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Abstract 

Objective: The objective of this thesis was to identify the prevalence of metabolic syndrome in newly 

diagnosed colorectal cancer (CRC) patients, and compare the prevalence of metabolic syndrome to a 

reference population. Furthermore, we tested whether anthropometric measures (weight, BMI, waist 

circumference, hip circumference, waist-to-hip ratio and waist-to-height ratio) were associated with 

biomarkers of the metabolic syndrome (blood pressure, fasting glucose, triglycerides and HDL-

cholesterol). In addition, we investigated the effect of a six months diet and lifestyle intervention on 

metabolic syndrome in the CRC patients. 

Subjects and methods: In a parallel clinical intervention trial, 59 patients (aged 50-80 years) 

surgically treated for CRC, were randomized into either an intervention group (diet and physical 

activity) or a control group (physical activity). By January 2014, 29 participants had completed the six 

months follow-up visit. Anthropometric data, blood pressure and blood samples were collected at 

baseline and the six months follow-up visit. Metabolic syndrome was defined as the presence of 3 or 

more metabolic abnormalities based on the Joint Scientific Statement harmonized definition. 

Reference data from the “Nord-Trøndelag Health Study 3” (HUNT 3) included 1987 participants aged 

50-80 years. 

Results: The prevalence of metabolic syndrome in the CRC population was 33.9 %. Even though the 

use of diabetes medication was 5 times higher in the CRC population (18.6 %) compared to HUNT 3 

(3.8 %), the prevalence of metabolic syndrome was not different. Several metabolic abnormalities 

were actually lower in the CRC population. However, there were limitations for the use of the HUNT 

3 data as a reference group due to different sampling methods. Most measures on anthropometry tested 

in the CRC population significantly predicted metabolic syndrome and were significantly associated 

with several metabolic abnormalities. Compared to controls, there were no significant effects of a six 

months diet and lifestyle intervention on the prevalence of metabolic syndrome or its biomarkers in 

the CRC population. 

Conclusions: The prevalence of metabolic syndrome in our CRC population is in accordance with 

previously reported prevalences for CRC populations. However, due to recent treatment-associated 

weight loss, the prevalence might be underestimated. Because we found the HUNT 3 data having 

limited value as a reference population for the study of metabolic syndrome, the results from the 

comparison with the CRC population must be interpreted cautiously. The lack of effect of the diet and 

lifestyle intervention in the CRC population at this time point might be due to the low number of 

participants, limited time frame and treatment-associated weight loss at baseline. 
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1 Introduction 

This master thesis is conducted within the “Norwegian Dietary Guidelines and Colorectal 

Cancer Survival Study” (CRC-NORDIET Study). The CRC-NORDIET Study is an ongoing 

large multicenter randomized controlled, parallel two-arm intervention trial on the effect of 

the Norwegian food-based dietary guidelines on overall mortality, cancer recurrence, relapse 

and comorbidities among patients radically treated for colorectal cancer (CRC). 

1.1 Cancer – incidence and survival 

Cancer is the leading cause of death in economically developed countries, and the second 

leading cause of death in developing countries (1). In 2012, more than 14.1 million cancer 

cases and 8.2 million cancer deaths were recorded worldwide (2). The numbers are expected 

to increase to 16 million cancer cases and 10 million cancer deaths by 2020 (3). Several 

factors explain the expected increase in incidence, including growth and aging of the world’s 

population, improved screening and detection of cancer, and an adoption of lifestyle choices 

associated with cancer, including smoking, physical inactivity and “westernized diets” (1, 3). 

The latter is characterized by a high intake of high-fat and high-sugar foods, in addition to a 

high intake in red meat, refined grains and high-fat dairy products (4). Globally, the most 

common types of cancer are lung, prostate and CRC in men, and breast, CRC and lung 

cancers in women (2). In Norway, the most common types are prostate, lung and CRC in 

men, and breast, CRC and lung in women (5). 

The term ‘cancer survivors’ refers to people living with a diagnosis of cancer, including those 

recovered from the disease (3). The prevalence of cancer survivors worldwide was estimated 

to be around 25 million in 2002, with an estimated doubling by the year 2025 (3). Worldwide, 

the dominant types of cancers within cancer survivors are breast, prostate, lung, and CRC (6). 

The number of cancer survivors in Norway has increased from 148.270 in 2001 to 215.733 in 

2011 (7), and the dominant types are breast, prostate, melanoma and CRC (8).  
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1.2 Colorectal cancer 

 Anatomy and functions of the colon and rectum 1.2.1

Colorectal cancer refers to cancer in the colon and rectum. Together with the cecum and the 

anal canal, the colon and rectum constitute the large intestine (9) (Figure 1). The colon is the 

longest part of the large intestine, and consists of the ascending colon, the transverse colon, 

the descending colon and the sigmoid colon (9). Its major function is to absorb water and 

nutrients from the food (9). The chyme is mixed with mucus and bacteria from the colon, 

before the feces passes into the rectum where it is temporarily stored before it is discharged 

through the anal canal and anus (10). 

 

 

Figure 1 Anatomy of the large intestine. The large intestine can be divided into four parts; the cecum, the 

colon, the rectum, and the anal canal. The colon is the largest part of the large intestine, and consists of the ascending, the 

transverse, the descending and the sigmoid colon. The picture is taken from Wikipedia. Source: National Cancer Institute. 
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 Epidemiology 1.2.2

In 2012, over 1.3 million new cases of CRC and 694.000 deaths caused by CRC were 

estimated to have occurred, worldwide (2). Most cases occur at the age of 60-70 years, and 

fewer than 20 % occur before the age of 50 (11). In 2011, the average number of new CRC 

cases in Norway was 3861 (5), and it seems to have stabilized after decades with an observed 

increase. Still, approximately 5 % of all men and 4 % of all women in Norway will be 

diagnosed with CRC before age 75 (12). Colon cancer incidence and mortality in Norway are 

among the highest in the Nordic countries, and women have the highest incidence rates in 

Europe. The reason for this remains unclear, but may partly be due to lifestyle factors, 

including dietary habits (5). From the period of 1972-76 to 2007-2011, the 5-year survival 

rate for CRC increased from approximately 37 % to approximately 64 %, with a slightly 

higher survival among women than men. The number of CRC survivors was 28.445 in 2011 

(8). For rectal cancer particularly, there is an increasing survival and declining mortality in 

both sexes. Possible causes for this is the national introduction of total mesorectal excision 

(complete removal of the mesorectum, a fatty tissue envelop of the rectum, containing blood 

and lymph vessels, lymph nodes and autonomic nerves (13)) in the early 1990s, increased 

specialization and use of preoperative radiation (5). 

 Risk factors 1.2.3

Roughly, CRC can be divided into hereditary and sporadic cases. Approximately 5-10 % of 

all CRC's are a consequence of recognized hereditary causes, with familial adenomatous 

polyposis (FAP) and hereditary non-polyposis colorectal cancer (HNPCC) being the most 

prevalent (3). Thus, for the majority of CRC’s, a direct hereditary cause cannot be identified. 

Still, approximately 20 % of all CRC cases occur in individuals having a family history of 

CRC (3). Having a history of inflammatory bowel disease, such as ulcerative colitis and 

Crohn`s disease, is also known to increase the risk of CRC (14). 

Geographic variations in incidence, together with observations from migrant studies, suggest 

that lifestyle risk factors including diet, physical activity, obesity and diabetes, are central in 

the etiology of CRC (15). In the second expert report of 2007, World Cancer Research Fund 

(WCRF) and the American Institute of Cancer Research (AICR) stated that food and nutrition 

have an important role in prevention and causation of CRC, and estimated that approximately 

45 % of bowel cancers in the U.S. and 43 % of bowel cancers in the U.K. could be prevented 
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through a healthy diet, physical activity and weight maintenance (3). There is convincing 

evidence suggesting intake of red and processed meat and excessive alcohol consumption 

increase the risk. In addition, there is probable evidence suggesting lack of dietary fiber and 

low potassium intake increase the risk, as well as limited, but suggestive evidence for a low 

intake of dairy products, vitamin D, dietary folate, fish, fruits and vegetables and selenium to 

reduce the risk and animal fats to increase the risk (16). WCRF/AICR have estimated that 

overweight and obesity accounted for up to 23 % of the incidence of CRC, low fruit and/or 

vegetable intake up to 29 % of the incidence of CRC, and physical inactivity up to 33 % of 

the incidence of colon cancer (17). Smoking is also associated with an increased risk of CRC 

(18). A Danish study from 2010 found that about one quarter of CRC cases could be 

prevented by having a healthy lifestyle including a healthy diet, being physically active for at 

least 30 minutes every day, maintaining a healthy waist circumference, not smoking and not 

having an excessive alcohol intake (19). 

 Pathogenesis 1.2.4

Approximately 95 % of CRC’s are adenocarcinomas, cancers originated in the glandular 

tissue (3). Most of the adenocarcinomas begin as a polyp, a small growth in the wall of the 

colon. The transformation from normal colonic epithelium to invasive cancer is thought to be 

driven by specific genetic changes. These genetic mutations can be inherited or acquired. 

Single, specific germline mutations form the basis of the most common inherited syndromes, 

including FAP and HNPCC. A stepwise accumulation of multiple somatic mutations is 

thought to be the cause of the sporadic cancers (20). The polyps develop as a result of 

dysregulation of processes important for controlling the constant renewal of the epithelial 

cells lining the colon, such as cell proliferation, differentiation and apoptosis. Dysregulation 

of these processes causes uncontrolled cell proliferation, loss of apoptotic regulation and 

uncontrolled tumor growth (21). This process occurs in approximately 5-10 % of the 

adenomas. Development from a polyp to cancer takes from 5-15 years (22). 

 Diagnosis 1.2.5

CRC can be symptomatic or asymptomatic at presentation. In an early stage, CRC often has 

no symptoms, but as a polyp grows, it can bleed or obstruct the intestine. As most of the 
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symptoms are caused by the growth of the tumor, symptomatic presentation is often an 

indication on a relatively advanced tumor (23). Common reported symptoms are rectal 

bleeding, abdominal pain, changed bowel habits, weight loss and anemia (24), depending on 

localization of the tumor. CRC may be suspected with presentation of some of the symptoms 

above, or discovered by routine screening (20), and 20-25 % are hospitalized with ileus or 

intestinal perforation. Colonoscopy is the gold standard for investigation of symptoms 

suggestive for CRC, as it yields for the opportunity to remove or take a biopsy of the polyp. In 

patients where the tumor cannot be reached by colonoscopy, CT colonography can provide a 

radiographic diagnosis (20). Abdominal ultrasound and chest radiography are routinely 

performed as part of the diagnosis process (25). A thorough preoperative assessment is 

important to determine the severity of the disease and eligibility of different treatment options 

(23). 

 Classification 1.2.6

Cancer staging is a standardized method to describe the extent of the cancer. Magnetic 

resonance imaging and PET scan have contributed to better staging (26). The most commonly 

used staging system for CRC is known as the tumor node metastasis (TNM) system 

developed by the American Joint Committee on Cancer (AJCC) (Table 1). The 

stage describes the extent and severity of the cancer in the body, and is based on how far the 

cancer has grown into the wall of the intestine and whether or not it has reached nearby 

structures (T), the extent of spread to nearby lymph nodes (N) and whether or not the cancer 

has metastasized to other organs (M). Numbers or letters appear after T, N, and M to provide 

more details about each of these factors. The numbers 0 through 4 indicate increasing severity. 

The stage (I-IV) describes to which extent the cancer has spread, and can be subdivided, using 

the letters A, B and C (25). Staging is essential in determining the choice of treatment and in 

assessing prognosis (27). Estimated 5-year survival rates for CRC stage I is approximately 80-

95 %, compared to 0-7 % for stage IV (cancers with metastasis to distant sites) (25).  
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Table 1 Staging of CRC according to the TNM system (25) 

TNM stage T N M 

I T1, T2 N0 M0 

IIA T3 N0 M0 

IIB T4 N0 M0 

IIIA T1, T2 N1 M0 

IIIB T3, T4 N1 M0 

IIIC Any T N2 M0 

IV Any T Any N M1 

T level indicate the size or the extent of the primary tumor 

N level indicate the extent of spread to nearby lymph nodes. N0: no regional lymph node metastasis 

M level indicates whether or not the cancer has metastasized to other organs. M0: no distant metastasis 

 Treatment 1.2.7

Surgical resection is the basis of treatment for CRC, and surgical technique has changed 

considerably over the past decades, as laparoscopic approach has become standard technique 

for colon cancer in many institutions (26). For cancers in the rectum, oncological outcome is 

more controversial and laparotomy is most commonly used, but malignant polyps or T1 

invasive tumors in the rectum can be removed by transanal endoluminal microsurgery (TEM) 

(26). Chemotherapy and radiotherapy are often used as adjuvant treatment, depending on the 

type, localization and grade of the tumor (25), and have increased survival, reduced 

recurrences and prolonged life in metastatic cancers (26, 28). Commonly reported side effects 

of CRC treatment are nausea, vomiting, abdominal pain, irregular bowel movements, 

diarrhea, gas and flatulence and malabsorption (29). 

 Comorbid conditions in colorectal cancer patients 1.2.8

Comorbidity is the co-existence of diseases or disorders in addition to the primary disease of 

interest (30). Comorbid conditions may arise in various time windows in relation to the 

primary diagnosis, both before and after diagnosis (31), and is a common finding among CRC 

patients (30-32). The comorbid conditions most commonly related to CRC are chronic 

diseases such as cardiovascular disease (CVD), diabetes mellitus type 2 (DMT2), arthritis, 

chronic obstructive pulmonary disease (COPD), hypertension and the metabolic syndrome 

(30-33). Comorbid conditions are reported to be more common in older patients or patients of 
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lower socioeconomic status (31). Comorbid conditions in CRC patients can influence the 

clinical eligibility for treatment as well as survival (31). Prevalent comorbidities in CRC 

patients, such as CVD and DMT2, share common risk factors for developing the primary 

disease, including dietary habits, physical inactivity and increased adiposity, and/or 

pathophysiological pathways, such as microvascular disease (32, 34). This, in combination 

with CRC being considered as a disease of the elderly (35), suggests that comorbidities may 

be a common finding among CRC patients. To date, data on comorbidities among CRC 

patients in Norway are limited. 

Obesity and cancer risk 

The World Health Organization (WHO) defines obesity as “abnormal or excessive fat 

accumulation that may impair health” (36). Worldwide obesity has nearly doubled since 1980, 

and in 2008, 35 % of adults were overweight and 11 % were obese (37). Body mass index 

(BMI) describes a person’s weight relative to its height (kg/m²), and overweight and obesity is 

classified by a BMI ≥ 25 kg/m
2
 and 30 kg/m

2
, respectively (36). BMI is used as an estimation 

of general adiposity, but is unable to distinguish fat mass from non-fat mass, especially 

among elderly people (38). Waist circumference is less affected by loss of muscle mass 

during aging, and take into account the accumulation of abdominal fat (39). Location of fat 

distribution may be important in determining risk of obesity related diseases, and the risk is 

shown to be more strongly related to waist circumference and waist-to-hip ratio than to BMI 

(40). 

Both genetic and environmental factors may cause obesity. The most important environmental 

factors are probably diet and lifestyle, with over-nutrition and a sedentary lifestyle promoting 

both progression and pathogenesis of this polygenic disease (41). An imbalance in energy 

intake and energy expenditure over time, leads to accumulation of adipose tissue in terms of a 

moderate increase in the number of adipocytes, and a substantial enlargement of their size 

(42, 43). 

Obesity is causally related to several chronic diseases, particularly DMT2 and CVD. 

Additionally, obesity may promote the development of non-alcoholic fatty liver disease, gall 

bladder disease, hypertension, osteoarthritis, sleep apnea and some types of cancer, including 

CRC (42, 44). For CRC, there is convincing evidence that both body fatness and abdominal 

obesity increases the risk, in a clear dose-response relationship (3). In addition to promoting 
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the development of cancer, obesity in terms of increasing BMI is associated with increased 

mortality of cancer (45). Excess visceral adipose tissue has been associated with increased 

tumor progression and reduced survival in CRC patients (46), as obesity may lead to a more 

aggressive CRC phenotype (34). 

The association between obesity and cancer risk may be explained by obesity-related factors 

such as an abnormal lipid profile, insulin resistance, and hyperinsulinemia. Insulin resistance 

and subsequent hyperinsulinemia have been reported to promote tumor growth (47, 48). 

Moreover, adipocytes produce pro-inflammatory factors which stimulate inflammatory 

responses, and thus promote a state of low-grade chronic inflammation in the body. 

Subsequently, this chronic inflammation may promote cancer development (3). 

Excess visceral adipose tissue seems to be more metabolically active (43) and more strongly 

associated with pathological conditions than subcutaneous adipose tissue (49). An excess 

amount of visceral adipose tissue is associated with several metabolic abnormalities, 

including insulin resistance and disturbances in lipid metabolism. In combination with 

elevated blood pressure, a clustering of these metabolic abnormalities is referred to as the 

metabolic syndrome (50).  
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1.3 The metabolic syndrome 

The term metabolic syndrome is defined by the presence of multiple metabolic risk factors for 

CVD and DMT2 (50). In fact, patients with the metabolic syndrome are at twice the risk of 

developing CVD over the next 5-10 years compared to individuals without the syndrome. 

Over a lifetime the risk is definitely even higher. Furthermore, the metabolic syndrome 

represents a 5-fold increase in the risk of DMT2 (50). 

