
Moving from intention to behavior:  

A randomized controlled trial protocol for an app-based physical activity 

intervention (i2be) 

 

Supplemental material: Pre-analysis plan - Additional details 

Below are additional details to complement the description of the analysis plan given in the main 

protocol paper. 

 

Overview 

The analysis is divided into 4 categories as follows: 

 Primary outcome analysis - Weekly minutes of moderate-to-vigorous physical activity 

(MVPA) 

 Secondary outcomes analysis - Health and wellbeing outcomes 

 Mechanisms of action analysis 

 MVPA analysis by education level subgroups 

Please note the following: 

 The time-points have been abbreviated as follows: M = Mid-intervention (week 5), P = 

Post-intervention, 3m = 3 months post-intervention, 12m = 12 months post-intervention 

 The treatment groups have been abbreviated as follows: Info = Information group, Mot 

= Motivation group, Act = Action group. 

 All analyses described below use OLS regressions with heteroskedasticity-robust 

standard errors. 

 The standard control variables referenced below are: age, trait self-control, habit, 

household composition, education, type of high blood pressure condition, pregnant at 

baseline1. Additionally, lactation status will be included as a control variable in the 

analysis of the Overweight Index dependent variable.  

 Available case analysis will be used. This means that in each analysis, any participant 

with missing data for the dependent variable used in that analysis will be omitted from 

that analysis2. 

 To ensure that missing control variable data does not have a major impact on statistical 

power, we take the following approach with control variables: 

o Categorical control variables will be given an additional category “missing” for 
participants who have missing data for that control variable. 

                                                           
1 Being pregnant is an exclusion criterion for enrolment in the trial. However, we control for the small 

possibility that participants may become pregnant between being enrolled in the trial and completing baseline 

measurements. 
2 In our main analysis of weekly minutes of MVPA, we do not use a minimum Fitbit wear-time threshold to 

exclude participants from the analysis.  Fitbit devices do not track wear time.  Previous studies using Fitbits 

have used proxies for wear time using available data (e.g., Collins et al., 2019; Hardcastle et al., 2020). We will 

run a sensitivity analysis to check if excluding participants based on such a proxy (no resting heartrate or Active 

Zone minutes are recorded for a full week) meaningfully affects our results. 
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o Numeric control variables will be encoded as categorical variables and each will 

have a “missing” category for participants who have missing data for that 

control variable. 

o These categorical variables are then dummy-coded for analysis. 

o See Table 1 at the end of this document for details of the categories we specify 

for each control variable. 

 Sensitivity analyses will be carried out to assess the robustness of results to the missing 

data strategy adopted.  This will involve carrying out intention-to-treat analyses by 

imputing missing dependent variable values using the following methods: 

o Multiple imputation by chained equations (van Buuren et al., 1999) 

o Best-worst and worst-best sensitivity analysis (Jakobsen et al., 2017) 

In the case of high, non-random attrition, an additional sensitivity analysis will be carried 

out using a per-protocol analysis. 

 Participants who become pregnant after the start of the trial are included in our main 

analysis (those who are pregnant at time of inclusion are excluded from the trial). 

However, we will also carry out three sensitivity analyses excluding participants from an 

analysis at a particular timepoint based on their pregnancy status. The three analyses 

will exclude those who are (i) pregnant, (ii) are in the second or third trimester of 

pregnancy, and (iii) are in the third trimester3.  

 A rolling recruitment and enrolment procedure will be used, initially aiming for a six-

week timeframe (September to November 2021), which may be extended depending on 

when the target sample size is met. The first participants are expected to complete the 

eight-week intervention in early December 2021. 

 

1. Primary outcome analysis - weekly minutes of MVPA 

Outcome Group comparisons Time-points Control variables 

Weekly minutes 

of MVPA 

Act v Info 

Act v Mot 

Mot v Info 

 

M, P, 3m, 12m - Baseline weekly minutes 

of MVPA 

- Standard control 

variables 

 

Regression models: 

Group comparisons Model 

Act v Info 

Mot v Info 

 

yt = αt + β1,tMot + β2,tAct + X′φt+ εt 

 

Act v Mot 

 

yt = αt + β1,tInfo+ β2,tAct + X′φt + εt 

Where subscript t denotes the time-period, Info, Mot, Act are indicators for the Information, 

Motivation and Action groups respectively, and X is the vector of control variables. 

                                                           
3 In analyses at the 12-month post-intervention timepoint, it is possible that a participant that has become 

pregnant after the start of the trial has already given birth. Thus, for the 12-month sensitivity analyses, we will 

also exclude any participant who is less than 3 months post-partum in these three sensitivity analyses. 
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Within-individual analyses of how weekly minutes of MVPA evolves over time in each treatment 

group will also be carried out for descriptive purposes but will not be part of formal hypothesis 

testing. 

