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Summary 

Diabetes and obesity are global challenges to our healthcare system as the prevalence of individuals with 

overweight and/or type 2 diabetes (T2D) reaches more than 1 billion humans. We are approaching the abyss 

why the need for better and new interdisciplinary-based treatment strategies has never been greater.  Diet-

induced weight loss maintained with physical activity combined with incretin-based treatment may be such 

an example. Obese subjects often suffer from deteriorating metabolic health, such as impaired glucose 

tolerance, and furthermore recent studies report that sedentary lifestyle may shift the glucose intolerance 

of these subjects towards a full-blown T2D diagnosis. Alarmingly, diet-induced weight loss alone does not 

substantially improve long term metabolic health. The secretion of the gluco-regulatory hormone glucagon-

like peptide-1 (GLP-1) is significantly attenuated in both obesity and pre-diabetic individuals and GLP-1R 

agonists are currently being used in the clinic for treating T2D and recently also obesity. Our aim is to prevent 

weight regain and potentially reverse deterioration of metabolic health in obese individuals glancing at a high 

risk of developing metabolic disease. We hypothesize that by reversing sedentary lifestyles in obese and 

potentially pre-diabetic and metabolic syndrome subjects with diet-induced weight loss maintained with 

habitual physical activity and additionally treating these individuals with a GLP-1R agonist their potential 

improvement in their weight, body composition and metabolic health may reach synergistic levels compared 

to either of these treatments alone. To investigate this, we will perform a randomized clinical trial with 4 

intervention arms: Placebo, physical activity, daily subcutaneous injection with a GLP-1R agonist (liraglutide 

3mg) and finally physical activity plus injection with a GLP-1R agonist (liraglutide 3mg). We believe that 

improved integration of interdisciplinary-based treatment therapies such as an initial diet-induced weight 

loss maintained with the combination of physical activity and GLP-1R agonist in individuals struggling with 

obesity may provide substantial improvement on their body composition and metabolic health.   

Background and significance 

Obesity is a common disorder, and in many western countries and the United States more than half of the 

populations are overweight or obese. The prevalence is increasing dramatically, and the number of obese 

individuals worldwide is now projected to reach as much as 1.1 billion by 2030 (1). As obesity is associated 

with a high rate of morbidity and mortality, and thereby accounts for a large part of the public health care 

expenses (2), there is a great interest in treatment of obesity. Usually most obese people experience several 

successful weight losses, however only few are able to maintain the weight loss over a longer period (ex. one 

year). Furthermore, obesity involves both metabolic and inflammatory disturbances and diet-induced weight 

loss alone does not substantially improve long term metabolic health (3; 4).  

Glucagon-like-peptide-1 (GLP-1) is a hormone that is secreted from specific endocrine L-cells in the intestine 

upon meal intake. GLP-1 inhibits appetite and reduces food intake (5). Obese people have low endogenous 

GLP-1 response (6) and weight loss induces a marked increase in GLP-1 response (35). We have recently 

shown that treatment with GLP-1 analogues (liraglutide 1.2 mg) can facilitate long term weight loss 

maintenance (12 kg) with substantial improvement in metabolic health, in contrast to similar diet induced 

weight loss maintenance (3; 4; 7). Moreover, once daily injections of the GLP-1 analogue (liraglutide 3 mg) 

has been shown to facilitate substantial long-term weight loss (1 year) of approximately 8.0% in obese 

subjects (8).  
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On the other hand regular physical activity has also been put forward as effective lifestyle component for 

weight loss maintenance (9) and recent data show that maintainers of weight loss are more likely to perform 

regular exercise as opposed to subjects that regains weight loss (10)(36). In response to 3 months of daily 

endurance exercise we recently found no increase in appetite in overweight males (11) despite the exercise 

program induced significant weight loss and reduction of fat mass (4 kg) (12). Also, The SCALE maintenance 

trial showed that liraglutide (3 mg), with diet and exercise recommendations, maintained weight loss 

achieved by caloric restriction and induced further weight loss over 56 weeks (7). Indeed, long term intensive 

lifestyle intervention with a strong exercise component also results in clinical meaning full weight loss with 

the same magnitude (8.6%) for obese subjects as is observed with GLP-1 analogues (13). While exercise is 

known to improve the sensitivity to a variety of endocrine functions, e.g. insulin sensitivity (14), the combined 

and/or synergistic effects of liraglutide and exercise for weight loss maintenance and metabolic health are 

not known.  

 

Physical exercise influences systemic and adipose tissue inflammatory pathways differently than diet-

induced weight loss, and weight loss with physical activity has been suggested to induce a more healthy 

immuno-metabolism profile compared to diet-induced weight loss alone (15). An acute bout of physical 

activity has been shown to accentuate the hormonal meal-induced satiety response, e.g. increase in GLP-

1(16). Interestingly, emerging evidence also places GLP-1 as a potential important immune metabolic 

modulator. GLP-1R agonists reduce endoplasmic reticulum stress and decrease inflammation-associated 

gene and protein expression in macrophages (17) as well as exerting anti-inflammatory actions in adipocytes 

(18). The GLP-1 analogue, liraglutide, exerted anti-inflammatory actions in endothelial cells (19). In humans, 

treatment with exenatide, a GLP-1R agonist, has shown potent anti-inflammatory effects (20).  Whether 

these actions are due to GLP-1 receptor activation, or the weight lowering actions of GLP-1R agonists, remain 

uncertain. Notably, a small study of 10 obese subjects with T2D treated with liraglutide for 8 weeks indicated 

that GLP- 1 analogue therapy directly modulates innate immune-mediated inflammation (21), independent 

of weight loss, by significantly decreasing the novel marker of macrophage activation: the soluble form of 

haptoglobin–haemoglobin receptor CD163 (sCD163). In obesity, macrophages become pro-inflammatory, 

and removal of CD163 becomes up-regulated and is measurable as soluble CD163. Interestingly, sCD163 is 

strongly associated with insulin resistance independently of inflammatory markers such as TNF-α(22) and 

recently, sCD163 was found to be a strong predictor of the development of type 2 diabetes in a large Danish 

cohort  as well as a novel marker for the coronary atherosclerotic burden (23). Interestingly, the combination 

of diet-induced weight loss and exercise decreased sCD163 levels (37). Thus, sCD163 may reflect the link 

between low-grade inflammation and metabolic abnormalities in the obese state. 

 

Although GLP-1 analogues (like liraglutide) have a global anti-inflammatory potential seen even as early as 8 

weeks after initiation of treatment(20; 21), it is unclear whether their potential effect on the vascular wall is 

mediated by the GLP-1 receptor (GLP-1R), changes in insulin levels or the weight loss induced by these agents. 

Post-GLP-1R signalling has multiple immuno-metabolic effects (increased sCD163, activation of PI3K/Akt 

signalling and suppression of MAPK in vascular cells (24), which is also observed with exercise (25; 26)) 

implying that GLP-1 analogues and exercise may supress vascular oxidative stress, reducing cardiovascular 

complications of obesity. In addition, GLP-1 analogues and exercise may shift the secretory profile of human 

adipose tissue towards an anti-inflammatory state exerting additional protective effects on the 

cardiovascular system.  



U1111-1173-3104, S-LiTE version 5, 13-06-2016 

5 
 

Thus, exercise and GLP-1 analogues both seem to facilitate weight loss maintenance and reduce systemic 

inflammation and may thus be used synergistically as obesity treatment to improve both inflammatory and 

metabolic health. 

 

Research question 

Study Hypothesis 

We hypothesize that there is a synergy effect on maintenance of weight loss and beneficial health outcomes 

between treatment with the appetite hormone GLP-1 (liraglutide) and an exercise program in obese 

individuals. 

 

Objective 

To investigate the maintenance of weight loss and health outcomes (glucose and insulin for HOMA-IR and 

Matsuda index, HbA1c, lipids (i.e. cholesterol, HDL, LDL, triglycerides FFA), determination of glucose-

tolerance status, biomarkers of inflammation (sCD163, hsCRP, IL6, IL1, IL1Rap, TNF-α)) over 1 year with GLP-

1 treatment (liraglutide), exercise treatment and the combination in obese persons that have lost at least 5 

% of their body weight by low calorie diet during 8 weeks.  

 

Research design and Methods 

Study population 

Recruitment of 180 obese persons (ideally with equal number of men and women) in local newspapers, via 

electronic media and from Department of Endocrinology, Hvidovre University Hospital as well as Department 

of Biomedical Sciences, University of Copenhagen.  

Inclusion criteria:  

 BMI > 32 and < 40 (kg/m2) 

 Age >18 and <65 year  

 Safe contraceptive method. 

Exclusion criteria:  

 Patients diagnosed with known serious chronic illness including type 1 or 2 diabetes (or a randomly 

measured fasting plasma glucose > 7 mmol/l)  

 Angina pectoris, coronary heart disease, congestive heart failure (NYHA III-IV) 

 Severe renal impairment (creatinine clearance (GFR) <30 mL/min)   

 Severe hepatic impairment  

 Inflammatory bowel disease  

 Diabetic gastroparesis 

 Cancer  

 Chronic obstructive lung disease  

 Psychiatric disease, a history of major depressive or other severe psychiatric disorders  

 The use of medications that cause clinically significant weight gain or loss  

 Previous bariatric surgery  

 A history of idiopathic acute pancreatitis  

 A family or personal history of multiple endocrine neoplasia type 2 or familial medullary thyroid 

carcinoma  
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 Osteoarthritis which is judged to be too severe to manage the exercise programme. As intended per 

study design the intervention will include a 5% weight loss prior to randomization, thus it is expected 

that possible participants with mild form of osteoarthritis will be able to manage exercise 

prescriptions.  

 Pregnancy, expecting pregnancy or breast feeding. If a study participant is in doubt whether she 

could be pregnant, a urine pregnancy test is performed. Females of childbearing potential who are 

not using adequate contraceptive methods (as required by local law or practice). Adequate 

contraception must be used throughout the study period and at least 65 hours after discontinuation 

of trial medication (65 hours corresponds to 5 times the half-life of Saxenda). Allergy to any of the 

ingredients/excipients. 

 Allergy to any of the ingredients/excipients of the study medication: liraglutide, disodium phosphate 

dihydrate, propylene glycol, phenol, hydrochloric acid, sodium hydroxide 

Withdrawal criteria: The subject may withdraw at will at any time. If a subject withdraws after week 20 we 

will offer to perform the investigations planned at week 52 at the time of withdrawal. The subject may be 

withdrawn from the trial at the discretion of the Investigator due to a safety concern or if judged non-

compliant with trial procedures. 

A subject must be withdrawn if the following applies: Pregnancy or intention to become pregnant. 

Subject replacement: Withdrawn subjects will not be replaced. However, re-screening is allowed within the 

recruitment period, at the Investigator’s discretion.  

Reminders: To minimize loss to follow-up, reminders (in the form of text messages or letters) will be sent to 

the participants prior to the examination dates.  

Follow-up procedure 

In case of drop-out, the participant will be asked to complete a full set of examinations at the time of drop 

out. 

 

Study design  

Randomized controlled parallel groups clinical trial. The trial is double blinded in regards to study medication. 

Exercise cannot be blinded for the participants, however, study personnel performing the exercise tests are 

blinded in regards to randomization to exercise program. Study design and work flow is outlined in figure 1 

and 2.  

This trial will recruit 180 obese individuals. The weight loss is obtained during 8 weeks with a very low calorie 

diet (VLCD) (800 kcal/day), Cambridge diet, which is a well-known initial treatment of obesity (3), with the 

objective to lose at least 5 % body weight (expected to be achieved in at least 160 subjects, and less than 15 

will drop out during this phase based on our prior studies(3; 4)). Compliance with the dietary maintenance 

program will be assessed each week at weight consults with a dietician/scientific personnel during the weight 

loss period. After 8 weeks of weight loss the participants are randomized to receive a) Liraglutide 3mg/day 

sc or b) placebo sc or c) Exercise + placebo sc or d) Exercise + Liraglutide 3mg/d sc for 52 weeks. 

Weekly/monthly consultations, weighing and collection of fasting blood samples will be continued in all 4 

groups during the study period.  

Liraglutide or placebo intervention: Daily injections (3mg) with diet/weight consultations starting at dose of 

0.6 mg injections with 0.6 mg increments weekly until 3.0 mg is achieved. For subjects who do not tolerate 

the fast weekly up-titration of 0.6 mg study drug until the 3mg, the titration procedure can be prolonged 

with up to three weeks for each up-titration. Subjects who do not tolerate the 3mg dose may in special 
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circumstances stay at 2.4 mg, however the overall aim is to reach 3 mg for all study subjects. The dosage and 

up-titration follow the recommendations from the summary of product characteristics.    

Exercise intervention: Health authorities (WHO) recommend exercise 30 min/day 5 days/week. To make our 

study possible, we aim for 4 exercise days per week. Exercise prescription will be performed under strict 

control of the scientific personnel. There will be aerobic exercise and will include 5 sessions per week after 

the ramp-in period. 2 sessions per week will be performed under supervision of the staff and 2 sessions will 

be performed individually but monitored by the staff. Week 1-2: 1 supervised session/week, week 3-4: 1 

supervised and 1 individual session/week, week 5-6: 2 supervised and 1 individual sessions/week, week 7-

52: 2 supervised and 2 individual sessions/week. If this up regulation of exercise is not possible (for example 

due to side effects of study medication), up regulation will proceed more slowly. Supervised sessions include 

structured exercise with an exercise intensity > 60% VO2peak, individual exercise includes general physical 

activity such as brisk walking or cycling to work. Participants will use heart rate monitors during session. 

Furthermore participants will be instructed to perform mostly non-weight bearing activities in the start of 

the intervention, such as cycling and rowing but brisk walking on a treadmill with inclination may also be 

performed.  

Liraglutide+exercise: Combination of the two groups.  

The trial ends at week 52 where Saxenda/placebo and exercise treatment is discontinued. Saxenda/placebo 

does not need to be phased out. Elimination half-life of Saxenda is approximately 13 hours.  

 

Randomization 

The subjects are randomized to 1 of the 4 treatment arms in a 1:1:1:1 ratio, according to the subject 

randomization list (SRL) provided by Novo Nordisk. A qualified un-blinded study nurse (not otherwise 

associated with the trial) will allocate study participants according to the SRL. Randomization will be 

stratified by gender and age. Two lists are made; one for participants over 40 years and one for participants 

under 40 years of age. Males will be gives the lowest available number from the appropriate list (from the 

top of the list) and females will be gives the highest available number from the appropriate list (from the 

bottom of the list). 

Novo Nordisk also provides a total dispensing unit number list (TDL). The un-blinded study nurse will 

allocate trial medication using the TDL by matching a six digit Dispensing Unit Number (DUN) to the correct 

treatment. Each box will be labeled with a unique DUN. The DUN alone is not un-blinding. Thus, the 

dispensing of trial medication to subjects can be carried out by blinded trial staff, by selecting the DUN(s) 

provided by the un-blinded study nurse. The SRL and TDL are to be kept with restricted access only to the 

designated un-blinded study nurse.   

Un-blinding 

The subject randomization list (SRL) and the total dispensing unit number list (TDL) is stored on site at 

Hvidovre Hospital. Subject number of the trial participant is matched with the SRL and TDL, which reveals if 

trial medication is liraglutide or placebo. Preferably, the un-blinded study nurse will perform any un-

blinding of study participants. However, if needed, all trial staff (sponsor, investigator and sub-

investigators) can get access to the SRL and TDL and perform the un-blinding procedure.  

 

Examinations 

V0/screening (before weight loss) 
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 Measurement of weight, height, waist and hip circumference, blood pressure and pulse 

 Meal tests (with liquid meal) are performed and blood samples will be obtained before, during and 3 

hours after meal intake for plasma/serum samples (glucose, insulin, C-peptid, leptin, soluble leptin 

receptor, GLP-1, PYY, ghrelin, glucagon, adiponektin, free fatty acids, sCD163, hsCRP, IL-1, IL-1Rap IL-6, 

TNF-α, SAA1, SAA2, ORM1, ORM2, malonyldialdehyde, F2-Isoprostanes, CTX and P1NP, FGF21) and 

peripheral blood mononuclear cells (PBMNCs) isolation.  

Here amongst, a set of standard samples are collected and analysed on the same day. These include 

haemoglobin, free calcium, creatinine and GFR, potassium, sodium, CRP, ALAT, amylase, alkaline 

phosphatase, vitamin D, HbA1c, PTH, TSH, total cholesterol, HDL, LDL, VLDL and triglycerides. Among 

other, we use these for monitoring the safety of the study participants.    

 Endothelial function of the brachial artery will be evaluated using flow mediated dilatation (FMD) (27) 

and ECG’s are obtained.  

 Body, fat and bone composition will be measured with DEXA and MRI scans. 

 Subcutaneous adipose tissue biopsies (abdominal) are taken under local anaesthesia.  

 Faecal, urine, saliva and semen samples are collected.  

 Food preferences determined by standardized pictures 

 Subjective appetite sensations using visual analogue scales (VAS) 

 Questionnaires will be given to the subjects to determine 1) self-rated quality of life (SF-36), 2) eating 

habits (three-factor eating questionnaire), 3) IPAQ, 4) food preferences.  

 Physiological tests: we will perform a peak oxygen test, strength test and walking distance test. 

We aim at completing all tests on one day. If this is not possible, the remaining tests are performed at an 

adjacent test day.  

V1/baseline (after weight loss phase; randomization): Same tests as described for V0.  

V2/mid (26 weeks after randomization) 

 Blood samples  

 Subcutaneous adipose tissue biopsies (abdominal) are taken under local anaesthesia.  

V3/end (52 weeks after randomization): Same tests as described for V0.  

Furthermore, fasting blood samples are drawn at week 4, week 13 and week 39.  

Criteria for when tests can be performed: 

 The participant has to be fasting from the previous evening (from 22:00), including food, liquids and 

medication (except study medication) 

 Study medication should be taken on the morning of the tests 

 Training should not be performed the day before tests 
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Figure 1 Study design; Tests refer to all the tests/examinations described in the Examination section for V0.   
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Figure 2 Work flow (FMD: flow mediated dilatation, VLCD: very low calorie diet (800 kcal/day))  
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Endpoints 

 

Primary endpoints (change from V1 to V3) 

Body weight change (kg) 

Weight will be measured to the nearest 0.1 kg. The same set of scales should ideally be used throughout the 

trial. Weight should be measured in a fasting state without shoes and wearing light clothes. 

Secondary endpoints (change from V1 to V3) 

1) Metabolic health (glucose tolerance and lipid status, waist circumference, blood pressure, Composite 

Metabolic syndrome Z-score) (2) Meal related appetite response (3) peak oxygen uptake and determination 

of daily physical activity (4) Systemic markers of immune-metabolism and oxidation (5) Endothelial function 

(6) Immuno-metabolic changes in the subcutaneous adipose tissue (7) Bone health (8) Lipid content of liver 

(9) gene expression profile of circulating inflammatory cells  (10) changes in body composition (11) Food 

preferences and subjective appetite sensation 

Tertiary endpoints (change from V1 to V3) 

(1) Faecal bacterial composition, (2) Plasma metabolomics and proteomics, (3) epigenetics of spermatozoa, 

(4) activation of brown fat and FGF21 

 

Specific aims and endpoints 

Primary objective: To explore the long-term synergistic effects of liraglutide and exercise program on the 

maintenance of weight loss and body composition after very a low calorie restriction diet: This will be 

explored by weekly/monthly weighing of subjects during their weight.  

Secondary objectives 1-4: To explore the long-term synergistic effects of liraglutide and exercise program 

on and metabolic health, appetite regulation, oxygen uptake and systemic markers of immune-metabolism 

and oxidation:  We will measure circulating biomarkers of metabolic regulation to evaluate metabolic health 

(glucose and insulin for HOMA-IR and Matsuda index, HbA1c, lipids i.e. cholesterol, HDL, LDL, triglycerides 

FFA and determination of glucose-tolerance status). We will measure hormonal appetite regulation during 

meal tests and fasting  (GLP-1, Peptide YY, Glucagon, leptin, Ghrelin, adiponectin) using our standard 

methodologies (3). Peak oxygen uptake and determination of daily physical activity will be obtained. 

Cardiorespiratory fitness (VO2 peak) is assessed using an electronically braked bicycle and indirect calorimetry 

at V0, V1 and V3: After warm-up workload is increased with 25 W increments every minute until attainment 

of VO2peak, based on the following criteria: Levelling off in oxygen uptake and RER-value above 1.15 or age-

predicted heart rate max (220 minus age). 

In plasma samples from V0, V1, V2, V3 we will measure various biomarkers of inflammation (sCD163, hsCRP, 

IL-1, IL-1Rap IL-6, TNF-α, SAA1, SAA2, ORM1, ORM2) and oxidation (malonyldialdehyde, F2-Isoprostanes, 

etc.) using methodologies well established in the lab  in Oxford (28).  

Secondary objective 5: To explore the long-term effects of liraglutide and exercise program on vascular 

endothelial function: We will use Flow-mediated vasodilation (FMD) to study changes in endothelial function 

(27) as well as blood pressure and electrocardiogram (ECG) measurements at V0, V1 and V3. FMD is an 

endothelium-dependent function, explored by a non-invasive technique, in the brachial artery. The brachial 

arteries are scanned with high resolution ultrasound imaging at rest and during hyperaemia. Hyperaemia can 

be induced by inflation and deflation of a sphygmomanometer cuff around the forearm, distal to the site 

scanned later with ultrasound. Peripheral arteries, including the brachial artery, respond to physical and 

chemical stimuli by adjusting vascular tone and regulating blood flow.  
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Increased blood flow in peripheral arteries is leading to increased shear stress stimuli, increased nitric oxide 

production, and vasodilation. The vasodilatory response of the brachial artery to increased shear stress is 

called flow mediated dilation (FMD), and reflects the ability of vascular endothelium to produce NO. 