A syndrome is a clustering of factors that co-exist more often than by chance alone, and for 

which the cause is often uncertain (50). The most widely recognized metabolic abnormalities 

in metabolic syndrome are atherogenic dyslipidemia, elevated blood pressure and elevated 

plasma glucose (50). Atherogenic dyslipidemia involves a collection of abnormalities in the 

lipoprotein profile, including elevated serum triglycerides and Apolipoprotein B, increased 

small low density lipoprotein particles (LDL) and reduced levels of high density lipoprotein 

(HDL) cholesterol (51). Persons possessing these abnormalities are often in a pro-thrombotic 

and pro-inflammatory state. In addition, most persons with the metabolic syndrome are 

insulin resistant and have abdominal obesity, both of which are thought to contribute to the 

development of the metabolic abnormalities. However, the mechanisms underlying these 

contributions are not entirely understood (50). 

 Definition of the metabolic syndrome 1.3.1

The associations and clustering of the risk factors for the metabolic syndrome have been 

known for decades (50), but the definition of the syndrome has varied greatly between studies 

(52). Four of the most cited definitions include those from the WHO from 1998 (27), the 

National Cholesterol Education Program’s Adult Treatment Panel definition, known as the 

Adult Treatment Panel III (ATPIII) from 2002 (53), the definition from the American Heart 

Association (AHA) and the National Heart, Lung and Blood Institute (NHLBI) from 2004 

(54) and the definition from the International Diabetes Federation (IDF) published in 2005 

(55) (Table 2). The definition from AHA/NHLBI from 2004 was a modification of the 

ATPIII definition from 2002, and is from now on referred to as the revised ATPIII definition. 

The co-existence of several definitions has led to some confusion regarding the identification 

of patients with metabolic syndrome by clinicians (50). For all the definitions, a certain 

number of criteria of metabolic abnormalities need to be fulfilled for the diagnosis of 
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metabolic syndrome. The metabolic abnormalities that are included in most of the definitions 

comprise dyslipidemia, hypertension, blood glucose and abdominal obesity. The main 

difference between the definitions are concerning the measure for abdominal obesity, being an 

obligatory component in the IDF definition. In addition, the IDF definition has a lower cut-off 

point for waist circumference than the revised ATPIII definition, in addition to being ethnic-

specific. In 2009, the IDF, AHA, NHLBI, World Heart Federation, International 

Atherosclerosis Society and International Association for the Study of Obesity, attempted to 

unify the criteria in a harmonized definition (Table 2) in a joint scientific statement (JSS) 

(50), from now on called the JSS harmonized definition. It was agreed that there should not be 

any absolute criteria, meaning that each metabolic abnormality contributed equally. Three 

metabolic abnormalities out of five would qualify a person for the metabolic syndrome. A 

single set of cut-off points were defined for all components, except for waist circumference, 

for which further work is required. Until an international consensus is defined for waist 

circumference cut-off points, national or regional cut-off points are recommended to be 

incorporated in the screening for metabolic syndrome (50).  
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Table 2 Definitions of the metabolic syndrome 

 WHO 1998 ATPIII 2002 ATPIII 2004 IDF 2005 JSS 2009 

Absolute 

criteria: 

Diabetes, IFG, 

IGT or insulin 

resistance. 

 

 

 Waist 

circumference 

(country-

specific values) 

or BMI > 30 

 

 

 

 Plus 2 or more 

of the following 

3 or more of the 

following 

3 or more of the 

following 

Plus 2 or more 

of the following 

3 or more of the 

following 

Obesity: BMI > 30 

or 

Waist-to-hip 

ratio: 

> 0.90 (men)  

> 0.85 (women) 

Waist 

circumference: 

> 102 cm (men) 

> 88 cm 

(women) 

Waist 

circumference: 

> 102 cm (men) 

> 88 cm 

(women) 

 Waist 

circumference: 

Population-

specific and 

country-specific 

definitions 

Dyslipidemia: TG: 

≥ 1.7 mmol/L 

 

or 

HDL: 

< 0.9 mmol/L 

(men) 

< 1.0 mmol/L 

(women) 

TG: 

 ≥ 1.7 mmol/L 

 

and 

HDL:  

< 1.0 mmol/L 

(men)  

< 1.3 mmol/L 

(women) 

TG: 

 ≥ 1.7 mmol/L 

or medication 

and 

HDL: 

< 1.03 mmol/L 

(men)  

< 1.29 mmol/L 

(women)  

or medication 

TG: 

 ≥ 1.7 mmol/L 

or medication 

and 

HDL: 

< 1.03 mmol/L 

(men)  

< 1.29 mmol/L 

(women)  

or medication 

TG: 

 ≥ 1.7 mmol/L 

or medication 

and 

HDL: 

 < 1.0 mmol/L 

(men) 

< 1.3 mmol/L 

(women) 

or medication 

Hypertension: ≥ 140/90 mmHg 

or medication 

≥ 130/85 mmHg  

 

Systolic ≥ 130 

or diastolic ≥ 85 

mmHg  

or medication 

Systolic ≥ 130 

or diastolic ≥ 85 

mmHg  

or medication 

Systolic ≥ 130 

or diastolic ≥ 85 

mmHg  

or medication 

Fasting plasma 

glucose: 

 ≥ 6.1 mmol/L 

or diabetes 

diagnose 

> 5.6 mmol/L 

or medication 

> 5.6 mmol/L 

or diabetes 

diagnose 

> 5.6 mmol/L 

or medication 

Microalbumin

uria: 

Albumin 

excretion > 20 

μg/min or 

albumin/ 

creatinine ratio 

of > 30 mg/g 

    

Abbreviations: IFG: impaired fasting glucose, IGT: impaired glucose tolerance, BMI: body mass index, TG: 

triglycerides, HDL: HDL-cholesterol.  
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 Epidemiology 1.3.2

There is a rising prevalence of metabolic syndrome worldwide, related largely to the 

increasing obesity and sedentary lifestyle, in addition to aging of the population (50, 52). In 

the Norwegian “Nord-Trøndelag Health Study 2” (HUNT 2), the prevalence of metabolic 

syndrome in adults between 20-89 years was assessed using different definitions of the 

metabolic syndrome. Following the IDF definition the resulting prevalence was higher than 

following the revised ATPIII definition, with total prevalences of 29.6 % and 25.9 %, 

respectively. In the age group ranging from 50-79 years, the prevalence was between 33-45 % 

in men and 30-60 % in women, using the criteria in the IDF definition, and between 30-41 % 

and 26-51 % in men and women, respectively, when using the revised ATPIII definition. 

Regardless of definition, prevalence increased with increasing age (56). The main difference 

between the revised ATPIII and the IDF definitions is that waist circumference is an absolute 

criterion in the IDF definition (Table 2). Park et al. (57) recognized an increase in the 

prevalence from 20 years of age through the sixth and seventh decade of life for men and 

women, respectively. In the U.S., the prevalence of metabolic syndrome among adults over 20 

years of age was 34.4 % in the National Health and Nutrition Examination Survey 

(NHANES). For those aged 60 years and older, prevalence was 51.5 % in men and 54.4 % in 

women, according to the revised ATPIII definition (58). 

Reported prevalence of metabolic syndrome in CRC populations varies between 32-42 %, 

depending on choice of definition and tumor location (59, 60). The European Prospective 

Investigation into Cancer and Nutrition (EPIC) study investigated the prevalence of metabolic 

syndrome in 1093 participants developing CRC. The revised ATPIII definition identified a 

prevalence of 32.0 %. Using the IDF definition, prevalence was 38.8 %. Finally, the JSS 

harmonized definition, which has population specific cut-offs for waist circumference and no 

absolute criteria identified a prevalence of 42.1 %. Regardless of definition, prevalence was 

higher in cases of cancer in the colon rather than the rectum (60). A prospective cohort study 

from the U.S. with 14.109 participants identified 194 CRC cases. Prevalence of metabolic 

syndrome in the participants with CRC was 34.5 % in men and 34.2 % in women, using the 

revised ATPIII definition (59).  
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 Risk factors and pathogenesis 1.3.3

Risk factors such as obesity, physical inactivity and an atherogenic diet (i.e. rich in saturated 

fat and cholesterol (54)) are considered as the driving forces behind the syndrome (61) and 

often causes clinical manifestations (51). The metabolic syndrome appears to be more 

frequent in genetically predisposed persons due to an observed clustering of the syndrome in 

families. So-called thrifty genes, having ensured favorable energy storage during fasting, 

could be a contributor to the metabolic syndrome phenotype (62). In addition, abdominal 

obesity, endocrine disorders, aging, race, socioeconomic status, and birth weight are among 

the factors influencing presence of the metabolic syndrome (61, 63). 

Although both abdominal obesity and insulin resistance appear to contribute to the 

development of the metabolic abnormalities constituting the metabolic syndrome, the 

underlying mechanisms are not fully understood (50). Patients of normal weight can also be 

“metabolically obese”, in terms of being hyperinsulinemic, insulin resistant and predisposed 

to DMT2, hypertriglyceridemia, and premature coronary heart disease. The specific factors 

that appear to lead to insulin resistance in individuals with normal weight, as well as in obese 

individuals, include central fat distribution, inactivity and a low maximal oxygen uptake 

(VO2 max) (64). 

The most recognized and unifying hypothesis to describe the pathophysiology of the 

metabolic syndrome is insulin resistance (51). Insulin resistance is defined as a 

pathophysiological condition where a normal insulin concentration is unable to produce a 

normal insulin response in peripheral target tissues such as adipose, muscle and liver (65). 

This situation makes the pancreatic β-cells secrete more insulin to handle the hyperglycemia 

in insulin resistant individuals. This condition, hyperinsulinemia, may to some extent 

compensate for insulin resistance and maintain normal glucose concentrations. However, in 

insulin sensitive tissues, it may cause an overexpression of insulin activity (66). 

An excessive amount of circulating fatty acids is a major contributor to the development of 

insulin resistance. These plasma albumin-bound free fatty acids (FFA’s) originate primarily 

from adipose tissue triglyceride stores. When excessive fatty acids reach insulin sensitive 

tissues, the substrate availability and downstream signaling cause insulin resistance (51) by 

inhibiting insulin-mediated glucose uptake (65). As inhibition of lipolysis in adipose tissue is 

one of the most sensitive pathways of insulin action (67), insulin resistance leads to increased 

lipolysis of triglycerides in adipose tissue producing more FFA’s, which could further inhibit 
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the anti-lipolytic effect of insulin, creating additional lipolysis (51). In addition, chronic 

exposure of FFA’s impair pancreatic β-cell function (65). 

There are two major lipoprotein disturbances in the metabolic syndrome. As 

hypertriglyceridemia is an excellent reflection of the insulin resistant condition, it is one of 

the criteria for diagnosis of the metabolic syndrome. An increased flux of FFA’s to the liver 

causes an increased production of triglyceride-rich very low density lipoproteins (VLDL). 

Under physiological conditions, insulin inhibits the secretion of VLDL into the systemic 

circulation. In an insulin resistant person, increased flux of FFA’s to the liver will increase 

hepatic triglyceride synthesis (51). 

The other major disturbance of lipoproteins in the metabolic syndrome is a reduction in HDL-

cholesterol, which is a consequence of changes in HDL composition and metabolism caused 

by insulin resistance (51). This reduction is caused by a decrease in the cholesteryl ester 

content of the lipoprotein core in the HDL molecule in the presence of hypertriglyceridemia, 

making the molecule small and dense (68). The change in the composition of the lipoprotein 

also increases the clearance of circulating HDL-cholesterol from the circulation (69). 

Hypertension is frequently associated with several metabolic abnormalities, with obesity, 

glucose intolerance and dyslipidemia being the most common (70). The relationship between 

insulin resistance and hypertension relates to several mechanisms (51). Insulin has a 

vasodilating effect when given intravenously to normal-weight persons, but this effect can 

cease in an insulin resistant person (51). Hyperglycemia and hyperinsulinemia may activate 

the renin-angiotensin-system which may contribute to the development of hypertension in 

patients with insulin resistance (65). In addition, evidence show that insulin resistance and 

hyperinsulinemia may lead to activation of the sympathetic nervous system, resulting in 

increased sodium reabsorption, increased cardiac output and vasoconstriction of the arteries 

(71). 

There are several other pathophysiological changes related to insulin resistance that are not 

included in the diagnostic criteria for the metabolic syndrome, such as increased uric acid, 

pro-thrombotic factors, serum viscosity, homocysteine, microalbuminuria, non-alcoholic fatty 

liver disease, non-alcoholic steatohepatitis and sleep apnea. Smoking and having a sedentary 

lifestyle may also contribute to several of the metabolic abnormalities of the syndrome (51). 
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There is also a well-documented association between inflammation and the metabolic 

syndrome. The increases in pro-inflammatory cytokines, including interleukin 6 (IL-6), 

resistin, tumor necrosis factor α (TNF- α) and C reactive protein (CRP) are caused by an 

overproduction by the increased adipose tissue mass (72). Adiponectin is an anti-

inflammatory cytokine produced by adipocytes that enhances insulin sensitivity and inhibits 

several steps in the inflammatory process (73). When adipose tissue mass increases, less 

adiponectin is secreted (72). 

A factor structure of the metabolic syndrome representing the metabolic abnormalities 

constituting the JSS harmonized definition (50) is presented in Figure 2. 

 

Figure 2 Factor structure of the metabolic syndrome according to the JSS harmonized 

definition 
The figure is inspired by the factor structure presented by Shen et al. (74).  
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 Treatment of metabolic syndrome 1.3.4

The goals of the treatment of metabolic syndrome are to reduce the risk of CVD and DMT2, 

both short-term and lifetime risk (65). The underlying risk factors that often causes clinical 

manifestations should be managed, independent of an individual’s risk status (51). The 

clinical management of metabolic syndrome involves strategies to reverse physiological and 

metabolic risk factors such as obesity, physical inactivity, atherogenic dyslipidemia, elevated 

blood pressure and elevated fasting glucose. The key treatment principles in the clinical 

management of patients with the metabolic syndrome are to identify patients at risk as early 

as possible and initiate treatment at an early time point, and offer regular follow-up (75). For a 

majority of the patients, the first step is to adopt a healthier lifestyle, particularly by reducing 

body weight and increasing physical activity. Although lifestyle changes may be sufficient to 

reduce the risk of DMT2 and CVD, patients may also benefit from medical treatment (75). A 

summary of the most common treatment approaches regarding the metabolic abnormalities 

constituting the metabolic syndrome is presented below. In addition, an overview of targets, 

goals, and recommendations for clinical management of metabolic syndrome produced by 

Eckel et al. (51) is reproduced in its entirety in Table 3, with permission.  



17 

 

Table 3 Targets, goals, and recommendations for clinical management of metabolic 

syndrome 

 
 Therapeutic goals and recommendations 

  
Abdominal obesity Goal: 10% weight loss first year, thereafter continued weight loss or maintain weight 

Recommendation: caloric restriction; regular exercise; behaviour modification 
  
Physical inactivity Goal: regular moderate-intensity physical activity 

Recommendation: 30–60 min moderate-intensity exercise daily 

  
Atherogenic diet Goals: reduced intakes of saturated fats, trans fats and cholesterol 

Recommendations: saturated fat,7% of total calories; reduce trans fat; dietary 

cholesterol >200mg daily; total fat 25–35% of total calories 

  
Cigarette smoking Goal and recommendation: complete smoking cessation 

  
LDL-C Goals: High-risk patients

*
 – LDL cholesterol <1 g/L (2·6 mmol/L) 

Therapeutic option – LDL cholesterol <0·7 g/l (1·8 mmol/L) 

Moderately high-risk patients
†
 – LDL cholesterol <1·3 g/L (3·4 mmol/L) 

Therapeutic option – LDL cholesterol <1 g/L (2·6 mmol/L) 

Moderate-risk patients
‡
 – LDL cholesterol <1·3 g/L (3·4 mmol/L) 

Recommendations: high-risk patients—lifestyle therapies
§
 and LDL-cholesterol 

lowering drug to achieve recommended goal 

Moderately high-risk patients – lifestyle therapies; add LDL-cholesterol lowering drug 

if necessary to achieve recommended goal when baseline LDL cholesterol ≥1·3 g/L 

(3·4mmol/L) 

Moderate risk patients – lifestyle therapies; add LDL-cholesterol lowering drug if 

necessary to achieve recommended goal when baseline LDL cholesterol ≥1·6 g/L (4·1 

mmol/L) 

  
High triglyceride or 

low HDL-C 

Goal: insufficient data to establish goal 

Recommendation: High-risk patients – consider adding fibrate (preferably fenofibrate) 

or nicotinic acid to LDL-lowering drug therapy 

  
Elevated blood 

pressure 

Goals: blood pressure <135/<85 mm Hg. For diabetes or chronic kidney disease: blood 

pressure <130/80 mm Hg 

Recommendation: lifestyle therapies; add antihypertensive drug(s) when necessary to 

achieve goals of therapy 

  
Elevated glucose Goal: maintenance or reduction in fasting glucose if >1 g/L (5·5 mmol/L). 

Haemoglobin A1C <7·0% for diabetes 

Recommendation: lifestyle therapies; add hypoglycaemic agents as necessary to 

achieve goal fasting glucose or haemoglobin A1C 

  
Prothrombotic state Goal: reduction of prothrombotic state 

Recommendation: High-risk patients – initiate low-dose aspirin therapy; consider 

clopidogrel if aspirin is contraindicated 

Moderately high-risk patients – consider low-dose aspirin therapy 

  
Proinflammatory state Recommendations: no specific therapies 

* High-risk patients: those with established atherosclerotic cardiovascular disease, diabetes, or 10-year risk for 

coronary heart disease >20%. 

† Moderately high-risk patients: those with 10-year risk for coronary heart disease 10–20%. 

‡ Moderate risk patients: those with metabolic syndrome but 10-year risk for coronary heart disease <10%. 

§ Lifestyle therapies include weight reduction, regular exercise, and antiatherogenic diet. 

