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Summary 

Background and aims: The levels of physical inactivity are rising in countries all over the 

world and are now listed as the fourth leading risk factor for global mortality. Regular 

exercise is effective as primary prevention of chronic diseases and gives protection against 

all-cause mortality, primarily by protection against atherosclerosis, Type 2 diabetes, cancers, 

obesity, dementia, hypertension and depression. Physical activity have previous been shown 

to elicit both pro- and anti-inflammatory markers during and after activity, but are 

nevertheless suggested to prevent chronic low-grade inflammation. The aims of this pilot 

study were to investigate the effect of an acute bout of exercise on adipokines and 

inflammatory markers in healthy men, and to investigate how this exercise-induced response 

was associated with body composition and influenced by the intake of sports drinks during 

restitution.  

Subjects and methods: 

Out of 16 interested, 11 non-smoking, healthy men between 22-28 years old were enrolled in 

the study. The present pilot study was designed as a 1-day, two-period double blinded 

randomized crossover study with an intermediate wash-out period of 1 week. The first two 

meetings included determination of VO2max, anthropometrical measurements and a pre-test. 

The two last meetings included the exercise intervention. The subjects met fasting in the 

morning for blood samples, blood pressure and body composition measurements. A light and 

standardized breakfast was served and the subjects waited for 1 hour before they performed 

the exercise test cycling for 1 hour at 70 % of VO2max. A blood sample was collected straight 

after exercise ended and the subjects received a sports drink with either carbohydrate only or 

carbohydrate and protein. The delivery of sports drinks were repeated after 30 min, 1 hour 

and 1.5 hour. Study personnel reminded the participants when to drink and ensured that all 

finished up their sports drinks. After two hours during restitution a new blood sample was 

collected. The blood samples were afterwards analysed for adipokines and inflammatory 

markers and statistical analyzes were performed.  

Results: The effect of exercise significantly decreased the circulating level of leptin 

(p=0.01), while significantly increased the serum levels of sTNFRI, IL-6, IL-10, TNF-α, 
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CXCL16, ICAM-1 andVCAM-1 (p < 0.05 for all). No significant changes were observed for 

the levels of adiponectin and sTNFRII after exercise. The only significant association 

between body composition and the exercise response was between TNF-α/IL-10 ratio and 

Waist-Hip ratio (r = -0.75, p = 0.02). The only significant change after a bout exercise 

between intake of carbohydrate and carbohydrate and protein drink was the ratio TNF-

α/sTNFRs (p = 0.04), where the intake of sport drinks with carbohydrate and protein 

significant increased this ratio from exercise to restitution (p = 0.03). The change in serum 

level of IL-10 after exercise, tended to be significant different after intake of carbohydrate and 

carbohydrate and protein drink (p = 0.06), where intake of carbohydrate and protein drink 

reduced the circulating level of IL-10 from exercise to restitution (p = 0.03).  

Conclusion:  

Our results support the theory that an acute bout of exercise increases the circulating levels of 

adipokines and inflammatory markers. The present study shows that exercise elicit release of 

both pro- and anti-inflammatory cytokines. The data also suggest that the circulating level of 

adipokines and inflammatory markers are only modestly influenced by the difference in the 

composition of sports drink consumed after the exercise.  
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1 Introduction 

1.1 Health situation: A global epidemic of chronic 

diseases  

1.1.1 A global perspective 

Today, non-communicable diseases (NCDs) are the leading cause of death globally (1). Out 

of the 57 million deaths that occurred globally in 2008, 36 million, almost two thirds, were 

due to NCDs, comprising mainly cardiovascular diseases (17 million), cancers (7.6 million), 

diabetes (1.3 million) and chronic lung diseases (4.2 million) (1). As a result of the changes in 

the social and economic environment the risk factors for NCDs are becoming widespread (2). 

The risk factors are similar all over the world and consist of high blood pressure, tobacco use, 

an unhealthy diet with foods high in saturated and trans-fatty acids, salt and sugar, insufficient 

level of physical activity and a harmful consumption of alcohol. These causes are responsible 

for more than two-thirds of all new cases of NCDs and increase the risk of complications in 

people with an already established NCD (3;4).  

Diabetes is one of the leading causes of death worldwide, but it is also associated with an 

increased risk for cardiovascular morbidity and mortality (5;6). The etiology of diabetes is a 

complex multi-factorial process with both environmental, behaviour and genetic origins and 

an overabundance of energy-dense food combined with physical inactivity is two major 

causes (5;7). Despite that many lifestyles factors have been discussed to play a role in the 

progression of diabetes, physical inactivity has been shown to be one of the most important 

behavioural cause of insulin resistance (5;7). Physical inactivity mediates transcriptional 

changes of genes associated with insulin resistance (8). Evidence from observational studies 

and experimental studies support the hypothesis that physical inactivity and low cardio 

respiratory fitness are involved at several points in the progression from normal glucose 

metabolism to diabetes (5).  

Overweight and obesity are defined as abnormal or excessive fat accumulation that may 

impair health (9). Overweight is defined as a body mass index, BMI, a measure of weight 

relative to height (kg/m
2
), ≥ 25 kg/m

2
 and obesity as a BMI ≥ 30 kg/m

2 
(10). Today, 2.8 

million people die each year as a result of being overweight or obese (11). In 2010 a total of 
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43 million children globally was estimated to be overweight or obese (12). Both being 

overweight and obese increases the risk for heart failure, stroke, cancer, type 2 diabetes, 

gallstone, muscle- and joint pain and leads to adverse metabolic effects like high blood 

pressure, cholesterol, triglycerides and insulin resistance (1;4). It is therefore a significant 

public health problem that requires the development and implementation of effective 

interventions for both prevention and treatment (13). Weight gain occurs because of a greater 

intake of energy than output by energy expenditure (14). There is evidence that moderate or 

vigorous physical activity significantly affect body weight, especially in combination with a 

diet (15-17). Physical activity also improves dyslipoproteinemia, insulin sensitivity and 

physical fitness, where the latter is associated with reduction in the risk of weight gain 

(15;18). 

High blood pressure is defined as systolic blood pressure of ≥140 mmHg and/or diastolic 

blood pressure of ≥90 mmHg, or the use of medications to lower it (1). The prevalence of 

raised blood pressure in adults aged 25 years and older was 40 % in 2008 and was estimated 

to cause 7.5 million deaths, which make out 12.8 % of all deaths (1;11). An elevated level of 

total cholesterol, defined as 5.0 mmol/L or higher, causes 2.6 million deaths annually (1;11).  

1.1.2 The morbidity and mortality of chronic diseases in Norway  

Of all deaths in Norway, 30 % are due to cardiovascular diseases (CVD) (4). The mortality of 

myocardial infarction among the Norwegian population aged 40-69 years old was in 2004 

only half of the mortality seen in 1970 (19). The level of fat in the Norwegian diet has been 

reduced and the ratio between unsaturated and saturated trans fat has increased, meanwhile 

the level of cholesterol in the diet is reduced more than 50 % seen in 1960 (19). These 

changes may be partly explaining the decline in incidence of cardiovascular disease in 

Norway. Despite the reduced mortality, death from myocardial infarction is still the most 

frequent cause of death among people less than 70 years old in Norway (4).  

About 26.000 people in the Norwegian population are diagnosed with cancer each year and 

25 % of all deaths in Norway are due to cancer (4). The incidence has increased over time, 

although some types of cancer forms are decreasing, like for instance stomach cancer (4). The 

incidence of type 2 diabetes is increasing among the Norwegian population and in 2011 it was 

estimated that 250.000 people had a type 2 diabetes diagnosis and a similar number of people 
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with glucose intolerance (4). Obesity and physical inactivity may be two major causes of this 

development.  

The incidence of overweight has inclined fast in the Norwegian population at all ages, and are 

more frequently seen in those with low socioeconomic status then those with high (4). BMI 

(kg/m
2
) calculated by weight and height measurements of 6709 eight- and 12-years old school 

children from 82 schools in Oslo in 2004, showed that the prevalence of overweight and 

obesity was then 21 % (20). The Young-Health Survey North Trøndelag (HUNT) study 

compared weight and height measurements from 8378 adolescents (14-18 years old) from 

1966-1969 and 1995-1997 (21). In 1995-1997, 17.2 % meet the criteria for overweight and 

obesity, compared to only 10.7 % in 1966-1969. When it comes to sex differences the 

prevalence of overweight and obesity were higher in girls than boys in 1966-1969, but no 

differences were seen in 1995-1997. Results from seven Norwegian studies where people 

with BMI ≥30 kg/m
2
 where included found that the prevalence of obesity among men was 

between 11-29 % (median 19.5%) and for women 9-38 % (median 20%) (22).There is 

currently not enough data to determine if it is changes in the energy expenditure or energy 

intake that is the major cause of this increased overweight problem in Norway. Most probably 

it is a combination of them both.   

