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 Choose a job you love  

and you will never have to work  

a day in your life. 

 

Confucius 

 



ABSTRACT  

Background The prevalence of obesity has increased dramatically during the last decades worldwide. 

Obesity is associated with increased risk of morbidity and mortality, leading to an increased suffering 

for the individual patient and an increased burden on the health care system. Currently, the most 

effective treatment is bariatric surgery. Since bariatric surgery cannot be provided to all obese patients, 

other non-surgical obesity treatment methods are needed.   

Aim The overall objective of this thesis was to evaluate effects and side-effects of very low energy 

diets (VLEDs), as well as to characterise treatment discontinuation. Specific objectives were to evaluate 

weight loss as treatment option for patients with obstructive sleep apnoea (OSA; Study I&II); to assess 

the risk of gallstones requiring hospital care, and cholecystectomy, in a commercial weight loss 

programme using VLED or low energy diet (LED; Study III); and to characterise discontinuation 

patterns in obesity treatment programmes by analysing data from anti-obesity drug trials (Study IV). 

Methods The study on OSA and weight loss (Study I&II) consisted of a randomised controlled trial 

(RCT) followed by an observational follow-up for a total duration of one year. Included were obese 

men (n=63, BMI 30-40, aged 30-65 years) with moderate to severe OSA (apnoea-hypopnoea index 

(AHI) ≥15) treated with CPAP. The intervention consisted of a hospital-based weight loss programme, 

using VLED (554 kcal/day) to promote weight loss for nine weeks After the RCT was finished the 

controls also received VLED. The VLED, in both groups, was followed by a 43-week weight loss 

maintenance phase. Study III was a one-year matched cohort study of consecutively enrolled adults in a 

commercial weight loss programme in Sweden between 2006 and 2009 (n=6,640; mean age 46y; 83% 

women; mean BMI 33). The intervention included a three-month weight loss phase, consisting of either 

VLED (500 kcal/day) or LED (1,200-1,500 kcal/day), followed by a nine-month weight loss maintenance 

phase. Gallstones requiring hospital care and cholecystectomies during the one-year programme were 

collected from the National Patient Register. Study IV was a systematic review and meta-analysis 

including published placebo-controlled anti-obesity trials of orlistat, sibutramine and rimonabant 

(n=13,457). 

Results Study I&II: After the nine-week RCT the intervention group’s mean body weight was 20 kg 

lower than that of the control group, and its mean AHI was 23 events/h lower. In total 70% (44/63) 

completed the one-year pooled observational follow-up. The AHI changes after nine weeks of VLED  

(-58%) were largely maintained at one-year (-47%) following the initial weight loss of 18 kg, and 12 kg 

at one year. Study III: The absolute risks of gallstones requiring hospital care and cholecystectomy were 

found to be low, but three times higher in the VLED than the LED programme (hazard ratio 3.4 and 

3.1, respectively; both P<0.001). While the risks were greater in the VLED compared to LED group, 

the benefits in terms of one-year weight loss was also greater (11 vs 8 kg; P<0.001), and the 

proportion remaining in the programme (82% vs 78%; P<0.001). Study IV: The overall combined one-

year dropout rates were high in both the drug (30-39%) and placebo arms (37%) of placebo-controlled 

anti-obesity drug trials, but marginally lower in the drug arms (pooled risk ratio 0.9; P=0.001).  

Conclusion VLED-induced weight loss resulted in a significant reduction of moderate to severe OSA, 

with the majority of the initial improvement maintained at one year. Albeit low, the risks of gallstones 

and cholecystectomy were greater with VLED than LED treatment, as was weight loss. Treatment 

discontinuation was lower both in the hospital-based weight loss programme and in the commercial 

weight loss programme, as compared to pooled data from the placebo arms in anti-obesity drug trials.  
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1 INTRODUCTION 

1.1 OBESITY AND OVERWEIGHT 

1.1.1 Definition  

Obesity and overweight are defined as abnormal or excessive fat accumulation that may impair health, 

and classified, according to the World Health Organisation (WHO), by use of the body mass index 

(BMI; kg/m2).1 A BMI ≥30.0 is classified as obesity, while a BMI between 25.0 and 29.9 is classified as 

overweight, sometimes referred to as pre-obesity (Table 1).1 

 

 

 

Although BMI is used as a proxy for adiposity, it does not distinguish between fat and fat free mass, nor 

does it take fat distribution into account. Other more specific measures of body fat include 

measurement of body composition, such as dual energy X-ray absorptiometry, magnetic resonance 

imaging and bioelectrical impedance analysis. However, the costs, the limited availability, or the 

inaccuracy of some of these techniques limit their usefulness especially on the population level. BMI is 

therefore considered to provide a simple but useful measure of obesity.1 

 

Waist circumference is commonly used as a surrogate measure for abdominal obesity (Table 2). 

Visceral fat has been described to be more metabolically active than fat in general, and abdominal 

obesity may therefore be associated with greater health risks than general obesity.1 Studies have 

shown that waist circumference independently contributes to mortality risk beyond BMI.2  

 

 

  

Table 1 Classification of adult overweight and obesity1  

Classification BMI (kg/m2) 

Underweight <18.5 

Normal  18.5-24.9 

Overweight 25.0-29.9 

Obesity ≥30.0 

  Obesity class I 30.0-34.9 

  Obesity class II 35.0-39.9 

  Obesity class III ≥40.0 

 

Table 2 Waist circumference thresholds  

for abdominal obesity in Caucasians3   

 Increased risk High risk 

Men ≥ 94 cm ≥ 102 cm 

Women ≥ 80 cm ≥ 88 cm 
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1.1.2 Prevalence  

The prevalence of obesity has increased dramatically during the last decades worldwide. Between 1980 

and 2008, the world prevalence has been reported to have doubled from 5% to 10% among adult men 

and from 8% to 14% among women.4 The largest rise was seen in Oceania in both sexes, while the 

trend was almost flat for women in central Africa, central and eastern Europe and for men in southeast 

Asia during this time.4  In 2008, it was estimated that 1.5 billion adults had a BMI ≥25 and 500 million of 

these were obese worldwide, with the highest prevalence of obesity in men seen in the United States 

(US) and in women in southern Africa.4 According to the latest measured data from the US National 

Health and Nutrition Examination Survey (NHANES) in 2009-2010, almost 70% of the adult population 

was overweight or obese, of which half (36%) was obese.5 In Sweden during the same time, 45% of the 

adult population was overweight or obese, of which one quarter (11%) was obese, according to self-

reported data from Statistics of Sweden.6  Self-reported data should, however, be interpreted with 

some caution, due to risk of systematic underestimations.7 In both the US and Sweden, the most rapid 

increase of obesity during the last decades has occurred in the morbidly obese group (BMI ≥35).8 9  

 

Several reports have suggested that the prevalence of obesity has levelled off since the early 2000s. For 

example, the prevalence has remained stable among women in the US since 1999, but not among 

men.10  In an extensive review of the subject, Rokholm et al11 concluded that a stabilisation or levelling 

off in the prevalence of obesity was seen in the majority of studies among children and adolescents. In 

adults the results were diverging, with some of the studies reporting stability, while increases were still 

observed in others. Despite a levelling of or not, the current prevalence is at all time high.  

 

1.1.3 Health Consequences  

Overweight and obesity are associated with several adverse health consequences such as type 2 

diabetes, cardiovascular disease including hypertension and hyperlipidemia, musculoskeletal disorders, 

obstructive sleep apnoea, psychiatric illness and several cancers (such as postmenopausal breast, colon, 

kidney, oesophagus cancers).1 12 Some of these co-morbidities increase the risk of death, while others 

decrease quality of life or ability to work,13-15 causing a major economic burden to society. Obesity 

alone has been estimated to be responsible for 0.7-2.8% of health care expenditures worldwide,16 

while in Sweden, the health care costs of obesity was in 2003 estimated to 3.6 billion SEK, that is 1.9% 

of the national health care expenditure.17 

 

Obesity increases the risk for all-cause mortality,18 19 20 while some controversy exists for this 

association in overweight.20 21 It has been estimated that a BMI of 30-35 reduces life expectancy by two 

to four years, and a BMI of 40-45 with eight to ten years.18 In US adults, diet and activity patterns were 

already in 2000 ranked as the second most important modifiable risk factor for preventable deaths 

after smoking, accounting for 17% and 18% of excess annual deaths, respectively.22  
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1.1.4 Treatment  

The main treatment options for obesity include lifestyle modification, very low energy diet (VLED), 

pharmacotherapy and bariatric surgery (weight loss surgery). These treatments will be discussed 

below, and VLED in particular in section 1.2.  

 
1.1.4.1 Lifestyle Modification  

Lifestyle modification is always recommended as the first-line treatment option for overweight and 

obesity and includes dietary, physical activity and behavioral modification. The foundation of weight loss 

includes a negative energy balance over time that is achieved by decreasing the energy intake and/or 

increasing energy expenditure. The individual effect of behavioral treatment, diet, physical activity has 

been studied widely, but should according to the body of evidence be combined for the best treatment 

effect. A meta-analysis by Franz et al23 concluded that diet and physical activity alone resulted in a 

modest weight loss after one year of -5 kg (-5%) and -1 kg (-1%), respectively.  However, the weight 

loss was greater when combined -8 kg (-9%).  In addition, the Look AHEAD (Action for Health in 

Diabetes) study of subjects with diabetes, reported one year weight losses of -9% of initial body weight 

in the intensive lifestyle intervention that included diet, physical activity, and behaviour modification,24 

and -6% of initial weight after four years.25 

 
1.1.4.1.1 Dietary Strategies   

Energy deficient diets are often aiming at a 500-1,000 kcal deficit of required energy intake per day to 

produce a weight loss of approximately 0.5-1 kg/week.26 The impact of dietary macronutrient 

composition on weight loss has been investigated extensively and potential effects of high-protein diets, 

low-carbohydrate diets, high-fat diets, and low glycemic index, have been studied. One meta-analysis27 

and one review28 comparing low-fat with low-carbohydrate diets both found that low-carbohydrate 

diets achieved greater weight loss during the first 6 months, but this difference was not present after 

12 months. The authors of both papers concluded that the initial greater weight loss may have been 

linked to adherence, since a higher rate of adherence to low-carbohydrate diets was seen during 6 but 

not at 12 months, compared to the low-fat diet. In addition, large randomised controlled trials with 

different diet compositions have reported similar effects on weight loss after two years.29-31 Data from 

these studies suggests that restricting total energy intake and adherence is more important than diet 

macronutrient composition for achieving weight loss.  

 

For weight loss maintenance, however, there are data suggesting that diet composition could be 

important. The National Weight Control Registry (NWCR) in the US, containing over 4,000 

individuals who have maintained a weight loss of 13.6 kg for a minimum of one year, found that a diet 

low in energy and fat was associated with long-term maintenance, according to self-reported data.32 In 

addition, a large randomised controlled European study found that a modest increase in protein 

content and a modest reduction in the glycemic index, after an 800 kcal/day diet, led to improvements 

in study completion and maintenance of weight loss.33  
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1.1.4.1.2 Weight Loss Maintenance  

In obesity treatment the greatest challenge is weight loss maintenance. Wing and Hill34 have defined 

successful weight loss maintenance as an intentional weight loss of >10% that has been maintained for 

at least one year. Factors that have been associated with long-term weight loss maintenance, according 

to self-reported data from the NWCR, are:32 35 36 

 

1) engaging in high levels of physical activity 

2) eating a diet that is low in energy and fat 

3) eating breakfast 

4) self-monitoring weight regularly 

5) maintaining a consistent eating pattern across the week  

6) attending treatment sessions regularly 

 

Factors associated with maintenance after weight loss with VLED are described in section 1.2.4.5.  

  

 
1.1.4.1.3 Commercial Weight Loss Programmes 

In addition to traditional obesity treatment within the health care system, commercial weight loss 

programmes are being used annually by millions. Randomised controlled studies evaluating the efficacy 

and safety of different commercial programmes are scarce.37 The Weight Watchers programme has, 

however, been evaluated in three randomised controlled studies.38-40 In a recent study41 it was found 

that participants in the Weight Watchers group lost twice as much in weight after one year, compared 

to those in the standard care group (-4 vs -2 kg, with baseline carried forward for missing data).  
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1.1.4.2 Anti-Obesity Drugs  

Anti-obesity drugs are (or have been) indicated in subjects with a BMI ≥30 or a BMI ≥27 with medically 

complicated obesity42 who have failed to lose weight through lifestyle modification alone.  Anti-obesity 

drugs should always be given in conjunction with a lifestyle modification programme.  
 

1.1.4.2.1 Anti-Obesity Drugs on or Recently Withdrawn from the Market  

At present only one anti-obesity drug, orlistat, is available after withdrawal of rimonabant and 

sibutramine. The characteristics, mechanisms, weight loss and adverse events of the drugs are 

presented in Table 3.  

 

 

Rimonabant was never approved in the US, and was withdrawn in Europe in 2008 after two years on 

the market due to reports of severe depression and increased risk of suicide ideation.44 46 Sibutramine 

was withdrawn in Europe and the US in 201044 after 11 and 13 years on the market, respectively. The 

reason for the withdrawal was that the Sibutramine Cardiovascular Outcomes trial (SCOUT)47 found 

that subjects with pre-existing cardiovascular conditions treated with sibutramine, that is subjects with 

contraindications for the drug, had an increased risk of nonfatal heart attacks and nonfatal stroke. 

