for accidentally missed items, mean scores are 

derived including only those participants for whom at least 6 items have been completed. Normal 

plots, histograms, and scatter plots will be used, as for other variables, to review the normality of data 

and identify outliers.  

3.4  Questionnaire data: social support for physical activity 

Social support for physical activity was assessed using 9 self-reported items from European Youth 

Heart Study.
[6]

 A mean score across all items will be generated, with higher scores indicating greater 

social support for physical activity (range 1-9). At least 5 out of 6 (support from family) and 2 out of 3 

(support from friends) completed items will be required for inclusion in the summary score. 

3.5  Questionnaire data: friendship quality  

Friendship quality was measured using items previously included in the ROOTS prospective cohort 

study.
[21]

 This 8-item scale rates friendship quality based on the availability, adequacy and intimacy of 

current friendships, and includes items related to number of friends, frequency of seeing friends, 

confiding in friends and episodes of teasing. Either 4 or 6 response options are provided for each 

item, and responses will be summed with higher scores indicating higher friendship quality. A 

minimum of 6 out of 8 item responses will be required for inclusion in the summary score. 

3.6  Questionnaire data: well-being and self-esteem 

Well-being was assessed using the 14-item Edinburgh-Warwick Wellbeing Scale.
[8]

 Items (e.g. “I’ve 

been feeling useful”) will be answered on a 5-point scale and responses summed, with higher scores 
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indicating lower levels of wellbeing. Self-esteem of participants will be assessed using the 10-item 

Rosenberg Self-Esteem Scale
[9]

. Each statement (e.g. “On the whole, I am happy with myself”) will be 

responded to on a four-point scale (Strongly agree to Strongly disagree), with higher scores denoting 

higher self-esteem. At least 12 responses to well-being items, and 8 to self-esteem, will be required 

for inclusion in the summary score.  

3.7  Questionnaire data: shyness and sociability 

Shyness and sociability was assessed with 10 items from the EAS (Emotionality, Activity, Shyness 

and Sociability) temperament scale, which identifies trait personality characteristics.
[10]

 At least 3 out 

of 5 responses for shyness (and 3 out of 5 for sociability) will be required for inclusion in the summary 

score. Each item (e.g. “I make friends easily” (shyness) and “I like to be with people” (sociability)) will 

be ranked by participants from 1 ‘not typical’ to 5 ‘very typical’; reverse coding will be accounted for. 

Items will be summed, with higher scores indicating lower shyness and higher sociability. 

3.8 Educational data 

Anonymous, individual-level pupil attendance and academic performance will be collected at school-

level from the National Pupil Database. Number of authorised (i.e. sickness or holiday) and 

unauthorised (i.e. truancy) days absent from school will be collected, and transformed into a 

percentage of each school year. Academic performance will be calculated as the sum of grade based 

points (A* = 58, A = 52…G = 16) and also as number of students gaining 5A*-C grades or the 

equivalent, consistent with the national reporting standard.
[12]

  

 

4  Trial analyses 

This section will describe the methods that are proposed to assess the effectiveness of the GoActive 

intervention on the primary and secondary outcomes. Analyses will be performed using Stata (version 

14.2).
[22]

 Trial analyses will be conducted on the clean data by Stephen Sharp (Senior Statistician at 

the MRC Epidemiology Unit, University of Cambridge). 

4.1 Analysis populations 

The primary analysis will use an Intention To Treat (ITT) population, which includes all participants in 

the group to which they were randomised, regardless of the intervention they received. A secondary 

analysis of the primary outcome only will use a Per Protocol (PP) population.  Inclusion in the PP 

population for each participant was based on his/her degree of usage of the intervention 

website/submission of points and/or self-reported use of the intervention, and was defined jointly by 

key members of the GoActive project group (Stephen Sharp, Dr Stephanie Jong, Dr Esther van Sluijs, 

and Dr Kirsten Corder) after inspecting distributions. Participants who were active during tutor times at 

least two times during the last two weeks at T2, visited the website over 5 times and logged over 11 

points were included in the per protocol population and are considered  to have experienced  the 

intervention as intended. This degree of usage of the intervention website and submission of points is 

equivalent to over the 75
th
 percentile.  
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4.2 Descriptive characteristics 

Baseline characteristics of the study population will be summarised separately within each 

randomised group. These characteristics will include age, sex, ethnicity, language spoken at home, 

religious affiliation, family socioeconomic status and structure, and weight status. For continuous 

variables, means and standard deviations will be reported, unless the variable has a highly skewed 

distribution, in which case the median, 25th and 75th percentiles will be presented. For categorical 

variables, the number and percentage of participants within each category will be presented. For each 

variable (continuous or categorical), the percentage of missing values will be reported.  No statistical 

tests will be performed to compare randomised groups with respect to baseline characteristics.  