How physical active are the Norwegians and do they meet the recommendation regarding 

physical activity? In 2000, a review article investigated how physical active the Norwegians 

are in their leisure time (23). They searched information from nationally surveys from 1990-

2000 for children and young adults, adults and adults over 60 years old. Among 13 years old 

children, 70 % of these were physical active for two hours or more in their spare time after 

school. As the children started secondary school the activity level during time breaks at 

school went drastically down. Pooled results from surveys of the activity level among adults 

showed that 30-60 % of adults in Norway performed physical activity for two or more hours 

per week. They also found that the level of activity in the leisure time decreases over time as 

the age increases. Among adults who where 60 years or older 50 % were physical active more 

than two times per week (23).  
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1.2 Physical activity 

1.2.1 Definition of  physical activity 

Physical activity refers to all energy expended by movement, and is defined as any bodily 

movement produced by skeletal muscles that results in energy expenditure above the resting 

level (24;25). This definition includes all types of activity such as household, outdoor chores, 

occupational activity, walking, cycling, shopping, sports, intentional exercise and other 

activities of daily living or other recreational activities (26). 

Physical fitness refers to a physiological state of well-being, which allows one to meet the 

demands of everyday life, and are attributes that people have or achieve (24;27). Physical 

fitness can be divided into two subgroups, one related to health and the other related to 

physical skills. By engaging in physical activity both components will be affected, but just as 

the amount of physical activity ranges from low to high, so does the level of physical fitness 

(24). Health related components consist of cardio respiratory endurance, muscular endurance, 

muscular strength, body composition and flexibility and are those components which are most 

important for public health (24). The skills related components of physical fitness are more 

important for individual sports performance and include power, reaction time, agility, 

balance, coordination and speed (24). 

In turn, exercise is a subset of physical activity with a moderate- or vigorous-intensity, 

planned, structured and designed specifically to improve one or more components of physical 

fitness and health (24;25). Examples of different types of exercise are aerobic, running, 

bicycling and competitive sport. 

1.2.2 Recommendation of physical activity 

The level of physical inactivity is rising in many countries and are now listed as the fourth 

leading risk factor for global mortality (1). A total of 31 % of the world’s population aged 15 

years or older were estimated to be insufficiently active in 2008 (1). Approximately 3.2 

million deaths each year are attributable to insufficient physical activity and it is estimated as 

being the principal cause for about 21-25 % of breast and colon cancer burden, 27 % of 

diabetes and approximately 30 % of ischemic heart disease burden (11;26)  
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The recommendations of physical activity are divided in three groups by age, children 

between 5-17 years old, adults from 18-64 years old, and those from 65 years old and older. 

Children between 5-17 years old should accumulate at least 60 minutes of moderate- to 

vigorous intensity of physical activity daily, which includes play, games, sports, 

transportation, recreation, physical education or planned exercise (26;28). This will improve 

cardio respiratory and muscular fitness, bone health, cardiovascular biomarkers and metabolic 

biomarkers and reduce symptoms of anxiety and depression (26). Amount of time on physical 

activities greater than this will provide additional health benefits (26).  

For people between 18-64 years old it is recommended to do minimum 30 minutes of 

moderate-intensity aerobic physical activity per day or at least 150 minutes of moderate- to 

vigorous-intensity aerobic physical activity per week (26;28). This will improve cardio 

respiratory and muscular fitness, bone health, and reduce the risk of NCDs and depression. 

Physical activity in this group refers to leisure time physical activity, walking or cycling as 

transportation, occupational household chores, play, games, sports or planned exercise. The 

activity can be divided in bouts of minimum 10 minutes duration per time. Resistance activity 

or training of major muscle groups two or more times a week is recommended to maintain 

muscle strength and improving bone health (26). 

People 65 years old or older have the same recommendation, but in addition, they have to 

perform physical activity to enhance balance and prevent falls (26). If their health conditions 

are too poor to meet the recommendation, they should try to be physical active at the level 

that their conditions and abilities allow (26).  

1.3 Physical activity in the prevention and treatment 

of chronic diseases  

Regular exercise is effective as primary prevention of chronic diseases and all-cause 

mortality, primarily by protection against atherosclerosis, Type 2 Diabetes, colon cancer, 

breast cancer, obesity, dementia, hypertension, bone and joint diseases and depression 

(27;29;30). Routinely physical exercise is also effective in secondary prevention of patients 

with ischemic heart disease, heart failure, Type 2 Diabetes, different cancer types and chronic 

obstructive pulmonary disease (31;32). Physical inactivity is therefore associated with an 

increased risk for premature morbidity and the above mentioned chronic diseases have 
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therefore been defined as the “diseasome of physical inactivity”, as shown in Figure 1.1 (33). 

One chronic disease is often predisposing for another, for instance a patients with type 2 

diabetes have an enhanced risk for CVD, impaired cognitive function associated with both 

Alzheimer’s disease and vascular dementia, different type of cancer and depression (34-36).  

 

Figure 1.1 The “diseasome of physical inactivity”. From Pedersen B.K. (37) 

Physical activity serves its protective role by several biological effects. It has been shown to 

improve body composition through reduced abdominal adiposity and improved weight control 

(27;38). Exercise also enhances lipid lipoprotein profiles through reduced triglycerides levels, 

increased high-density lipoprotein (HDL) cholesterol levels and decreased low-density 

lipoprotein (LDL)-to-HDL ratio (27;38;39). In addition, physical activity also improve 

glucose homeostasis and insulin sensitivity, reduce blood pressure, improve autonomic tone, 

reduce systemic inflammation, decrease blood coagulation, improve coronary blood flow, 

augment cardiac function and enhance endothelial function (27;38-40). Physical activity helps 

mediate and maintain a weight loss and in combination with a diet, physical activity can give 

an extra reduction in the waist circumference and hepatic fat content compared with diet alone 

in severely obese adults (41).  
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1.4 Body composition 

Body composition is a technical term used to describe the different body compartments such 

as fat mass, fat free mass, body water and bone mass (42). By measuring the body 

composition it allows the estimation of different body tissues and organs, and their 

distributions in living person in a non-invasive way (42). It helps clinicians to describe either 

deficiencies or excess of a body component that it is thought or known to be related to a 

health risk, like for instance obesity or osteoporosis (42).  

Fat free mass consist of water, proteins, minerals and muscles. Fat mass or adipose tissue 

consists of adipocytes, fibroblast, macrophages and endothelial cells, and is located beneath 

the skin (subcutaneous fat), around internal organs (visceral fat), in bone marrow and in breast 

tissue. Bone mineral shows the density of the bone, which is defined as the amount of mineral 

per square centimetre of bones. The body also contains about 60 % of water, which is 

distributed between extracellular compartment and intracellular compartment. 

1.4.1 Methods for measuring body composition 

Body composition can be measured by many different methods. Traditionally have 

anthropometrical measurements like BMI or waist-hip-ratio been the standard for use in 

clinical practice (43). Other available measurement methods range from simple to complex, 

cheap to expensive, and all of them have some limitations and a degree of measurement error 

(42). It is therefore important to define the clinical significance of the body compartment to be 

measured first, before choosing the measurement method (42). The two most used methods 

are bioelectrical impedance analysis (BIA) and dual X-ray absorptiometry (DXA). 

BIA is a method where the impedance or resistance to a small electrical current is measured 

as it travels through the water pool of the body (42). Fat free mass (FFM) is measured out of 

this results, assuming that 73 % of the FFM in the body is water (42). Single-frequency BIA 

cannot differentiate between extracellular water compartments and intracellular, but a multi-

frequency BIA does. This helps to describes fluid shift and balance and can reveal a hydration 

(42). This method is the most frequent used in the clinic and large-scale studies and it has the 

advantages that it is easy to use, relatively low costs, need minimal participation from the 

participants, easy to travel along with and safe to use (42). DXA measure the whole body and 

regional estimate of bone mineral, bone free fat mass and fat mass. It is considered the gold 
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standard technique and is often used in the diagnosis of osteopenia and osteoporosis (42). The 

disadvantages is the radiation from this method (42). 

1.4.2 Cytokines, adipokines and myokines 

Cytokines are small polypeptides with an immunoregulatory role and facilitate an influx of 

lymphocytes, neutrophils, monocytes and other cells (31). Adipokines are a collection of 

polypeptide signalling molecules secreted from adipose tissue, with different functions, 

ranging from promotion of energy expenditure, appetite and satiety signals, regulate energy 

balance and promote aspects of the inflammatory response (44). They affect energy balance 

and overall metabolism by influence neuroendocrine pathways within the body, such as the 

hypothalamic-pituitary-adrenal axis (44).  

Leptin was the first adipokine identified. The hormone is mainly produced by adipose tissue, 

but can also be produced by organs such as ovaries, the stomach, the pituitary gland, the liver 

and the skeletal muscle (44;45). It shows a diversity of action by its involvement in the 

regulation of energy metabolism, reducing the food ingestion, increasing thermo genesis, 

regulation of the activation of the sympathetic nervous system, reproduction, and the immune 

system (46;47).  