2. Secondary outcomes analysis - Health and wellbeing outcomes 

We test 4 health and wellbeing outcomes: 

 Overweight index 

o We construct an Overweight Index using 2 measures of overweight (waist-hip ratio, 

BMI) by standardizing both measures and getting the average of these two 

standardized measures. 

 Average weekly resting heart rate 

 Cardiorespiratory fitness (CRF) 

 Subjective well-being 

Outcome Group comparisons Time-points Control variables 

Overweight index  

 

Act v Info 

Act v Mot 

Mot v Info 

 

P, 3m, 12m - Baseline value of the 

outcome variable 

- Baseline weekly 

minutes of MVPA 

- Standard control 

variables 

- Lactation status (in 

analysis of overweight 

index only) 

Average weekly 

resting heart rate 

P, 3m, 12m 

CRF P, 3m, 12m 

Subjective well-being 

 

P, 3m, 12m 

We will use a False Discovery Rate (FDR) procedure (Benjamini and Hochberg, 1995; Benjamini, 

Krieger, Yekutieli, 2006) to control for testing multiple secondary outcomes.  Both unadjusted and 

FDR-adjusted p-values will be presented when presenting the results from this analysis. 

The regression models used will be the same as for the primary outcome analysis. 

 

3. Mechanisms of action analysis 

This analysis is exploratory, as distinct from confirmatory (Bender and Lange, 2001; Burke et al., 

2015). 

Here we estimate treatment effects on the mechanism of action (MOA) variables.  

We have 7 MOA variables. As per the Integrated Behavior Change (IBC) model shown in Figure 1 of 

the main protocol paper, our interventions target these MOA’s as follows: 

 Targeted by the Motivation and Action groups (Get Motivated module): Motivation, 

Intention 

 Targeted by the Action group only (Get Activated and Get Energised modules): Action 

Planning, Coping Planning, Commitment, Affect, Stress 

Our MOA analysis will focus on these relationships hypothesised by the IBC model, as outlined in the 

table below. 
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Outcome Group comparisons Time-points  Control variables 

Motivation  

(Mot+Act) v Info 

 

 

 

 

P, 3m, 12m 

 

 

- Baseline value of the 

outcome variable 

- Baseline weekly minutes 

of MVPA 

- Standard control 

variables 

Intention 

Action Planning  

 

 

Act v (Mot+Info) 

Coping Planning 

Commitment 

Affect 

Stress 

 

Regression models: 

y ϵ {Motivation, Intention} yt = αt + β1,tMA + X′φt + εt 

 

y ϵ {Action planning, Coping planning, 

Commitment, Affect, Stress} 

 

yt = αt + β1,tAct + X′φt + εt 

Notation is the same as for the models described for the primary outcome analysis, and additionally 

MA is an indicator for being in either of the Motivation or Action groups). 

Apart from the tests outlined above, we will also explore treatment effects on MOA variables not 

predicted by the IBC model. 

 

4. MVPA analysis by education level subgroups 

This analysis is exploratory. Subgroup analysis will be carried out by splitting the sample into two 

subgroups based on education as follows: 

1. Less than higher education 

2. Higher education4 

We estimate heterogeneous treatment effects by adding education by treatment status interaction 

terms to the linear regression used for the primary outcome analysis. 

Outcome Subgroups Group comparisons  Time-points Control variables 

Weekly 

minutes of 

MVPA 

1. Less than 

higher 

education  

2. Higher 

education 

Act v Info 

Act v Mot 

Mot v Info 

M, P, 3m, 

12m 

- Baseline weekly minutes 

of MVPA 

- Standard control variables 

(excluding education, as an 

education indicator 

variable is already included 

in the regression as a main 

effect variable) 

 

                                                           
4 The categories “Bachelor or equivalent”, “Master or equivalent”, “PhD” are in the subgroup 2, while all other 
categories are in subgroup 1.  All participants with missing data for education are excluded from this analysis. 
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Regression models: 

Group comparisons Model 

Act v Info 

Mot v Info 

 

yt = αt + β1,tMot + β2,tAct + β3,teduc + β4,tMot*educ + 

β5,tAct*educ + X′φt + εt 

 

Act v Mot 

 

yt = αt + β1,tInfo+ β2,tAct + β3,teduc + β4,tInfo*educ + 

β5,tAct*educ +  X′φt + εt 

Notation is the same as for the models described for the primary outcome analysis, and additionally 

educ is an indicator for having a higher education. 
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Table 1: Control variables – specification of categories 

See below a list of all control variables used in the various analyses in this study, with details of how 

we specify the categories for each variable. 

The reference level for each variable for dummy-coding is highlighted in bold. 