Endothelial function, defined as FDM is defined as the percentage increase in vessel diameter from baseline 

conditions to maximum vessel diameter, during hyperaemia. FMD is estimated as the percentage change of 

the brachial artery diameter from rest, to the vessel diameter 60 seconds after the cuff is released. After a 

12 hour fasting period, the subject is positioned in a supine position, in a quiet room, with constant 

temperature. The arm is placed in a comfortable position for assessing the brachial artery, and must remain 

under constant conditions for at least 10 minutes.  

All vasoactive drugs must be discontinued at least 12 hours before the study, and the patient must not ingest 

substances that might affect FMD such as caffeine, high-fat food and vitamin C nor smoke, for at least six 

hours before the study. The FMD includes administration of 400 micrograms of nitro-glycerine. This method 

has the advantage of being non-invasive and safe with no risk concerns. From the previous studies (27) with 

30 study participants in each group we expect to be able to detect a 10% difference between groups. 

Secondary objective 6: To explore the long-term effects of liraglutide and exercise program on 

immunometabolic profile of the human subcutaneous adipose tissue: In adipose tissue biopsies obtained at 

V0, V1 and V3 we will: a) determine the changes in the gene expression of GLP-1 receptor, and target-genes 

downstream the GLP-1 receptor that include  pro-inflammatory (e.g. IL-6, IL1b, MCP-1, resistin, leptin, 

chemerin, etc.) and anti-inflammatory (e.g. adiponectin) adipocytokines that could have an 

endocrine/paracrine effect on cardiovascular function. The changes in the expression of adipocyte 

differentiation markers such as FAB4, CABPA and PPAR-γ as well as markers of macrophages infiltration 

(CD163, CD68) and M1/M2 phenotype of them such as CD40, CCR7, CD207 etc. (all by qRTPCR) will also help 

us understand the potential phenotypic changes in adipocyte differentiation status and inflammatory 

infiltration after treatment. The sc adipose tissue (1 g) will be obtained by needle aspiration under local 

anaesthesia using 5–10 ml 0.5% lidocaine. It has previously been demonstrated that this procedure does not 

influence adipocyte metabolism. This is a standard procedure, safe and with local anaesthesia non-painful.   

Secondary objectives 7-8: To explore the long-term effects of liraglutide and exercise program on reversal 

of fatty liver and weight loss induced bone loss   

Conventional Magnetic resonance imaging (MRI) is used to assess effects on fat deposits in liver. MRI exploits 

the difference of the resonance frequencies between water and fat proton signals. By acquiring the images 

at echo times at which water and fat signals are approximately in-phase (W+F) and opposed-phase (W-F), 

volumetric liver fat detection is possible based on the relative signal loss on opposed-phase (also known as 

“out-of-phase”) images (no contrast testing is necessary). MRI uses a powerful magnetic field, radio waves, 

rapidly changing magnetic fields, and a computer to create images.  An MRI examination causes no pain, and 

the magnetic fields produce no known tissue damage of any kind, and is thus safe. Site specific bone-

measurements and bone markers (CTX and P1NP) as well as DEXA scans to assess bone-health (4).  

Secondary objective 9: Determine the effects of long-term treatment with liraglutide and an exercise 

program on gene expression profile of circulating inflammatory cells (PBMNCs) obtained at V0, V1, and V3. 

Secondary objective 10: Determine the effect of liraglutide and/or exercise on body composition 

Study participants are scanned by DEXA at V0, V1 and V3. These scans can be used to determine fat mass, 

lean mass and fat percentage.  

Secondary objective 11: Determine the effect of liraglutide and/or exercise on food preferences and 

appetite sensation 
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Food preferences, in particular liking and wanting of food items, are assessed by a picture display test where 

standardized pictures of the following 20 food items are shown: pork rib roast, French fries, nuggets, salty 

crackers, cheese, smoked fillet (cold cuts), omelet, carrots, crisp bread, turkey strips, Danish pastries, vanilla 

ice cream, milk chocolate, pound cake, cookies, cut fruits, skyr (yoghurt) with berries, sweet licorice, cocoa 

meringues and wine gum. These 20 food items can be organized into combined and separate food categories. 

Pictures are displayed in a randomized order and the participants are instructed to rate each individual food 

item and to choose the three food items they prefer the most in a prioritized order (43).   

Subjective appetite sensations will be obtained during a fixed standardized meal using visual analogue scales 

(VAS) to record hunger, satiety, fullness, prospective food consumption, desire to eat something fatty, salty, 

sweet or savory, and palatability of the meals (44). 

Tertiary objectives:  Determine the effects of long-term treatment with liraglutide and an exercise program 

on faecal bacterial composition, plasma metabolomics, proteomics profile, brown fat and epigenetics of the 

spermatozoa at V0, V1 and V3. Epidemiological data support that paternal nutritional status can directly 

affect the health of the offspring (38;39), suggesting that an environmentally acquired phenomenon of 

epigenetic inheritance is passed on by the gametes. Recently, Barres showed that spermatozoa of obese men 

carry altered epigenetic signals specifically located at regions controlling the development of the central 

nervous system and the control of appetite. Moreover, they showed that weight loss, induced by bariatric 

surgery, remodels the epigenetic profile of spermatozoa, suggesting that pre-conceptional behaviour 

targeting weight loss may be relevant to the metabolic health of the next generation (40). To test the ability 

of obese subjects to activate brown fat, thermo-scanning (cold exposure by blanket roll and measuring the 

skin temperature in the supraventricular neck region by thermo-scanning camera (41)) will be set up and 

performed before and after treatment. Furthermore, levels of FGF21 (a metabolic growth factor released 

from the liver in response to exercise) are measured. Brown fat recruitment has been shown to be stimulated 

by FGF21 (42).  

 

Data  

Data management 

The subject and the biological material obtained from the subject will be identified by subject number and 

trial identification number. Appropriate measures such as encryption or deletion will be enforced to protect 

the identity of human subjects in all presentations and publications as required by national requirements. 

Laboratory data will be transferred electronically from the laboratory performing clinical analyses and will be 

archived in secured hard drives with backup options. The electronic data will be considered source data. In 

cases where laboratory data is transferred via non-secure electronic networks, data will be encrypted during 

transfer. Data is saved for 20 years.  

Source data  

Source documents will be kept in the Investigators file.  

Source data registered directly in the CRF include blood pressure, weight, height, hip and waist 

measurements, anamnesis and adverse events.  

 

Evaluability of subjects for analysis 

Withdrawn subjects will not be replaced. However, re-screening is allowed within the recruitment period, at 

the Investigator’s discretion. 
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Two analysis sets are defined 

Per Protocol (PP) analysis set: All exposed subjects who complete the 52-week randomized treatment period 

without significantly violating the inclusion/exclusion criteria or other aspects of the protocol considered to 

potentially affect the efficacy results. 

Intent to treat (ITT) analysis set: All randomized subjects exposed to at least one dose of trial product and 

completed the visit at week 4. 

Safety analysis will be performed on the ITT population. 

The decision to exclude any subject or observation from the statistical analysis is the responsibility of the 

sponsor and will be agreed on before breaking the blind. The subjects or observations to be excluded, and 

the reasons for their exclusion must be documented and signed by those responsible prior to database 

release. The documentation must be stored together with the remaining trial documentation. 

Analysis will be based on the ITT analysis set, unless stated otherwise. Analysis of the efficacy variables will 

also be performed on the PP analysis set as supportive evidence. 

 

Data analysis plan 

All variables will be tested for normality with the Shapiro-Wilk Test and/or the Kolmogorov-Smirnov Test and 

log-transformed if non-normally distributed to achieve normality. Then parametric tests will be used 

throughout the analyses, if normality is achieved. If normality cannot be achieved through log transformation 

other transformations will be tried, if non-successful non-parametric analyses will be applied. 

Delta changes in variables (from week 0 - week 52) will be analysed using a general linear model (ANCOVA) 

with age and sex and baseline weight as covariates and treatment as an effect (SPSS statistics version 22, 

IBM Corporation, Armonk, New York, United States). The effect of treatment on serial measurements (before 

vs after treatment in the four groups) will be assessed by ANOVA for repeated measures with time x 

treatment interaction terms and age and sex and baseline weight as covariates. We will use drug treatment 

(lira, placebo), exercise (yes, no) and their interaction to investigate the interaction between drug and 

exercise. 

 

Statistical methods 

All two-sided tests are at the 5% significance level. 

 

Primary endpoint 

The change from baseline (randomization) in weight (kg) after 52 weeks of treatment will be analysed using 

an analysis of covariance (ANCOVA) model with treatment group as explanatory variable and baseline weight, 

sex and gender as covariates. Missing values will be replaced using last observation carried forward. The 

objective of the analysis is to determine whether the effect on weight (as measured 

by kg) and body composition (lean/fat body mass ratio) of 3mg liraglutide in combination with exercise 

program is superior to 1) placebo and if so to 2) to either treatments alone. 

 

Secondary endpoints 

The secondary efficacy endpoints are: metabolic health measured by the metabolic syndrome z-score. 

Analysis of covariance models as described above will be used to test for superiority. The change from 

baseline (randomization) after 52 weeks of treatment will be analysed using an analysis of covariance 
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(ANCOVA) model with treatment group as explanatory variable and baseline weight, sex and gender as 

covariates. 

 

Other endpoints 

Other endpoints are described above. The change from baseline (randomization) after 52 weeks of treatment 

will be analysed using an analysis of covariance (ANCOVA) model with treatment group as explanatory 

variable and baseline weight, sex and gender as covariates. 

 

Safety endpoints 

Endpoints related to safety are: AEs, laboratory tests (haematology and biochemistry)  

AEs: Frequencies of subjects experiencing treatment emergent AEs (TEAE) and frequency of the events will 

be tabulated by system organ class and preferred term. Listings of TEAEs, non-TEAEs, SAEs, and AEs leading 

to withdrawal will be provided. 

A TEAE is defined as an event that 

• Occurs after randomization and increases in severity during the treatment period 

• Occurs between first and last day of treatment + seven days 

Clinical laboratory tests: Haematology and biochemistry will be summarized descriptively together with 

change from baseline. Abnormal values will be listed. 

 

Sample size calculation  

Based on our previous studies (3; 4) only 10 % did not obtain a weight loss of more than 10% during the initial 

weight loss phase, thus we expect 160 out of 180 to obtain at least a 5% weight loss. We are planning a study 

with 30 experimental subjects and 30 control subjects.  In our previous study (3; 4) the response within each 

subject group was normally distributed with standard deviation 5.5.  If the true difference in the experimental 

and control means is 4kg, we will be able to reject the null hypothesis that the population means of the 

experimental and control groups are equal with probability (power) 0.8. The Type I error probability 

associated with this test of this null hypothesis is 0.05. If we unexpectedly experience higher withdrawal rates 

than stated more study subject will be recruited to obtain sufficient power. Retention modalities: by frequent 

weight and diet consultations with the medical doctor/dietician we have previously experienced that this 

motivated study participants to fulfil the study period.  

 

Study time line 

August 2016 – August 2021 

 

Study medication 

The active treatment will be subcutaneous injections of liraglutide 3mg (Saxenda) or placebo, that will be 

given once daily for 52 weeks after weight loss. 

 

 

Treatment of subjects 

Subjects will attend screening visit to assess their eligibility. If found eligible, subjects should return at visit 0. 

When the weight loss program has been completed they will be randomized to one of the four treatment 

arms. 
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The randomized treatment period lasts 52 weeks, including at least 5 weeks of dose escalation for the 

liraglutide/placebo/exercise treatment.  

 

Labels and packaging 

Novo Nordisk A/S will handle the labelling and packaging of the study medication. The text of the labels will 

be according to Eudralex Volume 4, Annex 13.  

 

Accounting of study medication 

To account for study medication schemas are used to 1) register reception of medication on site from Novo 

Nordisk (reception date, number of packages, batch number, expiration date, signatures) and 2) register the 

medication handed out to study participants (ID number of participant, date, batch number, expiration date, 

number of pens, number of pens returned, signatures). 

For surveillance of compliance in terms of using the study medication, we will register number of returned 

pens. This will be set in relation to the amount of study medication used in case the medicine is used as 

prescribed.  

 

Dose escalation and drug administration 

Liraglutide will be available at a concentration of 6.0 mg/mL and supplied in 3 mL pen-injectors. 

Dosing with the liraglutide pen-injector is controlled by turning the dose selector until the dose indicator lines 

up with the relevant dose. Liraglutide is administered once daily by subcutaneous injections with the pen-

injector, either in the abdomen, thigh or upper arm. Injections can be done at any time of the day and 

irrespective of meals. It is recommended that the time of administration is repeated between consecutive 

days throughout the trial. Subjects will be instructed to perform an air shot before the first use of a new pen-

injector. For further information, please see the handling instructions for the liraglutide pen-injector. These 

handling instructions will be provided in Danish language together with the trial products. The Investigator 

must instruct subjects how to inject liraglutide, and must ensure that the subjects are familiar with the 

instructions. Subjects will be instructed to escalate the liraglutide/placebo dose to 3 mg/day over a five week 

period, following an initiation dose of 0.6 mg/day and weekly dose escalation steps of 0.6 mg/day.   

 

Storage of trial products 

The liraglutide pen-injectors must be stored in a refrigerator at a temperature between + 2°C and + 8°C. 

Freezing must be avoided and the drug must not be used if it has been frozen. Liraglutide pen injectors must 

be protected from all sources of light, and the pen cap should be kept on when the pen is not in use. The in-

use time for liraglutide is 1 month at temperatures below 30°C. 

Trial medication will be stored in a locked room, separately of other medicines.   

 

Concomitant illnesses and medication 

Concomitant illness: any illness that is present at the start of the trial (i.e. at the first visit). 

Concomitant medication: any medication other than the trial products that is taken during the trial, including 

the screening and run-in periods. 

Details of all concomitant illnesses and medication must be recorded at trial entry (i.e. at the first visit). Any 

changes in concomitant medication must be recorded at each visit. If the change influences the subject’s 

eligibility to continue in the trial, then the sponsor must be informed. 
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The information collected for each concomitant medication includes, as a minimum, start date, stop date or 

continuing and indication. 

 

Safety (see appendix: SAFETY REPORTING REQUIREMENTS FOR INVESTIGATOR INITIATED STUDIES (IIS)) 

Definitions 

Adverse Event (AE) Any untoward medical occurrence in a participant to whom a medicinal 

product has been administered, including occurrences which are not 

necessarily caused by or related to that product. An Adverse Event (AE) can 

therefore be any unfavourable and unintended sign (including an abnormal 

laboratory finding), symptom, or disease temporally associated with the use 

of a product, whether or not considered related to the product. 

Adverse Reaction (AR) 

 

An untoward and unintended response in a participant to an investigational 

medicinal product which is related to any dose administered to that 

participant. 

The phrase "response to an investigational medicinal product" means that a 

causal relationship between a trial medication and an AE is at least a 

reasonable possibility, i.e. the relationship cannot be ruled out. 

All cases judged by either the reporting medically qualified professional or the 

Sponsor as having a reasonable suspected causal relationship to the trial 

medication qualify as adverse reactions. 

Serious Adverse Event 

(SAE) 

A serious adverse event is any untoward medical occurrence that: 

 results in death 

 is life-threatening 

 requires inpatient hospitalization or prolongation of existing 

hospitalization 

 results in persistent or significant disability/incapacity 

 consists of a congenital anomaly or birth defect. 

Other ‘important medical events’ may also be considered serious if they 

jeopardize the participant or require an intervention to prevent one of the 

above consequences. 

NOTE: The term "life-threatening" in the definition of "serious" refers to an 

event in which the participant was at risk of death at the time of the event; it 

does not refer to an event which hypothetically might have caused death if it 

were more severe. 

Suspicion of transmission of infectious agents must always be considered an 

SAE. 

Serious Adverse Reaction 

(SAR) 

An adverse event that is both serious and, in the opinion of the reporting 

Investigator, believed with reasonable probability to be due to one of the trial 

treatments, based on the information provided. 
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Suspected Unexpected 

Serious Adverse Reaction 

(SUSAR) 

A serious adverse reaction, the nature and severity of which is not consistent 

with the information about the medicinal product in question set out: 

 in the case of a product with a marketing authorization, in the summary 

of product characteristics (SmPC) for that product 

NB: to avoid confusion or misunderstanding of the difference between the terms “serious” and “severe”, the following note of 

clarification is provided: “Severe” is often used to describe intensity of a specific event, which may be of relatively minor medical 

significance. “Seriousness” is the regulatory definition supplied above. 

 

Reference Document 

The reference document for reporting adverse events is the Summary of Product Characteristics (SmPC) for 

Saxenda (European Medical Agency, published 16/04/2015). In particular section 4.8 “Undesirable effects”.  

 

Pregnancy 

If pregnancy unexpectedly occurs the participant is immediately excluded from the trial. Any pregnancy 

occurring during the clinical trial and the outcome of the pregnancy should be recorded and followed up for 

congenital abnormality or birth defect, at which point it would fall within the definition of “serious”. All 

pregnancies in trial subjects occurring during use of liraglutide will be recorded immediately to NN (Novo 

Nordisk). 

 

Causality 

The relationship of each adverse event to the trial medication must be determined by a medically qualified 

individual according to the following definitions: 

Probable - Good reason and sufficient documentation to assume a causal relationship. Possible - A causal 

relationship is conceivable and cannot be dismissed. Unlikely - The event is most likely related to aetiology 

other than the trial product.  

The reference document in the protocol which is agreed upon with NN, for evaluation of expectedness will 

be specified. 

 

Procedures for recording Adverse Events 

All adverse events will be actively collected from the first study-related activity (from the signing of the 

informed consent) and in all following contacts with the study-subject throughout the project. This includes 

events from the first trial related activity after the subject has signed the informed consent, and until the 

post treatment follow-up period, as defined in the protocol. Trial-related activities are any procedures (i.e. 

laboratory tests, X-rays, ECGs, fasting periods etc.) that would not have been performed during normal 

management of the subject.  

As a minimum the following details will be reported -Study name -Patient identification (e.g. subject number, 

initials, sex, age) -Event (Preferably diagnosis) -Trial drug -Reporter -Causality -Outcome These details to be 

reported to the local NN affiliate safety department.  

All AEs occurring during the trial that are observed by the Investigator or reported by the participant will be 

recorded on the CRF, whether or not attributed to trial medication. 

The following information will be recorded: description, date of onset and end date, severity, assessment of 

relatedness to trial medication, other suspect drug or device and action taken.  Follow-up information should 

be provided as necessary. 

The severity of events will be assessed on the following scale:  1 = mild, 2 = moderate, 3 = severe. 
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AEs considered related to the trial medication as judged by a medically qualified investigator or the Sponsor 

will be followed either until resolution, or the event is considered stable. 

 

 

Reporting of adverse events/reactions 

SUSARs 

We do not expect any SUSARs. The trial medication is approved for treatment of obesity and used in this trial 

as prescribed in the Summary of Product Characteristics. The study medication has been thoroughly tested 

in several clinical trials. 

In case of any deadly or life-threatening SUSAR, Sponsor will immediately (and no later than 7 days after 

becoming aware) notify the Competent Authorities (Lægemiddelstyrelsen) and the Ethics Committee. No 

later than 8 days after reporting of a SUSAR, Sponsor will notify the Competent Authorities and the Ethics 

Committee of all relevant information about Sponsor and Investigator’s follow-up of the SUSAR. All other 

SUSARs will be reported to the Competent Authorities and the Ethics Committee no later than 15 days after 

Sponsor becoming aware of this.  

SARs 

Investigator will immediately report all SARs to sponsor. The notification will be followed by a detailed written 

report. Once yearly, Sponsor will prepare a report regarding SARs occurring in the trial as well as describe the 

safety of the study participants in regards to continuation of the trial. This will be sent to the Competent 

Authorities and the Ethics Committee.  Reporting will follow the EudraLex - Volume 10 Clinical trial guidelines 

(Detailed guidance on the collection, verification and presentation of adverse event/reaction reports arising 

from clinical trials on medicinal products for human use (CT 3)).  

SAEs 

Investigator will immediately report all SAEs to sponsor. The notification will be followed by a detailed written 

report. If Sponsor upgrades a SAE to a SAR, procedure is as described above. 

SAEs, AEs, ARs 

Will be noted in the CRF. These will be recorded in the End of Trial Form to the Competent Authorities and 

in the report to the Ethics Committee (if requested) no later than 90 days after trial completion.  

 

To NN:  

As a minimum requirement, the sponsor should copy NN when expediting SARs or SUSARs to Competent 

Authorities and should report all SARs related to NN Product to NN  

As a minimum, the investigator should copy NN (Novo Nordisk) when expediting SARs or SUSARs to health 

authorities and should report all SARs related to NN product to the local NN affiliate safety department within 

the timelines specified in the Investigator-Initiated Study Agreement (IIS) agreement.. The submission to NN 

must be within day 15 from the investigator’s first knowledge about a valid case. Where required in national 

law the investigator should also expedite SARs or SUSARs, to Independent Ethics Committee 

(IEC)/Institutional Review Board (IRB). Treatment codes will be un-blinded for specific participants.  

The Investigator must report initial information on all serious AEs to NN within 24 hours of obtaining 

knowledge about the event. The information must be provided by mail or telephone to the local NN affiliate. 

