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Summary 

 

The aim of the thesis was to study the health benefits 2 years after Roux-en-Y gastric 

bypass surgery (RYGB) and the effects of a group-based lifestyle intervention 

program of moderate intensity on weight regain and metabolic disturbances 2 to 4 

years post-surgery.  

 

Paper I is a retrospective study where the health benefits achieved after RYGB is 

presented. The patients achieved great weight loss, and the prevalence of 

hypertension, type 2 diabetes mellitus, and metabolic syndrome were significantly 

reduced. Further, we investigated changes in employment status, and use of 

psychopharmaceutical drugs, including psychoanaleptics (antidepressants and 

psychostimulants) and psycholeptics (antipsychotics, anxiolytics and hypnotics, and 

sedatives) from before surgery until 2 years post-surgery. Despite great weight loss 

and remission of metabolic disturbances, no changes in the proportion of unemployed 

participants, or in the use of psychopharmaceutical drugs were found. Participants 

with body mass index (BMI) 43 kg/m2 or lower at time of surgery had more health 

benefits compared with heavier participants. Hence, bariatric surgery should be 

considered before BMI exceeds 43 kg/m2.  

 

Paper II is a randomized study where the effect of a group-based lifestyle 

intervention program aimed at preventing weight regain between 2 and 4 years post-

surgery was compared with a group that received usual care. Further, differences in 

metabolic disturbances, energy intake, and physical activity between the groups were 

investigated. Factors associated with weight regain regardless of group allocation 

were also identified. The intervention did not seem to have beneficial effects on any 

of the measured endpoints.  Factors associated with weight regain were rapid weight 

increase from nadir, sedentary lifestyle, younger age and higher plasma 

concentrations of total cysteine (tCys) at 2 y. On the other hand, physical activity, 

high intake of artificially sweetened beverages and smoking were inversely associated 

with weight regain. Instead of offering a group-based intervention as standard 

treatment to prevent long-term weight regain after RYGB, a better strategy may be to 

selectively target patients at risk of future weight regain, and offer earlier and more 

frequent follow-up to these patients. 



	 III	

Paper III is a prospective study where the association between selected plasma amino 

acids with weight regain were investigated. We found that plasma aromatic amino 

acids, branched chain amino acids and tCys 2 years post-surgery were associated with 

BMI at 2 years post-surgery. Only plasma tCys at 2 years post-surgery was associated 

with weight regain from 2 to 4 years post-surgery. These results suggest that high 

plasma tCys may be used as a prognostic marker for future weight regain.  

 

Overall, these papers show great weight loss and remission of hypertension, type 2 

diabetes mellitus, and metabolic syndrome after RYGB. Best results are achieved in 

participants with pre-surgery BMI 43 kg/m2 or lower. However, our findings indicate 

that this group-based lifestyle intervention program has no effect on weight regain or 

metabolic disturbances 2 to 4 years post-surgery.   
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1. Introduction 

1.1. Classification of obesity 

Body composition can be assessed using several different methods (1). Body mass 

index (BMI) is a weight for height measure that is commonly used to classify 

underweight, overweight and obesity (2). Obesity is further sub-classified into three 

categories according to severity (Table 1). A limitation of BMI index is that it cannot 

distinguish between fat and fat-free mass (1, 3). A waist circumference ≥94 cm and 

≥102 cm for men and ≥80 cm and ≥88 cm for women indicates an increased and a 

substantially increased risk of metabolic complications, respectively (4). A high 

waist-hip ratio (>0.90 in men and  >0.85 in women) indicates abdominal fat 

accumulation, and substantially increased risk of metabolic complications (4). 

Skinfold thickness is a tool used to assess subcutaneous fat in specific locations on the 

body (1). The need of skilled personnel to conduct the measurements, and the 

dependency of accurate measurements are limitations with waist, hip and skinfold 

thickness measurements (1). A Dual Energy X-ray Absorptiometry can be used to 

measure fat mass and fat-free mass, but are costly, and has a weight and width limit 

(1). Bioelectrical impedance analysis can be used to predict total body water and fat-

free mass, and to calculate fat mass (1). Bioelectrical impedance analysis is 

inexpensive, safe and easy to use, but the accuracy of the measurement is uncertain 

because the bioelectrical impedance may not be high enough to penetrate all  

tissues (1).  

 

Table 1: Classification of underweight, overweight and obesity according to BMI 

 

Classification BMI(kg/m2)
Underweight <18.5
Normal range 18.5 - 24.9
Overweight ≥25.0
     Pre-obese 25.0 - 29.9
     Obese ≥30.0
          Obese class I 30.0 - 34.9
          Obese class II 35.0 - 39.9
          Obese class III ≥40.0
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1.2. Prevalence of obesity 

More than 650 million people (13%) worldwide were reported to be obese in 2016, 

which is nearly a tripling since 1975 (5). In the United States, the obesity prevalence 

in 2013-2014 was reported to be 35% and 40% for men and women, respectively (6). 

An increase in obesity is also seen in the Norwegian population, with a prevalence in 

2006-2008 in a large adult population of 23% and 22% for men and women, 

respectively (7). 

1.3. Risk factors for obesity 

The cause of obesity is energy imbalance, which is a multifactorial condition that 

includes individual factors (e.g., genetic factors), environmental factors (e.g., 

marketing and prices) and social factors (e.g., peer influences) (3, 8-11) (Figure 1). 

Childhood physical, verbal and sexual abuse (which belongs to the subgroup 

individual factor) is associated with adult obesity, and the risk is shown to increase 

with number and severity of each type of abuse (12-15).  

 

 
Figure 1: Factors that determine weight outcome. Reprinted from Sartorius et al 2015 
(16) with permission from PLoSOne 

 

Energy imbalance is a result of increased energy intake, decreased energy 

expenditure, or both (11). The change in lifestyle with less need to be physical active, 

together with highly available, palatable, energy-dense- and cheap food, creates an 

obesogenic environment (8, 10). The proportion of people who are physically active 

during leisure-time has decreased drastically over the last several decades (17) and the 

proportion of people who are sedentary has increased (10). At the same time people 
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are less physically active at work (18). In an obesogenic environment, people with 

genetic susceptibility to obesity are more likely to overeat because of increased 

appetite and low sensitivity to satiety signals (10).  

1.3.1. Amino acids as risk factor for obesity 

In recent years, there has been increased interest in the association between plasma 

amino acids (AAs), including branched chain AAs (BCAAs), aromatic AAs (AAAs) 

and total cysteine (tCys), and obesity and obesity-related disorders (19-28). However, 

little is known about the prognostic value of plasma AAs and the risk of future weight 

gain.  

 

The BCAAs, phenylalanine and tryptophan are essential AAs, whereas tyrosine and 

the sulphur-containing amino acid cysteine are conditionally essential AAs (28, 29). 

All AAs are available in our diet (19, 30), but cysteine can also be synthesized 

endogenously from methionine metabolism (31). The synthesis of cysteine (Figure 2) 

is regulated by several enzymes (including cystathionine β-synthase, cystathionine γ-

lyase and cysteine dioxygenase) (28, 32) and micronutrients (including vitamin B6, 

vitamin B12 and folate) (33). 

 

 
Figure 2: Cysteine metabolic pathways. CBS cystathionine β-synthase, CDO cysteine 

dioxygenase, CGL cystathionine γ-lyase. Reprinted with permission from Kathrine J 

Vinknes  

 

A positive association of plasma AAs with insulin sensitivity, type 2 diabetes mellitus 

(T2DM), metabolic syndrome and cardiovascular disease is observed (20, 21, 23, 28, 

34-37), and a reduction in plasma AAs may improve insulin resistance independent of 
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weight loss (20). A reduction in plasma concentration of BCAAs and AAAs is 

described after bariatric surgery (34-36), whereas tCys remain approximately 

unchanged (38). Plasma AAs concentrations observed in three studies before and after 

Roux-en-Y-gastric bypass (RYGB) are shown in Table 2. The plasma concentrations 

of BCAAs and AAAs differ slightly between the studies, but the changes from pre to 

post-surgery have a similar trend. The reduction of plasma BCAAs and AAAs may be 

directly influenced by the amount of weight loss (in particular the reduction of 

visceral adiposity) (36), the reduced protein intake, the reduced degeneration of 

proteins or the increased catabolism of AAs (20, 34). In contrast to other AAs, plasma 

tCys does not change with weight loss, suggesting that tCys is a cause of obesity 

rather than a consequence (38, 39).  

 

Table 2: Plasma AAs concentrations (µmol/L) reported in other studies before and  

after Roux-en-Y gastric bypass surgery 

  
 

1.4. Consequences of obesity 

Obesity is associated with morbidity and mortality (40-45), and common health 

consequences are cardiovascular disease, T2DM, musculoskeletal disorders and some 

Baseline 1 y post-surgery P-value*

Aasheim et al 2011 (40)
Total Cysteine 305 295   0.221

Tan et al 2016 (38)
Leucine/isoleucine 194.5 146.7 <0.001  
Valine 331.8 260.3 <0.001
Phenylalanine 96.3 82.3   0.076
Tyrosine 86.3 63.4 <0.001
Tryptophan 60.8 57.0   0.24

Baseline  20% weight loss P-value**
Magkos et al 2013 (37)

Leucine/isoleucine 167 139 <0.05
Valine 249 192 <0.05
Phenylalanine 62 42 <0.05
Tyrosine 63 44 <0.05
Tryptophan − −

*Difference in plasma consentration pre to 1 y post-surgery
1 Time effect (baseline, 6 weeks, 6 months, 1 y)
**Difference in plasma consentration pre to 20% weight loss
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types of cancer (40, 41, 43-49). Strong evidence is reported for the association 

between adiposity and cancer of the digestive organs and hormone related 

malignancies in women (41). Mortality among healthy non-smokers is reported to 

have a J-shaped relationship with BMI, and the lowest mortality is within the BMI 

range of 20.0-24.9 kg/m2 (42). Severe obesity (BMI ≥40 kg/m2 or a BMI ≥35 kg/m2 

with an obesity-related comorbidity) is associated with several years shorter life 

expectancy (44). 

 

Stigma towards obesity is a problem, and it is reported that obese compared with non-

obese individuals are less likely to be employed, often meet negative attitudes from 

family, friends and co-workers and are stigmatized in television and movies (50-52). 

Results from several studies suggest an association between obesity and depression 

(53-56). Obesity is found to increase the risk of depression, which may be caused by a 

negative self-image or somatic consequences (including hypertension, insulin 

resistance or dyslipidaemia), and depression is found to increase the risk of obesity 

through stress, and an unhealthy lifestyle (56, 57). The use of antidepressants may 

also increase the risk of obesity (58). Different antidepressants are available, and 

some increase the risk of weight gain more than others (59). The risk of developing 

depression increases with increasing obesity classification (53, 54, 60), and is higher 

in overweight and obese women, and in super obese men, compared with normal 

weight women and men (60).  

 

Obesity is not only a physical and mental health problem, it also effects the healthcare 

system (61). A systematic review reported that obesity was estimated to account for 

0.7-2.3% of the country’s healthcare expenditure, and that the medical cost was 30% 

higher for obese individuals than for normal weight individuals (61).    

1.5. Treatment of obesity  

Obesity can be treated with lifestyle changes (including energy restriction and 

increased physical activity), behavioural therapy, medication or bariatric surgery (62).  

 

The Look AHEAD study was a large randomized controlled trial in the US designed 

to evaluate the effect of an intensive lifestyle intervention compared with usual care 

on cardiovascular morbidity and mortality in overweight and obese adults with T2DM 
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(63). The lifestyle intervention included several meetings every month the first year 

(individually and in groups), followed by a maintenance phase with monthly meetings 

from year 2-8 while usual care included three annual 1-hour group meetings the first 4 

y, followed by one annual group meeting from year 5-8. After 1 y and 8 y, the 

participants in the lifestyle intervention program had lost 8.5% and 4.7% of initial 

weight, respectively, while the usual care group had lost 0.6% and 2.1%,  

respectively (63). Successful strategies for long-term weight maintenance was 

physical activity, energy restriction and self-monitoring of body weight weekly or 

more often (63). Still, the intervention had no effect on the primary endpoint of 

cardiovascular morbidity and mortality (64).  

 

The National Weight Control Registry in US is an ongoing longitudinal study. It was 

funded to identify strategies for successful weight loss and weight maintenance after 

surgical and non-surgical weight loss (65). Criterion to be part of this registry is a 

weight loss of ≥13.6 kg for at least 1 y. A mean weight loss of 31.3 kg at baseline and 

23.8 kg at 5 y was observed (66). The following behavioural changes from baseline to 

1 y were found to be predictive for successful long-term weight outcome: A large 

initial weight loss, longer duration of weight maintenance, higher leisure time 

physical activity, energy- and fat restriction and self-monitoring of body weight (66). 

