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Introduction 

Introduction 

Obesity 

The World Health Organization (WHO) states that “Overweight and obesity are linked 

to more deaths worldwide than underweight. Most of the world's population live in 

countries where overweight and obesity kill more people than underweight” (1).  

Excess mortality associated with overweight and obesity is largely explained by 

cardiovascular disease, but also by diabetes, cancer and other disorders (2-5).  

Overweight and obesity is defined as abnormal or excessive fat accumulation that 

may impair health, and is stated to be a disease by WHO and other authorities (6). 

Body mass index (BMI) (weight in kilograms divided by the square of height in meters 

(kg/m2)) is the primary measurement used to classify obesity, and is linked to risk for 

comorbidities (Table 1) (7).  

Table 1. Classification of underweight, overweight and obesity according to the World 
Health Organization (7) 

BMI (kg/m2) Risk of comorbidities 

Underweight <18.5 Low 

Normal  18.5-24.99 Average 

Overweight: ≥25.0 

Preobese 25.0-29.99 Increased 

Obese class I  30.0-34.99 Moderate 

Obese class II 35.0-39.99 Severe 

Obese class III ≥40.0 Very severe 
 

The prevalence of obesity has been increasing over the last decades. It is estimated 

by the Non-Communicable Disease (NCD) Risk Factor Collaboration that worldwide 

about 266 million men (95 % CI 240–295 million) and 375 million women (344–407 
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million) had obesity in 2014, compared with 34 million men (26–44 million) and 71 

million women (57–87 million) in 1975.  More than one fifth  of these men (58 million 

(49-68 million)  and one third of these women (126 million (112-141 million) had  

obesity class II or III (BMI of 35 kg/m2 or higher) in 2014 (8).  

Having obesity augments people’s risk of developing a number of comorbidities, at the 

same time as causing diverse psychosocial problems and various physical disabilities 

(Table 2). Increased body weight is a major risk factor for developing, among other 

diseases, type 2 diabetes mellitus, hypertension, dyslipidaemia, cancer, ischemic 

heart disease, stroke, sleep apnoea and osteoarthritis (3, 9-12).  

Table 2. Relative risk of health problems associated with obesity (7) 

Greatly increased 
(relative risk >3)  

Moderately increased  
(relative risk 2-3) 

Slightly increased  
(relative risk 1-2)  

Type 2 diabetes Coronary heart disease Cancer (breast cancer in 
postmenopausal women, 
endometrial cancer, colon 
cancer)  

Gallbladder disease Hypertension Reproductive hormone 
abnormalities 

Dyslipidaemia Osteoarthritis (knees) Polycystic ovary syndrome 

Insulin resistance Hyperuricaemia and gout Impaired fertility 

Breathlessness  Low back pain due to obesity  

Sleep apnoea  Increased risk of anesthesia 
complications 

  Fetal defects associated with 
maternal obesity 

 

The WHO has emphasized that 44 % of the diabetes burden, 23 % of the ischemic 

heart disease burden and between 7 % and 41 % of certain cancer burdens are 

attributable to overweight and obesity (13). There is also an increased mortality and 

reduced quality of life associated with obesity (2, 3, 14, 15). In addition, this disease 
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burden is extremely costly in terms of both absence from work and use of health 

resources (10, 16-18). 

People with obesity experience stigmatization, discrimination, intrusive reactions from 

others and social isolation, as well as an increased risk of psychiatric morbidity (19-

22). Patients seeking treatment are motivated by the expectation of improved health, 

improved appearance, quitting medication for weight-related comorbidities and to be 

able to do what people without severe obesity easily can do, like play with their 

children on the floor and buy clothes in regular stores (20, 23-25).  

 

Morbid obesity 

In 1991 a consensus development conference panel sponsored by the National 

Institutes of Health in the USA defined that “patients whose BMI exceed 40kg/m2 are 

potential candidates for surgery if they strongly desire substantial weight loss, 

because obesity severely impairs the quality of their lives.” Patients  with BMI ≥ 35 

kg/m2 with at least one obesity related comorbidity are also identified as potential 

surgery candidates  (26). This definition of either BMI ≥40 kg/m2 or BMI ≥ 35 kg/m2 

with at least one obesity related comorbidity has since then commonly been used as a 

definition of morbid obesity. The term “morbid” is included to emphasise that severe 

obesity is a disease, not merely a problem of appearance and body shape. The 

definition of morbid obesity encompasses all patients with the WHO-definition of 

obesity grade III (BMI ≥40 kg/m2), but exclude some patients with obesity grade II 

(BMI between 35 and 39.99 kg/m2) with no comorbidity. According to the Norwegian 

epidemiological study HUNT from 2008, 2-3 % of the Norwegian population is 

estimated to have morbid obesity (27) and thus have the right to specialized treatment 
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in publically funded hospitals. The term severe obesity is often used as a synonym for 

morbid obesity, and this will also be the case in this thesis.  

In 2004 the Ministry of Health and Care Services in Norway acknowledged morbid 

obesity to be an increasingly serious public health problem, and instructed the five 

Regional Health Authorities to provide patients with morbid obesity  an appropriate 

treatment choice; either non-surgical or surgical. Guidelines developed by the five 

Regional Health Authorities, released in 2005 (28)  and revised in 2007 (29), 

concluded that treatment seeking patients with morbid obesity should be offered a 

complete diagnostic workup and  therapy in an obesity clinic based on the 

multidisciplinary team model. Patients should first be treated in primary care, but 

those who did not reach a weight loss promoting better health could be referred to the 

tertiary care centres.  

In 2011 the Norwegian Directorate of Health published national guidelines in line with 

the recommendations from the Regional Health Authorities and guidelines from other 

countries (30-33).  

Surgery for obesity and weight-related diseases can, according to the Norwegian 

guidelines, be offered to patients with morbid obesity when other treatments have 

been ineffective and there are no contraindications.  The patient must prior to 

treatment understand information about the procedure, possible complications and 

necessary life-style changes after surgery. This is in line with the recent guidelines 

developed by an expert panel appointed by NHLBI (National Heart, Lung and Blood 

Institute in USA) (34).  “The Guidelines (2013) for the Management of Overweight and 

Obesity” recommend that “For adults with a BMI ≥40 or BMI ≥35 with obesity-related 

comorbid conditions who are motivated to lose weight and who have not responded to 

behavioral treatment with or without pharmacotherapy with sufficient weight loss to 
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achieve targeted health outcome goals, advice that bariatric surgery may be an 

appropriate option to improve health and offer referral to an experienced bariatric 

surgeon for consultation and evaluation.” (Recommendation Grade: A (strong)). 

Recommendation grade A means that there is high certainty based on evidence that 

the net benefit is substantial based on risk of bias, consistency, directness and 

precision of the body of evidence. 

 

Hypertension and obesity  

High systolic blood pressure is a leading risk factor for disease burden globally, 

accounting for 10.4 million deaths and 208 million disability adjusted life years 

(DALYs) in 2013, increasing from 6.9 million deaths and 143 million DALYs in 1990 

(35). In terms of DALYs, in 2016 high blood pressure was the second leading risk 

factor for men and the leading risk factor for women (36). 

High blood pressure is defined as systolic pressure of 140 mmHg or higher and/or a 

diastolic pressure of 90 mmHg or higher measured at the doctor’s office (Table 3). 

Also commonly included in the definition of having hypertensive disease are patients 

taking antihypertensives, with some pragmatic real-world studies using this as the 

sole criteria for defining hypertension as present (37), as we do in paper I and II.     
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Table 3. Definitions and classification of office blood pressure levels (mmHg)(38) 

Category Systolic Diastolic 

Optimal < 120 and < 80 

Normal 120-129 and/or  80-84 

High normal  130-139 and/or  85-89 

Grade 1 hypertension 140-159 and/or  90-99 

Grade 2 hypertension 160-179 and/or  100-109 

Grade 3 hypertension ≥180 and/or  ≥110 

Isolated systolic hypertension ≥140 and <90 

 

The prevalence of hypertension  increases with increasing BMI, ranging from 23 % in 

people with BMI of 18.5-24.9 kg/m2 to 64 % of people with BMI ≥40 kg/m2 (10). 

Hypertension is one of the most prevalent comorbidities in most studies on people 

with obesity and morbid obesity. Among 4333 consecutive patients (2006-2015) with 

mean (SD) age 43.6 (5.9) kg/m2  from the Morbid Obesity Registry and Biobank Study 

at Vestfold Hospital Trust, 53 % of men and 33 % of women had hypertension (Jøran 

Hjelmesæth, personal communication).  

Pathophysiology  

Development of hypertension results from a combination of genetic, environmental, 

behavioural and dietary factors. The mechanism explaining how obesity relates to 

hypertension is complex (Figure 1). Putative mechanisms of obesity-related 

hypertension includes; increased sympathetic nervous system activity, increased 

circulating renin-angiotensin and increased adipose renin-angiotensin, sodium 

retention,  and impaired vascular endothelial function (38, 39). These mechanisms 
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results in increased sodium reabsorption, volume overload, arterial stiffness and 

vasoconstriction that again leads to hypertension (Figure 1).  

 

Figure 1. Mechanisms involved in the pathogenesis of obesity-induced hypertension. PAI-1, 
plasminogen activator inhibitor-1; Tx-A2, thromboxane A2; IL-6, interleukin-6; IL-1b, interleukin-
1b;TNFa, tumor necrosis factor-a; CRP, C-reactive protein; ROS, reactive oxygen species; FFAs, free-
fatty acids; VCAM-1, vascular cell adhesion molecule-1; ICAM-1, inter-cellular adhesion molecule-1; 
NO, nitric oxide; ET-1, endothelin-1; RAS, rennin–angiotensin system; SNS, sympathetic nervous 
system; AgRP, agouti-related peptide; NPY, neuropeptide Y; POMC, proopiomelanocortin; ARC, 
arcuate nucleus; a-MSH, a-melanocyte- stimulating hormone; MC3R, melanocortin 3 receptor; MC4R, 
melanocortin 4 receptor. 

Reprinted by permission from Macmillan Publishers Ltd: Hypertension Research (40), copyright (2010)  

 

Treatment of patients with hypertension and obesity  

WHO classifies the risk of hypertension as moderately increased with obesity (Table 

1), with intentional weight loss recommended for patients with overweight and 

hypertension. There are also several other modifiable factors with impact on 

hypertension, and weight loss comes in addition to recommended salt restriction, 
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moderation of alcohol consumption, increased consumption of vegetables and fruits, 

regular exercise and smoking cessation (41). Weight loss of 5 kg in people with 

overweight or obesity was associated with a reduction of mean systolic blood 

pressure of 4.4 mmHg and diastolic blood pressure reduction of 3.6 mmHg.  A larger 

(>5 kg) weight loss corresponds to a larger reduction in both systolic and diastolic 

blood pressure (42). The interventions studied were energy restriction, increased 

physical activity, or both. Both weight-reducing diets and weight-reducing drugs were, 

in people with hypertension, associated with a corresponding reduction in blood 

pressure with reduced body weight. The treatment duration in these studies were 6 to 

36 months for weight-reducing diets and 6 to 48 months for weight-reducing drugs 

(orlistat, sibutramine or phentermine/topiramate met inclusion criteria, no studies 

found for rimonabant, naltrexone/bupropion, liraglutide or lorcaserin) (43, 44).  

Treatment for hypertension with lifestyle adjustments will for many patients not be 

sufficient, and they will still need pharmacotherapy to reach their individual treatment 

goal (45).  Pharmacotherapy for hypertension is complex and will in patients with 

obesity, as in all patients, have to be subject to a shared decision process considering 

the individual’s total risk, other comorbidities and drugs, goals for treatment and 

importance of potential side effects.  For people with obesity and hypertension, 

diuretics and calcium entry blocking agents might be reasonable first choice targeting 

volume overload and low plasma renin (46). However, thiazide diuretics also have 

dyslipidaemic and diabetogenic effects, particularly when used in high doses (41). β-

blockers are  associated with weight gain and have adverse effects on lipid 

metabolism, and are not preferred in patients with both obesity and hypertension. 

However, this may not apply to vasodilating β-blockers (41). Angiotensin-converting 

enzyme inhibitors and angiotensin receptor blockers may provide renal protection in 
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addition to lowering blood pressure. These agents are also associated with a 

reduction in the development of type 2 diabetes mellitus and reduction of left 

ventricular hypertrophy, and are thus often preferred in patients with these conditions 

or increased risk for them (41, 46).  

Large weight loss is achieved with bariatric surgery, and there is evidence of reduced 

rates of hypertension after treatment.  Pooled data from long-term studies (>2 years of 

follow-up) demonstrated remission of hypertension in 38 % of cases after gastric 

bypass (47). A meta-analysis of studies with shorter follow up than two years 

demonstrated a rate of both improved and resolved hypertension of 78 %. 

Additionally, long-term data from the Swedish Obese Subjects (SOS) study have 

shown that 10 years after gastric bypass, a reduction in both systolic (-5.1 mmHg) and 

diastolic (-5.6 mmHg) blood pressure remains (48). Patients achieving reduced body 

weight by treatment thus seems to have a corresponding reduction in both blood 

pressure and in rates of hypertension, but there are few studies with long-term follow 

up and few studies with actively treated control groups that have assessed differences 

in hypertension after treatment (49). There also seems to be less improvement in 

hypertension, and more variable results in the long-term than for example for diabetes 

after bariatric surgery (47).   

 

Diabetes and obesity  

Type 2 diabetes is a disease where insufficient production of insulin in combination 

with insulin resistance results in unhealthy high blood glucose levels. Patients with 

glycated haemoglobin (HbA1c) ≥ 6.5 % have an increased risk of developing long-

term complications affecting the eyes, kidney and nervous system (50). The 

diagnostic criteria for type 2 diabetes recommended by WHO are either a fasting 
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plasma-glucose of ≥7.0 mmol/L or plasma-glucose of ≥11.1 mmol/l two hours after an 

oral glucose-tolerance test.  In 2011 the WHO accepted HbA1c as a diagnostic test 

for diabetes. An HbA1c of 6.5 % was recommended as the cut off point for diagnosing 

diabetes, and is now recommended by the Norwegian government as the primary 

diagnostic test for diabetes. A value of less than 6.5 % does not exclude diabetes 

diagnosed using glucose tests.  

In parallel with increasing obesity rates, the prevalence of type 2 diabetes increases 

(51). An increment in BMI of 5 kg/m2 corresponds to a relative risk of 3.07 (95 % CI 

2.49-3.79) for developing type 2 diabetes if the weight gain occurs before 25 years of 

age. There is also a smaller, but still increased, risk for developing type 2 diabetes 

with weight gain after 25 years of age  (RR (95 % CI), 2.21 (1.91–2.56)), both 

suggesting a dose-response association between body weight and subsequent risk of 

type 2 diabetes mellitus (52). In the Nurse’s Health study, a cohort study of 121 700   

female nurses, women with attained BMI of ≥35 kg/m2 had a relative risk of 93 for 

developing diabetes compared to women with BMI <22 kg/m2 (53). A Finish study 

identified that overweight (BMI ≥ 25 kg/m2) was the strongest predictor of type 2 

diabetes (population attributable fraction (PAF) (95 % CI) 77 % (53 %-88 %)).  In 

addition to obesity, other lifestyle- and environmental factors, age, family history and 

genetic predisposition conferred increased risk for type 2 diabetes (54-56).  

Pathophysiology of diabetes in obesity  

Obesity is associated with insulin resistance. When the pancreatic islet β-cells 

increase insulin release sufficiently to overcome the reduced efficiency of insulin 

action normal glucose tolerance is maintained, but when the β-cells no longer are able 

to compensate fully for decreased insulin sensitivity hyperglycaemia occurs and the 

patient has developed type 2 diabetes (57). The mechanisms explaining how 
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increased body weight leads to the development of type 2 diabetes are complex and 

not fully understood. These include, but are not limited to: increased amount of 

adipose tissue that releases hormones and proinflammatory cytokines that are 

involved in the development of insulin resistance, non-esterified fatty acids released 

from adipose tissue induce insulin resistance and impair β-cell function (58) (Figure 

2), and increased release of cytokines from macrophages and other cells in the 

adipose tissue, that might also have a role in the development of insulin resistance 

(59).  

 

Figure 2. Multiorgan and tissue pathophysiology of type 2 diabetes.  
FFA, free fatty acids; GLP-1, glucagon-like peptide 1.  
Reprinted with permission from Therapeutics and Clinical Risk Management 2015:11 621–632 (60) 

 



 

22 
 

Introduction 

Treatment of patients with obesity and diabetes  

As a consequence of the 1870 Siege of Paris during the Franco-Prussian War, a 

French physician, Apollinaire Bouchardat (1806–86), noted the beneficial effects of 

food shortages on patients with diabetes: glycosuria decreased or disappeared, as did 

the major symptoms and signs (61). Modern studies of patients with diabetes confirm 

that weight loss is associated with either the improvement of diabetes control or the 

resolution of diabetes. In the Look AHEAD trial, where intensive lifestyle intervention 

was compared to usual care in patients with diabetes and overweight/obesity, the 

participants in the intervention-group maintained a 6 % weight loss after 9.6 years 

compared to 3.5 % in the control group. There was at all time-points, except year 8, a 

significant difference in HbA1c between the groups (62). Data form the Framingham 

Study (long-term cardiovascular cohort study started in 1948) also supports that 

sustained weight loss leads to lower risk of diabetes, relative risk=0.38 (95 % CI 0.18-

0.81), for people with BMI ≥29 kg/m2 (63).  

With bariatric surgery resolution or improvement of diabetes was found in 84 % to 95 

% of patients after gastric bypass (64, 65). Recently, two randomized controlled 

studies from the USA and Europe demonstrated that bariatric surgery was superior to 

medical therapy on the long-term (5-year) effects on remission of diabetes and 

medication use among patients with severe obesity and diabetes (66, 67).  

There are indications of relapse over time of diabetes in patients that underwent 

bariatric surgery, as a systematic review of studies with more than two years follow up 

finds remission of 66 % as opposed to 84-95 % in studies with shorter follow up (47). 

In the Swedish Obese Subjects (SOS) study there was a 72 % rate of recovery from 

diabetes at two years, 38 % at ten years and 30 % at 15 years for patients undergoing 

bariatric surgery (68). There was an incidence of diabetes at ten years of only 7 % for 
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surgical patients compared to 24 % in the control group in the SOS study (69).  In the 

SOS study the majority of surgically treated patients had other surgeries than gastric 

bypass.  

Several studies suggest that gastric bypass may also affect glucose metabolism by 

mechanisms other than weight loss, and that remission of type 2 diabetes after 

bariatric surgery is partly independent of weight loss and caused by mechanisms 

related to the surgery itself. One example is increase in glucagone-like peptide 1 

(GLP-1) seen after gastric bypass surgery (70). GLP-1 promotes insulin secretion and 

satiety, delays gastric emptying, increases insulin sensitivity, and decrease glucagon 

secretion (71). GLP-1 receptor agonists have been developed with indication to treat 

diabetes. These drugs also induce a moderate weight loss (72) and are approved by 

the European Medicines Agency (EMA) and in Norway for the indication of weight loss 

for patients without diabetes (73).  