Orlistat has been approved since 199842 and was recently also approved, in Europe and US, as an over-

the-counter drug under the trade name Alli, but with half the dosage (60x3mg/day).48 In Sweden Xenical 

is indicated in subjects with a BMI ≥28 with co-morbidity or a BMI ≥30,26 while Alli in all with BMI ≥28.  
 

1.1.4.2.2 Potential New Candidates 

- Qnexa, a combination of phentermine and topiramate, was recently (February 2012)  

recommended to be approved as an anti-obesity drug in the US, but the final decision from the 

Food and Drug Administration  (FDA) is awaiting.44 Reported placebo-adjusted weight losses range 

between -8.9 to -10.9 kg.44   

- Liraglutide, an injectable glucagon-like peptide-1 (GLP-1) receptor agonist, is approved under the 

trade name Victoza for treatment of diabetes. Liraglutide also induces weight loss with reported 

placebo-adjusted weight loss after one-year of -5.8 kg.49  

- Contrave, a combination of bupropion and naltrexone, with placebo-adjusted weight losses of -4.2 

to -5.2 kg.44  

- Cetilistat,  a newer lipase inhibitor (as orlistat) that has been reported to be associated with less 

gastrointestinal complications than orlistat, but similar weight loss.44  

Table 3 Characteristics of anti-obesity drugs  

Drug 

Trade Name 
Mechanism  

Weight loss43 

Placebo-adjusted 
Adverse Events Status 

Rimonabant 

Acomplia 

cannabinoid CB1  antagonist 

induces satiety, increases 

energy expenditure, decreases 

lipogenesis 

-4.7 kg 

(%not given) 

depression and risk of 

suicide ideation 
withdrawn 

 

Sibutramine 

Reductil/Meridia 

noradrenaline-serotonin-

dopamine reuptake inhibitor 

induces satiety,  

increases energy expenditure 

-4.2 kg  

(-4.3%) 

increased blood 

pressure and pulse rate 
withdrawn 

 

Orlistat 

Xenical 

lipase inhibitor 

reduces dietary fat absorption 

by 30% 

-2.9 kg  

(-2.9%) 
gastrointestinal 

still on the 

market 

Information from references.42-45 Weight loss from a meta-analysis of pooled studies at one year. All participants in the weight loss trials, 

including those in the placebo-group, received comprehensive lifestyle education together with approximately a 500 kcal deficient diet.  
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1.1.4.3 Bariatric Surgery  

Bariatric surgery is indicated in obese subjects who have been unable to lose weight through lifestyle 

change alone, or in combination with anti-obesity drugs. The BMI indication in most guidelines is a BMI 

>40 kg/m2 or a BMI >35 kg/m2 with obesity-related co-morbidity.50 In Sweden the current national 

guidelines stipulate a BMI >35 kg/m2  with no further requirements regarding co-morbidity.51  

 

Broadly, three classes of surgery exist: restrictive (e.g. gastric banding), malabsorptive (e.g. biliopancreatic 

diversion), and combined procedures (gastric bypass). Table 4 outlines the principles, approximate 

weight loss and adverse events of the two most common procedures, globally.50 

 

 

Gastric bypass leads to greater weight loss and weight loss maintenance compared with gastric 

banding.52 54 In the Swedish Obese Subjects (SOS) study, the largest weight loss was seen the first and 

second year, and was followed by a weight regain that leveled off between year eight and ten.52 In 

addition to weight loss, several other beneficial long-term effects are seen after bariatric surgery, such 

as reduced mortality52, reduced incidence of diabetes and cardiovascular events, major improvements 

or recovery in preexisting diabetes, hyperlipidemia, hypertension, obstructive sleep apnoea,54-56  

improved health-related quality of life,57 and a reduced incidence of cancer.58  

 

Until 2002 about 700 operations were performed annually in Sweden. Since then, an explosive 

growth has occurred, with 8,000 surgeries in 2010, of which 98% were gastric bypass procedures.59  
  

Table 4 Characteristics of gastric banding and gastric bypass 

Procedure 

Class  
Principle  

Weight loss52 
Main Adverse Events 

1-2y 10y 

Gastric Banding 

Restrictive 

Adjustable band placed around the upper part 

of the stomach, creating a small pouch 

Limiting the amount of food consumed 

-20% -14% 

Acid reflux 

Band erosion or migration 

Frequent vomiting 

Gastric pouch dilatation 

Reservoir leak 
 

Gastric Bypass 

Restrictive and  

malabsorptive 

The stomach is divided by staples creating a small 

pouch to which the small intestine is attached, 

while the first part of the intestine is bypassed 

In addition to the restrictive and malabsorptive 

mechanism, increased levels of the gut hormones GLP-

1 and PYY are seen which increase satiety 

-32% -25% 

Abdominal pain 

Dumping syndrome 

Intestinal obstruction 

Nutritional deficiency 

Staple line leak 

Stomach ulcer 

Vomiting 

Information from references.50 52 53 GLP-1=Glucagon-like peptide-1; PYY= Peptide YY.  
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1.2 VERY LOW ENERGY DIETS  

Very low energy diets (VLEDs) or very low calorie diets (VLCDs) are defined as diets containing 450-

800 kcal/day (1.9-3.3MJ/d) or <800 kcal/day (<3.3MJ/d) according to European60 and American reports, 

respectively.61 62 The diets are designed to be used as the sole source of nutrition and contain the 

recommended daily allowance for vitamins, minerals, electrolytes and essential fatty acids. Low energy 

diets (LEDs) or low calorie diets (LCDs), contain between 800 and 1,600 kcal/day (3.3-6.7MJ/day) 

depending on definition,60 63-65  and often some of the regular meals during the day are substituted by 

liquid meal replacements.  

 

1.2.1 History  

The commercial liquid VLED formula was introduced in the 1970s. Unfortunately, the first products 

contained low quality protein and were deficient in vitamins and minerals, leading to several fatal 

dysrhythmias.61 Modern VLEDs, containing high quality proteins and essential nutrients, were 

introduced in the 1980s and since then no deaths related to VLED have been reported in Europe, 

according to the European SCOOP-report on VLED use.60 In addition, extensive studies on cardiac 

function have not found any adverse cardiac reactions after VLEDs.61 66  

 

1.2.2 Composition  

VLEDs are not defined as pharmaceutical agents, but as "foods for special medical purposes" with 

standardised values regarding their nutritional composition.60 67 The standardised composition 

according to the SCOOP-report on VLED use is shown in Table 5.  

 

 

 

 

 

 

 

 

 

 

VLEDs are generally strict liquid diets provided in powder form and mixed with water before 

consumption. Depending on the product, 3 to 6 sachets per day are consumed, replacing all meals. A 

more liberal VLED allows a restricted intake of other foods such as vegetables. VLEDs could also be 

based on normal food by combining lean meat, fish and fowl with vitamin and mineral supplements.66 

Studies have, however, found that strict adherence to a liquid VLED results in greater weight loss, both 

as compared to a more liberal approach allowing other foods68 and as compared with normal food.69  
  

Table 5 Composition of very low energy diets (VLEDs)60  

Nutrients  Content/day  

Protein ≥50 grams of high quality 

Carbohydrate ≥55 grams 

Fibre  ≥10 grams 

Fat  ≥7 grams , including essential fatty acids (linoleic- 

and alpha-linolenic acid of resp. 3.0 and 0.5 g) 

Vitamins and minerals recommended daily intake 
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1.2.3 Availability 

1.2.3.1 Europe  

In Europe VLEDs are available over-the-counter, except in Germany and France. In Germany VLEDs 

are used only under medical supervision, while in France VLEDs are only available on prescription. In 

other European countries VLEDs are freely available.60 To ensure a safe use of VLEDs, the 

manufacturers should, according to the SCOOP-report,60 include the following information for the 

consumer:  

 

1) VLEDs should not be used for longer than three weeks without medical supervision 

2) water intake should be at least 1.5  to 2 litre per day (in addition to that mixed with the powder) 

3) a warning that VLEDs are unsuitable for children, adolescents, pregnant or lactating women and 

that elderly and patients with co-morbidities should consult their physician before starting a 

VLED  

 
1.2.3.2 United States  

In the US, recommendations state that VLEDs should only be used under strict medical surveillance, 

managed by a physician. VLEDs should also be a part of a comprehensive intervention including medical 

monitoring and a lifestyle modification programme, preferably together with a dietician, psychologist 

and/or exercise physiologist.61 65 

 

1.2.4 Treatment  

1.2.4.1 Indications 

According to the American report National Task Force on the Prevention and Treatment of Obesity,61 

VLED may be indicated in well-motivated individuals with a BMI >30 who have failed in previous weight 

loss attempts, or in individuals with a BMI ≥27 with obesity-related co-morbidity. 

   

The European SCOOP-report does,60 however, not report a unified indication. The report only states 

that VLED should be used in the treatment of obesity. In hospital-based obesity treatment programmes 

in Sweden, the reported indication is a BMI ≥30 or a BMI >27 with co-morbidity.70 In addition, VLEDs 

could be indicated in situations where a rapid weight loss is clinically important, for example before 

bariatric surgery or other surgery, to reduce surgical risk and complications.66 71 

 
1.2.4.2 Contraindications 

There is no total agreement about VLED indications and contraindications. Table 6 lists the most 

common contraindications presented in European60 and American reports.61 
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1.2.4.3 Programme  

The duration of a VLED-programme in a hospital-based obesity treatment programme usually range 

between eight and 16 weeks,66 and performed in conjunction with lifestyle modification. After the 

VLED-period, a two to six week re-feeding period often follows to gradually introduce normal food 

again. The reasons for this are to prevent abrupt retention of fluid, to prevent abdominal discomfort 

and to adopt strategies to adjust eating behaviour. A longer re-feeding period has, in a randomised 

controlled trial,72 been associated with better weight loss maintenance. The re-feeding period should 

be followed by a weight loss maintenance programme to prevent relapses in weight (further details in 

section 1.2.4.5).   

 
1.2.4.4 Weight Loss  

The amount of weight loss differs between subjects since the energy content of VLEDs is fixed and 

does not take sex, age, weight or lean body mass into account, which all are determinants of basal 

metabolic rate. Weight loss depends on the specific person’s energy expenditure.  For example, a 700 

kcal/day VLED will lead to a much smaller energy deficit (and weight loss) in a sedentary female 

compared to an active male. Additionally, severely obese persons who expend more energy will lose 

more weight compared to moderately obese persons. An alternative definition of VLED has been 

suggested as approximately 10 kcal/kg of desirable body weight,73 or <50% of an individual’s predicted 

resting energy expenditure.65  However, these definitions have not been used in practice. Due to the 

above mentioned factors weight loss could differ substantially between individuals. In general VLED 

results in an average loss of 1.5-2.0 kg/week in women and 2.0-2.5 kg/week in men.61 

 
  

Table 6 Common contraindications to very low energy diets (VLEDs)60 61 

Contraindications Relative Contraindications  

- Behavioural disorders (bulimia, anorexia, 
alcoholism or drug addiction) 

- Children and adolescents  

For children who are still growing VLED should be avoided. However, in 

selected cases of severe obese children, where other treatments have 

failed, VLED could be used under strict medical supervision.60 61 

- BMI <25 

- Cancer 

- Cardiovascular or cerebrovascular disease 

- Gallbladder disease 
- Elderly 

There are few reports on the effect of VLED in people over 65. Since 

elderly persons already are at increased risk for negative nitrogen due to 

normally depleted lean body mass, the increased risks must be balanced 

with the benefits of weight loss in older persons.61 66 

- Liver disease and kidney disease 

- Major psychiatric disorder 

- Major depression 

- Type 1 diabetes mellitus 

- Pregnant and lactating women 

The SCOOP-report60 also lists: Acute ischaemic cardiopathies, electrolyte disorders, gout, haemopathy, hereditary metabolic diseases, major 
surgery or serious accident within the last 3 months, orthostatic hypotension, porphyria. 
The American National Task Force on the Prevention and Treatment of Obesity61 also lists:  Systemic infection or disease causing protein wasting. 
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1.2.4.5 Weight Loss Maintenance after VLED  

For all obesity treatment programmes weight loss maintenance is the greatest challenge. For VLED in 

particular, the effect of long-term weight loss maintenance has been questioned due to the reported 

poor long-term maintenance. In a meta-analysis65 of six head-to-head studies comparing the long-term 

effect of VLEDs compared to LEDs, Tsai and Wadden concluded that VLEDs resulted in significantly 

greater short-term weight losses (-16% vs -10% over 13 weeks; p <0.001), but the maintenance at two 

years was poor (-6% vs -5%; p >0.2). However, neither of these trials included an extensive exercise 

programme,74 75 pharmacotherapy,76-81 a prolonged re-feeding period72 75 or a low glycemic index and 

high protein diet33 as a part of the maintenance programme, which are all proven to limit weight regain. 