In the same registry, non-surgical participants were more physically active, they ate 

less fast-food and fat, were more dietary restrained, and had lower levels of 

depression and stress, compared with surgically treated patients (65).  

 

Weight loss medications combined with behavioural therapy can also be beneficial to 

achieve weight loss (62, 67). According to The Norwegian Pharmaceutical Product 

Compendium, there are only two weight loss medications approved in Norway, 

Xenical, which reduces the fat absorption from the gut, and Mysimba, which reduces 

appetite and increases satiety (62, 67, 68).  

 

Non-surgical patients participating in an intensive lifestyle intervention program (63), 

a weight loss camp (69) or combining weight loss medications with behavioural 

therapy (67) achieve better long-term weight loss than patients in usual care or no 

treatment (70, 71), but a greater weight loss is described after bariatric surgery 

compared with non-surgical obesity treatments (69, 72, 73). 
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1.6. Bariatric surgery 

The indication for bariatric surgery is a BMI ≥40 kg/m2 or a BMI ≥35 kg/m2 with an 

obesity-related comorbidity (74-76). There are several bariatric procedures, which are 

either restrictive, malabsorptive or combined restrictive and malabsorptive (74). 

RYGB, sleeve gastrectomy, gastric banding and duodenal switch have been the most 

commonly used procedures (Figure 3), with sleeve gastrectomy as the currently most 

used procedure worldwide, followed by RYGB (74, 77).  

 

 

 
Figure 3: Bariatric surgical procedures. a| Roux-en-Y gastric bypass. b| Adjustable 

gastric banding. c| Sleeve gastrectomy. d| Biliopancreatic diversion with duodenal 

switch. Reprinted with permission from Nature (78) 

 

Gastric banding is a restrictive procedure, where an adjustable silicon band is placed 

around the upper part of the stomach (78). Sleeve gastrectomy is also a restrictive 

procedure where ~80% of the stomach is removed (78). The restrictive and 
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malabsorptive procedure that consists of a sleeve gastrectomy in addition to bypassing 

~50% of the intestine is a duodenal switch procedure (78). RYGB is also a combined 

restrictive and malabsorptive procedure. It has been considered the “gold standard” in 

bariatric surgery, and it was for a long time the most frequently performed procedure 

(77, 78). RYGB consist of a small gastric pouch of ~30 ml. The duodenum is 

bypassed, and the Roux limb varies between 75-150 cm (78). 

1.6.1. Health benefits and weight loss  

A large Scandinavian registry, that included nearly 28000 patients previously 

operated with gastric bypass, described a mean total weight loss (TWL) 2 y post-

surgery of approximately 32% (79). Remission of metabolic disturbances is described 

after surgery, with approximately 75% remission of T2DM (71, 80, 81) and 50-60% 

remission of hypertension (71, 80). Some relapse of metabolic disturbances is 

described from 1-2 y post-surgery, but remission is still observed to be significant 3 y 

(82), 6 y (71) and 10 y (83) post-surgery. Overall, life expectancy is described to 

increase post-surgery. According to calculations based on three large cohorts, an 

average female surgical patient age 45 y with T2DM and a pre-surgical BMI of 45 

kg/m2, will gain nearly 7 y of life expectancy with bariatric surgery (84). 

 

Remission of depression and treatment of depression is observed post-surgery (85-

87), but long-term outcome is inconsistent, with observed new onset (87), partial 

relapse (86) and complete relapse (85). Several studies show significantly greater 

weight loss, improvement in quality of life, and better remission of hypertension, 

T2DM and dyslipidaemia among surgical patients compared with non-surgical 

patients (69, 71, 73, 87), but a higher risk of complications (including gastrointestinal 

surgery, gastroduodenal ulcers, iron deficiency and abdominal pain) is observed in 

surgical patients (87).  

 

No association of nausea, vomiting, dysphagia (88) or dumping syndrome (89, 90) 

with weight loss is described, but a greater weight loss is associated with abdominal 

pain (88). A review article that included 22 studies on malabsorption post-surgery 

described only some fat malabsorption and little or no malabsorption of carbohydrates 

and protein (91). Hence, it seems like weight loss is mainly achieved through reduced 

energy intake (91, 92). This may be mediated by the restricted volume of the stomach 
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(78, 93) or by changes in appetite seen post-surgery (94-96). An increase in the gut 

hormones peptide YY and glucagon-like peptide 1, and a decrease of ghrelin, which 

are reported after RYGB, are associated with decreased appetite and increased satiety 

(94-96). The role of bile acids, gut microbiota and microbiome are still unknown, but 

some studies have shown an association with weight loss post-surgery (96, 97).  

1.6.2. Weight loss calculations 

There is no standardized way of reporting weight loss, which makes it difficult to 

compare surgical studies, and surgical with non-surgical studies (98). Several 

definitions are used, including %TWL, TWL in kg, % excess weight loss (EWL) and 

% excess BMI loss (98). Percent EWL is a commonly used method to report weight 

loss after bariatric surgery. Percent EWL is usually defined as: weight loss/excess 

weight * 100 (98). Percent TWL is the usual way of reporting weight loss in non-

surgical studies, and it is not associated with pre-surgery BMI (99).  

1.6.3. Diet and physical activity recommendations 

There are specific dietary recommendations that should be followed post-surgery. 

Clear liquid is recommended the first 1-2 days post-surgery, gradually followed by 

full liquid, pureed food and regular food (100, 101). Daily nutritional 

supplementations, including multivitamin plus minerals, calcium, vitamin D, vitamin 

B12, and additional iron supplementations if required, are recommended after RYGB 

to prevent nutritional deficiencies (75, 101, 102). A nutritional pyramid (Figure 4), 

including nutritional supplementations, physical activity and food choices, is 

suggested as a tool to help patients to follow the recommendations post-surgery (103). 

The patients are recommended small and frequent meals, a protein intake of at least 

60 g/d, more than 1.5 l of fluids (consumed slowly and at least 30 min before the 

meal), limited intake of fat and sweets and physical activity of at least 150 min/week 

(75, 101).  
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Figure 4: Nutritional pyramid after Roux-en-Y gastric bypass surgery. Reprinted with 

permission from Obesity Surgery (103) 

 

1.6.4. Employment and use of psychopharmaceutical drugs  

Several studies have shown an association between obesity and unemployment (51, 

52, 104). Obesity may result in stigmatization and discrimination in the workplace 

(51, 52), disability, and in increased sickness absence (105-107). Both increase (108, 

109) and no change (110) in employment have previously been reported after RYGB. 

Overall, it is suggested that bariatric surgery has a positive impact on occupational 

outcomes with fewer sick-days and/or a greater chance for an unemployed to return to 

work after undergoing surgery (111).  

 

The prevalence of depression is observed to be higher among bariatric patients than in 

the general US population, with a depression prevalence of 19% and 8%, respectively 

(112). Evidence suggests that weight loss surgery is associated with a reduction in the 

high-biologic value protein. If tolerated, we recommend
four to six servings of protein-rich foods per day, otherwise
supplements should be used [7]. Serving sizes and grams of
protein per serving are shown in Table 1.

Second Level of Pyramid: High-Fiber, Low-Calorie Foods

During the first year after surgery, fruit and vegetables
should be controlled because they have been associated
with increased satiety, which could lead the patient to
decrease the intake of other nutrient-rich foods (such as
meat, fish, legumes, etc.). However, in the long-term, fruit,
vegetables, and legumes are good options, particularly for
those patients whose caloric intake increases too much. In
long-term follow-up, many patients have reported eating
two servings of fruit and two to three servings of vegetables
per day [10]; in accordance with the USDA health
recommendations (www.health.gov/DietaryGuidelines/).

To the best of our knowledge, there are no data relating
the number of servings and consumption of each of these
foods to food tolerance, constipation and/or weight-loss
success after surgery. However, our recommendation
includes two to three servings of fruit and two to three
servings of vegetables per day. Because of their different
caloric contents, we differentiate in the pyramid between
fruits with low- and those with high-sugar content. Since oil
is high in fat, its consumption should be limited to two to
three servings per day. When recommending vegetable oils,
we particularly highlight the known beneficial effects of
olive oil [50]. Serving sizes and grams per serving for this
level of the pyramid are shown in Table 1.

Third Level of Pyramid: Grains and Cereals

In accordance with reports published in the literature, and
in order to maintain controlled protein and calorie intake,

Fig. 1 Nutritional Pyramid for Post-gastric Bypass Patients

OBES SURG (2010) 20:1133–1141 1137
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prevalence, frequency and severity of depressive symptoms (85, 86, 112, 113). 

However, some studies have shown an increase of depressive symptoms with time 

(85-87). Depression post-surgery is associated with surgical pain (114), lower weight 

loss (113) and excess skin (115). Unrealistic expectations of weight loss and 

improvement in physical and mental health may lead to disappointment when not 

achieved (86, 116, 117). 

 

The reported changes in use of antidepressant drugs are inconsistent. Results from 

studies on depressive symptoms post-surgery suggest both increased use of 

antidepressants (118), decreased use (86, 119), and decreased use followed by 

increased use (86).  

1.6.5. Weight regain  

Some weight regain is common after nadir (79, 120, 121), and relapse of metabolic 

disturbances post-surgery is observed parallel to weight regain (83). The 

Scandinavian Obesity Surgery registry from 2016, including almost 13000 patients  

5 y post-surgery, described a weight regain of approximately 5 kg (79). Mean body 

weight from 0 to 5 y post-surgery is shown in Figure 5, and illustrates that body 

weight nadir is reached approximately 2 y after surgery.  

 

 
Figure 5: Mean body weight from pre-surgery until 5 y after RYGB reported in the 

Scandinavian Obesity Surgery Registry 2016 (79). RYGB Roux-en-Y gastric bypass 
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The absence of appropriate lifestyle changes after bariatric surgery, including poor 

dietary habits, lack of physical activity and lack of follow-up visits are factors that 

may influence weight regain (122). Control over food urges and eating habits, 

engagement in self-monitoring of body weight and keeping food records are factors 

that may improve weight outcome after bariatric surgery (123, 124). 

1.6.6. Adverse events 

Adverse events should be considered when deciding treatment of obesity (87). The 

prevalence of overall early complications after bariatric surgery are shown to be 8.3%, 

serious complications occur in 3.4% of patients within 30 days of surgery, and the 90 

day mortality is shown to be 0.04% (125). The risk of serious early complications has 

been steady since 2011, while the risk of any early complications, including leakage, 

bleedings, abscesses and pulmonary complications, has decreased (126). Higher 

volume of bariatric surgeries and mostly laparoscopic procedures has improved the 

risk of complications post-surgery (125, 127). However, long-term complications are 

frequently reported, and include bowel obstruction, internal hernia, dumping 

syndrome and abdominal pain (128-130). 

1.7. Rationale of this thesis 

Obesity is associated with increased morbidity, mortality (40-45), decreased mental 

health (53-56) and more unemployment (51, 52, 104). The interest in the association 

between plasma AAs and obesity and obesity-related disorders is increasing (19-21), 

and it is suggested that plasma tCys may play a causal role in the regulation of obesity 

(28, 38). Still, little is known about the role of plasma AAs, including tCys, in weight 

regain.  

 

Weight loss, improvements in health and a positive impact on occupational outcome 

are reported after bariatric surgery (69, 71, 73, 87, 111). Despite this, weight regain 

and some relapse of the achieved benefits is common (71, 82, 83). No randomized 

control trial has specifically focused on preventing weight regain after bariatric 

surgery. This intervention may provide information on strategies to maintain weight 

loss and prevent weight regain, as well as prognostic factors that can be used to 

identify subjects vulnerable for weight regain. 
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2. Aims 

 

The aim of the thesis was to study the health benefits 2 y after RYGB and the effects 

of a group-based lifestyle intervention program on weight regain and health 2 to 4 y 

post-surgery.  

 

The specific aims were: 

 

1. To investigate health benefits 2 y after RYGB, including weight loss, and 

changes in metabolic disturbances, employment status and use of 

psychopharmaceutical drugs (Paper I). 

 

2. To compare changes in weight and metabolic disturbances between a group 

that received usual care and a group that received a group-based lifestyle 

intervention program in addition to usual care (Paper II).  

 

3. To identify lifestyle factors associated with weight regain, including dietary 

habits and physical activity (Paper II). 

 

4. To investigate the relationship between plasma amino acids and weight regain 

(Paper III). 
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3. Methods 

3.1. Study design 

This thesis is based on a randomized controlled, non-blinded, single centre study 

conducted at Oslo University Hospital, comparing the effect of a lifestyle intervention 

program with usual care. The thesis consists of 3 papers (Table 3). 