 

Dyslipidaemia and obesity  

Excess adipose tissue is associated with complex endocrine and immune dysfunction 

which promotes metabolic disease, including dyslipidaemia. These mechanisms 

include secretion of adipokines, and inflammatory factors from adipose tissue 

macrophages. Impaired function of the adipose tissue may influence levels of 

triglycerides and other lipids through increased levels of free fatty acid which in the 

liver increases hepatic secretion and triglyceride enrichment of very-low-density 

lipoprotein. In sum, dyslipidaemia in patients with obesity is often characterized by 

increased triglycerides, reduced high-density-lipoprotein-cholesterol, increased small 

dense LDL particles, and increased lipoprotein remnant lipoprotein levels (74, 75).  
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In the National Health and Nutrition Examination Survey from the USA (1999-2002), 

dyslipidaemia is the most prevalent comorbidity among people with obesity, and is 

found in over 60 % when defined as one or more abnormal measures in blood 

(Defined to include any one of the following: total cholesterol (TC) ≥ 6.22 mmol/l, 

triglycerides (TG) >2.26 mmol/l, low-density lipoprotein cholesterol (LDL-C) ≥ 4.14 

mmol/l or high-density lipoprotein cholesterol (HDL-C) < 1.04 mmol/l, as well as those 

ever told by a doctor or other healthcare professional that their blood cholesterol level 

was high) (76). Observational epidemiological studies have shown that there is a 

continuous positive association between blood concentrations of low density 

lipoprotein (LDL) cholesterol and the rates of coronary heart disease events, and an 

inverse association for high density lipoprotein (HDL) cholesterol (77, 78). Patients 

with obesity have higher LDL cholesterol and lower HDL cholesterol compared to 

adults with normal weight, and this dyslipidaemia predicts a substantial part of the 

increase in cardiovascular disease seen with obesity (3, 51, 79). Bariatric surgery 

leads to a reduction in LDL-cholesterol (80), and reduction in LDL-cholesterol 

corresponds to a reduced risk for major vascular events (81) (Figure 3).  
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Figure 3. Weighted Between-Group Difference in Achieved Low-Density Lipoprotein Cholesterol (LDL-
C) Level and Relative Risk for Major Vascular Events for Each Class of Intervention Each type of 
intervention is plotted based on the between-group difference in achieved LDL-C level (weighted 
across all the trials in the class) and the relative risk (with vertical lines depicting the 95% CIs) derived 
from meta-analysis of all trials in that class. The square data markers indicate the established 
interventions that lower LDL-C predominantly through upregulation of LDL receptor expression. The 
meta-regression slope (predicted RR for degree of LDL-C reduction) is represented by the solid black 
line and the 95% CIs by the dashed lines, both of which are derived from a trial-level analysis of all 
established interventions. To convert mmol/L to mg/dL, divide by 0.0259. CETP indicates cholesteryl 
ester transfer protein; PCSK9, proprotein convertase subtilisin/kexin type 9.  

Reproduced with permission from (81) Silverman MG, Ference BA, Im K, Wiviott SD, Giugliano RP, 
Grundy SM, et al. Association Between Lowering LDL-C and Cardiovascular Risk Reduction Among 
Different Therapeutic Interventions: A Systematic Review and Meta-analysis. JAMA. 
2016;316(12):1289-97. 

 

Contrary to the increase in BMI, there has been an improvement in lipid profile as 

measured in adults in the National Health and Nutrition Examination Surveys in the 

USA from 1988 to 2010. In the same period  there has been an increase in the 

prevalence of use of lipid-lowering drugs from 2.4 % to 15.5 %, but even among 

adults not receiving lipid-lowering medications, and among people with obesity, a 

favourable trend in lipid levels occurred (82). In addition to increased use of lipid 
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lowering drugs, these changes might be a result of decreased intake of trans-fatty 

acids (83) and less cigarette smoking (84), but are unlikely to be related to changes in 

obesity or intake of saturated fat, both of which were either stable or increasing in the 

period (85, 86).  

Lipid-lowering drugs are now used both as primary and secondary prevention of 

coronary heart disease, also in people with normal levels of blood cholesterol if they 

have other risk factors for cardiovasculary disease (41). The use of lipid-lowering 

drugs is thus not only a proxy for dyslipidemia, but also for treated cardiovascular risk 

in the population.  

 

Surgical treatment of obesity   

For the individual patient that has tried to lose weight with non-surgical methods and 

still has morbid obesity, bariatric surgery might be an option. Traditionally bariatric 

surgery has been divided into malabsorptive, restrictive and combined procedures. 

During the last few decades evidence has emerged that bariatric surgery provides 

weight loss and metabolic changes not only through calorie restriction and 

malabsorption, but also by stimulating changes in hormones as well as other 

mechanisms (87, 88). Conclusions about mechanisms of action of bariatric surgery 

based solely on logic have been challenged, as such also for changes in the 

bioavailability of drugs after bariatric surgery. A common belief was that there would 

be a need for increased doses of drugs because of the shortened functional intestine 

(89), but studies have proved this hypothesis to be incorrect (90-92).  

Surgery has been used to treat obesity since the 1950s, starting with extreme 

malabsorptive procedures such as the jejunoileal bypass which has since been 
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abandoned because of the risk of serious complications (93). Gastroplasty and gastric 

banding were developed during the 1970’s and 80’s, with the latter still in use as a 

restrictive procedure, albeit one that is seldom performed in Norway. Gastric bypass, 

the most commonly performed operation in the sample in this thesis, was first 

introduced in1969 (94). It was later modified to the Roux-en-Y configuration, and is 

now performed laparoscopicaly. Biliopancreatic diversion and duodenal switch were 

introduced as safer alternatives to jejunoileal bypass in 1979. Long term results show 

improvements of comorbidities as for gastric bypass, but with more malabsorption and 

gastrointestinal complications (95-97). Sleeve gastrectomy, originally performed as a 

first step of duodenal switch, has gained popularity over the last years despite few 

long-term results. A more detailed description of the surgical procedures is given in 

the Methods section.  

Bariatric surgery- weight loss and comorbidities   

Bariatric surgery induces a significant weight loss and improvement and resolution of 

comorbidities as demonstrated in two meta-analyses by Buchwald et al. from 2004 

and Chang et al. from 2014. These studies summarised the bariatric surgical literature 

from 1990-2003 and from 2003-2012 (64, 65). They concluded that there was an 

excess weight loss (percentage of loss of weight above BMI 25 kg/m2) of 62-72 % 

with gastric bypass surgery, and a high rate of resolution of comorbidities (Table 4).  
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Table 4. Resolution and improvement of comorbidities in two meta analyses by 
Buchwald et al. (64)  and Chang et al. (65), and one systematic review by Puzziferi et 
al.(47)   
Numbers are % of patients with either resolved or improved comorbidities  

Surgery   Hypertension Diabetes Dyslipidaemia OSAS 
      
Gastric bypass (64) 
(% resolved/  
% resolved or 
improved) 1 

 

75/87 84/91 NA/97 87/95 

Gastric bypass (65)3  
(% resolved or 
improved) 4 

 

RCT 81 95 80 95 

OBS 78 93 63 95 

      
Gastric bypass (47) 
(% remission) 2  38 66 60 NA 

      
Sleeve (65) 
(% resolved or 
improved) 4 

 

RCT NA NA NA NA 
OBS 82 86 83 91 

Duodenal switch (64) 
(% resolved/  
% resolved or 
improved) 1 

 

81/92 98/88 NA/99 95/87 

 

OSAS, obstructive sleep apnea syndrome. RCT: Randomised controlled trial. OBS: 
Observational study. NA: Not assessed  

1 Buchwald et al defined ”resolved” were comorbid conditions disappeared or no longer required 
therapy, and “resolved or improved” as the sum of patients with either improved or resolved 
comorbidities, and patients in studies that used the term improved, but excluding studies reporting only 
resolution. For dyslipidaemia “resolved or improved” was analysed.  
2 Puzziferri reported remission only. Remission of diabetes was defined as HbA1c less than 6.5% 
without medications Remission of hypertension was defined as blood pressure less than 140/90 without 
medications. Remission of hyperlipidaemia was defined as cholesterol less than 5.2 mmol/L, HDL 
greater than 1.0 mmol/L, LDL less than 4,1 mmol/L, and TG less than 2.3 mmol/L.  
3 this group included all variants of gastric bypass and biliopancreatic diversion with duodenal switch or 
with roux-en-Y gastric bypass. 
4 Chang et al. defined percentage of remission of comorbidities as the proportion of the surgery 
patients who reported the target comorbid condition being either resolved or improved after surgery.  

 

There are some differences in both weight loss and resolution of comorbidities 

between the bariatric procedures. A systematic review from 2014 with 16 studies 
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comparing gastric bypass and duodenal switch found that duodenal switch yielded 6.2 

kg/m2 higher weight loss than gastric bypass. There were no differences in the 

resolution of diabetes (98). With regard to sleeve gastrectomy, Li et al. found in a 

meta-analysis with studies published up to May 2015, a significantly higher  % excess 

weight loss  after gastric bypass (weighted mean difference = 7.24 %, 95 % CI 3.81-

10.67) compared to sleeve gastrectomy. They found no difference in the rate of 

resolved type 2 diabetes mellitus (OR 1.27, 95 % CI 0.95-1.69, p=0.10), but 

hypertension and dyslipidaemia resolved significantly more often after gastric bypass 

(OR=1.43, 95 % CI 1.15-1.77, p=0.001 and OR=2.40, 95 % CI 1.89-3.05, p<0.001 

respectively) (99). Only seven of the 62 included studies had a follow up of more than 

three years (1116 of 18 449 patients (6 %)).  

Bariatric surgery- complications and adverse effects    

Mortality is a major concern with all surgeries, but is low with modern bariatric surgery. 

Meta-analyses of bariatric surgery demonstrated a ≤30 day mortality rate of less than 

0.5 % (64, 65). Later studies have published even lower rates of mortality; data from 

the SOReg (Scandinavian Obesity Surgery Registry) in Sweden showed a mortality 

rate of less than 0.05 % over the last 5 years (100), while data from the United States 

National Inpatient Sample has shown that in-hospital mortality has decreased from 

0.8% in 1998 to 0.07% in 2012 for bariatric surgery (101), and in France the in-

hospital mortality after bariatric surgery was 0.038% in 2014 (102).  

Another major concern is post-surgery complications. In the meta-analysis by Chang 

et al. (65), complication rates were 21 % and 17 % in randomised controlled studies 

and 12 % and 10 % in observational studies. Reoperation rates were 7 % for 

randomised controlled studies and 6 % for observational studies. Complications 

included all adverse events associated with surgery reported in the studies, such as 
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bleeding, stomal stenosis, leak, vomiting, reflux, gastrointestinal symptoms, and 

nutritional and electrolyte abnormalities.    

In a systematic review of long-term follow up after bariatric surgery Puzziferri et al., 

reported on long-term complications (≥ 2 years). Complication rates after gastric 

bypass of incisional hernia, internal hernia, or marginal ulcer were 1 % each, and 

anaemia, iron deficiency requiring transfusion, or vitamin B12 deficiency were 2 % 

each. Operative revision rates for both abdominal pain and non-healing ulcer were 0.1 

%. The gastrointestinal bleeding rate was less than 1 %.  

Of concern is also an increasing rate of iron deficiency with time after gastric bypass. 

In a Norwegian cohort of 203 patients with 91 % follow up rate (103), a much higher 

proportion of patients than in Puzziferri’s review (47) was found to require iron infusion 

or bold transfusion. Over 8 % had this complication. The follow up time was five years 

in the Norwegian cohort, which is longer than many of the studies in the review, 

suggesting that this might be a complication that develops over time.  

Hypoglycemia and abdominal pain are also a complication of concern after gastric 

bypass. Post glucose-challenge hypoglycaemia is found in 23 % one year after gastric 

bypass (104), leading to hospital admission in 0.2 % of patients in a Swedish cohort 

study (105).  Chronic abdominal pain is common, and typically reported in 10 % of 

gastric bypass patients (103).   

Need for revision is another important issue with bariatric surgery. In  a recent 

randomised clinical trial sleeve gastrectomy and gastric bypass are equally efficient in 

terms of  weight loss, quality of life, and complications in the three-year interim 

analysis of the five year trial (106). However, recently two small, retrospective studies 

(including 53 of 53 and 65 of 118 eglible patients who had sleeve gastrectomy) with 
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more than 10 year follow up) report a large rate, 36 % and 25 %, of conversions to 

gastric bypass or duodenal switch because of weight regain and gastroesophageal 

reflux (107, 108).  

Compared to gastric bypass, duodenal switch has a higher rate of early complications 

(98).  In a randomised study comparing gastric bypass with duodenal switch with five 

year follow up, there was a greater weight loss for patients undergoing duodenal 

switch at five years (mean difference 8.5 kg/m2), but also higher long-term 

complication rates and no difference in health related quality of life (80).  

Studies with long-term follow up in bariatric surgery  

Modern, laparoscopic bariatric surgery has been performed with increasing frequency 

since the start of this century (109, 110). Even though it has been more than 15 years, 

reports on both beneficial outcomes, complications and adverse effects in the long- 

term are still sparse (47, 111). In a 2014 review Puzziferri et al. identified studies of 

surgical treatment of adult patients with morbid obesity with more than two years of 

outcome information and follow-up measures for at least 80% of the initial cohort. 

They included randomized clinical trials, cohort studies and case series. Only four of 

29 studies fulfilling the inclusion criteria had five years of follow-up, and no studies 

more than five years (47). The rate of resolution of comorbidities were lower in this 

review with long-term studies with high follow up rate than in the meta analyses by 

Chang et al. that included all studies irrespective of follow up time or rate of follow up. 

It is, however, difficult to compare these, because the meta analysis by Chang et al. 

reports both resolution and improvement of comorbidities, and the review by Puzziferri 

et al. of long-term results reports on remission only (Table 4).   
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Obesity is a chronic decease, as are its complications, and treatment necessitates 

lifelong changes. Information on outcome after one, two or even five years is therefore 

not sufficient enough to recommend which treatment to choose, and there is a need 

for more studies with good quality and long-term follow-up. In Norway, society invests 

large amounts of money in treatment of severe obesity, and there is a need for a 

better understanding of the long-term results of these treatments in order to evaluate 

which treatments give relevant results in the form of increased ability to work and 

reduced costs for drug treatment and other health expenses. One major challenge in 

long-term studies is obtaining a high follow-up rate to minimize the risk of attrition 

bias. Using registry data sources is a way of obtaining studies with high follow-up 

rates (up to 100 %) (36). 

 

Non-surgical treatment of severe obesity   

Not all patients with severe obesity are willing to undergo, or are suitable for, bariatric 

surgery, and non-surgical treatment alternatives are needed. Internationally, many 

patients with severe obesity can neither afford nor have insurance coverage for 

bariatric surgery. Even when money is not an issue, not all patients want to undergo 

surgical treatment for severe obesity. In a study where an outreach was made to 1808 

individuals with type 2 diabetes and BMI between 30 and 45 kg/m2, and who had 

insurance that covered bariatric surgery, only 1.2 % preferred surgery (112). In 

Norway all specialist health services are governmentally funded, and at our centre 62 

% of the first 2142 patients included in the Registry- and Biobank study initially opted 

for conservative treatment (113).   

According to Norwegian guidelines, all patients with obesity should receive a 

comprehensive examination and adequate treatment by their primary physician (30). 
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They should together set realistic and relevant treatment goals and the primary 

physician coordinate and evaluate the treatment together with the patient. An addition 

of drug-treatment, treatment by dietician or physiotherapist can be chosen as 

appropriate. Patients not reaching their treatment goals of reduced weight and 

improved overall health can be referred to an outpatient centre in a secondary care 

clinic. If needed, patients can from there be referred to tertiary centres such as the 

Morbid Obesity Centre at Vestfold Hospital trust for specialized medical treatment. 

The cornerstone for treatment of all patients with obesity is a simultaneous 

implementation of lifestyle or behavioural training, dietary change to reduce energy 

intake, and an increase in physical activity (114). Patients attending any of the 

programs offered at the Morbid Obesity Centre are treated according to this. Patients 

can choose between individual or group based interventions at our centre or 

residential intensive lifestyle-intervention programs described in more detail in the 

methods section. 

Intensive lifestyle intervention that achieves a weight loss of 5 % to 10 % of initial 

weight has been shown to reduce cardiovascular disease risk factors, prevent or 

delay the development of type 2 diabetes, and improve other health consequences of 

obesity (115, 116). In the Look AHEAD trial, where intensive lifestyle intervention was 

compared to usual care in patients with diabetes and overweight or obesity, the 

participants in the intervention-group maintained a 4,7 % weight loss after 8 years 

compared to 2.1% in the control group (62, 117). Fifty per cent of the patients that 

received intensive lifestyle-treatment lost 5 % weight or more, a common criterion of 

clinically meaningful weight-loss (115). There were no differences in mortality or 

cardiovascular events between the groups at almost 10 year follow up.  
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In the period when patients were recruited for the studies which make up this thesis, 

2005 – 2010, there were three drugs available for the treatment of severe obesity in 

Norway, orlistat, rimonabant and sibutramine. Drugs for obesity treatment are used as 

an adjunct to lifestyle modifications and increased weight reductions in overweight 

and obese patients (118). Rimonabant was withdrawn in 2008 due to the risk of 

serious psychiatric problems, including suicide (119). Sibutramine was removed from 

the market in 2012 because of increased risk for cardiovascular events in patients 

with pre-existing cardiovascular disease (120). In Norway this left only orlistat, a drug 

that reduces absorption of ingested fat, as a potential obesity drug treatment. Orlistat 

is in the XENDOS-study over four years associated with a weight loss of 2.7 kg more 

than the placebo-group (121). Since 2012, four new drugs, lorcaserin, liraglutide, 

phentermine/topiramate and naltrexone/bupropion, have been approved by the Food 

and Drug Administration in USA for people with obesity (body mass index (BMI) ≥30 

kg/m2) or with overweight (BMI ≥ 27 kg/m2) and at least one obesity-related 

comorbidity. In Europe, liraglutide, which has also been approved for the treatment of 

diabetes mellitus type 2, and naltrexone/bupropion were approved for weight 

management in March 2015 by the European Medicines Agency (EMA). In 2013 the 

manufacturer of lorcaserin withdrew its application to the EMA after the Committee for 

Medicinal Products for Human Use raised safety concerns, while the EMA refused 

marketing authorisation for phentermine/topiramate due to safety concerns. This 

leaves us with orlistat, liraglutide and naltrexone/bupropion approved for weight 

reduction in Europe, all of which have a marketing approval in Norway for indication  

weight loss, but only orlistat and liraglutide is marketed, and liraglutide is currently 

only marketed with indication diabetes.  
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Studies with long-term follow up of non-surgical treatment of morbid 

obesity 

 In terms of surgical treatment, there are few studies with follow up beyond two years 

for conservative treatment with lifestyle interventions (34, 122). In 2014 an expert 

panel appointed by NHLBI (National Heart, Lung and Blood Institute in the USA) 

developed “The Guidelines (2013) for the Management of Overweight and Obesity”. In 

this report they state that “Approximately 40 to 60 percent of overweight/obese adults 

who participate in a high-intensity, long-term comprehensive lifestyle intervention 

maintain a loss of 5 percent or more of initial body weight at 2 or more years follow up 

(post-randomization).” (34)  

The studies of good quality that report long term results of non-surgical treatment are 

often performed on a subset of patients with severe obesity, and not the whole 

population of people with severe obesity that seek treatment. For example, the Look 

AHEAD trial is based upon on a subset of older (55-74 years at baseline) individuals 

with obesity of whom all have diabetes. 

A meta-analysis from 2014 comparing weight loss with different diets also reports 

results from 48 randomized trials, but with only one year follow up. The conclusion is 

to recommend any diet that a patient will adhere to in order to lose weight, but real 

long-term results are missing (123).  