In addition, early large weight loss has been shown to be a predictor of long-term weight loss 

maintenance in a meta-analysis.82 
 

1.2.5 Side-Effects 

Common side-effects of VLED include diarrhoea, constipation, headache, nausea, vomiting, dizziness, 

orthostatic hypertension, dry mouth, poor cold tolerance, dryness of skin and loss of hair.60 61 These 

side-effects are all transient and related to the semi-starvation during VLED, but also due to inadequate 

fluid intake.60 More serious side-effects, but not as common, are gallstones and gout.61 65 66 83 Cardiac 

complications were, as previously described in section 1.2.1, a side effect with the old incomplete liquid 

formulas but not with the modern VLEDs. 
 

As the risk of gallstones during treatment with VLED compared LED will be evaluated in Study III of 

this thesis, a further description of gallstones and their association to obesity is provided below. 

  
1.2.5.1 Gallstones   

Gallstones (cholelithiasis) develop in the gallbladder, and are clusters of crystallised pieces of bile 

consisting either of cholesterol or bilirubin, with cholesterol stones being the most common type in 

western countries.84  

 

Multiple factors interact causing gallstone formation, the most commonly described mechanisms are:84  

1) Super-saturation of bile with cholesterol leading to cholesterol crystallisation  

Supersaturation occurs if the liver excretes more cholesterol than the bile can dissolve, leading to 

aggregation of excess cholesterol into crystals that eventually form into gallstones. 

 

2) Insufficient gallbladder emptying due to impaired motility  

Reduced ability to empty the gallbladder completely, or often enough, may result in concentrated 

bile, causing cholesterol aggregation and formation of gallstones. 
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1.2.5.1.1 Risk Factors, Clinical Spectrum and Treatment  

Gallstone formation may be influenced by genetic and environmental factors, and common risk factors 

include: female sex, obesity, higher age (>40y), ethnic origin, and rapid weight loss.84-86 

 

Gallstones may be asymptomatic or symptomatic. Asymptomatic gallstones are also called “silent 

gallstones”, and treatment is not recommended if these gallstones are found.84  Approximately 15-20% 

of the asymptomatic gallstones develop into symptomatic stones.86 Symptomatic gallstones manifest as 

attacks of biliary colic, lasting from 30 minutes to 6 hours, and typically occur 15 minutes to 2 hours 

after food intake. The primary treatment is analgesics drugs, with diclofenac being the most common. 

Cholecystectomy may be performed if the symptoms recur frequently, if the gallbladder wall has 

become calcified, or if the gallbladder bile ducts or pancreas have been inflamed.84  

  
1.2.5.1.2 Obesity and Rapid Weight Loss  

Obesity in itself is a risk factor of developing gallstones and the increased risk is particularly evident in 

women, but studies in men have also shown an increased risk.87-89 Weight loss also increases the risk 

for gallstones, especially after rapid weight loss with VLED or bariatric surgery.87 88   

 

The underlying mechanism for the increased risk of gallstones among obese persons may be associated 

with increased levels of cholesterol in the bile, that eventually leads to  super-saturation of the bile.86 87 

88 Rapid weight loss may increase the risk of gallstones by the same mechanism, that is by increased 

levels of cholesterol, but also by impaired gallbladder motility. The impaired motility during VLED is 

thought to be caused by reduced gallbladder stimulation due to the low fat content of a VLED.87 89   

 

A majority of the clinical studies that have found an increased risk of gallstone formation during VLED 

have been American studies conducted in the late 1980s and early 1990s, using VLEDs with low levels 

of fat (≈1 g/day).90-94 In formulations containing higher amounts of fat (12-30 g/day), the incidence of 

gallstones has been much lower.95-98  In a review, Festi et al89 concluded that adequate fat content is 

important in gallstone prevention, with 10 g of fat/day as a threshold for obtaining efficient gallbladder 

emptying. A lower recommendation of 7 g fat/day has, however, been given by the European SCOOP-

report on VLED use.60 
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1.3 OBESITY AND OBSTRUCTIVE SLEEP APNOEA  

Obstructive sleep apnoea (OSA) is one of the most common sleep disturbances, affecting an estimated 

24% of middle aged men and 9% of women, according to data from the Wisconsin Sleep Study.99 In the 

same study, OSA with clinical symptoms as excessive daytime somnolence, that is obstructive sleep 

apnoea syndrome (OSAS) occurred in an estimated 4% and 2% of middle aged men and women, 

respectively.99  

 

1.3.1 Definition, Risk Factors, Symptoms and Treatment  

1.3.1.1 Definition   

OSA is caused by obstruction of the upper airway, either by total blockage (apnoea) or partial blockage 

(hypopnoea) of airflow for at least 10 seconds during sleep.100 101 The apnoea-hypopnoea index (AHI), 

which measures the average numbers of apnoeas and hypopnoeas per hour of sleep, is used to classify 

the severity of OSA, according to the American Academy of Sleep Medicine (Table 7).100 Occurrence 

of OSA is defined as an AHI ≥5 events/h.100 The diagnosis is confirmed by a sleep study, either by an 

overnight laboratory polysomnography, or a by an ambulatory polygraphy equipment at home.  

 

 

 

 

 

 

 

 

 
1.3.1.2 Risk Factors 

A variety of factors, genetic as well as environmental, increase the risk of OSA. Frequently described 

risk factors include: male sex, increased age, obesity (especially abdominal), ethnicity, heritability, 

smoking, and alcohol consumption.101-103 Body weight has widely been described as the strongest risk 

factor for OSA,101 104 and data from the three largest epidemiological sleep studies, that is The Sleep 

Heart Health Study,105 The Wisconsin Sleep Cohort Study,106 and The Cleveland Family Study107, have 

all found weight gain to be associated with increased risk for OSA. Additionally, reports show that the 

majority (60-70%) of persons with OSA are either overweight or obese.101 103 108 

 
1.3.1.3 Symptoms and Consequences  

Pauses in breathing caused by upper airway obstruction leads to hypoxemia, arousals and increased 

sympathetic activity, causing sleep fragmentation and potentially leading to adverse health outcomes. 

Associated features during sleep include loud snoring, frequent arousals, gasping and nocturia. Daytime 

symptoms due to sleep fragmentation are sleepiness, fatigue, impaired cognitive function, morning 

headache and impotence.109  

 

Left untreated, OSA has been described to be associated with an increased risk of hypertension, 

cardiovascular and cerebrovascular diseases, decreased insulin resistance, metabolic syndrome, all-

cause mortality, reduced quality of life and working capacity. Due to daytime sleepiness OSA also 

increases the risk for driving- and occupational-related accidents.101 110-112 103   

Table 7 Classification of obstructive sleep  

apnoea (OSA)100  

Severity AHI (events/hour) 

Mild 5-14.9 

Moderate 15-30 

Severe >30 

AHI=Apnoea-hypopnoea index. 
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1.3.1.4 Treatment  

The most commonly used treatment for OSA is continuous positive airways pressure (CPAP), a nasal mask 

connected to a compressor that keeps the airways open by a mild air pressure. The CPAP effectively 

relieves symptoms but has no or very short curative effect.109 This also holds for treatment with oral 

devices mostly used for mild to moderate OSA. An oral appliance protrudes the lower jaw and thereby 

widens the airway. Uvulopalatopharyngoplasty is a surgical procedure where the tonsils and parts of the 

soft palate are removed. The method can be curative for the patient with correspondent anatomical 

conditions.109  Lifestyle modification including weight loss should, according to guidelines, always be 

recommended in overweight or obese patients.113 The beneficial effect of weight loss on OSA was 

recently demonstrated in three randomised controlled trials, one of which is included in this thesis 

(Study I), thus providing the first high quality evidence of the effectiveness of weight loss.114-116  

 

1.3.2 Mechanisms 

The epidemiological association between obesity and OSA is well documented,99 100 but the 

mechanisms remain unclear.101 102 Potential mechanisms include anatomical alterations caused by a 

mechanical load effect and/or disturbance in upper neuromuscular control caused by humoral factors:   

 

1) Mechanical Load Effect: Due to fat accumulation in specific sites surrounding the upper airway, the 

thorax and abdomen, obesity may lead to OSA by altering airway anatomy and respiratory control. 

These alterations could lead to narrowing of the upper airway structure, reduced chest wall 

compliance, reduced lung volume, reductions in functional residual capacity and reduced tracheal 

traction, leading to upper airway narrowing, collapse and airflow obstruction.104 108  

 

2) Adipokine Effect: It has been suggested that factors other than pure mechanical load may contribute 

to the pathogenesis of OSA.104 Humoral factors, adipokines, produced by the metabolic active 

visceral adiposity may influence upper airway function. Most widely discussed is leptin, which in 

addition to regulation of food intake also regulates respiratory control. Also discussed are 

proinflammatory cytokines that may lead to alterations in upper airway function, causing 

disturbance in neuromuscular control, and increasing the risk of OSA.104 113 117  

 

1.3.3 Previous Research regarding Weight Loss and Treatment  

Weight loss has long been recommended as treatment option for overweight and obese patients with 

OSA, but without high quality evidence, and unclear compliance (both from treating doctors, and 

patients receiving weight loss advice).118 119 The association between weight and AHI change has been 

well described in large epidemiological sleep cohort studies.105-107 However, it was first in 2009 that 

evidence from randomised controlled trials supporting this concept was published (Table 10).114-116 

Previously published clinical studies had several methodological limitations, including lack of either 

randomisation,120-122 or control group for comparisons123-137 and limited follow-up (Table 8-10).119  
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1.3.3.1 Uncontrolled Studies  

Table 8 and Table 9 presents uncontrolled studies of weight loss by surgery or a dietary intervention 

published between 1985 and 2010 (Study II in this thesis is included). The number of included subjects, 

duration and weight loss methods have differed between the studies; however all have found weight 

loss to be associated with improvements in OSA. Dietary weight loss studies have found a 24-68% 

reduction of AHI or ODI4 with a weight loss (kg) between 8-14% of initial body weight, and surgery 

studies AHI improvements of between 49-78% with a weight loss of 29-37%.  

 

Table 8 Uncontrolled studies of dietary weight loss and obstructive sleep apnoea (OSA) 

Article 

Year 

Country 

Dietary 

intervention 

Follow- 

up 

months 

BMI 

start 

OSA 

start 

N 

 

Weight loss* 

kg, (%) 

AHI/ODI4 

reduction 

Nerfeldt138 

2010 

Sweden 

LED; 800 kcal/day 

(8weeks LED+ 

96weeks lifestyle) 

24 40 AHI 43 
33 ITT 

23comp 

- 

-12kg (10%) 

- 

-15 (35%) 

Johansson139 

2010 

Sweden 

VLED; 554 kcal/day 

(9weeks VLED+ 

43weeks lifestyle) 

12 35 AHI 36 
63ITT 

44comp 

-12kg (11%) 

-16kg (14%) 

-17 (47%) 

-22 (61%) 

Barnes123 

2009 

Australia 

VLED; n/a 

(8weeks VLED+ 

8weeks re-feeding) 

4 36 
AHI 25 

- 

12ITT 

10comp 

-12kg (13%) 

- 

-7 (27%) 

- 

Hernandez128 

2009 

US 

LED; 1,000-1,500 

kcal/day 

(12weeks LED+ 

12weeks lifestyle) 

6 48 AHI 11 
16 ITT 

14comp 

- 

-16kg (12%) 

- 

-6 (54%) 

Kajaste129 

2004 

Finland 

VLED; 500 kcal/day 

(6weeks VLED+90weeks 

CBT) 

24 44 ODI4  51 
33ITT 
29comp 

- 
-13kg (9%) 

- 
-19 (38%) 

Hakala127 

2000 

Finland 

VLED; 500 kcal/day 1.5 35 ODI4  31 
13 ITT 

13comp 

- 

-16kg (14%) 

- 

-21 (68%) 

Lojander133 

1998 

Finland 

VLED; 500 kcal/day 

(6weeks VLED+ 

46weeks lifestyle) 

12 36 ODI4  30 
24ITT 

22comp 

- 

-11kg (10%) 

- 

-18 (60%) 

Kansanen131 

1998 

Finland 

VLED; 600-800 

kcal/day 
3 38 ODI4 31 

18ITT 

15comp 

- 

-9kg (8%) 

- 

-12 (39%) 

Kajaste130 

1994 

Finland 

CBT 24 39 ODI4  36 
36 ITT 

26comp 

- 

-1kg/m2 (4%) 

- 

-1 (3%) 

Noseda134 

1996 

Belgium 

Dietary Advice (N=36) or 

Bariatric Surgery if 

BMI>40(N=3) 

12 36 AHI 67 
95ITT 

39comp 

- 

-9kg (8%) 

- 

-16 (24%) 

Suratt136 

1992 
US 

VLED; 420-800 

kcal/day 
1-1.5 50 AHI 90 8comp/ITT -21kg (14%) -28 (31%) 

* BMI reduction is given if weight loss in kg is not available.  