 

Table 3: Study design and number of subjects in Paper I-III. CTG Conventional 

treatment group, LIG Lifestyle intervention group 

 
 

The PhD student designed the project under the supervision of experienced 

investigators and was responsible for the implementation of the intervention. The PhD 

student had been working with obesity treatment for several years before planning the 

intervention and had completed a theoretical education in treatment of obesity, as well 

as a communication course.  

 

A clinical dietitian contributed to conducting the study and prepared, together with 

one of the master students, the dietary lectures. Some of the lectures had previously 

been used at single group meetings in overweight and obese surgical and non-surgical 

patients.  

 

The PhD student was involved in the group meetings, together with other clinical 

dietitians, master students in clinical nutrition, a psychologist, an activity coach and 

an experienced user from the Patient Education Resource Centre.  

 

A total of 7 master students in clinical nutrition, between 2008 and 2013, conducted 

the group meetings and physical exercise sessions, and/or were involved in the data 

Paper Study design
Time of 2 y after 4 y after 
surgery surgery surgery

I Retrospective 165 165 −
85 (LIG) 77 (LIG)

80 (CTG) 65 (CTG)
III Prospective − 165 142

II Randomized −

Participants (n)
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collection through individual consultations, supervised by the PhD student. The 

master students received practical training at the Department of Morbid Obesity and 

Bariatric surgery supervised by clinical dietitians prior to the intervention, and they 

attended group meetings before starting up with their own groups. Some of the master 

students had experience from leading similar groups.  

The study was approved by the Regional Committee for Medical and Health Research 

Ethics. All subjects signed informed consent before participation in the trial. The 

study is registered in ClinicalTrials.gov (NCT01270451). 

3.2. Participants and randomization procedure 

The participants were recruited from the Department of Morbid Obesity and Bariatric 

Surgery at Oslo University Hospital. A total of 630 study candidates were operated 

with RYGB between January 2006 and June 2009, and they received an invitation to 

participate in the study (Appendix 1). Flowchart for inclusion and implementation is 

shown in Figure 6. The intervention was conducted from August 2008-August 2012, 

and the participants were included in three batches from 2008 to 2010, and they were 

followed for 2 y. Mean duration from surgery to the beginning of the intervention was 

21 months (range 14–32 months).  

 

A total of 180 patients reported interest in the study. To be able to participate at group 

meetings and physical activity sessions, and to fill out questionnaires, we excluded 

immobile patients, and patients with an inability to read and understand Norwegian. 

One hundred and sixty-five participants (26%) were included in the study, and they 

were randomly assigned in a 1:1 allocation ratio to the lifestyle intervention group 

(LIG) or the conventional treatment group (CTG). A statistician prepared the list for 

randomization, which was managed by a researcher not directly involved in the study. 

The list for randomization was designed with blocks of four (for men) and six (for 

women) and stratified according to gender and EWL of more or less than 66%. The 

%EWL cut-off were chosen based on the mean EWL of 66% at 1 and 2 y post-surgery 

at Oslo University Hospital (unpublished data). The result of randomization was 

revealed to the patient and study personnel directly after the first individual 

consultation.  
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Figure 6: Flowchart for inclusion and implementation in the study. The white squares 

represents data used in Paper I, II and III (n = 165). The blue squares represents data 

used in Paper II (n = 77 in the lifestyle intervention group and n = 65 in the 

conventional treatment group). The beige square represents data used in Paper III  

(n = 142). RYGB Roux-en-Y gastric bypass  

 
 
 
 
 
Study population (n = 165) 

 
 
 
 
 
Completed follow-up (n = 142 (86%)) 

 
 
 
 
 
Drop-outs (n = 23) 

Randomized																									
(n	=	165)	

Lifestyle intervention 
group (n = 85) 

Completed follow-up          
(n = 77 (91%)) 

Drop-outs (n = 8) 

Conventional treatment 
group (n = 80) 

Completed follow-up          
(n = 65 (81%)) 

Drop-outs (n = 15) 

Roux-en-Y gastric 
bypass January           

2006 - June 2009          
(n = 630)  

Attended information 
meeting (n = 180) 

Randomized (n = 165) 

Excluded (n = 15)                   
13 declined to 

participate,                         
2 did not meet the 
inclusion criteria 

Excluded (n = 16)                   
15 participated in other 

studies at OUH, 1 
unknown home address 

Paper I, II, 
III 

Paper III 

Paper II 
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3.3. Surgical procedure 

In this thesis all participants were operated with RYGB (Figure 3), which is a 

combined restrictive and malabsorptive procedure (74). The RYGB was performed 

with a gastric pouch of about 25-30 ml, and an alimentary and biliopancreatic limb of 

150 and 50 cm, respectively. 

3.4. The intervention 

A Swedish program using techniques from behavioural treatment in weight reduction 

was used as a guiding tool when the intervention was designed (131). The lifestyle 

intervention program consisted of 16 meetings with a tapering dose, each lasting 2 h 

(Figure 7). 

 

Table 4 shows an overview of topics and content at each group meeting. The meetings 

were based on The Norwegian Directorate of Health’s recommendations (132) 

regarding level of physical activity and diet. Pedagogic models to increase physical 

activity and to optimize the nutritional quality of the meal were used. The participants 

were advised to choose food items labelled with the Keyhole symbol, which is used in 

the Nordic countries to help the consumers to identify the healthier options when 

buying food (133). 

 

Each group meeting included measurements of body weight, a lecture on a given 

topic, group work and/or an assignment, and 30 min with supervised physical activity 

(Nordic walking, climbing stairs or strength training). The first year, the participants 

could choose to attend a day group or an evening group. Because of low attendance at 

the evening group, the day and evening group were joined the second year and 

replaced by one afternoon group. The participants were reminded by text message the 

day before every group meeting. 
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Figure 7: Usual care at Oslo University Hospital in 2008 (grey, left), and the design of the lifestyle intervention program (blue, right) 
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Dietary topics that were discussed were healthy food choices, meal frequency, portion 

size and energy density. Master students in clinical nutrition mainly held these 

lessons. The two lessons on physical activity were prepared and carried out by a 

clinical dietitian and activity coach. On the first of the two physical activity sessions, 

the participants were given a pedometer for self-monitoring number of steps per day 

and were instructed in the use of walking sticks. The participants were advised to 

decrease time spent on sedentary activity, and they were recommended ≥150 

min/week with moderate activity or ≥75 min/week with high intensity activity, in 

accordance with Norwegian (132) and WHO (134) recommendations. The two 

sessions on body image were prepared and carried out by a psychologist and focused 

on self-esteem and body image. Halfway through the intervention, when the interval 

between the group meetings increased, an experienced user from Patient Education 

Resource Centre informed the participants about self-help groups. The last group 

meeting was a cooking class, which focused on healthy choices, and how to modify 

recipes.  

 

In addition to the lifestyle intervention program the LIG received four extra individual 

consultations while the CTG received three extra individual consultations during the 

study (Figure 7). 
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Table 4: Description of the group meetings in the lifestyle intervention group 

 

Description of topics Tasks and homework Conducted the group 
meeting

1 Presentation and aims Discuss individual goals, with time-
perspective.

PhD student and 
master students 

2 Physical activity I

Reasons to exercise, positive 
experience of physical 
activity and importance of 
activity concerning weight 
balance. Distribution of 
pedometers and guidance in 
use of walking sticks.

Physical activity: What do you want 
to change? Homework: Report 
activity on three active days and 
three non-active days

Clinical dietitian and 
activity coach 

3 Fat and fat reduced 
products

How to read and how to 
understand food labelling and 
declarations. How to reduce 
the amount of fat.

Master students

4 Fibre, fruit and 
vegetables

How to increase the intake of 
fruits and vegetables, use 
more whole grain flour, and 
how to choose the most 
healthy food items? What is 
the Keyhole symbol?  

How much fibre, fruits and 
vegetables do you consume? Discuss 
strategies to increase the intake. 
Homework: Increase the daily intake 
of fruits and vegetables, use more 
hole grain products.

Master students

5 Food during holidays 
and celebrations

Serving sizes, healthy eating 
and how to resist temptations. Clinical dietitian 

6 Low fat and low sugar
How to read and how to 
understand food labelling and 
declarations.

Master students

7
New Year's 
resolutions and 
cravings

Food choices, portion sizes, 
meals and in-between eating, 
healthy snacks and fast food. 
Reduce the amounts of sugar 
and fat as well as using 
alternatives, such as whole 
grain flour instead of white 
flour. 

What is you’re individual goal? How 
to achieve you're goal? Master students

8 Self-help groups
Encourage the group to meet 
on their own, in between the 
group meetings. 

Experienced user from 
Patient Education 
Resource Centre

9 Physical activity II How to integrate physical 
activity in daily routine.

Advantage and disadvantage with 
physical activity and physical 
inactivity.

Clinical dietitian and 
activity coach

10 Sweeteners Reducing amounts of sugar 
and alternatives to sugar. Clinical dietitian 

11 Body image I
Moods and feeling. How to 
handle changes in body and 
mind after bariatric surgery. 

Psychologist 

12 Summer food and 
challenges

Summer food and summer 
activities.

Strategies to make healthy choices in 
food and physical activity during the 
summer holidays.

PhD student

13
"Working 
groups/round table 
procedure"

Small working groups discuss 
challenges of daily life, 
triggers for dysfunctional 
strategies, and strategies to 
deal with cravings. 

PhD student

14 Body image II Psychologist 

15

Food for the entire 
family (this group 
meeting was a regular 
meeting offered to all 
patients)

Regular mealtimes and 
planning. Recipes for healthy 
snacks. 

Clinical dietitian 

16 Cooking class How to modify recipes, how 
to make healthy choices. 

Healthy dishes prepared in small 
groups.

PhD student and 
clinical dietitian 

Group meetings
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3.5. Outcome measures 

3.5.1. Data collection 

Clinical data, including anthropometric measures and a clinical examination, were 

retrieved at the individual consultations 2 y, 21/3 y and 4 y post-surgery. A case report 

form designed for the intervention was used at the visits (Appendix 2). Pre-surgery 

data were retrospectively retrieved from the patient’s hospital journals and from a 

prospective patient register at the Department of Morbid Obesity and Bariatric 

Surgery. 

3.5.2. Anthropometric measurements and body weight  

Body weight and body composition were measured by bioelectrical impedance 

analysis, using the Tanita BC418MA Body Composition Analyser (www.tanita.com). 

Body weight nadir was defined as the lowest weight until time of enrolment. This 

information was retrieved either from the patient’s hospital journal, or the measured 

body weight from the individual consultation at time of enrolment, whichever was 

lowest. Fat mass (kg), fat mass (%), fat free mass (kg) and trunk fat (%) were 

estimated through bioelectrical impedance analysis. The maximum weight capacity of 

Tanita is 200 kg. Waist and hip circumference were determined by measuring tape to 

the nearest cm. The waist was measured at its largest circumference. The hip 

circumference was measured at the height of trochanter major. Height was measured 

to the nearest cm by Soehnle Professional height-measuring appliances 

(www.soehnle-professional.com). BMI was calculated as body weight (kg) divided by 

square height (m2). Before surgery the patients were weighed on a flat Seca Vogel & 

Halke scale (www.seca.com). Otherwise the same measuring equipment was used pre 

and post-surgery.  

3.5.3. Weight loss calculations 

Different weight loss calculations were used in this thesis. In Paper I, %EWL was 

used to evaluate weight loss post-surgery, and an EWL ≥50% was considered a 

successful result. Percent EWL is dependent on three variables: pre-surgery body 

weight, post-surgery body weight, and ideal body weight (98). In our study, the ideal 

body weight was set to a BMI of 25 kg/m2. Percent TWL and kg weight loss were 

used in Paper II and III. In Paper II weight maintenance from 2 to 4 y post-surgery 

was defined as weight gain less than 3%, while a weight change of +5% or more was 
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considered clinically relevant (135). In Paper III, we defined relevant weight regain 

from 2 to 4 y as a regain of ≥2 BMI units.  

3.5.4. Metabolic measurements and disturbances 

Systolic and diastolic blood pressure was measured after 5 min of rest in the sitting 

position with a CAS 740 Vital Signs Monitor (www.casmed.com/740-vital-signs-

monitor). The measurements were repeated twice and the average of the two 

measurements was used in the analysis. Hypertension was defined as blood pressure 

≥140/90 mmHg or use of antihypertensive drugs. T2DM was defined as HbA1c ≥6.0% 

and/or use of hypoglycaemic agents. The prevalence of metabolic syndrome was 

assessed using criteria from the National Cholesterol Education Program (136). At 

least 3 of the following 5 criteria were required for the diagnosis of metabolic 

syndrome: 1, elevated waist circumference (≥102 cm for men, ≥88 cm for women): 2, 

elevated triglycerides (≥1.7 mmol/L) or drug treatment: 3, reduced HDL-cholesterol 

(<1.03 mmol/L for men, <1.3 mmol/L for women): 4, elevated blood pressure (≥130 

mmHg systolic blood pressure or ≥85 mmHg diastolic blood pressure) or 

antihypertensive drugs: 5, elevated fasting glucose (≥5.6 mmol/L) or use of 

hypoglycaemic agents. 