A recent review on the effect of anti-obesity drugs reported long-term results. Long-

term was defined as only one year weight loss, even though the patients might need 

life-long treatment. Additional weight loss relative to placebo ranged from 

approximately 3 % to 9 % of initial weight at one year (124).  
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Comparative studies of bariatric surgery and intensive lifestyle-

interventions  

In 2014 the Norwegian Knowledge Centre prepared a health technology assessment 

of long-term (more than one year) effects of bariatric surgery compared with non-

surgical treatment (125).They identified eight randomized controlled trials and eight 

prospective controlled studies. The follow up was more than five years in three 

studies. They concluded that bariatric surgery was more effective than other 

treatments for weight loss. The remission rate of hypertension for surgical treatment 

was higher than with non-surgical treatment both after one and two years (four 

studies), six (one study) and ten years (SOS-study). Two studies examined the 

incidence of hypertension and found lower incidence after bariatric surgery after two 

and six years, but not after ten years. Bariatric surgery may reduce prevalence of type 

2 diabetes mellitus and the incidence of diabetes was lower in the group treated with 

bariatric surgery after two, six and 15 years. Remission of diabetes was also higher 

among patients treated with bariatric surgery after one, two, six and ten years. The 

quality of evidence was moderate for diabetes and low for hypertension. The report 

concluded that the effect of bariatric surgery on high LDL and total cholesterol might 

be better than non-surgical treatment, but after 10 years of follow up the effect is 

uncertain. They found only incomplete and highly uncertain results concerning the 

incidence and number of side-effects and the recurrence of comorbidities after 

remission. The key weakness highlighted was the lack of large good quality studies 

with long-term follow-up.  

In a recent systematic review and meta-analysis of randomized studies by Gloy et al., 

the effects of bariatric surgery were compared to non-surgical treatment of obesity 

and morbid obesity. They identified 11 studies with 796 individuals and with maximum 
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follow up of 40 weeks and median follow-up of two years. The results were mainly in 

line with the report from the Norwegian Knowledge Centre, but hypertension 

remission was not addressed by any of these studies. Seven studies reported mean 

changes in systolic blood pressure and in diastolic blood pressure for six studies. 

Changes in systolic and diastolic pressure were not significantly different between 

bariatric surgery and non-surgical treatment, nor in terms of total or low density 

lipoprotein cholesterol. The relative risk for remission of diabetes was higher with 

surgical treatment compared to conservative treatment (relative risk 22.1 (3.2 to154.3)  

(49).   

 

Choice of treatment  

In Norway the right to treatment for morbid obesity in specialist health care was 

adopted on 1st September 2004.  Health professionals and  patients agree on the 

choice of treatment; bariatric surgery or specialized medical treatment; through shared 

decision-making (126, 127). Among patients that are referred to our tertiary centre, 

62% choose non-surgical treatment (113).  

Patients with absolute contraindications for surgery represent a small number of 

patients with morbid obesity (113), and most patients that choose medical treatment 

do this for other reasons. Which patients choose which treatment is under-researched 

within the literature given the fact that most studies focus on one treatment and the 

result of this, wherein the choice of treatment is already made (25, 128). There seem 

to be few centres that offer both kinds of treatment, with many patients choosing 

medical or surgical treatment after discussing this with the primary practitioner before 

referral, and not with specialist in the treatment of severe obesity.  
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The Guidelines (2013) for the Management of Overweight and Obesity in Adults 

conclude in the section about bariatric surgery that the evidence that formed the basis 

for the report came from studies at academic medical centres, and that there is a 

need for studies evaluating the impact of bariatric surgery in non-university hospital 

and clinical settings, which may be more reflective of real-world medical practices 

(34). Our centre represents a good setting both to study what differences there are 

between groups of patients that choose either surgical or medical treatment, as well 

as to compare real-world effects of treatment dependent on the choice made.  

 

Pharmacokinetic changes following bariatric surgery  

In a recently published Swedish study  of 26 119 patients treated with gastric bypass, 

42 % of the patients still required drug treatment for at least one comorbid disease at 

5 year follow up (37), but little is known of how bariatric surgery influences the 

bioavailability of drugs. In 2008, when we planned the two year follow-up in the study 

of the influence of bariatric surgery on metabolism and absorption of atorvastatin, we 

searched PubMed and references of relevant papers, and could only identify five 

papers other than our study on bioavailability after contemporaneous bariatric 

procedures (129-133). Only one of these was a prospective study with a maximum 

follow-up of eight months (133).  There were no results published after duodenal 

switch. A systematic review that was published in 2010, containing a literature search 

performed in 2008, bore similar results (89). Several papers on obsolete procedures 

as ileojejunal bypass were published, but these results cannot be extrapolated to 

current bariatric procedures as the anatomical changes made to the intestinal tract are 

different.  
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It has been a common presumption that the drug doses have to be increased after 

bariatric surgery because of the bypass of the intestine decreasing the available 

absorptive surface (89). This logic does not take in to account other mechanisms and 

biological processes explaining the variability in the bioavailability of drugs. Factors 

such as age, disease, diet, co-administered drugs as well as genetic variability in the 

expression levels of metabolizing enzymes and transporters can influence the 

pharmacokinetics of drugs in different directions. Absorption of drugs is affected, but 

also tissue distribution, drugs metabolism and elimination may change. Several of 

these factors are changed with development of severe obesity and again after 

bariatric surgery and treatment of obesity, making it difficult to predict effects of 

surgery on bioavailability for the individual patient. Moreover it is difficult to 

disentangle the specific effects of the surgical procedures and weight loss on 

bioavailability. There might even be different effects of different procedures, and there 

is also considerable inter- and even intra-individual variations over time (90, 91). 

The activity of the metabolizing enzyme CYP3A, involved in metabolism of half of 

drugs used today, is highest in the proximal small intestine, of which a part is 

bypassed with gastric bypass and duodenal switch (134, 135). This might lead to 

orally administered drugs being subjected to a lower gut wall metabolism, resulting in 

higher serum drug concentrations. On the contrary, the rapid transit of drugs through 

a shortened length of the small bowel may lead to lower drug absorption and lower 

serum drug concentrations (90, 91, 136). CYP3A activity is also found it the liver, and 

is decreased in patients with non-alcoholic fatty liver disease (NAFLD) (137). NAFLD 

is found in higher proportion in patients with obesity (138), and improves with bariatric 

surgery (139).  
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The complex challenge of predicting changes in pharmacokinetics after bariatric 

surgery is currently unmet by the limited data that exist on this subject (140).  

 

Summary 

Severe obesity is associated with morbidity, increased mortality and reduced quality of 

life. Patients with severe obesity might choose between specialized medical treatment 

and surgical treatment. Knowledge of what distinguishes patients that choose surgery 

from those who choose medical treatment is sparse, and more knowledge is also 

needed on what consequences this choice has for the prevalence, remission and 

new-onset of hypertension, diabetes or dyslipidaemia, as well as for the bioavailability 

of drugs. This has prompted our studies of treatment seeking patients with morbid 

obesity focusing on the prevalence of comorbidities, changes in the use of drugs for 

hypertension, diabetes and dyslipidaemia, and changes in bioavailability of 

atorvastatin.  
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Aims  

The aims of this thesis were to characterise and compare patients with morbid obesity 

choosing either bariatric surgery or medical treatment, and to assess if patients that 

underwent surgical treatment experienced higher rates of resolution and lower 

occurrence of new onset of comorbidities in the long-term. We also evaluated 

changes in bioavailability of the lipid lowering drug atorvastatin six weeks and two 

years after gastric bypass and duodenal switch.  

The aims in each of the three papers were:  

Paper I: To examine if obesity-related comorbidities, especially type 2 diabetes, were 

more prevalent in patients with morbid obesity undergoing bariatric surgery than those 

opting for conservative treatment. Secondly, we examined other variables that might 

influence treatment choice: level of obesity, age, weight history and other 

comorbidities.  

Paper II: To evaluate if patients treated for severe obesity with bariatric surgery, 

compared to patients having specialized medical treatment, experienced higher rates 

of remission and lower occurrences of new onset of hypertension, diabetes and 

dyslipidaemia.    

Paper III: To assess and compare changes in the bioavailability of atorvastatin short-

term and long-term after surgical treatment of morbid obesity with gastric bypass or 

biliopancreatic diversion with duodenal switch.   
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Research design and methods 

Study design  

This thesis is based on three papers from studies with different design (Table 5).The 

first cross-sectional study compared treatment seeking patients with severe obesity 

that either chose bariatric surgery or opted for specialized medical treatment. The 

second cohort study included similar treatment-groups, but a larger cohort, followed 

for up to 10 years and compared with regard to remission and new-onset of 

hypertension, diabetes and dyslipidaemia. The third prospective pharmacokinetic 

study aimed to assess and compare the bioavailability of atorvastatin before, 6 weeks 

and two years after surgery in patients treated with either gastric bypass or duodenal 

switch.  

Table 5. Study design, sample size and follow up of the studies.  

Paper Study design Number of 
participants  

 

Follow 
up 

(years) 
Inclusion 

period 

 I Cross-sectional 
study 

511 249 Surgery - Nov. 2005- 

Feb. 2007  256 Conservative 

II Cohort study 1995 932 Surgery 5-10 Nov. 2005-J 

uly 2010   1064 Medical   

III Prospective 
pharmacokinetic 
study 

20 12 gastric bypass 2 Aug. 2006-  

May 2007   8 duodenal 
switch 
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Setting and patients 

The Morbid Obesity Centre at Vestfold Hospital Trust in Tønsberg was a temporary 

project from 2004 to 2006 before being established as a permanent centre. It is today 

one of two tertiary health care centres offering treatment to patients with morbid 

obesity in the South-Eastern Norway Regional Health Authority. The centre is 

accredited by the European Association for the Study of Obesity as an EASO 

collaborating Centre for Obesity Management (141).  The main tasks of the centre are 

to evaluate, assess and treat patients with severe obesity, to conduct research in the 

field of obesity and on treatment of obesity, and to educate and support other health 

care centres treating patients with obesity.  

All patients were recruited from the Morbid Obesity Centre at Vestfold Hospital Trust 

in Tønsberg. The cohort in paper I of 505 patients included in the Registry- and 

Biobank Study from November 2005 to February 2007 was also included in the cohort 

in paper II of 1995 patients having their first consultation and being included in the 

Registry- and Biobank study from November 2005 to July 2010. Most of the 20 

patients in the pharmacokinetic study in paper III were also included in the common 

cohort of paper I and II, and 6/20 only in the cohort in paper II.  

Patients for the pharmacokinetic study were recruited from the waiting list for bariatric 

surgery at the Morbid Obesity Centre. Eligible patients were identified by screening 

patient records for use of statins or indication for use of statins. For the follow up 

study, all patients that participated in the original study were contacted and asked to 

attend a new examination-day approximately two years after the operation. The 

patients were provided with financial coverage for travel and stay at hotel from the day 
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before examination if they had far to travel. As a part of the pharmacokinetic 

investigation, patients reported to the hospital after an overnight fast (water was 

permitted but no food, drugs, nicotine or caffeine). A standard hospital breakfast was 

served 2-h after atorvastatin administration, and there were no food restrictions 

thereafter. Concomitant drugs ordinarily administered in the morning were given at 

breakfast.  

The Registry- and Biobank study  

In paper I and II the Registry- and Biobank study was used as source for data. Since 

November 2005, all patients who attended the Morbid Obesity Centre and gave 

informed consent have been consecutively included in the Registry- and Biobank 

study. Clinical data from the patients’ first visit, along with the results of the laboratory 

analysis performed, were recorded on standardized forms and included in the 

Registry.   

In paper I the first patients in the Registry- and Biobank study, recruited from 

November 2005 to February 2007, were screened for eligibility. Inclusion criteria were 

registration it the database after informed, written consent and having BMI ≥35 kg/m2 

(n=511). Exclusion criterion was patients having no record of choice of treatment 

(n=13).  

In paper II patients recruited from November 2005 to July 2010 were included. This 

study thus included the entire cohort from paper I, but in total four times as many 

patients due to longer period of inclusion. Patients having no record of choice of 

treatment were not excluded in this study, as we had follow up data on all patients 

from the Norwegian Prescription Database (NorPD).   
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Supplementation with data on choice of treatment  

For paper I and II, data from the Registry- and Biobank study was supplemented with 

information on type of treatment: either bariatric surgery or conservative treatment. 

This information was found by retrospective review of electronic patient records for all 

included patients. The review was done 21-36 months after inclusion in the Registry- 

and Biobank study for paper I, and five years after the last inclusion for paper II. Both 

patients registered with operation in the patient record at our hospital, and patients 

with information on bariatric procedure performed at other hospitals, were classified 

as having had bariatric surgery.  

The Norwegian Prescription Database  

The Norwegian Prescription Database (NorPD) at the Norwegian Institute of Public 

Health contains data about dispensed drugs for all patients living outside institutions in 

Norway. For paper II we retrieved information on medication from NorPD via record 

linkage using the 11 digit encrypted unique person identification number assigned to 

all people living in Norway. Record linkage was approved by the Norwegian Data 

Inspectorate (Ref 16/00135) and Regional Committee for Medical Research Ethics 

(Ref 2010/2329). The NorPD covers the entire Norwegian population, and all patients 

having drugs dispensed during the follow-up period were registered. The outcomes 

were thus virtually complete.  The registry is updated in March with data for the 

preceding year, and contains information on all prescription drugs, reimbursed or not, 

dispensed at pharmacies. The registry includes deaths from the National Registry, 

covering the deaths of Norwegian citizens, albeit with a three month registration delay, 

but with no information on the cause of death.  
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Collaboration  

For the long-term follow up study, data on use of drugs was retrieved from the 

Norwegian Prescription Database. The prospective pharmacokinetic trial: 

Investigations on the influence of bariatric surgery on the metabolism and absorption 

of atorvastatin, was conducted in collaboration with School of Pharmacy, University of 

Oslo, where the analyses of atorvastatin acid were also performed.  

 

Interventions  

Surgical techniques  

Gastric bypass  

Gastric bypass is the most commonly performed bariatric procedure in Norway and 

Scandinavia. It was performed by making a small, stapled gastric pouch and by this 

dividing the stomach leaving a blind end. The small intestine was divided 

approximately 50 cm from the ligament of Treitz, the distal end anastomosed to the 

gastric pouch and the proximal end anastomosed to the jejunum to make a y-

configuration connecting the bypassed stomach and duodenum to the jejunum (Figure 

4). The duodenum normally provides defence against xenobiotica with the highest 

concentration of metabolizing enzymes from the CYP-family in the intestines (134, 

142). The bypass of the highly metabolic active duodenum leads to changes in 

hormones and by this change in satiety and hunger that again adds to weight loss 

(143).  
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Figure 4. Gastric bypass 
Figure by Kari C. Toverud. Reproduced with permission.  

 

Sleeve gastrectomy 

Sleeve gastrectomy is a procedure where the ventricle is stapled to form a tube and 

the resected part (75-80 %) is removed (Figure 5). The procedure was originally the 

first step for patients in a two-stage biliopancreatic diversion with duodenal switch. A 

sleeve gastrectomy was performed to provide an initial weight loss and the patients 

would then undergo a second stage duodenal switch with reduced risk of 

complications. Many patients that underwent sleeve gastrectomy as a bridge 

operation lost enough weight that the secondary procedure was either no longer 

necessary or wanted by the patient, and the sleeve was consequently introduced as a 

stand-alone procedure. The sleeve gastrectomy has increased in popularity over the  

recent years and is now the most common bariatric operation performed in the United 
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States (144), and is performed almost as often as gastric bypass in Norway (Figure 

11).  

 

Figure 5. Sleeve gastrectomy  
Figure by Kari C. Toverud. Reproduced with permission.  

 

Biliopancreatic diversion with duodenal switch  

The biliopancreatic diversion with duodenal switch (duodenal switch) represents a 

longer bypass than the gastric bypass and results in less absorption of fat and higher 

risk of malabsorption of necessary nutrients (80).This procedure included a vertical 

sleeve gastrectomy preserving a normal pyloric function. The jejunum was fully 

bypassed, and an anastomosis made between the duodenum (proximal to the papilla 

Vateri) and the small intestine 2.5 m from the ileocecal valve. The entero-
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enteroanastomosis was made 1 m from the ileocecal valve so that food is exposed to 

bile and pancreatic juice only in the last 100 cm of the ileum, the common channel 

(Figure 6). As for the gastric bypass, the duodenum was bypassed with potential 

effects on hormones and the exposure of drugs to metabolizing enzymes in the 

proximal intestinal wall.   

  

Figure 6. Biliopancreatic diversion with duodenal switch.  
Figure by Kari C. Toverud. Reproduced with permission.   

 

Non-surgical treatment  

Patients who opted for conservative treatment could choose between individual or 

group-based programs, either at our outpatient clinic or at a rehabilitation centre.  All 

treatment options offered a simultaneous implementation of lifestyle or behavioural 

training, dietary change to reduce energy intake, and an increase in physical activity.  
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The treatment at the Morbid Obesity Centre at Vestfold hospital trust was 

individualized and consisted of consultations with members of the multidisciplinary 

team and group consultations with and without physical activity.  

The treatment offered at Evje rehabilitation centre is best described as a partly 

residential multidisciplinary intensive lifestyle intervention. The treatment goal for 

individual participants was to lose approximately 10% of their baseline body weight. 

Each patient was encouraged to increase their physical activity and to normalise 

eating habits. The programme intended to increase the patients’ self-efficacy in 

dealing with their weight problem, as well to improve their self-esteem. The 1-year 

intensive lifestyle intervention included four stays at a rehabilitation centre – three 5-

day stays in weeks 1, 26, and 51, and a four-week stay from weeks 13–17. Outside of 

these stays, patients were contacted by phone every two weeks.  

Clinic of Physical Medicine and Rehabilitation in Stavern offered an outpatient 

intensive lifestyle intervention. The patients were followed for 3 days per week during 

an intervention period of 12 weeks. Each day of intervention lasted 6 hours and 

included two supervised 60-90 minutes training sessions, as well as educational 

sessions regarding nutrition and physical activity. The patients had individual sessions 

with qualified personnel who used a lifestyle modification intervention in order to 

invoke behavioural change in the participants. Following this intense treatment period, 

patients received monthly follow up, alternating between group-based and individual 

sessions every other month up to one year.  

A small number of the patients received treatment at Nordagutu, Norwegian School of 

Sport Sciences (NIMI) and Tonsåsen, which are residential rehabilitation centres.  
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Outcomes 

Paper I – Morbidly obese patients – Who undergoes surgery?  

In this study we assessed choice of treatment for morbid obesity: either bariatric 

surgery or conservative treatment. The explanatory variables tested were BMI, 

gender, age, onset of obesity, number of obesity related comorbidities (type 2 

diabetes, hypertension, obstructive sleep apnea, dyslipidemia and joint pain) or type 2 

diabetes alone.  

Type 2 diabetes was diagnosed in patients who had either a prior history of type 2 

diabetes or a fasting serum glucose level ≥7.0 mmol/l. Patients with previously 

diagnosed hypertension and patients with blood pressure ≥140/90mmHg were 

categorized as having hypertension. Dyslipidaemia was defined as elevated fasting 

triglycerides (≥1.7 mmol/l) and/or reduced HDL-cholesterol (<1.0 mmol/l in men and 

<1.3 mmol/l in women) according to the definition of metabolic syndrome. Use of 

drugs was patient reported, as was smoking status and other comorbidities 

(obstructive sleep apnoea, asthma, chronic obstructive pulmonary disease, joint pain, 

anxiety/depression and coronary heart disease). The patients were asked about their 

maximum weight and at what age this occurred. Onset of obesity was recorded in 

three time intervals, before the age of 12, between 12 and 20 years and after 20 

years.  

Weight and height was measured with patients wearing light clothing and no shoes, 

and BMI subsequently calculated (kg/m2). Waist circumference was measured at the 

level midway between the lowest rib margin and the iliac crest. Hip circumference was 

measured and waist/hip ratio calculated.   
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Paper II – Association of surgical vs. medical obesity treatment with 

long-term remission and new-onset of hypertension, diabetes and 

dyslipidemia  

In paper II the outcomes were remission and new-onset of hypertension, diabetes and 

dyslipidaemia. Comorbidities were defined as present in patients who within each year 

of follow up had collected at least one prescribed drug for diabetes, hypertension or 

dyslipidemia, and were based on data from the Norwegian Prescription Database 

(NorPD).  The exposure was bariatric surgery or specialized medical treatment.  