The Investigator must complete and forward electronically copies of the AE form and the SAE supplementary 

pages to NN within 5 calendar days of obtaining knowledge about the SAE. 
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The sponsor must inform the regulatory authorities and institutional review boards (IRBs)/independent 

ethics committees (IECs) in accordance with the local requirements in force and ICH GCP. The sponsor will 

notify the Investigator of trial product related suspected unexpected serious adverse reactions in accordance 

with the local requirements. In addition, the Investigator will be informed of any trial related procedure SAE 

which may warrant a change of any trial procedure. Investigators will be notified of trial-related SAEs in 

accordance with the local requirements in force and ICH GCP. The monitor must be informed accordingly. 

  

Safety follow-up 

It will be left to the Investigator’s clinical judgment to decide whether or not an AE is of sufficient severity to 

require the participant’s removal from treatment.  A participant may also voluntarily withdraw from 

treatment due to what he or she perceives as an intolerable AE.  If either of these occurs, the participant 

must undergo an end of trial assessment and be given appropriate care under medical supervision until 

symptoms cease, or the condition becomes stable. Any need for long-term follow-up will be assessed by a 

physician.  

 

Randomization code breaking  

Un-blinding can be performed under the following circumstances: 

 Treatment of an individual in a medical emergency where knowledge of the treatment allocation is 

required.  

 Treatment of an individual for an AE. 

 In the event of a SUSAR. 

 In the event that the participant's study medication is accidentally taken by a member of their household 

e.g. a child.  

 For the submission of trial data to the Data Monitoring and Safety Committee (DMSC) for the monitoring 

of safety and/or efficacy.  

All individuals directly involved in the trial must not be un-blinded. When the code break is needed, the local 

NN affiliate safety department must be informed the following points by the representative of the sponsor 

via email: Date and time of the code break, the reason for that, the actions taken, details of the person(s) 

involved in the code break.  

 

Protection of humans 

Declaration of Helsinki 

The Investigator will ensure that this trial is conducted in accordance with the principles of the Declaration 

of Helsinki.  

 

 

 

Guidelines for Good Clinical Practice 

The sponsor will ensure that this study is conducted in accordance with relevant regulations and with Good 

Clinical Practice. The sponsor hereby confirm that the ordinary procedures for quality control and assurance 

are complied with, cf. sections 3 and 4 of the Danish executive order on GCP and the standard procedures 

for quality control and quality assurance will be complied with, cf. ICH GCP guidelines.  
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Approvals 

The protocol, informed consent form, participant information sheet and any proposed advertising material 

will be submitted to an appropriate Research Ethics Committee (REC), Competent Authorities, the Danish 

Data Protection Agency and host institution for written approval. 

Informed consent: after giving extensive oral and written information, a written informed consent form will 

be obtained from the subjects before initiating any study-related activity. 

Safety information in the subject informed consent will be in full accordance with risks and safety information 

included in the latest updated local Summary of Products Characteristics for Saxenda. 

The Sponsor will submit and, where necessary, obtain approval from the above parties for all substantial 

amendments to the original approved documents. 

 

Participant Confidentiality 

Information regarding the study participants is protected by the law of personal data (Persondataloven). 

The trial staff will ensure that the participants’ anonymity is maintained.  The participants will be identified 

only by initials and a participants ID number on the CRF and any electronic database.  All documents will be 

stored securely and only accessible by trial staff and authorized personnel. The Danish Data Protection 

Agency (Datatilsynet) will be notified about the trial. The trial will comply with the Data Protection Act, which 

requires data to be anonymised as soon as it is practical to do so. 

 

Audits, monitoring and inspection 

Direct access to source data/documents, including the permission of investigator to access source 

data/documents (patient files included), at monitoring, audits and/or inspection from the GCP unit, the Ethics 

Committee, the Competent Authorities or from Health Authorities of other countries.  

 

Indemnity statement  

NN only carries the product indemnity. Investigator institutions, University of Copenhagen and Hvidovre 

Hospital hold indemnity for patients (this is not covered by NN). 

 

 

Financial aspect 

The study is financed by Synergistic effects of GLP-1 and exercise on immuno-metabolic health (Excellence 

grant from The Novo Nordisk Foundation (NNF), 5 million DKK) (salary, purchase of materials, running 

operating expenses and analyses), the Danish Diabetes Academy (PhD scholarship, 550,000 DKK) (salary), 

Faculty of Health Sciences (PhD scholarship, 1,650,000 DKK) (salary), Helsefonden (200,000 DKK) (salary) 

and NNF center for basic metabolic research synergy grant (556,000 DKK) (salary, running operating 

expenses, analyses). The GLP-1 analogue (Liraglutide 3 mg, Saxenda) and placebo is provided by Novo 

Nordisk (approximately 5 million DKK). Cambridge weight plan diet products for the initial 8 weeks weight 

loss program is donated by Cambridge weight plan (approximately 1 million DKK). All other expenses, incl. 

salary as well as the planning and conduct of the study, interpretation of data and writing of the 

manuscripts, are completely independent of the companies.   

In regards to the aspect of insurance, study participants are equated to hospital patients. We will be handing 

out the pamphlet “Forsikringer, klage- og erstatningsmuligheder”.  
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Practical opportunities for implementation of the project 

The clinical trial will be performed at Department of Endocrinology, Hvidovre University Hospital and 

Department of Biomedical Sciences, University of Copenhagen where all necessary expertise, apparatus, and 

guidance are present. The sponsor and sub-investigators (Associate Prof Signe Torekov, Prof Jens Juul Holst 

Prof Sten Madsbad, Prof Bente Stallknecht and Post doc Mads Rosenkilde) has long experience in organizing 

this type of clinical trials (3; 4; 6; 11; 12; 15; 29-34). The clinical Fellow who will run the flow mediated dilation 

examinations will be trained in Oxford (Antoniades’ group), and the image analysis will be performed in the 

Oxford’s workstations. The contact person of the trial is the sponsor, Signe Torekov.  

 

Publication  

Results 

The results (positive, negative and inconclusive) will be presented at international conferences as oral 

presentations or poster presentations. In addition, results will be published in peer-reviewed scientific 

journals. If not published in journals, the results will be disclosed in other ways, for example on 

www.clinicaltrals.gov. 

Agreements regarding publication of results have been mutually made between sponsor, investigator, sub-

investigators and other collaborators.   

Authorities 

As according to the rules, sponsor will notify the Competent Authorities and the Ethics Committee no later 

than 90 days after the end of trial.  

 

Biological material and establishment of a bio-bank 

All biological material obtained from the study participants will be kept in a research bio-bank. During the 

meal test, 350 ml of blood is drawn. Of these, 322 ml will be frozen in a bio-bank. When taking fasting blood 

samples (at week 4, 13, 26 and 39) 75 ml of blood is drawn and frozen in a bio-bank. Glasses are labelled with 

a subject ID number. For risks and disadvantages see next section. Furthermore, we also collect faecal 

(sample size vary as it is the study participant who collects and freezes the sample at home), urine (maximum 

5 mL/test), saliva (maximum 5 mL/test) and semen samples (maximum 10 mL/test) and fat biopsies 

(maximum 1 gram/test) which are stored in the bio-bank. From the blood samples we will extract DNA 

material which will be used for genome analyses. 

The purpose of the bio-bank is to be able to analyse all samples at once to avoid large instrumental variations.  

The research bio-bank is terminated no later than August 1st 2036. After this date, the remains of the material 

are transferred to a regular bio-bank in Denmark. In order to access this material, a new protocol has to be 

approved from an ethics committee.  

 

 

Risks and disadvantages  

Applying of periphery venous catheter for taking blood samples can cause transient discomfort, irritation and 

redness around the puncture site. Participants will be informed of this.  

Injection with GLP-1 (Saxenda) may cause mild and transient nausea, which often will vanish after a couple 

of weeks. Other side effects include dizziness, insomnia (transient) and gall stones. Uncommon/rare side 

include dehydration, inflamed gall bladder, allergic reactions and reduced kidney function. For full 
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information about side effects please refer to the summary of product characteristics. There should not be 

any discomfort to the injection if performed as prescribed.   

Some discomfort might be experienced when applying local anaesthesia for the fat biopsy. The biopsy itself 

should not be uncomfortable.  

MRI scans are based on a magnetic field (not radiation) and thus does not lead to side effects or medical 

risks. Participants suffering from claustrophobia may experience some discomfort. If severe claustrophobia, 

the participant cannot be scanned. 

DEXA scans use radiation with a radiation dose of approximately 0.02 mSv per examination. This dose is very 

low compared to the background radiation in Denmark (approximately 3 mSv/year).   

The FMD ultrasound scan does not use radiation. Applying nitro-glycerine may cause transient headache, 

dizziness, decrease in blood pressure and increase in heart rate. Half-life of nitro-glycerine is 1-3 minutes. 

Nitro-glycerine will not be used if systolic blood pressure is under 100 mmHg. 

 

Ethical considerations 

All participants are informed orally and in writing about the examinations and written consent is collected. 

The participants are recruited through newspapers and online media. The discomfort, in regards to the 

examinations, is minimal. Any discomfort will primarily be experienced when taking blood samples and when 

applying local anaesthesia for the fat biopsies. The overall blood loss is less than the amount of blood 

collected when donating blood. Only participants with normal blood percentage will participate and will be 

offered iron supplements.  

Injection with GLP-1 is given with Saxenda injection pen. Saxenda is an approved drug and the dosage is kept 

within the approved maximum (3.0 mg). Saxenda is safe and the only discomfort might be a transient nausea 

during the first weeks. Placebo injections should not cause any discomfort. The use of placebo is to minimize 

bias.  

The diet (Cambridge Weight Plan) is used in daily clinical practice, and there are no side effects associated 

with ingestion of the diet.  

The exercise program does not exceed the recommendations from WHO.  

The risks that are associated with this study are assessed as minimal. By participating in this project, the 

participants will contribute with new important knowledge about the interaction between GLP-1 and 

exercise and their importance for weight loss maintenance and metabolic health.  

Overall, we consider that any potential risks and side effects are outweighed by the advantages of achieving 

new knowledge about weight loss maintenance and health.  

If a study participant wish to receive further information about the trial, sponsor Signe Torekov, can be 

contacted.  

 

 

 

Compensation 

A payment of 3000 DKK will be given to the participants when they complete the study (complete the final 

test at week 52). Participants who provide semen and faecal samples (at screening, baseline and week 52) 

will be given an additional 1000 DKK. 

In case of drop-out, no compensation will be given.  
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Summary 

Diabetes and obesity are global challenges to our healthcare system as the prevalence of individuals with 

overweight and/or type 2 diabetes (T2D) reaches more than 1 billion humans. We are approaching the abyss 

why the need for better and new interdisciplinary-based treatment strategies has never been greater.  Diet-

induced weight loss maintained with physical activity combined with incretin-based treatment may be such 

an example. People with obesity  often suffer from deteriorating metabolic health, such as impaired glucose 

tolerance, and furthermore recent studies report that sedentary lifestyle may shift the glucose intolerance 

of these individuals towards a full-blown T2D diagnosis. Alarmingly, diet-induced weight loss alone does not 

substantially improve long term metabolic health. The secretion of the gluco-regulatory hormone glucagon-

like peptide-1 (GLP-1) is significantly attenuated in both obesity and pre-diabetic individuals and GLP-1R 

agonists are currently being used in the clinic for treating T2D and recently also obesity. Our aim is to prevent 

weight regain and potentially reverse deterioration of metabolic health in obese individuals glancing at a high 

risk of developing metabolic disease. We hypothesize that by reversing sedentary lifestyles in obese and 

potentially pre-diabetic and metabolic syndrome participants with diet-induced weight loss maintained with 

habitual physical activity and additionally treating these individuals with a GLP-1R agonist their potential 

improvement in their weight, body composition and metabolic health may reach synergistic levels compared 

to either of these treatments alone. To investigate this, we will perform a randomized clinical trial with 4 

intervention arms: Placebo, physical activity, daily subcutaneous injection with a GLP-1R agonist (liraglutide 

3mg) and finally physical activity plus injection with a GLP-1R agonist (liraglutide 3mg). We believe that 

improved integration of interdisciplinary-based treatment therapies such as an initial diet-induced weight 

loss maintained with the combination of physical activity and GLP-1R agonist in individuals struggling with 

obesity may provide substantial improvement on their body composition and metabolic health.   

 

Background and significance 

Obesity is a common disorder, and in many western countries and the United States more than half of the 

populations are overweight or obese. The prevalence is increasing dramatically, and the number of obese 

individuals worldwide is now projected to reach as much as 1.1 billion by 2030 (1). As obesity is associated 

with a high rate of morbidity and mortality, and thereby accounts for a large part of the public health care 

expenses (2), there is a great interest in treatment of obesity. Usually most obese people experience several 

successful weight losses, however only few are able to maintain the weight loss over a longer period (ex. one 

year). Furthermore, obesity involves both metabolic and inflammatory disturbances and diet-induced weight 

loss alone does not substantially improve long term metabolic health (3; 4).  

 

Glucagon-like-peptide-1 (GLP-1) is a hormone that is secreted from specific endocrine L-cells in the intestine 

upon meal intake. GLP-1 inhibits appetite and reduces food intake (5). Obese people have low endogenous 

GLP-1 response (6) and weight loss induces a marked increase in GLP-1 response (35). We have recently 

shown that treatment with GLP-1 analogues (liraglutide 1.2 mg) can facilitate long term weight loss 

maintenance (12 kg) with substantial improvement in metabolic health, in contrast to similar diet induced 

weight loss maintenance (3; 4; 7). Moreover, once daily injections of the GLP-1 analogue (liraglutide 3 mg) 

has been shown to facilitate substantial long-term weight loss (1 year) of approximately 8.0% in individuals 

with obesity (8).  



U1111-1173-3104, S-LiTE version 10, 20-11-2019 

4 
 

 

On the other hand regular physical activity has also been put forward as effective lifestyle component for 

weight loss maintenance (9) and recent data show that maintainers of weight loss are more likely to perform 

regular exercise as opposed to individuals that regain weight loss (10)(36). In response to 3 months of daily 

endurance exercise we recently found no increase in appetite in overweight males (11) despite the exercise 

program induced significant weight loss and reduction of fat mass (4 kg) (12). Also, The SCALE maintenance 

trial showed that liraglutide (3 mg), with diet and exercise recommendations, maintained weight loss 

achieved by caloric restriction and induced further weight loss over 56 weeks (7). Indeed, long term intensive 

lifestyle intervention with a strong exercise component also results in clinical meaning full weight loss with 

the same magnitude (8.6%) for individuals with obesity as is observed with GLP-1 analogues (13). While 

exercise is known to improve the sensitivity to a variety of endocrine functions, e.g. insulin sensitivity (14), 

the combined and/or synergistic effects of liraglutide and exercise for weight loss maintenance and metabolic 

health are not known.  

 

Physical exercise influences systemic and adipose tissue inflammatory pathways differently than diet-

induced weight loss, and weight loss with physical activity has been suggested to induce a more healthy 

immuno-metabolism profile compared to diet-induced weight loss alone (15). An acute bout of physical 

activity has been shown to accentuate the hormonal meal-induced satiety response, e.g. increase in GLP-

1(16). Interestingly, emerging evidence also places GLP-1 as a potential important immune metabolic 

modulator. GLP-1R agonists reduce endoplasmic reticulum stress and decrease inflammation-associated 

gene and protein expression in macrophages (17) as well as exerting anti-inflammatory actions in adipocytes 

(18). The GLP-1 analogue, liraglutide, exerted anti-inflammatory actions in endothelial cells (19). In humans, 

treatment with exenatide, a GLP-1R agonist, has shown potent anti-inflammatory effects (20).  Whether 

these actions are due to GLP-1 receptor activation, or the weight lowering actions of GLP-1R agonists, remain 

uncertain. Notably, a small study of 10 obese participants with T2D treated with liraglutide for 8 weeks 

indicated that GLP- 1 analogue therapy directly modulates innate immune-mediated inflammation (21), 

independent of weight loss, by significantly decreasing the novel marker of macrophage activation: the 

soluble form of haptoglobin–haemoglobin receptor CD163 (sCD163). In obesity, macrophages become pro-

inflammatory, and removal of CD163 becomes up-regulated and is measurable as soluble CD163. 

Interestingly, sCD163 is strongly associated with insulin resistance independently of inflammatory markers 

such as TNF-α(22) and recently, sCD163 was found to be a strong predictor of the development of type 2 

diabetes in a large Danish cohort  as well as a novel marker for the coronary atherosclerotic burden (23). 

Interestingly, the combination of diet-induced weight loss and exercise decreased sCD163 levels (37). Thus, 

sCD163 may reflect the link between low-grade inflammation and metabolic abnormalities in the obese state. 

 

Although GLP-1 analogues (like liraglutide) have a global anti-inflammatory potential seen even as early as 8 

weeks after initiation of treatment(20; 21), it is unclear whether their potential effect on the vascular wall is 

mediated by the GLP-1 receptor (GLP-1R), changes in insulin levels or the weight loss induced by these agents. 

Post-GLP-1R signalling has multiple immuno-metabolic effects (increased sCD163, activation of PI3K/Akt 

signalling and suppression of MAPK in vascular cells (24), which is also observed with exercise (25; 26)) 

implying that GLP-1 analogues and exercise may supress vascular oxidative stress, reducing cardiovascular 

complications of obesity. In addition, GLP-1 analogues and exercise may shift the secretory profile of human 
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adipose tissue towards an anti-inflammatory state exerting additional protective effects on the 

cardiovascular system.  

Thus, exercise and GLP-1 analogues both seem to facilitate weight loss maintenance and reduce systemic 

inflammation and may thus be used synergistically as obesity treatment to improve both inflammatory and 

metabolic health. 

 

Research question 

Study Hypothesis 

We hypothesize that there is a beneficial effect on maintenance of weight loss and health outcomes when 

combining treatment with the appetite hormone GLP-1 (liraglutide) and an exercise program in individuals 

with obesity.  

 

Objective 

To investigate the maintenance of weight loss, body composition and health outcomes (glucose and insulin 

for HOMA-IR and Matsuda index, HbA1c, lipids (i.e. cholesterol, HDL, LDL, and triglycerides), determination 

of glucose-tolerance status, and biomarkers of inflammation  over 1 year with GLP-1 treatment (liraglutide), 

exercise treatment and the combination in obese persons that have lost at least 5 % of their body weight by 

low calorie diet during 8 weeks.  

 

Research design and Methods 

Study population 

Recruitment of 222 participants with obesity (ideally with equal number of men and women) in local 

newspapers, via electronic media and from Department of Endocrinology, Hvidovre University Hospital as 

well as Department of Biomedical Sciences, University of Copenhagen.  

Inclusion criteria:  

 BMI > 32 and < 43 (kg/m2) 

 Age >18 and <65 year  

 Safe contraceptive method. 

Exclusion criteria:  

 Patients diagnosed with known serious chronic illness including type 1 or 2 diabetes (or a randomly 

measured fasting plasma glucose > 7 mmol/l)  

 Angina pectoris, coronary heart disease, congestive heart failure (NYHA III-IV) 

 Severe renal impairment (creatinine clearance (GFR) <30 mL/min)   

 Severe hepatic impairment  

 Inflammatory bowel disease  

 Diabetic gastroparesis 

 Cancer  

 Chronic obstructive lung disease  

 Psychiatric disease, a history of major depressive or other severe psychiatric disorders  

 The use of medications that cause clinically significant weight gain or loss  

 Previous bariatric surgery  

 A history of idiopathic acute pancreatitis  
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 A family or personal history of multiple endocrine neoplasia type 2 or familial medullary thyroid 

carcinoma  

 Osteoarthritis which is judged to be too severe to manage the exercise programme. As intended per 

study design the intervention will include a 5% weight loss prior to randomization, thus it is expected 

that possible participants with mild form of osteoarthritis will be able to manage exercise 

prescriptions.  

 Pregnancy, expecting pregnancy or breast feeding. If a study participant is in doubt whether she 

could be pregnant, a urine pregnancy test is performed. Females of childbearing potential who are 

not using adequate contraceptive methods (as required by local law or practice). Adequate 

contraception must be used throughout the study period and at least 65 hours after discontinuation 

of trial medication (65 hours corresponds to 5 times the half-life of Saxenda). Allergy to any of the 

ingredients/excipients. 

 Allergy to any of the ingredients/excipients of the study medication: liraglutide, disodium phosphate 

dihydrate, propylene glycol, phenol, hydrochloric acid, sodium hydroxide. 

 Regular exercise training at high intensity (e.g. spinning) >2 hours per week. 

 

Withdrawal criteria: The participant may withdraw at will at any time. If a randomized participant withdraws, 

we will offer to perform the investigations planned for week 52 at the time for the originally planned follow-

up visit at week 52. The participant may be withdrawn from the trial at the discretion of the Investigator due 

to a safety concern or if judged non-compliant with trial procedures. 

A participant must be withdrawn if the following applies: Pregnancy or intention to become pregnant. 

 

Participant replacement: Withdrawn participants will not be replaced. However, re-screening is allowed 

within the recruitment period, at the Investigator’s discretion.  

 

Reminders: To minimize loss to follow-up, reminders (in the form of text messages or letters) will be sent to 

the participants prior to the examination dates.  

 

Follow-up procedure: 

In case of drop-out, the participant will be asked to complete a full set of examinations for week 52 (V3) at 

the time where the V3 was planned to be completed.  

 

Study design  

Randomized controlled parallel groups clinical trial. The trial is double blinded in regards to study medication. 

Exercise cannot be blinded for the participants, however, study personnel performing the exercise tests are 

blinded in regards to randomization to exercise program. Study design and work flow is outlined in figure 1 

and 2.  