3.5.5. Use of medication 

All use of drugs pre-surgery was collected from the prospective patient register at the 

Department of Morbid Obesity and Bariatric Surgery, while information about use of 

drugs post-surgery and during the intervention was retrieved from the case report 

form. Information about use of drugs for the cardiovascular system and 

hypoglycaemic agents was used in Paper I and II, while psychopharmaceutical drugs 

pre-surgery and 2 y post-surgery were described in paper I. Psychopharmaceutical 

drugs were divided into psychoanaleptics (ATC N06AB; antidepressants and 

psychostimulants) and psycholeptics (ATC N05ABC; antipsychotics, anxiolytics and 

hypnotics, and sedatives). Use of drugs in the adult population (20–64 years) in 

South-Eastern Norway was retrieved from the Norwegian Prescription Database 2010 

(137) and was weighted to be comparable to the sex distribution in our study.  

3.5.6. Laboratory analyses 

Blood was collected after an overnight fast into tubes without anticoagulant (for 

serum) or with EDTA or lithium heparin (for plasma) and the samples were 
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centrifuged at 3500×g, 10-15 min, at room temperature or 4 °C, respectively.  

All samples were collected between autumn 2008 and autumn 2012. Blood analytes 

were measured in freshly collected samples using the hospital routine laboratory.  

Blood lipids, including cholesterol and triglycerides, were measured using Modular 

PE, modul P (Roche Diagnostics, Mannheim, Germany). Fasting plasma glucose was 

measured using the Gluco-quant Glucose/HK (Roche Diagnostics, Mannheim, 

Germany), whole blood HbA1c was measured by HPLC on a Tosoh G7 analyser 

(Tosoh Corp. Tokyo, Japan). HbA1c measured by Tosoh G7 analyser before March 

2012 showed systematically higher values than reference methods. Measurements 

obtained before March 2012 have, therefore, been factor adjusted with 0.955 after 

recommendations from Norwegian Quality Improvement of Laboratory 

Examinations. Fasting serum insulin and C-peptide, collected before and after March 

2012, were measured on an AutoDELFIA Insulin-kit (PerkinElmer Life and analytical 

Sciences, Wallac Oy, Mustionkatu 6, Turku, Finland) and on an 

electrochemiluminescence immunoassay (Roche Diagnostics, Mannheim, Germany), 

respectively. The newest analysing method was used on participants included in the 

last batch when analysing 4 y fasting serum insulin and C-peptide. These insulin and 

C-peptide results were converted with the following formulas Y(Modular) = 2.4 + 

1.31 x X(DELFIA) and Y(Modular)=0.99X(DELFIA) + 85, respectively.  

 

Due to haemolysis, fasting serum insulin data is missing from 15 participants at 2 y 

and 23 participants at 4 y post-surgery. Homeostatic model assessment of insulin 

resistance was estimated by the Oxford University homeostatic model assessment 

Calculator 2.2 from fasting glucose and insulin concentrations (138). An oral glucose 

tolerance test was performed at baseline and 4 y post-surgery in a subgroup of 21 and 

22 non-diabetic participants from the LIG and the CTG, respectively. The 75 g oral 

glucose tolerance test was performed after an overnight fast and samples were 

obtained at 0, 30 and 120 min for determination of glucose and insulin. Insulin 

secretion was estimated using the insulinogenic index (Δinsulin 0-30 min /Δglucose 

0-30 min).  

Aliquots of serum and plasma samples were stored at −80 °C for later analyses of 

plasma AAs, including tCys, methionine, total BCAAs (sum of leucine, isoleucine, 
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and valine), and total AAAs except histidine (sum of phenylalanine, tryptophan, and 

tyrosine). The concentrations of plasma AAs were measured by liquid 

chromatography–tandem mass spectrometry (LC–MS/MS) using a modified version 

of a previously described method (139). Plasma tCys was analysed at the University 

of Oslo in 2013, using a Sciex 4000 QTRAP MS/MS spectrometer (Framingham, 

MA, USA), while the other plasma AAs were measured at the University of Oxford in 

2014. Details are further described in Paper III.  

3.5.7. Questionnaires 

Food diaries  

Pre-coded food diaries (Appendix 3) and picture book (Appendix 4) (140) were used 

to assess energy intake and macronutrient distribution over a 4-day period before and 

after the intervention. The diary consists of a list with common foods and drinks, and 

empty lines where participants can enter foods and drinks not listed in the diary (140). 

The food diary has been validated among 9 y and 13 y old children, and the validity 

was found to be good or moderate in ranking individuals according to energy intake 

(141, 142). An example of the pre-coded food diary can be assessed at 

www.med.uio.no/imb/english/research/groups/dietary-research-nutritional-

epidemiology/dietary-research/methods/. The diaries were administered by a clinical 

dietitian and master students and were scanned using the Teleform version 6 

(Datascan Oslo, Norway). Energy intake and macronutrient distribution were 

estimated by a software system developed by the Department of Nutrition, University 

of Oslo Norway (143), that contained data based on the Norwegian food composition 

Table from 2006 (144).  

Physical activity questionnaire including employment status 

Validated 7-day physical activities recall questionnaire (Appendix 5) was used to 

calculate energy expenditure, physical activity level and time spent on physical 

activity of low, moderate or high intensity (145). The questionnaire has shown good 

correlation with ActiReg, which is an instrument used to calculate energy expenditure 

and physical activity (146). The questionnaire is designed based on the Hyrim 

physical activity questionnaire (147) and the International physical activity 

questionnaire (148), which both are developed to monitor physical activity and 

inactivity. The questionnaire includes 5 main categories about work, transportation, 
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daily activity at home, leisure time activity and sedentary activity. It was designed to 

evaluate level of physical activity and adherence with the national guidelines for 

physical activity (132, 145). Physical activity level was calculated by dividing energy 

expenditure by the resting metabolic rate (149). The resting metabolic rate was 

calculated from weight, height, age and sex using Mifflin’s formula (150).  

 

Metabolic equivalent (MET) described the intensity of activities, which was divided 

into the categories: 1.0 MET (sleep), 1.1-3.0 MET (low), 3.1-6.0 MET (moderate), 

and >6 MET (high) (145). One MET is defined as the amount of energy expended 

during 1 min at rest, and is set to 3.5 mL oxygen per kg body weight per min (3.5 

mL/kg/min) (149). Total MET-minutes were calculated by multiplying number of 

days and minutes used on the activity with the MET-value of the specific activity. The 

questionnaire covered all activity for a 24-hour-period. If the registered time did not 

add up to 24 h the residual time was registered as activity with low intensity (145).  

 

In Paper II we investigated changes in employment from pre- to 2 y post-surgery. 

Information about pre-surgery work situation was collected from the prospective 

patient register at the Department of Morbid Obesity and Bariatric Surgery, while 

post-surgery information was collected using the physical activity questionnaire. 

Participants were registered as employed (including students), or unemployed; we did 

not distinguish between medical leave, disability, job seeking, or voluntary out of 

work.  

Short-Form 36 

The participants completed a short-form health survey version 2, consisting of 36 

questions (SF-36). This is a generic measure, which yields an eight-scale profile score 

including physical health (consisting of physical functioning, role-physical, bodily 

pain and general health) and mental health (consisting of vitality, social functioning, 

role-emotional and mental health).    

3.6. Statistical analyses  

The sample size was calculated according to the primary endpoint of the study, which 

was a between-group difference in weight change 2 to 4 y post-surgery. A sample size 

of 65 subjects in each of the two treatment groups provided 80% power to detect a 2.5 

kg difference in mean weight change from 2 to 4 y post-surgery. Due to lack of 
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previous data to use as basis for the calculation we estimated a SD of 5 kg, and 5% 

type 1 error. In addition, the sample size provided a 20% allowance for dropouts.  

SPSS version 21.0-25.0 (Chicago, IL) was used for the statistical analyses. In all 

Papers, descriptive statistics were reported as frequencies, median (25th–75th 

percentiles), or mean ± SD, and partial correlations were used to describe the linear 

relationship between two variables, adjusted for relevant covariates, including sex and 

age. Time from surgery to inclusion, study group allocation (Paper I and III), physical 

activity level, energy intake or macronutrients did not change the results significantly 

and were, therefore, not included in the adjustments. There were some outliers, and 

the analyses were done with and without these outliers. Since the results of these 

analyses were similar the outliers were included in the final analyses. If not otherwise 

stated, the combined data for men and women was presented. 

In Paper I and III, two related samples were examined using Wilcoxon signed-rank 

test (skewed variables), paired samples t-test (normally distributed variables), or 

McNemar’s test (categorical variables). In Paper II, two independent samples were 

examined using Mann-Whitney U (skewed variables), independent samples t-test 

(normally distributed variables), chi-square, or Fisher exact test (categorical 

variables). The between-group analyses were presented unadjusted. Analyses of 

covariance, which included all participants adjusted for age, sex and group allocation, 

were used to identify factors associated with weight regain 2 to 4 y post-surgery. 

These factors were selected based on univariate P-values <0.2, and included smoking 

status, plasma tCys, intake of artificially sweetened beverages and meat, and time 

spent on sedentary activities (reading, TV viewing and computer use). We used a 

linear mixed model for longitudinal analysis of changes in body weight at 2 y, 21/3 y 

and 4 y post-surgery. Only participants that attended the last individual consultation 4 

y post-surgery were included in the other analyses. In Paper III, we investigated 

plasma AAs, all of which were normally distributed. Analyses of covariance, 

including age, sex and insulin as covariates, were used to compare differences 

between quartiles of plasma tCys at 2 y and ∆BMI 2 to 4 y. Binary logistic regression 

was used to examine the association of plasma AAs at 2 y with BMI regain ≥2 units  

2 to 4 y.  

P <0.05 (two-tailed) was considered statistically significant. 





	

	 29	

4. Main results – summary of papers 

A total of 165 participants were included in the study approximately 2 y after RYGB. 

At inclusion, 75% of the participants were women, 96% were of Nordic ethnicity, 

mean duration since surgery was 21 mo (range 14–32 mo) and mean ± SD age was 

45.7 ± 8.6 y. BMI was 30.9 ± 4.9 kg/m2 and TWL 2 y post-surgery was 30.1 ± 8.2%. 

Further, 29% had hypertension, 10% had T2DM and 26% had metabolic syndrome.  

4.1. Paper I 

Great Health Benefits But No Change in Employment or Psychopharmaceutical 

Drug Use 2 Years After Roux-en-Y Gastric Bypass. 

 

Great weight loss was achieved with a mean EWL of 71.4 ± 20.6%, which 

corresponds to a TWL of 30.1 ± 8.2%. The prevalence of T2DM, hypertension and 

metabolic syndrome were significantly reduced from time of surgery to 2 y post-

surgery (P <0.001 for all). The use of antihypertensive drugs, oral hypoglycaemic 

agents, statins (P <0.001 for all) and insulin (P = 0.016) decreased significantly. No 

change in use of psychopharmaceutical drugs (P = 0.55) was found, but we found an 

increased use in the subgroup of drugs consisting of hypnotics and sedatives  

(P = 0.016). The use of antidepressants remained high (14.5%) compared with the use 

in the general population (8.4%). We did not find any association between use of 

antidepressant drugs before surgery and BMI or %TWL 2 y after surgery.  

 

There were no changes in the proportion of unemployed participants from pre-surgery 

to 2 y post-surgery (P = 0.19).  

 

Based on MET, the energy expenditure 2 y post-surgery was 10.0 ± 1.4 MJ for 

women and 13.3 ± 2.6 MJ for men, while reported energy intake for all participants 

was 7.3 MJ.  

   

The health benefits were higher among participants with successful weight loss 

(defined as a EWL of ≥50%), and patients with lower pre-surgery BMI were more 

likely to achieve successful weight loss. None of the variables; age, energy intake, 

energy distribution, time used on physical activity, use of psychopharmaceutical 
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drugs, or employment status were associated with successful weight loss.  

4.2. Paper II 

Does lifestyle intervention after gastric bypass surgery prevent weight regain? – A 

randomized clinical trial. 