From linking of baseline data from the Registry- and Biobank study at the Morbid 

Obesity Centre to the Norwegian Prescription Registry we obtained data on every 

prescription dispensed from 2005 to 2015. Baseline was defined as the date of the 

first consultation and inclusion in the Registry- and Biobank study. Start of specialized 

medical treatment was defined as the date of the first consultation, while start of 

surgical treatment was the date of surgery.   

Using drugs for hypertension was defined as using one or several drugs from the 

WHO-classification Anatomical Terapautic Chemical (ATC)-groups: C02 

Antihypertensives, C03 Diuretics, C07 Beta blocking agents, C08 Calcium channel 

blockers and C09 Agents acting on the renin- angiotensin system for the primary 

analysis. This confers to the definition from NorPD of antihypertensives and drug used 

for other cardiovascular disorders (145). Drugs for diabetes was defined as one or 

more drugs from group A10A Insulins and analogues and A10B Blood glucose 

lowering drugs, excl. insulins, and drugs for dyslipidemia as one or more drugs from 

C10 Lipid modifying agents.   
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The patients were categorized as using drugs for each comorbid disease if they 

collected at least one prescription the year before start of treatment. The prevalence 

of hypertension, diabetes and dyslipidemia, respectively, was defined as the 

proportion of patients who collected a drug with the defined ATC-code(s) each year 

from start of treatment. Patients who were defined as user of a drug at start of 

treatment but ceased collecting drugs related to this specific comorbidity were 

categorized as having remission. Patients who were defined as non-users at start of 

treatment, and who subsequently collected dugs at any year of follow up, were 

categorized as having new-onset hypertension, diabetes or dyslipidemia.  

Patients were classified as having bariatric surgery if they had information about 

having had this surgery at our or other hospitals and as medical treatment if we found 

no information of bariatric surgery.  

Paper III – Long-term effects of gastric bypass and duodenal switch on 

systemic exposure of atorvastatin 

The primary outcome in this study was the change in systemic exposure of 

atorvastatin acid. The explanatory variables were surgical procedure (gastric bypass 

or biliopancreatic diversion with duodenal switch), time, BMI and the interaction term 

time*surgical procedure.  

Change in systemic exposure was assessed by the area under the plasma 

concentration versus the time curve from 0 to 8 h postdose (AUC0–8) at baseline 

(before surgery), at short-term follow up (6 weeks) and long-term (two years) follow-up 

evaluation. Secondary outcome measures were changes in maximal concentration 

(C-max) and time to reach C-max (t-max) for atorvastatin acid. Blood samples for the 

determination of plasma atorvastatin concentrations were drawn in pre-chilled heparin 
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vacutainers, kept on ice, and centrifuged at 1,800g at 4 C for 10 min, after which 

plasma was decanted and stored at -80 C within 1 h of sampling. Blood samples were 

drawn before, then 0.5, 1, 1.5, 2, 3, 5, 6, and 8 h after atorvastatin administration.  

Atorvastatin acid is the active metabolite of the drug atorvastatin, and was analysed 

with a validated high-performance liquid chromatography method using tandem mass 

spectrometry detection. Briefly, sample preparation was performed by solid-phase 

extraction on C18 cartridges followed by chromatographic separation on a C18 

analytical column combined with electrospray tandem mass spectrometric detection. 

Noncompartmental analyses of pharmacokinetic variables were performed using the 

actual measured values for C-max and t-max. The AUC 0–8 was calculated using the 

trapezoidal method in Microsoft Office Excel 2007 (Microsoft, Redmond, WA, USA).  

A 24-h pharmacokinetic investigation was performed the day before bariatric surgery 

(baseline), followed by an 8 h pharmacokinetic investigation short term (6 weeks) after 

surgery. The results from the preoperative and short term examinations were 

published in two papers not included in this thesis (90, 91). In paper III we published 

an additional 8-h pharmacokinetic investigation conducted long term (two years) after 

surgery.  
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Statistics  

Statistical analysis  

Proportions were presented as numbers (%) unless stated otherwise. Continuous 

data were presented as mean (SD). Log transformation was used to approximate a 

normal distribution when appropriate for further analysis (Paper III). Differences 

between groups were analysed using independent samples t-test (continuous data) 

and Chi-square test (categorical data), or Man-Whitney Wilcoxon test for variables 

that were not normally distributed. For all analyses, a p <0.05 was considered 

statistically significant and all tests were two-sided when not stated otherwise.  

In paper I multiple logistic regression models were used to estimate the odds for 

patients opting for bariatric surgery compared to medically treated as odds ratios 

according to BMI, age, gender, onset of obesity, and weight-related comorbidities. 

Hosmer Lemeshow test was used to assess the adequacy of the fit of the regression 

models.  The analyses were implemented using SPSS 16.0 (SPSS, Chicago, IL, 

USA).  

In paper II we applied binary logistic regression using mixed models for repeated 

measures to assess possible differences between treatment groups at given time 

points and when all measurements were considered. Possible confounders (age, 

gender and BMI at baseline) and an interaction term group*time were included into 

the models. We fitted two models for each selected drug group (hypertension, 

diabetes and dyslipidaemia) modelling remission and new-onset separately. The 

results were presented as odds ratios (OR) with 95 % confidence intervals (CI) for 

both the overall group effect and at selected time points.  
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To investigate possible interactions between gender and use of medication, we fitted 

mixed models with a gender*treatment interaction. Where these interactions were 

statistically significant, we performed further analyses stratified by gender.  

Due to multiple testing, p-values <0.01 were considered statistically significant. All 

tests were two-sided. All analyses were performed using SPSS version 22 and Stata 

version 9.  

Possible differences between mortality in the two groups was examined with Kaplan-

Meier survival estimates and compared with a Cox-model adjusted for age and 

gender.  

A sensitivity analysis (146) was performed repeating all major statistical analyses after 

removing data from patients who underwent surgery after initial medical treatment, 

excluding either those who did not undergo gastric bypass, the outpatient group or the 

rehabilitation centre group. 

In paper III we used linear mixed models to assess the association of surgical 

procedure, BMI and time with the changes in systemic exposure of atorvastatin after 

bariatric surgery. We fitted two linear mixed models with AUC as the dependent 

variable: a crude model with time as the only explanatory variable, and an adjusted 

model with time, surgical procedure, BMI, and the interaction term time*surgical 

procedure as explanatory variables. Statistical analyses were performed using SPSS 

version 16.0 (SPSS, Inc., Chicago, IL, USA) and R 2.12 (147).    

Sample size calculations  

For paper I no sample size calculation was performed as this was a descriptive, 

explorative study.  
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Paper II: Sample size estimation was calculated early in the planning of the study 

when we aimed to include only the same sample (n=505) as in paper I. Based on 

results on hypertension remission in the MOBIL (Morbid Obesity treatment, Bariatric 

Surgery versus Intensive Lifestyle Intervention) study from our centre, we calculated 

that with the known prevalence of hypertension in this population our study with a 

population of 505 patients would have an 85 % power to show a difference of 20 % 

(35 % versus 15 %) of patients quitting their antihypertensive treatment (alfa 0.05). 

When we later extended the sample to 2000 patients, the post-hoc power was more 

than 99 %.  

Paper III: No comparable studies were available, and sample size calculation was 

based on the assumption that a 50 % difference in the relative change in 

bioavailability between the two surgical techniques was clinically relevant. With a 

relative standard deviation of 40 %, 20 patients were needed to assure a power of 80 

% at a 5 % significance level to detect a 50 % difference in systemic exposure 

between the procedures (gastric bypass and duodenal switch). In order to allow for a 

20 % drop-out rate we aimed to include 24 patients in the short-term pharmacokinetic 

study.  

 

Ethical considerations 

All participants provided written informed consent. The Morbid Obesity Biobank 

Registry has been approved by the regional ethics committee of what was formerly 

the Southern Norway Regional Health Authority (Reference number S-05175), the 

Norwegian Social Science Data Service (Reference number 14029) and the former 

Directorate for Health and Social Affairs (Reference number 06/530).  
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The South East Regional Committee for Medical and Health Research Ethics 

approved the LETMO study (Paper II) in 2010 (Reference number 2010/2329). We 

decided to extend the follow-up and number of patients, and to use follow-up data 

from the Norwegian Prescription Database, and the amendment for the protocol was 

approved in December 2015. Record linkage to the NorPD was not specified in the 

consent signed by the patients in the Registry- and Biobank study, the LETMO-study 

was therefore reviewed by the Norwegian Social Science Data Services that 

concluded that the project was obliged to obtain a license from the Data Protection 

Authority. License was recommended given that all patients were sent a letter with 

information of the study, and the opportunity to withdraw from the linkage of their data 

to the NorPD (Reference number 45406). The Data Protection Authority approved 

license for processing of personal data 09.05.2016 (Reference number 16/00135).  

NorPD is a pseudonymous registry and the data from the Morbid Obesity Biobank 

Registry had to be modified prior to alignment of data in order to conserve 

pseudonymity. In the regulation of the NorPD, pseudonymous health data is defined 

as: «Health information where the identity is encrypted or otherwise concealed, but 

nonetheless individualized so that it is possible to follow each person without 

disclosing the identity» (145).  Data linkage was based on the unique identification 

number system which is available in Norway and pseudonyms were made by 

Statistics Norway.  

The pharmacokinetic trial in paper III was also approved by the formerly Southern 

Norway Regional Health Authority (Reference number S-06076) and registered at 

Clinical Trial NCT00331565. The long-term (2 year) follow up was an amendment to 

the original protocol for the study and was approved 07.04.2006. All participants were 

made aware of the purpose of the study, were carefully explained the possible 
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benefits, side-effects and risks associated with the intervention before they agreed to 

participate.  

Vestfold Hospital Trust has funded this work.  Co-author Dag Hofsø has received 

unrestricted grants from Novo Nordisk A/S, Vestfold Hospital Trust and the South-

Eastern Norway Regional Health Authority. None of the authors reported a personal 

or financial conflict of interest.   
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Paper I: Morbidly obese patients - Who undergoes bariatric surgery? 

After the exclusion of 21 patients (13 with BMI <35 kg/m2 and 6 with no record of 

choice of treatment), 505 patients were included in this study. Almost half of these 

patients (49 %) chose bariatric surgery and conservative treatment (51 %). The 

groups did not differ significantly with respect to type 2 diabetes or use of antidiabetic 

drugs. Among patients with a BMI <40 kg/m2 the proportion of patients with type 2 

diabetes in the surgical group was significantly higher than in the medical group (36 % 

vs. 24 %, p=0.031), but diabetic status was not a significant variable in the 

explanation of the treatment choices made by patients with BMI >40 kg/m2. In 

addition, the two groups did not differ with respect to the prevalence of coronary heart 

disease, hypertension, obstructive sleep apnoea, current smoking, pulmonary disease 

or medication for these comorbidities.  

Nor did the groups differ significantly with respect to gender. However, the patients 

that underwent bariatric surgery had a significantly higher mean (SD) BMI (46.5 (6.2) 

vs. 43.2 (5.5) kg/m2, p<0.001) and body weight (136 (23) kg vs. 127 (21) kg, p<0.001). 

Approximately one quarter of the patients with BMI <40 kg/m2 underwent bariatric 

surgery, as did half of the patients with a BMI of 40–50 kg/m2 and more than two 

thirds of the patients with a BMI >50 kg/m2. The patients with BMI >50 kg/m2 had a six 

times higher odds of choosing surgery as compared to patients with BMI <40 kg/m2.  

The surgical patients also had an earlier onset of obesity (40 % vs. 26 % before 12 

years of age, p<0.001), and were on average 3 years younger (41 (11) vs. 44 (13) 

years, p=0.002) than patients opting for conservative treatment. Only 3 % of the 

patients over 60 years underwent bariatric surgery. 
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After adjustments for gender, age, onset of obesity, and the number of comorbidities, 

multiple regression revealed that patients with BMI 40–50 or >50 kg/m2 had between 

3 (OR=3.0; 95 % CI 1.9–4.9, p<0.001) and 6 (OR=5.7; 95 % CI 3.0–11.0, p<0.001) 

times the chance of choosing bariatric surgery when compared to patients with a BMI 

<40 kg/m2 (reference).  Lower age (OR 0.98; 95 % CI 0.96–1.00) was also associated 

with higher odds for choosing surgery over conservative treatment. Having diabetes 

did not impact upon the odds for choosing surgical treatment (OR 1.28; 95 % CI 0.80–

2.05, p=0.303).  

 

Paper II: Association of surgical vs. medical obesity treatment with 

long-term remission and new-onset of hypertension, diabetes and 

dyslipidaemia  

A total of 2109 consecutive patients with severe obesity who attended the tertiary care 

centre between 2005 and 2010, and who agreed to participate in the Registry and 

Biobank-study, were assessed for eligibility. After the exclusion of 114 (5 %) patients, 

most of whom declined participation or were unreachable by mail, data from 1995 

patients were included in the final analyses. 

Almost half of the patients (47 %) chose surgery, mostly gastric bypass (92 %) or 

sleeve gastrectomy (7 %). Of the patients opting for specialized medical treatment, 

539 (51 %) received treatment at the morbid obesity centre, and 524 (49 %) at a 

rehabilitation centre (mostly at Evje rehabilitation centre (n=248) and at Clinic of 

Physical Medicine and Rehabilitation in Stavern (n=190)). Only 10 % of the patients 

that primarily chose conservative treatment underwent subsequent bariatric surgery 

during the follow up period. Median (range) follow-up for all patients was 7.4 (5.3-

10.1) years from first consultation (baseline). For the patients that underwent bariatric 
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surgery follow up was 5.8 (0.6-9.2) years from the time of surgery to death or end of 

follow up.  

In paper II, with an extended population of almost 2000 patients, we found 

comparable baseline characteristics as in paper I. The patients opting for surgery 

were younger (41 vs. 45 years), had a higher BMI (45 kg/m2 vs. 43 kg/m2) and earlier 

debut of obesity (64 % vs. 54 % before the age of 20) compared to medically treated 

patients, but otherwise the groups were similar.   

The prevalence of the tree studied comorbidities did not differ at start of treatment 

(year 0). For all three comorbidities studied the prevalence was lower in the surgically 

treated patients than medically treated from one year after start of treatment through 

six or seven years of follow up (Figure 7).  

Figure 7. Yearly prevalence of hypertension, diabetes and dyslipidaemia 

A: Hypertension 
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B: Diabetes 

 

C: Dyslipidaemia  

 

Number of patients followed per year: 
 0 1 2 3 4 5 6 7 

Medical 1063 1045 1036 1021 983 832 592 386 

Surgical 932 925 919 837 659 480 288 112 

 

Figure 7. Yearly prevalence of hypertension (panel A), diabetes (panel B) and 
dyslipidemia (panel C) in patients receiving either surgical or specialized medical 
treatment for severe obesity per year of follow. Error bars represent 95 % confidence 
intervals.  

  

0

10

20

30

40

50

60

0 1 2 3 4 5 6 7

P
ro

po
rti

on
 o

f p
at

ie
nt

s,
 %

 

Follow up, year 

Medical Surgical

0

10

20

30

40

50

60

0 1 2 3 4 5 6 7

P
ro

po
rti

on
 o

f p
at

ie
nt

s,
 %

 

Follow up, year 

Medical Surgical



 

64 
 

Results 

The proportion of patients with remission of hypertension, diabetes and dyslipidaemia 

was higher in the surgical group than in the medical group, reaching maximum values 

of approximately 40-80 % vs. 10-20 %, respectively (Figure 8). The surgically treated 

patients had a 4 to 11 times higher overall odds of remission of comorbidities as 

compared to the medically treated patients. For remission of hypertension the OR (95 

% CI) was 5.7 (4.8-6.7), for diabetes 10.6 (8.7-12.9) and for dyslipidaemia 3.7 (3.0-

4.4).  

A. Hypertension      B. Diabetes  

 
C. Dyslipidemia  

 
Figure 8. Remission of hypertension (panel A), diabetes (panel B) and dyslipidemia 
(panel C) in % of surgical and medical patients per year of follow up. Error bars 
represent 95 % confidence intervals.  
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By contrast, the medically treated patients had 3 to 20 times higher overall odds for 

new-onset of comorbidities: for hypertension the OR (95 % CI) was 2.7 (2.1-3.5), for 

diabetes 20.3 (11.3-36.2) and for dyslipidaemia 4.6 (3.6-5.9). The yearly proportion 

(95 % CI) of surgically and medically treated patients that experienced the occurrence 

of new-onset hypertension at year seven was 9 % (2-16) vs. 23 % (17-29). For 

diabetes, 3 % (0-7) of patients opting for surgery and 14 % (10-18) of patients opting 

for medical treatment had new-onset diabetes at 7 years after start of treatment, and 

only 1 % of patients undergoing surgery had new-onset of dyslipidaemia at year 7 

compared to 11 % (8-14) of the medically treated (Figure 9).   

A. Hypertension      B. Diabetes 

 
C. Dyslipidemia 

 
Figure 9. New-onset of hypertension (panel A), diabetes (panel B) and dyslipidemia 
(panel C) in % of surgical and medical patients per year of follow up. Error bars 
represent 95 % confidence intervals. 
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Of the patients opting for surgical treatment 26 (2.8 %) died during follow up, and 67 

(6.3 %) of the patients opting for medical treatment died. The Kaplan-Meier survival 

estimates revealed no significant differences in overall mortality. In addition, as 

compared with the medically treated patients (reference), the age and gender 

adjusted mortality risk did not differ between the groups (HR=0.79, 95 % CI 0.49-

1.26). The 30-day mortality after surgery was zero.  

The sensitivity analyses, performed first with repetition of all major statistical analysis 

without the 107 patients who underwent surgery after first opting for medical 

treatment, confirmed our findings as the results were very similar. The same was true 

for analyses excluding either those who did not undergo gastric bypass (n=77), the 

outpatient group (n=539) or the rehabilitation centre group (n=524) 

Paper III: Long-term effects of gastric bypass and duodenal switch on 

systemic exposure of atorvastatin   

In 20 patients undergoing either gastric bypass (n=12) or duodenal switch (n=8), the 

systemic exposures of atorvastatin before, 3-8 weeks and median 27 (range 21-45) 

months after surgery were evaluated. The patients served as their own controls. 

There were large interindividual variabilities, but the majority of patients showed an 

initially increase at short-term and a subsequent decrease towards preoperative 

values of systemic exposure of atorvastatin acid long-term after surgery (Figure 10).  

The surgical procedure times time interaction term was non-significant (p=0.221) 

tested with mixed model analysis, so we identified no significant difference in the 

systemic exposure of atorvastatin between the procedures. However, there was a 

significant change in systemic exposure of atorvastatin acid over time in both groups 

(p=0.001). An initial increase was seen shortly after surgery and normalized in the 

long-term for most patients. This effect of time was attenuated, but remained 
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significant, after adjustment for surgical procedure and BMI. Although the systemic 

exposure of atorvastatin acid varied substantially, 7 of the 12 gastric bypass patients 

and 6 of the 8 duodenal switch patients showed a decreased systemic exposure long-

term compared with before surgery (Figure 10). The mean (SD) long-term/baseline 

ratio of atorvastatin acid AUC0–8 was 0.8 (0.5) compared with the short-term/baseline 

ratio of 1.6 (0.9).  

 

Figure 10. Individual atorvastatin acid AUC0–8 (ng h/mL) preoperatively and at both 
short- and long-term follow-up evaluation. AUC0–8, area under the plasma 
concentration versus the time curve from 0 to 8 h postdose; GBP, gastric bypass; DS, 
duodenal switch. No permission required (148) 

 

The Cmax values for atorvastatin acid showed the same trend as the AUC0–8 values in 

the long term with mean (SD) 24.5 ng/mL (37.2) at baseline and a ratio short 

term/baseline of 1,7 (1.4) and ratio long term/baseline of 0.9 (0.6) (mixed model: p = 

0.012; estimate, -0.017; 95 % confidence interval -0.03 to -0.00). On the other hand, 

Tmax increased with time, from mean (SD) 1.4 (1.2) hours at baseline, to a ratio short 
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term/baseline of 2.2 (1.8) and long term/baseline ratio of 2.8 (1.9) (mixed model: 

p=0.002; estimate, 0.02; 95 % confidence interval -0.01 to -0.04).    
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Discussion 

This section of the thesis will discuss methodological aspects, compare the results 

with other studies, state possible implications and suggest topics for further research.  