This trial will recruit 222 participants with obesity. The weight loss is obtained during 8 weeks with a very low 

calorie diet (VLCD) (800 kcal/day), Cambridge diet, which is a well-known initial treatment of obesity (3), with 

the objective to lose at least 5 % body weight (expected to be achieved in at least 180 participants, and less 

than 20 will drop out during this phase based on our prior studies(3; 4)). Compliance with the dietary 

maintenance program will be assessed each week at weight consults with a dietician/scientific personnel 

during the weight loss period. After 8 weeks of weight loss the participants are randomized to receive a) 
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Liraglutide 3mg/day sc or b) placebo sc or c) Exercise + placebo sc or d) Exercise + Liraglutide 3mg/d sc for 52 

weeks. Weekly/monthly consultations, weighing and collection of fasting blood samples will be continued in 

all 4 groups during the study period.  

 

Liraglutide or placebo intervention: Daily injections (3mg) with diet/weight consultations starting at dose of 

0.6 mg injections with 0.6 mg increments weekly until 3.0 mg is achieved. For participants who do not tolerate 

the fast weekly up-titration of 0.6 mg study drug until the 3mg, the titration procedure can be prolonged. 

Participants who do not tolerate the 3mg dose may in special circumstances stay at 2.4 mg, however the 

overall aim is to reach 3 mg for all study participants. The dosage and up-titration follow the 

recommendations from the summary of product characteristics.    

 

Exercise intervention: Health authorities (WHO) recommend exercise 30 min/day 5 days/week. To make our 

study possible, we aim for 4 exercise days per week (150 min/week) after a ramp-in period. Exercise 

prescription will be performed under strict control of the scientific personnel. 2 sessions per week will be 

performed under supervision of the staff and 2 sessions will be performed individually but monitored by the 

staff. Week 1-2: 1 supervised session/week, week 3-4: 1 supervised and 1 individual session/week, week 5-6: 

2 supervised and 1 individual sessions/week, week 7-52: 2 supervised and 2 individual sessions/week. If this 

up regulation of exercise is not possible (for example due to side effects of study medication), up regulation 

will proceed more slowly. Supervised sessions include structured exercise with a duration of 45 min. Of this 

30 min will comprise of interval based spinning session and 15 min circuit training program focusing on large 

muscle groups. Individual exercise includes general physical activity such as brisk walking or cycling to work. 

Target exercise intensity will be ~80% maximal heart rate during endurance exercise, and is expected to 

accumulate an average exercise intensity of ~70% maximal heart rate (equivalent to 60% VO2peak).  

Participants will use heart rate monitors during exercise sessions. Furthermore, participants will be instructed 

to perform mostly non-weight bearing activities in the start of the intervention, such as cycling and rowing 

but brisk walking on a treadmill with inclination may also be performed.  

 

Liraglutide+exercise: Combination of the two groups.  

The trial ends at week 52 where Saxenda/placebo and exercise treatment is discontinued. Saxenda/placebo 

does not need to be phased out. Elimination half-life of Saxenda is approximately 13 hours.  

 

Randomization 

The participants are randomized to 1 of the 4 treatment arms in a 1:1:1:1 ratio, according to the subject 

randomization list (SRL) provided by Novo Nordisk. A qualified un-blinded study nurse (not otherwise 

associated with the trial) will allocate study participants according to the SRL. Randomization will be 

stratified by sex and age. Two lists are made; one for participants over 40 years and one for participants 

under 40 years of age. Males will be gives the lowest available number from the appropriate list (from the 

top of the list) and females will be gives the highest available number from the appropriate list (from the 

bottom of the list). 

 

Novo Nordisk also provides a total dispensing unit number list (TDL). The un-blinded study nurse will 

allocate trial medication using the TDL by matching a six digit Dispensing Unit Number (DUN) to the correct 

treatment. Each box will be labeled with a unique DUN. The DUN alone is not un-blinding. Thus, the 
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dispensing of trial medication to participants can be carried out by blinded trial staff, by selecting the 

DUN(s) provided by the un-blinded study nurse. The SRL and TDL are to be kept with restricted access only 

to the designated un-blinded study nurse.   

Un-blinding 

The subject randomization list (SRL) and the total dispensing unit number list (TDL) is stored on site at 

Hvidovre Hospital. Subject number of the trial participant is matched with the SRL and TDL, which reveals if 

trial medication is liraglutide or placebo. Preferably, the un-blinded study nurse will perform any un-

blinding of study participants. However, if needed, all trial staff (sponsor, investigator and sub-

investigators) can get access to the SRL and TDL and perform the un-blinding procedure.  

 

Examinations 

Pre-screening 

 Individual conversation obtaining medical history, including use of medication  

 Measurement of weight, height, waist and hip circumference, blood pressure and pulse 

 Measurement of fasting blood glucose, e.g. with HemoCue 

V0/screening (before weight loss) 

 Body weight, height, waist and hip circumference, blood pressure and pulse 

 Meal tests (with liquid meal) are performed and blood samples will be obtained before, during and 3 

hours after meal intake for plasma/serum samples (glucose, insulin, C-peptid, leptin, soluble leptin 

receptor, GLP-1, PYY, ghrelin, glucagon, adiponektin, free fatty acids, sCD163, hsCRP, IL-1, IL-1Rap IL-6, 

TNF-α, SAA1, SAA2, ORM1, ORM2, malonyldialdehyde, F2-Isoprostanes, CTX and P1NP, FGF21) and 

peripheral blood mononuclear cells (PBMNCs) isolation, including DNA collection. 

Here amongst, a set of standard samples are collected and analysed on the same day. These include 

haemoglobin, free calcium, creatinine and GFR, potassium, sodium, CRP, ALAT, amylase, alkaline 

phosphatase, vitamin D, HbA1c, PTH, TSH, total cholesterol, HDL, LDL, VLDL, and triglycerides. Among 

other, we use these for monitoring the safety of the study participants.    

 Endothelial function of the brachial artery will be evaluated using flow mediated dilatation (FMD) (27) 

and ECG’s are obtained. Carotid intima-media thickness (IMT) is measured by ultrasound 

 Body composition (fat mass, fat free mass) will be measured with DEXA scan  

 Subcutaneous adipose tissue biopsies (abdominal) are taken under local anaesthesia.  

 Faecal, urine, saliva and semen samples are collected.  

 Food preferences determined by standardized pictures 

 Subjective appetite sensations using visual analogue scales (VAS) 

 Questionnaires will be given to the participants to determine 1) self-rated quality of life (SF-36), 2) 

eating habits (three-factor eating questionnaire), 3) IPAQ, 4) self-efficacy (G-SES), 5) sleep quality (PSQI) 

 Physiological tests: we will perform a peak oxygen test, a strength test and a stair test. 

 Measurement of sleep and physical activity levels during 7 consecutive days and nights assessed by 

wrist-worn accelerometry 

 

We aim at completing all tests on one day. If this is not possible, the remaining tests are performed at an 

adjacent test day.  
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V1/baseline (after weight loss phase; randomization): Same tests as described for V0.  

 

V2/mid (26 weeks after randomization) 

 Body weight, height, waist and hip circumference, blood pressure and pulseBlood samples  

 Subcutaneous adipose tissue biopsies (abdominal) are taken under local anaesthesia. 

 Accelerometer device (GENEActiv) worn on wrist for 7 consecutive days and nights after follow-up 

testing to assess physical activity levels  

 

V3/end (52 weeks after randomization): Same tests as described for V0. 

 

Furthermore, fasting blood samples are drawn at week 4, week 13 and week 39.  

 

V4/follow-up (1 year after intervention we will invite participants to a follow-up visit via telephone or e-

mail): 

 Body weight, height, waist and hip circumference, blood pressure and pulse 

 Fasting blood samples (identical to samples obtained for V0) 

 DEXA scan 

 Questionnaires as in V0 

 Accelerometer device (GENEActiv) worn on wrist for 7 consecutive days and nights after follow-up 

testing to assess physical activity levels 

 

Criteria for when tests can be performed: 

 The participant has to be fasting from the previous evening (from 22:00), including food, liquids and 

medication (except study medication) 

 Study medication should be taken on the morning of the tests 

 Training should not be performed the day before tests 
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Figure 1 Study design; Tests refer to all the tests/examinations described in the Examination section for V0.   
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Figure 2 Work flow (FMD: flow mediated dilatation, IMT: intima-media thickness, VAS: visual analogue scale, VLCD: very low 
calorie diet (800 kcal/day)) 
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Endpoints 

Primary endpoints (change from V1 to V3) 

(1) Body weight (kg)  

Weight will be measured to the nearest 0.1 kg. The same set of scales should ideally be used throughout the 

trial. Weight should be measured in a fasting state without shoes and wearing light clothes.  

 

Secondary endpoints (change from V1 to V3) 

(1) Body composition (fat mass (kg and %) and fat free mass (kg).  

Body composition will be measured to nearest 0.1 kg or percentage on a dual-energy X-ray absorptiometry 

(DXA) scanner. Body composition should be measured in a fasting state without shoes and wearing light 

clothes.    

(2) Metabolic health (glucose tolerance and lipid status, waist circumference, blood pressure, Composite 

Metabolic syndrome Z-score).  

 

Exploratory endpoints (change from V1 to V3)  

(1) Meal related appetite response (2) Peak oxygen uptake and determination of daily physical activity and 

sleep (3) Systemic markers of immune-metabolism and oxidation (4) Endothelial function (5) Immuno-

metabolic changes in the subcutaneous adipose tissue (6)  gene expression profile of circulating inflammatory 

cells (7) Bone health (8) Food preference questionnaire (LFPQ) and subjective appetite sensation (9) Faecal 

bacterial composition (10) Plasma metabolomics and proteomics (11) epigenetics of spermatozoa. (12) 

Questionnaries (SF-36, TFEQ, IPAQ, G-SES, PSQI) (13) Use of medication (n, frequency).  

 

Specific aims and endpoints 

Primary objective: To investigate the long-term effects of liraglutide and exercise program on the 

maintenance of weight loss after a very low calorie restriction diet: This will be explored by weekly/monthly 

weighing of participants.  

 

Secondary objective: To explore the long-term effects of liraglutide and exercise program onbody 

composition (fat/lean mass) and metabolic health. Study participants are DXA scanned at V0, V1 and V3. 

These scans can be used to determine fat mass, lean mass, and fat percentage. We will measure circulating 

biomarkers of metabolic regulation to evaluate metabolic health (glucose and insulin for HOMA-IR and 

Matsuda index, HbA1c, waist circumference, blood pressure, lipids (i.e. cholesterol, HDL, LDL, and 

triglycerides) and determination of glucose-tolerance status).  

 

Exploratory objective 1: To explore the long-term effects of liraglutide and exercise program on appetite 

regulation: We will measure hormonal appetite regulation during meal tests and fasting  (e.g. GLP-1, Peptide 

YY, Glucagon, leptin, Ghrelin, adiponectin, etc.) using our standard methodologies (3). 

Exploratory objective 2: To explore the long-term effects of liraglutide and exercise program on physical 

fitness and sleep: Cardiorespiratory fitness (peak oxygen consumption) will be assessed using an 

electronically braked bicycle and indirect calorimetry at V0, V1 and V3: After warm-up workload is increased 

with 25 W increments every minute until attainment of VO2peak, based on the following criteria: Levelling 

off in oxygen uptake and RER-value above 1.15 or age-predicted heart rate max (220 minus age). Daily 
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physical activity levels and sleep will be assessed using wrist-worn accelerometer device (GENEActiv). 

Maximal strength will be measured as maximum voluntary contraction force of the dominant thigh. A stair 

climb test will be performed to assess physical functioning.  

Exploratory objective 3: To explore the long-term effects of liraglutide and exercise program on systemic 

markers of immune-metabolism and oxidation: In plasma samples from V0, V1, V2, and V3 we will measure 

various biomarkers of inflammation (sCD163, hsCRP, IL-1, IL-1Rap IL-6, TNF-α, SAA1, SAA2, ORM1, ORM2 

etc.) and oxidation (malonyldialdehyde, F2-Isoprostanes, etc.) using methodologies well established in the 

lab  in Oxford (28).  

Exploratory objective 4: To explore the long-term effects of liraglutide and exercise program on vascular 

endothelial function: We will use Flow-mediated vasodilation (FMD) to study changes in endothelial function 

(27) as well as blood pressure and electrocardiogram (ECG) measurements at V0, V1 and V3. FMD is an 

endothelium-dependent function, explored by a non-invasive technique, in the brachial artery. The brachial 

arteries are scanned with high resolution ultrasound imaging at rest and during hyperaemia. Hyperaemia can 

be induced by inflation and deflation of a sphygmomanometer cuff around the forearm, distal to the site 

scanned later with ultrasound. Peripheral arteries, including the brachial artery, respond to physical and 

chemical stimuli by adjusting vascular tone and regulating blood flow.  

Increased blood flow in peripheral arteries is leading to increased shear stress stimuli, increased nitric oxide 

production, and vasodilation. The vasodilatory response of the brachial artery to increased shear stress is 

called flow mediated dilation (FMD), and reflects the ability of vascular endothelium to produce NO. 

Endothelial function, defined as FDM is defined as the percentage increase in vessel diameter from baseline 

conditions to maximum vessel diameter, during hyperaemia. FMD is estimated as the percentage change of 

the brachial artery diameter from rest, to the vessel diameter 60 seconds after the cuff is released. After a 

12 hour fasting period, the participant is positioned in a supine position, in a quiet room, with constant 

temperature. The arm is placed in a comfortable position for assessing the brachial artery, and must remain 

under constant conditions for at least 10 minutes.  

All vasoactive drugs must be discontinued at least 12 hours before the study, and the patient must not ingest 

substances that might affect FMD such as caffeine, high-fat food and vitamin C nor smoke, for at least six 

hours before the study. The FMD includes administration of 400 micrograms of nitro-glycerine. This method 

has the advantage of being non-invasive and safe with no risk concerns. From the previous studies (27) with 

30 study participants in each group we expect to be able to detect a 10% difference between groups. Imaging 

analysis are made in Oxford. 

Exploratory objective 5: To explore the long-term effects of liraglutide and exercise program on 

immunometabolic profile of the human subcutaneous adipose tissue: In adipose tissue biopsies obtained at 

V0, V1 and V3 we will: a) determine the changes in the gene expression of GLP-1 receptor, and target-genes 

downstream the GLP-1 receptor that include  pro-inflammatory (e.g. IL-6, IL1b, MCP-1, resistin, leptin, 

chemerin, etc.) and anti-inflammatory (e.g. adiponectin) adipocytokines that could have an 

endocrine/paracrine effect on cardiovascular function. The changes in the expression of adipocyte 

differentiation markers such as FAB4, CABPA and PPAR-γ as well as markers of macrophages infiltration 

(CD163, CD68) and M1/M2 phenotype of them such as CD40, CCR7, CD207 etc. (all by qRTPCR) will also help 

us understand the potential phenotypic changes in adipocyte differentiation status and inflammatory 

infiltration after treatment. The immune cells of the fat will be isolated to evaluate macrophage sup-

populations and activation status (single cell analysis). The sc adipose tissue (1 g) will be obtained by needle 

aspiration under local anaesthesia using 5–10 ml 0.5% lidocaine. It has previously been demonstrated that 
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this procedure does not influence adipocyte metabolism. This is a standard procedure, safe and with local 

anaesthesia non-painful.   

Exploratory objective 6: To explore the effects of long-term treatment with liraglutide and an exercise 

program on gene expression profile and single cell analysis of isolated sup-populations of immune cells of 

circulating inflammatory cells (PBMNCs) obtained at V0, V1, and V3. 

Exploratory objectives 7: To explore the long-term effects of liraglutide and exercise program on reversal 

of weight loss induced bone loss:   

We will measure bone markers (CTX and P1NP etc) as well as DEXA scans to assess bone-health.  

Exploratory objective 8: To explore the effect of liraglutide and/or exercise on food preferences and 

appetite sensation: Food preferences, in particular liking and wanting of food items, are assessed by a picture 

display test where standardized pictures of the following 20 food items are shown: pork rib roast, French 

fries, nuggets, salty crackers, cheese, smoked fillet (cold cuts), omelet, carrots, crisp bread, turkey strips, 

Danish pastries, vanilla ice cream, milk chocolate, pound cake, cookies, cut fruits, skyr (yoghurt) with berries, 

sweet licorice, cocoa meringues and wine gum. These 20 food items can be organized into combined and 

separate food categories. Pictures are displayed in a randomized order and the participants are instructed to 

rate each individual food item and to choose the three food items they prefer the most in a prioritized order 

(43).   

Subjective appetite sensations will be obtained during a fixed standardized meal using visual analogue scales 

(VAS) to record hunger, satiety, fullness, prospective food consumption, desire to eat something fatty, salty, 

sweet or savory, and palatability of the meals (44). 

Exploratory objective 9-11:  To explore the effects of long-term treatment with liraglutide and an exercise 

program on faecal bacterial composition, plasma metabolomics, proteomics profile, and epigenetics of the 

spermatozoa at V0, V1 and V3. Epidemiological data support that paternal nutritional status can directly 

affect the health of the offspring (38;39), suggesting that an environmentally acquired phenomenon of 

epigenetic inheritance is passed on by the gametes. Recently, Barres showed that spermatozoa of obese men 

carry altered epigenetic signals specifically located at regions controlling the development of the central 

nervous system and the control of appetite. Moreover, they showed that weight loss, induced by bariatric 

surgery, remodels the epigenetic profile of spermatozoa, suggesting that pre-conceptional behaviour 

targeting weight loss may be relevant to the metabolic health of the next generation (40). We will purify 

motile spermatozoa by using a so-called “swim-up” method by which motile spermatozoa will be separated 

from somatic and non-motile spermatozoa. We will lysate the purified, motile spermatozoa from the upper 

fraction and use this lysate for DNA and RNA extraction. The DNA will be purified and we will use this to 

determine the DNA methylation and histon modification. We will measure the entire genome promoter DNA 

methylation by using MethylMinerTM and next-generation sequencing, which subsequently will be verified. 

The hereby generated data will provide information about potential differences in DNA methylation of 

spermatozoa before and after weight loss and treatment. The histon modification will also be analysed. Total 

RNA from spermatozoa will be purified and small-RNAs from total RNA will be separated by gel electroforese 

as well as ligate adapters to small-RNAs on their 3’ and 5’ ends. Subsequently, reverse transcription and PCR 

will be applied to produce a complete cDNA library that can be used for next-generation sequencing. This 

procedure will generate a library of the total content of small-RNAs in human spermatozoa, and this will show 

potential differences in the expression of small-RNAs in spermatozoa before and after weight loss and 

treatment. See also the section about ethical considerations.  



U1111-1173-3104, S-LiTE version 10, 20-11-2019 

15 
 

Exploratory objective 12:  To explore the effects of long-term treatment with liraglutide and an exercise 

program on self-rated eating habits, physical activity, self-efficacy and sleep quality assessed from 

validated questionnaires (TFEQ, IPAQ, G-SES, and PSQI).    

Exploratory objective 13:  To explore the effects of long-term treatment with liraglutide and an exercise 

program on use of medication reported from self-reporting as indication, dose, and frequency. 

     

    

Data  

Data management 

The participant and the biological material obtained from the participant will be identified by  subject number 

and trial identification number. Appropriate measures such as encryption or deletion will be enforced to 

protect the identity of human participants in all presentations and publications as required by national 

requirements. 

Laboratory data will be transferred electronically from the laboratory performing clinical analyses and will be 

archived in secured hard drives with backup options. The electronic data will be considered source data. In 

cases where laboratory data is transferred via non-secure electronic networks, data will be encrypted during 

transfer. Data is saved for 20 years.  

 

Source data  

Source documents will be kept in the Investigators file.  

Source data registered directly in the CRF include blood pressure, weight, height, hip and waist 

measurements, anamnesis and adverse events.  

 

Evaluability of participants for analysis 

Withdrawn participants will not be replaced. However, re-screening is allowed within the recruitment period, 

at the Investigator’s discretion. 

 

Two analysis sets are defined 

Per Protocol (PP) analysis set: All exposed participants who complete the 52-week randomized treatment 

period without significantly violating the inclusion/exclusion criteria or other aspects of the protocol 

considered to potentially affect the efficacy results. 

Intent to treat (ITT) analysis set: All randomized participants. 

Safety analysis will be performed on the ITT population. 

The decision to exclude any participant or observation from the statistical analysis is the responsibility of the 

sponsor and will be agreed on before breaking the blind. The participants or observations to be excluded, 

and the reasons for their exclusion must be documented and signed by those responsible prior to database 

release. The documentation must be stored together with the remaining trial documentation. 

Analysis will be based on the ITT analysis set and PP analysis set. Analysis of the efficacy variables will also be 

performed on the PP analysis set as supportive evidence. 

 

Data analysis plan 

Changes in variables (from week 0 - week 52) will be analysed using a linear mixed model with age, sex, 

baseline weight (or BMI), and initial weight loss (if relevant) as covariates and treatment as an effect. The 
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effect of treatment on serial measurements (before, during, and after treatment in the four groups) will be 

assessed by repeated measures analyses as appropriate (linear mixed model with an appropriate covariance 

structure and a suitably described effect over time). We will use time, group allocation and their interaction 

to investigate the effects of drug and exercise. Adequacy of model assumptions will be assessed using 

graphical models, and outcome variables may be logarithmically transformed if considered necessary to meet 

the assumptions of linearity, variance homogeneity, and/or normality of residuals.  

 

Statistical methods 

All two-sided tests are at the 5% significance level. 