 

A total of 165 participants were allocated to lifestyle intervention (n = 85) or to usual 

care (n = 80). The LIG was offered 16 group meetings during a 2 y period. We found 

no significant difference in weight regain between the groups (LIG: 4.2 ± 6.4 kg and 

CTG: 3.9 ± 8.1 kg, P = 0.82.). During the study period 40% and 46% maintained or 

lost weight in the CTG and the LIG (P = 0.51), respectively, and 46% and 49% 

experienced a weight regain ≥5% (P = 0.70). There were no differences between the 

groups in changes in physical activity level, time spent on different activities, energy 

intake, macronutrient distribution, metabolic disturbances or metabolic markers 2 to  

4 y post-surgery. 

 

Mean participation at the group meetings was 49% (range 35-84%). There was no 

difference in weight regain between participants with high compared with low 

attendance rate.  

 

Regardless of group allocation, we found a positive association between weight 

increase from nadir to 2 y and weight regain 2 to 4 y post-surgery (β = 0.5 (95% CI: 

0.1-0.9)%, P = 0.017). Self-reported time used on moderate or high physical activity 

was 520 min/week, and participants who reported physical activity for ≥150 

min/week had a lower weight regain compared with less active participants (β = −5.2 

(95% CI: −9.1- −1.4)%, P = 0.009). Participants who were non-smokers had a lower 

%TWL 2 y post-surgery (β = −6.5 (95% CI: −9.5-−3.6)%, P <0.001), and a higher 

weight regain 2 to 4 y post-surgery (β = 4.8 (95% CI: 1.4-8.3)%, P = 0.006) compared 

with smokers.   

 

In analysis of covariance, we found that smoking, higher age, and higher intake of 

artificially sweetened beverages were inversely associated with % weight regain 2 to 

4 y post-surgery, while high level of plasma tCys, and time spent on reading, TV 
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viewing and computer use at 2 y were positively associated with % weight regain 2 to 

4 y post-surgery.  

4.3. Paper III 

Plasma amino acids, adiposity, and weight change after gastric bypass surgery: are 

amino acids associated with weight regain? 

 

In this paper, with 165 participants, we prospectively examined the relationship of 

plasma AAAs, BCAAs, and tCys 2 y post-surgery, with BMI at 2 y and with weight 

change 2 to 4 y post-surgery. Weight regain 2 to 4 y post-surgery was 4.0 ± 7.2 kg  

(P <0.001), and BMI change was 1.4 ± 2.5 kg/m2 (P <0.001). All the investigated 

plasma AAs at 2 y correlated positively with BMI at 2 y (P ≤0.003 for all). Plasma 

BCAAs and AAAs at 2 y correlated inversely with %TWL from 0-2 y (P = 0.002 and 

P = 0.001, respectively), while the association was not significant for tCys  

(r = −0.139, P = 0.078). Of all the investigated AAs, only plasma tCys at 2 y 

correlated positively with BMI at 4 y (P = 0.010) and with weight regain 2 to 4 years 

(P = 0.015). 

In analyses of covariance, including age and sex as covariates, changes in BMI 2 to  

4 y increased with 1.0 (95% CI 0.2, 1.8) kg/m2 in the lowest plasma tCys quartile at  

2 y compared with 2.3 (95% CI 1.5, 3.2) kg/m2 in the highest quartile (P = 0.025). In 

binary logistic regression, we found an increased risk for gaining ≥2 BMI units 2 to  

4 y when comparing the highest with the lowest plasma tCys quartile 2 y post-surgery 

(P for trend = 0.018). 
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5. Discussion of methods 

5.1. Study design 

The intervention is a single centre study and may not be representative for populations 

outside the region that our centre covers. On the other hand, a single centre study 

makes the practical implementation of the intervention and data collection easier and 

all blood samples are analysed at the same laboratory.  

 

Eight people performed the measurements at the individual consultations. Thus, there 

was a risk for bias in manual measurements, including hip and waist circumference, at 

the different visits. However, personnel involved in the measurements were instructed 

in how to perform the measurements to limit the risk for errors. Furthermore, the 

methods were standardized, and the same measurement equipment was used.  

 

Randomized clinical trial is the gold standard for evaluating interventions and 

blinding is recommended (151). In the present study, it was impossible to blind the 

participants due to group meeting attendance. The PhD student was responsible for 

the intervention, collected data and had to attend some of the group meetings. 

Consequently, the PhD student could not be blinded either.  

5.2. Participants and randomization 

The number of potential candidates was 630, but only 165 subjects were included in 

the study. Among those included, 91% and 81% completed in the LIG and CTG, 

respectively. A possible explanation of the slightly higher completion rate in the LIG 

is that most of the subjects in the CTG would have preferred to be in the LIG, or that 

participants in the LIG felt more committed to complete than participants in the CTG 

because of closer contact with the study personnel. 

 

We have no information about the 465 patients who did not participate in the 

intervention, and no information from 4 y on those who did not complete the  

4 y assessments. The baseline characteristics of the participants (age, sex and BMI) 

and the 2 y weight loss were similar to what is described in a review and meta-

analysis from 2014 on bariatric surgery studies (152), but almost all of the participants 

in the present study were of Nordic ethnicity, and the findings may not be applicable 
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to populations with other ethnic and cultural backgrounds. Those who volunteered to 

participate may also have been more motivated for lifestyle changes, and thus, 

regained less weight than other surgical patients. This is endorsed by an earlier 

publication from our hospital that observed a higher weight regain than in the present 

study (129). 

 

Another possible bias may be the patients’ geographical affiliation. Patients were 

located in South-Eastern Norway Regional Health Authority, which consist of 10 

counties (153). Hence, travel distance to the hospital may have affected willingness to 

participate in the study. We have no record of patient’s county affiliation at time of 

inclusion, but our impression is that most of the participants came from counties that 

were close to the hospital.  

 

The randomization was stratified by EWL of more or less than 66%. Reported %EWL 

varies between studies: two systematic reviews of RYGB trials reported a mean EWL 

of 67.3% and 80.5% 1 and 2 y post-surgery, respectively (154, 155). This is higher 

than the cut-off level used to stratify by in the present study. However, we found no 

baseline differences in %EWL, or in other variables, between the groups and we 

assume the randomization to be successful.  

 

The participants were included approximately 2 y after surgery, with a range from 14-

32 months, and body weight nadir was reached between 1 and 2 y post-surgery. It is 

possible that the difference in time between surgery and study inclusion could have 

affected weight outcomes, because of differences in time of nadir. However, in 

analysis of covariance, we did not find that time of nadir or time between surgery and 

study inclusion were associated with weight regain 2 to 4 y post-surgery.   

5.3. The intervention 

We used a Swedish behavioural treatment program for weight reduction (131) as a 

guiding tool for designing the lifestyle intervention program. The original treatment 

program consisted of 25 meetings for a period of one year (131), whereas the present 

intervention consisted of 16 group meetings from 2 to 4 y post-surgery. The 

intervention was designed to maintain weight loss, and thus, the participants were 
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offered less frequent group meetings than the weight loss program used as a guiding 

tool. 

Number and frequencies of group meetings in the present intervention were based on 

what was feasible with regards to hospital resources and what was practical for the 

patients. With more group meetings, or more frequent group meetings, participation at 

every meeting could be more challenging, and a lower attendance rate could possibly 

influence the group dynamic. It may have been easier to prioritize the scheduled 

meetings if there were fewer group meetings, but then the intervention may not have 

been sufficiently intense to prevent weight regain. The present intervention had group 

meetings biweekly the first 7 meetings, thereafter monthly until 12 months. Most 

weight loss interventions start with more frequent follow-ups, with weekly meetings 

in the weight loss phase and usually do not last longer than 6-12 months.  

 

Follow-up in the weight maintenance phase is often less frequent than in the weight 

loss phase, but in The Look AHEAD study, the participants in the lifestyle 

intervention program were offered several meetings every month for several years 

(63). They observed a 7.9% higher 1 y weight loss than in the usual care group, while 

weight loss was 2.6% higher at 8 y when the intensity of the intervention was 

reduced, but still included several meetings every month (63).  In an observational 

study including 4 cohorts, 2 of 3 non-surgical cohorts described a long-term 

significantly sustained weight loss even though some weight regain was shown when 

the intervention became less intensive (69). One of the cohorts consisted of 

participants attending 16 consecutive weeks at a weight loss camp followed by 

monthly telephone- or in person contact with health personnel. They described a 1 y 

and 5 y weight loss of 21% and 9%, respectively (69). In contrast, a weight loss study 

from the same camp, but without monthly follow-up, observed only 4.6% weight loss 

at 4 y, with a dose-response effect between the duration at the camp and long-term 

weight maintenance (156). 

 

Another of the three cohorts described a 1 y weight loss of 14% followed by a 

significantly sustained 5 y weight loss of approximately 4% with 2 week residential 

stay every 6 months (after initial 14-16 week non-consecutive residential stay) (69). 

The last cohort received a 6 months intensive lifestyle intervention, a 6 months 

maintenance phase, and thereafter one yearly assessment (69). They observed a 
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significant weight loss of approximately 7% after 1 y, but the weight loss was not 

sustained at 5 y (69). Thus, from these cohorts it seems like long-term and frequent 

follow-ups are important to sustain weight loss.  

 

During the first year of the current intervention, two parallel group meetings were 

offered; a day group and an evening group. The second year of the intervention, only 

one group (early evening) was offered due to low participation at the evening group. 

The fact that it was only possible to attend one group meeting may have influenced 

the participation, and a significantly lower participation the second year was found. 

However, when comparing the attendance from the time when the interval between 

the group meetings increased (group meeting 8-12), with the second year (group 

meeting 13-16), no significant difference in participation was found.  

 

Only two of the group meetings during the intervention focused on body image. The 

other group meetings focused on physical activity and dietary factors, and dietary 

changes to prevent weight regain.  More focus on psychological factors in the group 

meetings could possibly have been beneficial in preventing weight regain.   

 

The participants were encouraged to attend self-help groups in-between the scheduled 

group meetings, but there was no interest among the participants. This might be due to 

travel distance to the hospital, or that the participants were satisfied with the 

frequency of the scheduled group meetings.  

5.4. Outcome measures 

5.4.1. Weight change calculations 

There is no standard way of reporting weight loss (98, 157) or weight regain (122, 

123, 158-160), and we have used different calculations in Paper I, II and III to report 

weight outcome. 

 

In Paper I, we used %EWL to report successful weight loss. Percent EWL may be 

useful to compare patients with very differing pre-surgery body weight (98), which in 

the present study varied between 87 kg and 192 kg. Percent EWL is commonly used 

in bariatric surgery studies, but there are methodological considerations with this 

method because it requires a definition of ideal weight, which may differ between 
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studies (98, 161). Using %TWL as the prime outcome in bariatric weight loss studies 

has been suggested because it is less influenced by pre-surgery BMI and it is not 

dependent on ideal weight loss (157). Accordingly, we used %TWL as a measure of 

weight loss and weight change in Paper II and Paper III. 

 

In Paper II, we defined weight maintenance 2 to 4 y based on a review by Stevens et 

al (135), where long-term weight maintenance after conservative weight loss is 

defined as a weight change of less than 3%, and a weight change of 5% or more as 

clinically relevant (135). In Paper III, we examined the odds of gaining ≥2 BMI units 

with quartiles of plasma tCys. When conducting the analysis using weight regain of 

more or less than 5% we found a similar trend as using ≥2 BMI units. 

 

Definition of weight regain varies between studies, and in other publications the cut-

offs for what was considered as weight regain has varied between 2% and 15% (122, 

123, 158, 160). A regain of ≥2 BMI units corresponds to a 6.5% weight gain in this 

study population. This is slightly higher than the 5% defined as clinically relevant by 

Stevens et al (135). However, taking into account the initial large weight loss post-

surgery, a weight regain of 6.5% may be acceptable.  

5.4.2. Metabolic measurements and disturbances  

Diagnosis of diabetes is based on level of HbA1c with or without a cut-off for fasting 

glucose. HbA1c ≥6.5% is commonly used while an HbA1c 5.7-6.4% is used to identify 

individuals with high risk for future diabetes (162). Several models have been used to 

define remission of T2DM after RYGB (82, 163-167). Some define an HbA1c <6.0% 

as full remission and HbA1c <6.5% as partial remission (165, 166), while others 

define remission as HbA1c <6.5% (82, 168). In this thesis we chose to define T2DM 

as HbA1c ≥6.0% and/or use of hypoglycaemic agents.  

Hypertension was defined as blood pressure ≥140/90 mmHg and/or use of 

antihypertensive drugs. Recently, American guidelines recommended a new definition 

of hypertension, with a threshold that shall not exceed 130/80 mmHg (169).  

Table 5 presents the frequency of metabolic disturbances when using 2 different 

definitions of hypertension and T2DM. The prevalence of impaired glucose tolerance 

(defined as HbA1c 5.7-6.4%) is also presented in Table 5. Significantly fewer had 
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T2DM pre-surgery when HbA1c ≥6.5% was used compared with HbA1c ≥6.0%  

(P = 0.016). A significant remission of T2DM was achieved within 2 y post-surgery, 

and there was no change from 2 to 4 y post-surgery independent of which definition 

was used.  