AHI=apnoea-hypopnoea index; CBT=cognitive behavioural treatment; Comp=completers analysis; ITT=intention-to-treat (missing data 
imputed); Lifestyle=behavioural modification programme; n/a=not available; ODI4=oxygen desaturation >4%/h of sleep.  
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Table 9 Uncontrolled studies of bariatric surgery and obstructive sleep apnoea (OSA) 

Article  

Year  

Country  

Type of 

Surgery 

Follow-up 

(months) 

BMI 

start 

OSA 

Start 
N 

Weight loss,*  

kg (%) 

AHI 

reduction 

Lettieri132 

2008 

US 

GBP 12 51 AHI 48 24 -54kg (37%) -23 (49%) 

Haines126 

2007 

US 

GBP 11 56 RDI 51 101 -18kg/m2 (32%) -36 (71%) 

Fritscher125 

2007 

Canada 

GBP 24 52 AHI 47 12 -51kg (34%) -31 (66%) 

Dixon124 

2005 

Australia  

GBP 18 53 AHI 62 25 -45kg (29%) -48 (78%) 

Valencia-Flores137 

2004 

Mexico  

GBP 14 57 AHI 52 29 -17kg/m2 (31%) -38 (73%) 

Pillar135 

1994 

Israel  

GBP 90 45 AHI 40 14 -10kg/m2 (22%) -16 (40%) 

* BMI reduction is given if weight loss in kg is not available.  
AHI=apnoea-hypopnoea index; GBP=gastric bypass; n/a=not available; RDI=respiratory disturbance index.  



 

 

21 

 

1.3.3.2 Controlled Studies  

Although controlled studies were published before 2009, none of these trials were randomised.120-122 

During 2009 three randomised studies were published. Tuomilehto et al115 investigated the effect of 

VLED followed by supervised lifestyle counselling for one year in overweight or obese patients with 

mild obstructive sleep apnoea (Table 10). Thereafter Foster et al116 investigated the effects of 

intensive lifestyle change in overweight or obese patients with type 2 diabetes and mild to severe OSA 

for one-year. Finally, we investigated the effects of VLED during nine weeks in obese men with 

moderate to severe OSA (Study I).114  

 

All three trials found weight loss to result in clinically relevant AHI improvements.  In 2010, 

Tuomilehto et al published a two-year follow-up study,140 demonstrating that although there was some 

weight regain OSA remained improved and did not follow the trend of modest weight gain.  
 

Table 10 Controlled studies of weight loss and obstructive sleep apnoea (OSA) 

Article 

Year 

Country 

Intervention 

Control 

N 

 

AHI 

start 

BMI 

start 

Follow- 

up 

(months) 

Weight 

change  

kg (%) 

AHI 

change 

Randomised controlled trials   

Tuomilehto115 

2009 

Finland 

1.VLED;600-800 kcal/day 

(12weeks+lifestyle 40weeks) 

2. Lifestyle only 

35comp 

37comp 

10 

9 

33 

31 

12 

 

-11kg (11%) 

-2kg (3%) 

-4 (40%) 

+0.3 (+3%) 

Tuomilehto140 

2010 

Finland 

1.VLED;600-800 kcal/day 

(12weeks+lifestyle 92weeks) 

2. Lifestyle only 

35comp 

36comp 

10 

9 

33 

32 
24 

-7kg (7%) 

-3kg (3%) 

-5 (46%) 

-0.5 (5%) 

Foster116 

2009 

US 

1. Intensive lifestyle  

2. Diabetes education  

125ITT 

139 

ITT 

23 

24 

37 

37 
12 

-11kg (10%) 

-0.6kg (0.6%) 

-5 (24%) 

+4 (+18%) 

Johansson114 

2009 

Sweden 

1.VLED;554 kcal/day 

2. Controls   

30ITT 

33ITT 

37 

37 

34 

35 
2 

-19kg (16%) 

+1kg (1%) 

-25 (67%) 

-2 (5%) 

Controlled trials (non-randomised) 

Smith122 

1985 

Australia 

1. Calorie restriction 

2. Matched controls 

15comp 

8comp 

55 

66 

37 

37 

5 

9 

-10kg (9%) 

+1.4kg (1%) 

-26 (47%) 

+5 (7%) 

Schwartz121 

1991 

US 

1. Calorie restriction 

2. Matched controls 

13comp 

13comp 

83 

86 

42 

38 

17 

18 

-7kg/m2 (17%) 

+0.1kg/m2 (+0.3%) 

-51 (61%) 

-4 (5%) 

Grunstein*120 

2007 

Sweden  

1. Bariatric surgery 

2. Matched controls 

1592 

1431 
n/a* n/a 

42.2 

40.1 
24 

-28kg (23%) 

±0kg 

28%  
71%  

AHI=apnoea-hypopnoea index. 
*AHI was not measured, but a sleep questionnaire was used to evaluate the persistence of apnoeas.  
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2 OBJECTIVES  

2.1 OVERALL OBJECTIVE  

The overall objective of this thesis was to evaluate effects and side-effects of VLEDs in different obesity 

treatment settings, and to characterise discontinuation in obesity treatment programmes.  

 

2.2 SPECIFIC OBJECTIVES 

 
1. To evaluate a weight loss programme as treatment option for patients with obstructive sleep 

apnoea  

 

- Firstly: to evaluate the effect of weight loss induced by a VLED on OSA in a randomised 

controlled trial (Study I) 

 

- Secondly: to determine whether initial improvements in OSA after the VLED were maintained 

after one year in a observational study (Study II) 

 

2. To assess the risk of gallstones requiring hospital care, and cholecystectomy, in a commercial 

weight loss programme using VLED or LED (Study III) 

 

3. To characterise overall discontinuation and discontinuation due to adverse events in obesity 

treatment programmes by analysing data from anti-obesity drug trials (Study IV) 
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2.3 RATIONALE FOR INCLUDED STUDIES 

2.3.1 Study I&II: Weight Loss and Obstructive Sleep Apnoea 

Few treatment options are available for OSA. The most commonly used strategy to facilitate breathing 

during sleep and to reduce morbidity and mortality is CPAP.109 Although weight loss has long been 

advocated as a primary treatment strategy for the condition,113 at the time of the study 

initiation/planning (spring 2008) no randomised controlled trials existed to support this concept.118 119   

 

The rationale for Study I was, therefore, to assess potential improvement in OSA after VLED-induced 

weight loss in a randomised controlled trial including obese male patients with moderate to severe 

OSA, a patient group with increased mortality risk.111 112 The rationale for Study II was to evaluate the 

extent to which initial improvements in OSA after the VLED-induced weight loss were maintained 

after one year. 

 

2.3.2 Study III: Risk of Gallstones during VLED 

Each year millions use commercial weight loss programmes, including intensive treatment schemes 

such as VLEDs.141 Safety concerns exist for VLEDs, especially regarding gallstone development.88 The 

magnitude of the risk is unclear: clinical studies evaluating the risk of gallstones associated with VLED 

have primarily been conducted in the late 1980s and early 1990s and using VLEDs containing low levels 

of fat (≈1 g/day).90-94 The few existing studies with VLEDs containing higher amounts of fat60 show a 

much lower incidence of gallstones.95-98 Major limitations of all published studies are lack of control 

groups, small sample sizes and short follow-up.   

 

The rationale for this one-year cohort study conducted in a real-world setting was to investigate the 

risk of gallstones requiring hospital care, and cholecystectomy, during treatment with VLED (fat 

content 7-9 g/day) compared to matched controls using LED in a multi-centre commercial weight loss 

programme. 

 

2.3.3 Study IV: Treatment Discontinuation 

Weight loss treatment programmes in observational settings (hospital-based and commercial) as well 

as randomised trials are afflicted by high levels of attrition. In a systematic review of weight loss studies 

addressing factors associated with attrition,142 one-year dropout rates of diet and lifestyle modification 

studies ranged between 16% and 77%. Pharmacotherapy trials could be used as benchmark of 

discontinuations rates in obesity treatment programmes, since these are strictly controlled and 

generally have significant resources to minimise attrition.   

 

The rationale for Study IV was to characterise overall discontinuation, but also discontinuation due to 

adverse events and lack of effectiveness, in obesity treatment programmes by pooling data from 

randomised controlled anti-obesity drug trials.  
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3 METHODS 

 

3.1 STUDY DESIGNS AND STUDY POPULATIONS  

Four different study designs and three different populations were included in this thesis (Table 11).   

 

Table 11 Study design of included studies  

Study  Design  Population 

I Randomised controlled trial  Obese Swedish men with moderate to severe OSA 

undergoing a hospital-based weight loss programme  II Observational follow-up study   
   

III 
Matched register-based cohort 

study  

Overweight and obese adult Swedish men and women 

enrolled in a commercial weight loss programme 

   

IV Meta-analysis 

Pooled data from published randomised controlled 

trials, enrolling overweight and obese men and women, 

eligible for anti-obesity drugs 

OSA=Obstructive sleep apnoea  

 

3.2 ETHICAL CONSIDERATIONS  

In the clinical study of the effect of weight loss on OSA (Study I&II) obese patients were recruited from 

a patient database at the Aleris FysiologLab sleep clinic in Stockholm, Sweden. The patients who 

declared an interest in participating and met the inclusion criteria gave written informed consent to 

participate in the study. All patients were given a study identification number which was used 

throughout the study. The identification lists were kept in a locked room, with no access for research 

staff.  Ethical approval was granted by the regional ethical review board, Stockholm, Sweden (reference 

number: 2008/1634-31). 

 

In the commercial weight loss study (Study III) the database used by the commercial vendor 

(www.itrim.se) to track customer progress and compliance was used to retrieve participant data. By 

using the unique personal identification number assigned to each Swedish resident, these data were 

linked on an individual level to the National Patient Register, the Causes of Death Register and the 

Prescribed Drug Register. The integrity of the participants should always be considered when doing 

register-based research.  For integrity protection purposes, the National Board of Health and Welfare 

anonymised all data before returning them to the research group. Furthermore, data were only 

presented on an aggregated level. Ethical approval was granted by the regional ethical review board, 

Stockholm, Sweden (reference number: 2010/1059-31/1). 

 

In the meta-analysis (Study IV) only previously published studies were analysed of which each individual 

study already reported that ethical permission was granted, hence ethical approval was not applied for.  

 

http://www.itrim.se/
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3.3 STUDY I&II: WEIGHT LOSS AND OBSTRUCTIVE SLEEP APNOEA 

The study was of one-year duration and consisted of a weight loss phase (0-9 weeks, RCT) and a 

weight loss maintenance phase (>9-52 weeks, observational) carried out between February 2009 and 

April 2010 at a specialist outpatient obesity clinic (hospital-based).  

3.3.1 Participants and Design  

63 men aged 30-65 years with BMI 30-40 and moderate to severe obstructive sleep apnoea (OSA) 

defined as an AHI ≥15 events/hour, all treated with CPAP, were included in the study. Subjects were 

randomly assigned to intervention (weight loss by a VLED programme) or control groups in a 1:1 ratio. 

To reduce the likelihood of controls dropping out, control subjects were also offered the same 

treatment once the nine-week follow-up as controls was completed. After the weight loss programme, 

all patients were offered a standard care hospital-based outpatient weight loss maintenance 

programme (Figure 1). 

 

 

Figure 1 Design and 

treatment periods in 

obese men with moderate 

to severe obstructive 

sleep apnoea (OSA) 
 
Adapted from Johansson, K et al 
(2011). "Longer term effects of very 

low energy diet on obstructive sleep 

apnoea in cohort derived from 
randomised controlled trial: 
prospective observational follow-up 

study." BMJ 342: d3017. 

 

3.3.2 Intervention  

3.3.2.1 The Weight Loss Phase (Nine weeks)  

The weight loss intervention consisted of a seven-week VLED, followed by a two-week re-feeding 

period (Figure 2), while the control group was instructed to adhere to their usual diet.  

 

 

Figure 2 Energy intake 

(kcal/day) during the nine-

week weight loss phase  

 

The VLED was a 554 kcal/day (2.3 MJ/day; 4 sachets per day à 138 kcal, 9-11g fat/day) liquid energy 

intake formula (Cambridge Weight Plan, Northants, UK). To confirm dietary compliance, urinary 

ketosis was assessed at each visit. During the two weeks of re-feeding a gradual introduction of normal 

food in a strict manner to reach 1500 kcal/day (6.3 MJ/day) at week nine was carried out. Every other 



 

 

26 

 

week a one-hour group session, supervised by a research nurse and the study dietitians, was provided 

to build group support and provide motivation.  

 
3.3.2.2 The Weight Loss Maintenance Phase (43 weeks) 

The maintenance programme started immediately after the weight loss phase and was based on 

standard behaviour modification group therapy with a self-help manual.143-146  

 

Behaviour Modification: The programme consisted of monthly three-hour group therapy meetings (10 

visits in total). Each group comprised 13-15 patients and was led by a research nurse and a dietitian.  

The behaviour modification focused on nutrition education, eating behaviour, hunger and craving, 

relapse situations, and increased physical activity. Other important aspects were evaluation of progress 

and identification of personal and environmental influences affecting eating and physical activity. In 

conjunction with the group sessions each patient was seen by a nurse for anthropometry 

measurements and by a dietitian for individual dietary advice. 

 

Energy Intake: During the first two weeks of the maintenance phase the same diet as for the last days of 

the re-feeding period was followed, that is a 1500 kcal/day diet including normal food and one liquid 

meal replacement. Thereafter each patient’s individual energy requirement for weight loss maintenance 

was calculated according to the Harris Benedict formula.147 The recommended percentage of total 

energy intake (E%) for fat, carbohydrates and protein followed the 2005 Swedish Nutrition 

Recommendation,148 that is to reduce fat to no more than 30E%, carbohydrates to 55E% (with a 

maximum of 10E% from pure sugar) and protein to 15E%. To achieve these recommendation the 

patients were recommended to increase the intake of fruits, vegetables, poultry, fish and lean meat, 

and by limiting dairy fats, fatty meat, sweets, pastries and desserts.  