 

Primary endpoint 

The change from baseline (randomization) in body weight (kg) to 52 weeks of treatment will be analysed 

using a linear mixed model with treatment group as explanatory variable and baseline weight or BMI, sex, 

and initial weight loss (if relevant) as covariates. Weight change over time will also be analysed using linear 

mixed model analysis with an appropriate covariance structure and a suitably described effect over time. The 

objective of the analyses is further specified in the statistical analysis plan. ITT and PP analyses are performed. 

 

Secondary endpoints 

The secondary efficacy endpoints are: Body composition (fat (% and kg), fat free mass (kg)) and metabolic 

health measured by glucose tolerance and metabolic syndrome z-score. Linear mixed models as described 

above will be used to test for superiority. The change from baseline (randomization) after 52 weeks of 

treatment will be analysed using a linear mixed model with treatment group as explanatory variable and 

baseline weight or BMI, initial weight loss (if relevant), and sex as covariates. Longitudinal data will also be 

analysed using linear mixed models as described above. 

 

Exploratory endpoints 

Exploratory endpoints are described above. The change from baseline (randomization) after 52 weeks of 

treatment will be analysed using a linear mixed model with treatment group as explanatory variable and 

baseline weight or BMI, initial weight loss (if relevant), and sex as covariates. Longitudinal data will also be 

analysed using linear mixed models as described above.  

 

 

Safety endpoints 

Endpoints related to safety are: AEs, laboratory tests (haematology and biochemistry)  

AEs: Frequencies of participants experiencing treatment emergent AEs (TEAE) and frequency of the events 

will be tabulated by system organ class and preferred term. Listings of TEAEs, non-TEAEs, SAEs, and AEs 

leading to withdrawal will be provided. 

A TEAE is defined as an event that 

• Occurs after randomization and increases in severity during the treatment period 

• Occurs between first and last day of treatment + seven days 

Clinical laboratory tests: Haematology and biochemistry will be summarized descriptively together with 

change from baseline. Abnormal values will be listed. 
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Sample size calculation  

Based on our previous studies (3; 4) only 10 % did not obtain a weight loss of more than 10% during the initial 

weight loss phase, thus we expect at least 180 out of 222 to obtain at least a 5% weight loss. We are planning 

a study with 30 experimental participants and 30 control participants.  In our previous studies (3; 4) the 

response within each participant group was normally distributed with standard deviation 5.5.  If the true 

difference in the experimental and control means is 4kg, we will be able to reject the null hypothesis that the 

population means of the experimental and control groups are equal with probability (power) 0.8. The Type I 

error probability associated with this test of this null hypothesis is 0.05. If we unexpectedly experience higher 

withdrawal rates than stated more study participant will be recruited to obtain sufficient power. Retention 

modalities: by frequent weight and diet consultations with the medical doctor/dietician we have previously 

experienced that this motivated study participants to fulfil the study period.  

 

Study time line 

August 2016 – August 2023 

 

Study medication 

The active treatment will be subcutaneous injections of liraglutide 3mg (Saxenda) or placebo, that will be 

given once daily for 52 weeks after weight loss. 

 

Treatment of participants 

Participants will attend a pre-screening visit to assess their eligibility. If found eligible, participants should 

return at visit 0. When the weight loss program has been completed they will be randomized to one of the 

four treatment arms. 

The randomized treatment period lasts 52 weeks, including at least 5 weeks of dose escalation for the 

liraglutide/placebo/exercise treatment.  

 

Labels and packaging 

Novo Nordisk A/S will handle the labelling and packaging of the study medication. The text of the labels will 

be according to Eudralex Volume 4, Annex 13.  

 

Accounting of study medication 

To account for study medication schemas are used to 1) register reception of medication on site from Novo 

Nordisk (reception date, number of packages, batch number, expiration date, signatures) and 2) register the 

medication handed out to study participants (ID number of participant, date, batch number, expiration date, 

number of pens, number of pens returned, signatures). 

For surveillance of compliance in terms of using the study medication, we will register number of returned 

pens. This will be set in relation to the amount of study medication used in case the medicine is used as 

prescribed.  

 

Dose escalation and drug administration 

Liraglutide will be available at a concentration of 6.0 mg/mL and supplied in 3 mL pen-injectors. 

Dosing with the liraglutide pen-injector is controlled by turning the dose selector until the dose indicator lines 

up with the relevant dose. Liraglutide is administered once daily by subcutaneous injections with the pen-
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injector, either in the abdomen, thigh or upper arm. Injections can be done at any time of the day and 

irrespective of meals. It is recommended that the time of administration is repeated between consecutive 

days throughout the trial. Participants will be instructed to perform an air shot before the first use of a new 

pen-injector. For further information, please see the handling instructions for the liraglutide pen-injector. 

These handling instructions will be provided in Danish language together with the trial products. The 

Investigator must instruct participants how to inject liraglutide, and must ensure that the participants are 

familiar with the instructions. Participants will be instructed to escalate the liraglutide/placebo dose to 3 

mg/day over a five week period, following an initiation dose of 0.6 mg/day and weekly dose escalation steps 

of 0.6 mg/day or more slowly if side-effects occur.   

 

Storage of trial products 

The liraglutide pen-injectors must be stored in a refrigerator at a temperature between + 2°C and + 8°C. 

Freezing must be avoided and the drug must not be used if it has been frozen. Liraglutide pen injectors must 

be protected from all sources of light, and the pen cap should be kept on when the pen is not in use. The in-

use time for liraglutide is 1 month at temperatures below 30°C. 

Trial medication will be stored in a locked room, separately of other medicines.   

 

Concomitant illnesses and medication 

Concomitant illness: any illness that is present at the start of the trial (i.e. at the first visit). 

Concomitant medication: any medication other than the trial products that is taken during the trial, including 

the screening and run-in periods. 

Details of all concomitant illnesses and medication must be recorded at trial entry (i.e. at the first visit). Any 

changes in concomitant medication must be recorded at each visit. If the change influences the participant’s 

eligibility to continue in the trial, then the sponsor must be informed. 

The information collected for each concomitant medication includes, as a minimum, start date, stop date or 

continuing and indication. 

 

Safety (see appendix: SAFETY REPORTING REQUIREMENTS FOR INVESTIGATOR INITIATED STUDIES (IIS)) 

Definitions 

Adverse Event (AE) Any untoward medical occurrence in a participant to whom a medicinal 

product has been administered, including occurrences which are not 

necessarily caused by or related to that product. An Adverse Event (AE) can 

therefore be any unfavourable and unintended sign (including an abnormal 

laboratory finding), symptom, or disease temporally associated with the use 

of a product, whether or not considered related to the product. 

Adverse Reaction (AR) 

 

An untoward and unintended response in a participant to an investigational 

medicinal product which is related to any dose administered to that 

participant. 

The phrase "response to an investigational medicinal product" means that a 

causal relationship between a trial medication and an AE is at least a 

reasonable possibility, i.e. the relationship cannot be ruled out. 
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All cases judged by either the reporting medically qualified professional or the 

Sponsor as having a reasonable suspected causal relationship to the trial 

medication qualify as adverse reactions. 

Serious Adverse Event 

(SAE) 

A serious adverse event is any untoward medical occurrence that: 

 results in death 

 is life-threatening 

 requires inpatient hospitalization or prolongation of existing 

hospitalization 

 results in persistent or significant disability/incapacity 

 consists of a congenital anomaly or birth defect. 

Other ‘important medical events’ may also be considered serious if they 

jeopardize the participant or require an intervention to prevent one of the 

above consequences. 

NOTE: The term "life-threatening" in the definition of "serious" refers to an 

event in which the participant was at risk of death at the time of the event; it 

does not refer to an event which hypothetically might have caused death if it 

were more severe. 

Suspicion of transmission of infectious agents must always be considered an 

SAE. 

Serious Adverse Reaction 

(SAR) 

An adverse event that is both serious and, in the opinion of the reporting 

Investigator, believed with reasonable probability to be due to one of the trial 

treatments, based on the information provided. 

Suspected Unexpected 

Serious Adverse Reaction 

(SUSAR) 

A serious adverse reaction, the nature and severity of which is not consistent 

with the information about the medicinal product in question set out: 

 in the case of a product with a marketing authorization, in the summary 

of product characteristics (SmPC) for that product 

  

NB: to avoid confusion or misunderstanding of the difference between the terms “serious” and “severe”, the following note of 

clarification is provided: “Severe” is often used to describe intensity of a specific event, which may be of relatively minor medical 

significance. “Seriousness” is the regulatory definition supplied above. 

 

Reference Document 

The reference document for reporting adverse events is the Summary of Product Characteristics (SmPC) for 

Saxenda (European Medical Agency, published 16/04/2015). In particular section 4.8 “Undesirable effects”.  

 

Pregnancy 

If pregnancy unexpectedly occurs the participant is immediately excluded from the trial. Any pregnancy 

occurring during the clinical trial and the outcome of the pregnancy should be recorded and followed up for 

congenital abnormality or birth defect, at which point it would fall within the definition of “serious”. All 

pregnancies in trial participants occurring during use of liraglutide will be recorded immediately to NN (Novo 

Nordisk). 

 

Causality 



U1111-1173-3104, S-LiTE version 10, 20-11-2019 

20 
 

The relationship of each adverse event to the trial medication must be determined by a medically qualified 

individual according to the following definitions: 

Probable - Good reason and sufficient documentation to assume a causal relationship. Possible - A causal 

relationship is conceivable and cannot be dismissed. Unlikely - The event is most likely related to aetiology 

other than the trial product.  

The reference document in the protocol which is agreed upon with NN, for evaluation of expectedness will 

be specified. 

 

Procedures for recording Adverse Events 

All adverse events will be actively collected from the first study-related activity (from the signing of the 

informed consent) and in all following contacts with the study participant throughout the project. This 

includes events from the first trial related activity after the participant has signed the informed consent, and 

until the post treatment follow-up period, as defined in the protocol. Trial-related activities are any 

procedures (i.e. laboratory tests, X-rays, ECGs, fasting periods etc.) that would not have been performed 

during normal management of the participant.    

As a minimum requirement, the sponsor should copy NN when expediting SARs or SUSARs to Competent 

Authorities and should report all SARs related to NN Product to NN within the timelines specified in the 

Investigator-Initiated Study Agreement (IIS) agreement.  

As a minimum the following details will be reported -Study name -Patient identification (e.g. subject number, 

initials, sex, age) -Event (Preferably diagnosis) -Trial drug -Reporter -Causality -Outcome These details to be 

reported to the local NN affiliate safety department.  

All AEs occurring during the trial that are observed by the Investigator or reported by the participant will be 

recorded on the CRF, whether or not attributed to trial medication. 

The following information will be recorded: description, date of onset and end date, severity, assessment of 

relatedness to trial medication, other suspect drug or device and action taken.  Follow-up information should 

be provided as necessary. 

The severity of events will be assessed on the following scale:  1 = mild, 2 = moderate, 3 = severe. 

AEs considered related to the trial medication as judged by a medically qualified investigator or the Sponsor 

will be followed either until resolution, or the event is considered stable. 

 

Reporting of adverse events/reactions 

SUSARs 

We do not expect any SUSARs. The trial medication is approved for treatment of obesity and used in this trial 

as prescribed in the Summary of Product Characteristics. The study medication has been thoroughly tested 

in several clinical trials. 

In case of any deadly or life-threatening SUSAR, Sponsor will immediately (and no later than 7 days after 

becoming aware) notify the Competent Authorities (Lægemiddelstyrelsen) and the Ethics Committee. No 

later than 8 days after reporting of a SUSAR, Sponsor will notify the Competent Authorities and the Ethics 

Committee of all relevant information about Sponsor and Investigator’s follow-up of the SUSAR. All other 

SUSARs will be reported to the Competent Authorities and the Ethics Committee no later than 15 days after 

Sponsor becoming aware of this.  

SARs 
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Investigator will immediately report all SARs to sponsor. The notification will be followed by a detailed written 

report. Once yearly, Sponsor will prepare a report regarding SARs occurring in the trial as well as describe the 

safety of the study participants in regards to continuation of the trial. This will be sent to the Competent 

Authorities and the Ethics Committee.  Reporting will follow the EudraLex - Volume 10 Clinical trial guidelines 

(Detailed guidance on the collection, verification and presentation of adverse event/reaction reports arising 

from clinical trials on medicinal products for human use (CT 3)).  

SAEs 

Investigator will immediately report all SAEs to sponsor. The notification will be followed by a detailed written 

report. If Sponsor upgrades a SAE to a SAR, procedure is as described above. 

SAEs, AEs, ARs 

Will be noted in the CRF. These will be recorded in the End of Trial Form to the Competent Authorities and 

in the report to the Ethics Committee (if requested) no later than 90 days after trial completion.  

 

To NN:  

As a minimum, the investigator should copy NN (Novo Nordisk) when expediting SARs or SUSARs to health 

authorities and should report all SARs related to NN product to the local NN affiliate safety department within 

the timelines specified in the Investigator-Initiated Study Agreement (IIS) agreement. 

The submission to NN must be within day 15 from the investigator’s first knowledge about a valid case. Where 

required in national law the investigator should also expedite SARs or SUSARs, to Independent Ethics 

Committee (IEC)/Institutional Review Board (IRB). Treatment codes will be un-blinded for specific 

participants.  

The Investigator must report initial information on all serious AEs to NN within 24 hours of obtaining 

knowledge about the event. The information must be provided by mail or telephone to the local NN affiliate. 

The Investigator must complete and forward electronically copies of the AE form and the SAE supplementary 

pages to NN within 5 calendar days of obtaining knowledge about the SAE. 

The sponsor must inform the regulatory authorities and institutional review boards (IRBs)/independent 

ethics committees (IECs) in accordance with the local requirements in force and ICH GCP. The sponsor will 

notify the Investigator of trial product related suspected unexpected serious adverse reactions in accordance 

with the local requirements. In addition, the Investigator will be informed of any trial related procedure SAE 

which may warrant a change of any trial procedure. Investigators will be notified of trial-related SAEs in 

accordance with the local requirements in force and ICH GCP. The monitor must be informed accordingly. 

 

Safety follow-up 

It will be left to the Investigator’s clinical judgment to decide whether or not an AE is of sufficient severity to 

require the participant’s removal from treatment.  A participant may also voluntarily withdraw from 

treatment due to what he or she perceives as an intolerable AE.  If either of these occurs, the participant 

must undergo an end of trial assessment and be given appropriate care under medical supervision until 

symptoms cease, or the condition becomes stable. Any need for long-term follow-up will be assessed by a 

physician.  

 

Randomization code breaking  

Un-blinding can be performed under the following circumstances: 
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 Treatment of an individual in a medical emergency where knowledge of the treatment allocation is 

required.  

 Treatment of an individual for an AE. 

 In the event of a SUSAR. 

 In the event that the participant's study medication is accidentally taken by a member of their household 

e.g. a child.  

 For the submission of trial data to the Data Monitoring and Safety Committee (DMSC) for the monitoring 

of safety and/or efficacy.  

All individuals directly involved in the trial must not be un-blinded. When the code break is needed, the local 

NN affiliate safety department must be informed the following points by the representative of the sponsor 

via email: Date and time of the code break, the reason for that, the actions taken, details of the person(s) 

involved in the code break.  

 

 

Protection of humans 

Declaration of Helsinki 

The Investigator will ensure that this trial is conducted in accordance with the principles of the Declaration 

of Helsinki.  

 

Guidelines for Good Clinical Practice 

The sponsor will ensure that this study is conducted in accordance with relevant regulations and with Good 

Clinical Practice. The sponsor hereby confirm that the ordinary procedures for quality control and assurance 

are complied with, cf. sections 3 and 4 of the Danish executive order on GCP and the standard procedures 

for quality control and quality assurance will be complied with, cf. ICH GCP guidelines.  

 

Approvals 

The protocol, informed consent form, participant information sheet and any proposed advertising material 

will be submitted to an appropriate Research Ethics Committee (REC), Competent Authorities, the Danish 

Data Protection Agency and host institution for written approval. 

Informed consent: after giving extensive oral and written information, a written informed consent form will 

be obtained from the participants before initiating any study-related activity. 

Safety information in the participant informed consent will be in full accordance with risks and safety 

information included in the latest updated local Summary of Products Characteristics for Saxenda. 

The Sponsor will submit and, where necessary, obtain approval from the above parties for all substantial 

amendments to the original approved documents. 

 

Participant Confidentiality 

Information regarding the study participants is protected by the law of personal data (Persondataloven). 

The trial staff will ensure that the participants’ anonymity is maintained.  The participants will be identified 

only by initials and a participants ID number on the CRF and any electronic database.  All documents will be 

stored securely and only accessible by trial staff and authorized personnel. The Danish Data Protection 
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Agency (Datatilsynet) will be notified about the trial. The trial will comply with the Data Protection Act, which 

requires data to be anonymised as soon as it is practical to do so. 

 

Audits, monitoring and inspection 

Direct access to source data/documents, including the permission of investigator to access source 

data/documents (patient files included), at monitoring, audits and/or inspection from the GCP unit, the Ethics 

Committee, the Competent Authorities or from Health Authorities of other countries.  

 

Indemnity statement  

NN only carries the product indemnity. Investigator institutions, University of Copenhagen and Hvidovre 

Hospital hold indemnity for patients (this is not covered by NN). 

 

Financial aspect 

The study is financed by Synergistic effects of GLP-1 and exercise on immuno-metabolic health (Excellence 

grant from The Novo Nordisk Foundation (NNF), 5 million DKK) (salary, purchase of materials, running 

operating expenses and analyses), the Danish Diabetes Academy (PhD scholarship, 550,000 DKK) (salary), 

Faculty of Health Sciences (PhD scholarship, 1,650,000 DKK) (salary), Helsefonden (200,000 DKK) (salary) 

and NNF center for basic metabolic research synergy grant (556,000 DKK) (salary, running operating 

expenses, analyses). The GLP-1 analogue (Liraglutide 3 mg, Saxenda) and placebo is provided by Novo 

Nordisk (approximately 5 million DKK). Cambridge weight plan diet products for the initial 8 weeks weight 

loss program is donated by Cambridge weight plan (approximately 1 million DKK). All other expenses, incl. 

salary as well as the planning and conduct of the study, interpretation of data and writing of the 

manuscripts, are completely independent of the companies.   

In regards to the aspect of insurance, study participants are equated to hospital patients. We will be handing 

out the pamphlet “Forsikringer, klage- og erstatningsmuligheder”.  

 

Practical opportunities for implementation of the project 

The clinical trial will be performed at Department of Endocrinology, Hvidovre University Hospital and 

Department of Biomedical Sciences, University of Copenhagen where all necessary expertise, apparatus, and 

guidance are present. The sponsor and sub-investigators (Prof Signe Torekov, Prof Jens Juul Holst Prof Sten 

Madsbad, and Prof Bente Stallknecht) has long experience in organizing this type of clinical trials (3; 4; 6; 11; 

12; 15; 29-34). The clinical Fellow who will run the flow mediated dilation examinations will be trained in 

Oxford (Antoniades’ group), and the image analysis will be performed in the Oxford’s workstations. The 

contact person of the trial is the sponsor, Signe Torekov.  

 

Publication  

Results 

The results (positive, negative and inconclusive) will be presented at international conferences as oral 

presentations or poster presentations. In addition, results will be published in peer-reviewed scientific 

journals. If not published in journals, the results will be disclosed in other ways, for example on 

www.clinicaltrials.gov. 

Agreements regarding publication of results have been mutually made between sponsor, investigator, sub-

investigators and other collaborators.   
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Authorities 

As according to the rules, sponsor will notify the Competent Authorities and the Ethics Committee no later 

than 90 days after the end of trial.  

 

Biological material and establishment of a bio-bank 

All biological material obtained from the study participants will be kept in a research bio-bank. During the 

meal test, 350 ml of blood is drawn. Of these, 322 ml will be frozen in a bio-bank. When taking fasting blood 

samples (at week 4, 13, 26 and 39) 75 ml of blood is drawn and frozen in a bio-bank. Glasses are labelled with 

a participant ID number. For risks and disadvantages see next section. Furthermore, we also collect faecal 

(sample size vary as it is the study participant who collects and freezes the sample at home), urine (maximum 

5 mL/test), saliva (maximum 5 mL/test) and semen samples (maximum 10 mL/test) and fat biopsies 

(maximum 1 gram/test) which are stored in the bio-bank. From the blood samples we will extract DNA 

material which will be used for genome analyses. 

The purpose of the bio-bank is to be able to analyse all samples at once to avoid large instrumental variations.  

The research bio-bank is terminated no later than August 1st 2036. After this date, the remains of the material 

are transferred to a regular bio-bank in Denmark. In order to access this material, a new protocol has to be 

approved from an ethics committee.  

 

Risks and disadvantages  

Obtaining blood for measurement of blood glucose may cause transient slight discomfort. Applying of 

periphery venous catheter for taking blood samples can cause transient discomfort, irritation and redness 

around the puncture site. Participants will be informed of this.  

Injection with GLP-1 (Saxenda) may cause mild and transient nausea, which often will vanish after a couple 

of weeks. Other side effects include dizziness, insomnia (transient) and gall stones. Uncommon/rare side 

include dehydration, inflamed gall bladder, allergic reactions and reduced kidney function. For full 

information about side effects please refer to the summary of product characteristics. There should not be 

any discomfort to the injection if performed as prescribed.   

Some discomfort might be experienced when applying local anaesthesia for the fat biopsy. The biopsy itself 

should not be uncomfortable.  

DEXA scans use radiation with a radiation dose of approximately 0.02 mSv per examination. This dose is very 

low compared to the background radiation in Denmark (approximately 3 mSv/year).   

The FMD and carotid IMT ultrasound scans do not use radiation. Applying nitro-glycerine may cause transient 

headache, dizziness, decrease in blood pressure and increase in heart rate. Half-life of nitro-glycerine is 1-3 

minutes. Nitro-glycerine will not be used if systolic blood pressure is under 100 mmHg. 