Adiponectin is an abundant plasma protein produced from adipocytes (47). It is positively 

involved in maintenance of the energy balance in the body and promotes energy expenditure 

by fatty acid oxidation in muscles and liver (44;47;48). Adiponectin is inversely related to 

development of diseases like rheumatoid arthritis, type 2 diabetes and cardiovascular diseases. 

It is also associated with reductions in some pro-inflammatory cytokines (47;48). 

Resistin is one of the most recently identified adipokines, but also known to be secreted by 

mononuclear cells and epithelial cells (43;44). Many different roles have been proposed for 

resistin. It is suggested to modulate nutritional regulation, maintain fasting blood glucose 

level and be an inflammatory marker for atherosclerosis (49). Resistin is also associated with 

insulin resistance and has been suggested to cause tissue to be less sensitive to the action of 

insulin (44).  

Tumour necrosis factor  is produced in mononuclear phagocytes, T lymphocytes, Kupffer 

cells, neural cells and endothelial cells (50). Tumour necrosis factor-α (TNF-α) is well-known 
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as a pro-inflammatory cytokine, and mediates several key functions related to immune 

response, obesity, Type 2 diabetes and development of inflammation (44;48). Among other 

functions, TNF-α recruits leucocytes to the site of inflammation by inducing the surface 

expression of both intracellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion 

molecule-1 (VCAM-1) (51). Studies have also suggested that TNF-α can impair insulin 

signalling in hepatocytes and adipose tissue (48).  

Adipose tissue is well-accepted as an endocrine organ, but skeletal muscle has also been 

proposed to be viewed as an endocrine organ (52;53). When a muscle contracts, it releases 

cytokines and peptides that mediate a endocrine effect, and therefore have these substances 

been classified as myokines (52). Skeletal muscles also express and produce other proteins 

which are not released into the circulation, but mediates their effects via autocrine and 

paracrine mechanisms (54). Today, myokines includes myostatin, interleukin (IL) 6, IL-7, IL-

8, IL-15, brain derived neurothropic factor, fibroblast growth factor 21, insulin growth factor 

1, leukaemia inhibitory factor, irisin and Follistatin-related protein 1, see Figure 1.2 (54-60).  

 

Figure 1.2 Illustration of the different myokines secreted from skeletal muscles. From Pedersen and Febbraio 

(61) 
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Myostatin expression is attenuated by aerobic and strength exercise and known to inhibit 

muscle hypertrophy, although exercise provokes the release of follistatin from the liver which 

acts as a myostatin inhibitor (62;63). Follistatin is described to increase in healthy individuals 

following acute bicycle exercise (63). Irisin has a role in “browning” of white adipose tissue, 

while IGF-1 is involved in bone formation (55;60). Follistatin-related protein 1 improves 

endothelial functions (58). The plasma concentration of IL-8 may be enhanced by exhaustive 

physical activity, however the function of this myokine is still unknown (64). The mRNA 

expression of IL-7 has been identified to increase several fold in healthy male after a period of 

strength training (65). Leukaemia inhibitory factor is suggested to be a contraction-induced 

myokine that exert its effects in an autocrine and/or paracrine exercise fashion to promote 

satellite cell proliferation (66).  

The most studied and described myokine is IL-6. It was the first myokine found to be secreted 

into the bloodstream during muscle contraction and is known to be a pro- and anti-

inflammatory cytokine (44;52). It is produced in both T and B lymphocytes, natural killer 

cells, monocytes and non-immune cells like smooth muscle cells, chondrocytes, astrocytes 

and glial cells (51). IL-6 is initiated by stress such as tissue damage, inflammation and during 

exercise the circulating level of IL-6 has been shown to increase up to 100-fold (52). The 

increased level of IL-6 mediates its effect both locally within the muscle by activation of the 

AMP activated kinase and peripherally in several organs by increasing hepatic glucose 

production during exercise and lipolysis in adipose tissue (53). 

The myokine concept may also help to explain the multiple consequences of a physical 

inactive lifestyle (53). A physical inactive person will not get the endocrine, paracrine or 

autocrine effect of the myokines, and this may cause dysfunction of several organs and tissues 

of the body (53). Myokines is suggested to balance and counteracts the potential harmful 

effects of adipokines (61). 
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1.5 Chronic low-grade inflammation  

1.5.1 Chronic low-grade inflammation  and the association to 

chronic diseases  

Low-grade chronic inflammation is characterized by an increased C-reactive protein (CRP) 

concentration with a subsequent increased level of some cytokines (31). Typically, there is a 

two- to threefold increase in the systemic concentrations of the cytokines TNF-α, IL-1, IL-6, 

IL-1ra and sTNFRs (31). 

As shown in Figure 1.3, low-grade systemic inflammation is a complex process, which is 

affected by many different factors. The increased levels of cytokines is affected by chronic 

conditions such as atherosclerosis, dietary factors, non-modifiable factors such as genetic 

factors, aging, menopause and modifiable factors such as smoking, obesity, low physical 

activity (67). Increased plasma concentrations of IL-6 and TNF-α over time, as in chronic 

low-grade inflammation, is associated with the risk of myocardial infarction (68). 

 

Figure 1.3 Illustration showing factors and conditions that are associated with chronic-low grade inflammatory 

activity. From Kalogeropoulos et al. (67) 

Low-grade chronic inflammation is suggested to be a key factor in the pathogenesis of 

atherosclerosis, neurodegeneration, tumour growth and insulin resistance (31;33;69), see 

Figure 1.4 below. Previous investigation have hypothesized that physical inactivity leads to 

accumulation of visceral fat, which leads to metabolic changes and the release of 

inflammatory cytokines (33;43).  
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Figure 1.4 The hypothesis of how the “diseasome of physical inactivity” develops. From Pedersen B.K. (37).  

1.5.2 Inflammation triggered by injury or infections 

Inflammation is normally triggered by an infection or acute injury, which causes a local 

response with an increase in cytokines and cytokines inhibitors (31;68). By the initiating of a 

cytokine cascade the first cytokine to appear is suggested to be TNF-α, which are released 

from T-lymphocytes (31;51). Subsequent, the increase of IL-1β, IL-6, IL-1 receptor 

antagonist (IL-1ra), soluble TNF-α receptors (sTNFR) and IL-10 are seen in the circulation 

(31;68). TNF-α and IL-1β are produced locally and usually referred to as pro-inflammatory 

cytokines (31). They both stimulate the production of IL-6 (31). IL-1ra inhibits IL-1 signal 

transduction and sTNFR represents naturally occurring inhibitors of TNF-α (31). This is 

further accompanied by a systemic response known as the acute-phase response which 

includes the production of a large number of hepatocyte-derived acute phase proteins, such as 

CRP (31;68). 

1.5.3 Inflammation and atherosclerosis 

An atherosclerotic plaque is made within the arterial wall by proteoglycans that attaches LDL, 

which results in a local inflammation and the initiation of a complex pathway toward 

atherogenesis (70). When the LDL is inside the intima it is retained by the matrix and 

oxidized, which induces the endothelial cells to produce monocyte chemo attractant protein-1 

(MCP-1) (71;72). Thereby, recruitment of mononuclear leucocytes, monocytes and 

lymphocytes, to the intima is the next step in the progression (73). Selectins, a group of 

adhesion molecule, mediate the rolling or transitory contact of leucocytes with the 



13 

 

endothelium. VCAM-1, another group of endothelial leukocyte adhesion molecules which is a 

member of the immunoglobulin super family, is responsible for the binding of the leucocytes 

(72;73). After the leucocytes have adhered, they migrate to the intima by the help of MCP-1 

(72;73). Inside the intima, the monocytes mature into macrophages and express scavenger 

receptors for modified lipoproteins and develop into foam cells (72;73). The foam cells 

subsequently becomes necrotic and cholesterol esters is released into the core lesion (71). The 

T-cells secrete inflammatory cytokines, like γ-interferon and lymphotoxin, and growth factors 

that mediate the migration and proliferation of smooth muscle cells inside the intima (72). By 

this the stability of the plaque gets altered, and production of proteolytic enzymes from 

macrophages may cause the atherosclerotic plaque to rupture (71).  

CRP is today shown to be a stronger independent risk factor for CVD than LDL (68;74). High 

CRP levels have no specificity in differentiating diseases from one another, but the following 

cut-off points has been suggested when assessing CVD risk: low risk (CRP<1.0 mg/L), 

average risk (1.0-3.0 mg/L) an high risk (>3.0 mg/L) (75). By choosing a wider spectrum of 

inflammatory markers it would give a better picture of the specific mechanisms involved in 

the disease. Acute-phase reactants include complement factors C3 and C4, serum amyloid A 

and ceruloplasmin and are example of other commonly used markers (74). Pro-inflammatory 

markers like IL-6, IL-1β and TNF-α can also be used (74). ICAM-1, VCAM-1 and E-selectin 

are used as markers for the filtration of inflammatory cells in the arterial wall (74).   