The table is taken from Eckel et al. (51) with permission.  

http://www.sciencedirect.com/science/article/pii/S0140673605663787#tbl2fn1
http://www.sciencedirect.com/science/article/pii/S0140673605663787#tbl2fn2
http://www.sciencedirect.com/science/article/pii/S0140673605663787#tbl2fn3
http://www.sciencedirect.com/science/article/pii/S0140673605663787#tbl2fn4


18 

 

Reduction of abdominal obesity 

The global obesity epidemic has been an important driving force in the recognition of the 

metabolic syndrome (51), and several definitions of the metabolic syndrome includes waist 

circumference (50, 53-55). The clinical diagnosis of the metabolic syndrome does not 

distinguish between increases in subcutaneous and visceral fat (51). Because abdominal 

obesity is the body fat parameter most closely associated with the metabolic syndrome (76), 

an effective weight reduction improves all metabolic abnormalities of the metabolic 

syndrome, with a further reduction of DMT2 risk (77). Regular physical activity will also 

improve all metabolic abnormalities of the syndrome (51). For overweight and obese patients, 

a realistic goal for reduction of body weight is 7-10 % over a period of 6-12 months (76). 

Preferred dietary principles for individuals with the metabolic syndrome includes low intake 

of saturated fat, trans fat, and cholesterol, reduced sugar intake, and increased intake of fruits, 

vegetables and whole grains (53). However, principles regarding the relative amounts of 

unsaturated fat and carbohydrates in the diet are more controversial (78). 

Treatment of dyslipidemia 

Patients with the metabolic syndrome have a complex cluster of lipid abnormalities, and 

optimal management of lipid levels is important to reduce the risk of CVD in patients with the 

metabolic syndrome (75). Several strategies for reduction of dyslipidemia are used (75). In 

high risk patients with metabolic syndrome, statins reduce the risk of major CVD events by 

reducing all Apo B containing lipoproteins (51) and are considered to be the most effective 

type of drug due to minimal drug-drug interactions and side effects (65). To achieve target 

levels of triglycerides, HDL-cholesterol and non-HDL-cholesterol, statins can be combined 

with fibrates and/or niacin (65). Fibrates reduce atherogenic dyslipidemia and seem to reduce 

the risk of CVD in patients with the metabolic syndrome (79). The combination of fibrates 

and statins is beneficial in terms of reducing atherogenic dyslipidemia, but increases the risk 

of myopathy (51, 65). Niacin has positive effects on most of the abnormalities in 

dyslipidemia, but many patients experience flushing as a side effect (65). Therefore, some 

patients find it difficult to take on a long-term basis (51). Niacin may raise glucose 

concentrations in patients with impaired fasting glucose (IFG) or impaired glucose tolerance 

(IGT), and should therefore be given in low doses and under careful monitoring in these 

patients (80). With the exception of niacin, lipid-altering drugs do not affect insulin sensitivity 

or weight (51). 
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Treatment of elevated blood pressure 

Moderate elevations in blood pressure may be controlled by lifestyle changes, but 

antihypertensive drugs are usually required to prevent adverse long-term effects associated to 

hypertension, such as myocardial infarction, stroke and chronic kidney disease (81). A 

reduction in blood pressure reduces major CVD, also in patients with DMT2 (51). Most 

patients in the need for antihypertensive drugs will need more than one drug type to achieve 

sufficient reductions in blood pressure. Angiotensin converting enzyme (ACE) inhibitors or 

angiotensin receptor blockers (ARB’s) are proposed to being the first-line treatment of 

hypertension in patients with metabolic syndrome. Thiazide diuretics or β-adrenergic blockers 

are frequently used in the second-line treatment (65). β-adrenergic blockers and thiazide 

diuretics might decrease insulin sensitivity. ACE inhibitors and ARB’s seem to decrease the 

incidence of DMT2, but the mechanisms are uncertain (51). 

Treatment of elevated blood glucose 

Lifestyle changes may also reduce the risk of DMT2 in patients with pre-diabetes, in terms of 

IFG and IGT (65). Patients with DMT2 obtaining other features of the metabolic syndrome 

are at particularly high risk of CVD, and priority should be given to treatment of dyslipidemia 

and hypertension (51). Use of glucose-lowering, antihypertensive and lipid-altering drugs 

may have an impact on insulin sensitivity and bodyweight (51). Metformin and 

thiazolidinedione’s improve insulin sensitivity but have opposite effects on body weight, as 

metformin may have the potential to reduce weight whereas thiazolidinedione’s may increase 

it (82). Patients treated with insulin secreting drugs and insulin may experience an increase in 

weight, primarily due to improved glycemic control and an increase in calorie intake as a 

result of hypoglycemia (51). 

Effects of dietary interventions in CRC patients 

There is increasing evidence for diet and physical activity to have a significant influence on 

cancer recurrence, survival and quality of life among cancer survivors (83). The majority of 

studies conducted on the effect of diet and lifestyle interventions after a cancer diagnosis have 

been done for cancers of the breast, prostate and lung, and very few have focused on CRC 

(84). However, a few studies have found effects of dietary interventions on biomarkers of 

metabolic syndrome in CRC patients (85, 86). Dietary changes and physical activity are 

important parts of the primary treatment for the metabolic syndrome (75). Still, more studies 
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are warranted in order to determine whether such changes can reduce the prevalence of 

metabolic syndrome in CRC patients. 

1.4 Metabolic syndrome and CRC 

Several clinical studies have shown that metabolic syndrome is linked to CRC, with 

abdominal obesity and insulin resistance being the major players (87) in a complex cascade of 

mechanisms (88). A meta-analysis of 15 studies (six case-control and nine cohort studies) 

conducted in 2005, found a 30 % increased risk of CRC in individuals with DMT2, compared 

to individuals without DMT2 (89). In a case-control study by Ulaganthan et al. (90), they also 

found that the risk of CRC not only increased by metabolic syndrome as such, but also that 

the components of the metabolic syndrome appear to have an additive effect on colon cancer 

development. Thus, by decreasing even one or two of the components of the metabolic 

syndrome, it may be possible to reduce the overall risk of incident of CRC. As the prevalence 

of obesity is increasing and the western world adopts a more sedentary lifestyle, there are 

reasons to believe that the prevalence of metabolic syndrome is also increasing (50, 52). 

CRC is one of the most common cancer types in Norway, and colon cancer incidence and 

mortality are among the highest in the Nordic countries, and Norwegian women have the 

highest incidence rates in Europe (5). The fact that metabolic syndrome and CRC shares 

many common risk factors (obesity, physical inactivity, unhealthy diet) makes it of great 

importance to study the mechanisms linking the two conditions. 
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2 Aims of the thesis 

Preliminary analysis within the ongoing clinical intervention trial on CRC patients, the CRC-

NORDIET Study, show that a large proportion of the participants are overweight or obese, 

which might indicate a high prevalence of the metabolic syndrome. 

To the best of our knowledge, the prevalence of metabolic syndrome in CRC patients in 

Norway has not been assessed. The overall aim of this thesis was therefore to assess the 

prevalence of metabolic syndrome in the CRC-NORDIET Study.  

The specific objectives of the master thesis were to: 

 Identify the prevalence of metabolic syndrome within the CRC population at baseline. 

 Test whether anthropometric measures (weight, BMI, waist circumference, hip 

circumference, waist-to-hip ratio, and waist-to-height ratio) are associated with 

biomarkers of the metabolic syndrome (fasting glucose, blood pressure, triglycerides 

and HDL-cholesterol). 

 Compare the prevalence of metabolic syndrome in the CRC population with data from 

the “Nord-Trøndelag Health Study 3” (HUNT 3), and evaluate whether HUNT 3 is 

suitable as a reference population for this comparison. 

 Study the effect of a six months diet and lifestyle intervention on the metabolic 

abnormalities constituting the metabolic syndrome (fasting glucose, blood pressure, 

waist circumference, triglycerides and HDL-cholesterol) in CRC survivors. 
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3 Materials 

This chapter provides a list of materials and equipment used for handling and analysis of 

blood samples in the laboratory at The Department of Nutrition, and software used for both 

blood sample analysis and writing of this thesis. 

3.1 Kits 

Kits Manufacturer Location  

MaxCal Multi Calibrator ERBA Diagnostics Montpellier, France 

HDL-cholesterol Calibrator ERBA Diagnostics Montpellier, France 

MaxTrol N Multi Control (standard) ERBA Diagnostics Montpellier, France 

MaxTrol P Multi Control (standard) ERBA Diagnostics Montpellier, France 

Glucose PAP (reagent) MaxMat S.A. Montpellier, France 

Total Cholesterol (reagent) ERBA Diagnostics Montpellier, France 

HDL-cholesterol (reagent) ERBA Diagnostics Montpellier, France 

Triglycerides (reagent) ERBA Diagnostics Montpellier, France 

 

3.2 Equipment 

Equipment Manufacturer Location  

Vacutainer tubes Becton, Dickinson & Company Franklin Lakes, NJ, USA 

96-well micro plates MaxMat S.A. Montpellier, France 

Adaptors 5 ml MaxMat S.A. Montpellier, France 

Adaptors 10 ml MaxMat S.A. Montpellier, France 

Micro tubes 1.5 ml  MaxMat S.A. Montpellier, France 

Plastic tubes 5 ml MaxMat S.A. Montpellier, France 

Plastic tubes 10 ml MaxMat S.A. Montpellier, France 

Extended Fine Tip Mini 

Pastettes 

Alpha Laboratories Limited Eastleigh, U.K. 
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3.3 Chemicals 

Chemical/compound Manufacturer Location  

Milli-Q water Millipore Molsheim, France 

NaCl 9 mg/ml B. Braun Melsungen, Germany 

 

3.4 Instruments 

Instrument Manufacturer Location  

Allegra 2 IR Centrifuge Beckman Coulter Dan Meszansky AS, Oslo, Norway 

MaxMat PLII MaxMat S.A. Montpellier, France 

 

3.5 Software 

Software package Manufacturer Location  

Microsoft Office 2010 Microsoft Corporation Redmond, WA, USA 

IBM SPSS Statistics 20.0 SPSS Inc. Chicago, IL, USA 

Endnote X7 Thomson Reuters Philadelphia, PA, USA 

MaxMat PL Manager MaxMat S.A. Montpellier, France 
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4 Subjects and methods 

4.1 Study design 

The CRC-NORDIET Study is an ongoing large multicenter randomized controlled, parallel 

two-arm one-year intervention trial. Participants are recruited approximately one day prior to 

surgery. Before intervention start, they are randomized to intervention group A (receiving a 

diet and physical activity intervention) or B (receiving a physical activity intervention). The 

diet intervention is based on the new Norwegian food-based dietary guidelines, focusing on 

increasing intake of foods that may reduce inflammation and oxidative stress, such as fruits, 

vegetables, berries, wholegrain and fish. Intake of red and processed meat, salt, added sugar 

and energy-rich foods should be limited. Approximately two months after surgery, 

participants are invited to baseline of the intervention. The intervention will last for 12 

months, with follow-ups at 6 and 12 months and 1, 3, 5, 7, 10 and 15 years after baseline. 

Data for this thesis are primarily collected from baseline and the six months follow-up visit. A 

schematic overview of the study design with corresponding measurements and tests is 

presented in Figure 3.  
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Figure 3 Overview of the study design with corresponding measurements and tests.  

The CRC-NORDIET Study is a randomized controlled trial including a one-year intervention period. Patients are 

invited to the CRC-NORDIET Study prior to CRC surgery. They are then randomized to intervention group A 

(diet and physical activity) and B (physical activity). Two months after surgery, patients are invited to the study 

center for baseline of the intervention. Participants are thereafter followed at 6 and 12 months, and at 1, 3, 5, 7, 

10 and 15 years. The assessment period relevant for this thesis is highlighted in the figure. Relevant assessment 

methods for this thesis are marked in bold. The figure is obtained from the project description of the CRC-

NORDIET Study with permission.  
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4.2 Subjects 

The participants in the CRC-NORDIET Study are patients recruited from hospitals within the 

“South-Eastern Norway Regional Health Authority”. Men and women between 50-80 years of 

age, treated for stage I-III CRC (according to the tumor-node-metastasis staging system 

published by the AJCC and the Union of International Cancer Control (91)), is included in the 

study. In this master thesis, participants reaching baseline by January 2014 were included in 

the characterization of the study participants (n=59). Participants reaching the six months 

follow-up by January 2014 were included in the measurements of the effects of the 

intervention (n=29). A flow chart of the recruitment and inclusion process, including relevant 

samples and tests, is shown in Figure 4. 

To compare prevalence of metabolic syndrome with a normal reference population, data from 

the third “Nord-Trøndelag Health Study” (HUNT 3) completed in June 2008 was used. This 

is a longitudinal population health study. Out of 93.210 invited, 48.289 decided to participate 

(52 % participation rate). 27.018 were aged 50-80 years, and thus eligible for the comparison 

between the CRC-NORDIET Study group and the HUNT 3 group. 

4.3 Ethics 

The “Norwegian Dietary Guidelines and Colorectal Cancer Survival Study” is registered in 

ClinicalTrial.gov (ID no. NCT01570010), and approved by The National Committee for 

Medical and Health Research Ethics in Norway (REC no. 2011/836).  
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Figure 4 Flowchart of the recruitments and inclusion process, including distribution of 

relevant measurements and samples. By January 2014, 125 patients invited to the study decided to 

participate. One patient withdrew consent after recruitment and patient material were thereby destroyed. The 

remaining study population consisted of 124 participants pre-surgery. Out of these, 59 participants completed 

baseline by January 2014, and 29 completed the six months follow-up visit by the same time period. Numbers 

highlighted in blue represents the intervention group. Numbers highlighted in red represents the control group.  
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4.4 Methods 

Information on different measurements performed on the CRC-NORDIET Study group is 

presented in detail in this chapter. The same set of measurements was performed at both 

baseline and the six months follow-up visit. Information on the methods performed on the 

HUNT 3 population is summarized at the end of the chapter. 

 Assessment of personal and clinicopathological characteristics 4.4.1

Information on personal and clinicopathological characteristics for the 59 study participants 

included in the baseline characteristics was collected from food frequency questionnaires 

(FFQs) and medical records. Information on smoking status was available from FFQs for 56 

of the participants. Information on cancer localization, TNM stage, comorbid conditions and 

medication use was available from medical records. Medication use registered in connection 

with hospitalization at the time of invitation was included. Cancer localization and 

comorbidity was assessed using the International Classification of Diseases 10 (ICD-10) 

coding system. All comorbidities registered in connection with hospitalization at the time of 

invitation were included. Comorbid conditions registered without an ICD-10 code were also 

recorded. Comorbidities were grouped into the following categories: CVD, hypertension, 

diabetes mellitus type 1 (DMT1), DMT2, hyperlipidemia, liver disease, kidney disease, gastro 

intestinal diseases (GI diseases), musculoskeletal and connective tissue diseases (MS/CT 

diseases), COPD, neurological diseases and metabolic diseases. When available, TNM stage 

assessed by the pathologist after surgery was used. In the remaining cases, stage was 

determined based on information recorded by the surgeon. For two of the participants, 

information on definite TNM stage was not available.  
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 Anthropometric measures and blood pressure 4.4.2

Anthropometric measures 

All measurements were performed in the morning. Participants were asked to show up in a 

fasting state. Weight and height were measured with light clothing, empty pockets and shoes 

taken off. Measurements were not adjusted for overnight fasting. All 59 participants at 

baseline and all 29 participants at six months follow-up performed all measurements. 

Weight was measured using a Marsden MS-4203 (Marsden, Henley-on-Thames, UK) digital 

portable scale. A value of 0.5 kg was subtracted from weight measures to compensate for 

clothing. Measurements were recorded to the nearest 0.1 kg. Height was measured using a 

Kern MSF 200 (KERN & SOHN, Balingen, DE) mechanical height rod. The participant were 

standing firmly against the wall with a straight back and the head in a horizontal position, 

with heels, buttocks, upper back and the back of the head touching the wall. The height rod 

was placed perpendicular to the head, and the measurements were recorded to the nearest 0.1 

cm. Waist circumference and hip circumference were measured using a stretch-resistant 

measuring tape (Clas Ohlson, Insjön, SE) at a level parallel to the floor. Waist circumference 

was measured at the midpoint between the top of the iliac crest and the lower margin of the 

last palpable rib in the mid axillary line. Hip circumference was measured at the largest 

circumference at the hips and buttocks, at the height of the hip socket. Measurements were 

recorded to the nearest 0.1 cm. 

BMI is a simple index of weight-for-height used to classify underweight, overweight and 

obesity in adults (36). Waist-to-hip ratio (WHR) is defined as waist circumference in 

centimeters divided by hip circumference in centimeters and is a measure on body fat 

distribution (39). A WHR ≥ 0.90 in men and ≥ 0.85 in women is associated with a 

substantially increased risk of metabolic complications (39). Waist-to-height ratio (WHtR) is 

defined as waist circumference in centimeters divided by height in centimeters, and is 

suggested as a better screening tool than waist circumference and BMI for cardiometabolic 

risk factors in adults. A WHtR ≥ 0.50 is associated with a substantially increased 

cardiometabolic risk (92). BMI, WHR and WHtR were calculated in IBM SPSS Statistics 

20.0 (SPSS Inc., Chicago, IL USA). 

There are discrepancies in the use of the term “anthropometric measures”, as some authors 

distinguishes between anthropometry (measures on body size) and body composition (10) and 
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others place all measurements on body size and body composition under the term 

anthropometry (93). For simplicity, the term “anthropometry” is used for weight, BMI, waist 

circumference, hip circumference, WHR and WHtR throughout this thesis. 

Blood pressure 

Blood pressure was measured with the participant in a sitting position using a CARESCAPE 

V100 monitor (GE Healthcare, Chalfont St. Giles, UK) directly following a 10-minute rest. In 

addition, participants rested for five minutes with the cuff placed on their upper arm before 

measurements were performed. Four repeated measurements were performed with 1-minute 

intervals between each measurement. For calculation of blood pressure, the average of the 

three last measurements was used. 