4.3  Analysis of primary and secondary outcomes 

Analyses will be reported according to the Consort 2010: extension to cluster randomised trials 

statement.
[23]

 Table 2 provides an overview of the objectives, methods and proposed timelines for 

these analyses. 

Table 2. Summary of GoActive analysis methods and timelines  

Objective Main methods Planned timeline 

Determine the effect of 
the GoActive 
intervention on 
average daily MVPA 
(the primary outcome) 

ITT analysis. Linear regression (continuous outcome). 

Baseline values of the outcome included as a covariate (i.e. 

analysis of covariance, ANCOVA). Randomisation 

stratifiers, i.e. socio-economic status (low, high defined by 

pupil premium) and county (Cambridgeshire, Essex), will be 

included as covariates. Robust standard errors calculated 

to allow for the non-independence of individuals (clustering) 

within schools.  Intervention effect will be the difference in 

mean change in MVPA (adjusted for baseline) between the 

intervention and control group, with a 95% confidence 

interval and p-value. 

Analysis: Nov 2018 
Submission: Jan 2019 

Determine the effect of 
the GoActive 
intervention on 
secondary outcomes

a
 

ITT analysis. Linear regression for continuous outcomes 
(e.g. self-efficacy) and multinomial regression for 
categorical outcomes (e.g. physical activity type). Baseline 
values of the outcome included as a covariate. 
Randomisation stratifiers, i.e. socio-economic status (low, 
high defined by pupil premium) and county 
(Cambridgeshire, Essex), will be included as covariates. 
Robust standard errors calculated to allow for the non-
independence of individuals (clustering) within schools.   
 
For continuous outcomes, the intervention effect will be the 
difference in mean change in the outcome (adjusted for 
baseline) between the intervention and control group, with a 
95% confidence interval. 
 
For categorical outcomes, intervention effects will be 
“relative risk ratios” (adjusted for baseline) comparing the 
intervention vs control group, for each category relative to a 
reference category, with 95% confidence intervals. No p-
values will be calculated for the secondary outcomes. 

Analysis: Nov 2018 
Submission: Jan 2019 
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Secondary analysis: 
determine the effect of 
the GoActive 
intervention on the 
primary outcome in 
those who received 
intervention as 
intended  

PP analysis.
b 
Method as described above for the primary 

outcome. 
Analysis: Nov 2018 
Submission: Jan 2019 

 

a
 For details of secondary outcomes, see Table 1.  

b 
See 3.2a Analysis populations for details of PP analysis population.  

Any continuous variables with skewed distributions will be log transformed prior to modelling. 

4.4  Effect modification analyses 

Effect modification (interaction) by pre-specified moderators will also be assessed in the above 

described regression models, for the primary outcome only (average daily minutes of MVPA at T4). 

These moderators will be: 

 Sex (male vs. female) 

 Socio-economic status (medium or lower vs. high according to FAS score
[15]

) 

 Ethnicity (White British background vs. any other ethnic background) 

 Baseline physical activity (at least 60 average daily minutes of MVPA vs. less than 60 minutes 

if appropriate; otherwise, a median split will be used) 

 Weight status (normal weight, overweight or obese) 

A multiplicative interaction parameter between randomised group and each moderator in turn will be 

included in the regression model, and tested for significance using an F-test; if the p-value is <0.05, 

the intervention effect and 95% confidence interval will be estimated within each subgroup.   

5    Further considerations for analysis 

5.1 Missing data 

Processing of individual variables for which data are missing is described in detail in Section 3. Data 

collection procedures in the GoActive study should minimise the volume of missing data, particularly 

for variables assessed using supervised questionnaires. If a participant has a missing value for an 

outcome at follow-up (e.g. waist circumference), he/she will be excluded from the analysis of that 

variable. This complete-case analysis is valid under the assumption that the outcome is missing at 

random (MAR) given randomised group and baseline.
[24]

  

The pattern of missing data will be described.  In the unlikely event that more than 10% of individuals 

have missing data for the primary outcome, the potential impact of deviations from the MAR 

assumption on the results for this outcome will be explored in sensitivity analyses using a pattern 

mixture model
[25]

. 

For continuous outcomes, those participants with a missing baseline value of the outcome variable 

will be included in the analysis using the missing indicator method
[26]

, which is a valid method for pre-
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randomisation measures in trials ensuring that no further participants are excluded while maintaining 

the advantage of improved precision. 

5.2 Implausible values of primary outcome 

A sensitivity analysis of the primary outcome will be performed in which any implausible values (as 

defined in section 3) are excluded.  If the intervention effect estimate differs by more than 10% from 

that obtained when these values are included, both results will be reported in the paper. 

5.3  Multiplicity 

Given the large number of outcome variables, the focus of the results will be on estimated differences 

and 95% confidence intervals; p-values will only be reported for the primary outcome and for the 

interaction tests with respect to this outcome.  
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