We found a significantly higher frequency of hypertension at all time points when 

using the new definition, ≥130/80 mmHg (P<0.001 at all time points). Remission 

from hypertension was significant from 0-2 y independent of what definition was 

used, even though the frequency remained high with the new definition. From 2 to 4 y 

the frequency of hypertension with the new definition remained high and unchanged, 

whereas the frequency with the initial definition (≥140/90 mmHg) increased  

(Table 5). 

Table 5: Prevalence of metabolic disturbances using different diagnostic criteria 

 

5.4.3. Questionnaires 

Food diaries 

Four-days pre-coded food diaries were used to assess the dietary intake. Several 

methodological limitations are reported with all dietary self-reporting methods, 

including the risk of misreporting the intake of energy and macro- and micronutrients 

(170, 171), especially among obese and overweight individuals (170, 172, 173). 

However, there are studies showing no association between under-reporting and a 

BMI ≥25 kg/m2 in 9-year old children and in adults (142, 174). There are several other 

methods to choose for dietary assessment, including food frequency questionnaire, 

24-h recall and weighed records.  

 

Food frequency questionnaire is a dietary assessment method used to assess the diet 

over a long period, and can provide information about food only eaten occasionally 

(170). With food frequency questionnaire more under-reporting of energy, and more 

Before 2 years P-value1 2 years 4 years P-value1

Definition of type 2 diabetes mellitus n = 163 n = 163 (before-2 y) n = 142 n = 142 (2-4 y)
HbA1c ≥6.0% and/or use of hypoglycaemic agents  [n (%)] 51 (31.1) 16 (9.8) <0.001 13 (9.2) 11 (7.7) 0.50
HbA1c ≥6.5% and/or use of hypoglycaemic agents [n (%)] 44 (27.0) 11 (6.7) <0.001 9 (6.3) 10 (7.0) 1.00
HbA1c ≥5.7% and/or use hypoglycaemic agents [n (%)] 71 (43.6) 22 (13.5) <0.001 17 (12.0) 26 (18.3) 0.004
Definition of hypertension n = 164 n = 164 n = 141 n = 141
≥140/90 mmHg  and/or use of antihypertensive drugs [n (%)] 132 (80.5) 47 (28.7) <0.001 41 (28.9) 53 (37.3) 0.012
≥130/80 mmHg  and/or use of antihypertensive drugs [n (%)] 155 (94.5) 94 (57.3) <0.001 84 (59.2) 84 (59.2) 1.0
1 McNemar's test
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over-reporting of healthy nutrient (e.g., vitamin C, vitamin K and carotenoids) is 

observed compared with 4-days pre-coded food diaries, which is described as a more 

accurate method to estimate intake of energy, protein and sodium (170). Repeated 24-

h recall is shown to be a suitable method to estimate average energy intake and 

distribution (170, 175), but are described as costly considering scheduling, training 

interviewers and respondents and coding data (170). Weighed dietary records is 

described as the most accurate measure of dietary intake (176) where all foods and 

drinks consumed are measured with a food scale or household measures (177-179). 

Weighed dietary recording is an intensive and time-consuming method for the 

participants that may increase the risk of under-recording foods and drinks. The 

participants may also eat less or avoid certain food items to make recording easier 

(178). Food diaries are suggested to be the next best method after weighted records 

(176), and may overall be the best method since it is less invasive compared with 

weighed dietary records. 

 

Under-reporting may be caused by inaccuracy in recording food intake and poor 

portion size estimations. It is observed more under-reporting of between-meal snacks 

than food consumed during a meal (179). A lower energy intake, lower intake of 

sweets, desserts and snacks, lower intake of sugary drinks and sucrose, and a higher 

energy percent from proteins are described in under-reporters (179). In a twin study 

using food diaries to assess food consumption and energy intake, under-reporting of 

energy and sweet- and fatty delicacies were described in the obese, but not in the non-

obese co-twin (180). It was suggested that the obese co-twin under-reported unhealthy 

food without over-reporting the consumption of food that are generally perceived as 

healthy (180). Further, the obese tended to eat less fruits and berries (180). Similar 

results are described in The UK National Diet and Nutrition Survey where under-

reporters, who were more likely to be obese, reported a lower intake of full fat dairy 

products, sugar and sweets, and also a lower intake of fruits, nuts and wholemeal 

bread and cereals (171).  

 

Participants may modify their eating behaviour when they have to register and report 

to health professionals, which may explain the reported low energy intake (173). A 

reduced awareness of food consumption in the obese, or a reluctance to report the 

actual energy intake may be another explanation (173).  
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Different methods can be used to calculate misreporting of energy if body weight is 

stable (181, 182). In the present study, body weight was not stable, and these methods 

are, therefore, not applicable for assessment of misreporting in our study population. 

Physical activity 

The self-reported 7-day physical activity recall questionnaires have several 

limitations, with over-reporting of physical activity as a common problem (180, 183, 

184). A high discrepancy in compliance with physical activity recommendations ≥150 

min/week are shown in a study of 230 bariatric patients 1 y post-surgery, which 

observed a ~18% compliance with objective measurements compared with ~80% 

compliance with self-reported measurements (184). Other limitations may be 

difficulties with remembering all activity for the last 7 days, and difficulties with 

deciding the intensity of the activity. It is a major limitation that we do not have 

objective measurements in this study, and the main reason we did not implement 

objective measurements was the cost associated with the purchase of the instrument. 

However, it is likely that the participants over-reported their physical activity to the 

same extent as is reported in other intervention studies (183, 184). We also expect the 

extent of misreporting of energy and physical activity to be the same at both 2 y and  

4 y post-surgery. Thus, changes in physical activity between 2 to 4 y should be 

possible to detect using this method. 

Short-Form 36 

The CTG and the LIG filled out the quality of life questionnaire short-form 36 (SF-

36) before and after the intervention period. Long-term improvements in quality of 

life are observed after surgery, especially among patients with the largest weight loss 

(71, 185, 186), despite some weight regain 2 y onward (71, 186). The same quality of 

life improvements from pre-surgery to 2 y post-surgery are likely in the present study. 

The weight regain of approximately 4 kg during the 2 y intervention period in the 

present study is probably too small a change, in too short time to reveal any 

significant change in quality of life from 2 to 4 y post-surgery. Based on the fact that 

we did not expect to find any changes, the time-consuming work with the 

questionnaires, and the cost of the quality of life license, we did not prioritize analyses 

of the quality of life questionnaires.   
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5.5. Statistical analyses 

No similar studies in preventing weight regain after bariatric surgery had been 

conducted when the current study was initiated in 2008, and the weight difference of 

2.5 kg was based on the assumed outcome that the LIG would regain 2.5 kg less than 

the CTG. This 2.5 kg is comparable to the difference in weight regain observed in a 

non-surgical weight maintenance study lasting for 18 months, where the participants 

in the control group regained 2.4 kg more than participants in the face-to-face-group 

(187). The study had a similar design as the current intervention with weekly 

meetings the first month followed by monthly meetings the next 17 months to the 

face-to-face group, whereas the control group received quarterly newsletters with 

general information about diet and physical activity (187). 

There are different methods to analyse results from randomized clinical trials. Per-

protocol analyses include participants who strictly follows the protocol, all other 

participants are excluded (188). The main limitation with per-protocol analyses is that 

it may overestimate the effect of the intervention compared to a real life situation. It 

also may result in large number of excluded participants or missing data that will lead 

to reduced sample size and reduction in study power (188). The current study had low 

attrition rate, with a completion rate of 86% (n = 142) and only 23 of 165 participants 

did not attend the last visit. Per-protocol analyses may thus have had limited affect on 

the results. The intention to treat model is the recommended model in randomized 

controlled trials as it includes all randomized participants in the analyses (188). 

However, missing data is a challenge in these analyses as well (188). Last observation 

carried forward can be used to account for missing values, but the last observation 

could also be the baseline observation (189, 190). In the present study, with a mean 

weight regain of 4 kg, it will seem like participants who did not complete the 

intervention had less weight regain compared with completers. Thus, to replace 

missing values with the last observation carried forward would not be useful. 

 

In the present study only participants who attended the last follow-up visit were 

included in the analyses, and they were analysed as part of the group they were 

randomized to. This model should not be confused with a per-protocol model since 

participants were included regardless of whether they followed the scheduled protocol 

or not, which in the LIG consisted of 16 group meetings.  
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With a linear mixed model, all observed data are included in the analysis (191), and 

analysis of the primary aim (difference in weight regain between the LIG and CTG) 

was repeated with this model. However, we had only one additional individual 

consultation and assessment, 4 months from study start, and thus, the linear mixed 

model analysis did not add substantially to the information given from the student 

independent sample t-test. This was confirmed by the fact that the findings from the 

linear mixed model analysis did not differ from the student independent sample t-test.  

We found an association between plasma AAs 2 y post-surgery and fasting insulin 2 y 

post-surgery. As insulin was associated with both AAs and BMI, insulin could be a 

potential confounder distorting the relationship between AAs and BMI. Analyses in 

Paper III are therefore repeated adjusted for fasting insulin2 y. After this additional 

adjustment several of the results were weakened, even though the values were 

approximately unchanged. This may be explained by small insulin sample size due to 

loss caused by haemolysis in 15 and 23 participants at 2 and 4 y post-surgery, 

respectively.    

 

Due to the small sample size for insulin we repeated the analysis adjusted for glucose 

or HbA1c. This did not change the results, which suggest that glycaemic parameters do 

not confound the results. 
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6. Discussion of results 

6.1. Health benefits 2 y after RYGB 

6.1.1. Weight loss 

Weight loss is described as %EWL (Paper I) and %TWL (Paper II and III), and we 

found an EWL of 71.4% and a TWL of 30.1% 2 y post-surgery. These results are in 

line with other publications (79, 118, 192). Several studies have demonstrated a 

substantial weight loss after bariatric surgery (70, 74, 118) and patients with lower 

pre-surgery BMI benefit most from surgery (193). In Paper I, we found that a pre-

surgery BMI ≤43 kg/m2 was associated with BMI <30 kg/m2 2 y post-surgery. In line 

with this finding, a large retrospective study described an association between a pre-

surgery BMI <40 kg/m2 and a BMI <30 kg/m2 1 y post-surgery (194).  

 

Weight loss before surgery is usually recommended (195). However, the association 

between pre-surgery weight loss and post-surgery weight loss is inconsistent. Two 

review articles describe positive, inverse and no association between pre- and post-

surgery weight loss (195, 196). No information on pre-surgery weight loss is available 

in the present study, and we do not know whether there is any beneficial effect of pre-

surgery weight loss to reach a BMI <43 kg/m2.  

6.1.2. Metabolic disturbances 

In line with several other studies (70, 118, 197), great health benefits were observed  

2 y after surgery (Paper I). Despite some weight regain from 2 to 4 y after surgery, the 

remission of T2DM, hypertension and metabolic syndrome remained unchanged in 

the LIG and the CTG. However, a significant increase in hypertension from 2 to 4 y 

was observed in the overall population (P = 0.012) (Paper II). Others have described 

long-term sustained remission of metabolic disturbances from pre-surgery to 6 y 

onward, even though some relapse was observed from 2 y post-surgery (70, 71). In a 

large cohort study, including 4185 bariatric surgery patients with T2DM, life 

expectancy improved after bariatric surgery, but the improved life expectancy 

decreased with increasing BMI (84). The reduced benefit with increasing BMI may 

have several causes, including more surgical complications with higher BMI and 

longer duration of T2DM and thus, more difficulties to obtain remission (84).  
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It is described that patients who achieved a BMI <30 kg/m2 have decreased need for 

medication for hyperlipidaemia, T2DM and hypertension compared with patients who 

remained obese (194). Similar findings are shown in Paper I, except for in the use of 

hypoglycaemic agents where we found no difference between participants with a BMI 

above or below 30 kg/m2. To achieve a BMI <30 kg/m2 post-surgery, early 

intervention should be emphasized, and surgical treatment should be considered for 

patients with a BMI lower than the current cut-off for surgery.  

6.1.3. Employment  

In Paper I, we did not find any changes in employment status 2 y post-surgery despite 

great weight loss and remission of metabolic disturbances.  

 

One explanation may be that 2 y after surgery is too short a time to achieve an 

increased proportion of employed patients. However, we found the same proportion 

of unemployment 4 y after surgery (data not shown). In comparison, another 

Norwegian study including 224 patients observed no changes in employment status  

5 y post-surgery, but they did find a significant reduction in number of days on sick 

leave (110). A study with only 38% employed patients pre-surgery observed an 

increase in the proportion of employment to 60% 3 y post-surgery (108). The 

improvement was not directly related to the weight loss, but the improved self-image, 

self-esteem and general confidence seen post-surgery were factors suggested to 

improve employment (108). Another study observed a proportion of unemployment 

before surgery as high as 66%, mainly related to morbid obesity (including 

depression, general pain and fatigue) (198). They observed that many did not return to 

work post-surgery despite weight loss and improvement in quality of life (198). 