 Oral glucose tolerance test (OGTT) 4.4.3

All participants were asked to take an OGTT. Exclusion criteria for OGTT were diagnose of 

DMT1 or insulin-dependent DMT2, fasting blood glucose ≥ 10 mmol/L measured at the study 

center the same morning, or the participant meeting non-fasting. The OGTT was completed 

by 47 out of 59 participants at baseline and 23 out of 29 participants at the six months follow-

up visit. 

The glucose solution was prepared either the same morning or in the afternoon or evening 

before. D-(+)-Glucose (75 g) (Merck-Millipore, Darmstadt, DE) was weighed in a disposable 

cup, and transferred to a sterilized glass by a sterilized spoon. Boiling water was added to a 

total volume of 4 dl, followed by stirring with the sterilized spoon until the glucose was 

completely dissolved. The glass was covered with aluminum foil and stored at 4 ºC until time 

of consumption. The participants were asked to consume the solution within 5-10 minutes. 

Blood samples were drawn before consumption of the glucose solution, and two hours after 

the participants had finished drinking the solution.  
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 Laboratory analysis 4.4.4

Blood collection, processing and storage 

Blood samples were collected at baseline and at the six months follow-up visit. Venous whole 

blood was collected by venipuncture by trained personnel in Vacutainer® tubes for serum 

blood collection (no. 367953) and centrifuged for 10 minutes at 1500 G. The serum was 

divided into aliquots and immediately frozen at -80 °C. At the day of analysis, samples were 

thawed in a controlled manner, and properly mixed prior to use. Serum obtained from venous 

whole blood was collected in 58 out of 59 participants at baseline and 28 out of 29 

participants at the six month follow-up, as one participant did not wish to take blood tests. 

Measuring glucose, triglycerides, total cholesterol and HDL-cholesterol 

To determine concentrations of glucose, triglycerides, total cholesterol and HDL-cholesterol 

before and after the OGTT at both visits, the serum samples were analyzed using MaxMat 

PLII compact platform system for Clinical Chemistry testing (Maxmat SA, Montpellier, 

France) according to the manufacturer’s instructions. All calibrators, reagents and controls 

were purchased from MAXMAT S.A. After thawing, serum was transferred to 1.5 ml micro 

tubes tailored to the MaxMat PLII instrument. All controls were measured within the 

expected variation ranges. Concentrations were calculated based on calibration curves made 

from the standards included in the kits. All samples gave measurable concentrations except 

for one sample where total cholesterol concentration was below the detection limit and seven 

samples where triglyceride concentration was below the detection limit. These samples were 

not included in the further analyses. Three participants at baseline and two participants at the 

six months follow-up visit did not meet in a fasting state, and serum biomarkers from these 

participants were thus not included in the analyses. 

To summarize, measurements of glucose, triglycerides, HDL-cholesterol and total cholesterol 

at baseline were available for 55, 52, 54 and 53 participants, respectively. Two of the 47 

participants taking the OGTT were not fasting. Thus, after OGTT measurements of glucose, 

triglycerides, HDL-cholesterol and total cholesterol were available for 45, 43, 44 and 45 

participants, respectively. At the six months follow-up visit, measurements of all serum 

biomarkers were available for 26 participants. After OGTT measurements of all serum 

biomarkers were available for all 23 participants taking the OGTT, except for triglycerides, 

where 20 measurements were available. 
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 Data from the HUNT study 4.4.5

On our request to the HUNT Research Centre we received a HUNT 3 dataset consisting of 

age, sex, weight, height, BMI, waist circumference, blood pressure, and information on 

diabetes diagnose, glucose-lowering and antihypertensive drug use, hours since last meal, and 

non-fasting serum concentrations of glucose, triglycerides, total cholesterol and HDL-

cholesterol. Information following the dataset from the HUNT Research Centre and an article 

describing the HUNT 3 cohort (94) provided information on sampling methods. 

Weight and height was measured with the participants wearing light clothes without shoes. 

Weight was given in kilos with one decimal, and height given in centimeters with one 

decimal. Waist circumference was measured after maximal expiration, at level of the navel or 

midway between the bottom of the ribs and the top of the hip bone if the latter was largest, to 

the nearest cm using a KaWe 43972 stretch resistant measuring tape (Kirchner & Wilhelm, 

Asperg, DE). 

Blood pressure was measured in a sitting position according to standardized methods, using a 

DINAMAP XL 9301 (Johnson&Johnson Medical Inc, New Brunswick, NJ, USA), resting for 

two minutes with the cuff on the participants arm. Three repeated measurements were 

performed with 1-minute intervals between each measurement. For calculation of blood 

pressure, the average of the two last measurements was used. Due to high degree of sick-leave 

among the technicians, a high number of participants had their blood pressure measured twice 

instead of three times. For these participants, the mean blood pressure between measurement 

two and three was replaced by measurement two. Blood pressure was registered to the nearest 

2 mmHg. 

Blood samples (non-fasting) were taken, and serum separated and refrigerated for analysis. 

Analysis of triglycerides (Glyserol Phosphate Oxidase methodology, reagent kit: 7D74 

Triglyceride (Abbot, Clinical Chemistry, USA)), HDL-cholesterol (Accelerator Selective 

Detergent methodology, reagent kit: 3K33-20 (30-4005/R4) Ultra HDL (Abbot, Clinical 

Chemistry, USA)), total cholesterol (Enzymatic Cholesterol Esterase methodology, reagent 

kit: 7D62-20 (30-3126/R3) Cholesterol (Abbot, Clinical Chemistry, USA)) and glucose 

(Hexokinase/G-6-PDH methodology, reagent kit: 3L82-20 (9000 tests) or 3L82-40 (15000 

tests) (30-3941/R4) Glucose (Abbot, Clinical Chemistry, USA)) were conducted on an 

Architect ci8200 (Abbott Diagnostic, Longford, Ireland) by Levanger Hospital, Levanger, 

Norway. 
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 Metabolic syndrome score development 4.4.6

The prevalence of metabolic syndrome was assessed using the JSS harmonized definition 

from 2009 (50), where thresholds for waist circumference are population- and country-

specific. In this thesis, cut-off points for waist circumference were set to ≥ 102 cm in men 

and ≥ 88 cm in women, using thresholds for European populations (39). Those identified with 

three or more of the five metabolic abnormalities were classified as having metabolic 

syndrome. To clarify, this makes the JSS harmonized definition used in this thesis identical to 

the revised ATPIII definition. The metabolic syndrome score was defined as the number of 

metabolic abnormalities of the metabolic syndrome. The prevalence of metabolic syndrome in 

the CRC-NORDIET Study group was assessed using the complete JSS harmonized definition. 

In the comparison between the CRC-NORDIET Study and HUNT 3, a modified version had 

to be used, due to lack of information on some of the components in the HUNT 3 group. An 

overview of the two definitions used in this thesis is presented in Table 4. 

The modified version, used to compare the CRC-NORDIET Study and HUNT 3, does not 

take into account use of triglyceride-lowering drugs and HDL-cholesterol increasing drugs as 

this information was not available for the HUNT 3 group. In addition, non-fasting serum 

samples were collected in the HUNT 3 group which is in contrast to the CRC-NORDIET 

Study material which was fasting samples. However, information on hours since last meal 

was available for the HUNT 3 material, and a cut-off of ≥ six hours since last meal was 

chosen. This cut-off was based on literature on other non-fasting groups (57, 95, 96) and 

articles discussing fasting versus non-fasting specimens (97, 98) based on both HUNT 

material and other studies.  
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Table 4 Definitions used to identify prevalence of metabolic syndrome according to the 

JSS harmonized definition (50) 

Metabolic abnormality CRC-NORDIET Study 
CRC-NORDIET Study  

and HUNT 3 

   

Waist circumference ≥ 88 cm in females ≥ 88 cm in females 

 ≥ 102 in males ≥ 102 in males 

  

    

Triglycerides ≥ 1.7 mmol/L ≥ 1.7 mmol/L 

 

or drug treatment for elevated 

triglycerides  

   

   

HDL-cholesterol < 1.3 mmol/L in females < 1.3 mmol/L in females 

 < 1.0 mmol/L in males < 1.0 mmol/L in males 

 

or drug treatment for reduced 

HDL-cholesterol 

 

 

 

  

Blood pressure Systolic ≥ 130 mmHg Systolic ≥ 130 mmHg 

 Diastolic ≥ 85 mmHg Diastolic ≥ 85 mmHg 

 

or antihypertensive drug  

treatment 

or antihypertensive drug 

treatment 

  

    

Glucose ≥ 5.6 mmol/L 

or drug treatment for elevated 

glucose 

drug treatment for elevated 

glucose 

   

Metabolic syndrome ≥ three metabolic abnormalities 
≥ three metabolic 

abnormalities 
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4.5 Statistical analyses 

Statistical analyses were conducted with SPSS Statistics for Windows, version 20.0. Normally 

distributed variables are expressed as means with standard deviations. Non-normally 

distributed variables are expressed as medians with quartiles. Categorical variables are 

expressed as frequencies and percentages. P-values are presented with three decimals, and p-

values below 0.05 were considered significant. P-values are not adjusted for multiple testing, 

and are therefore presented as nominal p-values. 

Most variables within the CRC-NORDIET Study participants at baseline were normally 

distributed, except for glucose and triglycerides before OGTT, and glucose and HDL-

cholesterol after OGTT, which were non-normally distributed. None of the variables within 

the HUNT 3 participants were normally distributed. Tables comparing the CRC-NORDIET 

Study with HUNT 3 are presented as medians with quartiles to ensure comparability. 

When comparing groups, T-tests and Mann-Whitney tests were performed for continuous 

variables, and Chi-square test with Yates Continuity Correction and Fisher’s exact test were 

performed for categorical variables. 

Changes in anthropometric measures between the intervention group and the control group 

from baseline to the six months follow-up visit were analyzed by independent samples t-test 

or Mann-Whitney test, dependent on the distribution of the variables. The majority of 

variables were considered normally distributed and analyzed by paired independent samples t-

test. As glucose and triglycerides before OGTT, and glucose and HDL-cholesterol after 

OGTT were not normally distributed, these variables were analyzed by the non-parametric 

Mann-Whitney test. 

Linear regression was performed to analyze associations between anthropometric measures 

(weight, BMI, waist circumference, hip circumference, WHR and WHtR) and biomarkers of 

the metabolic syndrome (glucose, triglycerides, HDL-cholesterol and systolic and diastolic 

blood pressure). Data were checked for normality, multicollinearity, linearity and 

homoscedasticity of the residuals to ensure that assumptions for linear regression were not 

violated. Cases with standardized residual values above 3.3 or below -3.3 were excluded from 

the analysis. Biomarker concentration or value was treated as the dependent variable, while 

anthropometric measures were treated as independent variables. Results are presented as 

regression coefficient (B) with 95 % confidence intervals. Analyses adjusting for age and 
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gender in the model were also conducted. There were no significant interactions between 

independent variables that were included in the models. 

Logistic regression was performed to determine the impact of anthropometric measures 

(weight, BMI, waist circumference, hip circumference, WHR and WHtR) on diagnosis of 

metabolic syndrome. WHR was transformed into a categorical variable with WHR > 0.9 or > 

0.85 for men and women, respectively, as a cut-off for increased risk of metabolic 

complications. WHtR was made into a categorical variable with WHtR > 0.5 as a cut-off for 

increased CVD risk. Metabolic syndrome was treated as the dependent variable, and 

anthropometric measures as independent variables. Data were checked for multicollinearity 

and outliers with standardized residual values above 2.5 or below -2.5 were excluded from the 

analysis. Results are presented as odds ratio (OR) with 95 % confidence intervals. 

Power calculations to measure the effect of the intervention were based on two diet 

intervention studies on effects on weight loss and insulin resistance (85, 86). With a two-sided 

significance level of 5 % and power level of 90 %, required sample size was 12 patients in 

each group (intervention group and control group) for the primary endpoint (expected changes 

in glucose tolerance). 

Power calculations to compare the prevalence of metabolic syndrome in the CRC-NORDIET 

Study group with the HUNT 3 group were based on prevalence of metabolic syndrome in 

both CRC patients and in the normal population assessed in other studies (59, 60, 99). With a 

two-sided significance level of 5 % and power level of 80 %, required sample size was 354 

patients in each group (CRC-NORDIET Study and HUNT 3) for the primary endpoint 

(prevalence of metabolic syndrome). As only 59 CRC-NORDIET Study participants had 

reached baseline at the time of investigation, the results comparing the two groups in this 

thesis are highly suggestive.  
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4.6 My contribution to the research project 

As the CRC-NORDIET Study is a large and complex intervention trial, both planning and 

preparation of the trial, recruitment and follow-up of patients, as well as data sampling, 

processing and analysis require coordination and participation of a large number of scientists 

and technicians. Being part of this large organization for the last year, I have contributed to 

several of the aspects of the CRC-NORDIET Study. At follow-up visits, I have assisted with 

clinical examinations such as anthropometric measures, dietary consultations, and handling of 

blood samples. Furthermore, I analyzed the blood samples when the participants for my thesis 

were enrolled, and performed data extraction from medical records. I was also responsible for 

the application process regarding the dataset from the HUNT Research Centre. Table 5 

provides an overview of my role in the research project. “Master student” represents me. 

During the period this master thesis was conducted, the project group of the CRC-NORDIET 

Study consisted of Professor Rune Blomhoff, Associate Professor Christine Henriksen, 

postdoc Siv Kjølsrud Bøhn, postdoc Ingvild Paur, PhD student Hege Berg Henriksen, PhD 

student Hanna Ræder, laboratory technician Siv Åshild Wiik, physiotherapist Katrine Rolid, 

the research assistants Ane Sørlie Kværner, Anne Juul Skjetne, Mari Bøe Sebelien and the 

master students Anne-Rikke O’De Fey Vilbo and me.  
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Table 5 My contribution to the research project 

Work assignment Description Responsibility 

Recruiting patients  Laboratory work including processing 

and storage of whole blood and plasma 

collected on filter paper cards and in 

vacutainer tubes 

 Board of the clinical 

trial 

 Master student 

 

Follow-up visits  Preparing oral glucose tolerance tests 

 Undertake different measurements 

including anthropometric measures, 

bioelectrical impedance analysis, hand 

grip strength, blood pressure and 

dietary consultations 

 Laboratory work including processing 

and storage of whole blood and plasma 

collected on filter paper cards and in 

vacutainer tubes 

 Board of the clinical 

trial 

 Master student 

 

Laboratory work  Aliquotation of stored serum samples 

collected at baseline and the six months 

follow-up visit 

 Analysis of a selection of biomarkers 

in serum from baseline and the six 

months follow-up visit with MaxMat 

PLII 

 Master student 

Screening of 

medical records 

 Record information on 

clinicopathological characteristics 

including tumor localization, TNM 

stage, comorbidity and medication use 

 Master student 

Statistical analysis  All statistical analysis regarding this 

thesis 

 Master student 

HUNT data  Determine variables relevant for this 

thesis  

 Writing of the application 

 Master student 
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5 Results 

During March 2012 to January 2014, 125 patients diagnosed with CRC agreed to participate 

in the CRC-NORDIET Study. To date, we do not obtain exact information on the number of 

patients invited to participate, but the study has a participation rate between 60-70 %. By 

January 2014, 59 patients reached baseline and were thus included in the analysis of baseline 

characteristics and comparison with the HUNT 3 population. At the same time point, 29 

patients had attended the six months follow-up visit and were included in the analysis of the 

effect of the intervention. Figure 4 shows a complete overview of the recruitment and 

inclusion process, including distribution of relevant measurements and samples. 

The CRC-NORDIET Study is designed to include 500 participants. Therefore, the results 

presented in this thesis are interim and should be interpreted accordingly. 

5.1 Subject characteristics and metabolic syndrome at 

baseline 

 Subject characteristics in the CRC-NORDIET Study at baseline 5.1.1

Subject characteristics of the CRC-NORDIET Study population at baseline are presented in 

Table 6. The study population consisted of 30 men (50.8 %) and 29 women (49.2 %) with a 

mean age of 63.5 (95 % CI: 61.6-65.3) years. Of the participants, 33 (55.9 %) were diagnosed 

with colon cancer, three (5.1 %) with rectosigmoid cancer and 23 (39.0 %) with rectum 

cancer. Information on TNM stage was available for 57 of the participants. Twelve (20.3 %) 

participants were diagnosed with stage I CRC, 28 (47.5 %) with stage II CRC and 17 (28.8 %) 

with stage III CRC. 