Another important part of the pathology of atherosclerosis is systemic inflammation and 

thrombosis as the end-stage of the progression (70). Physical activity is also beneficial in the 

risk reduction of thrombosis (70). Within an atherosclerotic blood vessel hypercoagulable 

factors affects the fibrinolytic systems and the blood platelets aggregate and initiate a clot 

formation (70). In the long-term, regular physical activity seems to mediate antithrombotic 

effects (70). A review of exercise training and the effect on blood haemostasis markers from 

2004 shows that the effect of exercise on blood coagulation and the fibrinolytic system is 

dependent on the intensity and duration of the exercise performed (76). Moderate intensity is 

only followed by an increase in the fibrinolytic activity, while intense exercise is associated 

with both blood coagulation and increased fibrinolytic activity (76). Wang et al have 

published a study showing decreased platelet aggregation and adhesiveness after long-term, 

moderate aerobic exercise in male (49). Despite this effect, there is an increase in platelet 

aggregation immediately after exercise, thereby increasing the risk for CVD in the restitution 
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period. It also seems that the decreased platelet aggregation will return to pre-training level if 

the regular exercise is ended (49). A recent study in healthy, untrained, non-smoking men 

showed that there was a more pronounced fibrinolytic activity after strenuous exercise (77). 

1.6 The anti-inflammatory effect of exercise 

Cross-sectional studies have demonstrated an association between physical activity and low-

grade systemic inflammation in healthy subject and in elderly people, where physical activity 

has been shown to reduce the levels of inflammatory markers and risk for chronic diseases 

(78-80). During exercise, Steensberg et al and Petersen and Pedersen suggests that TNF-α and 

IL-1β does not increase in contrast to IL-6, which indicates that the cytokine cascade induced 

by exercise markedly differs from the cytokine cascade induced by infections like sepsis, see 

Figure 1.5. (31;81). IL-6 is the first cytokine present in the circulation during exercise (82). 

The level of circulating IL-6 increases in an exponential fashion in response to exercise 

independent of concomitant muscle damage and declines in the post-exercise period (31;82). 

The increase in circulating level of IL-6 in plasma is related to exercise intensity, duration, the 

mass of muscle recruited and one’s endurance capacity (82).  

Other adipokines and inflammation markers have also been shown to increase during 

exercise. Bernecker et al showed a significant, twofold decrease in plasma leptin level and a 

significantly increase in plasma level of IL-6 and TNF-α from pre- to post-race after a 

marathon (45). Others have found the plasma level of leptin and adiponectin to be unchanged 

right after a single bout of exercise, but discovered a significant decrease in the plasma level 

of leptin and an increase in the level of adiponectin after 30 minutes restitution (83). An 

increased level of IL-6 receptor in human skeletal muscle has been observed during and after 

exercise, with a peak six hours after (84). A suggested mechanism is to sensitize the muscle to 

the decreasing IL-6 plasma levels inside muscles cells elicited by exercise (84).   

The increase seen in IL-6 during exercise is followed by an increase in the well-known anti-

inflammatory cytokines IL-1ra, sTNFR and IL-10 (31;82). It has been suggested that IL-6, at 

the same time, suppresses the production of TNF-α (82). IL-6 has previous been suggested to 

promote insulin resistance due to the elevated level often seen in subjects with metabolic 

disease (68). In spite of this, TNF-α has been proved to directly impair glucose uptake and 

metabolism by altering insulin signal transduction, and it is likely that the anti-inflammatory 
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effect of exercise, mediated by IL-6, may in part protect against TNF-induced insulin 

resistance (85). IL-6 also appears to be the primary inducer of hepatocyte-derived acute-phase 

proteins with anti-inflammatory properties (31). 

 

Figure 1.5 Illustration of the proposed different responses of pro- and anti-inflammatory cytokines during sepsis 

(yellow arrow) and exercise (red arrow). From Pedersen et al  (33)  

Carbohydrate ingestion during exercise will increase the level of glucose and insulin in 

plasma and attenuates the elevations of circulating pro- and anti-inflammatory cytokines such 

as IL-6, IL-1ra and IL-10 (86-88). IL-6 released by the contracting muscles during exercise is 

regulated by substrate availability (89). During exercise, carbohydrate ingestion exerts its 

effect at the posttranscriptional level of IL-6, whereas low muscle glycogen concentration 

further enhances IL-6 messenger ribonucleic acid (mRNA) and transcription rate for IL-6 

(90). It appears that pre-exercise intramuscular glycogen content is an important stimulus for 

the IL-6 gene transcription, and that muscle-derived IL-6 acts as an energy sensor (89). This 

is consistent with a hypothesis proposed by Steensberg et al, of which the production of IL-6 

by contracting skeletal muscle may serve, in a counter regulatory hormone-like manner, to 

enhance hepatic glucose production in an effort to support the increased reliance of skeletal 
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muscle on blood glucose during prolonged exercise, see Figure 1.6 (91). IL-6 also induces 

lipolysis and fat oxidation (68). 

 

Figure 1.6 Illustration of the effects mediated by IL-6 during exercise. When muscle fibres contract Il-6 is 

produced and released, and induces several metabolic effects. IL-6 induces lipolysis and fat oxidation in adipose 

tissue, and is involved in glucose homeostasis during exercise in the liver. IL-6 also has a strong anti-

inflammatory effect and may inhibit TNF-induced insulin resistance. From Pedersen B.K. (31)  

The anti-inflammatory effects of exercise is also mediated by the appearance of IL-10 and IL-

1ra (31). IL-1ra acts as an anti-inflammatory cytokine by inhibiting signalling transduction 

through the IL-1 receptor complex (31). IL-10 mediates its effects by inhibiting the 

production of IL-1α, IL-1β and TNF-α as well as the production of chemokines, including IL-

8 and macrophage inflammatory protein-α (92). This indicates that IL-10 has an indirect and 

important role in deactivating of granulocytes, monocytes, natural killer cells, and T and B 

cells and their recruitment to the site of inflammation. The day after an exercise of longer 

duration a small increase in the level of CRP have been observed (31). The suggested anti-

inflammatory role for this is that CRP has a role in both the induction of anti-inflammatory 

cytokines in circulating monocytes and in the suppression of the synthesis of pro-

inflammatory cytokines in tissue macrophages (31). This may therefore be a “shut-off” 

mechanism for the anti-inflammatory effect of exercise.  
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2 Aims and hypothesis  

2.1 Aim of the master thesis  

This study is a pilot study aimed to investigate the effect of a standardized and controlled bout 

of exercise on circulating levels of adipokines and inflammatory markers in relation to body 

composition, and how the levels of adipokines and inflammatory markers may be modulated 

by the intake of nutritional sports drinks with either carbohydrate (CHO) or carbohydrate and 

protein (CHO + protein) in combination during the restitution period. 

Specific aims of the study were to:  

1. Investigate the effect of a standardized bout of exercise on the circulating level of  

adipokines and inflammatory markers in the blood 

2. Investigate the relation between the exercise induced inflammatory response and body 

composition 

3. Investigate the effect of the ingestion of a carbohydrate rich sports drink and a 

carbohydrate and protein sports drink after exercise on the level of adipokines and 

inflammatory markers in the restitution period  

2.2 The students task 

In this master study the student had the responsibility for carrying out the intervention study 

including planning the whole study, recruiting participants to the study, give information to 

the participant, and implementation of the study at the Norwegian School of Sport Science. 

During the study the student had the responsibility to take good care of the participants, 

reschedule if a participant could not meet or got sick, mixing of the sports drinks, preparing of 

the breakfast, anthropometrical measurements including body composition and preparation of 

the blood samples, including isolation of peripheral blood mononuclear cells. After the study 

was finished, the student analyzed all the circulating markers by the use of the Enzyme-linked 

Immunosorbent Assay (ELISA) method at the laboratory. Finally, the student was also 

responsible for the statistical analysis of the results presented in the master thesis. The student 

also gave feedback to the participants about their body composition and their blood counts.  
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3 List of materials 

 

 

Distributors Country 

Equipment     

Blood pressure monitor Riester Germany 

Tanita, Body Composition Analyzer Tanita Corporation Japan 

Cycle ergometer Monark Sweden 

Ergo spirometric system with mixing chamber Jager Instr. Germany 

Turbin, Triple V volume transducer Jager Instr. Germany 

Heart rate sender, Polar Wear Link W.I.N.D Polar Finland 

Monitor watch, Polar RS 800cx Polar  Finland 

BD Safety-Lok Sample Needles & Collection Sets Bencton, Dickson and Company USA 

8.5 ml serum gel tube Bencton, Dickson and Company USA 

4 ml and 7 ml EDTA tubes Bencton, Dickson and Company USA 

8 ml CPT tubes Bencton, Dickson and Company USA 

1.8 ml Cryo tubes NUNC Thermo Fischer Scientific Denmark 

Falcon tubes NUNC Thermo Fischer Scientific Denmark 

Capillary tubes Radiometer Germany 

Accu-Check, Safe-T-Pro Plus Roche Germany 

Lactate analyzer, 1500 Sport  YSI Inc USA 

96-wells Microplate Costar USA 

Pipette boy IBS Integra Biosciences USA 

Pipettes Thermo Scientific 

 Pipette tips Thermo Scientific 

 