The main results of the papers included in this thesis are:   

I) By contrast with our expectations, we did not find higher frequency of type 2 

diabetes or any other specific or total comorbidity (hypertension, obstructive 

sleep apnea, dyslipidaemia or joint pain) in treatment seeking patients with 

morbid obesity undergoing surgery compared to patients opting for 

conservative treatment. However, the group of patients that chose bariatric 

surgery had higher BMI, earlier onset of obesity and were younger 

compared to patients treated conservatively.  

II) Bariatric surgery was associated with 4 to 10 times higher odds for 

remission, and 3 to 20 times lower odds for new-onset of hypertension, 

diabetes, and dyslipidaemia compared to specialized medical treatment up 

to 10 years after start of treatment. 

III) In patients undergoing gastric bypass or duodenal switch there was no 

statistically significant difference in the change in the systemic exposure of 

atorvastatin between procedures, but there was a significant change over 

time. There were large interindividual variations, but in general the initial 

increase in systemic exposure seen in the short-term (3 to 8 weeks after 

surgery) was normalised at long-term follow up approximately two years 

after surgery.  
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Methodological considerations  

The main limitations and strengths of the studies are summarised in Table 6.  

Table 6. Main limitations and strengths of the studies  

Paper Design Limitations Strengths 
    
Paper 
I 

Cross-
sectional 
study 

Self-reported use of medication Prospective collection and registration of 
data 

  Risk of sampling bias due to 
recruitment of patients from a 
tertiary care centre 

Large sample size 

  No assessment of psychological 
factors that may have influenced 
the choice of treatment 

The associations between explanatory 
variables and treatment choice remained 
robust after adjustments for relevant 
confounding variables 

    
Paper 
II 

Cohort study Reduced internal validity due to 
allocation bias (lack of 
randomization) 

External validity: Results are generalizable 
to similar populations. May reflect the 
complexity and diversity of everyday 
clinical practice 

  Use of drugs as proxy for 
comorbidity  

High follow up rate and long follow up due 
to use of registry data  

  No follow up data on 
anthropometric measures  

Large sample size 

    
Paper 
III 

Pharmaco-
kinetic  
trial 

Reduced internal validity due to 
allocation bias (lack of 
randomization) 

Prospective study 

  Small sample size  Patients serve as their own control 

  Large interindividual variation Range of 2 year follow up varied from 21 
to 45 months 

  No control-group with non-
surgical weight loss  

Few drop-outs (20/22 patients at two year 
follow up)  
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Study design, setting and participants  

Paper I and II  

The observational nature of these cohort studies introduces heterogeneity into the 

data set, including unmeasured covariates and imbalances in age, weight and 

duration of obesity.   

Data from observational studies can, however, provide useful information when large-

scale evidence from randomized controlled trials does not exist, as is the case for 

long-term comparison (>5 years) of surgical and conservative treatment of severe 

obesity. In addition, it is difficult to obtain a good rate of follow up in clinical long-term 

studies, an obstacle one can overcome by using good quality registry data for follow 

up. 

Paper III  

In this study of bioavailability of atorvastatin following duodenal switch and gastric 

bypass we aimed to include 12 patients in each surgical group, with the goal of 20 

patients (allowing for two dropouts in each group). We only managed to include ten 

patients with duodenal switch due to few patients being eligible for, and willing to 

undergo, this operation. In the long-term follow up only eight of these ten were willing 

to undergo the additional examination, reducing the validity of our results.  

The primary hypothesis of this study was that there was a 50 % difference in the 

change in bioavailability of atorvastatin between the two methods. The analysis 

showed no difference between the methods at short-term follow up, but after both 

procedures there was an increase in bioavailability in the short-term; the opposite of 

what was expected. This prompted a long-term analysis to explore if this change was 

constant, would increase further, or would normalize over time. However, the power 

calculation was not performed to evaluate the hypothesis that there would be a 
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change over time, but between the procedures. Consequently, caution should be 

made in extrapolating the result of the study directly to the clinical setting. Other 

studies, designed to examine this change over time, should be performed to confirm 

our findings.  

Moreover, we did not include a control group with non-surgical weight loss, and thus 

we cannot draw any conclusions concerning causality. The change in bioavailability 

might have occurred because of weight loss or change in eating patterns and not from 

the surgical operation per se.  

We aimed to do a two year follow up, but ended with a long-term follow-up of 21-45 

months (1.8-3.8 years). The reasons for this were limited available examination days 

for the investigator due to clinical work, and that only two patients could be examined 

on the same day with only one investigator. For some patients it was difficult to find a 

day they were willing to spend at the hospital and when the investigator was also 

available. However, the use of mixed model analyses allowed us to perform a valid 

analysis of differences over time even though the long-term follow up ranged from 1.8 

to 3.8 years.  

Generalizability 

Patients included in the studies presented in this thesis were recruited from a tertiary 

care centre exclusively treating patients referred with morbid obesity defined as BMI 

≥40 kg/m2 or BMI ≥ 35 kg/m2 with at least one obesity related comorbidity. Therefore, 

the referral of patients to our centre probably introduced a sampling selection bias 

(tendency of a sample to exclude or include some members of the sampling 

universe). The selected sample is likely to be representative for a population of 

patients with morbid obesity who actively seek treatment, but not necessarily for all 
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patients with morbid obesity. Moreover, as the definition of morbid obesity is not solely 

dependent upon BMI, but also takes into account obesity related co-morbidities, the 

prevalence of obesity related co-morbidities among patients with BMI between 35 and 

40 kg/m2 in our sample may have been higher than in the general population with 

comparable BMI. This may have reduced the external validity of the results of the two 

first studies reported in this thesis. Caution should be used when generalising the 

results to all subjects with obesity and BMI ≥ 35 kg/m2 (obesity grade II and III). 

Further, in the inclusion period the dominant surgical procedure was gastric bypass, 

whereas today half of the patients opt for gastric sleeve (Figure 11). Our results thus 

do not mirror the current bariatric population.  

 

Figure 11. Number of bariatric surgeries performed in governmentally founded hospitals in 
Norway from 1999 to 2016. Source of data: National Patient Registry 
Duodenal Switch was not registered as a specific procedure before 2006.  
The code representing sleeve gastrectomy in this figure is an unspecified code for other 
laparoscopic procedures reducing gastric volume, sleeve gastrectomy did not have a specific 
code until 2017. 
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The patients having either gastric bypass or duodenal switch included in paper III 

differed per indication in several variables. Duodenal switch is used for patients with 

higher BMI than gastric bypass, and weight loss is often larger after duodenal switch, 

as is also malabsorption of micronutrients (80). The finding of no difference in 

bioavailability between the groups (not significant interaction term for surgical 

procedure times time) might be a false negative result introduced by this baseline 

difference and the difference in weight loss, even though this was controlled for in the 

statistical analyses. The inclusion of a control group with non-surgical weight loss 

would have had the potential to cast light on this. We did also try to include patients 

with sleeve gastrectomy that would have weight loss without bypass of the intestines. 

However, our team did not at that time (2007/2008) have any experience with sleeve 

gastrectomy, and due to peroperative and postoperative complications the inclusion of 

these patients was stopped. The pragmatic selection of patients scheduled for surgery 

on days where the investigator had time to do research-work might also have 

introduced a selection-bias that was not controlled for. We did not keep record of how 

many patients were screened, nor how many  were asked to participate and did not 

want to. This study was performed in the early days of research at the Morbid Obesity 

Centre, and many lessons has been learned from this study.  

The studies all predominantly included white subjects and we cannot generalize the 

results to non-white populations.  

Statistical methods  

All performed tests were two sided and p-values <0.05 were considered statistically 

significant in paper I and III. Multiple testing increases the risk of Type I errors, the 

incorrect rejection of a true null hypothesis. To reduce this risk in paper II we chose a 
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level of significance of p<0.01. In the two remaining papers no such adjustments were 

made and there is a higher possibility that some of our findings were due to chance.  

Outcome measures  

Drug use as a proxy for comorbidity, paper I and II  

In paper I we used patient reported comorbidities and drug use, potentially introducing 

a recall bias. In paper II we report dispensed drugs from a national registry, 

consequently with a better data quality. However, the use of dispensed medications 

as a proxy for hypertension, diabetes and dyslipidaemia also introduces several 

possible biases. First, there will be a proportion of patients with these comorbidities 

that are not treated with drugs. In fact, lifestyle intervention is first line treatment for all. 

Our results only apply to drug treated hypertension, diabetes and dyslipidaemia. 

Moreover, medication usage for hyperlipidaemia may not indicate lipid disease as 

statins are frequently prescribed irrespective of lipid levels for prevention of coronary 

heart disease. This is also the case for some of the antihypertensives included.  In 

addition, patient’s persistence with drug treatment is variable, and stopping taking 

medication does not necessarily follow remission of the disease (149). Using 

dispensing data we do not know if and when the dispensed drugs are actually 

ingested by the patients, this being less of a problem in our study where the effect-

measure was not the effect of the drug. We chose to examine the patients divided in 

non-users and users at baseline, and we did not follow the individual patient. This 

implicates that from one year to another there could, in theory, be a completely 

different proportion of the patients using and not using medications for a given 

disease.   Moreover, we chose to analyse data per year, and not per three months as 

is the time period one prescription is supposed to last. With this choice we lost 

granularity, but we increased the sensitivity for detecting all patients with disease.  
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The Norwegian Prescription Database, paper II 

The NorPD covers the entire Norwegian population, and only four patients (0.2 %) 

were excluded due to invalid personal identification number. There may be problems 

of coding and data validity, but proportion of prescriptions with invalid or missing 

personal identification codes in NorPD are below 2% (150). Drugs administered 

during hospital stay, or for patients living in nursing homes are not recorded, leading 

to underreporting of use of drugs in the seriously ill and elderly (150).  

We do not have data on weight loss, blood pressure or blood tests from the patients, 

only on dispensed drugs. This limited the ability of this study to include these as 

confounding factors in the analyses, and we did only control for differences between 

the groups at baseline. This also limited the study’s ability to explore possible causal 

mechanisms for the results found. Also, to give a more complete picture of the impact 

of bariatric surgery compared to specialized medical treatment, complications, 

reoperations, and other comorbidities as depression, anxiety and pain should be 

included.  

Long-term follow up and parallel changes in the general population  

Contrary to the increase in BMI, there has been an improvement in lipid profile and 

hypertension over time from the third HUNT (Helseundersøkelsen i Nord-Trøndelag)-

study (year 1995-1997) compared to the second (year 2006-2008) (151).There has 

also been a corresponding increase in the use of lipid-lowering drugs and 

antihypertensives in adults (over 20 years of age) during the study period of the 

included studies (Figure 12). 
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Users of lipid modifying drugs per 1000 inhabitants in Norway   

 

Users of antihypertensives per 1000 inhabitants in Norway 

Figure 12. Users of lipid modifying drugs and antihypertensives in Norway.  

Numbers form www.reseptregisteret.no/Prevalens.aspx 

 

The increase we found in use of lipid lowereing drugs in the medicaly treated group in 

paper II could partly be explained by the general increase in use of statins in the 

population, but a higher proportion of patients in our medicaly group used statins (21-

24 %) compared to the general population (12-18 %). In the group opting for surgical 

treatment there was a minimum of use of lipid lowering drugs two years after start of 

treatment of 10 %, and this increased to 15 % in year 7, mirroring the general 

increase in the population. For antihypertensives there was a smaller change in the 
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use in the general population in the period of this study with an increase from 15 to 16 

%. The increase in use in our study groups were  from 48 % to 54 % in the group 

opting for medical treatment, and in the surgical group from the lowest prevalence in 

year two of 28 % to 31 % in year seven, thus at all time points higher than the general 

population.   

 An increase in use of these drugs is expected due to ageing, as our patients were 7 

years older at the end of follow up compared to baseline.  

Atorvastatin as model drug, Paper III  

Atorvastatin was considered to be a suitable model drug for investigating changes in 

bioavailability after bariatric surgery as it is used by several patients with obesity, has 

low toxicity and is metabolised by CYP3A4, an enzyme involved in metabolism of half 

of drugs in use. The low toxicity was important as we also wanted to examine 

bioavailability two years after surgery. At this time we expected that some patients no 

longer used statins at clinical indication, and had to reintroduce this for two weeks for 

the purpose of the study, as was the case for 12 of the 20 patients. We chose to 

investigate the bioavailability in the same patients before and after treatment, as the 

interindividual variability is known to be large and possibly exceeds the change 

induced by the procedure. The bioavailability of most drugs is not measured in clinical 

practice, but doses are adjusted according to effect or side-effects. Thus the absolute 

bioavailability is not as interesting as the change over time in each individual patient. If 

there is a large change in bioavailability the patient might experience adverse events 

or reduced effect of the drug taken.  

We did not standardize the dose of atorvastatin before treatment and used the dose 

the patients were taking on a clinical indication. This varied from 20 to 80 mg. 
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However, patients were introduced to the same dose on subsequent examinations to 

reduce the interindividual variability.   

Change in definitions over time  

At the time we did the analyses in paper I (2010), HbA1c was not used as a criterion 

to diagnose diabetes, and was consequently not used to classify the patients as 

having diabetes or not. We also used the lipid-values from the definition of the 

metabolic syndrome (elevated fasting triglycerides (≥1.7 mmol/l) and/or reduced HDL-

cholesterol (<1.0 mmol/l in men and <1.3 mmol/l in women)) to categorize patients as 

having dyslipidaemia or not. In paper II, written several years later, we emphasized 

LDL-cholesterol and total cholesterol as well as the other measures. These 

developments with changes in definitions are a hinder for comparing results of 

prevalence of deceases over time, without making new calculations from the original 

data.  

 

In the context of other studies 

Paper I: Morbidly obese patients - Who undergoes bariatric surgery? 

In many countries, patient choice of treatment is restricted by insurance coverage or 

ability to pay. Our setting, with governmental coverage of all specialist treatment, 

including surgery, offers the possibility to study patient characteristics in groups opting 

for either surgical or specialized medical treatment regardless of financial restrictions. 

We were surprised to find that the patients that chose surgical treatment did not have 

more comorbidities than those opting for conservative treatment.   

There are few real-life studies focusing on differences in characteristics between 

patients opting for surgical treatment and conservative treatment for obesity. One 



 

80 
 

Discussion 

study from Sweden, where the health care system is similar to the Norwegian one, 

reports comparable findings as in paper I with patients opting for surgical treatment 

being younger, having higher BMI and earlier onset of obesity. This was also 

confirmed in our extended cohort of treatment seeking patients with severe obesity in 

paper II, and still there were no differences between the groups in the occurrence of 

comorbidities. A study from Germany comparing psychological factors in patients 

opting for surgical or conservative treatment also found that patients opting for surgery 

were younger and had higher BMI, but also more patients opting for surgery had type 

2 diabetes, hypertension, dyslipidaemia and coronary heart disease (152). Younger 

age and higher BMI in patients opting for surgery was also found in another 

Norwegian cohort in the prospective “Oslo Bariatric Surgery Study” (153). 

Comorbidities in the two cohorts are not yet reported, but they found differences in 

psychological characteristics at baseline with patients opting for bariatric surgery 

having more positive expectations about the treatment outcomes and a stronger belief 

in their ability to achieve these outcomes. The patients opting for conservative 

treatment had a stronger belief in their readiness to change their physical activity 

levels.  

The reasons for the patient’s choice of treatment for severe obesity has been studied 

in a comparable setting in France by Fysekidis et al., concluding that “The presence 

not only of material (e.g., coverage for medical expenses) but also social support is an 

important step toward the acceptance of bariatric surgery by morbidly obese patients”  

(154). They also found that a group of patients undergoing bariatric surgery were 

younger and included more women, had a higher BMI and were less 

socioeconomically deprived. Comorbidities were not reported.  
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Knowledge on different characteristics among patients opting for different treatment 

for the same condition is useful in the shared decision process. There are surgeons 

who argue  that every patient with severe obesity and comorbidities that most likely 

will improve with surgical treatment should undergo surgery (155). At the same time, 

the indications for surgery with strict BMI-limits has also been challenged (156), and 

several studies have examined the effect of bariatric surgery in patients with lower 

BMI (157).  On the other hand, there are factors keeping patients from choosing 

surgery, as fear for operative mortality and complications, and these also have to be 

addressed in the shared decision process (158). Giving strong advice on what 

treatment to choose only based on BMI and comorbidities is not in accordance with 

the practice of shared decision as standard for treatment choice (159). Still, the 

knowledge of what characterises patients that choose surgery over medical treatment 

will give health care professionals a better foundation for informing the patient and 

address these known differences and boundaries as a part of the shared decision 

making process.    

 

Paper II Association of surgical vs. medical obesity treatment with 

long-term remission and new-onset of hypertension, diabetes and 

dyslipidaemia 

There are few studies of currently used bariatric surgical methods with an actively 

treated comparison group (47, 49). The health technology assessment from the 

Norwegian Knowledge Centre summarized the studies comparing bariatric surgery 

with non-surgical treatment published up to 2014 and concluded that “The largest and 

most important weakness is the lack of large studies of good quality with long-term 

follow-up.” (125) Table 7 summarizes recent studies, published after this report, of 
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bariatric surgery with non-surgical comparison; the studies with actively treated 

patients in the comparison group are in bold and only include the smaller studies. It is 

difficult to directly compare our findings with previous larger studies which included 

mainly restrictive surgical procedures and/or control-groups receiving routine clinical 

care or no active treatment at all, and not specialized medical treatment. The primary 

outcome in seven of these studies was diabetes, and five included only patients with 

diabetes at start of treatment, making it difficult to compare the results for 

hypertension and dyslipidaemia, which may be different in the general population with 

obesity, and in patients with obesity and diabetes.    

