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This document is a supplement to the S-LiTE study protocol1 and contains the statistical analysis 
plan (SAP) for the report on secondary outcomes related to physical fitness. The document fol-
lows the Guidelines for the Content of Statistical Analysis Plans in Clinical Trials.2  

Section 1: Administrative Information 
Title and trial registration 
SAP Title 
Weight maintenance with exercise, liraglutide, or combination treatment for physical fit-
ness in people with obesity – Statistical analysis plan for physical fitness outcomes in the 
S-LiTE randomized controlled trial

Trial registration 
EudraCT no: 2015-005585-32; ClinicalTrials.gov Identifier: NCT04122716 

SAP version 
Version: 1.0 
Date: December 20, 2024 

Protocol version 
This document has been written based on information contained in the study protocol version 
10, dated November 20, 2019 

SAP revisions 
Protocol version Updated SAP 

version no. 
Section number 
changed 

Description of and rea-
son for change 

Date 
changed 

(currently no re-
visions) 
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Section 2: Introduction 
Background and rationale 
Low cardiorespiratory fitness, functional performance, and muscle strength are independent 
predictors of all-cause mortality.3-5 Obesity is associated with low cardiorespiratory fitness and 
physical function,6,7 but high cardiorespiratory fitness largely mitigate the cardiovascular risk as-
sociated with obesity.8 Accordingly, current guidelines emphasize that improved physical fitness 
and function should be a focus in obesity management.9 

While incretin-based medications, such as glucagon-like peptide-1 receptor agonists (GLP-1 
RA), induce substantial weight loss, they also lead to significant reductions in fat-free mass,10,11 
raising concerns about potential negative effects on muscle function and physical perfor-
mance.12,13 Comprehensive assessments of fitness and muscle function are essential to deter-
mine the implications of fat-free mass loss and to guide obesity treatments that balance large 
weight loss with improved physical fitness and function while also preserving or improving mus-
cle strength. 

In the S-LiTE trial (Synergy effect of the appetite hormone GLP-1 (LiragluTide) and Exercise on 
maintenance of weight loss and health after a low-calorie diet), the combination of a GLP-1 RA 
and a supervised exercise program improved healthy weight maintenance more than either treat-
ment alone after diet-induced weight loss.14 However, the effects of these treatment strategies 
on cardiorespiratory fitness, functional performance, and muscle strength have not been inves-
tigated. 

Objectives 
The primary objective is to investigate the effects of exercise, GLP-1 RA, the combination of both, 
and placebo after a diet-induced weight loss on cardiorespiratory fitness, functional perfor-
mance, and muscle strength. The secondary objective is to investigate if a dose-response rela-
tionship exists between exercise volume and improvements in physical fitness and maintenance 
of healthy body weight after weight loss. 

Hypothesis 
The hypothesis is that combining exercise with GLP-1 RA treatment improves physical fitness 
compared with GLP-1 RA alone and placebo. Second, that exercise alone improves physical fit-
ness compared with GLP-1 RA alone and placebo. 

Section 3: Study Methods  
This is a study of secondary outcomes in the S-LiTE trial. The SAP will be uploaded before begin-
ning statistical analyses. A detailed description of the trial design is available with the primary 
trial report14 and published protocol paper.1 In the following section, the overall trial design will 
be briefly summarized and the methods specifically related to the outcomes of this SAP will be 
described in detail. 

Trial design  
The trial is a randomized controlled trial with an initial weight loss phase before randomization. 
Participants were randomized after a low-calorie diet-induced weight loss (at least 5% weight 
loss) to either: 

1) Placebo + usual physical activity (placebo group) 
2) Placebo + exercise program (exercise group) 
3) Liraglutide + usual physical activity (liraglutide group) 
4) Liraglutide + exercise program (combination group) 

Treatment allocation was a 1:1:1:1 ratio. 
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Randomization  
Randomization was stratified according to sex (male/female) and age group (below 40 years / 40 
years or older). Randomization was done according to a subject randomization list by a non-
blinded study nurse who had no other roles in the study. 

Sample size  
Original sample size calculation 
The sample size was calculated based on the primary outcome of the primary trial report, change 
in body weight from randomization (week 0) to week 52.14 It was estimated that a sample size of 
30 in each group would have 80% power to detect a difference in means between groups of 4 kg 
assuming a common standard deviation of 5.5 kg with a 0.05 two-sided significance level. Allow-
ing for loss to follow-up and potentially larger than expected standard deviation, a total of 195 
participants were randomized of which 166 attended end-of-treatment assessments at week 52 
(40 of 49 (82%) in the placebo group, 40 of 48 (83%) in the exercise group, 41 of 49 (84%) in the 
liraglutide group, and 45 of 49 (92%) in the combination group. 