Several comorbid conditions were represented in the population. The most common comorbid 

conditions were hypertension (n=25, 42.4 %), CVD (n=11, 18.6 %), DMT2 (n=10, 16.9 %) 

and MS/CT diseases (n=10, 16.9 %).  
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Table 6 Clinical and histopathological characteristics at baseline 

Characteristics Frequency, n (%) 

Age, years (n=59) 

   50-59 20 (33.9) 

  60-69 29 (49.2) 

  70-79 10 (16.9) 

Sex (n=59) 

   Male 30 (50.8) 

  Female 29 (49.2) 

Smoking status (n=56) 

   Never smokes 45 (75.3) 

  Smokes occasionally 2 (3.4) 

  Smokes daily 9 (15.3) 

Tumor localization (n=59) 

   Colon cancer 33 (55.9) 

  Rectosigmoid cancer 3 (5.1) 

  Rectum cancer 23 (39.0) 

TNM stage (n=57) 

   Stage I 12 (20.3) 

  Stage II 28 (47.5) 

  Stage III 17 (28.8) 

Comorbidity (n=59) 

   CVD 11 (18.6) 

  Hypertension 25 (42.4) 

  DMT1 1 (1.7) 

  DMT2 10 (16.9) 

  Hyperlipidemia 5 (8.5) 

  Liver disease 0 (0) 

  Kidney disease 2 (3.4) 

  GI diseases 4 (6.8) 

  MS/CT diseases 10 (16.9) 

  COPD 3 (5.1) 

  Neurological diseases 1 (1.7) 

  Metabolic diseases 3 (5.1) 
Abbreviations: TNM: tumor node metastasis, CVD: cardio vascular diseases, DMT1: 

diabetes mellitus type 1, DMT2: diabetes mellitus type 2, GI diseases: gastro intestinal 

diseases, MS/CT diseases: musculoskeletal and connective tissue diseases, COPD: 

chronic obstructive pulmonary diseases. 
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 Prevalence of metabolic syndrome in the CRC-NORDIET Study 5.1.2

Prevalence of metabolic syndrome in the CRC-NORDIET Study group was 33.9 %. An 

overview of the distribution of the metabolic abnormalities is presented in Table 7. The 

criterion regarding blood pressure, including elevated systolic blood pressure (SBP), diastolic 

blood pressure (DBP) or being under drug treatment for hypertension, were fulfilled by 59.3 

% of the participants, and 52.5 % of the participants fulfilled the criterion for elevated waist 

circumference. The criterion regarding elevated triglycerides, either by elevated serum 

concentrations or being under triglyceride-lowering drug treatment, were fulfilled by 45.8 % 

of the participants. The criterion regarding elevated glucose, either by elevated serum 

concentrations or being under treatment for elevated glucose, were fulfilled by 25.4 % of the 

participants. For the remaining criterion, reduced HDL-cholesterol or being under HDL-

cholesterol increasing drug treatment, 11.9 % of the participants were below the threshold 

levels.  
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Table 7 Prevalence of metabolic abnormalities and metabolic syndrome
1
 in the CRC-

NORDIET Study 

Metabolic abnormality with cut-off points Frequency, n (%) 

  

 Elevated waist circumference 31 (52.5) 

≥ 88 cm in females 

 ≥ 102 in males 

   

 Elevated triglycerides 27 (45.8) 

≥ 1.7 mmol/L 

 or drug treatment for elevated triglycerides 

   

 Reduced HDL-cholesterol 7 (11.9) 

< 1.3 mmol/L in females 

 < 1.0 mmol/L in males 

   

 Elevated blood pressure 35 (59.3) 

Systolic ≥ 130 mmHg 

 Diastolic ≥ 85 mmHg 

 or antihypertensive drug treatment 

   

 Elevated glucose 15 (25.4) 

≥ 5.6 mmol/L 

 or drug treatment for elevated glucose 

   

 Metabolic syndrome 20 (33.9) 

≥ three metabolic abnormalities   

  
1
 ≥ 3 metabolic abnormalities qualify for a diagnosis of metabolic syndrome, according to the JSS harmonized 

definition (50).  
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An overview of the distribution of metabolic abnormalities is presented in Table 8. All 

participants except 10 (16.9 %) fulfilled at least one criterion for metabolic syndrome. Of the 

20 (33.9 %) participants fulfilling at least three of the criteria, 10 participants fulfilled three of 

the criteria, and nine and one participants fulfilled four and five of the criteria, respectively. 

Close to being diagnosed with metabolic syndrome, having fulfilled two criteria, we found 15 

participants (25.4 % of total) while 14 participants fulfilled only one of the criteria 

constituting the metabolic syndrome. 

 

Table 8 Distribution of metabolic abnormalities in CRC-NORDIET Study 

Number of metabolic abnormalities Frequency, n (%) 

0 10 (16.9) 

1 14 (23.7) 

2 15 (25.4) 

3 10 (16.9) 

4 9 (15.3) 

5 1 (1.7) 

 

≥ 3
1 

 

20 (33.9) 

1
 ≥ 3 metabolic abnormalities qualify for a diagnosis of metabolic syndrome, according to JSS harmonized 

definition (50).  
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 Associations between anthropometric measures and biomarkers of 5.1.3

the metabolic syndrome 

Associations between anthropometric measures (weight, BMI, hip circumference, waist 

circumference, WHR and WHtR) and biomarkers for metabolic syndrome (fasting glucose, 

triglycerides, HDL-cholesterol, SBP and DBP) were analyzed by regression analysis. As 

described below, all anthropometric measures tested were associated with the majority of the 

biomarkers of the metabolic syndrome, and could significantly predict presence of metabolic 

syndrome. In order to avoid multicollinearity in the regression models, separate models were 

conducted for the biomarkers that had inter-correlation coefficients above 0.7 (i.e. all the 

anthropometric measures). Results from the analyses are presented in Table 9-13. 

Weight was significantly positively associated with glucose (p=0.009), SBP (p<0.001) and 

DBP (p=0.001) (Table 9). When adjusting for gender and age, the association remained 

significant for all variables. 

Table 9 Association between weight and biomarkers of the metabolic syndrome 

  Unadjusted values Adjusted values
1 

Biomarker N B (95 % CI) p-value B (95 % CI) p-value 

Glucose, mmol/L
a 

55 0.00 (0.00-0.00) .009* 0.00 (0.00-0.00) .004* 

TG, mmol/L
a 

51 0.01 (0.00-0.01) .056 0.01 (0.00-0.01) .081 

HDL, mmol/L 54 -0.01 (-0.02-0.00) .061 0.00 (-0.01-0.01) .404 

SBP, mmHg 59 0.51 (0.26-0.76) .000** 0.46 (0.18-0.74) .002* 

DBP, mmHg 59 0.29 (0.13-0.45) .001* 0.22 (0.04-0.39) .015* 

All variables are analyzed by linear regression. All results are presented as B with (95 % CI). 
a
 Log-transformed data 

1
 Adjusted for gender and age, * p-values < 0.05, ** p-values < 0.001 

Abbreviations: TG: triglycerides, HDL: HDL-cholesterol, SBP: systolic blood pressure, DBP: diastolic blood 

pressure. 

 

BMI was significantly positively associated with glucose (p<0.001), triglycerides (p=0.013), 

SBP (p<0.001) and DBP (p=0.004), and negatively associated with HDL-cholesterol 

(p=0.029) (Table 10). Adjusted for gender and age, associations remained significant for all 

variables except for HDL-cholesterol (p=0.061) that still showed a clear trend.  
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Table 10 Association between BMI and biomarkers of the metabolic syndrome 

  Unadjusted values Adjusted values
1
 

Biomarker N B (95 % CI) p-value B (95 % CI) p-value 

Glucose, mmol/L
a 

55 0.01 (0.01-0.02) .000** 0.01 (0.01-0.02) .000** 

TG, mmol/L
a 

51 0.02 (0.00-0.04) .013* 0.02 (0.00-0.04) .019* 

HDL, mmol/L 54 -0.03 (-0.06-0.00) .029* -0.02 (-0.05-0.00) .061 

SBP, mmHg 59 1.89 (1.01-2.77) .000** 1.74 (0.89-2.60) .000** 

DBP, mmHg 59 0.90 (0.31-1.49) .004* 0.77 (0.22-1.31) .007* 

All variables are analyzed by linear regression. All results are presented as B with (95 % CI). 

a 
Log-transformed data, 

1
 Adjusted for gender and age, * p-values < 0.05, ** p-values < 0.001 

Abbreviations: TG: triglycerides, HDL: HDL-cholesterol, SBP: systolic blood pressure, DBP: diastolic blood 

pressure. 

 

There was a significant positive association between waist circumference and glucose 

(p=0.002), triglycerides (p=0.006), SBP (p=0.003) and DBP (p=0.045), and a negative 

association with HDL-cholesterol (p=0.019) (Table 11). After adjustments for gender and 

age, associations remained significant for all variables except for HDL-cholesterol (p=0.108) 

and DBP (p=0.214). 

 

Table 11 Association between waist circumference and biomarkers of the metabolic 

syndrome 

  Unadjusted values Adjusted values
1
 

Biomarker N B (95 % CI) p-value B (95 % CI) p-value 

Glucose, mmol/L
a 

55 0.00 (0.00-0.01) .002* 0.00 (00.00-0.01) .001* 

TG, mmol/L
a 

51 0.01 (0.00-0.01) .006* 0.01 (0.00-0.01) .009* 

HDL, mmol/L 54 -0.01 (-0.02-0.00) .019* -0.01 (-0.02-0.00) .108 

SBP, mmHg 59 0.48 (0.17-0.78) .003* 0.39 (0.07-0.71) .016* 

DBP, mmHg 59 0.21 (0.01-0.41) .045* 0.12 (-0.07-0.32) .214 

All variables are analyzed by linear regression. All results are presented as B with (95 % CI). 
a 
Log-transformed data 

1
 Adjusted for gender and age, * p-values < 0.05 

Abbreviations: TG: triglycerides, HDL: HDL-cholesterol, SBP: systolic blood pressure, DBP: diastolic blood 

pressure. 
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Table 12 Association between hip circumference and biomarkers of the metabolic 

syndrome 

  Unadjusted values Adjusted values
1
 

Biomarker N B (95 % CI) p-value B (95 % CI) p-value 

Glucose, mmol/L
a 

55 0.00 (0.00-0.01) .011* 0.00 (0.00-0.01) .012* 

TG, mmol/L
a 

51 0.01 (0.00-0.02) .018* 0.01 (0.00-0.02) .015* 

HDL, mmol/L 54 -0.01 (-0.02-0.00) .441 -0.01 (-0.02-0.01) .259 

SBP, mmHg 59 0.62 (0.16-1.07) .009* 0.69 (0.27-1.11) .002* 

DBP, mmHg 59 0.24 (-0.05-0.54) .103 0.28 (0.02-0.55) .038* 

All variables are analyzed by linear regression. All results are presented as B with (95 % CI). 

  Log-transformed data, 
1
 Adjusted for gender and age, * p-values < 0.05 

Abbreviations: TG: triglycerides, HDL: HDL-cholesterol, SBP: systolic blood pressure, DBP: diastolic blood 

pressure. 

Hip circumference was significantly positively associated with glucose (p=0.011), 

triglycerides (p=0.018) and SBP (p=0.009) (Table 12). The associations remained significant 

after adjustment for gender and age for all variables, in addition to DBP (p=0.038). 

WHR was significantly positively associated with glucose (p=0.027), triglycerides (p=0.009) 

and SBP (p=0.039), and negatively associated with HDL-cholesterol (p=0.002) (Table 13). 

After adjustments for gender and age, associations remained significant for glucose (p=0.004) 

and triglycerides (p=0.001). 

Table 13 Association between waist-to-hip ratio and biomarkers of the metabolic 

syndrome 

  Unadjusted values Adjusted values
1
 

Biomarker N B (95 % CI) p-value B (95 % CI) p-value 

Glucose, mmol/L
a 

55 0.33 (0.04-0.62) .027* 0.55 (0.18-0.91) .004* 

TG, mmol/L
a 

51 1.39 (0.37-2.41) .009* 2.27 (0.99-3.55) .001* 

HDL, mmol/L 54 -2.14 (-3.45-0.83) .002* -1.50 (-3.18-0.193) .081 

SBP, mmHg 59 53.89 (2.84-104.94) .039* 20.62 (-44.09-85.32) .526 

DBP, mmHg 59 24.27 (-8.43-56.97) .143 -7.15 (-46.07-31.78) .714 

All variables are analyzed by linear regression. All results are presented as B with (95 % CI). 

  Log-transformed data, 1 Adjusted for gender and age, * p-values < 0.05 

Abbreviations: TG: triglycerides, HDL: HDL-cholesterol, SBP: systolic blood pressure, DBP: diastolic blood 

pressure. 
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Table 14 Association between waist-to-height ratio and biomarkers of the metabolic 

syndrome 

  Unadjusted values Adjusted values1 

Biomarker N B (95 % CI) p-value B (95 % CI) p-value 

Glucose, mmol/L 
a 

55 0.53 (0.23-0.84) .001* 0.54 (0.22-0.85) .001* 

TG, mmol/L 
a 

51 1.53 (0.57-2.50) .003* 1.50 (0.51-2.50) .004* 

HDL, mmol/L 54 -1.87 (-3.39-(-0.35) .017* -1.63 (-3.08-(-0.18) .029* 

SBP, mmHg 59 78.18 (22.66-133.70) .007* 70.02 (16.50-123.55) .011* 

DBP, mmHg 59 25.53 (-11-11-62.17) .168 20.89 (-12.71-54.49) .212 

All variables are analyzed by linear regression. All results are presented as B with (95 % CI). 
a
 Log-transformed data 

1
 Adjusted for gender and age, * p-values < 0.05 

Abbreviations: TG: triglycerides, HDL: HDL-cholesterol, SBP: systolic blood pressure, DBP: diastolic blood 

pressure. 

 

WHtR was significantly positively associated with glucose (p=0.001), triglycerides (p=0.003) 

and SBP (p=0.007), and negatively associated with HDL-cholesterol (p=0.017) (Table 14). 

Adjusted for gender and age, associations remained significant for all variables. 

All anthropometric measures except WHR significantly predicted metabolic syndrome with 

OR of 1.06 (1.02-1.11) for weight (p=0.008), 1.38 (1.13-1.69) for BMI (p=0.002), 1.13 (1.05-

1.22) for waist circumference (p=0.001), 1.14 (1.05-1.24) for hip circumference (p=0.003), 

and 8.44 (1.01-70.55) for WHtR (p=0.049) (Table 15). Adjusted for gender and age, 

associations remained significant for all variables. 

Table 15 Association between metabolic syndrome and anthropometric measures 

  Unadjusted values Adjusted values1
 

Measures N OR (95 % CI) p-value OR (95 % CI) p-value 

Weight, kg  59 1.06 (1.02-1.11) .008* 1.08 (1.03-1.14) .003* 

BMI, kg/m² 57 1.38 (1.13-1.69) .002* 1.39 (1.13-1.71) .002* 

Waist circumference, cm 59 1.13 (1.05-1.22) .001* 1.15 (1.06-1.26) .001* 

Hip circumference, cm 59 1.14 (1.05-1.24) .003* 1.14 (1.05-1.25) .002* 

Waist-to-hip ratio
2 

59 4.90 (0.57-42.34) .148 6.10 (0.65-56.85) .112 

Waist-to-height ratio2 
59 8.44 (1.01-70.55) .049* 11.22 (1.26-99.76) .030* 

All variables are analyzed by logistic regression. All results are expressed as OR with (95 % CI). 
1 
Adjusted for gender and age, * p < 0.05 

Abbreviations: BMI: body mass index. 
2 
Categorical variables. Waist-to-hip ratio: ≥ or < 0.90 for men, ≥ or < 0.85 for women.  

Waist-to-height ratio: > or < 0.5.  
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5.2 Comparison of the CRC-NORDIET Study and HUNT 3 

 Comparison of anthropometric measures and biomarkers 5.2.1

In order to compare the prevalence of metabolic syndrome in the CRC-NORDIET Study to a 

normal population, baseline measurements of anthropometry and biomarkers of the CRC-

NORDIET Study group were compared to similar measurements obtained from the HUNT 3 

study (Table 16). The HUNT study comprises data collected during three intensive studies; 

HUNT 1, 2 and 3, which is assembled in a unique database in terms of personal and family 

medical histories of a Norwegian population. The study of diabetes and the effect of weight 

gain as a risk factor for the development of diabetes has been one of the central research areas 

through all the three studies. The HUNT 3 study, completed in 2008, is the most recent and 

complete study, and was the first HUNT study to include a state-of-the-art bio-bank (94). 

When interpreting the differences between the studies it is important to note that the HUNT 3 

participants were non-fasting with variable time from last meal, but at least six hours since 

last meal. 

There were no statistically significant differences between age, gender distribution, height, 

weight, waist circumference, triglycerides or HDL-cholesterol between the two studies. 

However, the HUNT 3 group had a significantly higher BMI (Md = 27.5 kg/m²) than the 

CRC-NORDIET Study group (Md = 26.4 kg/m²) (p=0.008). 

In addition, the HUNT 3 population had a significantly higher SBP (Md = 135.0 mmHg) 

compared to the CRC-NORDIET Study group (Md = 120.0 mmHg) (p<0.001). DBP was also 

significantly higher in the HUNT group (Md = 78.0) than in the CRC-NORDIET Study group 

(Md = 70.5) (p<0.001). 

Furthermore, the HUNT 3 group had significantly higher blood glucose (Md = 5.50) than the 

CRC-NORDIET Study group (Md = 5.09) (p<0.001). 

One the other hand, the CRC-NORDIET Study group contained more frequent users of 

antihypertensive drugs (49.2 %) than the HUNT 3 group (31.3 %) (p=0.006). The CRC-

NORDIET Study group also contained more frequent users of glucose-lowering drugs (18.6 

%) than the HUNT 3 group (3.8 %) (p<0.001), and had a significantly higher prevalence of 

participants with a diabetes diagnose (18.6 %) than the HUNT 3 group (5.8 %) (p<0.001).  
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Table 16 Comparison of the CRC-NORDIET Study and HUNT 3 

 

CRC-NORDIET 

Study (n=59) 

HUNT 3 

(n=1987)
1
 p-value 

    

Age, years 63.2 (59.1-67.3) 61.0 (55.6-67.0) .056 

  50-59 20 (33.9) 909 (45.4) 

   60-69 29 (49.2) 745 (37.2) 

   70-79 10 (16.9) 333 (16.6) 

 Sex 

  

1.000 

  Male 30 (50.8) 1029 (51.4) 

   Female 29 (49.2) 973 (48.6) 

 Anthropometric measures 

     Height (cm) 171.0 (168.0-179.5) 170.0 (163.4-177.0) .064 

  Weight (kg) 77.9 (68.5-87.7) 80.2 (69.5-91.2) .264 

  BMI (kg/m²) 26.4 (23.9-28.8) 27.5 (24.7-30.6) .008** 

  Waist circumference (cm) 97.0 (88.0-103.0) 96.0 (88.0-104.0) .964 

  SBP (mmHg) 120.0 (110.0-136.0) 135.0 (124.0-148.5) .000* 

  DBP (mmHg) 70.5 (54.0-78.0) 78.0 (71.0-85.0) .000* 

  Glucose (mmol/L) 5.09 (4.55-5.51) 5.50 (5.10-6.00) .000* 

  Triglycerides (mmol/L) 1.40 (0.73-1.82) 1.30 (0.90-1.60) .608 

  HDL-cholesterol (mmol/L) 1.44 (1.21-1.69) 1.30 (1.10-1.60) .104 

Medication use 

     Glucose-lowering drug treatment 11 (18.6) 75 (3.8) .000* 

  Antihypertensive drug treatment 29 (49.2) 621 (31.3) .006** 

  TG-lowering drug treatment 17 (28.8) no data 

 Diabetes diagnose 11 (18.6) 116 (5.8) .000* 

Continuous variables are listed as median (Q1-Q3). Categorical variables are listed as n (%).  