 

Prevention of Weight Gain: If a patient’s weight had increased by more than 2 kg since the last visit, 

action to prevent further weight regain was taken. The first action was use of partial meal replacement, 

which included exchange of one or two daily meals with a 138 kcal VLED sachet (Cambridge Weight 

Plan, Northants, UK). As a secondary option sibutramine or orlistat was prescribed. 
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3.3.3 Outcomes  

3.3.3.1 Obstructive Sleep Apnoea  

Sleep measurements were derived from two consecutive nocturnal sleep studies in the home, using a 

six channel ambulatory polygraphy equipment (Watch PAT100, Itamar Medical Ltd, Caesarea, Israel). 

Patients were carefully instructed not to use their CPAP the two nights before and during the 

nocturnal sleep studies. The sleep studies were performed at baseline, after the VLED, and at one year.  

The primary outcome was AHI, which is the major disease severity index for OSA. In addition, oxygen 

desaturation episodes of 4% or more per hour of sleep, the nadir of arterial oxygen saturation, and 

percentage of supine time were recorded. Daytime sleepiness was assessed with the Epworth 

sleepiness scale, an eight item self administered questionnaire. 

 
3.3.3.2 Body Composition 

Fat loss was assessed with anthropometry and body composition changes from baseline at weeks 1, 3, 

5, 7, 9, during the weight loss phase and monthly during the weight loss maintenance phase. Percentage 

body fat and body weight were measured with the Tanita BC-418MA body fat analyser. Standing height 

was measured to the nearest centimetre with a wall mounted stadiometer. Waist circumference was 

measured in duplicate halfway between the iliac crest and the lower rib cage. Neck circumference was 

measured in duplicate at the level of the superior border of the cricothyroid membrane. 

 
3.3.3.3 Metabolic Measures  

Metabolic variables were measured at baseline, after the VLED, and after one year according to 

standard laboratory procedures after 12 hours fasting, including insulin, HbA1c, total cholesterol, LDL, 

HDL, triglycerides, TSH, urate, ALAT, creatinine, and glucose. Systolic and diastolic blood pressure 

were measured in duplicate after 5-minutes rest in supine position. 

 
3.3.3.4 Quality of Life  

Health-related quality of life was measured with the SF-12 health survey to allow quantification of a 

physical and a mental component score. Scores were compared with quality of life reference data for 

the male Swedish population.149 

 

3.3.4 Side-Effects 

At each visit throughout the study side-effects from the VLED during the weight loss phase and the 

weight loss maintenance phase were noted by a nurse. The study physician then classified these events 

for potential causality (unlikely/possibly/likely).  
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3.4 STUDY III: RISK OF GALLSTONES DURING VLED 

This matched cohort study on risk of gallstones requiring hospital care and cholecystectomy after 

VLED or LED was conducted in the commercial weight loss setting in Sweden. Participant data were 

retrieved from the database used by the commercial company. By using the unique personal 

identification number assigned to each Swedish resident, these data were linked on an individual level 

to the National Patient Register, Prescribed Drug Register and to the Causes of Death Register for 

follow-up of vital status. The National Board of Health and Welfare anonymised all data before sending 

the linked datasets to the research group. The commercial weight loss programme and the registers 

are described below.  

 

3.4.1 Weight Loss Programme  

3.4.1.1 Participants  

The study included consecutively enrolled adult customers (age ≥18 years; n=8,361, after matching 

6,640) from the commercial weight loss company Itrim in Sweden (www.itrim.se) from January 1, 

2006, until May 31, 2009. Data were collected from 28 centres across Sweden.   

 
3.4.1.2 Description of the Weight Loss Programme  

The weight loss programme was of one-year duration and consisted of an initial three-month weight 

loss phase followed by a nine-month weight loss maintenance phase. During the weight loss phase, the 

participants were able to select, together with their health coach, one of four programmes (VLED, 

LED, normal food, or exercise). In this study only the VLED and LED programmes were included, since 

these are the two programmes including liquid formula products. Although all participants were paying 

customers and were free to choose weight loss method, the company used specific criteria for VLED 

use, consistent with the SCOOP-report recommendations.60  

 
3.4.1.2.1 Weight Loss Phase (Three Months) 

During the weight loss phase the included participants attended either the VLED or the LED weight 

loss programme: 

 

- VLED: Liquid-based formula diet of 500 kcal/day (2.1 MJ/day; 4 sachets per day à 125 kcal, 7-9 g 

fat/day, Itrim Sweden) for 10 weeks followed by two weeks gradual introduction of normal food. 

Early introduction of normal food occurred when the participant was either satisfied with the 

achieved weight loss or had reached normal weight (BMI 18.5-24.9 kg/m2). 

 

- LED: Two regular meals consisting of normal food and two liquid meal replacements (à 125 kcal, 

Itrim Sweden) providing a caloric content of approximately 1,200-1,500 kcal/day (5.0-6.3 MJ/day) 

depending on body size and exercise levels.   

 

Both groups attended a one-hour group session every other week to build group support and provide 

motivation. The group session was led by a trained health coach, and included information on nutrition, 

exercise, eating patterns, goals and expectations. Also, the participants were recommended to 

attend two to three weekly workout sessions for at least 30 minutes at the Itrim centre. 
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3.4.1.2.2 Weight Loss Maintenance Phase (Nine Months)  

After the weight loss phase, both groups entered the same nine-month weight loss maintenance phase 

with focus on exercise, but also including behavioural changes, dietary advice and self-monitoring. 

 

Behavioural Changes: These were facilitated by a structured programme, including one-hour group 

sessions every other week during the maintenance phase (20 in total). Each session was supervised by 

a company trained health coach, who provided encouragement to participants throughout the 

programme. Each group session covered a specific topic, such as health benefits of weight loss, healthy 

eating strategies, finding realistic eating and exercise routines, health benefits of exercise, stress 

management, social support, etc. To further aid behaviour change, there were also four 30 minutes 

face-to-face counselling sessions with a company trained health coach at baseline, three, six and 12 

months.  

 

Regular Exercise: All participants were encouraged to continue to work out two to three times per 

week. Moreover, all participants used a validated pedometer (Yamax SW-200) and were given a 

tailored plan for increased walking during everyday living, such as walking to and from work. 

 

Dietary Advice: These emphasised regular meal patterns, a diet rich in fruit and vegetables, and reducing 

the amount of dietary fat and sugar.   

 

Self-Monitoring:  This was facilitated by weight, diet and exercise diaries, including diet and exercise 

plans, and graphs for plotting weight, waist circumference, planned and completed circuit training 

sessions, and pedometer-assessed steps/day. 

 
3.4.1.2.3 Programme Cost  

The cost for attending the one-year programme was approximately SEK 9,000 (≈$1,300/€1,000), 

excluding liquid formulae diets and meal replacements, and was paid by the participants. Although Itrim 

headquarters provided all centres with recommendations for programme pricing, each centre was 

allowed to decide its own programme price tailored to local customer demand, rents for facilities, etc. 
 

3.4.2 National Health Register Data  

3.4.2.1 The National Patient Register 

The Swedish National Patient Register contains nationwide data on inpatient and non-primary 

outpatient care visits, including day surgery. The register was started in 1964 when the National Board 

of Health and Welfare started to collect information regarding inpatients at public hospitals in selected 

county councils. Nationwide coverage on all inpatient care was attained in 1987, day-surgery from 

1997, and non-primary outpatient care was included in 2001. Primary care data are, however, so far 

not included. The register includes, among other things, personal identification number, visit date, and 

main as well as contributory diagnoses coded using International Classification of Diseases (ICD7-

ICD10) and procedure codes for surgical interventions.  
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3.4.2.2 The Causes of Death Register 

The Swedish Causes of Death Register contains deaths and causes of deaths of Swedish residents 

from 1961. The register contains personal identification number for the deceased, date of birth, date of 

death, and sex. The cause of death, with one underlying cause of death and several contributory 

causes, is available for >99% of all deaths occurring (including deaths occurring abroad).  

 
3.4.2.3 The Prescribed Drug Register 

The Prescribed Drug Register contains information on drugs dispensed on prescription or equivalent 

in Swedish pharmacies since July 2005. The register contains, among other things, data on the 

dispensed product (identity, quantity, price) and date of dispensing. ATC codes are used for 

identification of drugs.   

 

3.4.3 Outcomes 

3.4.3.1 Gallstone Problems  

The primary outcome was gallstone problems requiring hospital care during the one-year weight loss 

programme, while cholecystectomy was investigated as secondary outcome. The primary and 

secondary outcomes were retrieved from the National Patient Register (Table 12).  

 

Table 12 Outcomes retrieved data from the National Patient Register  

Register Data ICD 10 or Procedure Codes 

Gallstones/Cholelithiasis K80 

Cholecystectomy JKA20, JKA21 

  

 

 
3.4.3.2 Body Composition  

Body composition data were collected at baseline, 3, 6 and 12 months. Body weight and body fat 

percentage were measured in a non-fasting state with the Tanita TBF-300 bioelectrical impedance 

monitor. Waist circumference was measured midway between the iliac crest and the lower rib cage. 

Height was measured by a wall-mounted stadiometer without shoes.  
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3.5 STUDY IV: TREATMENT DISCONTINUATION  

This study was a systematic review and meta-analysis including published placebo-controlled 

randomised trialsa of orlistat (Xenical®), sibutramine (Reductil®) and rimonabant (Acomplia®).   

 
3.5.1.1 Identification and Inclusion of Studies  

A systematic search of three bibliographic databases (Medline, EMBASE and Cochrane controlled trials 

register) from 1990 to May 7, 2008, was performed to identify articles. The search was limited to 

humans, randomised placebo controlled trials, English-language publications and adults. The reference 

lists of identified articles were also searched for additional studies, as were reference lists of previously 

published systematic reviews. Two authors separately screened the abstracts for inclusion or exclusion 

of studies. Full-text articles were retrieved from all abstracts that were potentially relevant and were 

reviewed independently by the two authors. In case of conflicting views, a third person was asked to 

resolve matters. The criteria for included studies are presented in Table 13.   

 

 

 

 

 

 

 

 

 

 

The systematic search resulted in inclusion of 28 trials: 16 studies of orlistat (n=7,038), seven of 

sibutramine (n=1,475) and five of rimonabant (n=4,944).  

 
3.5.1.2 Data Extraction and Synthesis  

From the included studies data on participants, interventions, discontinuation and reason for 

discontinuation were extracted independently by two authors. The individual studies were then 

combined in a meta-analysis and the overall risk for discontinuation, lack of effectiveness and 

discontinuation due to adverse events were estimated compared to placebo.  

 
3.5.1.3 Interventions in Included Trials  

Pharmacotherapy trials are in general highly controlled and follow strict protocols according to Good 

Clinical Practice (GCP) guidelines. Hence, the interventions used in the 28 different studies were 

similar, with the participants in the active treatment group receiving an individual energy deficient diet 

(approximately 500 kcal/day deficit) in combination with exercise and lifestyle modification, in addition 

to the active drug or placebo. 

 

                                                
a Two of the three anti-obesity drugs on the market when this study was performed have been withdrawn due to adverse 

events.  Rimonabant was withdrawn in 2009 and sibutramine in 2010.  

Table 13 Inclusion and exclusion criteria of included studies 

Study Inclusion Study Exclusion 

Placebo-Controlled RCTs Weight Loss Maintenance Studies 

Licensed Doses for Clinical Use: 

- orlistat (3x120 mg/day)  

- sibutramine (10–15 mg/day) 

- rimonabant (20 mg/day) 

Not Licensed Doses for Clinical Use: 

- orlistat (180 mg/day) 

- sibutramine (>15 mg/day) 

- rimonabant (5 mg/day) 

Duration 12-24 months  
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3.6 STATISTICAL ANALYSIS 

The analyses conducted and reported in this thesis were performed by using three different statistical 

software programmes. The different tests and methods used in the studies are summarised below 

(Table14).    

 

Table 14 Statistical tests and programme used in the current thesis  

 Study I Study II Study III Study IV 

Statistical Tests/Methods     

Student’s T-Test x x x  

Chi-Square Test   x  

ANCOVA   x  

Linear Regression x x   

Logistic Regression   x  

Conditional Cox Regression   x  

Matching   x  

Meta-Analysis    x 

Statistical Programmes      

SPSS (version17.0, Chicago, IL)  x x   

Stata (version 10, CollegeStation, TX) x x x x 

SAS Statistical Software  

(version 9.3, SAS Cary, NC, USA) 
  x  

 

 

3.6.1 Student’s T-Test – Continuous Data 

Student’s t-test is used for normally distributed data to determine if a difference between two means is 

greater than that expected by chance. Two-sample t-tests to estimate mean differences can be either 

unpaired (also called independent) or paired (also called dependent):  

 

- Unpaired/Independent: The means of two independent groups are compared  

- Paired/Dependent: The means at two different time points are compared within the same group  

 

3.6.2 Pearson’s Chi-Squared Test – Categorical Data  

The chi-square test is used to compare if there is a difference, other than that expected from chance, 

across categorical variables. The test is only regarded as valid for samples with at least 80% of expected 

frequencies greater than five. For smaller samples, where chi-squared tests may be invalid, the Fisher’s 

exact test is recommended.   
  

http://en.wikipedia.org/wiki/Pearson%27s_chi-squared_test
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3.6.3 Linear Regression 

Linear regression is used to estimate the relationship between a continuous outcome (dependent 

variable) and one or more predictor/-s (independent variable/-s). The predictor/-s can either be 

continuous, binary, or categorical variables. The regression line is given by the best fitted line through 

the observed data:  

 

 Y = β0 + β1X1 + ....... βkXk 

 
where Y is the outcome, β0 is the intercept, β1/k is the regression coefficient for the X variable/-s, 

and X is the predictor variable/-s.  