 

Table 7. Studies of bariatric surgery with comparison groups in modified PICOT 
(population, intervention, comparison and time) table  

Study Year Study  
type 

Popu-
lation Intervention Compariso

n 
Outcome 
(primary) Time 

Sjöström 
et al.  
SOS-
study    
(68) 

2014 

Prospect
ive 

cohort 
study 

Severe 
obesity and 
diabetes  

Bariatric surgery 
(n=343)(mostly 
gastroplasty and 
gastric banding) 

Conventialy 
treated patients 
(n=260) 

Diabetes 
2, 5, 10 
and 15 
years 

Booth et 
al. 
(160) 

2014 Cohort 
study 

United 
Kingdom 
Clinical 
Practice 
Research 
Datalink. Age 
20-100 with 
BMI ≥ 30  and 
no diabetes 

Bariatric surgery 
(n=2167)  
Gastric bypass 
(n=795) 
Gastric sleeve 
(n=317) 
Gastric banding 
(n=1053) 

Matched 
controll group 
(n=2167) 

Diabetes, 
incidence 

Median 
2.8  

(IQR 
1.3-
2.4) 

years 

Halperin 
et al. 
(161) 

2014 RCT 
Patients with 
T2DM >1 y, 
BMI > 30 

Gastric bypass   
(n= 19) 

Lifestyle with 
intensive 
medical 
management 
(=19) 

Diabetes 1 year 

Courcou
las et al., 
(162) 

2015 RCT 
BMI 30-40 
and T2DM 
N=69 

Gastric bypass 
(n=24) 

1) LAGB 
(n=22) 
2) Intensive 
lifestyle 
weight loss 
intervention 
(n=23)   

Diabetes 1 and 3 
years 

Douglas 
et al., 
(163) 

2015 Cohort 
study 

United 
Kingdom 
Clinical 
Practice 

Bariatric surgery 
(n=3882) 

Matched 
control group 
(BMI ≥ 40) 
(n=3882) 

Weight, 
obesity 
related 

comorbidities 

4  
years 
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Study Year Study  
type 

Popu-
lation Intervention Compariso

n 
Outcome 
(primary) Time 

Research 
Datalink 

Mingron
e et al.,   
(67) 

2015 RCT 

Patients with 
T2DM (≥ 
5yrs) and BMI 
≥ 35 

Gastric bypass 
(n=20) 
Bileopacreatic 
diversion (n=20)  

Medical 
treatment 
(n=20) 

Diabetes 2 and 5 
years 

Maciejew
ski et al. 
(164) 

2016 Cohort 
study 

Veterans (73 
% male) 

Bariatric surgery  
Gastric bypass 
(n=1640) Sleeve 
(n=358)  
AGB (n=233) 

Nonsurgical 
matches 
(n=5305) 

Weight 10 
years 

Øvrebø 
et al. 
(165) 

2017 

Obser-
vational, 

pro-
spective 

Severe 
obesity  

Gastric bypass 
(N=58) 

1) Weight-loss 
camp (N=30)  
2) residential 
intermittent 
programme 
(N=64)  
3)hospital 
outpatient 
programme 
(N=57)  

Weight and 
comorbidities 

1 and 5 
years 

Schauer 
et al.,  
STAMPE
DE trial 
(66) 

2017 RCT 

Patients with 
T2DM and 
BMI 27-43 
(n=150) 

Bariatric surgery  
Gastric bypass 
(n= 49) 
Sleeve (n= 47)  

Intensive 
medical 
therapy (n=38) 

Diabetes 2 and 5 
years 

Adams et 
al.,  
Utha-
study  
(166) 

2017 

Obser-
vational, 

pro-
spective 

Treatment 
seeking 
patients with 
severe 
obesity 

Gastric bypass 
(N=418) 

No treatment 
(N=417 and 
N=321) 

Weight, 
diabetes, 

hypertension 
and 

dyslipidaemia 

2, 6 
and 12 
years 

Studies in bold: actively treated comparison group  
RCT: Randomised controlled trial  

 

Remission of hypertension  

Our finding of a 6-fold higher odds of long-term remission of hypertension with 

bariatric surgery as compared to those who received medical treatment, extends and 

is in accordance with the results from a smaller cohort from the same Registry and 

Biobank study that was followed for one year (167). Another more recent non-

randomized controlled study from Norway also demonstrated a higher remission rate 

of hypertension at five years after gastric bypass compared to conservative treatment 

(165). A limitation of that study was a follow up rate of 54 % at five years (113 of 221 
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patients). Also in line with our findings were the results from an observational study 

from Utah in Canada demonstrating a 3 to 5-fold higher odds of remission of 

hypertension in the gastric bypass group at six years compared to the non-intervened 

control groups, while at 12 years there was a 2 to 5-fold higher odds (166, 168). 

In contrast, the Swedish Obese Subjects (SOS) study demonstrated less than 2 times 

higher odds for recovery of hypertension at 10-years in the surgical group than in 

controls, but the majority of patients underwent vertical banded gastroplasty, an 

abandoned restrictive procedure, with very few (n=34) patients undergoing gastric 

bypass as intention to treat, and the control group received routine clinical care or no 

treatment at all (69). However, a post-hoc sub analysis of the SOS-population showed 

that the proportion of patients using antihypertensives at 10 years was significantly 

lower in the 277 patients who underwent gastric bypass (35 %) than in the 1132 

controls (53 %) (48), which is similar to our long-term findings.  

New-onset hypertension   

We reported a 3-fold increased long-term odds of new-onset hypertension among 

medically treated patients as compared to those who underwent bariatric surgery, 

which confirms and extends the results from a UK cohort study reporting protective 

hazard ratios (HRs) for bariatric surgery for incident hypertension, HR 0.35 (95 % CI 

0.27–0.45), with a mean follow-up of 3.4 years, and maximum follow up of 12 years 

(163). The possible effect of prevention of disease with bariatric surgery represents a 

substantial benefit for the individual patient and for society.  

Remission of diabetes  

There are two recent randomised studies with five year follow up of treatment of 

patients with diabetes with either bariatric surgery or medical treatment (66, 67).  Our 

results confirmed the finding in these studies where 45 % and 79 % of patients with 



 

85 
  

Discussion 

diabetes undergoing gastric bypass were of diabetes medication after 5 years. The 

duration of diabetes was mean (SD) 8.4 (5.2) years in the study by Schauer et al. 

(66), and at least 5 years in the study of Mingrone et al. (67). Duration of diabetes is 

known to influence remission rates, with lower odds for remission with increased 

duration of diabetes before treatment (169). In the smaller sample from the same 

cohort as paper II, duration of diabetes was shorter than in the two randomised trials, 

median (range) 1 (0 to 31) year for patient that underwent surgery (n=76) and 0 (0 to 

16) years in patients receiving medical treatment (167), but the duration of diabetes 

for the total cohort was not included in the analyses, this being a limitation of the data 

on diabetes remission in paper II.  We have later analysed the duration of diabetes in 

the whole cohort and there was no significant difference (median (range) 5 (0-37) 

years in the medical group and 4 (1-38) years in the surgical group, p=0.76).  

In the medically treated group we reported a higher proportion of patients with 

remission of diabetes as compared with the two randomised controlled studies (18 % 

vs. ≤2 % at 5-year). The latter discrepancy might be partly explained by different study 

designs, unknown cross-over of patients from medical treatment to bariatric surgery in 

our study, lack of diabetes drug compliance among patients in the medical group, the 

possible shorter duration of diabetes, or effective medical treatment at a tertiary care 

centre.  

The difference in the remission of diabetes between groups in our study showed a 

steady decline over time, and with a longer follow up there might no longer be a 

difference between the groups. However, it may still have been beneficial for the 

surgical patients in regard to long-term complications to have been without their 

diabetes for several years. In the 6 year follow up of the Utah study there was a 62 % 

remission rate, and at 12 year 51 % (166, 168), in parallel with our 55 % at 7 years 
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after bariatric surgery. Sustained remission of diabetes was observed in more patients 

who did not use medications for their diabetes at the time of surgery in the Utah-study, 

and these patients are not included in the group of patients with diabetes in our study, 

possibly explaining the larger rates of remission found in the Utah-study.  

New-onset of diabetes 

Our findings of a substantially higher risk of new-onset diabetes in the medical group 

than in the surgical group partly confirm and extend the results from the SOS-study 

(170) and two recent large UK cohort studies (160, 163). Booth et al. reported that 4 

% of the surgical patients and 16 % of matched controls had developed diabetes by 

the end of a 7 year of follow-up, which is comparable with our findings of 3 % and 14 

% of surgical and medical patients with new-onset diabetes at 7 years (160). Further, 

Douglas et al. found in their cohort-study protective hazard ratios (HRs) for bariatric 

surgery for incident type 2 diabetes, HR 0.68 (95 % CI 0.55–0.83) (163).  The 

prevention of diabetes represents a potential socioeconomic benefit for society, while 

for the individual it represents  the potential for the reduced risk of long-term 

complications. The majority (3/4) of our cohort did not have diabetes at baseline. The 

difference of 7 % in new-onset of diabetes therefore represents more people being 

spared diabetes than the difference of 40 % in remission between the two groups.  

Remission and new onset of dyslipidaemia  

Large-scale evidence from randomised controlled trials demonstrated that statin 

therapy reduced the risk of major vascular events by about one-quarter for each 

mmol/L reduction in LDL cholesterol (171). Additionally, after treatment for obesity this 

risk profile is improved. In the SOS study, changes in triglyceride and HDL cholesterol 

levels were more favourable in the surgically treated group than in the control group 

after both 2 and 10 years. Triglyceride, HDL cholesterol, and total cholesterol levels 
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improved to a greater extent among the subjects who underwent gastric bypass than 

among those who underwent banding (69), and bariatric surgery was associated with 

a reduced number of cardiovascular deaths and cardiovascular events (172).  

Few studies have specifically compared changes in dyslipidaemia as judged by statin 

therapy after surgical and non-surgical weight-loss treatments.  We demonstrated that 

more than half the patients in the surgical group had long-term remission of drug 

treated dyslipidaemia, which is in accordance with studies confirming advantageous 

changes in lipid profiles in patients undergoing gastric bypass surgery (80, 168). 

Others have reported a sustained improvement and reduced use of statins up to 5-10 

years after bariatric surgery (37, 173). By contrast, the medically treated patients had 

a 5-fold higher odds for starting statin treatment.  

 

Paper III Long-term effects of gastric bypass and duodenal switch on 

systemic exposure of atorvastatin 

At the time of publication of paper III few studies had evaluated the effect of current 

bariatric procedures on systemic drug exposure, and this was the first study to 

examine changes after duodenal switch. Recently, ten prospective studies examined 

pharmacokinetic changes after gastric bypass. The patients were followed up to one 

year after surgical treatment, and different probe drugs were used (92, 174-182). The 

results were not consistent, but Hamad et al. found an initial decrease of 

bioavailability (assessed by Area Under the Curve (AUC)) in the short-term after 

surgery, and a tendency towards normalisation in the longer term of several drugs in a 

few patients (174). This is in accordance with the findings in our study at six weeks 

and two years after surgery. The Cmax and Tmax did not have the same tendency 
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towards normalisations, and in one study by Chan et al. of patients at three and 12 

months, Cmax was higher and Tmax lower compared to pre-surgery (92). Only this one 

study with as long as one year follow up provided data for Cmax and Tmax , and it is 

thus difficult to compare with our two year results. In our study the Cmax had a 

transient increase at six weeks as in the study by Chan et al., but was normalised at 

two years. We found an increase in Tmax  at 6 weeks and even higher at two years, 

contrasting with the finding in the other study with one year follow up where T max was 

shorter than both preoperatively and at 3 months follow up (92). The substrate in this 

study was midazolam, a CYP3A-substrate as atorvastatin. Increased maximal 

concentration and reduced time to maximal concentration has the potential to 

increase risk of adverse events and increase risk of substance addiction. If there is a 

faster elimination, patients will need reduced intervals between doses, for example for 

pain relief, and opposite, if there is an increase in Tmax, as we found, there could be an 

expected longer time to effect after ingested drug.  

Increased maximum concentration (Cmax) and decreased time to reach maximum 

concentration (Tmax) has also been found for alcohol post bariatric surgery (183, 184). 

It is speculated that this might be a mechanism explaining how  patients  undergoing 

bariatric surgery are at increased risk of being diagnosed with alcohol and substance 

use disorder (185).  

Increased clearance was demonstrated in one study of Brill et al. on metabolism of 

midazolam one year after bariatric surgery (178). They hypothesized that the 

increased clearance (1.7 times higher 1 year after bariatric surgery) might result from 

an increase in hepatic CYP3A activity per unit of liver. They also found, in another 

analysis with a semi-physiologically based pharmacokinetic model of the same 

material, that gut wall midazolam clearance was lower one year after bariatric surgery 
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compared to before, indicating lower activity of CYP3A in the gut wall (181). This is in 

line with the hypothesis generated from our study that the increase in AUC seen 

shortly after surgery could be explained by reduced metabolism of atorvastatin by 

CYP3A in the alimentary limb compared to in the duodenum/proximal jejunum that is 

bypassed. The observed long-term (two year) normalization of systemic exposure of 

atorvastatin acid in our study may be due to an intestinal adaptation (e.g., by up 

regulation of CYP3A). Another possible explanation on the transient increase in 

bioavailability is changes in metabolism of the drug in the liver.  Brill et al. described 

reduced CYP3A liver-activity in patients with morbid obesity compared to healthy 

volunteers, adding that CYP3A hepatic metabolizing capacity seemed to recover one 

year after surgery.  

In a cross-sectional study Tandra et al. used an oral cocktail of probe drugs, 

comparing 18 patients that underwent gastric bypass to controls and found no 

difference between the groups in oral bioavailability (186). The patients had their 

surgery at least one year before the pharmacokinetic study, supporting our long-term 

results. Even if there is a normalisation over time, a transient change in the 

bioavailability and pharmacokinetics of drugs is not irrelevant to a patient. A period of 

increased bioavailability leads to greater risk of adverse events, and a period of 

decreased bioavailability leads to reduced effect of the drug taken. If measurements 

from several time points are aggregated and summed it possibly conceals a pattern of 

change if the change is transient. It is necessary to measure outcome at several time 

points and to include time as an explanatory variable when assessing changes after 

bariatric surgery.  

Carswell et al. investigated postoperative changes in nutrient absorption and transit 

time following gastric banding, gastric bypass and duodenal switch compared to 
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controls with obesity. They concluded that there were surprisingly few abnormalities or 

indications of severe malabsorption of fats or sugars after bariatric surgery, and that 

small bowel adaptation may be key to understanding the mechanisms responsible for 

the beneficial metabolic effects of bariatric surgery (187). This supports our theory of 

adaptation of the small intestine as an explanation for the normalisation after the 

transient increase in the bioavailability of atorvastatin.  

Our study is still the only prospective study of pharmacokinetic alterations after 

bariatric surgery with more than one year follow up. For other outcome measures after 

bariatric surgery there are dynamic changes for more than one year after the 

procedure, with more studies also of pharmacokinetic changes over more than one 

year therefore warranted.  
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Implications  

Implications for clinical management of patients with obesity   

The type and number of comorbidities associated with morbid obesity do not 

necessarily impact choice of treatment, but there is an increased odds for choosing 

surgery for patients with higher BMI, younger age and earlier onset of obesity. The 

knowledge of what characterises patients that choose surgery over medical treatment 

might give health care professionals a better foundation for informing the patient and 

address these known differences, and use this as a starting point of dialogue in the 

shared decision making process.  

There are higher odds for patients opting for bariatric surgery to experience remission, 

and significantly lower odds for new-onset of drug treated hypertension, diabetes, and 

dyslipidaemia compared to specialized medical treatment. The finding that bariatric 

surgery seems to not only induce remission but  is also effective in preventing disease 

should be included in the shared decision process when helping the patient to identify 

their preferences for treatment of severe obesity in the context of their values.  

For patients undergoing bariatric surgery, and especially those taking medications 

with a narrow therapeutic window, close monitoring of both therapeutic and adverse 

effects is necessary post surgery.  Repeated drug dose adjustments may be 

necessary in the first few years after surgery.  
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Topics for further study  

Choice of treatment for patients with severe obesity  

In our 2010-paper we did not find any differences in the number or type of 

comorbidities in the two treatment groups; bariatric surgery and conservative 

treatment. The increased focus on comorbidities as criteria for treatment might inflict a 

change, and future studies should explore if there are changes over time with a 

greater emphasis on comorbidities in the choice of treatment for severe obesity.  

There is also a need for more studies on other factors influencing motivation and 

restrictions of choice in order to better understand which patients choose which 

treatment.  

Impact of treatment of severe obesity on comorbidities  

There are still few prospective studies comparing specialized medical treatment and 

bariatric surgery, and such studies should be carried out in order to explore 

differences in the effects of these treatments. These studies should have long- term 

follow up (> 5 years) and also include possible confounding and explanatory variables 

such as anthropometric measures, quality of life and blood tests. There is also a need 

for studies of the association of the different treatments on complications, as well as 

studies which focus on pain and psychiatric comorbidities such as anxiety and 

depression.   Moreover, the risk of other diseases associated with obesity, such as 

cancer or mortality and reason for death, is not explored in patients undergoing 

bariatric surgery compared to a group that received specialized medical treatment. 

This could be done using national registries such as the Norwegian Patient Registry, 

Cancer Registry of Norway and the Norwegian Cause of Death Registry.  
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Impact of bariatric surgery on the bioavailability of drugs  

Bariatric surgeries induce substantial anatomical and physiological changes in the 

gastrointestinal tract and may affect the bioavailability of drugs in different ways. It is 

important to note that there may not only be important differences in the effects of 

different procedures but considerable inter-individual and even intra-individual 

variations in drug absorption over time. This complex challenge is unmet by the 

limited data that currently exist on this subject. Therefore, there is a need for further 

research in order to understand the effects of bariatric surgery on the bioavailability of 

drugs and the mechanisms for the possible changes. To better understand this, 

patients undergoing bariatric surgery also should be compared to patients with a 

corresponding non-surgical weight loss. Conducting pharmacokinetic studies are 

laborious both for patients and researchers, and cocktails of drugs should be used to 

elucidate several mechanisms in one study.  
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Abstract
Background Bariatric surgery particularly benefits patients
with obesity-related comorbidities such as type 2 diabetes
and obstructive sleep apnea. We aimed to examine whether
the variables that influence treatment choice differ between
morbidly obese patients undergoing bariatric surgery and
those opting for conservative treatments.
Methods A total of 505 consecutive morbidly obese
patients (72% women; mean (SD) age 42 (12) years) who
attended our tertiary care center between December 2005
and February 2007 were examined by a multidisciplinary
team and offered surgical or conservative treatment. The
chi-square test, independent samples t test, and multiple
logistic regression were used in the statistical analyses.
Results A total of 249 (49%) patients underwent bariatric
surgery. When compared to the conservative group of
patients, the surgery group was characterized by a signifi-
cantly higher mean (SD) BMI (46.5(6.2) vs. 43.2(5.5) kg/m2,
p<0.001), earlier onset of obesity (40% vs. 26% before
12 years of age, p<0.001), and lower age (41(11) vs. 44
(13) years, p=0.002). In contrast, the groups did not differ
significantly with respect to gender or obesity-related
comorbidities. After adjustments for gender, age, onset of
obesity, and the number of comorbidities, multiple regres-
sion revealed that patients with BMI 40–50 or >50 kg/m2

had between 3 (OR=3.0; 95% CI 1.9–4.9, p<0.001) and 6
(OR=5.7; 95% CI 3.0–11.0, p<0.001) times the chance of
undergoing bariatric surgery when compared to patients
with a BMI <40 kg/m2 (reference).

Conclusion Our data indicates that increasing BMI rather
than obesity-related comorbidities, predicted treatment
choice in morbidly obese patients.

Keywords Obesity .Morbid . Therapy . Bariatric surgery .

Comorbidity

Introduction

The prevalence of obesity is increasing worldwide [1] and
Norway is no exception; currently 20% of the population is
obese (BMI ≥30 kg/m2) [2]. Morbid obesity (BMI ≥40 kg/m2

or BMI ≥35 kg/m2 with at least one obesity-related
comorbidity) is associated with both increased susceptibility
to a wide range of diseases and increasing mortality rates [3].
Long-term follow-up studies have demonstrated the beneficial
effects that bariatric surgery can have on obesity-related
comorbidities, quality of life and survival [3–6]. Although
conservative treatment is less effective than bariatric surgery
in terms of weight reduction, several studies have shown the
significant and durable effects which behavioral therapy,
lifestyle changes, low-calorie diets, and pharmacotherapy
can have on weight loss, weight maintenance [7–10], type 2
diabetes, and quality of life [11, 12].

The indications for bariatric surgery are widely accepted
[13–15]. Morbidly obese patients who have attempted to
lose weight by nonoperative means and who are well
informed and motivated may be considered for surgery. The
patient should be evaluated by a multidisciplinary team and
the surgeon should have substantial experience in a clinical
setting with adequate support. Lifelong medical surveil-
lance is necessary to both support adherence to mandatory
behavioral changes and to prevent micronutrient and
vitamin deficiencies after surgical therapy. Only a small
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proportion of morbidly obese subjects are offered bariatric
surgery, and given this the criteria for selection is of the
upmost importance. Dixon has recently argued that the referral
of patients with a BMI >50 kg/m2, or with a BMI >40 kg/m2

with a serious weight loss responsive comorbidity for a
surgical opinion, should not be merely an option but a
physician`s responsibility as best care for the patients [16].