   Sports drinks 

  Glucose Merck KGaA Germany 

Maltodextrin Star Nutrition Sweden 

Whey isolate protein Arla Denmark 

Fun Light raspberry  Stabburet Norway 

Maxim drink bottle Maxim  Norway 
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Kit     

Human Adiponectin Duoset R&D Systems USA 

Human Leptin Duoset R&D Systems USA 

Human sTNFRI Duoset R&D Systems USA 

Human sTNFRII Duoset R&D Systems USA 

Human ICAM-1 Duoset R&D Systems USA 

Human VCAM-1 Duoset R&D Systems USA 

Human CXCL16 Duoset R&D Systems USA 

Human IL-10 Quantikine R&D Systems USA 

Human IL-6 Quantikine R&D Systems USA 

Human TNF-α QuantiGlo R&D Systems USA 

   Chemicals     

PBS, sterile Sigma-Aldrich USA 

2 N H2SO4 BDH Prolabo France 

TMB, substrate solution Invitrogen Corporation USA 

GIBCO PBS tablets Invitrogen Corporation UK 

Tween 20 Merck KGaA Germnay 

BSA PPA Laboratories GmbH Austria 

   Instruments     

Multiskan Ascent Thermo Labsystems Finland 

Synergy H1 Hybrid Reader BioTek USA 

Multiskan Ex Thermo Electron Corporation Finland 

Wellwash 4 MK2 Thermo Electron Corporation Finland 

   Software 

  SPSS 19 for Windows SPSS Inc USA 

GraphPad Prism 5 GraphPad Software Inc USA 

Reference Manager 12 ISI Research Soft USA 
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4 Methods 

4.1 Participants  

The inclusion criteria for this pilot study were healthy male between 18-40 years old. 

Exclusion criteria included smoking, prevalence of chronically disease such as diabetes Type 

1 and 2, rheumatism, serious illness during the past five years such as myocardial infarction, 

stroke and cancer, hypertension, high level of blood lipids, prevalence of milk allergy, 

lactose- and/or gluten intolerance, the use of anti-inflammatory medications, and not being 

able to perform the pre-test according to the exercise protocol (Appendix 1). The use of 

dipping tobacco was not an exclusion criterion, but participants were discouraged to use it 

during the study period.  

Out of a total of 16 interested, 11 healthy, non-smoking men between 22-28 years old were 

enrolled in the study, see Figure 4.1 and Table 5.1. Participants for the study were primarily 

recruited from the Norwegian School of Sport Sciences. Information about the study and 

invitation to participate was sent out to all students per e-mail and posters (Appendix 2) were 

hung up at the school. In addition, posters were also posted at the Institute for Medical 

Science, The Faculty of Medicine at the University of Oslo. Some participants were also 

recruited by personal contacts. Subjects that reported their interest for the study were 

contacted by phone and interviewed (Appendix 1).  

All participants received an e-mail about the study one week before they were scheduled to 

come, which contained general information about the reason for the study, time schedule over 

the three weeks scheduled for the intervention study and contact information to the study 

personal. A text message was sent out to the subjects two days before the test days, with a 

reminder of the time they should meet and that they could not eat or drink after midnight. 

They were also informed not to exercise or drink alcohol the day before.  
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Figure 4.1 Flow chart of the participants throughout the study.  

4.2 Study design 

This pilot study was designed as a 1-day, two-period double blinded randomized crossover 

study with an intermediate wash-out period of 1 week, shown in Figure 4.2. In total the study 

duration was for three weeks, with four test days where the participants had to meet at the 

Norwegian School of Sport Science. The first test day was a VO2max-test and the second test 

day included a pre-test for the exercise intervention. The two last test days were exercise 

intervention days where two participants performed the cycle test and received either a 

carbohydrate rich sports drink or a sports drink with carbohydrate and protein. Every test was 

performed on a cycle ergometer (Monark 839E, Varberg, Sweden).   

Considered for participation (n=16) 

Excluded (n=5) 

Did not meet inclusion criteria (n=2) 

- One was a girl 

- One was over 40 year 

Fulfilled an exclusion criteria (n=1) 

- One had lactose intolerance 

Other reasons (n=2) 

- One did not have the time 

- One was injured before start 

  

 

Pretest (n=11) 

Did not conduct the pretest according to the exercise protocol (n=1) 

Test day 2 
- Received sports drink with 

carbohydrate (n=4) 

-Received sports drink with 

carbohydrate and protein (n=5) 

  

Test day 1 

- Received sports drink with 

carbohydrate (n=5) 

- Received sports drink with 

carbohydrate and protein (n=5) 

 

Analyses 

Carbohydrate group (n=9) 

Carbohydrate + protein group (n=10)  
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        Exercise intervention 

 

           

     

Test days: 

1  2    3         4 

Week:   

1  1    2         3 

 

Figure 4.2 Overview of the two-period double blinded randomized crossover study design  

4.3 Determination of maximum oxygen consumption  

4.3.1 Equipment needed for measurement 

VO2max was determined prior to the exercise days during an incremental exercise test on a 

Monark bike. This was performed by a Scientific Assistant at The Norwegian School of Sport 

Science, at the Section of Physical Performance. Watt and revolutions per minute (RPM) was 

visualized on a screen, so both the participant and the assistant could follow the working load 

(Lode, The Netherlands). A mouthpiece was used for measurement of VO2. The expiration air 

was led via a tube to an automatic ergo spirometric system with a mixing chamber, where O2, 

CO2 and the volume were measured every fifth microsecond (Oxycon Pro, Jager Instr; 

Germany). In the mixing chamber the air mixes and a small part of the expiration air (25 ml) 

are analyzed for O2 and CO2. The provider of the O2 and CO2-analyzer (Eric Jager GmbH, 

Germany) is stating that the measurement has an uncertainty respectively about 0.04 % and 

0.01 %. The expiration volume is analyzed by a turbine (Triple V volume transducer, Jager 

Instr; Germany) in the mixing chamber with an uncertainty of <2 %. This instrument was also 

used for measurements of VO2 under pre-test and exercise intervention days, and was 

Participant 1 

Carbohydrate 

drink 

Participant 2 

Carbohydrate 

drink 

Pretest 
 VO2max 

test 

Participant 2 

Carbohydrate 

and protein drink 

Participant 1 

Carbohydrate 

and protein drink 

 Wash-out 

period (7days) 
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calibrated before each test. Heart rate (HR) was measured during every test days by a sender 

(Polar WearLink W.I.N.D, Finland) fastened around the chest. HR was registered by a 

monitor watch (Polar RS 800cx, Finland).  

4.3.2 Incremental test 

All participants started with an incremental test on the Monark ergometer at 125 Watt. They 

chose to cycle on a pace between 85 and 95 RPM. Afterwards they changed between working 

periods of five minutes and resting periods of one minute. The total Watt-load was increased 

by 25 Watt per working period. During the resting period lactate measurements were 

conducted. Measurements of VO2-uptake and HR were registered between third and fourth 

minute during the working period. Perceived exertion was registered by Borg’s scale 4.5 

minute during each working period. Borg’s scale is a tool used under testing or physical 

training of healthy subjects to rate the perceived exertion during activity (93). It is meant to 

standardize the subjective experience of an exercise. The participants were stopped when 

lactate levels reached 2.5 mmol/L or more. The major part of the subjects completed at least 

three working periods before they stopped.  

4.3.3 VO2max  

After the incremental test the participants performed a VO2max test. They started at the same 

Watt as they had for the last working period of the incremental test and increased the intensity 

by 25 Watts for every 30 second. The participants gave signal with thumb up for an increase 

in Watts and thumb down for no. They increased the intensity as long as they managed. They 

had to hold the last intensity for at least one minute and cycle to exhaustion. At the end of the 

test VO2, HR and lactate were measured. A criterion for knowing that VO2max was achieved 

was that the VO2-curve had to reached its plateau while the working intensity still was 

increasing  

With the information about VO2max, and the relationship between VO2 and watt, a linear 

regression was used to estimate the Watt needed to accomplish 70 % of VO2max. The 

workload to accomplish 50%, 55% and 60 % were also calculated and used during the warm 

up at the pre-test and the exercise intervention days.  
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4.4 Pre-test  

At the second meeting the participants performed a pre-test at 70 % of VO2max for 40 

minutes. This was performed to verify that the calculated workload was right and to ensure 

that the subjects could accomplish the exercise intervention. They started with a warm up for 

10 minutes, where the intensity was 50 % of VO2max for the first four minutes, then three 

minutes at 55 % and three minutes at 60 %. After this the intensity was set to 70 % of 

VO2max for 40 minutes. Watt adjustment was estimated on the basis of the VO2 

measurements done after four minutes, 15 minutes, 30 minutes and 40 minutes. A 

measurement of VO2 within ± 1 ml/min from calculated VO2 was defined as acceptable. The 

Watt and workload were adjusted only if the deviation was outside this reference range. Every 

participant had to be able to perform this pre-test to be further enrolled in the study.  