3.6.4 Logistic Regression 

Logistic regression is a form of regression which is used when the outcome is a dichotomous variable 

(0/1). The independent variables, as for linear regression, can be either continuous, binary, or 

categorical. To allow a linear relationship to be modelled, the outcome variable is transformed into a 

logit variable (the natural log of the odds of the dependent variable occurring, or not occurring). In this 

way, logistic regression estimates the odds of a certain event occurring: 

 

loge [P/(1 – P)] = β0 + β1X1 + ....... βkXk 

 

where P is the proportion with the outcome, β0 is the intercept, β1 is the regression coefficient for the 

X variable/-s (which when back-transformed from the log scale to the natural scale are odds 

ratios), X is the predictor variable/-s, and loge [P/(1 – P)] is the logit transformation.  

 

3.6.5 Analysis of Covariance  

Analysis of covariance (ANCOVA) is a combination of analysis of variance (ANOVA) and linear 

regression.150 As for linear regression, the outcome variable has to be continuous, and at least two 

predictors has to be included; one continuous and one categorical. ANCOVA tests whether certain 

factors have an effect on the outcome variable after removing the variance of the added covariates.  

 

3.6.6 Cox Regression  

Cox regression, which uses the proportional hazards model, is designed for analysis of time to event 

data. Time to event data are generated when the measurement of interest is the time from a well-

defined origin of measurement (for example treatment start) to occurrence of an event of interest (for 

example cholecystectomy). Time to event analysis is also known as lifetime analysis, and survival 

analysis.  

 

One or more predictor variables are used to predict an event variable. The Cox model estimates the 

hazard ratio, that is the ratio of the instantaneous probability of a given event occurring in a given time 

period comparing two groups. In Study III, conditional Cox regression was used. This approach can be 

used when analysing matched data, that is when each case has one or more matched controls 

matched by certain variables by conducting the analysis in strata of the matching factors.  
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3.6.7 Matching  

Matching is a statistical technique that is used in non-randomised studies to create two comparable 

groups with similar characteristics with respect to the matching variables.151 For each observation in 

the treatment group, one or more controls are assigned with the same values on the matching factors, 

for example age, sex, and BMI. Matching can be done with or without replacement. In matching with 

replacement the controls could be matched to multiple treatment observations, while in matching 

without replacement each control can only be matched to one treatment observation. 

 

3.6.8 Meta-Analysis  

A meta-analysis is a statistical analysis which combines the results of several independent studies.152 

The statistical technique assigns different weight to the individual studies so that bigger and more 

precise studies have more influence on the final summary value, compared to smaller less precise 

studies. In the current thesis pooled risk ratios were assessed.  

 

Two methods for estimating pooled effects from multiple studies are fixed and random effects meta-

analysis. The most common method is the random effects model when studies are identified from the 

published literature. This method is used when it cannot be assumed that all studies are estimating the 

same underlying value, which would be the case if all the included studies would be functionally 

identical.  

 

In the random effects model, two sources of variability are accounted for: 

- Within-Study Variability: This is the variability between subjects within a study (sampling error) 

- Between-Study Variability: This is the variability between study effects in different studies (true 

variation in study effect sizes) 

 

When pooling studies in a meta-analysis, the presence of heterogeneity, the observed variability 

between study estimates, needs to be investigated and if it is large the source needs to be explored. 

Heterogeneity between studies is commonly assessed by the I2 statistic. If the I2 statistic exceeds 50%, 

it is recommended that the reason for heterogeneity among the studies should be investigated.153 

Possible clinical sources of heterogeneity include treatment differences, such as doses or other 

medications given, or variation in included patients, such as sex, age, diseases.152  
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3.6.9 Missing Data  

Although there are several different statistical methods for addressing missing data, none of these have 

been deemed sufficient replacements for measured data, and ultimately may generate bias in one way 

or the other. The most common approaches to handle missing data are: completers analysis, last-

observation-carried forward, baseline observation carried forward and multiple imputation, all 

potentially resulting in different treatment effect estimates.154 

  

In completers only analysis only participants completing the trial are included in the analysis. Hence an 

overestimation of the treatment effect is likely since those remaining in the trial are more likely to have 

been successful regarding their weight loss.   

 

Last observation carried forward includes the last measured value and will also, probably, lead to an 

overestimation of the treatment effect since the majority of the participants dropping out will most 

likely gain weight after discontinuation.  

 

Baseline observation carried forward includes the baseline value of each missing value and therefore 

assumes that those who dropped out have returned to the baseline weight. This method is considered 

as the most conservative imputation approach.  

 

Multiple imputation is a method to impute missing values by using the association between observed 

characteristics and the outcome from values of the participants remaining in the study (and sometimes 

from those discontinuing using their values prior to discontinuation). Hence multiple imputation will 

often result in similar estimates as for the completers analysis.  

 

In the current thesis, baseline carried forward has been used as the main imputation method, while the 

other methods have been used in sensitivity analyses.  

 
 

3.7 ROLE OF THE FUNDING SOURCES  

Study I&II were partly supported by research grants from Cambridge Weight Plan, Northants, UK, and 

Novo Nordisk AS, Bagsværd, Denmark. The funders played no part in the analysis, write up of the 

papers, and did not read or comment on any version of the manuscript. 

 

Study III was partly supported by a grant from Itrim International. The funders had no role in the design 

or conduct of the study; analysis or interpretation of the data; and did not read or comment on any 

version of the manuscript. 

 

Study IV was conducted without any specific funding.  
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4 RESULTS 

4.1 STUDY I: WEIGHT LOSS AND OBSTRUCTIVE SLEEP APNOEA 

Of 63 eligible patients, 30 were randomised to intervention and 33 to control. Two patients in the 

control group were dissatisfied with allocation and immediately discontinued. All other patients 

completed the randomised phase of the trial. Data from all randomised patients were included in an 

intention-to-treat-analysis (baseline carried forward for missing data). Both groups had a mean AHI of 

37 events/hour at baseline. At week nine, the difference between groups in AHI was -23 events/hour 

(95%CI -15 to -30) and -20 kg (95%CI -18 to -21) in body weight, favouring the intervention group 

(Table 15).  

 

Table 15 Changes in weight and obstructive sleep apnoea (OSA) between baseline and week nine 

 

Intervention 

(n=30) 

Control   

(n=33) 

Mean  

difference 
P-value 

AHI (events/hour) -25 (17) -2 (11) -23 (-30 to -15) < 0.001 

Weight (kg) -19 (4) 1 (2) -20 (-21 to -18) <0.001 

Waist circumference (cm) -19 (3) -1 (2) -18 (-19 to -16) < 0.001 

Neck circumference (cm) -4 (1) 0 (1) -4 (-5 to -4) < 0.001 

Data are mean (SD) or mean (95%CI); P values from independent sample t test; AHI=apnoea-hypopnoea index. 

 

In the intervention group, 17% (5/30) were disease free (AHI <5) after the weight loss and 50% (15/30) 

had mild disease (AHI 5-14.9), whereas AHI remained at 15 or greater in all controls indicating 

moderate to severe disease (Figure 3). Significant treatment effect modification by baseline AHI was 

found (P<0.001), with greater improvement in AHI in the intervention group among patients with 

severe OSA (AHI >30) at baseline compared with those with moderate (AHI 15-30) sleep apnoea 

(AHI -38 vs -12, P<0.001), despite similar weight loss (-19 vs -18 kg, P=0.55).  

 

 

Figure 3 Proportions of patients defined as having no ("cured"), mild, 

moderate, or severe obstructive sleep apnoea at week nine. Error 

bars are 95% confidence intervals. Definitions: Cured defined as AHI 

<5 events/h, mild 5-14.9 events/h, moderate AHI 15-30 events/h, 

severe >30 events/h 
 
Adapted from Johansson, K et al (2009). "Effect of a very low energy diet on moderate and 

severe obstructive sleep apnoea in obese men: a randomised controlled trial." BMJ 339: b4609. 
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4.2 STUDY II: MAINTENANCE AND OBSTRUCTIVE SLEEP APNOEA 

In the pooled observational study of maintenance of OSA improvements over one year, 58 of the 63 

participants completed the VLED period and started the weight loss maintenance programme, with 44 

completing the full programme, and 49 with complete measurements at one year. In the main analysis, 

data from all patients were analysed (baseline carried forward for missing data). At baseline mean AHI 

was 36 events/hour, and mean weight was 113 kg. AHI changes after nine weeks of VLED were largely 

maintained at one year (Table 16).  

  

Table 16 Changes in weight and apnoea-hypopnoea index (AHI) during the one-year programme  

 

VLED  

(0 to 9 weeks) 

Maintenance   

(>9 to 52 weeks) 

Full programme  

(0 to 52 weeks) 

 
Change P-value Change P-value Change P-value 

Weight (kg) 

BOCF (n=63) -18 (7) <0.001 +6 (8) <0.001 -12 (9) <0.001 

Completers (n=44) -19 (4) <0.001 +3 (6) <0.001 -16 (7) <0.001 

AHI  (events/h) 

BOCF (n=63) -21 (16) <0.001 +4 (12) 0.007 -17 (16) <0.001 

Completers (n=44) -24 (15) <0.001 +2 (8) 0.099 -22 (16) <0.001 

Data are mean (SD); P values from paired sample t test. BOCF=baseline carried forward for missing data.   
AHI=apnoea-hypopnoea index. 

 

After one year, patients with severe obstructive sleep apnoea at baseline had greater improvements in 

AHI (-25 events/h; -54%) compared with patients with moderate disease (-7 events/h; -30%; P<0.001). 

In addition, a dose-response association between weight loss and AHI at follow-up were seen (β=0.50 

events/kg, P=0.01; Figure 4). 

 

After one-year, 48% (30/63) no longer required CPAP during sleep and 10% (6/63) had achieved full 

remission (AHI<5). 

 

 

Figure 4 Relation between AHI and 

weight (kg) for all participants with 

measured weight and index at baseline 

and follow-up (n=49). Lines indicate 

individuals. No participant gained 

weight, meaning that the right-most 

observation represents the baseline 

value 
 
Adapted from Johansson, K et al (2011). "Longer 
term effects of very low energy diet on obstructive 
sleep apnoea in cohort derived from randomised 

controlled trial: prospective observational follow-up 
study." BMJ 342: d3017. 

 

During the VLED period, 13 patients had an adverse event classified as probably causally linked with 

the VLED. Of the 13 adverse events three were constipation, six were increased ALAT activity, one 

was dizziness, two were gouts and one was dry lips. All adverse events had disappeared by the visit 

two weeks after the VLED period. During weight loss maintenance there were five additional adverse 

events of which three were gallstones (all three resulting in cholecystectomy), one was gout and one 

was kidney stones. No patient discontinued treatment because of adverse events.   
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4.3 STUDY III: RISK OF GALLSTONES DURING VLED 

After matching LED participants (n=4,588) with replacement to VLED participants (n=3,773) 1:1 by 

age, sex, BMI category, waist circumference category, and gallstone history, 3,320 participants 

remained in each group. At baseline mean age, weight and BMI were 46 years, 95 kg, and 33 kg/m2, 

respectively, while 83% were women. The majority were class I obese (51%), while 23% were class II 

obese, 8% class III obese, and 19% overweight.  

 

82% of VLED participants and 78% of LED participants completed the one-year programme. Weight 

loss after one year was greater in the VLED than the LED group (-11 vs -8 kg, baseline carried forward 

for missing data, and among completers -14 vs -11 kg, both P<0.001; Figure 5).  

 

 

 

 

Figure 5 Change in weight during the one-year 

treatment programmes 
LOCF=last observation carried forward 

BOCF=baseline observation carried forward 

 

Figure 6 Risk of gallstones requiring hospital care 

by weight loss programme 
VLED=very low energy diet  

LED=low energy diet 

 

During 3,163 and 3,198 person-years in the VLED and LED groups, 48 and 14 gallstones requiring 

hospital care occurred (152 vs 44 per 10,000 person-years; conditional hazard ratio 3.4, 95%CI 1.9 

to6.1; P<0.001; Figure 6). The risk difference was 108 per 10,000 person-years (95%CI 59 to 157), 

resulting in a number needed to harm of 92 (95%CI 63 to 168). That is, assuming a causal relationship, 

one avoidable gallstone requiring hospital care would be caused for every 92 patients treated with 

VLED instead of LED. Adjusting the analysis for weight loss during the first three months attenuated 

the hazard ratio, but the risk remained statistically significantly higher with VLED than LED (2.7, 95%CI 

1.4 to 5.2). 