We determined the minimum relevant differences in the three main outcomes related to phys-
ical fitness and calculated expected power (based on two-sample t-tests and 40 participants in 
each group) in relation to writing this statistical analysis plan (see below) after the last partici-
pant’s last visit but before data was extracted for statistical analyses. 

Cardiorespiratory fitness 
A sample size of 40 in each group is expected to have 85% power to detect a difference in means 
of 3 ml/min/kg fat-free mass assuming that the common standard deviation for change is 4.4 
ml/min/kg fat-free mass, with a 0.05 two-sided significance level. The estimate used for the 
standard deviation was based on previous interventions with weight loss, exercise, or both, in 
adults with overweight or obesity, and measured peak oxygen consumption normalized to fat-free 
mass.15,16 An increase in cardiorespiratory fitness of 1 ml/min/kg fat-free mass is associated with 
reduced all-cause and cardiovascular mortality.17 Exercise interventions in accordance with con-
sensus recommendations typically show improvements in cardiorespiratory fitness of about 10% 
in sedentary adults, a magnitude which is associated with considerable improvements in sur-
vival.3 We expect a 10% increase in cardiorespiratory fitness to correspond to 3-4 ml/min/kg 
based on previous studies with similar participant characteristics at baseline.15,18,19 Thus, a be-
tween-group difference of 3 ml/min/kg fat-free mass is considered clinically relevant and realistic 
to detect and was therefore defined as the minimum relevant difference. 

Functional performance (Stair climb test performance) 
A sample size of 40 in each group is expected to have 89% power to detect a difference in means 
of 0.8 seconds in the stair climb test performance, assuming that the common standard devia-
tion for change is 1.1 seconds.20 The stair climb test that we used is not a standardized test. There-
fore, estimates for mean difference and standard deviation are based on relative changes and the 
assumption that the stair climb test will take a mean 15-20 seconds to complete. This assump-
tion was based on a previous study, in which the time to complete a stair climb test of half the 
distance, including only the ascending part, took 9 seconds on average.20 Stair test performance 
is expected to decline about 0.8-1% per year in mid and late life,7,21 indicating that a 5% improve-
ment in stair climb performance corresponds to preventing the impact of 5 years of aging. Exer-
cise interventions alone or as add-on to calorie restriction typically improves functional perfor-
mance by 5-10%.22-25 The participants in these studies were generally characterized by old age or 
presence of a comorbidity. We expect our study population to have higher baseline levels of func-
tional performance, which could result in improvement in stair climb performance in the low 
range of this interval. Thus, a difference between groups in stair climb performance of 0.8 sec-
onds, corresponding to ~5%, is considered clinically relevant and realistic to detect and was 
therefore defined as the minimum relevant difference. 
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Muscle strength (knee-extensor isometric strength) 
A sample size of 40 in each group is expected to have 80% power to detect a difference in means 
of 15 newton meter (Nm) assuming that the common standard deviation for change is 23 Nm.16 
We expect a change of 15 Nm to correspond to a change of approximately 10 % in strength. A 
decrease in strength of this magnitude may be linked to decreased physical function and mortal-
ity26-28 and was defined as the minimum relevant difference. 

Framework 
Superiority hypothesis testing framework. For the three main outcomes, the four groups will be 
compared with each other. Superiority will be claimed for a between-group difference if P < 0.05 
for a hypothesis test controlled at a false discovery rate of 5%. 

Statistical interim analyses and stopping guidance  
No interim analysis were planned, and no stopping guidelines were made. 

Timing of final analysis  
All outcomes will be analyzed collectively after the last participant’s last visit and after the statis-
tical analysis plan has been signed by all SAP authors. 