4.5 Exercise intervention 

The exercise intervention was separated in two test days. Exactly the same procedure was 

performed on each day, but the participants received different sports drink in the restitution 

period, one rich in carbohydrates and one sports drink with carbohydrates and protein the 

other day, as shown in Figure 4.3. This selection was double blinded and randomized after the 

pre-test by using a random list generated in excel.  

Two participants met at the same day, one a quarter to eight in the morning and the other at 

nine o’clock. They met fasted and waited one quarter of an hour before a qualified laboratory 

engineer took a blood sample and measured the blood pressure (Ri-champion, Riester, 

Germany). Straight after that the master student measured the subject’s body composition as 

described in a section 4.8. After the measurements a standardized breakfast was served, 

Figure 4.4 and Table 4.1. This breakfast included two slices of whole grain bread of 80 gram, 

10 grams of Brelett butter, and four slices of Norvegia cheese for a total of 30 grams, 40 

grams cucumber, 28 grams of peppers and a 0.5 Litres bottle of grape- and lemon juice.  

After the breakfast they waited for one hour before they started the exercise test at the 

ergometer. The warm up for the test was performed in exactly the same way as during the pre-

test, see previous section. After the warm up period, they cycled for one hour at 70 % of 

VO2max. During the test, measurements such as lactate, HR, VO2 and Borg’s scale was 

conducted after four minutes, 15 minutes, 30 minutes, 45 minutes and 60 minutes.  
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Figure 4.3 Overview over the test days for participant 1 and participant 2.  BS = Blood sample; CHO = 

carbohydrate, SD = Sports drink; P = protein.  
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Figure 4.4 The breakfast served to the participants. Private picture. 

Table 4.1 Nutrient overview of the standardized breakfast served  

  Breakfast  Norwegian nutrition recommendations* 

Energy (kJ) 1886  

Protein (E %) 16 10 - 20 

Fat (E %) 28 25 - 35 

- Saturated fat (E %) 15 < 10 

- Tran fatty acids (E %) 1 < 1 

- Monounsaturated fat (E %) 8 10 - 15 

- Polyunsaturated fat (E %) 3 5 - 10 

Carbohydrate (E %) 56 50 - 65 

Fibre (gram) 6.7 > 25 

* Norwegian recommendations for physical activity and nutrition (94). kJ = kilo joule; E % = energy per percent of total 

energy intake 

 

After one hour of cycling a new blood sample was drawn from the participants and they 

received one of the two sports drink. They received the same amount of sports drink again 

after 30 minutes, after one hour and after one and a half hour. Everyone was reminded when 

to drink the sports drink from the study personnel at these time points, and it was assured that 

all subjects finished the sports drink each day. The last blood sample was drawn two hours 

after the exercise test ended. The participants were encouraged to be at rest during the two 

hours restitution period. After the last blood sample they received a meal as an appreciation 

for their time and interest.  
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4.6 Sports drink 

The sports drink that the participants received during restitution time was either rich in 

carbohydrates or a combination of carbohydrates and protein. Both drinks also contained 0.7 

gram/L of sodium and 100 gram/L of Fun Light raspberry juice (Stabburet, Norway) to 

camouflage the contents and make the drinks similar in taste.  

The sports drinks were mixed the same day as the exercise test, or the day before at the 

Norwegian School of Sport Science, see Figure 4.5. To keep the randomization double 

blinded, one study personnel randomized which drink the participants should receive the two 

different days, two others mixed 1.3 Litres of both drinks, and another person measured up 

how much drink each subjects should receive, in relation to each subject weight, and 

delivered the sports drinks to the participant.  

 

Figure 4.5 A picture showing how the sports drinks were mixed. Private picture. 

4.6.1 Carbohydrate drink 

The carbohydrate drink contained 170 gram/L carbohydrate, where 85 gram/L (50 %) 

consisted of glucose and 85 gram/L (50 %) maltodextrin. This corresponds to a carbohydrate 

concentration of 17 %. Since the carbohydrate drink was delivered to the participants every 

30 minutes, the subjects therefore received a volume equivalent to 0.6 gram carbohydrate/kg, 

representing that they got 1.2 gram carbohydrate/kg/hour. The glucose used in the drink was 

manufactured by Merck KGaA (Germany). The maltodextrin used (Carbo Flex Pure) was 

produced by Star Nutrition (Sweden).  

 

 



28 

 

4.6.2 Carbohydrate and protein drink 

The combined carbohydrate and protein drink contained 113 gram/L of carbohydrate and 57 

gram/L of protein. It contained 56.5 gram/L (33.3 %) glucose, 56.5 gram/L (33.3%) 

maltodextrin, and 57 gram/L (33.3%) whey isolate protein. The concentration of the 

carbohydrate and protein was together 17 %. The carbohydrate and protein drink was 

delivered to the participants every 30 minutes, and they therefore received a volume 

equivalent to 0.4 gram carbohydrate/kg and 0.2 gram protein/kg. This represents that they got 

0.8 gram carbohydrate/kg/hour and 0.4 gram protein/kg/hour. The protein was from a whey 

isolate protein powder (Lacprodan, SP-9225 Instant) and is produced by Arla (Denmark).  

4.7 Anthropometric measurements 

Anthropometrical measures like weight and height were determined by use of standard 

calibrated scales at the first meeting. All participants were encouraged to go to the bathroom 

before all anthropometrical measurements. Each subject was weighed and measured in his 

cycling clothes without shoes and socks. Height was measured when the person stood straight 

with heels, bottom, back and head touching the height measurement scale. Waist 

circumference was measured at the level midway between the lowest rib margin and the iliac 

crest. The reading of waist circumference in centimetres was done when the tape measure was 

snug, but not caused compression on the subjects’ skin. Hip circumference was measured 

over the widest part of the hip. Waist-hip ratio was calculated by dividing waist 

circumference by the hip circumference.  

4.8 Measurement of body composition 

We measured body composition by BIA every morning on the test days, in a fasted state, 

before breakfast was served with the participants standing barefoot on a Tanita Scale (BC-

418MA, Tanita Corporation, Japan). The participants were asked to go to the bathroom before 

the measurements were performed. Calibration of the scale was done to get a reliable and 

valid result. The participants were scanned after the athlete function on the scale and 0.5 kg 

was subtracted for compensation for the clothes they worn. Results of interest were weight, 

body fat percentage, body fat mass, BMI, fat free mass and estimated muscle mass. Fat free 

mass, fat mass and height were used to calculate fat free mass index (FFMI) kg/m
2
 and fat 
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mass index (FMI) kg/m
2
. FFMI was calculated by dividing fat free mass in kg on the square 

of height in meters, and likewise, FMI was calculated by dividing the fat mass in kg on the 

square of height in meters (95). 

4.9 Blood samples and preparation  

Blood was drawn by venepuncture (BD Safty-Lok, 21Gx3/4" syringe with 178 mm tube, 

Becton, Dickinson and Company, USA) after an overnight fast in the morning, straight after 

the cycling test, and after a restitution period of two hours. In the morning six tubes were 

filled, two 8.5 ml serum gel tubes (BD Vacutainer SST Advance, Becton, Dickinson and 

Company, USA), one 4 ml EDTA tube (BD Vacutainer Plus EDTA, Becton, Dickinson and 

Company, USA), one 7 ml EDTA tubes (BD Vacutainer Plus EDTA, Becton, Dickinson and 

Company, USA) and two cell preparation tubes (CPT) of 8 ml (BD Vacutainer CPT Na-citrat, 

Becton, Dickinson and Company, USA). Both the serum gel tubes and the 7 ml EDTA tube 

were first turned upside down six to ten times and then the serum gel tubes stood for 30 

minutes to coagulate before centrifugation. The EDTA tube were kept on ice and centrifuged 

within 10 minutes.  

One of the two 8.5 ml serum gel tube were centrifuged at 1300-1500 g at room temperature 

(RT) for 12 minutes and sent to Fürst Medical Laboratory for analysis of triglycerides, total 

cholesterol, LDL-cholesterol, HDL-cholesterol, CRP, glucose and insulin and vitamin D. The 

other serum gel was centrifuged at same speed for 10 minutes at RT. The 7 ml EDTA plasma 

tube was centrifuged for 10 minutes at 1300-1500 g at 4 °C. Then the serum gel tube and the 

EDTA plasma tube were aliquoted and transferred into 1.8 mL Cryo tubes (NUNC Thermo 

Fisher Scientific, Denmark) for later analysis of inflammation markers. These tubes were 

stored at -80 degrees and returned to the Department of Nutrition after the study was finished. 

They were then used to analyze inflammation markers and adipokines. The 4 ml EDTA tube 

was just turned upside down six to ten times and sent to the Fürst Medical Laboratory for 

analyzing of HbA1c and differential counting of white blood cells.  