Comparisons of groups were conducted with Mann-Whitney test, Chi Square test and Fisher’s exact test. 

*p-value < .001 

**p-value < .05 
1
 Measurements are conducted in participants with ≥ 6 hours fasting. 

Abbreviations: BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, TG: 

triglyceride.  
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 Prevalence of metabolic syndrome in the CRC-NORDIET Study and 5.2.2

HUNT 3 

Prevalence of metabolic syndrome was 30.5 % (95 % CI: 18.4-42.6) in the CRC-NORDIET 

Study group and 25.2 % (95 % CI: 23.3-27.1) in the HUNT 3 group (Table 17) according to 

the modified version of the JSS harmonized definition. The use of glucose-lowering drugs 

substituted the presence of high blood glucose due to the difference in fasting state between 

the populations. Use of triglyceride-lowering and HDL-cholesterol increasing drugs were 

excluded from the definition, as this information was not available in the HUNT 3 group, thus 

only levels of serum triglycerides and serum HDL-cholesterol were used. A chi-square test for 

independence indicated no significant difference between the groups (p=0.436). 

An overview of the distribution of the criteria is presented in Table 17. In the CRC-

NORDIET Study group, 52.5 % of the participants fulfilled the criterion regarding waist 

circumference compared to 51.8 % in the HUNT 3 group (p=1.000). The criterion regarding 

elevated triglycerides determined by elevated serum concentration, were fulfilled by 27.3 % 

of the participants in the CRC-NORDIET Study group and 30.5 % in the HUNT 3 group 

(p=0.869). The criterion regarding reduced levels of HDL-cholesterol was fulfilled by 11.9 % 

in the CRC-NORDIET Study group and 20.8 % in the HUNT 3 group (p=0.192). In the CRC-

NORDIET Study, 59.3 % of the participants fulfilled the criterion regarding blood pressure, 

with elevated SBP, DBP or being under drug treatment for hypertension, compared to 66.3 % 

in the HUNT 3 group (p=0.331). As for the last criterion, regarding drug treatment for 

elevated blood glucose, 18.6 % of the CRC-NORDIET Study participants fulfilled the 

criterion compared to 3.8 % in the HUNT 3 group (p<0.001).  
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Table 17 Prevalence of metabolic syndrome in the CRC-NORDIET Study and HUNT 3 

Metabolic abnormality with cut-off 

points¹ 

CRC-NORDIET 

Study (n=59) 

HUNT 3 

(n=1987)
2 

 

p-value 

 

 Elevated waist circumference 

≥ 88 cm in females 

≥ 102 cm in males 

 

 

31 (52.5) 

 

1030 (51.8) 

 

1.000 

 Elevated triglycerides  

≥ 1.7 mmol/L  

 

15 (27.3) 607 (30.5)  .869 

 Reduced HDL-cholesterol  

< 1.3 mmol/L in females 

< 1.0 mmol/L in males 

 

7 (12.3) 413 (20.8) .192 

 Elevated blood pressure    

SBP ≥ 130 mmHg or 

DBP ≥ 85 mmHg or 

Antihypertensive drug treatment 

 

35 (59.3) 1317 (66.3) .331 

 Glucose-lowering drug treatment 11 (18.6) 75 (3.8)  .000* 

    

    

 Metabolic syndrome 18 (30.5) 500 (25.2) .436 

≥ three metabolic abnormalities    

    

Chi-square tests were used to determine differences between the metabolic abnormalities between the two 

groups.  

All results are listed as n (%). 
1
 ≥ 3 metabolic abnormalities qualify for a diagnosis of metabolic syndrome, according to the modified version 

of the JSS harmonized definition (50). 
2
 Measurements are conducted in participants with ≥ 6 hours fasting. 

* p-value <0.001 

Abbreviations: SBP: systolic blood pressure, DBP: diastolic blood pressure.  
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An overview of the distribution of the number of metabolic abnormalities per participant in 

the two groups is presented in Table 18. Respectively, 18.6 % and 14.7 % of the participants 

in the CRC-NORDIET Study and HUNT 3, had none of the metabolic abnormalities 

constituting the metabolic syndrome (p=0.512). Having fulfilled one criterion, there were 37.3 

% in the CRC-NORDIET Study and 30.6 % in HUNT 3 (p=0.340). There was a significant 

difference in participants fulfilling two criteria between the groups, with 13.6 % in the CRC-

NORDIET Study and 29.5% in HUNT 3 (p=0.012). 

Of the participants fulfilling at least three of the criteria, and thus obtaining a diagnosis of 

metabolic syndrome, 23.7 % in the CRC-NORDIET Study and 17.9 % in HUNT 3 fulfilled 

three criteria (p=0.331), 5.1 % and 6.4 % fulfilled four criteria (p=1.000) and 1.7 % in the 

CRC-NORDIET Study and 0.8 % in HUNT 3 fulfilled all five criteria and thus had all five 

metabolic abnormalities included in the definition of metabolic syndrome (p=0.436). 

 

Table 18 Distribution of metabolic abnormalities in the CRC-NORDIET Study and 

HUNT 3 

Number of metabolic  

abnormalities 

CRC-NORDIET STUDY 

(n=59) 

HUNT 3  

(n=1987) 

 

p-value 

    

0 11 (18.6) 292 (14.7) .512 

1 22 (37.3) 608 (30.6) .340 

2 8 (13.6) 587 (29.5) .012* 

3 14 (23.7) 356 (17.9)  .331 

4 3 (5.1) 128 (6.4) 1.000 

5 1 (1.7) 16 (0.8) .393 

 

≥ 3¹ 

 

18 (30.5) 

 

500 (25.2) 

 

.436 

Chi-square and Fisher’s exact tests were used to determine differences between the numbers of metabolic 

abnormalities between the two groups.  

All results are presented as n (%). 

¹ ≥ 3 metabolic abnormalities qualify for a diagnosis of metabolic syndrome, according to the modified version 

of the JSS harmonized definition (50).  
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5.3 Effects of the intervention 

 Changes in anthropometry and biomarkers from baseline to six 5.3.1

months in the CRC-NORDIET Study 

At the time of analysis, 17 participants in the intervention group and 12 participants in the 

control group had attended the six months follow-up visit. Changes in biomarkers from 

baseline to the six months follow-up visit between the two groups are shown in Table 19. The 

table also includes baseline characteristics for this group of the participants. Baseline 

characteristics of the entire population included in this thesis (n=59) are shown in Appendix 

Table 1. 

There were no statistically significant changes between the two groups. There may be a trend 

in reduced waist circumference in the intervention group (-1.4 ± 5.0) compared to the control 

group (1.8 ± 6.2) (p=0.132) and reduced WHtR in the intervention group (-0.01 ± 0.03) 

compared to the control group (0.01 ± 0.04) (p=0.115).  
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Table 19 Changes in anthropometry and biomarkers from baseline to six months in the 

CRC-NORDIET Study 

  Intervention group (n=17) Control group (n=12) 

 
  Baseline (n=17) Change (n=17) Baseline (n=12) Change (n=12) p-value 

Age (y) 62.2 ± 6.5 

 

62.7 ± 8.2 

  
Gender, n (%) 

     
 Male 9 (52.9 %) 

 

4 (33.3 %) 

  
 Female 8 (47.1 %) 

 

8 (66.7 %) 

  
Anthropometry 

     
   Height (m) 172.8 ± 8.7 

 

171.8 ± 10.5 

  
   Weight (kg) 78.9 ± 14.4 2.2 ± 5.6 76.7 ± 20.5 2.1 ± 5.1 .983 

   Body mass index (kg/m2) 26.3 ± 3.5 0.7 ± 1.8 25.8 ± 5.9 0.8 ± 1.7 .879 

   Waist circumference (cm) 98.5 ± 11.8 -1.4 ± 5.0 91.2 ± 16.4 1.8 ± 6.2 .132 

   Hip circumference (cm) 102.8 ± 7.6 0.5 ± 4.0 101.9 ± 14.0 1.5 ± 3.7 .513 

   Waist-to-hip ratio 0.96 ± 0.08 -0.02 ± 0.04 0.89 ± 0.09 0.00 ± 0.04 .191 

   Waist-to-height ratio 0.57 ± 0.06 -0.01 ± 0.03 0.53 ± 0.09 0.01 ± 0.04 .115 

   SBP (mmHg) 120.1 ± 13.2 0.6 ± 16.3 122.5 ± 19.8 -0.2 ± 14.8 .899 

   DBP (mmHg) 70.3 ± 9.9 0.4 ± 8.1 73.6 ± 12.5 0.5 ± 9.0 .994 

Fasting biomarkers 

     
   Glucose (mmol/L) 5.00 (4.70-5.53)1 0.14 ± 1.17 4.85 (4.54-5.35)1 -0.09 ± 0.35 .535 

   Triglycerides (mmol/L) 1.59 (0.80-2.27)1 -0.79 ± 2.44 1.34 (0.56-1.64)1 0.04 ± 0.95 .308 

   HDL-cholesterol (mmol/L) 1.43 ± 0.38 0.12 ± 0.23 1.53 ± 0.33 0.13 ± 0.41 .917 

   Total cholesterol (mmol/L) 4.00 (3.41-4.49)1 -0.01 ± 1.89 4.70 (4.04-5.43)1 -0.11 ± 1.73 .898 

Biomarkers 2 h after OGTT 

     
   Glucose (mmol/L) 5.76 ± 2.11 0.41 ± 2.92 5.28 ± 1.44 -0.29 ± 1.29 .491 

   Triglycerides (mmol/L) 1.52 ± 0.71 -0.40 ± 0.86 1.08 ± 0.60 -0.12 ± 0.64 .464 

   HDL-cholesterol (mmol/L) 1.41 ± 0.57 0.21 ± 0.42 1.56 ± 0.31 -0.13 ± 0.37 .066 

   Total cholesterol (mmol/L) 4.10 (3.17-4.55)1 0.57 ± 1.82 4.31 (3.14-5.50)1 0.01 ± 1.70 .481 

Response to OGTT      

   Glucose (mmol/L) 0.18 ± 2.28 0.37 ± 1.42 -0.20 ± 1.31 0.28 ± 1.46 .846 

   Triglycerides (mmol/L) -0.17 ± 0.82 0.11 ± 0.60 -0.24 ± 1.25 -0.07 ± 0.85 .451 

   HDL-cholesterol (mmol/L) 0.06 (-0.07-0.18)1 0.04 (-0.13-0.08)1 0.03 (-0.07-0.08)1 -0.08 (-0.40- 0.00)1 .159 

   Total cholesterol (mmol/L) 0.57 ± 1.14 -0.51 ± 1.34 0.19 ± 1.93 0.10 ± 1.63 .177 

Medication use, n (%) 

     
   Glucose-lowering drugs 2 (11.8 %) 0 1 (8.3 %) 0 

 
   TG lowering drugs 6 (35.3 %) 0 0 (0.0 %) 0 

 
   Antihypertensive drugs 8 (47.1 %) -1 (5.9 %) 5 (41.7 %) -1 (8.3 %) .414 
T-tests and Mann-Whitney tests were performed for continuous variables; chi-square test and Fisher’s exact test were performed for 

categorical variables (gender, medication use).  

Values are presented as mean ± s.d. if not other specified. 

¹Values presented as median (Q1-Q3)  

Abbreviations: SBP: systolic blood pressure, DBP: diastolic blood pressure, TG: triglyceride.  
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 Changes in metabolic abnormalities from baseline to six months in 5.3.2

the CRC-NORDIET Study 

The distribution and the changes in the distribution of metabolic abnormalities from baseline 

to the six months follow-up visit are shown in Table 20 and 21, respectively. There were no 

significant difference in the change of prevalence of metabolic syndrome between the groups 

(p=0.711) after six months of intervention (Table 20). In the intervention group, one 

participant obtained an improvement in two metabolic abnormalities, compared to none 

participants in the control group (p=1.000) (Table 21). Two participants in the intervention 

group and three participants in the control group improved one metabolic abnormality 

(p=0.622). Three participants in the intervention group and one participant in the control 

group gained an additional metabolic abnormality during the first six months of the 

intervention (p=0.622), and one participant in each group gained two additional abnormalities 

(p=1.000).  
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Fisher’s exact test was used to determine the difference in the change of prevalence of metabolic syndrome 

between the groups. * No significant difference. 

All values are presented as n (%) 

¹ ≥ 3 metabolic abnormalities qualify for a diagnosis of metabolic syndrome, according to the JSS harmonized 

definition (50). 

 

 

Table 21 Change in metabolic abnormalities 

Change in metabolic 

abnormalities 

Intervention group  

(n=17) 

Control group  

(n=12) 
p-value 

-2 1 (5.9) 0 (0.0) 1.000 

-1 2 (11.8) 3 (25.0) 0.622 

0 10 (58.8) 7 (58.3) 1.000 

1 3 (17.6) 1 (8.3) 0.622 

2 1 (5.9) 1 (8.3) 1.000 

Chi-square and Fisher’s exact tests were used to determine differences between the numbers of metabolic 

abnormalities between the two groups.  

All values are presented as n (%).  

Table 20 Metabolic abnormalities at baseline and six months 

 

Intervention group Control group 

Number of metabolic 

abnormalities 

Baseline 

(n=17) 

6 months 

(n=17) 

Baseline 

(n=12)  

6 months 

(n=12) 

     

0 4 (23.5) 3 (17.6) 4 (33.3) 4 (33.3) 
1 2 (11.8) 4 (23.5) 3 (25.0) 3 (25.0) 
2 4 (23.5) 4 (23.5) 3 (25.0) 3 (25.0) 
3 6 (35.3) 4 (23.5) 2 (16.7) 2 (16.7) 
4 0 (0.0) 1 (5.9) 0 (0.0) 0 
5 1 (5.9) 1 (5.9) 0 (0.0) 0 

     
≥ 3¹* 7 (41.2) 6 (35.3) 2 (16.7) 2 (16.7) 
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6 Discussion 

In this thesis I have examined prevalence of metabolic syndrome within a CRC population 

and compared it with a reference population with data from HUNT 3. Further, I have tested 

whether anthropometric measures is associated with biomarkers of the metabolic syndrome in 

CRC patients, and examined the effect of a six-months diet and lifestyle intervention on 

anthropometry and biomarkers of the metabolic syndrome. 

6.1 Methodological considerations 

 Study populations and data sources 6.1.1

Data on comorbid conditions and medication use in the CRC-NORDIET Study was collected 

from medical records rather than being self-reported, which may have reduced the risk of 

under-reporting. However, we only had access to records from the hospital where the 

participants were treated for their CRC diagnosis. Thus previous hospitalization history was 

not accounted for. It is common to register comorbid conditions at admission and/or 

discharge, together with medication use, but discrepancies are not uncommon (100). Reported 

prevalence of hypertension (n=25) from medical records was lower than the prevalence of 

participants under drug treatment for hypertension (n=29). This shows that extracting 

information from medical records may not provide as reliable information as anticipated. 

We have chosen to investigate the prevalence of metabolic syndrome in the CRC-NORDIET 

Study at baseline of the intervention, which is two to three months after surgery. Earlier 

preliminary analyses within the CRC-NORDIET Study indicate that most CRC patients 

experience weight loss in the post-operative period, with an average weight loss of 2.5 kg 

from the day before CRC surgery to the baseline measurements (results not shown). At 

baseline, the participants may still be affected by the treatment and/or surgery. Interim 

analyses within the CRC-NORDIET Study, found that 14.3 % of the participants experienced 

> 10 % weight loss during the last six months before baseline (Companion master thesis, 

Anne-Rikke O’De Fey Vilbo). Thus it may be difficult to evaluate the effect of the 

intervention from baseline to the six months follow-up visit, as this may be an important 

period for stabilization after CRC surgery and treatment. Therefore, there is reason to 
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question whether baseline is a representative time point for determination of prevalence of 

metabolic syndrome in the CRC-NORDIET Study participants. As pre-surgery measurements 

are done in a less standardized manner in non-fasting subjects, and weight loss being part of 

the clinical manifestation of CRC and a side effect of CRC treatment (24, 29), pre-surgery is 

not a good option the way this study is designed. In addition, a narrower spectrum of 

measurements is conducted pre-surgery, e.g. blood pressure, which is one of the components 

of all definitions for metabolic syndrome, is not measured until baseline. 

During the work of this thesis, there were certain challenges regarding the comparison of 

prevalence of metabolic syndrome between the CRC-NORDIET Study and HUNT 3, due to 

different sampling methods. Information on diabetes diagnoses and use of glucose-lowering 

and antihypertensive drugs in HUNT 3 are retrieved from questionnaires filled out by the 

participants. The question regarding antihypertensive drug use was formulated like this: “Do 

you take or have you taken medication for high blood pressure?”, therefore patients 

previously treated with antihypertensive drugs may be included in the analysis, although they 

are currently not under treatment for hypertension. Because hypertension increases with age 

(101), the participants in the age group 50-80 years are not likely to reverse their hypertensive 

condition. The question on diabetes diagnose was asked in the same manner: “Have you had 

or do you have any of the following: diabetes?” Questions regarding glucose-lowering drugs 

asked for current use. 