Timing of outcome assessments  
All outcomes related to physical fitness were measured three times: 

1) At study inclusion, i.e. before starting the low-calorie diet (week -8) 
2) At randomization, i.e. after completing the low-calorie diet: (week 0) 
3) At end-of-treatment, i.e. 52 weeks after randomization: (week 52) 

Section 4: Statistical Principles  
Confidence intervals and P values  
All statistical analyses to test between-group differences for the three main fitness outcomes will 
be 2-sided and will be performed using a 5% significance level. The four intervention groups will 
be compared with each other. The Benjamini-Hochberg procedure29 will be used to control the 
false discovery rate for tests related to the three main fitness outcomes. Accordingly, P values will 
be computed and arranged in ascending order. Each P value will be compared to its critical value, 
𝑖𝑖
𝑚𝑚
𝑄𝑄, where 𝑖𝑖 is the rank, 𝑚𝑚 is the total number of tests, and 𝑄𝑄 is the false discovery rate (5%). The 

largest P value  ≤ 𝑖𝑖
𝑚𝑚
𝑄𝑄 will be considered statistically significant together with all smaller P values. 

The results of all other analyses of exploratory outcomes specified in this SAP will be reported 
with point estimates and confidence intervals unadjusted for multiple testing. All confidence in-
tervals presented will be 95% and two-sided. 95% confidence intervals will be presented for 
within-group changes and between-group differences. 

Adherence and protocol deviations  
Adherence to treatment is based on medication dose and exercise volume from the time that 
treatment was fully up-titrated until week 52. Study adherence has been published in the primary 
trial report in tables S7 and S8.14 Medication dose was noted 12 times in the intervention period. 
Exercise volume was recorded by sports watches and heart rate monitors. Time spent at different 
exercise intensities were calculated as: very light intensity (<57% of maximum heart rate), light 
intensity (57-63%), moderate intensity (64-76%), vigorous intensity (77-95%) and near-maximal 
to maximal intensity (≥ 96%).30 Time spent doing moderate-to-vigorous intensity exercise will be 
calculated as minutes per week of all exercise with an intensity of at least 64% of maximum heart 
rate. Exercise adherence was calculated as percentage of WHO’s global recommendations on 
physical activity for health (48): Adults aged 18–64 should do at least 150 minutes of moderate-
intensity aerobic physical activity throughout the week or do at least 75 minutes of vigorous-
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intensity aerobic physical activity throughout the week or an equivalent combination of moder-
ate- and vigorous-intensity activity. As such, one minute of moderate intensity exercise ac-
counted for 1/150 and one minute of vigorous or near-maximal intensity accounted for 1/75 of 
prescribed weekly exercise. Protocol deviators were defined as not fulfilling the criteria for per-
protocol (see below). 

Analysis populations 
Full analysis set 
All participants who underwent randomization and received at least one dose of randomized 
treatment (i.e., took at least one dose of study medication or completed at least one exercise 
session), irrespective of adherence to interventions and completion of the study (consistent with 
the modified intention to treat approach). 

Per-protocol analysis set 
All participants who completed the 52-week randomized treatment period with sufficient com-
pliance to study medication and/or the exercise program, defined for the four interventions 
groups as: 
Placebo group: Volume-matched placebo corresponding to 2.4-3.0 mg subcutaneous liraglutide 
once-daily for at least 75% of the intervention period after up titration. 
Exercise group: Volume-matched placebo corresponding to 2.4-3.0 mg subcutaneous liraglutide 
once-daily for at least 75% of the intervention period after up titration and at least 75% of the 
WHO minimum recommendations on physical activity for health.  
Liraglutide group: 2.4-3.0 mg subcutaneous liraglutide once daily for at least 75% of the interven-
tion period after up titration. 
Combination group: 2.4-3.0 mg subcutaneous liraglutide once daily for at least 75% of the inter-
vention period after up titration and at least 75% of the WHO minimum recommendations on 
physical activity for health.  

Section 5: Trial Population  
Screening data  
Screening data will not be reported. 

Eligibility  
Eligible participants were adults (age 18-65) with a BMI of 32 to 43 kg/m2. A full list of inclusion 
and exclusion criteria have been published.1,14 

Recruitment 
A CONSORT flow diagram will be completed and will summarize the number of participants who:  
Initiated low-calorie diet; completed low-calorie diet; were randomized to treatment; received at 
least one dose of randomized intervention; attended body weight measurement at week 52 (the 
primary outcomes of the primary trial); completed fitness tests before and after low-calorie diet 
and at week 52; did not complete/had invalid fitness tests. 