 

Of the 62 participants with gallstones requiring hospital care, 39 (63%) resulted in cholecystectomy,   

29 in the VLED and 10 in the LED group (conditional hazard ratio 3.1, 95%CI 1.5 to 6.5; P=0.003; 

number needed to harm 151, 95%CI 94 to 377). 

 

In a multivariable analysis including all subjects, the risk of developing gallstones requiring hospital care 

was higher in women than men, in participants with a higher baseline BMI, among those who lost 

≥10kg, and in those with a history of gallstones (irrespective of cholecystectomy status).  
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4.4 STUDY IV: TREATMENT DISCONTINUATION 

A total of 28 randomised controlled trials met the inclusion criteria: 16 studies of orlistat (n=7,038), 7 

of sibutramine (n=1,475) and 5 of rimonabant (n=4,944). All included studies were between 12 and 18 

months duration. Patients had similar demographic profiles across trials of all three drugs, with 

predominantly Caucasian subjects and a greater proportion of women than men in most of the studies. 

The mean age ranged between 41 and 59 years and the mean BMI between 33 and 38 kg/m2.  

 

The overall combined dropout rates in the included studies were high in drug and placebo arms, with 

crude overall discontinuation rates of 30% for orlistat, 34% for sibutramine, 39% for rimonabant and 

37% for placebo. In the overall pooled random effect model, the risk of dropout was marginally but 

statistically significantly lower in the active drug compared to the placebo arms (pooled risk ratio 0.9; 

95% 0.8 to 0.9; P=0.001; Figure 7).  

 

 

Figure 7 Forest plot of the risk ratio (RR) of dropout from any cause in 

the drug vs the placebo arms in rimonabant, sibutramine, orlistat and all 

trials combined 

 

In the drug arms, the most common reasons for withdrawal were adverse events, patient request and 

poor compliance. In the placebo arms, withdrawal due to patient request and poor compliance were 

most common. Lack of effectiveness, as reason for dropout was specified in 10 studies. Patients in the 

drug arms tended to drop out less frequently as a result of lack of effectiveness compared with placebo 

(pooled risk ratio 0.5; 95% 0.4 to 0.7; P<0.001). The risk ratios for discontinuation due to adverse 

events were significantly elevated for rimonabant (2.0; 1.7-2.4) and orlistat (1.6; 1.2-2.1), but not 

sibutramine (1.0, 0.7-1.4), compared to placebo.  
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5 DISCUSSION 

The overall objective of this thesis was to evaluate effects and side-effects of VLEDs in different obesity 

settings, and to characterise discontinuation in obesity treatment. Specific objectives were to evaluate 

weight loss as treatment option for patients with OSA (Study I&II); to assess the risk of gallstones 

requiring hospital care in a commercial weight loss programme using VLED or LED (Study III); and to 

characterise overall discontinuation in obesity treatment programmes by analysing data from anti-

obesity drug trials (Study IV). 

 

 

5.1 MAIN FINDINGS  

The studies in this thesis were carried out at a specialist outpatient obesity centre (hospital-based; 

Study I&II), or in the commercial sector (Study III). The hospital-based trial included only men with OSA 

(Study I&II), while the commercial study (Study III) included both men and women with the majority 

being women. Analyses included all starting patients (baseline observation carried forward for missing 

data).  

  

Initial weight loss after VLED in the hospital-based treatment was -16% (Study I&II), and -14% in the 

commercial weight loss programme (Study III). Hence the men in the hospital-based treatment 

programme lost slightly more weight during VLED, but regained more during the maintenance phase 

than the participants in the commercial programme (32% vs 19% regain of lost weight). A similar 

weight loss at one year in the hospital-based (-11%) and commercial programme (-12%) was therefore 

found.  

 

Dropout from both the hospital-based and commercial programme was lower compared to the 

benchmark of 37% in placebo arms of anti-obesity drugs trials (Study IV), with 30% in the hospital-based 

and 18% in the commercial programme after one year. In the clinical care treatment programme, 

gallstones were reported in 5% (3/63; all three cholecystectomised; mean BMI 35) of the participants 

over one year compared to 1.4% (48/3320; 29 of 48 cholecystectomised; mean BMI 33) of the VLED 

participants of the commercial weight loss programme.  

 

5.1.1  Weight Loss and Obstructive Sleep Apnoea   

The findings of the randomised trial of obese men with moderate to severe OSA (Study I) indicated 

that weight loss induced by a VLED significantly improved OSA. The mean AHI was reduced by two-

thirds from 37 to 12 in the intervention group compared with no change in the weight stable control 

group after nine weeks. The pooled observational follow-up study (Study II) showed that the AHI 

changes after nine weeks of VLED (-58%) were largely maintained at one year (-47%) following the 

initial weight loss of -16% (-18kg), and -11% (-12kg) at one-year. In addition, a significant effect 

modification by baseline AHI was observed with patients with severe OSA at baseline having larger 

AHI improvements than patients with moderate disease. Moreover, a dose response association 

between weight loss and AHI improvement was found. After one year, half of the men no longer 

required CPAP, and one out of ten had total remission of OSA. There were also marked 

improvements in metabolic risk and the physical dimension of quality of life.   
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5.1.2  VLED and Risk of Gallstones  

The absolute risk of gallstones requiring hospitalisation in overweight and obese participants enrolled 

in a one-year commercial weight loss programme (Study III), using either VLED or LED during the initial 

three-months weight loss phase, was found to be low (1.4% vs 0.4%). However, the risk was three 

times higher in the VLED than the LED programme with a number needed to harm of 92. That is, 

assuming a causal relationship between weight loss treatment and gallstone problems, one additional 

gallstone requiring hospital care would result per 92 patients on VLED instead of LED. The 

corresponding number for an additional cholecystectomy was 151. While the risks were greater in the 

VLED compared to the LED group, the benefit in terms of one-year weight loss was also greater -12% 

(-11 kg) vs -9% (-8 kg) of initial body weight, respectively. Also, a larger proportion of the participants 

in the VLED treatment programme completed one-year of treatment compared to participants in LED 

(82% vs 78%). These completion rates can be compared with the 63% in the placebo arms of 

randomised trials of anti-obesity drugs. 

 

5.1.3  Dropout in Anti-Obesity Drug Trials 

Attrition in anti-obesity drug trials including overweight and obese participants was found to be high in 

both the drug and placebo group, with overall discontinuation of 37% in the placebo arms only 

receiving diet and lifestyle modification (Study IV), and 30-39% in the drug arms, although slightly lower 

in the drug arm (pooled risk ratio 0.9). In the drug arms, the most common reasons for withdrawal 

were adverse events, patient request and poor compliance. In the placebo arms, withdrawal due to 

patient request and poor compliance were most common. Overall, patients in the drug arms tended to 

drop out less frequently as a result of lack of effectiveness compared with placebo (pooled risk ratio 

0.5). The risk ratios for discontinuation due to adverse events were significantly elevated for 

rimonabant and orlistat, but not for sibutramine, compared to placebo.  

 

 

5.2 COMPARISON WITH PREVIOUS RESEARCH  

 

5.2.1  Weight Loss and Obstructive Sleep Apnoea  

Before 2009, no randomised trial had shown weight loss to improve OSA, while observational studies 

of both dietary and surgical interventions indicated that this was the case.155 In 2009, three randomised 

controlled trials were published,114-116 one of which is included in this thesis (Study I).114 All three trials 

found a positive effect of weight loss on OSA, but in different patient groups. A Finnish study by 

Tuomilehto et al115 found a 40% reduction in AHI in patients with mild OSA after -11% (-11kg) weight 

loss at one year, and a 46% AHI reduction with a -7% (-7kg) weight loss after two years.140 In a sub-

sample of the American Look AHEAD study, Foster et al116 found a 24% AHI reduction at one year 

with -10% (-11kg) weight loss after an intensive lifestyle intervention in older (mean age 61y) patients 

with type 2 diabetes, while the AHI increased in control patients, resulting in a between group AHI 

difference of 42%. The dose-response association that was found in Study I&II between weight loss and 

OSA was also found by Foster et al and et Tuomilehto al115 116 Foster et al also found significantly 

greater improvements in patients with severe disease at baseline, as found in Study I&II. 
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In addition to dietary interventions, weight loss induced by bariatric surgery has also been shown in 

observational studies to result in long-term improvements in OSA. In the SOS study including matched 

controls, Grunstein et al120 found that 30% of the surgery group reported self-reported persistent 

sleep apnoea at the two-year follow-up compared with 70% of the control group. Small uncontrolled 

studies (n<20) have also found long-term improvements in OSA after weight loss surgery.124 125 132 135 137 

 

5.2.2  VLED and Risk of Gallstones  

Few randomised trials investigating the effect of VLED on weight loss report side-effects. In a meta-

analysis comparing the long-term efficacy and safety of VLEDs and LEDs, Tsai and Wadden65   

concluded that no symptomatic gallstones were reported among VLED participants in any of the 

included trials, but they also concluded that this may have been attributable to lack of assessment in 

the individual studies.   

 

The majority of studies specifically investigating the risk of gallstones during VLED treatment have been 

conducted in the late 1980s and early 1990s with VLEDs containing low levels of fat (≈1 g/day).90-94 In a 

review of these studies,88 Everhart reported that 10-25% of VLED participants developed gallstones, 

one third of which were symptomatic. However, the studies were of short duration (8-36 weeks),90-94 

and only one study included a weight stable control group.92 Later studies have investigated VLEDs 

containing higher fat content,95-98 including two randomized controlled trials,95 96 and found that fewer 

participants developed symptomatic gallstones. In a review, Festi et al89 concluded that adequate fat 

content is important in gallstone prevention, with 10 g/day as a threshold for obtaining efficient 

gallbladder emptying. A lower recommendation of 7 g/day has, however, been given by the European 

SCOOP-report on VLED use.60 In our register-linkage study of a commercial weight loss programme 

using a liquid formula diet containing 7-9 g/day, we found a higher, albeit low, risk of symptomatic 

gallstones requiring hospitalisation in the VLED compared to the LED group, suggesting that more fat 

may be needed to eliminate the excess risk of gallstones compared to LED (Study III). 

 

Bariatric surgery, however, also increases the risk of gallstones probably as a result of the rapid weight 

loss. The postoperative incidence has been reported to be between 3 to 28%.156 This large span may 

be explained by different follow-up time and/or different methods of detecting gallstones. A Swedish 

population-based cohort study of bariatric surgery identified the risk of gallstones requiring 

hospitalisation by the use of the National Patient Register (that is, similar to the methodology in Study 

III), and found a fivefold increased risk of both gallstones requiring hospital care and cholecystectomy 

for the bariatric surgery group compared to that of the general population. In the SOS study the 

incidence of gallstones and cholecystectomy after 2 years was assessed using questionnaires.157  

Compared to conventional treatment, bariatric surgery significantly increased the risk of self-reported 

gallstones in men (4.0% vs 1.2%, odds ratio 4.2; P<0.001), but not in women (5.5% vs 4.5%, odds ratio 

1.1; P=0.33). However, in both sexes, a greater weight loss in the surgery group was related to an 

increased incidence of gallstones. 
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5.2.3  Weight Loss Programme Discontinuation  

Weight loss treatment programmes in observational settings (hospital-based and commercial) as well 

as randomised trials are generally associated with high levels of attrition, although reported dropout 

rates vary considerably. In a systematic review of weight loss studies addressing factors associated with 

attrition,142 one-year dropout rates of diet and lifestyle modification studies ranged between 16-77%. In 

comparison, low attrition rates were reported in the Look AHEAD trial after 1 year (3% in the 

intensive lifestyle intervention and 4% in the diabetes support and education intervention),24 and at four 

years (6% vs 7%, respectively).25  

 

Lack of treatment effect is one of the most common reasons why participants discontinue treatment. 

In anti-obesity drug trials, adverse events are also a common reason in the active drug arm for 

withdrawal, as reported in Study IV. Identified predictors of dropout in weight loss intervention studies 

in general include young age, previous dieting attempts, too high weight loss expectations, poor mental 

health, body dissatisfaction, low self-efficacy, low social support, and low initial weight loss.142 

 

Attrition has been reported as the major limitation of all weight loss trials.158 Although there are 

several different statistical methods for addressing missing data, none of these have been deemed 

sufficient replacement for measured data, and ultimately generate bias in one way or the other.154 

When interpreting estimates of weight loss interventions it is important to consider how missing data 

have been handled, especially when comparing treatment effects of different studies.  

 

 

5.3 STRENGTHS AND LIMITATIONS  

Study Design: Study I was a randomised controlled trial of nine week duration, followed by an 

observational study of a total duration of one year (Study II). The strengths of Study I was the 

randomised study design with its low probability of selection bias and residual confounding.159 The 

reason for not using a randomised design with a one-year follow-up was that our primary aim was to 

show, in the short term, a treatment effect from weight loss with a VLED in moderate to severe OSA. 

Our secondary aim was to see whether any improvements could be maintained in the long-term. We 

therefore wanted to minimise non-compliance in the control group in the nine week randomised phase 

by providing a strong incentive for controls to remain in the study by allowing patients to start the 

VLED programme immediately after serving as controls. The limitation of the observational design 

used for the one-year follow up means that our analysis is limited by the lack of comparison with 

natural progression regarding AHI and weight.  