The levels of biomarkers of the metabolic syndrome were higher in the HUNT 3 group 

compared to the CRC-NORDIET Study with a higher BMI, higher blood pressure and higher 

glucose concentrations. These results may indicate that the HUNT 3 group was at poorer 

health than the CRC-NORDIET Study group, with regards to the variables tested in this 

thesis. As explained earlier, the difference in BMI might be due to post-operative and 

treatment-induced weight loss in the CRC-NORDIET Study participants, as pre-surgery BMI 

was similar to the BMI in HUNT 3 (27.5 kg/m
2
). All measurements in the CRC-NORDIET 

Study were conducted in the morning in fasting participants. Measurements in HUNT 3 were 

conducted at different time points during the day, from morning until late afternoon, with 

varying numbers of hours fasting. Blood pressure and serum biomarkers were measured with 

different methodology on different instruments, and at different time points. CRC-NORDIET 

Study values of blood pressure were calculated from the mean of the last three of four 

repeated measurements. In HUNT 3, blood pressure values were calculated from the mean of 
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the last two of three measurements. Due to high sick-leave among the HUNT technicians, 

only two measurements were taken in a number of the participants. In these cases, the last 

number was reported. Measurements in HUNT 3 were conducted following a two-minute rest 

with the cuff placed on their arm. In the CRC-NORDIET Study, participants rested for 10 

minutes before placing the cuff, and additionally five minutes with the cuff placed on their 

arm. Recommended optimal time at rest before blood pressure measurements is still 

undetermined, as different guidelines recommend different durations (102). However, Sala et 

al. (102) found that approximately 75 % of the spontaneous fall in blood pressure occurred 

during a 10-minute rest. The differences in the number of measurements undertaken and 

durations of pre-measurement rest, may explain some of the difference in both SBP and DBP 

between the groups. 

A cut-off point for fasting in the HUNT 3 group was set to be ≥ six hours since last meal, 

which is used in several other studies (57, 95, 96). Analyses of the HUNT 3 material were 

done with different cut-off points for fasting, and with or without serum glucose as 

concentrations varied considerably with different cut-off points for fasting. A scatter-plot 

showing the relationship between hours since last meal and serum glucose concentrations is 

shown in Appendix Figure 1. Glucose concentrations in the CRC-NORDIET Study group 

are highlighted in the figure. By including serum glucose in the HUNT 3 group, 43.1 % of the 

participants fasting for ≥ six hours fulfilled the criterion regarding serum glucose or use of 

glucose-lowering drugs in the definition for metabolic syndrome (results not shown). By 

including all participants, regardless of hours of fasting, 44.2 % fulfilled the criterion. Finally, 

by including participants fasting for ≥ nine hours, 47.7 % fulfilled the criterion, although one 

would think that fewer participants would fulfill the criterion the longer they were fasting 

(results not shown). This was not regarded as a problem in the triglyceride measurements, as 

they seemed to stabilize after six hours, and not increasing in the group fasting for ≥ nine 

hours as they did for glucose (results not shown). As the HUNT 3 participants were not asked 

to meet in a fasting state, this raised questions whether the group of participants that were in a 

voluntarily/random fasting state represents a more unhealthy part of the population with 

poorer lifestyle and routines on meals. In addition, we did not have information on beverage 

intake, as the questionnaire solely contains questions regarding food, i.e. “hours since last 

meal”. It is therefore likely that some of the participants may have consumed different types 

of beverages, possibly containing sugars. Because of these concerns, we did not include 

serum glucose in the modified version of the JSS harmonized definition used to compare 
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prevalence of metabolic syndrome between the CRC-NORDIET Study and HUNT 3. Instead, 

the participants got a score for diabetes medication.  

Another challenge in the comparison between the CRC-NORDIET Study and HUNT 3 was 

associated to the lack of data on triglyceride-lowering and HDL-cholesterol increasing drug 

use in the HUNT 3 group. Because both high serum concentrations of these biomarkers as 

well as drug use qualified for an abnormality-score using the JSS harmonized definition it is 

possible that the prevalence of this abnormality was under-estimated. When we excluded 

triglyceride-lowering and HDL-cholesterol increasing drug use and serum glucose from the 

scoring in the CRC-NORDIET Study group, the prevalence of metabolic syndrome decreased 

with 3.4 %, from 33.9 % to 30.5 %. 

Most studies investigating prevalence of metabolic syndrome in HUNT material have set the 

cut-off for fasting at ≥ 4 hours (56, 103). This may be appropriate in studies solely seeking to 

screen for metabolic syndrome rather than identifying the true prevalence within a group. 

However, the non-fasting state of the participants gives the data material limited value for the 

study of metabolic syndrome and comparison with other studies.  
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 Samples and biomarkers of metabolic syndrome 6.1.2

Both the CRC-NORDIET Study and HUNT 3 used serum for the analyses of biomarker 

concentrations in blood. The CRC-NORDIET Study samples were obtained from fasting 

specimen, but this was not the case for the HUNT 3 samples. Some of the serum biomarkers 

for metabolic syndrome are affected by dietary intake (93), thus a fasting state is required for 

these measurements. Both the National Cholesterol Education Program (NCEP) and European 

guidelines allow HDL-cholesterol to be measured in non-fasting specimen, as these lipids are 

not much different in fasting and non-fasting specimens. Fasting state is essential for 

triglyceride and glucose measurements because concentrations remain high for several hours 

after a meal (93, 97, 98). 

Measurements of serum biomarkers after OGTT were performed primarily to investigate the 

effect on serum concentrations of glucose. A 2-hour OGTT is efficient in detecting diabetes at 

an early stage, and is routinely used in the diagnosis of diabetes (104). In addition, 

triglyceride, total cholesterol and HDL-cholesterol levels after OGTT were investigated. In 

individuals with metabolic risk factors, also triglycerides may increase after an OGTT, 

although the increase is more apparent after 30 or 60 minutes, rather than 120 minutes as 

measured in this thesis (105-107). 

Several commonly used drugs can affect the parameters used in the scoring of metabolic 

syndrome in this study. Glucose is affected by glucose-lowering drugs and triglycerides are 

affected by several drugs such as statins, fibrates, niacin and high doses of omega-3. The 

drugs affecting triglycerides also have an effect on the levels of HDL-cholesterol. Niacin has 

the greatest effect on increasing HDL-cholesterol levels (15-35 %), with fibrates (6-15 %) and 

statins (3-15 %) having a more moderate effect (53). As statins have a greater effect on 

reducing triglycerides (7-30 %) than increasing HDL-cholesterol (108), participants under 

statin treatment obtained a metabolic syndrome-score for the criterion regarding triglycerides. 

Out of the 59 CRC-NORDIET Study participants, 11 (18.6 %) used glucose-lowering drugs 

and 17 (28.8 %) used triglyceride-lowering drugs. There were no participants on HDL-

cholesterol increasing drugs in the CRC-NORDIET Study. We did not have access to 

information on triglyceride-lowering drugs or HDL-cholesterol increasing drugs in the HUNT 

3 material. 
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We have not taken into account intake of omega-3 in terms of fish intake, use of cod liver oil 

or omega-3 capsules in either of the two groups. An intake of 4 grams of omega-3 per day 

may give a 25-30 % reduction in triglycerides and 1-3 % increase in HDL-cholesterol (109). 

In the CRC-NORDIET Study, 26 (44.1 %) of the participants reported to have taken cod liver 

oil or omega-3 capsules during the last week before the baseline measurements. There was no 

information on dosages available for this thesis, thus omega-3 intake was not taken into 

account.  
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6.2 Discussion of results 

 Participant characteristics 6.2.1

Several comorbid conditions were represented in the CRC-NORDIET Study population with 

hypertension (42.4 %), CVD (18.6 %), DMT2 (16.9 %) and MS/CT diseases (16.9 %) being 

the most common comorbid conditions. Sarfati et al. (30) reported the most frequently 

reported comorbidities to be hypertension (38.0 %), chronic respiratory disease (21.9 %) and 

diabetes (16.1 %) (30), which are similar to the CRC-NORDIET Study population. In a study 

by De Marco et al. (32) including 3355 CRC patients, the most frequently reported 

comorbidities were CVD (16.3 %), previous cancers (15.6 %) and hypertension (13.7 %). 

Prevalence of diabetes was 8.2 %. These prevalences are lower than the prevalences reported 

in the CRC-NORDIET Study. While De Marco et al. investigated comorbidities in all CRC 

patients, regardless of age, the CRC-NORDIET Study included CRC patients between 50-80 

years of age. As comorbidities increases with age, this might explain the different prevalence 

of comorbidities (31). Prevalence of hypertension was particularly high in the CRC-

NORDIET Study, but in accordance with previously reported prevalence in the Norwegian 

population (110).  
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 Prevalence of metabolic syndrome in the CRC-NORDIET Study at 6.2.2

baseline 

The concept of the metabolic syndrome has been discussed for several decades. Various 

definitions have been used, making it difficult to compare the prevalence among populations 

worldwide. In the same manner that the prevalence of the individual components of the 

syndrome varies among populations, the prevalence of the metabolic syndrome also varies 

(52). Differences in genetic background, diet, level of physical activity, age and sex of the 

population, level of over- and under nutrition, and physique, all influence the prevalence of 

both the metabolic syndrome and its components (52). The reported prevalence in different 

populations varies in a wide range from 4-56 %. The studies often differ with respect to study 

design, sample selection, the year the study was conducted, the precise definition of the 

metabolic syndrome used, and the age and sex distribution of the population itself (52). 

Using the JSS harmonized definition we found the prevalence of metabolic syndrome in the 

CRC-NORDIET Study group to be 33.9 %, which is comparable to that of other studies 

reporting on CRC populations with prevalences between 32-42 %, depending on choice of 

definition and tumor localization (59, 60). The EPIC study investigated the prevalence of 

metabolic syndrome in 1093 participants developing CRC. The use of different definitions on 

metabolic syndrome produces different prevalences. The revised ATPIII definition identified 

a prevalence of 32.0 %. Using the IDF definition, prevalence was 38.8 %. Finally, the JSS 

harmonized definition identified a prevalence of 42.1 % (60). The JSS harmonized definition 

allows population-specific thresholds for waist circumference. In the EPIC study, these 

thresholds were set to ≥ 94 cm in men and ≥ 80 cm in women, and thus different from the 

thresholds used in this thesis (≥ 102 cm in men and ≥ 88 cm in women). So in the EPIC study, 

the prevalence found using the revised ATPIII definition (32.0 %) is comparable, and similar, 

to the prevalence found in this thesis (33.9 %). 

A prospective cohort study from the U.S. with 14.109 participants identified 194 CRC cases. 

Prevalence of metabolic syndrome was 34.5 % in men and 34.2 % in women, using the 

revised ATPIII definition (59). These prevalences, together with the prevalence found in the 

EPIC study, are assessed in prospective studies, thus measurements for diagnosis of metabolic 

syndrome were conducted before CRC diagnosis. Prevalence in the CRC-NORDIET Study 

group was assessed after CRC surgery, and may be lower than pre-surgery, due to weight loss 

being part of the clinical manifestation of CRC and a side effect of CRC treatment (24, 29) 
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and the fact that many CRC patients experience weight loss in the post-operative period 

(111). To the best of our knowledge, this is the first time prevalence of metabolic syndrome is 

characterized in patients recently treated for CRC.  
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 Associations between anthropometric measures and biomarkers of 6.2.3

the metabolic syndrome in the CRC-NORDIET Study 

Obesity is associated with insulin resistance and the metabolic syndrome (50). We aimed to 

investigate the relationship between different anthropometric measures (weight, BMI, waist 

circumference, hip circumference, WHR and WHtR) and the biomarkers of the metabolic 

syndrome (glucose, triglycerides, HDL-cholesterol, SBP and DBP). Waist circumference is 

one of the metabolic abnormalities constituting the metabolic syndrome, but as it is highly 

correlated with the anthropometric measures we tested in this thesis, we chose to test it as an 

anthropometric measure instead of a biomarker of the metabolic syndrome. 

Our results indicate that weight, BMI, waist circumference, hip circumference, WHR and 

WHtR could predictive presence of metabolic syndrome. WHR was the only anthropometric 

measure tested not being significant for this prediction. This indicates that simple 

anthropometric measures are valuable indicators for identifying persons with metabolic 

syndrome, and should thus be included in simple nutrition screening to identify the need for 

treatment of metabolic abnormalities. The result is in line with previous reports from Snijder 

et al. (112) who found that BMI, WHR, waist circumference and hip circumference could 

predict presence of DMT2 diagnose. 

For every 1.0 kg/m
2 

increase in BMI we found a 39 % increase in the prevalence of metabolic 

syndrome, which is higher than reported for normal-weight populations but similar to obese 

populations (57). Park et al. (57) found that prevalence increased from 4.6 and 6.2 % in 

normal-weight men and women to 59.6 and 50.0 % in obese men and women, respectively. 

Odds ratio for metabolic syndrome increased from 1.0 in the normal-weight (referent), to 5.2 

in the overweight and 25.2 in the obese participants. Janssen et al. (113) found that the odds 

for metabolic syndrome increased by 15-20 % for every 1.0 kg/m
2 

increase in BMI. 

In the current study, we found a 15 % increased odds for metabolic syndrome for every cm 

increase in waist circumference, which is also reported by others, although at lower odds. 

Janssen et al. (113) found increased odds by 6-7 % for every cm increase in waist 

circumference. A study by Bener et al. (114), found waist circumference to be the best 

predictor of metabolic syndrome, followed by WHtR, WHR and BMI, respectively. 

There was a significant positive association between biomarkers of the metabolic syndrome 

(glucose, triglycerides, HDL-cholesterol, SBP and DBP) and all anthropometric measures 
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tested (weight, BMI, waist circumference, hip circumference, WHR and WHtR). Out of all 

biomarkers constituting the metabolic syndrome, glucose seemed to be most strongly 

associated with all anthropometric measures tested, followed by SBP, triglycerides, HDL-

cholesterol and DBP, respectively. 

Significant positive correlations between glucose and waist circumference and glucose and 

BMI were also reported by Seidell et al. (115). A study by Snijder et al. (112) found glucose 

concentrations to be positively associated with waist circumference and negatively associated 

with hip circumference. 

SBP was associated with all measures on anthropometry tested, except WHR, and DBP was 

associated with weight, BMI and hip circumference. Significant positive associations with 

hypertension have been reported in other studies for several anthropometric measures. A 

significant association between hypertension and BMI and waist circumference was found by 

Janssen et al. (113). Similarly, Seidell et al. (115) found significant positive correlations 

between SBP and DBP and BMI, and SBP and DBP and waist circumference. 

Triglycerides were associated with BMI, waist circumference, hip circumference, WHR and 

WHtR. This is in line with other studies showing significant associations between 

triglycerides and BMI and between triglycerides and waist circumference (113, 115, 116). 

Chehrei et al. (116) also found significant positive correlations between triglycerides and 

BMI and waist circumference, in addition to WHtR. 

In the current study, HDL-cholesterol was negatively associated with WHtR. A negative 

association between HDL-cholesterol and other risk factors for lifestyle related diseases is a 

common finding. Chehrei et al. (116) investigated the same relationship, but did not find any 

statistical significant association for WHtR, but a weak negative correlation with waist 

circumference. Seidell et al. (115) on the other hand, found a strong negative correlation 

between HDL-cholesterol and BMI and waist circumference. 

Katzmarzyk et al. (117) found that both BMI and waist circumference could significantly 

predict all biomarkers of the metabolic syndrome, with waist circumference being the most 

predictive.  
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 Prevalence of metabolic syndrome in the CRC-NORDIET Study and 6.2.4

HUNT 3 

Because there exist no assessments of the prevalence of metabolic syndrome in Norwegian 

CRC populations, it is not known whether the prevalence is different from a normal 

population. Therefore, we aimed at comparing the prevalence in the CRC-NORDIET Study to 

a Norwegian reference population, HUNT 3, of which we had obtained full data access. For 

this comparison we used a modified version of the JSS harmonized definition. 

The prevalence in the CRC-NORDIET Study was 30.5 % (95 % CI: 18.4-42.6) compared to 

25.2 % (95 % CI: 23.3-27.1) in HUNT 3. However, the difference in prevalence of metabolic 

syndrome between the two groups was not significant. The prevalence of metabolic syndrome 

in the CRC-NORDIET Study is also within the same range as found in the HUNT 2 study, 

which was conducted for a similar age group using a similar definition, the revised ATPIII 

(57). In the HUNT 2 study, the prevalence of metabolic syndrome in adults between 50-79 

years of age was between 30-41 % and 26-51 % in men and women, respectively, with 

prevalence increasing with age (57). 

Based on the data on medication use we would have expected the CRC-NORDIET Study 

group to have higher prevalence of metabolic syndrome than the HUNT 3 group. The CRC-

NORDIET Study group had a five times higher use of glucose-lowering drugs and 1.5 times 

higher use of antihypertensive drugs than the HUNT 3 group. In addition, the CRC-

NORDIET Study group had three times more participants with diabetes diagnose. 

This suggests that the CRC-NORDIET Study group was under better medical care or follow-

up than the HUNT 3 population. In line with this interpretation, we found that the HUNT 3 

population had significantly higher levels of several biomarkers of metabolic syndrome. BMI, 

SBP, DBP and serum glucose were all higher in the HUNT 3 group. Because the serum 

biomarker analysis was performed separately in the two studies and due to differences in 

sampling timing (non-fasting versus fasting), care must be taken when interpreting the 

differences in glucose concentrations (see section 6.1). 