The cell preparation tubes were turned upside down for eight to ten times before they were 

centrifuged at 1700 g for 20 minutes. After centrifugation the PBMC and blood platelets were 

separated and the PBMC were transferred over to a 15 ml Falcon tube (NUNC Thermo 

Fischer Scientific, Denmark). The next step was washing with 10 ml of PBS (D8537, Sigma-
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Aldrich Company, United Kingdom) and a spin down for 10 minutes at 300 g. Then the tubes 

with the cell pellets were frozen down at -80 degrees and used in Silje Stange Foss thesis to 

analyze gene expression in PBMC. The rest of the erythrocyte from the two CPT was 

transferred over in three 2 ml Cryo tubes. In the first 200 µL of erythrocyte was mixed with 

200 µL of distilled water, in the second 50 µL of erythrocyte was transferred and in the last 

tube the rest was transferred. The tubes were frozen down at -80 °C.  

During exercise intervention blood concentrations of lactate were analyzed before start, after 

4 minutes, 15 minutes, 30 minutes, 45 minutes and 60 minutes. Samples were collected by a 

capillary sample from one fingertip (Accu-Check, Safe-T-Pro Plus, Roche, Germany). The 

finger was first washed with sterile water and the first blood drop was wiped off. For 

analyzing lactate a capillary tube (Radiometer, Denmark) of 55 µL was filled with blood and 

20 µL was injected in an electro-enzymatic lactate analyzer (1500 Sport, YSI Inc, USA). The 

lactate analyzer was calibrated with a standard of 5 mmol/L lactate solution before each test.  

Straight after the cycling and 2 hours during restitution two 8.5 ml serum gel tubes, one 7 ml 

EDTA tubes and two CPT of 8 ml were taken. Further preparation was done by the same 

procedure as for the samples collected in the morning, see above.  

4.10  Ethics  

At the first test day all subjects read and signed a written consent (Appendix 3). The 

participants were always invited to ask question during the whole study period. They were all 

informed of the purpose of the study, and that they at any time could withdraw from the study 

without giving any reasons for doing so. The interview question was asked once more, to 

make sure that nothing about the subjects that could affect their participating in the study had 

changed since the last interview (Appendix 1). 

The study was approved by the Regional Committee of Medical Ethics (Appendix 4) and was 

conducted in accordance with the Helsinki declaration. During the whole study time the 

participants were insured by Gjensidige.  
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4.11  ELISA 

ELISA was introduced in the 1970s and is a type of immunoassay where a sub-type of 

heterogeneous, solid-phase enzyme is used to detect the presence of a substance in a liquid 

sample (96). The principle of an ELISA involves an antibody attached to the bottom of the 

well with specificity for a particular antigen (96). The sample with an unknown amount of 

antigen is added to the wells and captured by the coating of an antibody. The detection 

antibody is added and forming a complex with the antigen (96). The detection antibody is 

covalently linked to an enzyme that provides detection and an amplification factor (96). 

Between each step, the plate is typically washed with a mild detergent solution to remove any 

proteins or antibodies that are not specifically bound. After the final wash step, the plate is 

developed by adding an enzymatic substrate to produce a visible signal, which indicates the 

quantity of antigen in the sample. This procedure enables accurate and sensitive detection of 

the cytokine of interest (96).  

For quantitative determination of human adiponectin, leptin, sTNFRI, sTNFRII, TNF-α, IL-

10, IL-6, CXCL16, ICAM-1 and VCAM-1 in serum, commercial ELISA kits were used 

(R&D Systems, USA). High sensitivity kits were used for IL-6 and IL-10. DuoSet kit was 

used for determination of human adiponectin, leptin, sTNFRI, sTNFRII, CXCL16, ICAM-1 

and VCAM-1 and a QuantiGlo chemiluminescent ELISA kit for human TNFα.  

Table 4.2 Molecules tested by ELISA 

Molecules Catalogue # from R&D Systems 

Adiponectin DY1065E 

Leptin DY398E 

sTNFRI DY225E 

sTNFRII DY726E 

IL-6 HS600B 

IL-10 HS100C 

TNF-α QTA00B 

CXCL16 DY1164E 

ICAM-1 DY720E 

VCAM-1 DY809E 

sTNFRI = soluble tumour necrosis factor receptor; IL = interleukin; TNF = tumour necrosis factor; CXCL = 

Chemokine   (C-X-C-motif) ligand; ICAM1 = Intracellular adhesion molecule 1; VCAM-1 = Vascular cell adhesion 

molecule 1 

 

All measurements were performed in duplicates. Because of technical formalities at the 

laboratory, only eight subjects receiving carbohydrate drink and only seven subjects receiving 

carbohydrate and protein drink were analyzed for ICAM-1 and VCAM-1. Because of low 
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detection level only 9 subjects had detectable levels of leptin, except for baseline levels. Only 

nine subjects had detectable levels for IL-10 after exercise and only eight at baseline and after 

restitution when receiving carbohydrate drink, and only nine at baseline when receiving 

carbohydrate and protein drink.  

4.11.1 ELISA – precision and reproducibility  

Immunoassay precision is defined as the reproducibility of results within and between assays. 

Inter- assay variation is the precision between assays, and refers to the day to day variation, 

while intra-assay variation is the precision within an assay, between wells on the same plate 

(97). Before analyses of the test samples begun, it was important to secure reproducibility. 

The kit CXCL16 was chosen as a test kit because it was available in the laboratory. A set of 

standard curves to the ELISA DuoSet kit for CXCL16 were assayed  to show reproducibility 

and one concentration of the standard was chose to determine intra- and inter assay variation. 

Precision is measured as a coefficient of variation (CV) from the mean value. When a CV% < 

10 was reached for both the inter- and intra-assay, the analysis of the test samples could start. 

A set of 6 plates with six standard curves replicates were assayed to show the inter-assay 

precision and one plate with two standard curves and six replicates each was assayed to show 

the intra-assay precision, see Table 4.3, Table 4.4 and Figure 4.6.  

Table 4.3 Inter-assay variation of one sample in 6 replicates between six different plates 

 Inter-assay precision 

Plates 1 2 3 4 5 6 

Replicates 6 6 6 6 6 4 

Mean (pg/ml) 125.3 124.6 124.0 124.7 126.1 125.6 

Standard deviation 3.0 3.4 2.7 5.8 3.1 7.4 

CV (%) 2.4 2.7 2.2 4.3 2.5 5.8 

 

Table 4.4 Intra-assay between one sample with six replicates on the same plate 

 

 

 

 

 

 Intra-assay precision 

Standard curve 1 2 

Replicates 6 6 

Mean (pg/ml) 126.3 140.4 

Standard deviation 2.3 3.7 

CV (%) 1.8 2.7 
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Figure 4.6 Illustration of the reproducibility of standard curve replicates on plate 1 (a), plate 2 (b), plate 3 (c), 

plate 4 (d), plate 5 (e), plate 6 (f). Data are shown as mean ± SD (pg/ml). OD = Optical density 
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4.11.2 DuoSet ELISA kit 

The assay principle of DuoSet is a complete colorimetric sandwich ELISA. Samples and 

standards are added and any analyte present is bound by the immobilized antibody during 

incubation. Unbound materials are then washed away by use of an auto washer. A 

Streptavidin-horseradish peroxidase (HRP)-labelled antibody is added and binds to the 

capture analyte. Unbound detection antibody is then washed away. Tetramethylbenezidine 

(TMB) substrate solution is added to the wells and a blue colour develops in proportion to the 

amount of analyte present in the sample. Colour development is stopped by adding a stop 

solution of 2 N sulfuric acid, turning the colour in the wells yellow, see Figure 4.7. The 

absorbance of the colour is measured at 450 nm, producing a signal that is proportional to the 

amount of analyte bound. 

 

Figure 4.7 Illustration of the assay principle for DuoSet as described above. From R&D Systems (97) 

Before running the DuoSet assay, reagents like phosphate buffered saline (PBS), for the 

making of Wash Buffer, Wash Buffer and Reagent Diluents needs to be prepared. PBS is 

made by adding a GIBCO PBS tablet (18912-014, Invitrogen Corporation, UK) into 500 mL 

miliQ water and mix till the tablet is fully dissolved. Further, wash solution was made by 

adding Tween 20 (817072 1000, Merck KGaA, Germany) to the PBS with pH 7.2-7.4, 

making a 0.05 % Tween wash solution. Reagent Diluents is made by adding 5 grams of BSA 

(K41-0001, PAA Laboratories GmbH, Austria) to 500 mL of PBS with pH 7.2-7.4. TMB 

substrate solution (00-2023, Invitrogen Corporation, USA) and stop solution (30149.291, 

BDH Prolabo, France) were bought ready-made.  

A general protocol for DuoSet ELISA contains two parts, one with plate preparation and one 

with the assay procedure. Plate preparation includes coating of the plate and must be done the 
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day before the assay is run. Capture Antibody is diluted to working concentration in PBS 

without carrier protein. A 96-well micro plate is coated with 100 µL capture antibody solution 

per well. The plate is then sealed and incubated overnight in RT. The next step is to aspirate 

each well and wash with 400 µL Wash Buffer per well three times using an auto washer 

(Wellwash 4MK2, Thermo Electron Corporation, Finland). It is essential with a complete 

removal of liquid at each step for good performance. Remaining Wash Buffer is removed by 

inverting the plate and blotting it against a clean paper towel. The third step is to block the 

plate by adding 300 µL of Reagent Diluent to each well, with an incubation time at RT for 

minimum one hour. This is done to block any plastic surface in the well that remains uncoated 

by the antibody. The fourth step is to repeat the aspiration/wash step as in the second step. 