  Measure prior to specifying 

categories 

Categories specified 

Standard control variables used in all analyses 

Age Integer value in range 18-65 18-24; 25-29; 30-34; 35-39; 40-44; 45-49; 50+; 

Missing 

Trait self-control Sum of ratings for each item (7 items, 

5-point Likert scale) - range 7-35 

7-13; 14-20; 21-27; 28-35; Missing 

Habit Sum of ratings for each item (17 items, 

6-point Likert scale) - range 17-102 

17-34; 35-51; 52-68; 69-85; 86-102; Missing 

Household 

composition 

Participant chooses one of: no 

partner-no children; partner-no 

children; no partner-with child(ren); 

partner- with child(ren). If with 

children, indicates number. 

(A) No partner-no children; (B) Partner-no 

children; (C) Partner-1 child; (D) Partner-2 

children; (E) Partner-3+ children; (F) No 

partner-1 child; (G) No partner-2+ children; (H) 

Missing 

Education Participant chooses one of: 1. None; 2. 

Less than primary education; 3. 

Primary education; 4. Lower 

secondary education; 5. Upper 

secondary education; 6. Post-

secondary nontertiary education; 7. 

Short cycle tertiary education; 8. 

Bachelor or equivalent; 9. Master or 

equivalent; 10. PhD; 11. Unknown  

1. None; 2. Less than primary education; 3. 

Primary education; 4. Lower secondary 

education; 5. Upper secondary education; 6. 

Post-secondary nontertiary education; 7. Short 

cycle tertiary education; 8. Bachelor or 

equivalent; 9. Master or equivalent; 10. PhD; 

11. Unknown; 12. Missing  

Type of high 

blood pressure 

condition 

Participant chooses one of: 1. Chronic 

hypertension; 2. Gestational 

hypertension; 3. Preeclampsia; 4. 

Eclampsia; 5. HELPP syndrome; 6. 

Other; 

1.Chronic hypertension; 2. Gestational 

hypertension; 3. Preeclampsia; 4. Eclampsia; 

5. HELPP syndrome; 6. Other; 7. Missing 

Other control variables used in some analyses 

Lactation status Participant chooses one of: 1. Yes; 2. 

No 

1. Yes; 2. No; 3. Missing 

Baseline weekly 

minutes of 

MVPA 

Minutes of MVPA in week: integer 

value in range [0, ∞) 
(1) < 20th percentile (2) 20th-39th percentile; 

(3) 40th-59th percentile; (4) 60th-79th 

percentile; (5) >79th percentile; (6) Missing 

Baseline resting 

heart rate 

Resting Heart rate (average over a 

week): integer value in range [1, ∞) 
(1) < 20th percentile (2) 20th-39th percentile; 

(3) 40th-59th percentile; (4) 60th-79th 

percentile; (5) >79th percentile; (6) Missing 

Baseline 

overweight 

index 

Average of standardized measures of 

WHR and BMI: continuous value in 

range (-∞, ∞) 

(1) < 20th percentile (2) 20th-39th percentile; 

(3) 40th-59th percentile; (4) 60th-79th 

percentile; (5) >79th percentile; (6) Missing 

Baseline CRF mL/kg/min: continuous value in range 

(0, ∞) 
(1) < 20th percentile (2) 20th-39th percentile; 

(3) 40th-59th percentile; (4) 60th-79th 

percentile; (5) >79th percentile; (6) Missing 

Baseline 

subjective well-

being 

Sum of ratings for each item (5 items, 

7-point Likert scale) - range 5-35 

5-9; 10-14; 15-19; 20-24; 25-29; 30-35; Missing 
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Baseline 

motivation 

Sum of ratings for each item (24 items, 

5-point Likert scale) - range 24 to 120 

24-47; 48-71; 72-95; 96-120; Missing 

Baseline 

intention 

Sum of ratings for each item (2 items, 

7-point Likert scale) - range 2-14 

1-2; 3-4; 5-6; 7-8; 9-10; 11-12; 13-14; Missing 

Baseline action 

planning 

Sum of ratings for each item (2 items, 

7-point Likert scale) - range 2-14 

1-2; 3-4; 5-6; 7-8; 9-10; 11-12; 13-14; Missing 

Baseline coping 

planning 

Sum of ratings for each item (2 items, 

7-point Likert scale) - range 2-14 

1-2; 3-4; 5-6; 7-8; 9-10; 11-12; 13-14; Missing 

Baseline 

commitment 

Sum of ratings for each item (1 item, 

7-point Likert scale) - range 1-7 

1; 2; 3; 4; 5; 6; 7; Missing 

Baseline stress Sum of ratings for each item (10 items, 

5-point Likert scale) - range 10-50 

10-19; 20-29; 30-39; 39-40; Missing 

Baseline affect Sum of ratings for each item (20 items, 

5-point Likert scale) - range 20-100 

20-39; 40-59; 60-79; 80-100 
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