The primary objective of this study was to examine
whether the variables that influence treatment choice (level
of obesity, age, weight history, and obesity-related comorbid-
ities) differ between morbidly obese patients undergoing
bariatric surgery and those opting for conservative treatment.

Methods

Study Design

This was a cross-sectional observational cohort study of
consecutive treatment seeking morbidly obese patients
attending the Morbid Obesity Center (MOC). Patients
who underwent bariatric surgery (surgery group, SG) were
compared with patients who received conservative therapy
(conservative treatment group, CTG).

Setting

The Public Healthcare System and Patient Rights

The Norwegian healthcare system is public and usually free
of charge for individual patients. In 2004, the Ministry of
Health and Care Services acknowledged morbid obesity as
an increasingly serious public health problem and instructed
the five Regional Health Authorities (RHAs) to provide
morbidly obese patients with an appropriate treatment
choice; either conservative or surgical. Recently released
national guidelines conclude that treatment seeking mor-
bidly obese subjects shall be offered a complete diagnostic
workup and startup of therapy, either conservative or
surgical, in an obesity clinic based on the multidisciplinary
team model [17].

The Morbid Obesity Center

The MOC is a tertiary care center founded by the South-
Eastern Norway RHA, which itself serves close to one
million inhabitants in the southern part of Norway. The
MOC has implemented the national guidelines referred
to above.

Physicians at local hospitals may refer morbidly obese
patients who have undergone repeated trials of unsuccessful
weight loss. All patients who are referred to the MOC
undergo a thorough (up to 6 months) assessment by a

multidisciplinary team consisting of an internist, a dietician,
a physiotherapist, and a trained “obesity” nurse. During the
first visit, the internist establishes a detailed medical
history, checks previous diagnostic workups, performs a
physical examination, and briefly informs the patient of
further investigations and treatment alternatives. At the
second visit the doctor reiterates this message, providing
complete information about the possible risks and benefits
of an operation and also encouraging the patient to
incorporate their own values and preferences in the
decision-making process. If no contraindication against
surgery exists the patient and the physician together agree
upon the most appropriate choice of therapy; either surgical
or conservative. We perform approximately 200 bariatric
operations a year and 90% of these procedures are
laparoscopic gastric bypasses. Patients who do not undergo
surgery are offered a variety of individual or group-based
conservative treatment options, either in our outpatient
clinic or at various weight loss camps. These centers have
implemented motivation guidance techniques in order to
provide a comprehensive intervention program which will
increase physical activity and fitness, normalize eating
habits and induce a weight loss of at least 5–10% during the
first year.

Data from the first consultation at the MOC was extracted
from a prospective database on 524 patients enrolled
consecutively between November 2005 and February 2007.
In order to be included in the database all patients gave
written informed consent. All patient records were reviewed
within 21–36 months after the first consultation at the MOC
in order to assess treatment choice.

Participants

A total of 524 patients attended the MOC during the
inclusion period (Fig. 1). After excluding 13 patients with
a BMI <35 kg/m2 and six patients (1%) with unknown
treatment choice, 505 patients were included in the
analysis. At a median (range) of 28 (21–36) months after
the first consultation a total of 249 patients (49%) had
undergone surgery, while 256 patients (51%) had been
treated conservatively. A small number of patients (8/511)
were refused surgery due to either old age (n=2), their
lack of ability to cooperate (n=2), the increased operative
risk caused by previous abdominal surgery or serious
comorbidity (n=6), or a combination of increased
operative risk and comorbidity which was not likely to
improve after bariatric surgery (n=3). These patients
accepted the doctor’s decision and were included in the
conservative treatment group. One patient was advised by
the doctor to try conservative treatment, but decided to
have surgery at a private clinic. This patient was included
in the surgery group.

OBES SURG (2010) 20:1142–1148 1143



Definitions

Type 2 diabetes was diagnosed in patients who had either a
prior history of type 2 diabetes or a fasting serum glucose
level ≥7.0 mmol/l [18]. Patients with previously diagnosed
hypertension and patients with blood pressure ≥140/90mmHg
were categorized as having hypertension. Dyslipidemia was
defined as elevated fasting triglycerides (≥1.7 mmol/l)
and/or reduced HDL-cholesterol (<1.0 mmol/l in men
and <1.3 mmol/l in women). Age at onset of obesity was
recorded as either before 12 years, between 12 and
20 years, or after the age of 20.

Physical Examination

Patients, wearing light clothing and no shoes, were
measured for weight and height and BMI subsequently
calculated (kg/m2). Waist circumference was measured at
the level midway between the lowest rib margin and the
iliac crest. Hip circumference was measured and waist/hip
ratio calculated. After at least 5 min rest and while seated in
an upright position, blood pressure was measured with an
appropriately sized cuff. Three measurements were made and
the average of the second and third was used in the analyses.

Statistical Methods

Data are given as either mean (SD), median, or proportions
unless otherwise stated. Differences between groups were
analyzed using independent samples t test (continuous data)

and #2 (categorical data). Multiple logistic regression with
predefined explanatory variables was used to assess whether a
patient would opt for bariatric surgery or not (yes/no). Hosmer
Lemeshow test was used to assess the adequacy of the fit of the
logistic regression models. We fitted five separate logistic
regression models. First (model 1; unadjusted), BMI was
entered as a categorical variable (level 0=<40 kg/m2 [refer-
ence], level 1=40–50 kg/m2, and level 2=≥50 kg/m2) in a
univariate logistic regression analysis with bariatric surgery
(yes/no) as the dependent variable. Second (model 2), the
effect of BMI was adjusted for gender and age in a multiple
logistic regression analysis. Third (model 3) onset of obesity
categorized as <12 years, 12–20 years, or >20 years
(reference), was added to model 2. Fourth (model 4), the
number of obesity-related comorbidities (type 2 diabetes,
yes = 1, no = 0; hypertension, yes = 1, no = 0; obstructive
sleep apnea, yes = 1, no = 0; dyslipidemia, yes = 1, no = 0;
and joint pain; yes = 1, no = 0) were added to model 3 as a
continuous variable. Finally, type 2 diabetes (yes/no) replaced
number of comorbidities in model 4 (model 5). A 5% statistical
significance level was chosen. The analyses were implemented
using SPSS 16.0 (SPSS, Chicago, IL, USA).

Results

Demographic and clinical characteristics from the first
consultation are shown in Table 1.

Age

Patients in the SG were on average 3 years younger than
patients in the CTG. The proportion of patients, within
various age groups, offered surgery or conservative
treatment is shown in Fig. 2. In addition, patients in the
surgery group were characterized by a lower age at onset of
obesity (Fig. 3): 40% were obese before the age of 12
compared to 26% in the conservative group (p=0.001).

Body Weight

On average, the SG had a 9 kg higher body weight than the
CTG (Table 1). Approximately one quarter of the patients
with BMI <40 kg/m2 underwent bariatric surgery, as did half
of the patients with a BMI of 40–50 kg/m2 and more than
two thirds of the patients with a BMI >50 kg/m2 (Fig. 4).

Among patients with a BMI <40 kg/m2 the proportion
with type 2 diabetes who underwent surgery was
significantly higher than those who were nondiabetic
(36% vs. 24%, p=0.031). By contrast, diabetic status
was not a significant variable in the explanation of the
treatment choices made by patients with BMI >40 kg/m2

(data not shown).

Fig. 1 Flowchart of patients and treatment choice
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Obesity-Related Comorbidities and Medication

Table 2 shows that the two treatment groups were
comparable with respect to the prevalence of coronary
heart disease, type 2 diabetes, hypertension, obstructive
sleep apnea, current smoking, pulmonary disease, and
medication. Notably, the prevalence of type 2 diabetes
was 23% in both groups, while the proportion of patients
using various number of antidiabetic drugs did not differ
significantly between groups. Similarly, approximately half
the patients within both groups had hypertension, with the
usage of antihypertensive drugs not differing significantly.

Logistic Regression Analyses—Odds for Having Surgery

In both the univariate (1) and multiple logistic regression
models (2–5) increasing BMI levels were associated with
significantly higher odds for having surgery (Table 3).
When compared to those patients with a BMI <40 kg/m2

(reference), those with either a BMI between 40 and 50 or a
BMI above 50 kg/m2 were three to six times more likely to
undergo bariatric surgery, even after adjustments for gender,

age, age at onset of obesity, and the number of weight-
related comorbidities.

Furthermore, the full model (model 4) shows that both
lower age and age at onset of obesity <12 years were
associated with higher odds for surgery. Each yearly
increase in age was associated with a 4% less chance of a
patient opting for surgery. A history of childhood obesity
was associated with a 61% increased odds for surgery
(adulthood obesity reference). Male patients tended to opt
for surgery less than females (OR 0.68, 95% CI 0.45–1.03).
As illustrated in model 4 and 5, neither the number of
weight-related comorbidities nor the presence of type 2
diabetes predicted treatment choice.

Discussion

The major finding from our study of a population of
treatment seeking morbidly obese patients is that increasing
levels of BMI, early onset of obesity and younger age, rather
than obesity-related comorbidities, were associated with the
increased likelihood of a patient opting for bariatric surgery.

Fig. 3 Age at onset of obesity. Distribution of the patients in the
surgery group (SG) and the conservative treatment group (CTG)
according to age at onset of obesity. The chi-square test was used for
statistical analysis

Fig. 2 Age. Distribution of the patients in the surgery group (SG) and
the conservative treatment group (CTG) according to age The chi-
square test was used for statistical analysis

SG (n=249) CTG (n=256) p value

Female 180 (72%) 173 (68%) 0.304

Age (years) 41 (11) 44 (13) 0.002

BMI (kg/m2) 46.5 (6.2) 43.2 (5.5) <0.001

Body weight (kg) 136 (23.2; range 90–226) 127 (20.5; range 82–200) <0.001

Waist circumference (cm) 136 (15) 131 (14) <0.001

Hip circumference (cm) 137 (12) 133 (15) <0.001

Waist-to-hip ratio 1.00 (0.10) 1.00 (0.10) 0.696

Maximum weight (kg) 143 (24) 134 (23) <0.001

Max weight, age (years) 38 (11) 41 (14) 0.057

Previous bariatric surgery 11 (4%) 5 (2%) 0.135

Table 1 Demographic and clin-
ical characteristics

Data are means (SD) for con-
tinuous variables and n (%) for
categorical variables
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Obesity-Related Comorbidities were not Associated
with Treatment Choice

It is well known that obesity-related comorbidities such as
type 2 diabetes and obstructive sleep apnea either improve or
resolve after bariatric surgery. As such, the existence of any
serious obesity-related comorbidity in a morbidly obese
patient supports surgery as an appropriate treatment choice.
In light of this, we were surprised by the overall absence of a
relationship between obesity-related comorbidities and treat-
ment choice (except among patients with a BMI <40 kg/m2 in
which surgery was more often chosen by patients with type 2
diabetes than those without diabetes). This finding might
have several explanations. First, although several lines of
evidence indicate that laparoscopic bariatric surgery is
associated with low death and complication rates, surgery
still is a serious intervention that can be fatal. Accordingly,
concerns about surgical complications might have favored a
conservative treatment choice among patients with serious
comorbidities. Second, all patients who receive conservative
treatment are informed that surgery might be an option later
on if the conservative approach fails. Thus, patients initially
choosing a conservative treatment strategy might request
bariatric surgery in the future. Third, our tertiary care clinic
offers a variety of conservative treatment strategies including
individual or group-based behavioral therapy programs,
either in our outpatient clinic or at weight loss camps, which
might have been attractive despite previous treatment failures.
Fourth, until very recently, official diabetes guidelines have
not acknowledged that type 2 diabetes may be one of the most
important indications for bariatric surgery. However, the latest
guidelines from both the Norwegian Directorate of Health and
the American Diabetes Association (2009) recommend that
“Bariatric surgery should be considered for adults with a
BMI ≥35 kg/m2 and type 2 diabetes, especially if the diabetes
is difficult to control with lifestyle and pharmacologic
therapy” [19]. In light of this we will thoroughly reassess
and scrutinize our routines to ensure that all patients receive

balanced and updated information concerning the beneficial
effects of bariatric surgery on type 2 diabetes. Finally,
differences in quality of life [20] and internalized prejudices
against surgical treatment of a “lifestyle-induced” disease
might have influenced the choice of therapy.

Weight Significantly Affected the Likelihood of a Patient
Opting for Surgery

It has recently been argued that patients with a BMI >50 kg/m2,
and particularly patients with a BMI >50 kg/m2 and type 2
diabetes, should be referred to bariatric surgery as “best
practice” [16] and as a “standard treatment option” [21]. Our
results partly concur with these suggestions to the extent that
they show that patients with a BMI >50 kg/m2 were six times
more likely to have surgery than those with a BMI between
35 and 40 kg/m2. Approximately, one quarter of patients with
a BMI <40 underwent bariatric surgery, as did half the
patients with a BMI between 40 and 50 and more than two
thirds of the patients with a BMI greater than 50 kg/m2.

Fig. 4 BMI. Proportion of patients within each BMI category who
underwent surgery (SG) or received conservative treatment (CTG).
The chi-square test was used for statistical analysis

Table 2 Comorbidities and drug therapy according to treatment
choice

SG
(n=249)

CTG
(n=256)

p value

Type 2 diabetes 57 (23%) 58 (23%) 1.000

Antidiabetic drugs 44 (18%) 36 (14%) 0.332

No. of drugs

1 25 (10%) 16 (6%) 0.388

≥2 19 (8%) 21 (8%)

Hypertension 127 (51%) 136 (53%) 0.698

Antihypertensive drugs 79 (32%) 89 (35%) 0.529

No of drugs

1 34 (14%) 41 (16%)

2 25 (10%) 27 (11%) 0.877

≥3 20 (8%) 21 (8%)

Obstructive sleep apnoea 36 (15%) 45 (18%) 0.404

Asthma 55 (22%) 52 (20%) 0.704

COPD 9 (4%) 9 (4%) 1.000

Asthma and/or COPD 62 (25%) 58 (23%) 0.626

Asthma and COPD (drugs) 53 (21%) 45 (18%) 0.347

Joint pain 155 (62%) 150 (59%) 0.454

Pain killers 70 (28%) 57 (22%) 0.158

Hyperlipidemia 180 (72%) 168 (66%) 0.128

Statins 27 (11%) 32 (13%) 0.659

Anxiety/depression 88 (35%) 102 (40%) 0.314

Coronary heart disease 10 (4%) 16 (6%) 0.350

Current smoking 74 (30%) 66 (25%) 0.484

Data are n (%)

COPD chronic obstructive pulmonary disease
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Age

Another factor to be considered when prioritizing patients
for bariatric surgery is age. There has been partial
agreement, but also much debate, about an upper age-
limit for bariatric surgery [22, 23]. The current European
guidelines suggest that “bariatric surgery above age
60 years should be considered on an individual basis”.
Our study can be seen to have cohered with these guidelines
given that only a small proportion (3%) of the patients in the
surgery group were above 60 years of age. The majority of
patients >60 years received conservative treatment.

Strengths and Limitations

The validity of our findings is strengthened by the fact that
they emerged from the prospective collection and registra-
tion of data from a relatively large population of treatment
seeking morbidly obese individuals. In addition, the
associations between explanatory variables and treatment
choice remained robust even after adjustments for relevant
confounding variables.

Our study had several limitations. First, the cross-sectional
design made it impossible to establish a cause–effect
relationship. Second, our results may not be valid in non-
white populations. Third, we cannot exclude the possibility
that referral of patients to a tertiary care center might have
introduced a sampling bias limiting the generalizability of our
results. Fourth, although our multidisciplinary team aims to
provide the patients with objective and balanced information
about the various treatment alternatives, we cannot exclude
the possibility of selection bias.

Finally, we have not addressed psychological factors
which also may influence the choice of treatment. However,
a recent Swedish study of patients choosing between
surgery and conservative treatment showed there to be no
significant differences in psychological disturbances [24].

Conclusion

Our results indicate that increasing levels of BMI rather than
obesity-related comorbidities, predicted treatment choice in
morbidly obese patients. To our knowledge this is the first
study to address the effect of somatic comorbidities on the
treatment choices of morbidly obese patients. As such, our
findings should be validated by others.

Funding Gunn Signe Jakobsen has received an unrestricted educa-
tional grant from Vestfold Hospital Trust. Dag Hofsø has received
unrestricted educational grants from Novo Nordisk A/S, South-Eastern
Norway Regional Health Authority and Vestfold Hospital Trust.T
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Anders Åsberg • Jøran Hjelmesæth

Received: 20 July 2012 / Accepted: 13 November 2012

� The Author(s) 2012. This article is published with open access at Springerlink.com

Abstract

Background A previous study of 22 patients undergoing

either gastric bypass or duodenal switch showed increased

systemic exposure of atorvastatin acid 3–8 weeks after

surgery in the majority of patients. This study aimed to

investigate the long-term effects on systemic exposure of

atorvastatin acid in the same group of patients.

Methods An 8-h pharmacokinetic investigation was per-

formed a median of 27 months (range 21–45 months) after

surgery. Systemic exposure was measured as the area under

the plasma concentration versus the time curve from 0 to

8 h postdose (AUC0–8). Linear mixed models with AUC0–8

as the dependent variable were implemented to assess the

effect of time, surgical procedure, and body mass index

(BMI) as explanatory variables.

Results The study enrolled 20 patients. The systemic

exposure of atorvastatin acid changed significantly over

time (p = 0.001), albeit there was substantial variation

between subjects. The effect of time was attenuated but

remained significant after adjustment for surgical proce-

dure and BMI (p = 0.048). The initial AUC0–8 increase

seen in the majority of patients 3–8 weeks after surgery

was normalized long term, with 7 of the 12 gastric bypass

patients and 6 of the 8 duodenal switch patients showing

decreased AUC0–8 compared with preoperative values.

Conclusions The systemic exposure of atorvastatin

showed a significant change over time after bariatric sur-

gery, albeit with large inter- and intraindividual variations.

The findings indicate that patients using atorvastatin or

drugs with similar pharmacokinetic properties should be

monitored closely for both therapeutic effects and adverse

events the first years after gastric bypass and duodenal

switch. ClinicalTrial NCT00331565.

Keywords Atorvastatin � Biliopancreatic diversion with

duodenal switch � Gastric bypass � Systemic exposure

Bariatric surgery is widely used to treat morbid obesity

given that it provides sustained weight loss and leads to

improvement in both quality of life and obesity-related

comorbidities [14, 27]. Gastric bypass and biliopancreatic

diversion with duodenal switch (duodenal switch) are two

commonly performed procedures [2]. Both procedures

bypass the duodenum and proximal small intestine, but the

bypass of the small intestine is greater with duodenal

switch than with gastric bypass.

The bypass of the proximal small intestine affects the

absorption of several ingested nutrients and vitamins [1].

The bioavailability of orally administered drugs also can be

affected [7, 18].

We recently have shown that the systemic exposure of

atorvastatin increased in the majority of patients the first

weeks after both gastric bypass [29] and duodenal switch

[28]. The exact mechanism for this is unknown, but we

hypothesize that highly active restrictive processes in the

small intestine (with regard to drug bioavailability) are

bypassed, such as metabolizing enzymes in the intestinal

wall. In particular, the CYP450 isoenzymes CYP3A4 and

CYP3A5 are involved in restricting the bioavailability of
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atorvastatin and many other substrate drugs [21]. These

CYP enzymes are highly expressed in the proximal intes-

tine and decrease along the small intestine [20].

Patients normally lose weight quickly after bariatric

surgery. This process often continues for the first 2 years

postoperatively, after which the weight either stabilizes or

takes the shape of a small long-term weight gain. No

conclusive explanations exist to elucidate why the weight

loss stops, but it might partly be explained by adaptive

changes in the intestine, changed habits of the patients, or

metabolic adaptation [10]. Similar mechanisms also may

affect drug bioavailability.

In this study, we aimed to explore possible long-term

adaptive changes in the systemic exposure of atorvastatin

in patients previously treated with either gastric bypass or

duodenal switch [28, 29].