 

Ethical considerations 

All participants are informed orally and in writing about the examinations and written consent is collected. 

With regards to the follow-up visit, oral and written information will be given and a new written informed 

consent will be obtained before any of the follow-up examinations are performed. 

The participants are recruited through newspapers and online media. The discomfort, in regards to the 

examinations, is minimal. Any discomfort will primarily be experienced when taking blood samples and when 

applying local anaesthesia for the fat biopsies. The overall blood loss is less than the amount of blood 
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collected when donating blood. Only participants with normal blood percentage will participate and will be 

offered iron supplements.  

Injection with GLP-1 is given with Saxenda injection pen. Saxenda is an approved drug and the dosage is kept 

within the approved maximum (3.0 mg). Saxenda is safe and the only discomfort might be a transient nausea 

during the first weeks. Placebo injections should not cause any discomfort. The use of placebo is to minimize 

bias.  

The diet (Cambridge Weight Plan) is used in daily clinical practice, and there are no side effects associated 

with ingestion of the diet.  

The exercise program does not exceed the recommendations from WHO.  

The risks that are associated with this study are assessed as minimal. By participating in this project, the 

participants will contribute with new important knowledge about the interaction between GLP-1 and 

exercise and their importance for weight loss maintenance and metabolic health.  

Based on the blood, fat, and semen samples, we will perform genomic examinations, which highly unlikely, 

but in theory can generate accidental findings that can have a considerable impact on the examined test 

person. However, the risks of generating such findings are considered to be minimal.  

Unless the test participant declines it explicitly in the consent, the test participant will be informed about 

serious genetic conditional disease if: 

- there is a certain chance for a genetic disposition to be present; 

- there is a well-documented correlation between the genetic disposition and the development of 

disease; 

- the tests that are applied to determine the genetic disposition are well-established and accurate; 

- the disease to a certain extent can be prevented or treated; and 

- the correlation has a substantial impact on the test participant.      

All individuals included in the present protocol are competent adults. In the unlikely event that this research 

project by change identifies a genetic variant known to cause a serious disease, for which there is treatment 

and /or prevention option for the project participant, the genetic finding will be verified by Sanger 

sequencing. Provided that the mutation is confirmed and is known to cause a disease with significant 

penetrance, the responsible project manager will set up a local genetically-ethics panel consisting of a 

specialist in molecular genetics, a specialist in clinical genetics with experience in genetic counselling and a 

specialist in the specific disease that is triggered by the mutation, in order to provide an action and 

communication plan in relation to the mutation carrier. If the panel is in doubt about the action plan, the 

genetic findings will presented to the The National Committee on Health Research Ethics. If it is concluded 

that there are medical reasons (see above) to inform the genetic findings to the project participant, the panel 

specialist in clinical genetics will contact the project participant and inform about the project. The project 

participant will in this regard be given the option in writing to opt in or opt out of information on critical 

health information that may appear in the project. If the project participant wants to be informed, she or he 

will be offered genetic counselling through the panel specialist in clinical genetics and in consultation with 

his or hers own general practitioner. All study participants will be informed that an objective of the study, in 

which they were included, also was examinations of the role of genetics in disease processes related to 

obesity and diabetes. Overall, we consider that any potential risks and side effects are outweighed by the 

advantages of achieving new knowledge about weight loss maintenance and health.  

If a study participant wish to receive further information about the trial, sponsor Signe Torekov, can be 

contacted.  
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Compensation 

A payment of 3,000 DKK will be given to the participants when they complete the study (complete the final 

test at week 52). Participants who provide semen samples (at screening, baseline and week 52) will be given 

an additional 1,000 DKK. 

In case of drop-out, no compensation will be given.  

A payment of 1,000 DKK will be given to participants who attend the follow-up visit. 
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Summary of changes from original protocol to final protocol 

 

Amendment number 

(issue date) 

Timing of change 

(before/after FPFV 12-

Sep-2016) 

Rationale and key changes 

1 

(08-Dec-2016) 

 

After • Increasing the upper body mass index limit 

(inclusion criteria) from 40 kg/m2 to 43 

kg/m2 to increase the possibility that the 

aimed number of study participants will be 

reached within the planned trial period.  

• Adding an exclusion criteria (upper limit of 

max 2 hours of regular exercise training at 

vigorous intensity) to ensure that the 

physical activity levels of the study 

participants are comparable. 

• Specifying methodological details on the 

exercise intervention (e.g. target intensity) 

• Specifying methodological details and add 

ethical considerations of the genomic 

examinations from blood and semen 

samples (cf. new Danish regulations on this 

area from 2016), including which genomic 

tests are performed and why.  



2 

(08-10-2018) 

 

After • Adding a post-treatment follow-up visit to 

investigate anthropometric and metabolic 

outcomes one year after completion of the 

trial.  

• Prolonging the trial period from August 

2016-August 2021 to August 2016-August 

2023 due to addition of the post-treatment 

follow-up visit. 

• Increasing the number of included study 

participants from 180 to 200 to increase 

the possibility that the aimed number of 

study participants of minimum 30 persons 

in each treatment arm complete the trial 

within the planned trial period.  

• Removing statement of two planned 

exploratory examinations (MR scan for 

hepatic fat content and activation of 

brown fat tissue) as these were not 

performed.  

3 

(20-11-2019) 

 

After • Increasing the total number of included 

study participants from 200 to 222 because 

some of the individuals who had been 



given a study ID number at pre-screening 

never attended the first day of the run-in 

phase and thus did never initiate the trial 

(e.g. due to waiting time from pre-

screening to the first day of run-in).  

• Specifying details of the definition of the 

intention-to-treat analysis set to include all 

randomized participants  

• Specifying details on the statistical method 

and refer to the statistical analysis plan  

FPFV, first patient first visit. 
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Section 2: Introduction 

7 Background and Rationale (adapted from published protocol(1)) 

Obesity is associated with increased risk of developing cardiovascular disease and type 2 diabetes (T2D), 

along with increased risk of all-cause mortality (3,4). Obesity management guidelines recommends weight 

loss of more than 5 % of initial body weight to improve cardiometabolic risk factors, with greater weight 

loss producing greater benefits (5,6). However, weight regain reverse these health benefits (7,8). 

Furthermore, intentional weight loss is typically followed by a 30 to 50 % regain of lost weight within the 

first year (9–11). The main biological reasons for the rapid weight regain may be that weight loss causes a 

decrease in total energy expenditure to a degree that is greater than predicted from the decrease in fat and 

lean mass (12,13) in combination with increased appetite in the weight-reduced state (14,15). 

Increasing energy expenditure by increasing physical activity is the first-line lifestyle modification in the 

treatment of obesity along with reducing food intake. For exercise interventions targeting general public 

health recommendations (at least 150 min/week of moderate intensity aerobic exercise), the associated 

weight loss is often modest (0-3 %) without concomitant calorie restriction (16–18). However, with exercise 

almost exclusively fat mass is lost whereas lean mass is close to unchanged (19–22) thereby improving body 

composition. Furthermore, independent of weight loss, exercise improves glycemic control, low grade 

inflammatory profile and cardiorespiratory fitness in individuals with overweight and obesity (21,23–25).  

Glucagon-like peptide-1 (GLP-1) is an incretin hormone secreted from L-cells in the gut after food intake. 

GLP-1 stimulates glucose-dependent insulin secretion thereby lowering blood glucose and reduces appetite 

and thereby food intake (26,27). Treatment for 56 weeks with the GLP-1 receptor agonist (GLP-1 RA), 

liraglutide (3.0 mg), as an adjunct to regular diet and physical activity recommendations has been shown to 

improve glycemic control and induce moderate weight loss of 4.0 % in patients with T2D (28) and 5.4 % in 

non-diabetic individuals with overweight or obesity (29) compared to placebo. In addition, liraglutide has 

been shown to maintain a diet-induced weight loss over 56 weeks (30) and maintain very low-calorie diet-

induced improvements of fasting plasma glucose and triglycerides over 52 weeks of weight loss 

maintenance superior to similar diet-induced weight loss maintenance in obese individuals (15). Weight 

loss with liraglutide is a result of both reduced fat and lean mass (31,32). 

Obesity is associated with chronic low-grade inflammation (33,34) which is linked to the development of 

atherosclerosis and insulin resistance (35–37). Physically active individuals have lower inflammatory 

biomarker concentrations than their inactive counterparts (24), possibly explained by anti-inflammatory 

effects of an acute bout of exercise (38) and lower levels of visceral adipose tissue (39). GLP-1 has also 

emerged as an immunomodulatory agent, as illustrated by GLP-1 analogue administration exerting anti-

inflammatory actions in various cells, including endothelial cells, adipocytes, peripheral blood mononuclear 

cells, and in plasma (40–44). Notably, in patients with T2D and high cardiovascular disease risk, GLP-1 RAs 

reduced the rate of occurrence of first major cardiovascular event (45,46). Thus, both physical activity and 

GLP-1 RA treatment seem to facilitate weight loss maintenance, improve metabolic health, and reduce 

systemic inflammation. However, diet-induced weight loss decreases energy expenditure and increases 

appetite.  

We hypothesize that the combination of physical activity and liraglutide treatment improves weight loss 

maintenance, body composition and immunometabolic health since the decreased energy expenditure is 

targeted with exercise and the increased appetite with liraglutide.  
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8 Objectives 

The overall objectives of this study are to investigate the maintenance of weight loss, body composition 

and immunometabolic health outcomes over 52 weeks with liraglutide treatment, physical exercise, and 

the combination in individuals with obesity after a very low-calorie diet.  

The hypothesis hierarchy was not clearly specified in the protocol and we hereby define it as described 

below. 

 

Hypothesis hierarchy for the primary outcome: 

1. We hypothesize that the combined treatment (exercise+liraglutide) is superior to placebo for 

maintaining total body weight loss. Superiority is claimed if the estimated difference between the 

changes in total body weight for the two groups (delta for exercise+liraglutide from V1 to V3 – 

delta for placebo from V1 to V3) favorizes the exercise+liraglutide group and that the lower limit of 

the CI95% for the estimated difference exceeds 0.  

 

2. We hypothesize that liraglutide is superior to placebo for maintaining total body weight loss. 

Superiority is claimed if the estimated difference between the changes in total body weight for the 

two groups (delta for liraglutide from V1 to V3 – delta for placebo from V1 to V3) favorizes the 

liraglutide group and that the lower limit of the CI95% for the estimated difference exceeds 0.  

 

3. We hypothesize that the combined treatment (exercise+liraglutide) is non-inferior to liraglutide for 

maintaining total body weight loss.  

 

4. We hypothesize that exercise is non-inferior to placebo for maintaining total body weight loss.  

 

5. We hypothesize that the combined treatment (exercise+liraglutide) is superior to exercise for 

maintaining total body weight loss. 

 

Secondary outcome: 

6. We hypothesize that the combined treatment (liraglutide+exercise) is superior to liraglutide for 

body composition (total body fat percentage). Superiority is claimed if the estimated difference 

between the changes in total body fat percentage for the two groups (delta for liraglutide+exercise 

from V1 to V3 – delta for liraglutide from V1 to V3) favorizes the liraglutide+exercise group and that 

the lower limit of the CI95% for the estimated difference exceeds 0. 

 

7. We hypothesize that exercise is superior to placebo for body composition (total body fat 

percentage). Superiority is claimed if the estimated difference between the changes in total body 

fat percentage for the two groups (delta for exercise from V1 to V3 – delta for placebo from V1 to 

V3) favorizes the exercise group and that the lower limit of the CI95% for the estimated difference 

exceeds 0. 

 

8. We hypothesize that the combined treatment (exercise+liraglutide) is non-inferior to exercise for 

body composition (total body fat percentage).  
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Section 3: Study Methods 

9 Trial design (from published protocol(1)) 

The S-LiTE trial (acronym for ‘Synergy effect of the appetite hormone GLP-1 (LiragluTide) and Exercise on 

maintenance of weight loss and health after a low calorie diet’) is an investigator-initiated, randomized, 

placebo-controlled, parallel group trial. The trial is triple-blinded with regards to study medication but not 

exercise intervention. The trial is registered at the European Clinical Trials Database (EudraCT Nr.: 2015-

005585-32). 

Description of Interventions 

Diet-induced weight loss: Initially, all participants will undergo eight weeks with a very low-calorie diet 

(VLCD) (Cambridge Weight Plan, 800 kcal/day) with the objective to lose at least 5 % of body weight. 

Although benefits are evident already at modest weight loss of 2-3 % (e.g. triglycerides and HbA1c) (6), a ≥ 

5 % cut-off after 8 weeks is chosen because fast weight losers have obtained a greater weight reduction 

and long-term maintenance, and were not more susceptible to weight regain than gradual weight losers 

(47). Participants who have lost at least 5 % of body weight after the eight-week weight loss phase will be 

randomized to one of the four study groups: 52 weeks of treatment with 1) placebo, 2) exercise + placebo, 

3) liraglutide, or 4) exercise + liraglutide.  

Liraglutide or placebo 

The GLP-1 RA, liraglutide (3.0 mg), or placebo will be administrated once daily as subcutaneous injections in 

the abdomen or thigh. The starting dose is 0.6 mg with weekly increments of 0.6 mg until 3.0 mg is 

achieved. Participants who do not tolerate the 3.0 mg dose may in special circumstances stay at a lower 

dose (2.4 mg). However, the aim is to reach 3.0 mg for all study participants. 

Physical exercise 

The exercise intervention follows WHO’s global recommendations on physical activity for health of 150 

minutes of moderate-intensity aerobic physical activity throughout the week or 75 minutes of vigorous-

intensity aerobic physical activity throughout the week or an equivalent combination of moderate- and 

vigorous-intensity activity (48). The intervention aims for four sessions per week. Two sessions per week 

will be performed under supervision of the study staff and two sessions will be performed individually. 

Supervised sessions will consist of structured exercise for a duration of 45 min. Of this, 30 min will be 

interval-based spinning and 15 min will be circuit training focusing on large muscle groups. Individual 

exercise sessions will include aerobic exercise such as cycling, rowing, or elliptical training as well as brisk 

walking or cycling to work. Participants randomized to an exercise group will  undergo a 6-week ramp-up 

phase with exercise before exercising four times per week from week 7 to 52. Participants not randomized 

to exercise will be instructed to maintain habitual physical activity according to level before entering the 

trial.  

Liraglutide and physical exercise 

Combination of the two interventions described above. 

Study visits  

Identical test days will take place before the initial weight loss phase (V0, week -8), after initial weight loss 

(V1, week 0) and after 52 weeks of treatment (V3). For details on test days, see study protocol (1). 

Weight consultations will be performed weekly during initial VLCD phase and at week 1, 2, 3, 4, 9, 13, 17, 

22, 26, 32, 39 and 46. Fasting blood samples will be collected at week 4, 13, 26 and 39. 

Finally, participants will be invited to complete a post-trial unsupervised follow-up visit (V4) 1 year after 

intervention completion. 
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10 Randomization 

After the initial eight-week VLCD phase, participants will be randomized after the test day (V1) to one of the 

four study groups in a 1:1:1:1 ratio in accordance with a subject randomization list (SRL) provided by Novo 

Nordisk. An un-blinded study nurse (not otherwise associated with the trial) will allocate study participants 

according to the SRL. Randomization will be stratified by sex (male/female) and age (below/above 40 

years). 

 

11 Sample size 

Sample size calculation for total body weight:  

Sample size for primary endpoint was calculated in relation to total body weight. Based on previous weight 

loss studies with liraglutide (15,49), we estimate the response within each treatment group to be normally 

distributed with a standard deviation of 5.5 kg. Thus, with 30 participants completing each study arm we 

will be able to detect a difference in delta of 4 kg between groups with a power of 0.8, assuming a two-

sided α-level of 0.05. We will need 34 completers in each arm in order to attain a statistical power of 0.85 

and 40 completers in each arm to attain a statistical power of 0.90. In our previous study, 10 % of 

participants who entered the initial VLCD phase did not complete this phase (15). With 222 recruited study 

participants and an expected dropout rate of 25 % after randomization, we expect to have at least 30 

participants from each study arm to complete the trial.  

 

Sample size for total body fat percentage 

Sample size for secondary endpoint body composition was calculated in relation to total body fat 

percentage. Based on previous exercise trials (20,50–52) the response within each treatment group was 

estimated to have a standard deviation of 2.1%. Thus, with 32 participants completing each study arm we 

will be able to detect a difference in delta body fat percentage of 1.5% between groups with a power of 0.8, 

assuming a two-sided α-level of 0.05. We will need 36 completers to attain a statistical power of 0.85. 

Sample size calculation for fat percentage was performed in relation to writing the SAP; after the 

intervention was started but prior to the termination of the intervention. 

 

12 Framework 

See point 8. 

 

13 Statistical interim analyses and stopping guidance 

No interim analyses were planned and no guidelines for terminating the trial early was made. 

 

14 Timing of final analyses 

Results from V1 to V3 will be analyzed when the final participant completes the trial. Analyses including V4 

will be performed when the final participant has completed V4. 

 

15 Timing of outcome assessments  

Body weight is measured at week -8 (V0), -7, -6, -5, -4, -3, -2, -1, 0 (V1), 1, 2, 4, 9, 13, 17, 22, 26, 39, 46, 52 

(V3) and 104 (V4). 
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Body composition is measured at V0, V1, V3 and V4.  

See point 26 for timing of descriptive/explorative outcome assessments. 

 

Section 4: Statistical Principles 

16-18 Confidence intervals and P values 

P-values and 95% confidence intervals will be presented for comparisons (between and within group) and 

will not be adjusted for multiplicity. 95% confidence intervals will be presented for estimated levels and will 

not be adjusted for multiplicity. A hierarchical testing procedure will be used to control the type 1 error for 

tests with predefined hypotheses (see point 8); all subsequent tests will be regarded as 

descriptive/explorative if a test fails to confirm a given hypothesis. All non-hypothesis-based tests are per 

definition of a descriptive/exploratory nature. Statistical significance will be claimed if the null hypothesis is 

rejected at the alpha level of 0.05 (two-sided), i.e. the P-value of the null hypothesis test is ≤ 0.05. 95% 

confidence intervals will be required to support the tested hypothesis for hypothesis-based tests (see 8), 

and for exploratory/descriptive test on an absolute or relative scale not include 0 or 1 respectively.  

 

19-20 Adherence and protocol deviations and Analysis populations 

Intention-to-treat (ITT) analysis set:  

All participants analyzed as randomized. 

 

Per Protocol (PP) analysis set:  

All participants who complete the 52-week randomized treatment period with sufficient compliance to 

study medication and/or exercise protocol as defined by:  

Study medication: Having administered 2.4 or 3.0 mg subcutaneous (sc) liraglutide/placebo for at least 75% 

of the intervention period (measured by self-reporting during the 12 visits from week 1 to 52 after up-

titration). Compliance to study medication will be summarized as number and percentage of participants 

equal to or above 75 %.  

Exercise: Sports watches with heart rate monitors will be worn during all exercise sessions. For all 

participants in an exercise group, we will report duration of exercise (minutes per week), mean intensity 

during exercise (percentage of maximum heart rate) and exercise frequency (times per week). Exercise 

duration, intensity and frequency will be summarized as median plus 25th and 75th percentiles. Heart rate 

will be measured with a frequency of 1 Hz during all exercise. Relative exercise intensity for each heart rate 

measurement will be classified based on percentage of maximum heart rate (determined during an 

maximal incremental cycle ergometer test) in accordance with ACSM’s position stand on prescribing 

exercise(53), i.e. very light intensity (<57% of HRmax), light intensity (57-63% of HRmax), moderate intensity 

(64-76% HRmax), vigorous intensity (77-95% HRmax) and near-maximal to maximal intensity (≥ 96% HRmax).  

For exercise sessions where heart rate data is missing (e.g. due to forgotten watch for supervised exercise), 

the exercise duration will be noted and the participants average intensity and time at different intensity 

zones will be imputed. Exercise will be averaged for all weeks after the ramp-up phase and until end-of-trial 

test day and exercise compliance will be 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-intensity aerobic 

physical activity throughout the week or an equivalent combination of moderate- and vigorous-intensity 
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activity. Thus, for example, one minute of moderate-intensity exercise will account for 1/150 and one 

minute of vigorous- or near-maximal to maximal intensity exercise will account for 1/75 of prescribed 

weekly exercise. Per protocol analysis set will be defined as meeting at least 75% of global 

recommendations. 

 

For participants to be included in the per protocol analysis: 

a) Liraglutide group: Having administered 2.4 or 3.0 mg sc liraglutide for at least 75% of the intervention 

period. 

b) Placebo group: Having administered 2.4 or 3.0 mg sc placebo for at least 75% of the intervention period.  

c) Exercise + placebo group: Having administered 2.4 or 3.0 mg sc placebo for at least 75% of the 

intervention period and having met at least 75% of global recommendations on physical activity.  

d) Exercise + liraglutide group: Having administered 2.4 or 3.0 mg sc liraglutide for at least 75% of the 

intervention period and having met at least 75% of global recommendations on physical activity. 

 

Section 5: Trial Population 

21 Screening data 

Screening data will not be reported. 