However, the study participants in that US-study had a high pre-surgery BMI  

(53 kg/m2), which may explain the high proportion of unemployment before surgery, 

and because of this the results may not be comparable to the results presented in  

Paper I.  

 

Other studies outside Norway have shown an increased employment rate after surgery 

(108, 109). In a large retrospective study including 1011 patients from Europe and the 

US, the percentage of unemployed patients pre-surgery was 36.6% (104), which 

corresponds well to our findings of 37.7%. They observed an significant increase in 



	 	

	 45	

employment after surgery, and showed that patients in employment pre- and post-

surgery had lower pre-surgery BMI and less cardiovascular disease and arthritis (104). 

In addition, entering employment post-surgery was associated with younger age 

(104). The generous welfare benefits in Norway may explain why the proportion of 

employed patients did not increase post-surgery in the present study. 

 

It is suggested that being unemployed or receiving disability pension before surgery 

are risk factors for not being employed after surgery (110), and that employment 

before surgery increases the chance for being employed after surgery (198). Thus, 

work ability should be implemented in the decision-making process for bariatric 

surgery.  

6.1.4. Psychopharmaceutical drugs 

In Paper I, we described that despite great health benefits, we found no change in the 

use of psychopharmaceutical drugs 2 y after surgery. Antidepressants, which in the 

present study were the largest subgroup of psychopharmaceutical drugs, are 

associated with obesity (58). Tricyclic antidepressants and monoamine oxidase 

inhibitors are more likely to cause weight gain than selective serotonin reuptake 

inhibitors (59, 199). In the present study, the antidepressant drugs were mostly 

selective serotonin reuptake inhibitors. This may explain the lack of association 

between use of antidepressants pre-surgery with BMI or %TWL 2 y post-surgery. The 

use of antidepressant drugs did not change 2 y post-surgery and remained high 

compared with the general population. It is suggested that it is difficult to stop using 

antidepressant drugs once initiated and this may explain why there is no or only small 

changes in the use of antidepressants after bariatric surgery (85). Thus, use of 

medications should be monitored and evaluated at every follow-up visit. 

 

The use of drugs from the subgroup consisting of hypnotics and sedatives was lower 

than in the general population pre-surgery, and it remained lower 2 y post-surgery 

even though the prevalence significantly increased. Malabsorption of antidepressants 

is reported after surgery (200), and a possible reduced absorption of other medications 

may explain the increase in hypnotics and sedatives in the present study. However, 

knowledge of changes in bioavailability of medications after bariatric surgery is 

limited, and needs further research (101, 201).  
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Besides use of medications, information about mental health in the current study is 

lacking. Still, our finding regarding use of psychopharmaceutical drugs 2 y post-

surgery indicates that mental health was stable the first 2 y post-surgery. In 

comparison, others have described short-time decreased prevalence of depression and 

decreased severity of depression until 1-2 y post-surgery (85, 86, 112, 113), followed 

by a new increase (85, 86).  

6.2. The effect of the lifestyle intervention program 

Weight regain after bariatric surgery is common (118, 120, 122), but studies on 

managing and preventing weight regain are lacking.  

 

In Paper II, we evaluated the efficacy of a lifestyle intervention program of moderate 

intensity on weight regain 2 to 4 y post-surgery, and we found no difference in weight 

regain between the groups. Neither did we find any other differences between the 

groups from 2 to 4 y post-surgery, including physical activity, dietary habits and 

biochemical markers. Thus, it is not surprising that we did not find any differences 

between the groups in the proportion of T2DM, hypertension and metabolic 

syndrome. In contrast to most other studies that have focused on improving weight 

loss after bariatric surgery the aim of the present intervention was to prevent weight 

regain after bariatric surgery. Previous weight loss interventions have shown 

contradictory results (158, 159, 202-210). The review article of Kushner and Sorensen 

included 7 randomized controlled trials investigating the efficacy of behavioural, 

dietary or exercise counselling to improve weight loss. They concluded that lifestyle 

interventions after bariatric surgery had no or only modest effect in enhancing further 

weight loss (211).  

 

It is shown that patients who attend post-surgery follow-ups achieve better long-term 

weight loss (212, 213). Thus, it is likely that additional follow-ups also may prevent 

weight regain. A randomized controlled trial with six nutritional and lifestyle 

meetings every other week, starting from 7 months post-surgery, observed better 

weight loss compared with a group that received brief printed lifestyle  

guidelines (205). A pilot study in US, including 84 participants directly after surgery, 

described a slightly better weight loss after 4 months with dietary group counselling 

compared with no counselling, but this difference was not statistically significant and 
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was not maintained beyond the intervention (208). Another lifestyle intervention 

study starting directly after surgery (with 3 y duration) investigated the effect of 30 

individual consultations with a dietitian in addition to 30 group sessions that were also 

offered to the control group (207). No difference in weight loss the first 9 months 

post-surgery (after 21 of 30 meetings) were observed, but a greater weight loss was 

observed after 12, 24 and 36 months compared with usual care (207). The lack of 

short time difference between the two groups is in line with another study that 

suggests that weight loss is a direct effect of surgery: Surgery reduces energy intake 

by changing food preferences, increases fullness, and reduces appetite and 

preoccupation with food (93). This may be explained by the restricted volume of the 

stomach (78, 93) and changes in hormones associated with appetite and satiety (94-

96). The early direct effect of surgery may with time be impaired, which can explain 

weight regain from nadir. A suggestion is that changes in appetite hormones described 

shortly after RYGB not necessarily are obtained long-term. A cross-sectional study 

observed a higher plasma ghrelin level 3 y after RYGB compared with a pre-surgery 

group, and suggested that ghrelin do not contribute to long-term weight loss 

maintenance (214). In contrast, another study observed a sustained reduced ghrelin 

level 5 y post-surgery, with a slightly higher level in patients with weight regain 

(215). The genetic susceptibility to obesity (10), and the reduction in energy 

expenditure mediated through weight loss and reduced fat-free mass (216) and 

through adaptive thermogenesis (217, 218), may also increase the risk of weight 

regain. These are all factors that may have contributed to weight regain in our study, 

which the intervention was not able to effectively counteract.  

 

In many of the above-mentioned studies, the main focus was weight loss, and the 

interventions started shortly after surgery (205-208, 210), lasted for ≤6 months (158, 

159, 203-205, 209), included only participants with suboptimal outcome (158, 159, 

202, 204, 209) or included ≤40 participants (158, 159, 202-204, 207, 209). Studies 

describing the efficacy of behavioural or lifestyle therapy on improving weight loss 

after bariatric surgery are summarized in Table 6. In contrast to our findings, some of 

these studies show weight loss with lifestyle follow-ups. The reason for this 

difference may by that these studies included patients shortly after surgery, or only 

patients with weight regain.   
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Table 6: Studies reporting the efficacy of behavioural or lifestyle therapy to improve weight loss after bariatric surgery.  

EWL excess weight loss 

 

Author Randomized Methods Sample Inclusion Study start Time of Weight loss P-value*

controlled trials size criteria post-surgery follow-up
Exercise Behavioural therapy, dietary counselling and 21 1/4 y -8.5 y −4.2 kg

weekly supervised exercise.

Control Behavioural therapy and dietary counselling. 12 1/4 y -3.5 y −4.7 kg

Cognitive therapy 6 weekly group sessions pre-surgery + 3 49 −46.1 kg

post-surgery group sessions.

Control 1 group meeting pre- and 1 group meeting post-surgery. 48 −42.9 kg

Lifestyle interventions 30 lifestyle sessions + 30 x 40 min individualized  sessions. −45.3 kg

Control 30 lifestyle sessions. −30.8 kg

Lifestyle intervention 6 session every second week for 12 weeks. 72 Hispanic- −17 kg

Control Brief, printed lifestyle guidance. 72 American −10 kg 

Behavioural intervention 12 weekly group meetings followed by 18 EWL: 5.8%

5 bi-weekly telephone session for 6 months.

Control 18 EWL: 0.9% 

Behavioural intervention 3 x 50 min individual consultation  (1 pre- and 2 post-surgery). 82 −16.6 kg/m2 

Control Brief, printed diet sheet information 80 −16.4 kg/m2

Dietary counselling 15 minute dietary conselling every second week  for 4 months. 41 −33.3%

Control Monthly support group 43 −36.5%

Author Interventions without Methods Sample Inclusion Study start Time of Weight loss P-value**

control group size criteria post-surgery follow-up

Faria et al 2010 (203) Nutritional management Dietary recommendations + physical activity. Follow-up 30 Weight regain >2 y 3 months −4.3 kg  <0.001

every 15 days for ≥ 3 months.

Bradley et al 2017 (158) Behavioural therapy Remotely delivered behavioural therapy + telephone calls 11 Weight regain >1.5 y 3 months −5.7% <0.05

 every 2 week for 10 weeks.

Bradley et al 2016 (159) Behavioural therapy 75 min weekly group sessions 11 Weight regain Mean 3.6 y 10 weeks −3.3 kg 0.01

Himes et al 2015 (204) Behavioural therapy 60 min weekly group meetings 28 Weight regain Mean 4 y 6 weeks −1.6 kg ≤0.01
*Between group changes **Within group changes

Papalazarou et al 2010 (207)

Lier et al 2012 (210)

Shah et al 2011 (209) 12 weeks 0.46

0.32

BMI ≥35 kg/m2

6 months 6 months

0 y 3 y

0 yAll patients 0.541y

Sarwer et al 2012 (208) 0 y

Nijamkin et al 2012 (205)

Ogden et al 2015 (206) 1 y

All patients 2 y

>3 yEWL <50%Kalarchian et al 2012 (202)

30 Females

All patients 0 y

>0.05

<0.001

<0.05

1 y

0.7
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Participation in the study was voluntary, and the patients contacted study personnel to 

announce interest in the study. Hence, we assume that participants in both groups 

were motivated for lifestyle changes. The intervention was a weight maintenance 

study and we did not expect great changes during the intervention. However, we did 

not know the participants expectations’, and some may have had unrealistic 

expectations of further weight loss and motivation might have deteriorated as this did 

not occur. A non-surgical weight loss intervention observed an increased likelihood of 

early drop-outs among participants with the lowest weight loss, suggesting that early 

success may motivate further participation (219). The fact that both groups may have 

been similarly motivated, may explain why we did not find any differences between 

the groups. In comparison, another study at our hospital found a weight regain of 8 kg 

from 2-5 y post-surgery (129). This supports the suggestion that also the CTG was 

motivated to prevent weight regain. Yet, a Scandinavian registry described a weight 

regain of approximately 5 kg from 2-5 y post-surgery (79), which is more in line with 

the 4 kg weight regain observed in the present study.  

 

As described in the discussion of methods; a long-term more or less intensive 

intervention seems necessary to maintain weight loss. However, even though an 8 y 

intensive lifestyle intervention resulted in weight loss in adults with T2DM, it did not 

reduce cardiovascular events (64). A more intensive intervention may have resulted in 

better long-term weight outcomes in our study, but the frequency of the group 

meetings was based on hospital resources and what we thought was feasible for the 

patients.  

 

Another possible explanation of no difference in weight regain between the groups 

may be the low attendance rate at the group meetings. Travel distance to the hospital 

may partly explain the low attendance rate at some of the meetings. However, no 

difference in weight regain between participants with high attendance compared with 

low attendance was observed. Hence, participation at group meetings did not seem to 

have effect on preventing weight regain.  
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6.3. Lifestyle factors associated with weight regain 

Factors associated with weight regain 2 to 4 y post-surgery in the overall study 

population were rapid weight increase from nadir, sedentary lifestyle, younger age 

and higher concentration of plasma tCys at 2 y post-surgery, while most 

measurements of diet were not associated with weight regain. 

6.3.1. Diet and physical activity 

Energy intake is shown to decrease drastically directly after surgery, followed by a 

gradual increase (220). Lowest energy intake are seen 6 weeks (221) and 6 months 

(220) after surgery, and is shown to be lower at all time-points post-surgery compared 

with pre-surgery energy intake (220). The energy intake 6 months and 10 y post-

surgery are reported to be 35-45% and 15-25% lower than before surgery, 

respectively (220). The estimated energy intake in the present study was ~1800 kcal  

2 y post-surgery. This is in line with an observational study (222), but lower than in 

another observational study, which showed an energy intake of ~2400 kcal 2 y post-

surgery even though they had a higher percentage of female participants (221). The 

reported energy intake in the present intervention is also lower than in the general 

adult population (223). It is reported that chronic dieting is common among obese and 

super obese (173, 224), which may explain the low energy intake observed in the 

present study as well as other studies. Food intolerance (88) and avoidance of certain 

foods (e.g., carbonated beverages, sweetened beverages, sweet desserts, dairy 

products, meat, bread, vegetables, grains, fats) is common after surgery (221, 225, 

226).  