Withdrawal/follow-up  
All randomized participants who discontinued treatment were kept in the study and invited for 
outcomes assessments at week 52, unless they withdrew consent. The numbers (with reasons) 
of missingness over the course of the intervention period was summarized for each treatment 
group in the CONSORT flow diagram in the primary trial report, figure S1.14 

Baseline characteristics  
Study participants will be described at inclusion/randomization regarding the following: 
• Number of participants (men/women) 
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• Age (years) 
• Body weight (kg) 
• BMI (kg/m2) 
• Whole-body fat mass (kg) 
• Whole-body fat free mass (kg)  
• Whole-body fat percentage (%) 
• Waist circumference (cm) 
• Peak oxygen consumption in absolute values (ml/min) and normalized to fat-free mass and 

body weight (ml/min/kg) 
• Time to exhaustion during the incremental cycling exercise test (min:sec) 
• Peak power output during the incremental cycling exercise test (W) and normalized to body 

weight (W/kg) 
• Oxygen consumption at submaximal loads (ml/min and ml/min/kg) 
• Stair climb test (seconds to complete the test) 
• Maximum isometric knee extensor strength in absolute values (Nm) and normalized to body 

weight and leg fat-free mass (Nm/kg) 
• Appendicular fat-free mass in absolute values (kg) and normalized to body weight 

(kg/kg*100) 

The distribution of all continuous data included in baseline characteristics will be visually in-
spected using QQ-plots and histograms. Continuous data will be summarized by mean and 
standard deviation if data is normal distributed and median and interquartile range if data is not 
normal distributed. Categorical data will be summarized by numbers and percentages.  

Section 6: Analysis  
Outcome definitions  
Main outcomes 
Peak oxygen uptake normalized to fat-free mass (ml/min/kg fat-free mass) from randomization 
to end of treatment (week 0 to 52). 
Cardiorespiratory fitness will be measured as the peak oxygen uptake (V̇O2peak) during an incre-
mental test to exhaustion on an electromagnetically braked cycle ergometer (Corival, Lode Med-
ical Technology, The Netherlands). Pulmonary oxygen uptake (V̇O2) and carbon dioxide produc-
tion (V̇CO2) were measured breath-by-breath using an online gas analysis system (MasterScreen 
CPX, CareFusion, Germany). A differentiated incremental test protocol was applied for females 
and males. The incremental test began with a 4-min submaximal bout (40 W for females and 50 
W for males) followed by another 4-min submaximal bout at a higher workload (80 W for females 
and 100 W for males). Subsequently, the workload was stepwise increased (20 watts for females 
and 25 W for males) every minute until volitional exhaustion. Cadence was kept at 70-90 revolu-
tions per minute throughout the text. Peak oxygen uptake was calculated as the average of the 
three highest V̇O2 measurements. Assessment of peak oxygen consumption was considered 
valid if the participant completed at least the first 8 minutes and reached a respiratory exchange 
ratio (V̇CO2/V̇O2) ≥ 1.1.31 Participants were verbally encouraged to cycle for as long as possible. 
To account for differences in body size, peak oxygen consumption will be normalized to fat-free 
mass for the following reasons: 1) it is less biased in people with obesity in contrast to total body 
weight, 2) oxygen consumption is directly related to fat-free mass, 3) it is suggested to better re-
flect cardiorespiratory fitness as related to exercise performance and aerobic function, 4) it is 
associated with reduced mortality with higher prognostic value than normalization to body 
weight.17,32-35 

Stair climb test performance (seconds) from randomization to end of treatment (week 0 to 52).  
Overall functional performance will be measured as the time (seconds) to ascend and descend 
an 11-step (17 cm rise, 27 cm run) stairway twice. There was a ~2×2 m platform at the top and 
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bottom. The test began with participants standing with both feet pointing towards the stairs. 
When they were told to begin, they climbed to the top platform (both feet on the platform), 
climbed down to the lower platform, and repeated once. Participants were instructed to com-
plete the test as fast as possible. The use of handrails for balance support was allowed if needed. 
The participants were given the option of one practice try before the test. Stair climb tests have 
been used frequently to assess physical function, also in populations with obesity.22,23,36 In addi-
tion, the test reflects anaerobic power, lower limb strength, balance, and mobility. We considered 
this test to be relevant in the study population because stair climb tests are sensitive to detect 
declines in physical functioning in mid/late life and high BMI has been shown to accelerate this 
decline and increase the risk of mobility limitations.6,7,21 