 

22 Eligibility 

Inclusion criteria:  

 BMI > 32 and < 43 (kg/m2) 

 Age >18 and <65 years  

 Safe contraceptive method 

Exclusion criteria:  

 Patients diagnosed with known serious chronic illness including type 1 or 2 diabetes (or a randomly 

measured fasting plasma glucose > 7 mmol/l)  

 Angina pectoris, coronary heart disease, congestive heart failure (NYHA III-IV) 

 Severe renal impairment (creatinine clearance (GFR) <30 mL/min)   

 Severe hepatic impairment  

 Inflammatory bowel disease  

 Diabetic gastroparesis 

 Cancer  

 Chronic obstructive lung disease  

 Psychiatric disease, a history of major depressive or other severe psychiatric disorders  

 The use of medications that cause clinically significant weight gain or loss  

 Previous bariatric surgery  

 A history of idiopathic acute pancreatitis  

 A family or personal history of multiple endocrine neoplasia type 2 or familial medullary thyroid 

carcinoma  

 Osteoarthritis which is judged to be too severe to manage the exercise programme. As intended 

per study design the intervention will include a 5% weight loss prior to randomization, thus it is 
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expected that possible participants with mild form of osteoarthritis will be able to manage exercise 

prescriptions.  

 Pregnancy, expecting pregnancy or breast feeding. If a study participant is in doubt whether she 

could be pregnant, a urine pregnancy test is performed. Females of childbearing potential who are 

not using adequate contraceptive methods (as required by local law or practice). Adequate 

contraception must be used throughout the study period and at least 65 hours after 

discontinuation of trial medication (65 hours corresponds to 5 times the half-life of liraglutide).  

 Allergy to any of the ingredients/excipients of the study medication: liraglutide, disodium 

phosphate dihydrate, propylene glycol, phenol, hydrochloric acid, sodium hydroxide. 

 Regular exercise training at high intensity (e.g. spinning) >2 hours per week. 

 

23 Recruitment 

The flow chart of the trial will follow the CONSORT guidelines and will include the number of participants 

who a) received oral information, b) were assessed for eligibility at prescreening,  c) were included in the 

trial, d) attended first test day and initiated VLCD, e) were withdrawn or excluded from the VLCD phase, f) 

were randomized, g) were allocated to the four intervention groups, h) lost to follow-up, i) discontinued the 

intervention, and j) were analyzed in the end.   

 

24 Withdrawal/follow-up 

If a randomized participant withdraws, we will offer to perform all or some of the investigations planned at 

V3. The number/frequency of participants lost to follow-up (those not attending a weight measurement at 

V3) will be provided for each group and for each time point. If possible, the reasons for participants not 

completing the trial will be given. Summary of baseline levels for variables reported in the baseline table 

will be provided for completers and non-completers. Spaghetti plots will be used to visualize levels of the 

main outcome for completers and non-completers. 

 

25 Baseline participant characteristics 

The distribution of all outcomes included in baseline characteristics will be visually inspected using QQ-

plots and histograms; those with a Gaussian distribution will be presented as means and standard 

deviations and those with a non-Gaussian distribution will be presented as medians plus 25th and 75th 

percentiles. 

The following outcomes will be included in the baseline participant characteristics table for all participants 

combined at V0, all participants combined at V1 and participants divided by randomization group at V1: 

 

 Number of participants (men/women) 

 Age (years) 

 Weight (kg) 

 BMI (kg/m2) 

 Waist circumference (cm) 

 Total fat mass (kg) 

 Total fat free mass (kg)  

 Body fat percentage (%) 
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 Systolic blood pressure (mmHg) 

 Diastolic blood pressure (mmHg) 

 HbA1c (mmol/mol) 

 Fasting glucose (mmol/L) 

 Fasting insulin (pmol/L) 

 Fasting C-peptide (pmol/L) 

 Glucose AUC (mmol/L*min) 

 Insulin AUC (pmol/L*min) 

 Cholesterol: total, LDL and HDL (mmol/L) 

 Triglycerides (mmol/L) 

 Peak oxygen consumption (ml/min) 

 Peak oxygen consumption (ml/min/kg) 

 HOMA-IR (fasting insulin (pmol/L) * fasting glucose (mmol/L) / 22.5) 

 Matsuda index (10000/sqrt(fasting glucose * fasting insulin * mean glucose * mean insulin) 

 SF-36 (scoring of eight health concepts ranging from 0-100: physical functioning, role limitations due to 

physical health problems, role limitations due to personal or emotional problems, energy/fatigue, 

emotional well-being, social functioning, pain, and general health perception) 

 ALAT (U/L) 

 Amylase (U/L) 

 CRP (mg/L) 

 

Section 6: Analysis 

26 Outcome definitions 

Primary outcome: Primary outcome is the change in total body weight (measured to the nearest 0.1 kg) 

from baseline (V1) to end-of-treatment (V3). A weight difference of 2.5-4.5 % body weight, obtained with 

liraglutide or semaglutide compared to placebo, have been associated with beneficial cardiovascular 

outcomes (45,46). A weight difference of 1-5% of body weight obtained with exercise has been associated 

with beneficial cardiovascular disease risk factors (17,18) and prevention of diabetes (54). 

Thus, a difference in delta of 3-5% of total body weight has been defined as the minimal important 

difference. With a study population consisting of men and women (expected mean height of 170-174 cm 

based on previous lifestyle trials performed in Denmark (15,55,56) and a BMI range of 32-43 kg /m2, a 

difference of 3-5% of total body weight will correspond to 4 kg. 

 

Secondary outcome: Secondary outcome body composition is defined as change in total body fat 

percentage (measured to the nearest 0.01 % in fasted state with dual-energy X-ray absorptiometry (DXA) 

scans) from V1 to V3. In most exercise interventions with aerobic exercise, almost exclusively fat mass is 

lost whereas lean mass is close to unchanged (19–22). In weight loss studies with liraglutide, a combination 

of fat and lean mass is lost (31,32). The clinically relevant effect size for changes in fat percentage is not 

well described or investigated. However, based on the results of previous exercise interventions (20,57), a 

decrease in fat percentage equivalent of approximately 1.5 % seems to be physiologically relevant. 
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Descriptive/explorative outcomes:  

Change from V1 to V3:  

 Body composition (fat free mass (kg) and fat mass (kg)) 

 Circulating biomarkers of metabolic regulation to evaluate metabolic health (fasting and 3h AUC 

glucose (mmol/L and mmol/L*min) and fasting and 3h AUC insulin (pmol/L and pmol/L*min) for 

HOMA-IR and Matsuda index, HbA1c (mmol/mol), waist circumference (cm), systolic and diastolic 

blood pressure (mmHg), lipids (total cholesterol, HDL, LDL, and triglycerides (mmol/L)) 

 Safety (adverse events). Adverse events with an incident of ≥ 5 % in any treatment group and all 

serious adverse events will be reported by system organ class and preferred term for participants in 

all four treatment groups separately and for liraglutide pooled (exercise and non-exercise) and 

placebo pooled (exercise and non-exercise).  Events will be reported as percentage of individuals 

experiencing an adverse event.  

 Self-rated quality of life will be measured with the SF-36 questionnaire. Eight health concepts 

ranging from 0-100 will be scored: physical functioning, role limitations due to physical health 

problems, role limitations due to personal or emotional problems, energy/fatigue, emotional well-

being, social functioning, pain, and general health perception. 

 Peak oxygen uptake (absolute (ml/min) and relative (ml/min/kg)) 

 Stair test (S) and maximal isometric strenght test (N) 

 Use of medication (n, frequency) 

 Meal related appetite response 

 Determination of daily physical activity and sleep 

 Systemic markers of immune-metabolism and oxidation 

 Endothelial function 

 Immuno-metabolic changes in the subcutaneous adipose tissue  

 Gene expression profile of circulating inflammatory cells 

 Bone health 

 Food preference questionnaire (LFPQ) and subjective appetite sensation  

 Faecal bacterial composition 

 Plasma metabolomics and proteomics 

 Epigenetics of spermatozoa 

 Questionnaires (TFEQ, IPAQ, G-SES, PSQI) 

 

Outcomes measured at other time points: 

 Body weight (week -7, -6, -5, -4, -3, -2, -1, 1, 2, 4, 9, 13, 17, 22, 26, 32, 39, 46 and V4)  

 Number/proportion of participants that have reduced total body weight by ≥5%, ≥10% and ≥15% at 

V3 compared with V0 

 Body composition (V0 and V4)  

 Metabolic health (week 4, 13, 26, 39 and V4) 

 Safety (adverse events) (week 1, 2, 3, 4, 9, 13, 17, 22, 26, 32, 39 and 46) 

 Meal related appetite response (V0)   

 Peak oxygen uptake, stair test and maximal isometric strenght test (V0) 

 Systemic markers of immune-metabolism and oxidation (V0)  
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 Endothelial function (V0)  

 Immuno-metabolic changes in the subcutaneous adipose tissue (V0 and week 26) 

 Gene expression profile of circulating inflammatory cells (V0) 

 Bone health (V0 and V4)  

 Food preference questionnaire (LFPQ) (V0 and V4) and subjective appetite sensation (V0)  

 Faecal bacterial composition (V0)  

 Plasma metabolomics and proteomics (V0, week 4, 13, 26, 39 and V4) 

 Epigenetics of spermatozoa (V0)  

 Questionnaries (SF-36, TFEQ, IPAQ, G-SES, PSQI) (V0 and V4) 

 Measurement of sleep and physical activity levels (V0, week 13, 26 and V4)     

 

27 Analysis methods 

Analyses of primary and secondary outcome (except for the pre-planned sensitivity analyses) will be 

performed based on the intention-to-treat (ITT) principle. All continuous endpoints/outcomes will be 

modelled using linear mixed effects models with the following fixed effects and interactions: Time 

(factorial), Treatment, Time (factorial)*Treatment, sex (female, male) and age group (<40 years, >40 years). 

The models will be specified with a restricted maximum likelihood estimation method, the Kenward-Roger 

degrees of freedom method, an unstructured covariance structure and a random intercept on participant 

level. Model fit will be evaluated using graphical methods and if necessary, outcomes will be log-

transformed. Estimated mean differences (CI95%) for changes between groups (main study effects), 

conditional means (CI95%), and within group changes (CI95%) will be extracted from the model. For log-

transformed outcomes the results will be back-transformed and be presented as the ratio between 

estimated relative changes (CI95%), estimated conditional geometric means (CI95%) and within group 

relative changes (CI95%), respectively. Between group differences in changes will be null-hypothesis tested 

and presented with P-values.  

The following predefined sensitivity analyses will be performed for the primary and secondary outcome; an 

additional ITT analysis with adjustment for initial weight loss, an ITT analysis using multiple imputation to 

assess effects of missing data (see also 28), and finally an analysis of per protocol completers. 

 

The analysis of the primary and secondary outcome will be performed blinded to group allocation by a 

researcher (Martin Bæk Blond) that have not been involved in the execution of the trial. The statistical and 

clinical/physiological implications of the results will be evaluated by the research team before un-blinding. 

 

28 Missing data 

The number/frequency of missing values for the primary and secondary outcome in each group at each 

time point will be provided. For the main analysis, the results will be based on likelihood inference and 

missing data will be assumed to be missing completely at random or missing at random. An additional 

analysis based on multiple imputation of missing values will be performed (see also 27). The dataset used 

for the imputations will include all observations for total body weight measured at or between V1-V3, and 

the auxiliary variables Sex (male or female) and Age (continuous, years). Under the assumption that weight 

changes in participants after loss to follow-up would resemble the development in the placebo groups 

rather than the development in the group to which they were originally randomized, the participants with 



Statistical Analysis Plan for clinical outcomes in the S-LITE study 

14 
 

missing values at V3 will be pooled with the placebo group and using a Markov chain Monte Carlo method 

all missing values will be imputed, assuming a multivariate normal distribution for the data, to create 1000 

new datasets. Subsequently, the imputed datasets will be analyzed using the same mixed linear model used 

for the main analysis and averaged estimates calculated. If the main outcome has been transformed to fit 

the statistical model used for the main analysis this transformation will be applied in the imputation 

procedure. 

 

29 Additional analyses 

Not relevant 

 

30 Harms 

Adverse events (defined in the trial protocol) with an incident of ≥ 5 % in any treatment group and all 

serious adverse events will be reported by system organ class and preferred term for participants in all four 

treatment groups separately and for liraglutide pooled (exercise and non-exercise) and placebo pooled 

(exercise and non-exercise).  Events will be reported as the number of and percentage of individuals 

experiencing an adverse event. Rates of adverse events will not be compared by null-hypothesis testing. 

 

31 Statistical software 

R version 3.6.0 or newer version (The R Foundation for Statistical Computing, www.R-project.org) and SAS 

version 9.4 or newer version (SAS Institute, Cary, NC, USA). 
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SAP revisions 
 

Changes from version 1 to 2 

1. Item 8 (Page 6-7): The minimally important differences (physiologically relevant changes) for the 
primary and secondary outcomes (which was defined in item 26) have now also been added to the 
hypotheses for clarity. In the hypotheses section of SAP version 1 it was stated that superiority would 
be claimed if the changes to an outcome favorised the given group (see individual hypotheses on page 
6-7) and the lower limit of the CI95% for the estimated difference did not exceed 0. The latter part has 
been corrected to “does not include 0” to reflect that a reduction is favorable as stated in the 
hypothesis. 

2. Item 27 (Page 14): The model specification for the model used to assess changes to the primary and 
secondary outcomes was changed from a random intercept model to a repeated measures model in 
order to avoid the risk of falsely narrow confidence intervals and low P-values produced by the 
assumption of constant variance and covariance across repeated measurements. 
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Section 2: Introduction 
7 Background and Rationale (adapted from published protocol(1)) 
Obesity is associated with increased risk of developing cardiovascular disease and type 2 diabetes (T2D), 
along with increased risk of all-cause mortality (3,4). Obesity management guidelines recommends weight 
loss of more than 5 % of initial body weight to improve cardiometabolic risk factors, with greater weight loss 
producing greater benefits (5,6). However, weight regain reverse these health benefits (7,8). Furthermore, 
intentional weight loss is typically followed by a 30 to 50 % regain of lost weight within the first year (9–11). 
The main biological reasons for the rapid weight regain may be that weight loss causes a decrease in total 
energy expenditure to a degree that is greater than predicted from the decrease in fat and lean mass (12,13) 
in combination with increased appetite in the weight-reduced state (14,15). 
Increasing energy expenditure by increasing physical activity is the first-line lifestyle modification in the 
treatment of obesity along with reducing food intake. For exercise interventions targeting general public 
health recommendations (at least 150 min/week of moderate intensity aerobic exercise), the associated 
weight loss is often modest (0-3 %) without concomitant calorie restriction (16–18). However, with exercise 
almost exclusively fat mass is lost whereas lean mass is close to unchanged (19–22) thereby improving body 
composition. Furthermore, independent of weight loss, exercise improves glycemic control, low grade 
inflammatory profile and cardiorespiratory fitness in individuals with overweight and obesity (21,23–25).  
Glucagon-like peptide-1 (GLP-1) is an incretin hormone secreted from L-cells in the gut after food intake. GLP-
1 stimulates glucose-dependent insulin secretion thereby lowering blood glucose and reduces appetite and 
thereby food intake (26,27). Treatment for 56 weeks with the GLP-1 receptor agonist (GLP-1 RA), liraglutide 
(3.0 mg), as an adjunct to regular diet and physical activity recommendations has been shown to improve 
glycemic control and induce moderate weight loss of 4.0 % in patients with T2D (28) and 5.4 % in non-diabetic 
individuals with overweight or obesity (29) compared to placebo. In addition, liraglutide has been shown to 
maintain a diet-induced weight loss over 56 weeks (30) and maintain very low-calorie diet-induced 
improvements of fasting plasma glucose and triglycerides over 52 weeks of weight loss maintenance superior 
to similar diet-induced weight loss maintenance in obese individuals (15). Weight loss with liraglutide is a 
result of both reduced fat and lean mass (31,32). 
Obesity is associated with chronic low-grade inflammation (33,34) which is linked to the development of 
atherosclerosis and insulin resistance (35–37). Physically active individuals have lower inflammatory 
biomarker concentrations than their inactive counterparts (24), possibly explained by anti-inflammatory 
effects of an acute bout of exercise (38) and lower levels of visceral adipose tissue (39). GLP-1 has also 
emerged as an immunomodulatory agent, as illustrated by GLP-1 analogue administration exerting anti-
inflammatory actions in various cells, including endothelial cells, adipocytes, peripheral blood mononuclear 
cells, and in plasma (40–44). Notably, in patients with T2D and high cardiovascular disease risk, GLP-1 RAs 
reduced the rate of occurrence of first major cardiovascular event (45,46). Thus, both physical activity and 
GLP-1 RA treatment seem to facilitate weight loss maintenance, improve metabolic health, and reduce 
systemic inflammation. However, diet-induced weight loss decreases energy expenditure and increases 
appetite.  
We hypothesize that the combination of physical activity and liraglutide treatment improves weight loss 
maintenance, body composition and immunometabolic health since the decreased energy expenditure is 
targeted with exercise and the increased appetite with liraglutide.  
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8 Objectives 
The overall objectives of this study are to investigate the maintenance of weight loss, body composition and 
immunometabolic health outcomes over 52 weeks with liraglutide treatment, physical exercise, and the 
combination in individuals with obesity after a very low-calorie diet.  
The hypothesis hierarchy was not clearly specified in the protocol and we hereby define it as described below. 
 
Hypothesis hierarchy for the primary outcome: 

1. We hypothesize that the combined treatment (exercise+liraglutide) is superior to placebo for 
maintaining total body weight loss. Superiority is claimed if the estimated difference between the 
changes in total body weight for the two groups (delta for exercise+liraglutide from V1 to V3 – delta 
for placebo from V1 to V3) favorizes the exercise+liraglutide group (diffence in change ≤ -4kg) and 
the CI95% for the estimated difference does not include 0.  
 

2. We hypothesize that liraglutide is superior to placebo for maintaining total body weight loss. 
Superiority is claimed if the estimated difference between the changes in total body weight for the 
two groups (delta for liraglutide from V1 to V3 – delta for placebo from V1 to V3) favorizes the 
liraglutide group (diffence in change ≤ -4kg) and the CI95% for the estimated difference does not 
include 0.  

 
3. We hypothesize that the combined treatment (exercise+liraglutide) is non-inferior to liraglutide for 

maintaining total body weight loss. Non-inferiority is claimed if the upper limit of the CI95% for the 
estimated difference between the changes in total body weight for the two groups (delta for 
exercise+liraglutide from V1 to V3 – delta for liraglutide from V1 to V3) is < +4kg. 

 
4. We hypothesize that exercise is non-inferior to placebo for maintaining total body weight loss.  

Non-inferiority is claimed if the upper limit of the CI95% for the estimated difference between the 
changes in total body weight for the two groups (delta for exercise from V1 to V3 – delta for placebo 
from V1 to V3) is < +4kg. 
 

5. We hypothesize that the combined treatment (exercise+liraglutide) is superior to exercise for 
maintaining total body weight loss. Superiority is claimed if the estimated difference between the 
changes in total body weight for the two groups (delta for exercise+liraglutide from V1 to V3 – delta 
for exercise from V1 to V3) favorizes the exercise+liraglutide group (diffence in change ≤ -4kg) and 
the CI95% for the estimated difference does not include 0.  

 
Secondary outcome: 

6. We hypothesize that the combined treatment (liraglutide+exercise) is superior to liraglutide for body 
composition (total body fat percentage). Superiority is claimed if the estimated difference between 
the changes in total body fat percentage for the two groups (delta for liraglutide+exercise from V1 
to V3 – delta for liraglutide from V1 to V3) favorizes the liraglutide+exercise group (diffence in change 
≤ -1.5%) andthe CI95% for the estimated difference does not include 0. 
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7. We hypothesize that exercise is superior to placebo for body composition (total body fat percentage). 
Superiority is claimed if the estimated difference between the changes in total body fat percentage 
for the two groups (delta for exercise from V1 to V3 – delta for placebo from V1 to V3) favorizes the 
exercise group (diffence in change ≤ -1.5%) and the CI95% for the estimated difference does not 
include 0. 
 

8. We hypothesize that the combined treatment (exercise+liraglutide) is non-inferior to exercise for 
body composition (total body fat percentage). Non-inferiority is claimed if the upper limit of the 
CI95% for the estimated difference between the changes in total body weight for the two groups 
(delta for exercise from V1 to V3 – delta for placebo from V1 to V3) is < +1.5%. 