Materials and methods

We have previously presented the short-term results of

this prospective, open, controlled, nonrandomized, single-

center study that investigated 22 patients listed for either

gastric bypass (n = 12) or duodenal switch (n = 10) [28,

29]. Pharmacokinetic investigations of atorvastatin acid

were performed the day before bariatric surgery (baseline)

and repeated in the early postoperative phase (3–8 weeks)

(short-term follow-up evaluation).

In the current study, a third pharmacokinetic investiga-

tion was performed to assess the long-term effects of the

two bariatric procedures on systemic exposure of atorva-

statin acid. All patients giving specific informed consent

for this long-term follow-up investigation were included in

the study.

The inclusion and exclusion criteria have been presented

previously [28, 29]. Briefly, adult morbidly obese patients

[body mass index (BMI) C40 kg/m2 or BMI C35 kg/m2

combined with comorbidity] assigned to undergo either

gastric bypass or duodenal switch were included in the

study. Additional surgery that could potentially interfere

with drug bioavailability was an exclusion criterion for the

long-term follow-up study. Patients treated with substances

that could affect the pharmacokinetics of atorvastatin (lis-

ted in previous publications [28, 29]) were not eligible for

inclusion in the study.

All the patients were treated with statins on clinical

indication before surgery. Patients who used other types of

statins were switched to atorvastatin (Lipitor). At both

baseline and short- and long-term follow-up evaluations,

all the patients received the same dose of atorvastatin for at

least 14 days to be in steady-state condition at the time of

the investigations. In addition, they completed a drug diary.

If a patient had withdrawn from statin treatment or changed

the dose since the last investigation, he or she was rein-

troduced to the same dose of atorvastatin given each

morning 2 weeks before the investigation.

The study was conducted in accordance with interna-

tional and national laws and guidelines. Approvals were

obtained from the regional ethics committee and all rele-

vant Norwegian authorities. The study is registered at

ClinicalTrial NCT00331565.

Outcome

The primary outcome was the change in systemic exposure

of atorvastatin acid, assessed by the area under the plasma

concentration versus the time curve from 0 to 8 h postdose

(AUC0–8) from baseline (before surgery) via short-term

(3–8 weeks) to long-term (21–45 months) follow-up eval-

uation. Changes in maximal concentration (Cmax) and time

to reach Cmax (tmax) for atorvastatin acid also were asses-

sed. The main explanatory variables were time after sur-

gery, surgical procedure, and BMI.

Surgical procedures

The surgical procedure used was either laparoscopic gastric

bypass or biliopancreatic diversion with duodenal switch.

Detailed descriptions of the procedures have been pre-

sented elsewhere [13, 28, 29]. In short, the gastric bypass

was performed by making a small gastric pouch, an 80 cm

biliopancreatic limb, and a 120 cm alimentary limb. The

remaining part (not measured) of the small intestine is the

common channel in which food is mixed with gastric, bile,

and pancreatic juices (Fig. 1).

The duodenal switch included a vertical sleeve gas-

trectomy preserving a normal pyloric function. The jeju-

num was fully bypassed, and an anastomosis was made

between the duodenum (proximal to the papilla Vateri) and

the small intestine 2.5 m from the ileocecal valve. The

entero-enteroanastomosis was made 1 m from the ileo-

coecal valve so that food was exposed to bile and pan-

creatic juice only in the last 100 cm of the ileum, the

common channel (Fig. 2).

Pharmacokinetics and bioanalysis

A 24-h pharmacokinetic investigation was performed the

day before bariatric surgery (baseline), followed by an 8 h

pharmacokinetic investigation short term (3–8 weeks) after

surgery as previously reported [28, 29]. In this study, an

additional 8-h pharmacokinetic investigation was con-

ducted long term ([21 months) after surgery. As a part of

this pharmacokinetic investigation, patients reported to the

hospital after an overnight fast (water was permitted but no

food, drugs, nicotine, or caffeine). A standard hospital
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breakfast was served 2-h after atorvastatin administration,

and there were no food restrictions thereafter. Concomitant

drugs ordinarily administered in the morning were given at

breakfast.

Blood samples for the determination of plasma atorva-

statin concentrations were drawn in prechilled heparin

vacutainers, kept on ice, and centrifuged at 1,800g at 4 �C

for 10 min, after which plasma was decanted and stored at

-80 �C within 1 h of sampling. Blood samples were drawn

at predose, then 0.5, 1, 1.5, 2, 3, 5, 6, and 8 h after ator-

vastatin administration for all investigations.

Atorvastatin acid was analyzed with a validated high-

performance liquid chromatography method using tandem

mass spectrometry detection [12, 29]. Briefly, sample

preparation was performed by solid-phase extraction on

C18 cartridges followed by chromatographic separation on

a C18 analytical column combined with electrospray tan-

dem mass spectrometric detection.

Noncompartmental analyses of pharmacokinetic vari-

ables were performed using the actual measured values for

Cmax and tmax. The AUC0–8 was calculated using the

trapezoidal method in Microsoft Office Excel 2007

(Microsoft, Redmond, WA, USA) [29].

Statistical analyses

Data are presented as mean ± standard deviation unless

stated otherwise. The dependent variables all were skewly

distributed and log-transformed before statistical analysis.

To assess the association of time, surgical procedure, and

BMI with the changes in systemic exposure of atorvastatin

acid, we fitted two linear mixed models with AUC as the

dependent variable: a crude model with time as the only

explanatory variable and an adjusted model with time,

surgical procedure, BMI, and the interaction between time

and surgical procedure as explanatory variables. All p val-

ues lower than 0.05 were considered statistically signifi-

cant. Statistical analyses were performed using SPSS

version 16.0 (SPSS, Inc., Chicago, IL, USA) and R 2.12

[23].

Results

All 12 patients (six women) in the gastric bypass group

were examined three times: at baseline (the day before

surgery) and at short-term (3–8 weeks after surgery) and

long-term (21–39 months after surgery) follow-up evalua-

tion. All 10 patients (five women) in the duodenal switch

group were examined two times; at baseline and at short-

term follow-up evaluation.

After the exclusion of one patient due to reoperation that

altered the lengths of the intestinal limbs and one patient

who declined to participate, eight duodenal switch patients

(4 women) were included in the long-term follow-up study.

The median follow-up time was 25 months (range 23–45

months) after the duodenal switch and 27 months (range,

21–45 months) for all the patients. All the patients were

Caucasians. Only 8 of the 20 patients were continuing to

receive statin treatment at the time of inclusion for the

Fig. 1 Gastric bypass. By Kari C. Toverud (reproduced from

reference [13])

Fig. 2 Biliopancreatic diversion with duodenal switch. By Kari C.

Toverud (reproduced from reference [13])
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long-term follow-up measurement, with four patients using

atorvastatin and four patients using simvastatin. The patient

characteristics at baseline and at the last follow-up

assessment are shown in Table 1.

The systemic exposure of atorvastatin acid varied sub-

stantially between the patients (Fig. 3; Table 4) and

changed significantly over time (Table 2, crude model;

p = 0.001). The effect of time was attenuated but remained

significant after adjustment for surgical procedure and BMI

(Table 2). Furthermore, the surgical procedure times time

interaction term was nonsignificant (p = 0.221).

Although the systemic exposure of atorvastatin acid

varied substantially, 7 of the 12 gastric bypass patients and

6 of the 8 duodenal switch patients showed a decreased

AUC0–8 long term compared with before surgery (Table 4).

The mean long-term/baseline ratio of atorvastatin acid

AUC0–8 was 0.8 ± 0.5 compared with the short-term/

baseline ratio of 1.6 ± 0.9 (Table 3).

The Cmax values for atorvastatin acid showed the same

trend as the AUC0–8 values in the long term (mixed model:

p = 0.012; estimate, -0.017; 95 % confidence interval

-0.03 to -0.00). On the other hand, Tmax increased with

time, from 1.4 ± 1.2 to 2.8 ± 1.9 h (mixed model:

p = 0.002; estimate, 0.02; 95 % confidence interval -0.01

to -0.04) (Tables 3, 4).

Discussion

The current prospective study of patients undergoing ba-

riatric surgery shows a significant change in atorvastatin

systemic exposure over time. Although large interindivid-

ual variations may limit the generalizability of the study,

the long-term results show that the initial increase in

atorvastatin systemic exposure observed in the majority of

patients 3 to 8 weeks after surgery was reversed approxi-

mately 2 years after surgery. The majority of patients

actually showed a lower atorvastatin systemic exposure

long term compared with baseline (Fig. 3; Table 4). Our

study emphasizes time after bariatric surgery as an

important factor to be considered with regard to systemic

drug exposure in these patients.

Few studies have evaluated the effect of current bariatric

procedures on systemic drug exposure [7]. To our knowl-

edge, the current study is the first to examine changes in

systemic exposure of drugs after biliopancreatic diversion

with duodenal switch. Furthermore, the effect of different

bariatric procedures on systemic exposure of equivalent

drugs was not investigated in the same trial earlier.

Table 1 Patient demographics,

body mass index (BMI), and

comorbidities

Data are given as

mean ± standard deviation or

as the number of patients

OSA obstructive sleep apnea

Gastric bypass Duodenal switch

Baseline

(n = 12)

Long-term

follow-up

(n = 12)

Baseline

(n = 10)

Long-term

follow-up

(n = 8)

Women 6 6 5 4

Age (years) 52.1 ± 8.6 54.3 ± 8.5 43.6 ± 7.2 45.0 ± 7.3

BMI (kg/m2) 44.2 ± 3.8 28.6 ± 4.2 49.4 ± 3.1 28.5 ± 4.3

Statin treatment 12 7 10 1

Type 2 diabetes 9 4 6 0

OSA 6 2 8 0

Hypertension 9 6 6 2

GBP

10
25
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0
25

0
10

25
50

10
0

25
0

0 10 20 30 40

0 10 20 30 40

DS

Months

A
U

C

Fig. 3 Individual atorvastatin acid AUC0–8 (ng h/mL) preoperatively

and at both short- and long-term follow-up evaluation. AUC0–8, area

under the plasma concentration versus the time curve from 0 to 8 h

postdose; GBP, gastric bypass; DS, duodenal switch
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In a recent prospective study, Hamad et al. [11] per-

formed repeated measures of drug exposure levels in 12

patients using five different serotonin reuptake inhibitors,

both before gastric bypass and three times during the first

postoperative year. Most of the patients (8/12) showed a

reduced drug AUC 1 month after surgery and normaliza-

tion to preoperative values after 1 year. This pattern of an

initial acute change in exposure levels followed by a return

to baseline mirrors the results in the current study.

The opposite direction of the acute change in systemic

exposure probably is explained by different properties of the

drugs investigated in the respective trials. The antidepres-

sants investigated are mainly metabolized by CYP2D6 and

CYP2C19, which represent only a minor portion of the

intestinal CYP content [22]. Consequently, these drugs are

not metabolized to any relevant degree in the intestinal

mucosa. In this situation, a change in absorptive surface area

seems to be the most likely explanation for the findings.

On the other hand, atorvastatin is subjected to CYP3A

metabolism, which is a major component of the intestinal

metabolizing capacity [22]. Hence, bypassing intestinal

segments rich in CYP3A enzymes reduces both the intes-

tinal first-pass metabolism and the absorptive surface area.

The net result might be an increased systemic exposure due

to the outweighing effect of reduced intestinal enzymatic

capacity.

Cross-sectional studies of immunosuppressants [25],

metformin [19], moxifloxacin [3], sertraline [24], and

thyroxine [26] variously report reduced, increased, and

unchanged systemic exposure 2 months to 7 years after

gastric bypass. The diversity of the findings underscores

the importance of properly designed clinical trials. In

addition, it indicates that therapeutic effects must be

evaluated or serum concentrations measured for each

patient postoperatively.

The observed long-term normalization of systemic

exposure of atorvastatin acid in the current study may be

due to an intestinal adaptation (e.g., by upregulation of

CYP3A4) in the small intestine that is more proximally

sited after the operations. Investigations after reoperations

of obsolete bariatric surgical procedures have shown

long-term changes in both enzymatic activity (increased

activity of lactase, sucrase, alkaline phosphatase, and thy-

midine kinase) and morphologic parameters (increased

length of intestinal segments and villous hypertrophy)

[4, 6, 8, 31, 32].

Adaptation of the intestine also may affect drug bio-

availability. Two recent studies have addressed mucosal

function and adaptation after gastric bypass. A significant

decrease in villous surface area and increased cell pro-

liferation with time was reported in jejunal mucosa just

distal to the gastric pouch in eight patients 6 to 8 months

after gastric bypass [30]. The authors interpreted these

changes as an adaptation of the jejunal mucosa to an

appearance more suited for food reception and tissue

defense.

Increased cell proliferation in rats that underwent gastric

bypass also were shown by le Roux et al. [15]. Addition-

ally, in both rats and humans, they showed dynamic

changes in the postprandial rise in glucagon-like peptide-2,

a hormone that has a direct effect on bowel mucosa and

increases the absorptive surface [5], with a peak at 6

months postoperatively and normalization to preoperative

levels at 24 months. This accords with our finding of a

long-term dynamic change in systemic exposure of ator-

vastatin after gastric bypass and duodenal switch.

It has been increasingly evident that CYP3A expression

and activity are regulated by nongenetic factors such as

endogenous and exogenous chemicals, including steroids

Table 2 Systemic exposure (AUC0–8) of atorvastatin acid, effect of time, surgical procedure, and body mass index (BMI)

Crude model Adjusted model

Explanatory variable Estimate (95 % CI) p value Estimate (95 % CI) p value

Time -0.018 (-0.028 to -0.008) 0.001 -0.024 (-0.046 to -0.001) 0.048

Surgical procedure 0.418 (-0.289 to 1.125) 0.260

Surgical procedure 9 time -0.013 (-0.034 to 0.007) 0.221

BMI -0.021 (-0.055 to 0.013) 0.239

Linear mixed model analysis

CI confidence interval, AUC0–8 area under the plasma concentration versus the time curve from 0 to 8 h postdose

Table 3 Pharmacokinetic parameters of atorvastatin acid

Baseline Ratio short

term/baseline

Ratio long

term/baseline

AUC (ng*h/mL) 67.4 (73.4) 1.6 (0.9) 0.8 (0.5)

Cmax (ng/mL) 24.5 (37.2) 1.7 (1.4) 0.9 (0.6)

Tmax (h) 1.4 (1.2) 2.2 (1.8) 2.9 (3.1)

Data are given as mean ± standard deviation. Ratios are calculated

with short- or long-term values (numerators) and with values at

baseline (before surgery) as denominators

AUC area under the plasma concentration versus the time curve, Cmax

maximum plasma concentration, Tmax time to reach Cmax
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and xenobiotics as well as disease states involving cyto-

kines [17, 33]. Accordingly, CYP3A intestinal adaptation

may be a possible explanation for the normalization of

systemic exposure of atorvastatin acid in the current study.

Our findings may have several other explanations

including physiologic changes after bariatric surgery

affecting drug bioavailability. The surgery induces a sub-

stantial weight loss long term and affects the serum levels

of gastrointestinal and systemic hormones [16]. Previous

studies also have shown that body weight is associated with

intestinal CYP3A activity, and it is conceivable that sub-

stantial weight loss after bariatric surgery may induce an

increase in CYP3A protein expression over time [9]. In

addition, bypassing the small intestine may affect the

impact of drug transporters and metabolizing enzymes

other than CYP3A on drug bioavailability.

Most of the patients investigated in this study showed

changes in systemic exposure of atorvastatin that might be

clinically relevant regarding both efficacy and adverse

effects. It is conceivable that the results may be extrapo-

lated to other drugs primarily metabolized by CYP3A such

as immunosuppressives, calcium-channel blockers, and

some antiepileptics, but clinical trials to test each situation

are necessary. In addition, the clinical consequences of

changes in the systemic exposure of other drugs may differ

from those of atorvastatin and therefore warrant close

monitoring of patients. For drugs more extensively

metabolized by CYP3A, the magnitude of change in sys-

temic exposure might be even greater.

A major limitation of the current study was the rela-

tively small sample size. Nevertheless, to the best of our

knowledge, this is the first prospective study to investigate

systemic drug exposure in detail more than 1 year after

surgery and after two different bariatric surgical proce-

dures. Each patient acted as his or her own control, which

directly addressed the changes in systemic exposure after

Table 4 Atorvastatin acid pharmacokinetic parameters

AUC0–8 (ng*h/mL) Cmax (ng/mL) Tmax (h)

Patient Baseline Ratio short

term/baseline

Ratio long

term/baseline

Baseline Ratio short

term/baseline

Ratio long

term/baseline

Baseline Ratio short

term/baseline

Ratio long

term/baseline

Gastric bypass

9 9 2.3 1.0 2.3 2.0 0.8 1.1 2.7 2.6

10 14 1.2 1.7 5.3 0.7 1.8 0.6 0.8 4.9

8 17 2.2 0.8 4.0 2.2 1.0 2.7 0.2 1.1

7 19 1.1 1.4 5.0 0.7 1.3 0.7 1.7 4.5

5 35 1.8 1.6 5.7 3.0 1.8 5.9 0.3 1.0

12 37 1.5 1.0 8.7 1.3 0.8 1.1 2.7 2.7

3 42 1.1 0.7 7.6 1.6 1.5 0.8 3.8 3.8

2 43 0.8 0.5 7.1 1.0 0.8 1.0 0.8 0.6

1 63 1.0 0.3 10.5 1.5 0.3 1.3 2.5 3.9

6 138 0.5 0.3 33.0 0.6 0.4 1.0 0.5 2.4

11 163 0.4 0.4 117.4 0.2 0.2 1.0 1.5 2.8

4 315 0.3 0.3 133.7 0.2 0.4 1.6 1.9 0.7

Mean ± SD 74 ± 90 1.2 ± 0.7 0.8 ± 0.5 28 ± 46 1.3 ± 0.8 0.9 ± 0.6 1.6 ± 1.5 1.6 ± 1.1 2.6 ± 1.5

Duodenal switch

3 14 1.9 1.2 3.9 1.5 1.2 0.9 3.4 1.1

4 17 1.8 1.7 2.8 2.3 2.1 2.5 0.8 0.3

8 18 2.0 0.8 3.1 2.6 1.5 1.8 0.3 0.5

10 25 3.4 0.4 6.3 6.2 0.4 0.6 5.5 1.8

5 38 1.3 0.3 7.8 1.8 0.3 0.6 5.6 14.5

1 44 1.0 0.3 15.9 0.5 0.3 0.6 3.6 2.5

2 53 4.2 ND 13.5 4.2 ND 0.5 6.0 ND

6 89 1.9 ND 24.2 1.6 ND 2.4 1.3 ND

9 133 1.6 0.5 42.6 1.0 0.4 0.5 1.3 4.1

7 153 1.4 0.6 78.5 0.8 0.2 1.4 2.2 3.5

Mean ± SD 59 ± 59 2.0 ± 1.0 0.7 ± 0.5 20 ± 24 2.2 ± 1.7 0.8 ± 0.7 1.2 ± 0.8 3.0 ± 2.1 3.5 ± 4.7

AUC0–8 area under the plasma concentration versus the time curve from 0 to 8 h postdose, Cmax maximum plasma concentration, Tmax time to

reach Cmax, SD standard deviation, ND Not Done
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gastric bypass or duodenal switch for the individual across

time. Importantly, our results should be considered as

hypothesis generating and as requiring verification.

The current study has shown a significant change over

time in the systemic exposure of atorvastatin after gastric

bypass and duodenal switch, albeit with large inter- and

intraindividual variations. Our findings indicate that

patients using atorvastatin or drugs with similar pharma-

cokinetic properties should be monitored closely for both

therapeutic and adverse effects, particularly in the case of

narrow therapeutic windows. Accordingly, repeated drug

dose adjustment may be necessary during the first years

after gastric bypass and duodenal switch.
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