 

One study found an association between increased energy intake from snacks, sweets 

and fatty foods with weight regain after bariatric surgery (122). This is in contrast to 

the under-reporting of energy, sweets and fatty food that often are described among 

obese subjects (179, 180).  

 

One study showed that intake of energy from carbohydrate, fibre and proteins 

increased during the first 6 months post-surgery, while energy intake from fat 

decreased (220). However, these changes were partly or entirely lost by the 4 y and  

6 y follow-up visit (220). In the current study, intake of energy remained unchanged, 

while intake of carbohydrate and sugar decreased, and fat intake increased from 2 to  
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4 y post-surgery. Unfortunately, we do not have pre-surgery dietary data in the 

present study.  

 

In Paper II, we showed that artificially sweetened beverages at 2 y were inversely 

associated with weight regain. Similar observations is shown after conventional 

weight loss where participants who replaced artificially sweetened beverages with 

water lost less weight and regained more weight compared with participants who 

continued to consume artificially sweetened beverages (227). A possible explanation 

is that subjects who changed their drinking habits experienced a larger behavioural 

challenge than those who continued to drink artificially sweetened beverages (227). 

The association between artificially sweetened beverages and weight regain in the 

present study, was weak, and we cannot exclude that this is a chance finding.  

 

Other possible dietary factors on weight regain are intake of proteins. Studies in this 

field have shown conflicting results. One study described an association between 

animal protein and obesity (228), while another study described a favourable effect of 

a high protein diet on weight loss maintenance (229). The possible beneficial effect of 

dietary protein is suggested to be mediated through increased satiety and 

thermogenesis (230). In the present study we did not find any association between 

dietary intake and weight regain besides intake of artificially sweetened beverages. 

 

Self-monitoring of body weight as well as keeping food records are known to 

facilitate weight maintenance (123). This may be a simple and cheap tool to maintain 

weight loss and prevent weight regain. In the present study, food records were only 

used to evaluate energy intake and energy distribution at specific time points during 

the study.  

 

In Paper II, the estimated energy expenditure was higher than the reported energy 

intake. The energy intake at 2 y post-surgery was not associated with weight regain  

2 to 4 y, either unadjusted (P = 0.19) or adjusted for age, sex, and energy expenditure  

(P = 0.23). This is in line with another study observing no association between intake 

of energy and macronutrients and weight regain (222). This may be explained by 

under-reporting of energy and that the dietary assessment are not sufficiently reliable 

in overweight and obese subjects (173).  
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In Paper II, we reported that time spent on reading, TV viewing and computer use at  

2 y were positively associated with weight regain 2 to 4 y post-surgery. The 

association between sedentary behaviour and weight regain in the current study is in 

line with others, which describe a higher BMI, less weight loss or more weight regain 

with sedentary behaviour (122, 231) or ≤150 min/week with moderate or high 

physical activity (232).  

 

Every group meeting consisted of 30 min with supervised physical activity. Even 

though we did not systematically record participation rate at physical activity 

sessions, our impression is that a high proportion chose not to participate after the 

group meetings. This indicates that this population may have more barriers to engage 

in physical activity in general, and supports the finding that physical barriers 

(including asthma, body weight and injuries) and psychological barriers (including 

more depression and less motivation) are associated with obesity (233). The low 

participation in physical activity sessions after the group meetings is in contrast to the 

high proportion of participants (86%) who reported being in moderate or high 

physical activity ≥150 min/week 2 y post-surgery, which strengthens the suspicion 

that the participants in the current study over-reported their energy expenditure. Self-

reported time used on moderate or high physical activity in the present study was 520 

min/week at both 2 y and 4 y post-surgery, which is higher than the recommended 

level of at least 150 min/week (132, 134). However, reported time spent on moderate 

or high physical activity in the present study is in line with results from another 

Norwegian study using SenseWear Armband to register physical activity level, which 

indicate that the self-reported activity levels may be correct (222).    

6.3.2. Weight regain from nadir, age and smoking 

We found an association between weight increase from nadir and weight regain 2 to  

4 y after surgery. This is in line with a weight loss intervention study including 36 

patients with suboptimal weight loss, which suggested that patients with the least 

weight regain before the intervention started, achieved the best long-term body weight 

outcome (202). To implement strategies for weight maintenance at time of nadir 

(usually occurring 1 to 2 y post-surgery (79, 120)), including self-monitoring of body 

weight and food recordings, seems ideal. Thus, it may be beneficial to discuss these 

strategies with the patient at follow-up 1 and 2 y post-surgery. A previous suggestion 
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is that a beneficial time to start dietary interventions in bariatric patients is 6 months 

post-surgery when maximal changes in diet are achieved, and when commitment to 

dietary changes is abandoned (which varies between subjects, but is seen from 6 

months to 4 y post-surgery) (220).  

 

Younger age is associated with better weight loss (193, 234), but also more weight 

regain from nadir (235). If younger age is beneficial regarding weight loss, bariatric 

surgery should not be delayed, despite the suggestion that younger age increases the 

risk of weight regain from nadir. Our observation that younger patients regained more 

weight should rather indicate that these patients might benefit from a closer follow-up 

from nadir to prevent weight regain.  

 

 It is described that smoking post-surgery is associated with greater weight loss (236), 

and that smoking cessation increases the risk for weight gain (237, 238). This is in 

line with findings in Paper II, where smoking is observed to be associated with 

increased weight loss and less weight regain. Nevertheless, patients should be 

encouraged to smoking cessation, as the health benefits from smoking cessation 

outweighs the increased risk of weight gain (237, 238).  

6.4. The relationship between plasma amino acids and weight regain. 

6.4.1. Plasma total cysteine 

In Paper III, we showed a positive association between plasma tCys and future weight 

regain. It is suggested that plasma tCys might be a determinant of adiposity (28, 38), 

and that a decrease in tCys may be beneficial in enhancing weight loss. We do not 

know how to alter plasma tCys, and this needs to be investigated further. However, 

foods rich in cysteine and its precursor, methionine, could possibly contribute to 

increased plasma tCys.  

 

Both methionine and cysteine are found in higher amounts in animal protein than in 

plant protein (239). A methionine restricted diet in rodents is shown to reduce body 

weight and fat mass (240). Cysteine supplementation to the methionine-restricted rats 

restored fat mass and caused weight regain (240). The mechanisms by which plasma 

tCys may increase fat mass is presently unknown, but one possibility may be through 
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an influence on stearoyl-CoA desaturase-1, a fatty acid desaturase enzyme considered 

to be involved in development of obesity (240-242). 

 

A diet low in methionine and cysteine, such as in a vegan diet may thus have 

beneficial effect on body weight. A total of 392 men from the EPIC oxford study  

(n = 65000), observed that vegans had a lower BMI, lower dietary intake of 

methionine and cystine and a lower plasma methionine concentration than meat- 

eaters (243). Plasma tCys was not measured in that study. A previous study in healthy 

humans (n = 36) showed that a plant and fish based diet lowered plasma BCAA and 

the AAAs phenylalanine and tryptophan, while plasma tCys and methionine remained 

unchanged (19). One explanation for the lack of reductions in plasma tCys and 

methionine may be a possible compensatory mechanism to maintain sulphur AAs, or 

that the methionine and cysteine intake was not sufficiently decreased on a plant-

based diet that included fish (19).  

 

Plasma tCys is associated with age (25, 27, 33, 244), serum creatinine (33, 244), 

diastolic blood pressure (27, 33), total cholesterol and coffee consumption (27, 244). 

However, little is known about the factors influencing plasma tCys. It seems that 

plasma tCys is tightly regulated under normal metabolic conditions, possibly to 

maintain plasma concentrations of tCys and tissue sulphur availability (245). 

Cysteine dioxygenase is an enzyme responsible for maintaining plasma tCys 

concentration by regulating the conversion of tCys to taurine. Dietary methionine 

and cysteine up-regulates cysteine dioxygenase, whereas low intake or concentrations 

result in degradation of this enzyme (245).  

 

It is suggested that plasma tCys has a causal role in regulation of adiposity (28, 38). 

Knockout of the enzymes linked to the cysteine synthesis are characterized by 

decreased body weight (32). Reports of inborn errors of cysteine metabolism, with 

over-expression of the cysteine-synthesizing enzyme, cystathionine ß-synthase (28, 

246) is suggested to be associated with obesity, whereas a defect in this enzyme result 

in decreased cysteine synthesis and very low body weight (28, 247). Taken together 

with our findings, plasma tCys may be used to selectively target patients in risk of 

future weight regain. Further, drugs that decrease cysteine synthesis, turnover or 

uptake have reported weight loss as a side effect (28). In mice on a high-fat diet, two 
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drugs (registered for humans, but for different purposes) that influence cysteine 

metabolism significantly reduced plasma tCys and reduced weight gain (Elshorbagy, 

unpublished). The effects of these drugs on human energy metabolism have not been 

explored. If such drugs have the same effects in humans, anticysteine drugs may be 

useful for mediating weight loss in obese subjects with increased plasma 

concentration of tCys.  
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7. Key findings and conclusions  

Health benefits 2 y after RYGB 

• Despite great health benefits and weight loss 2 y post-surgery, employment 

status and use of psychopharmaceutical drugs did not change from pre-surgery 

to 2 y post-surgery (Paper I). 

• The pre-surgery BMI should not exceed 43 kg/m2 to achieve a BMI <30 kg/m2 

2 y post-surgery (Paper I). 

 

The effect of the lifestyle intervention program 

• A lifestyle intervention program 2 to 4 y post-surgery with 16 group meetings 

had no beneficial effect on weight regain, changes in metabolic disturbances, 

energy intake or physical activity compared with usual care (Paper II). 

 

Lifestyle factors associated with weight regain 

• Factors associated with weight regain 2 to 4 y post-surgery were rapid weight 

increase from nadir, sedentary lifestyle and higher concentration of plasma 

tCys (Paper II). 

 

The relationship between plasma amino acids and weight regain 

• Plasma BCAAs, AAAs and tCys at 2 y post-surgery were associated with BMI 

at 2 y post-surgery (Paper III). 

• At 2 y post-surgery plasma tCys but not plasma BCAAs and AAAs was 

associated with weight regain from 2 to 4 y post-surgery (Paper III).  

 

Based on the result of this study, it may be more beneficial to identify patients at risk 

of weight regain, instead of offering a lifestyle intervention program as standard 

treatment after surgery.  
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8. Future perspective 

In the present study causes of obesity is not investigated, but previous studies have 

shown that psychological aspects are important. It is described that a history of abuse 

increases the risk of binge eating and psychiatric problems (248). The relationship of 

childhood abuse and outcomes after bariatric surgery are unknown, but one study 

suggests that childhood abuse has no negative impact on post-surgical  

outcomes (249). Psychological factors effect on weight regain should be further 

investigated. Other factors that should be investigated are the roles of gut hormones, 

gut microbiota and bile acids in obesity and weight management. Alteration in the gut 

microbiota may affect hormone status, and changes in satiety and food intake (250). 

RYGB is suggested to induce bile acids and changes in gut hormones, which 

contributes to weight loss and remission of T2DM (251).  

 

An on-going randomized controlled trial in Portugal, with 180 participants, will 

evaluate the efficacy of an internet-based program on weight regain, including a self-

help manual, weekly remotely delivered feedback and direct chat contact with a 

psychologist (252). Recruitment is planned to be completed by the end of 2019, and 

hopefully this study will reveal factors that can prevent weight regain.  

 

Results from this study show that a group-based lifestyle intervention program as 

standard treatment after RYGB is not effective in preventing long-term weight regain. 

A better strategy may be to selectively target patients at risk of future weight regain. 

One such strategy could be implementation of plasma tCys as a prognostic marker to 

target the patient at risk of weight regain. Our study indicates that younger patients, 

smoking cessation, inactivity and rapid weight increase from nadir are factors that 

predispose for weight regain. Randomized controlled trials specifically targeting these 

groups are needed. 
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10. Errata 
	
Errata list, Susanna E Hanvold; Thesis: Health benefits two years after Roux-en-Y 
gastric bypass surgery and the effect of lifestyle intervention two to four years after 
surgery on weight regain and metabolic disturbances.  
 
Page Line Original text Type Corrected text 
3 20 insulin sensitivity Correction insulin 

resistance 
44 31 an significant Correction a significant 
	