Knee extensor strength (Nm) from randomization to end of treatment (week 0 to 52). 
Muscle strength will be determined as knee extensor peak torque (Nm) during an isometric max-
imal voluntary contraction. Force will be measured using a Good Strength Metitur dynamometer 
chair (Metitur Oy, Jyväskylä, Finland). Knee extensor peak force will be determined as the highest 
value obtained during 5 maximal isometric contractions of ~5 sec duration separated by 60 sec-
onds rest. The test was performed on the dominant leg (participants were asked: if you were to 
kick a ball, what foot would you use?). The leg was fixed in a 60° knee flexion angle using a goni-
ometer with the fixed arm pointed toward the greater trochanter, goniometer center mark at the 
lateral knee joint line, and movable goniometer arm pointed towards the lateral malleolus. The 
leg was placed in the transducer support with transducer center 8 cm above lateral malleolus. 
During the tests, participants sat with arms crossed and hands placed on contralateral shoul-
ders. Participants were instructed to slowly increase force output and reach maximal effort after 
~3 sec. Standard maximal effort encouragement was given during testing. The lever arm was 
measured as the length from the lateral epicondyle to the center of the leg-supporting chalice. 
Peak torque was measured as peak force multiplied by the lever arm. 

Exploratory outcomes 
Outcomes related to cardiorespiratory fitness and aerobic performance: 
• Peak oxygen consumption in absolute values (ml/min) and normalized to body weight 

(ml/min/kg) 
• Time to exhaustion during the incremental cycling exercise test (min:sec) 
• Peak power output during the incremental cycling exercise test in absolute values (W) and 

normalized to body weight (W/kg) 
• Oxygen consumption at submaximal loads (ml/min and ml/min/kg) 
Outcomes related to functional performance: 
• Physical function (RAND 36-Item Short Form Health Survey) 
• Role limitations due to physical health (RAND 36-Item Short Form Health Survey) 
Outcomes related to muscle strength: 
• Knee extensor peak torque normalized to body weight (Nm/kg) and to leg fat-free mass 

(Nm/kg) as a measure of muscle quality 
Outcomes related to body composition: 
• Appendicular fat-free mass in absolute values (kg) and normalized to body weight 

(kg/kg*100) 
Outcomes related to dose-response relationship between exercise dose and fitness/body com-
position outcomes: 
Relationship between moderate-to-vigorous intensity exercise minutes (average from week 7 to 
52) and changes from randomization to end of treatment (week 0 to 52) in the following:  
• Peak oxygen consumption (ml/min/kg fat-free mass) 
• Stair climb test (seconds) 
• Knee extensor peak torque (Nm) 
• Body weight (kg) 
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• Whole-body-fat percentage (percentage-points) 
• Whole-body fat mass (kg) 
• Whole-body fat-free mass (kg) 
• Appendicular fat-free mass (kg) 

Analysis methods  
The primary analysis of the three main fitness outcomes will be performed on the full analysis 
set. Outcomes will be analyzed using constrained linear mixed models with inherent pre-random-
ization adjustment by putting all participants in the placebo group at week -8 and 0 (low-calorie 
diet).37,38 The model will include time (factorial), a time-treatment interaction, sex (male, female), 
and age group (<40 years, ≥40 years) as fixed effects and will be specified with an unstructured 
covariance pattern to account for repeated measurements on each participant. Adequacy of 
model assumptions will be assessed using graphical models, and outcome variables may be log-
arithmically transformed if considered necessary to meet the assumptions of variance homoge-
neity and normality of residuals. Estimated mean differences between groups in the three main 
outcomes will be null hypothesis tested and reported with P values and 95% CI. A per protocol 
supplementary analysis will be performed for the main outcomes, excluding all protocol devia-
tors. All exploratory outcomes will be analyzed using a similar statistical model and reported as 
estimated within-group changes and between-group differences with 95% CI. 

Multiple linear regression analyses will be done to assess whether a dose-response relation-
ship exists between exercise volume (average minutes per week of moderate-to-vigorous inten-
sity exercise) and changes in body composition and physical fitness outcomes. Sex, age, lirag-
lutide (yes/no) and outcome value at week 0 will be included as fixed effects. The analyses will 
include all participants randomized to exercise (exercise group and combination group). 

Missing data  
The number/frequency of missing values for the main outcomes will be provided for each group 
at each time point in the CONSORT flow diagram. Missing data will be assumed to be missing at 
random and handled implicitly by maximum likelihood estimation in the constrained linear mixed 
model.  

Additional analyses  
Not relevant. 

Harms  
All harms in the study has been published and is available in tables 2, S11, and S12 of the primary 
trial report.14  

Statistical software  
R version 3.6.0 or newer (The R Foundation for Statistical Computing, www.R-project.org) and 
SAS version 9.4 or newer (SAS Institute, Cary, NC, USA). 
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