There may be several other reasons for why we did not observe higher prevalence of 

metabolic syndrome in the CRC group compared to the HUNT 3 group. First of all, the true 

prevalence might indeed be similar between the groups. Differences in the timing of blood 

sampling, fasting state and the use of different methods for the serum biomarker analysis 
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might have introduced errors in the scores for triglycerides and HDL-cholesterol (see section 

6.1 and 6.2.5). However, because we replaced scores for serum glucose with scores for use of 

glucose-lowering drugs, the issues concerning serum biomarkers would not affect these 

scores. We might also have underestimated the number of CRC-NORDIET Study participants 

with metabolic syndrome, as mean BMI was reduced from 27.5 kg/m
2
 pre-surgery (results not 

shown) to 26.4 kg/m
2
 at baseline. Although both groups had HDL-cholesterol values within 

the recommended reference range (women: 0.95-2.74 mmol/L, men: 0.75-2.14 mmol/L) 

(118), there seemed to be a trend towards higher HDL-cholesterol in CRC-NORDIET Study 

(Md=1.44 mmol/L) compared to HUNT 3 (Md=1.30 mmol/L). However, it was not possible 

to compare triglyceride-lowering or HDL-cholesterol increasing drug use, as we did not have 

this information in the HUNT 3 material. In addition, we have not taken into account intake of 

omega-3 in terms of fish intake, use of cod liver oil or omega-3 capsules in the two groups. 

As previous mentioned, 4 grams of omega-3 per day may give a 25-30 % reduction in 

triglycerides and 1-3 % increase in HDL-cholesterol (109). After being diagnosed with a 

severe condition, participants in the CRC-NORDIET Study may have acquired healthier 

habits. Such effects have been published previously. Blanchard et al. (119) found that habits 

on smoking and diet were positively influenced in adults after cancer diagnosis. 

A large proportion of the HUNT 3 participants scored 2 points in the metabolic abnormality 

score (29.5 %) compared to the CRC-NORDIET Study (13.6 %), which supports the 

suggestion that HUNT 3 are under less adequate medical care. Thus many individuals in the 

HUNT 3 group are on the verge of being diagnosed and receiving medical treatment, but not 

yet detected by the health care system. Median SBP was 135.0 (124.0-148.5) mmHg in 

HUNT 3, which is classified as “high normal blood pressure” (120), and thus on the verge of 

receiving medical treatment, depending on other risk factors. Median DBP was 78.0 (71.0-

85.0), which is considered as normal. Median serum glucose was 5.50 (5.10-6.00). According 

to the Norwegian national professional guidelines for diabetes, non-fasting plasma glucose 

values between 5.5-11.0 mmol/L, could indicate the presence of diabetes although threshold 

levels for treatment is > 7.0 mmol/L (121).  
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 Is HUNT 3 suitable as a reference group for the CRC-NORDIET 6.2.5

Study? 

The HUNT Study is one of the largest health studies ever performed, and many papers based 

on HUNT material has been written. About 600 scientific papers and 78 PhDs based on data 

from HUNT, covering a wide range of scientific disciplines, have been published until May 

2012 (94). The HUNT database contains personal and family medical histories collected 

during three intensive studies, HUNT 1, 2 and 3. HUNT 3, which is the newest, was 

completed in 2008. 

The study of diabetes and the effect of weight gain as a risk factor for the development of 

diabetes has been one of the central research areas through all the three studies and several 

papers have been published on the subject (122-124). HUNT 3, the most recent of the HUNT 

studies, with data collected from 2006-2008, had measured variables similar to those in the 

CRC-NORDIET Study. Thus, we thought this study could serve as a reference group for 

comparison with the CRC-NORDIET Study. After thorough investigations, we have 

concluded that HUNT may not be a suitable reference population for the comparison of 

metabolic syndrome. 

One of the main reasons for this is that the scoring of metabolic syndrome according to the 

JSS harmonized definition includes three blood biomarkers. As previously discussed (section 

6.1), analyses of biological specimen and measurements of blood pressure are sensitive for 

technical deviations and require standardized methods. Because the blood biomarker analyses 

were conducted at different times with different methods (kits and instruments) in the two 

studies, the scoring according to these parameters may induce errors. In addition, all 

parameters in HUNT 3 are obtained from non-fasting subjects, as compared to fasting 

subjects in the CRC-NORDIET Study. To diminish some of the differences with regards to 

blood biomarkers, an opportunity could be to order biologic specimen from the HUNT bio-

bank and analyze samples from both groups at the same time with the same method. Still, the 

difference in fasting/non-fasting will be present and particularly unoptimal with regards to 

biomarkers that are affected by food intake. 

Those fasting ≥ 9 hours in HUNT 3, although not asked to fast, may comprise individuals 

with an unhealthy life-style due to unstructured daily routines. This is supported as we found 

higher serum glucose in those fasting for ≥ 9 hours than ≥ 6 hours (results not shown). 



71 

 

Another difference is that much of the information we were able to retrieve from medical 

records in the CRC-NORDIET Study was self-reported in HUNT. 

To summarize, because the studies compared were different in study design and sampling 

methods, the HUNT 3 study is not optimal as a reference population for the study of 

metabolic syndrome. Differences in blood sampling (fasting versus non-fasting), technical 

differences associated to biomarker measurements and a disease/treatment-associated weight 

loss in the CRC-NORDIET Study group, are the main reasons.  
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 Effects of the intervention on anthropometry and biomarkers from 6.2.6

baseline to six months in the CRC-NORDIET Study 

There were no statistically significant differences in the changes from baseline to the six 

months follow-up visit between the two groups with regards to anthropometry and biomarkers 

for metabolic syndrome. In this context, it is important to keep in mind that although this 

intervention may improve the components of the metabolic syndrome, the study is not 

designed specifically for this purpose. While the diet intervention group received 

individualized advices for adhering to the new Norwegian food-based dietary guidelines in 

addition to advice on physical activity, the control group received advice on physical activity 

only. The reason for this design was to try to isolate the effect of diet. Because advice on 

physical activity is important in the strategy for metabolic syndrome management (see section 

1.3.4), it is possible that both groups will have similar advantages with regards to the effects 

on metabolic syndrome biomarkers. The lack of effect might also be due to the limited 

number of participants having reached the six months follow-up at the time of analysis. In 

addition, six months follow-up may be too limited to achieve effects of the diet intervention. 

Because the baseline measurements are performed close to time of surgery, the treatment-

related and post-operative weight loss observed in this group may also account for the lack of 

significant effects. 

However, there may be indications of early effects of the intervention. A trend was found for 

reduced waist circumference and WHtR in the intervention group, although these values were 

initially slightly higher in the intervention group than the control group. In the intervention 

group, there was also one person less with metabolic syndrome at the six months follow-up 

visit compared to baseline. There are other studies suggesting that lifestyle changes have an 

effect on prevalence of metabolic syndrome. A review on the Diabetes Prevention Program 

stated that prevalence of metabolic syndrome fell by one-third with lifestyle change, with the 

aim of achieving and maintaining at least 7 % weight reduction through a low-calorie, low-fat 

diet and engaging in at least 150 minutes of physical activity per week (125).A one-year 

lifestyle intervention trial in frail, obese, older adults showed a significant amount of weight 

loss 18 months after the active intervention (126). In terms of the metabolic abnormalities of 

metabolic syndrome, all abnormalities were significantly improved after six months of 

intervention, except for HDL-cholesterol which did not show a significant effect until 12 

months. 18 months after the active intervention, waist circumference and SBP remained 

significantly lower than the baseline measurements. The prevalence of metabolic syndrome, 
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as defined by the old ATPIII definition, was reduced from 56 % at baseline to 31 % after six 

months of intervention (126). Sakane et al. (127) conducted a three-year lifestyle intervention 

trial in adult men with IGT. They reported an improvement in body weight, BMI, waist 

circumference and blood pressure after one year of intervention. Improvement in glucose 

tolerance showed a clear trend in the intervention group, although not significant from the 

control group. Tuomilehto et al. (75) studied the effect of a one-year diet and lifestyle 

intervention trial (the Finnish Diabetes Prevention Study) in overweight adults, and found a 

significant reduction in body weight, waist circumference, blood pressure, serum triglycerides 

and plasma glucose in the intervention group. Plasma glucose two hours after OGTT was also 

significantly reduced. The results from these studies indicate that it may be easier to observe 

an effect of the CRC-NORDIET intervention after the whole one-year intervention period.  
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 Impact of life-style changes for risk of metabolic syndrome 6.2.7

Although we did not measure a significant difference between the study groups in the CRC-

NORDIET Study with regards to prevalence of metabolic syndrome in this master thesis, this 

may be explained by the limited number of participants yet included in the study. In addition, 

timing of the measurements used to identify the prevalence may not be optimal, as discussed 

in section 6.1.1 and 6.2.2. 

Nevertheless, a reduction in prevalence of metabolic syndrome and associated risk factors is 

likely to affect hard endpoints such as mortality and cancer recurrence, as metabolic 

syndrome and CRC share many of the same risk factors (128). A meta-analysis conducted by 

Esposito et al. (129) identified 36 and 16 % increased CRC mortality for men and women, 

respectively, in people with the metabolic syndrome compared to people without the 

syndrome. The association was not notably affected by choice of definition for metabolic 

syndrome, cancer site, ethnicity, and study type and study quality. 

It has been debated whether the cluster of risk factors in the metabolic syndrome in fact 

represents a higher risk of DMT2 and CVD than the sum of the risks. Several studies have 

indicated that the clustering of the components of the metabolic syndrome increases the risk 

of CRC mortality compared with the individual components alone (130, 131). A study by 

Stocks et al. (128) showed that a high score of metabolic syndrome was associated with an 

increased risk of CRC in men and women, and the effects of combinations of metabolic 

abnormalities were additive. BMI showed a linear association with a significantly increased 

risk of CRC. 

A one-year diet and exercise intervention on Norwegian middle-aged men with metabolic 

syndrome showed that both diet and exercise reduced the prevalence compared to the control 

group. However, diet and exercise combined was significantly more effective in reducing 

prevalence of metabolic syndrome (57 % reduction) than diet (34 %) or exercise alone (23 %) 

(132). 

Diagnosis of metabolic syndrome may provide more information on the general health 

condition than each of its components (133). Monitoring of the syndrome and actions to 

improve the metabolic abnormalities may have great implications for health and survival in 

this CRC population (128, 129). Engeli et al. (134) found that a 5 % weight reduction in 

obese women could lower SBP by 7 mmHg, and it is estimated that a reduction of SBP of 5 
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mmHg across the general population would reduce all-cause mortality with 7 %, stroke 

mortality with 14 % and mortality by coronary heart disease with 9 % (135). 
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7 Conclusion 

To the best of our knowledge, the prevalence of metabolic syndrome in CRC patients in 

Norway has not been assessed. The overall aim of this thesis was therefore to identify the 

prevalence of metabolic syndrome in the CRC-NORDIET Study. 

The present work suggests that metabolic syndrome is a frequent comorbidity in Norwegian 

CRC patients with a prevalence of 33.9 %. Furthermore, we found that easily collectable 

anthropometric measures may indicate the presence of metabolic syndrome. We also found 

significant associations between most anthropometric measures and biomarkers of the 

metabolic syndrome. Thus we are confirming the previous reported associations between 

obesity and the metabolic syndrome. 

The prevalence of metabolic syndrome in the CRC-NORDIET Study is comparable to that of 

other studies reporting on CRC populations with prevalences between 32-42 %, depending on 

choice of definition and tumor localization. However, the prevalence of metabolic syndrome 

in the CRC-NORDIET Study might be underestimated due to recent weight loss as a 

consequence of CRC surgery and treatment. 

It was problematic to compare prevalence of metabolic syndrome in the CRC population to 

that of an age-matched reference population from the HUNT 3 study. Because the HUNT 3 

study collected non-fasting blood samples it is of limited value as a reference population for 

the study of metabolic syndrome prevalence. Thus the results from the comparison between 

the studies should be interpreted cautiously. Nevertheless the CRC population seemed to be 

under better medical care compared to the reference population, as they were more frequent 

users of glucose-lowering and antihypertensive drugs than the HUNT 3 group. In addition the 

HUNT 3 group had higher blood pressure, glucose concentrations and BMI.  

There was no effect of the diet and lifestyle intervention on any of the metabolic 

abnormalities after six months of intervention. The lack of effect might be due to the limited 

number of participants having reached the six months follow-up at the time of analysis and 

the limited time frame, in addition to the treatment-related and post-operative weight loss 

observed in this group. 
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8 Future perspective 

The results of this thesis raise several interesting issues that should be followed. We found the 

metabolic syndrome being a frequent comorbidity in the CRC-NORDIET Study group, 

although the prevalence did not differ much from the prevalence in a reference population. 

Since the HUNT 3 material was not well suited as a reference for the study of metabolic 

syndrome, future studies within the CRC-NORDIET Study should seek to find a more 

suitable reference population. For comparison between CRC patients with a reference 

population, it could be valuable to recruit a suitable reference population parallel to the CRC-

NORDIET Study. Although the HUNT material was of limited value with regards to 

comparing prevalence of metabolic syndrome, the study will be valuable for other 

comparisons where fasting blood samples is not required. Another option to avoid technical 

differences in blood analysis could be to order biological material from the HUNT bio-bank. 

However, although we could diminish some of the uncertainties regarding differences in 

methods for analysis, the problem regarding fasting/non-fasting would still be present. 

The results from this interim analysis do not show an effect of the intervention on prevalence 

of metabolic syndrome. Because of the small number of participants in the intervention group 

and the control group, caution should be made in the interpretation of these results. It would 

be interesting to investigate the effect on prevalence of metabolic syndrome when all 500 

participants are included. In addition, it is important to consider whether the CRC-NORDIET 

Study population is at a normal or healthy state at baseline, or if they are still under influence 

of the cancer treatment. In a later time point, it would be interesting to investigate the effect of 

the intervention from the six months follow-up to 12 months follow-up. 

At the follow-up visits, information on dietary intake is collected through FFQ’s. It would be 

interesting to investigate whether change in dietary patterns is associated to change in the 

prevalence of metabolic syndrome. A reduction in prevalence of metabolic syndrome and 

associated risk factors is likely to affect hard endpoints such as mortality and cancer 

recurrence (128, 129), and several studies have indicated that the clustering of the 

components of the metabolic syndrome increases the risk of CRC mortality compared to the 

individual components alone (130, 131).  

The CRC-NORDIET Study is a unique intervention as it is the first randomized clinical trial 

studying the effects of the Norwegian food-based dietary guidelines on overall mortality, 
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cancer recurrence, relapse and comorbidities among patients radically treated for CRC. This 

population will be a useful reference population for other studies on CRC in Norway or 

Europe. 
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Appendix 

Appendix table 1 Anthropometric measures and biomarkers for all participants at 

baseline in the CRC-NORDIET Study  

  Intervention group (n=35) Control group (n=24) 

Age (y) 63.8 ± 7.4 63.0 ± 6.8 

Gender, n (%) 

   Male 20 (57.1 %) 10 (41.7 %) 

 Female 15 (42.9 %) 14 (58.3 %) 

Anthropometry 

     Height (m) 172.6 ± 7.7 172.6 ± 9.2 

   Weight (kg) 78.9 ± 14.8 77.6 ± 17.5 

   Body mass index (kg/m2) 26.4 ± 4.2 25.9 ± 4.9 

   Waist circumference (cm) 97.5 ± 13.4 92.9 ± 13.7 

   Hip circumference (cm) 101.9 ± 8.2 101.9 ± 11.0 

   Waist-to-height ratio 0.95 ± 0.09 0.91 ± 0.08 

   Waist-to-height ratio 0.56 ± 0.08 0.54 ± 0.07 

   SBP (mmHg) 121.3 ± 15.2 125.0 ± 19.3 

   DBP (mmHg) 71.1 ± 10.1 73.4 ± 11.5 

Fasting biomarkers 

     Glucose (mmol/L) 5.15 (4.70-5.50)¹ 4.98 (4.54-5.84)¹ 

   Triglycerides (mmol/L) 1.50 (0.78-1.93)¹ 1.33 (0.58-1.67)¹ 

   HDL-cholesterol (mmol/L) 1.39 ± 0.47 1.49 ± 0.39 

   Total cholesterol (mmol/L) 3.95 ± 1.60 4.23 ± 1.18 

Biomarkers 2 h after OGTT 

     Glucose (mmol/L) 5.54 ± 1.87 5.11 ± 1.31 

   Triglycerides (mmol/L) 1.51 ± 0.93 1.16 ± 0.74 

   HDL-cholesterol (mmol/L) 1.36 ± 0.51 1.52 ± 0.33 

   Total cholesterol (mmol/L) 3.52 ± 1.71 4.48 ± 1.62 

Response to OGTT   

   Glucose (mmol/L) 0.37 ± 1.42 0.28 ± 1.46 

   Triglycerides (mmol/L) 0.11 ± 0.60 -0.07 ± 0.85 

   HDL-cholesterol (mmol/L) 0.01 ± 0.42 0.00 ± 0.07 

   Total cholesterol (mmol/L) -0.51 ± 1.34 0.10 ± 1.63 

Medication use, n (%) 

     Glucose-lowering drugs 6 (17.1 %) 5 (15.3 %) 

   TG lowering drugs 13 (37.1 %) 4 (16.7 %) 

   Antihypertensive drugs 18 (51.4 %) 11 (45.8 %) 

T-tests and Mann-Whitney tests were performed for continuous variables; chi-square test and Fisher’s exact test 

were performed for categorical variables (gender, medication use). 

Values are presented as mean ± s.d. if not other specified. 

¹Values presented as median (Q1-Q3). 

Abbreviations: SBP: systolic blood pressure, DBP: diastolic blood pressure, TG: triglyceride. 
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Appendix figure 1 Relationship between hours since last meal and serum glucose 

concentrations in the HUNT 3. Scatter plot of non-fasting serum glucose for the HUNT 3 

participants for the different categories based on time since last meal. For visual comparison, 

the fasting serum glucose concentrations for the CRC-NORDIET Study were included in the 

right side of the figure (red dotted box). 
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