 

Study III was an observational cohort study with a large sample of participants in a commercial weight 

loss programme in a real-life setting. Because the risk of gallstones is low, one strength was the large 

sample which provided sufficient power for a comparison with LED. Also, by using a register-linkage 

design for assessment of events, we could follow-up a large number of participants at a relatively low 

cost. The main limitation was that participants were not randomised, but had self-selected to the VLED 

and LED programmes. However, the ensuing baseline differences in age, sex, BMI, waist circumference, 

and gallstone history were handled by performing a matched analysis. This design reduces the 

likelihood and impact of confounding, but residual confounding may remain beyond the matching 

factors.  
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Study IV was a meta-analysis which combined results from individual anti-obesity drug trials and 

assessed the risk of treatment discontinuation. The strengths of the meta-analysis include: increased 

statistical power, improved estimates of effect size and the ability to resolve controversies when 

different studies report conflicting results regarding both overall discontinuation and discontinuation 

due to adverse events.  

 

Identification/measurement of main outcomes: In Study I&II the main outcome measure was 

AHI derived from two consecutive nocturnal sleep studies in the home. Because of the reported night-

to-night variability,160 a strength was that duplicate sleep studies were performed. A limitation was the 

use of a portable WatchPAT device instead of polysomnography, which is considered the gold 

standard for diagnosing OSA. However, high costs, limited access to sleep laboratories, and the 

increasing number of patients with OSA have led to the development of more accessible and cheaper 

methods, such as the portable monitors used in this study. Validation studies show that the WatchPAT 

device has high sensitivity and specificity for estimating sleep time and AHI compared with 

polysomnography.161 162  
 

In Study III, the strength was the use of nationwide register data to identify the main outcome 

(gallstones requiring hospital care), the secondary outcome (cholecystectomy), and co-morbidity 

history and drug use of the cohort. The National Patient Register and the Prescribed Drug Register 

contain prospectively reported data collected routinely on a nationwide level in the universally 

accessible Swedish health care system, with virtually complete follow-up. One limitation, however, is 

that the National Patient Register only includes data on inpatient and non-primary outpatient visits and 

not visits in primary care. Hence, symptomatic gallstones treated in primary care could not be 

identified. However, our primary outcome was gallstones requiring hospital care, since symptomatic 

gallstones treated in primary care, at home, or not at all, are likely to be both less serious for the 

patient and less costly for society. 

 

Study Populations: Study I&II included a patient group reported to have an increased risk for 

mortality.110-112 However, since we only included obese men aged 30-65 years, our results might not be 

generalisable to subjects outside the inclusion criteria of the study, that is women, younger (<30 years) 

or older (>65 years) patients, overweight (BMI 25-29.9) or extremely obese patients (BMI ≥40), or 

patients with mild sleep apnoea. The rationale for only including men was mainly to reduce risk of type 

2 error, since we could not be certain that the effect of weight loss on OSA would be the same for 

men and women. The reason for choosing men instead of women was that the prevalence of OSA is 

much higher in men vs women (24% vs 9%, respectively).99 The strengths of Study III included a large 

sample of weight loss participants in a real-life setting.  The results from this study may limit 

generalisability to the wider overweight and obese population, since the participants had selected and 

paid for the treatment themselves, and could therefore be considered as a highly motivated group of 

higher socio-economic class.  
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5.4 CLINICAL IMPLICATIONS 

The availability of obesity treatment is today limited mainly to lifestyle modification or bariatric surgery, 

since the withdrawal of two out of three previously approved anti-obesity drugs. Bariatric surgery is 

currently the most effective method for treating obesity and results in weight loss of about 14-25% 

after 10 years.52 However, it is not realistic to treat all obese patients with surgery. According to 

current guidelines, only class II and class III obese qualify, that is patients with a BMI >35. Furthermore, 

due to both presence of contraindications and capacity constraints, not all in the class II/III obese group 

would be operated upon either. Other non-surgical treatment options, with strict maintenance 

programmes, are therefore needed. VLED in combination with a strict maintenance programme has 

been found to be a strong non-surgical candidate for achieving one-year maintenance results of 10-15% 

weight loss.33 72 74-81  

The long-term effects of the use of VLED in the treatment of obesity vs LED have however been 

questioned. In the meta-analysis of Tsai and Wadden, they concluded that VLEDs induced significantly 

greater short-term weight loss than LEDs (mean difference of initial weight loss -6.4%, p<0.001) during 

a mean initial 13 weeks, but similar losses after 2 years (-1.3%, p>0.02).65 They also concluded that 

VLEDs would be more attractive if sufficient weight loss maintenance programmes existed, but they 

did not recommend the use of VLEDs over LEDs. However, neither of the included studies of that 

meta-analysis included an extensive exercise programme,74 75 pharmaco-therapy,76-81 a prolonged re-

feeding period72 75 or a low glycemic index diet in combination with high protein33 as a part of the 

maintenance programme, which have all been proven to limit weight regain or even reduce weight 

further. 33 74 76 80 81  

In the VLED group of Study III 81% of the initial weight loss was maintained up to one-year (98% among 

completers), although the adjusted mean difference between VLED and LED was reduced from -5 kg at 

12 weeks to -3kg at one-year. In Study I&II 68% (82% among completers) of initial weight was 

maintained up to one-year. The larger maintained weight loss in Study III could be explained by regular 

scheduled exercise as compared to Study II where increased exercise was emphasised but the 

programme did not include an exercise scheme. Also, Study III included a highly motivated group that 

had sought and also paid for treatment themselves.  

Regarding the safety aspects of VLED, as shown in Study III, there is an increased risk of symptomatic 

gallstones requiring hospital care as well as cholecystectomy when using VLED instead of LED, 

although the absolute risk was low. Increased risk for gallstones is, however, also seen after bariatric 

surgery, which currently is considered the most effective treatment for obesity.  

Whether the benefits of the additional weight loss in the VLED group compared to the LED group are 

worth the extra risk for gallstones and cholecystectomy, as well as the extra health care costs, may 

depend on patients' disease and risk factor status as well as their preferences. For some patients, VLED 

could however be difficult to adhere to and/or result in significant weight regain after the weight loss 

phase, while others will benefit from VLEDs both in the short and long-term. Although little is known 

about which patients are most likely to benefit from different treatments, a study by Gripeteg et al163 

has investigated predictors of VLED outcome. The authors found that social support and walking 

capacity were important determinants of successful weight loss with VLED in men, whereas psycho-

social function were important for VLED success in women. They also found that patients with low 

perceived health who lack a close social network may need extra support during treatment.
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5.5 FUTURE RESEARCH 

- Weight loss maintenance after VLED: Further long-term randomised studies, including 

comparison of the effect of different weight loss maintenance strategies after VLED or LED are 

needed to optimise weight loss maintenance. 

 
- Composition of VLED: The effect of different fat contents of VLEDs has not been studied in detail 

in long-term studies. Hence comparisons between products containing about 7 g/day of fat as 

recommended by the European SCOOP-report on VLED use, and higher intakes (>12 g/day) are 

needed to evaluate associated risk for gallstones with a lower fat intake of VLEDs.    

 
- Long-term effect of weight loss on OSA:  Weight loss may have a long-term effect on OSA 

despite a rebound in weight. Tuomilehto et al140  demonstrated in their two-year follow-up study 

that AHI remained improved and did not relapse and follow the trend of modest weight gain. Also, 

unpublished data of the four-year follow-up of the study by Foster et al116 demonstrated the same 

trend. Further long-term studies of the effect of weight loss in OSA are therefore needed to 

investigate this long-term response to weight loss.  

 
- Prevention of discontinuation: The majority of published weight loss studies focuses on the 

effects of weight loss and/or the resolution of obesity-related co-morbidities, and reasons for 

dropout are often either not reported, or not explored in any depth. The few studies that have 

investigated reasons for dropout have been limited to data not collected for the purpose of 

evaluation of dropout.142  Studies are therefore needed to identify strategies to prevent dropout.  
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6 CONCLUSION  

The overall conclusions of this thesis are: 

 
I) VLED-induced weight loss resulted in a significant reduction of moderate to severe OSA in obese 

men. Patients with severe OSA benefited most from the VLED-induced weight loss. 

 
II) In patients with moderate to severe OSA who had lost weight by a VLED, the majority of the 

initial improvement in AHI was maintained at one year. Almost half of the patients no longer 

required CPAP after one year, and one out of ten had total remission of OSA.  

 
III) Although VLED, compared to LED, is associated with a three times increased risk of gallstones 

requiring hospital care or cholecystectomy, the absolute risk was low (1.4% for VLED vs 0.4% for 

LED). While these risks were greater for VLED compared to LED, sustained weight loss reduction 

was approximately 30% greater at one year in the VLED group.  

 
IV) One-year treatment discontinuation was lower in both the sleep apnoea study using a hospital-

based outpatient weight loss programme (30%) and in the commercial weight loss programme 

(18%) compared to the pooled data from placebo arms of anti-obesity drug trials (37%). 

 

 

   

 



 

 

48 

 

7 SVENSK SAMMANFATTNING   

Bakgrund Förekomsten av fetma har ökat dramatiskt under de senaste decennierna, både i Sverige 

och i övriga världen. Fetma är associerat med ökad risk för sjuklighet och dödlighet, vilket leder till stor 

belastning för sjukvården.  Den för närvarande mest effektiva fetmabehandlingen är fetmakirurgi. 

Eftersom alla individer med fetma inte kan genomgå fetmakirurgi är behovet av icke-kirurgiska 

behandlingsmetoder stort.  

 

Syfte Det övergripande syftet med denna avhandling var att utvärdera effekter och bieffekter av ”very 

low energy diets” (VLEDs), men också att karakterisera avhopp från fetmabehandling. Specifika syften 

var att utvärdera effekten av viktminskning med VLED som behandling för patienter med obstruktiv 

sömnapné (OSA; Studie I&II) i ett kliniskt viktminskningsprogram, att utvärdera risken för sjukvårds- 

krävande gallstensbesvär efter VLED eller ”low energy” diet (LED, Studie III) i ett kommersiellt 

viktminskningsprogram, och att karakterisera avhopp från fetmabehandling genom att analysera data 

från fetmaläkemedelsprövningar (Studie IV). 

 

Metoder Studie I&II bestod av en nio veckor lång randomiserad kontrollerad studie följd av 43 

veckors observationell uppföljning. Män med fetma (n=63, BMI 30-40, 30-65 år) och måttlig till svår 

OSA (apnea-hypopnea index (AHI) ≥ 15) behandlade med CPAP inkluderades.  Interventionen bestod 

av VLED (554 kcal/dag) under nio veckor. Efter den randomiserade fasen erhöll kontrollgruppen 

samma intervention.  VLED-perioden följdes av sedan av ett viktstabiliseringsprogram. Studie III var en 

ettårig matchad kohortstudie, bestående av män och kvinnor som deltog i ett kommersiellt 

viktminskningsprogram i Sverige mellan 2006 och 2009 (n=6,640; medelålder 46 år, 83% kvinnor, BMI 

33). Programmet inkluderade en tremånaders viktminskningsperiod bestående antingen av VLED (500 

kcal/dag) eller LED (1,200-1,500 kcal/dag). Viktminskningsfasen följdes av ett nio månaders 

viktstabiliseringsprogram. Data om sjukvårdskrävande gallstensbesvär eller kolecystektomi under det 

ettåriga programmet hämtades från patientregistret på Socialstyrelsen. Studie IV var en systematisk 

genomgång och metaanalys som inkluderade publicerade randomiserade placebokontrollerade 

läkemedelsprövningar av orlistat, sibutramin och rimonabant (n=13,457). 

 

Resultat Studie I&II: Efter den nio veckor långa randomiserade fasen var interventionsgruppens 

genomsnittliga kroppsvikt 20 kg lägre än kontrollgruppens, och medelvärdet för AHI var 23 

uppehåll/timme lägre. Totalt så fullföljde 70% (44/63) av alla deltagare den observationella uppföljnings-

studien. Merparten av de initiala förbättringarna i AHI (-58%) efter ett år bibehölls (-47%) efter den 

initiala viktminskningen på 18 och 12 kg efter ett år. Studie III: Den absoluta risken för gallsten och 

kolecystektomi var låg, men tre gånger högre i VLED än LED programmet (hasardkvot  3.4 och 3.1; 

P<0.001). Medan riskerna för gallsten var större i VLED- jämfört med LED-gruppen så var 

viktminskningen också större (11 vs 8 kg; P<0.001) och fler fullföljde studien (82% vs 78%). Studie IV: 

Avhoppsfrekvensen från fetmaläkemedelsprövningar var hög både i läkemedels- (30-39%) och 

kontrollgrupperna (37%) men något lägre i läkemedelsgruppen (poolad riskkvot 0.9; P=0.001). 

  

Slutsats VLED-inducerad viktnedgång resulterade i en signifikant reduktion av måttlig till svår OSA, 

med majoriteten av den initiala förbättringen bibehållen efter ett år. Risken för gallsten var högre efter 

VLED än LED, medan viktminskningen också var större i VLED-gruppen. Frekvensen behandlings-

avhopp var lägre i både det kliniska och det kommersiella viktminskningsprogrammet jämfört med 

poolade data från kontrollgrupperna i fetmaläkemedelsprövningar.  
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