Section 3: Study Methods 
9 Trial design (from published protocol(1)) 
The S-LiTE trial (acronym for ‘Synergy effect of the appetite hormone GLP-1 (LiragluTide) and Exercise on 
maintenance of weight loss and health after a low calorie diet’) is an investigator-initiated, randomized, 
placebo-controlled, parallel group trial. The trial is triple-blinded with regards to study medication but not 
exercise intervention. The trial is registered at the European Clinical Trials Database (EudraCT Nr.: 2015-
005585-32). 
Description of Interventions 
Diet-induced weight loss: Initially, all participants will undergo eight weeks with a very low-calorie diet (VLCD) 
(Cambridge Weight Plan, 800 kcal/day) with the objective to lose at least 5 % of body weight. Although 
benefits are evident already at modest weight loss of 2-3 % (e.g. triglycerides and HbA1c) (6), a ≥ 5 % cut-off 
after 8 weeks is chosen because fast weight losers have obtained a greater weight reduction and long-term 
maintenance, and were not more susceptible to weight regain than gradual weight losers (47). Participants 
who have lost at least 5 % of body weight after the eight-week weight loss phase will be randomized to one 
of the four study groups: 52 weeks of treatment with 1) placebo, 2) exercise + placebo, 3) liraglutide, or 4) 
exercise + liraglutide.  
Liraglutide or placebo 
The GLP-1 RA, liraglutide (3.0 mg), or placebo will be administrated once daily as subcutaneous injections in 
the abdomen or thigh. The starting dose is 0.6 mg with weekly increments of 0.6 mg until 3.0 mg is achieved. 
Participants who do not tolerate the 3.0 mg dose may in special circumstances stay at a lower dose (2.4 mg). 
However, the aim is to reach 3.0 mg for all study participants. 
Physical exercise 
The exercise intervention follows WHO’s global recommendations on physical activity for health of 150 
minutes of moderate-intensity aerobic physical activity throughout the week or 75 minutes of vigorous-
intensity aerobic physical activity throughout the week or an equivalent combination of moderate- and 
vigorous-intensity activity (48). The intervention aims for four sessions per week. Two sessions per week will 
be performed under supervision of the study staff and two sessions will be performed individually. 
Supervised sessions will consist of structured exercise for a duration of 45 min. Of this, 30 min will be interval-
based spinning and 15 min will be circuit training focusing on large muscle groups. Individual exercise sessions 
will include aerobic exercise such as cycling, rowing, or elliptical training as well as brisk walking or cycling to 
work. Participants randomized to an exercise group will  undergo a 6-week ramp-up phase with exercise 
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before exercising four times per week from week 7 to 52. Participants not randomized to exercise will be 
instructed to maintain habitual physical activity according to level before entering the trial.  
Liraglutide and physical exercise 
Combination of the two interventions described above. 
Study visits  
Identical test days will take place before the initial weight loss phase (V0, week -8), after initial weight loss 
(V1, week 0) and after 52 weeks of treatment (V3). For details on test days, see study protocol (1). 
Weight consultations will be performed weekly during initial VLCD phase and at week 1, 2, 3, 4, 9, 13, 17, 22, 
26, 32, 39 and 46. Fasting blood samples will be collected at week 4, 13, 26 and 39. 
Finally, participants will be invited to complete a post-trial unsupervised follow-up visit (V4) 1 year after 
intervention completion. 
 

10 Randomization 
After the initial eight-week VLCD phase, participants will be randomized after the test day (V1) to one of the 
four study groups in a 1:1:1:1 ratio in accordance with a subject randomization list (SRL) provided by Novo 
Nordisk. An un-blinded study nurse (not otherwise associated with the trial) will allocate study participants 
according to the SRL. Randomization will be stratified by sex (male/female) and age (below/above 40 years). 
 

11 Sample size 
Sample size calculation for total body weight:  
Sample size for primary endpoint was calculated in relation to total body weight. Based on previous weight 
loss studies with liraglutide (15,49), we estimate the response within each treatment group to be normally 
distributed with a standard deviation of 5.5 kg. Thus, with 30 participants completing each study arm we will 
be able to detect a difference in delta of 4 kg between groups with a power of 0.8, assuming a two-sided α-
level of 0.05. We will need 34 completers in each arm in order to attain a statistical power of 0.85 and 40 
completers in each arm to attain a statistical power of 0.90. In our previous study, 10 % of participants who 
entered the initial VLCD phase did not complete this phase (15). With 222 recruited study participants and 
an expected dropout rate of 25 % after randomization, we expect to have at least 30 participants from each 
study arm to complete the trial.  
 
Sample size for total body fat percentage 
Sample size for secondary endpoint body composition was calculated in relation to total body fat percentage. 
Based on previous exercise trials (20,50–52) the response within each treatment group was estimated to 
have a standard deviation of 2.1%. Thus, with 32 participants completing each study arm we will be able to 
detect a difference in delta body fat percentage of 1.5% between groups with a power of 0.8, assuming a 
two-sided α-level of 0.05. We will need 36 completers to attain a statistical power of 0.85. Sample size 
calculation for fat percentage was performed in relation to writing the SAP; after the intervention was started 
but prior to the termination of the intervention. 
 

12 Framework 
See point 8. 
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13 Statistical interim analyses and stopping guidance 
No interim analyses were planned and no guidelines for terminating the trial early was made. 
 

14 Timing of final analyses 
Results from V1 to V3 will be analyzed when the final participant completes the trial. Analyses including V4 
will be performed when the final participant has completed V4. 
 

15 Timing of outcome assessments  
Body weight is measured at week -8 (V0), -7, -6, -5, -4, -3, -2, -1, 0 (V1), 1, 2, 4, 9, 13, 17, 22, 26, 39, 46, 52 
(V3) and 104 (V4). 
Body composition is measured at V0, V1, V3 and V4.  
See point 26 for timing of descriptive/explorative outcome assessments. 
 

Section 4: Statistical Principles 
16-18 Confidence intervals and P values 
P-values and 95% confidence intervals will be presented for comparisons (between and within group) and 
will not be adjusted for multiplicity. 95% confidence intervals will be presented for estimated levels and will 
not be adjusted for multiplicity. A hierarchical testing procedure will be used to control the type 1 error for 
tests with predefined hypotheses (see point 8); all subsequent tests will be regarded as 
descriptive/explorative if a test fails to confirm a given hypothesis. All non-hypothesis-based tests are per 
definition of a descriptive/exploratory nature. Statistical significance will be claimed if the null hypothesis is 
rejected at the alpha level of 0.05 (two-sided), i.e. the P-value of the null hypothesis test is ≤ 0.05. 95% 
confidence intervals will be required to support the tested hypothesis for hypothesis-based tests (see 8), and 
for exploratory/descriptive test on an absolute or relative scale not include 0 or 1 respectively.  
 

19-20 Adherence and protocol deviations and Analysis populations 
Intention-to-treat (ITT) analysis set:  
All participants analyzed as randomized. 
 
Per Protocol (PP) analysis set:  
All participants who complete the 52-week randomized treatment period with sufficient compliance to study 
medication and/or exercise protocol as defined by:  
Study medication: Having administered 2.4 or 3.0 mg subcutaneous (sc) liraglutide/placebo for at least 75% 
of the intervention period (measured by self-reporting during the 12 visits from week 1 to 52 after up-
titration). Compliance to study medication will be summarized as number and percentage of participants 
equal to or above 75 %.  
Exercise: Sports watches with heart rate monitors will be worn during all exercise sessions. For all participants 
in an exercise group, we will report duration of exercise (minutes per week), mean intensity during exercise 
(percentage of maximum heart rate) and exercise frequency (times per week). Exercise duration, intensity 
and frequency will be summarized as median plus 25th and 75th percentiles. Heart rate will be measured with 
a frequency of 1 Hz during all exercise. Relative exercise intensity for each heart rate measurement will be 
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classified based on percentage of maximum heart rate (determined during an maximal incremental cycle 
ergometer test) in accordance with ACSM’s position stand on prescribing exercise(53), i.e. very light intensity 
(<57% of HRmax), light intensity (57-63% of HRmax), moderate intensity (64-76% HRmax), vigorous intensity (77-
95% HRmax) and near-maximal to maximal intensity (≥ 96% HRmax).  
For exercise sessions where heart rate data is missing (e.g. due to forgotten watch for supervised exercise), 
the exercise duration will be noted and the participants average intensity and time at different intensity 
zones will be imputed. Exercise will be averaged for all weeks after the ramp-up phase and until end-of-trial 
test day and exercise compliance will be 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-intensity aerobic physical 
activity throughout the week or an equivalent combination of moderate- and vigorous-intensity activity. Thus, 
for example, one minute of moderate-intensity exercise will account for 1/150 and one minute of vigorous- 
or near-maximal to maximal intensity exercise will account for 1/75 of prescribed weekly exercise. Per 
protocol analysis set will be defined as meeting at least 75% of global recommendations. 
 
For participants to be included in the per protocol analysis: 
a) Liraglutide group: Having administered 2.4 or 3.0 mg sc liraglutide for at least 75% of the intervention 
period. 
b) Placebo group: Having administered 2.4 or 3.0 mg sc placebo for at least 75% of the intervention period.  
c) Exercise + placebo group: Having administered 2.4 or 3.0 mg sc placebo for at least 75% of the intervention 
period and having met at least 75% of global recommendations on physical activity.  
d) Exercise + liraglutide group: Having administered 2.4 or 3.0 mg sc liraglutide for at least 75% of the 
intervention period and having met at least 75% of global recommendations on physical activity. 
 

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

22 Eligibility 
Inclusion criteria:  

• BMI > 32 and < 43 (kg/m2) 
• Age >18 and <65 years  
• Safe contraceptive method 

Exclusion criteria:  
• Patients diagnosed with known serious chronic illness including type 1 or 2 diabetes (or a randomly 

measured fasting plasma glucose > 7 mmol/l)  
• Angina pectoris, coronary heart disease, congestive heart failure (NYHA III-IV) 
• Severe renal impairment (creatinine clearance (GFR) <30 mL/min)   
• Severe hepatic impairment  
• Inflammatory bowel disease  
• Diabetic gastroparesis 
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• Cancer  
• Chronic obstructive lung disease  
• Psychiatric disease, a history of major depressive or other severe psychiatric disorders  
• The use of medications that cause clinically significant weight gain or loss  
• Previous bariatric surgery  
• A history of idiopathic acute pancreatitis  
• A family or personal history of multiple endocrine neoplasia type 2 or familial medullary thyroid 

carcinoma  
• Osteoarthritis which is judged to be too severe to manage the exercise programme. As intended per 

study design the intervention will include a 5% weight loss prior to randomization, thus it is expected 
that possible participants with mild form of osteoarthritis will be able to manage exercise 
prescriptions.  

• Pregnancy, expecting pregnancy or breast feeding. If a study participant is in doubt whether she 
could be pregnant, a urine pregnancy test is performed. Females of childbearing potential who are 
not using adequate contraceptive methods (as required by local law or practice). Adequate 
contraception must be used throughout the study period and at least 65 hours after discontinuation 
of trial medication (65 hours corresponds to 5 times the half-life of liraglutide).  

• Allergy to any of the ingredients/excipients of the study medication: liraglutide, disodium phosphate 
dihydrate, propylene glycol, phenol, hydrochloric acid, sodium hydroxide. 

• Regular exercise training at high intensity (e.g. spinning) >2 hours per week. 
 

23 Recruitment 
The flow chart of the trial will follow the CONSORT guidelines and will include the number of participants 
who a) received oral information, b) were assessed for eligibility at prescreening,  c) were included in the 
trial, d) attended first test day and initiated VLCD, e) were withdrawn or excluded from the VLCD phase, f) 
were randomized, g) were allocated to the four intervention groups, h) lost to follow-up, i) discontinued the 
intervention, and j) were analyzed in the end.   
 

24 Withdrawal/follow-up 
If a randomized participant withdraws, we will offer to perform all or some of the investigations planned at 
V3. The number/frequency of participants lost to follow-up (those not attending a weight measurement at 
V3) will be provided for each group and for each time point. If possible, the reasons for participants not 
completing the trial will be given. Summary of baseline levels for variables reported in the baseline table will 
be provided for completers and non-completers. Spaghetti plots will be used to visualize levels of the main 
outcome for completers and non-completers. 
 

25 Baseline participant characteristics 
The distribution of all outcomes included in baseline characteristics will be visually inspected using QQ-plots 
and histograms; those with a Gaussian distribution will be presented as means and standard deviations and 
those with a non-Gaussian distribution will be presented as medians plus 25th and 75th percentiles. 
The following outcomes will be included in the baseline participant characteristics table for all participants 
combined at V0, all participants combined at V1 and participants divided by randomization group at V1: 
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• Number of participants (men/women) 
• Age (years) 
• Weight (kg) 
• BMI (kg/m2) 
• Waist circumference (cm) 
• Total fat mass (kg) 
• Total fat free mass (kg)  
• Body fat percentage (%) 
• Systolic blood pressure (mmHg) 
• Diastolic blood pressure (mmHg) 
• HbA1c (mmol/mol) 
• Fasting glucose (mmol/L) 
• Fasting insulin (pmol/L) 
• Fasting C-peptide (pmol/L) 
• Glucose AUC (mmol/L*min) 
• Insulin AUC (pmol/L*min) 
• Cholesterol: total, LDL and HDL (mmol/L) 
• Triglycerides (mmol/L) 
• Peak oxygen consumption (ml/min) 
• Peak oxygen consumption (ml/min/kg) 
• HOMA-IR (fasting insulin (pmol/L) * fasting glucose (mmol/L) / 22.5) 
• Matsuda index (10000/sqrt(fasting glucose * fasting insulin * mean glucose * mean insulin) 
• SF-36 (scoring of eight health concepts ranging from 0-100: physical functioning, role limitations due to 

physical health problems, role limitations due to personal or emotional problems, energy/fatigue, 
emotional well-being, social functioning, pain, and general health perception) 

• ALAT (U/L) 
• Amylase (U/L) 
• CRP (mg/L) 
 

Section 6: Analysis 
26 Outcome definitions 
Primary outcome: Primary outcome is the change in total body weight (measured to the nearest 0.1 kg) from 
baseline (V1) to end-of-treatment (V3). A weight difference of 2.5-4.5 % body weight, obtained with 
liraglutide or semaglutide compared to placebo, have been associated with beneficial cardiovascular 
outcomes (45,46). A weight difference of 1-5% of body weight obtained with exercise has been associated 
with beneficial cardiovascular disease risk factors (17,18) and prevention of diabetes (54). 
Thus, a difference in delta of 3-5% of total body weight has been defined as the minimal important difference. 
With a study population consisting of men and women (expected mean height of 170-174 cm based on 
previous lifestyle trials performed in Denmark (15,55,56) and a BMI range of 32-43 kg /m2, a difference of 3-
5% of total body weight will correspond to 4 kg. 
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Secondary outcome: Secondary outcome body composition is defined as change in total body fat percentage 
(measured to the nearest 0.01 % in fasted state with dual-energy X-ray absorptiometry (DXA) scans) from V1 
to V3. In most exercise interventions with aerobic exercise, almost exclusively fat mass is lost whereas lean 
mass is close to unchanged (19–22). In weight loss studies with liraglutide, a combination of fat and lean mass 
is lost (31,32). The clinically relevant effect size for changes in fat percentage is not well described or 
investigated. However, based on the results of previous exercise interventions (20,57), a decrease in fat 
percentage equivalent of approximately 1.5 % seems to be physiologically relevant. 
 
Descriptive/explorative outcomes:  
Change from V1 to V3:  

• Body composition (fat free mass (kg) and fat mass (kg)) 
• Circulating biomarkers of metabolic regulation to evaluate metabolic health (fasting and 3h AUC 

glucose (mmol/L and mmol/L*min) and fasting and 3h AUC insulin (pmol/L and pmol/L*min) for 
HOMA-IR and Matsuda index, HbA1c (mmol/mol), waist circumference (cm), systolic and diastolic 
blood pressure (mmHg), lipids (total cholesterol, HDL, LDL, and triglycerides (mmol/L)) 

• Safety (adverse events). Adverse events with an incident of ≥ 5 % in any treatment group and all 
serious adverse events will be reported by system organ class and preferred term for participants in 
all four treatment groups separately and for liraglutide pooled (exercise and non-exercise) and 
placebo pooled (exercise and non-exercise).  Events will be reported as percentage of individuals 
experiencing an adverse event.  

• Self-rated quality of life will be measured with the SF-36 questionnaire. Eight health concepts ranging 
from 0-100 will be scored: physical functioning, role limitations due to physical health problems, role 
limitations due to personal or emotional problems, energy/fatigue, emotional well-being, social 
functioning, pain, and general health perception. 

• Peak oxygen uptake (absolute (ml/min) and relative (ml/min/kg)) 
• Stair test (S) and maximal isometric strenght test (N) 
• Use of medication (n, frequency) 
• Meal related appetite response 
• Determination of daily physical activity and sleep 
• Systemic markers of immune-metabolism and oxidation 
• Endothelial function 
• Immuno-metabolic changes in the subcutaneous adipose tissue  
• Gene expression profile of circulating inflammatory cells 
• Bone health 
• Food preference questionnaire (LFPQ) and subjective appetite sensation  
• Faecal bacterial composition 
• Plasma metabolomics and proteomics 
• Epigenetics of spermatozoa 
• Questionnaires (TFEQ, IPAQ, G-SES, PSQI) 

 
Outcomes measured at other time points: 
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• Body weight (week -7, -6, -5, -4, -3, -2, -1, 1, 2, 4, 9, 13, 17, 22, 26, 32, 39, 46 and V4)  
• Number/proportion of participants that have reduced total body weight by ≥5%, ≥10% and ≥15% at 

V3 compared with V0 
• Body composition (V0 and V4)  
• Metabolic health (week 4, 13, 26, 39 and V4) 
• Safety (adverse events) (week 1, 2, 3, 4, 9, 13, 17, 22, 26, 32, 39 and 46) 
• Meal related appetite response (V0)   
• Peak oxygen uptake, stair test and maximal isometric strenght test (V0) 
• Systemic markers of immune-metabolism and oxidation (V0)  
• Endothelial function (V0)  
• Immuno-metabolic changes in the subcutaneous adipose tissue (V0 and week 26) 
• Gene expression profile of circulating inflammatory cells (V0) 
• Bone health (V0 and V4)  
• Food preference questionnaire (LFPQ) (V0 and V4) and subjective appetite sensation (V0)  
• Faecal bacterial composition (V0)  
• Plasma metabolomics and proteomics (V0, week 4, 13, 26, 39 and V4) 
• Epigenetics of spermatozoa (V0)  
• Questionnaries (SF-36, TFEQ, IPAQ, G-SES, PSQI) (V0 and V4) 
• Measurement of sleep and physical activity levels (V0, week 13, 26 and V4)     

 

27 Analysis methods 
Analyses of primary and secondary outcome (except for the pre-planned sensitivity analyses) will be 
performed based on the intention-to-treat (ITT) principle. All continuous endpoints/outcomes will be 
modelled using linear mixed effects models with the following fixed effects and interactions: Time (factorial), 
Treatment, Time (factorial)*Treatment, sex (female, male) and age group (<40 years, >40 years). The models 
will be specified with a restricted maximum likelihood estimation method, the Kenward-Roger degrees of 
freedom method, an unstructured covariance structure and a repeated effect for visit. Model fit will be 
evaluated using graphical methods and if necessary, outcomes will be log-transformed. Estimated mean 
differences (CI95%) for changes between groups (main study effects), conditional means (CI95%), and within 
group changes (CI95%) will be extracted from the model. For log-transformed outcomes the results will be 
back-transformed and be presented as the ratio between estimated relative changes (CI95%), estimated 
conditional geometric means (CI95%) and within group relative changes (CI95%), respectively. Between 
group differences in changes will be null-hypothesis tested and presented with P-values.  
The following predefined sensitivity analyses will be performed for the primary and secondary outcome; an 
additional ITT analysis with adjustment for initial weight loss, an ITT analysis using multiple imputation to 
assess effects of missing data (see also 28), and finally an analysis of per protocol completers. 
 
The analysis of the primary and secondary outcome will be performed blinded to group allocation by a 
researcher (Martin Bæk Blond) that have not been involved in the execution of the trial. The statistical and 
clinical/physiological implications of the results will be evaluated by the research team before un-blinding. 
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28 Missing data 
The number/frequency of missing values for the primary and secondary outcome in each group at each time 
point will be provided. For the main analysis, the results will be based on likelihood inference and missing 
data will be assumed to be missing completely at random or missing at random. An additional analysis based 
on multiple imputation of missing values will be performed (see also 27). The dataset used for the 
imputations will include all observations for total body weight measured at or between V1-V3, and the 
auxiliary variables Sex (male or female) and Age (continuous, years). Under the assumption that weight 
changes in participants after loss to follow-up would resemble the development in the placebo groups rather 
than the development in the group to which they were originally randomized, the participants with missing 
values at V3 will be pooled with the placebo group and using a Markov chain Monte Carlo method all missing 
values will be imputed, assuming a multivariate normal distribution for the data, to create 1000 new datasets. 
Subsequently, the imputed datasets will be analyzed using the same mixed linear model used for the main 
analysis and averaged estimates calculated. If the main outcome has been transformed to fit the statistical 
model used for the main analysis this transformation will be applied in the imputation procedure. 
 

29 Additional analyses 
Not relevant 
 

30 Harms 
Adverse events (defined in the trial protocol) with an incident of ≥ 5 % in any treatment group and all serious 
adverse events will be reported by system organ class and preferred term for participants in all four 
treatment groups separately and for liraglutide pooled (exercise and non-exercise) and placebo pooled 
(exercise and non-exercise). Events will be reported as the number of and percentage of individuals 
experiencing an adverse event. Rates of adverse events will not be compared by null-hypothesis testing. 
 

31 Statistical software 
R version 3.6.0 or newer version (The R Foundation for Statistical Computing, www.R-project.org) and SAS 
version 9.4 or newer version (SAS Institute, Cary, NC, USA). 
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Summary of changes from original to final statistical analysis plan:  

Amendment number 

(issue date) 

1 (04-Mar-2020) 

 

Timing of change 

(before/after  

FPFV 12-Sep-2016) 

After 

Rationale and key 

changes 

• Item 8 (Page 6-7): The minimally important differences 

(physiologically relevant changes) for the primary and secondary 

outcomes (which was defined in item 26) have now also been 

added to the hypotheses for clarity. In the hypotheses section of 

SAP version 1 it was stated that superiority would be claimed if the 

changes to an outcome favorised the given group (see individual 

hypotheses on page 6-7) and the lower limit of the CI95% for the 

estimated difference did not exceed 0. The latter part has been 

corrected to “does not include 0” to reflect that a reduction is 

favorable as stated in the hypothesis.  

• Item 27 (Page 14): The model specification for the model used to 

assess changes to the primary and secondary outcomes was 

changed from a random intercept model to a repeated measures 

model in order to avoid the risk of falsely narrow confidence 

intervals and low P-values produced by the assumption of constant 

variance and covariance across repeated measurements. 

FPFV, first patient first visit. 