The plate is now ready for sample addition.  

The first step in the assay procedure is to add 100 µL of sample or standards in Reagent 

Diluent per well. After this the plate is covered and incubated at bench top in RT for 2 hours. 

The second step is to aspirate and wash the plate after the same procedure as in the plate 

preparation. In the third step 100 µL of the Detection Antibody diluted in Reagent Diluent is 

added per well. Covering of the plate and incubation for 2 hours at RT follows. The fourth 

step is aspiration and washing as in step 2. Then 100 µL of the working diluent of a HRP-

labelled antibody is added to each well. A new incubation time for 20 minutes at RT, but 

avoid direct light. The sixth step is aspiration and washing as in step 2. Then add 100 µL 

TMB Substrate Solution to each well, and incubate for 20 minutes at RT, also now avoid 

placing the plate in direct light. The eighth step is adding 50 µL of a Stop Solution of 2 N 

sulfuric acid to each well. Gently tap the plate to ensure thorough mixing. Then determine the 

optical density of each well immediately, using a micro plate reader set to 450 nm (Multiskan 

EX, Thermo Electron Corporation, Finland). Wavelength correction was also used at 540 nm.  

4.11.3 Dilutions used for DuoSet ELISA 

Every sample assayed by Duo Set ELISA was diluted in Reagent Diluent. Adiponectin and 

VCAM-1 were diluted 1:3000. This was performed in two steps, where the first step was to 

dilute the samples 1:30, by taking 20 µL sample and mix with 580 µL of Reagent Diluent. 

The second step was to dilute 1:100, by taking 10 µL from the first dilution, 1:30, and mix 

this with 990 µL Reagent Diluent. Leptin was diluted 1:5. This was done in one step by taking 

120 µL sample and mix with 480 µL of Reagent Diluent. The sTNFRI and sTNFRII were 
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both diluted 1:10, by taking 50 µL of serum sample and mixing with 450 µL Reagent Diluent. 

CXCL16 was diluted 1:10. This was done by adding 40 µL of sample with 360 µL of Reagent 

Diluent. ICAM-1 was diluted 1:300. This was performed in two steps. First a dilution of 1:30 

was made by adding 20 µL sample into 580µL of Reagent Diluent. The next dilution was 1:10 

where 60 µL from the first dilution was mixed with 540 µL Reagent Diluent.  

4.11.4 Quantikine High Sensitivity ELISA Kit  

The assay principle of Quantikine High Sensitivity kit is a complete colorimetric ELISA kit 

capable of detection at femtogram levels of analyte. The difference between this kit and a Duo 

Set is that an alkaline phosphatase-labelled detection antibody is added and binds to the 

captured analyte. Unbound detection antibody is then washed away. Nicotinamide adenine 

dinucleotide phosphate, NADPH, substrate solution is added. Amplifier solution is added 

afterwards and a red colour develops in proportion to the amount of analyte present in the 

sample, see Figure 4.8. Stop solution is added while the colour remains red and the 

absorbance of the colour at 490 nm is measured. 

 

 

Figure 4.8 Illustration of the assay principle for Quantikine as described above. From R&D Systems (97) 

 

The first step in both protocols (HS IL-6 and HS IL-10) is adding 50-100 µL Assay Diluents 

to each well. Then 100-200 µL sample or standard is added to each well. The third step is 

incubation for 2 hours at RT on an orbital shaker set at 500 ± 50 rpm. After incubation the 

plates are aspirated and washed for a total of six times by adding 400 µL wash buffer to each 

well. Removing of excess wash buffer by inverting the plate on a clean paper towel is 

necessary after the last wash. The fifth step is adding 200 µL Conjugate to each well. A new 



37 

 

incubation for 2 hours at RT on an orbital shaker is then necessary. The seventh step is a new 

washing process, before 50 µL of the Substrate solution is added. The plate is then incubated 

for 1 hour at RT on the shaker. The tenth step is adding 50 µL of Amplifier solution to each 

well and new incubation time for 30 minutes at RT on the shaker. This initiates colour 

development. The last step is adding 50 µL of Stop solution to each well. This does not affect 

the colour in the wells. The optical density needs to be determined within 30 minutes, by 

using a micro plate reader set to 490 nm (Multiskan Ascent, Thermo Labsystems, Finland). 

Wavelength correction was set to 650 nm.  

 

 

Figure 4.9 Photo taken before the last step of IL-10 Quantikine Assay. Private picture. 
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4.11.5 QuantiGlo Chemiluminescent ELISA kit 

The assay principles of QuantiGlo chemiluminescent ELISA kit is the same as for the 

DuoSet, until unbound detection antibody is washed away. Then, instead of adding TMB, 

luminol substrate is added and light is produced in proportion to the amount of analyte present 

in the sample, see Figure 4.10. A micro plate luminometer is used to measure the intensity of 

light emitted. 

 

Figure 4.10 Illustration of the assay principle for QuantiGlo as described above. From R&D Systems (97) 

The assay procedure starts by adding 100 µL Assay Diluent to each well. The second step is 

to add 100 µL standard, samples, or control to each well. The third step is to cover up the 

plate and incubate at an orbital shaker set on 500 ± 50 rpm for 3 hours at RT. After this each 

well is aspirated and washed four times by use of an auto washer. Each well is filled with 400 

µL wash buffer for each wash cycle. After the last wash the plate needs to be inverted and 

blotted against a clean paper towel to remove the remaining Wash Buffer. Then 200 µL 

Human TNF-α Conjugate is added to each well. The next step is then to cover the plate and 

incubate for 2 new hours at the orbital shaker in RT. Then the washing step is repeated, and 

after that 100 µL Working Glo Reagent is added to each well. A new incubation time for 5-20 

minutes at RT on the bench top, protected from light. The relative luminescence units (RLU) 

is determined by using a luminometer set with the following parameters; 1.0 min.lag time; 0.5 

sec/well; summation mode; auto gain on (Synergy H1 Hybrid Reader, BioTek, USA).  
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4.12  Statistics  

All statistical analyses were performed using the Statistical Package for the Social Sciences 

(SPSS) version 19 for Microsoft (SPSS, Inc., USA). Normality tests, histograms and Q-Q 

plots were first used to determine if data followed a normal distribution or not. Since most of 

the data were not normal distributed,  the analyzing of differences within group changes were 

performed by using the non-parametric test Wilcoxon Signed Rank Test. Mann-Whitney U 

test were used for analyzing the differences between groups. The level of statistically 

significance was set as p < 0.05. Correlation analyzes between variables were performed 

using Spearman rank test. Data are given as median and interquartile range (25% and 75 % 

percentiles). 
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5 Results 

5.1 Characterization of the subjects 

The baseline characteristics of the 10 male subjects included in the study are given in table 

5.1. The median age for the group was 25 years (23-25). All of the physiological values for 

the subjects were within reference values. None of the subjects reported to have diabetes or 

any kind of serious illness over the past five years or reported the use of any kind of 

prescribed medications. The median value for the VO2max (64.3 ml/kg/min) shows that the 

participants had a very good physical fitness compared to reference value (48.5 ml/min/kg) 

from the average population of men between 20-29 years old (98). 

Table 5.1 Characteristics of the participants 

  Baseline (n=10) 
Reference value 

  Median (IQR) 

Age (yr) 25 (23-25) 

 Heart rate (beat/min) 47 (45-53) 

 Systolic BP (mmHg) 129 (123-133) <130 

Diastolic BP (mmHg) 70 (66-76) <85 

VO2max (ml/kg/min) 64.3 (59.7-69.1) 48.5 

HbA1c (%) 5.3 (5.3-5.5) <6.1 % 

Glucose (mmol/L) 4.9 (4.8-5.2) 4.0-6.0 

Insulin (pmol/L) 47 (31-56) 18 - 173 

hsCRP (mg/L) 0.4 (0.3-0.6) <5.0 

Vitamin D (nmol/L) 68 (65-71) 50-150 

   

 

Anthropometry; 

  

 

Weight (kg) 78.8 (73.7-84.4)  

Height (cm) 183.7 (181.0-186.0)  

BMI (kg/m2) 23.0 (22.5-24.6) 18.5-25.0 

Waist-Hip-Ratio 0.84 (0.84-0.85) <1.00 

   

 

Blood lipids (mmol/L) 

  

 

TG 0.70 (0.60-0.90) <2.60 

TC 3.7 (3.6-4.7) 2.9-6.1 

HDL-C 1.4 (1.2-1.5) 0.8-2.1 

LDL-C 2.4  (2.1-3.3) 1.2-4.3 

    Haematology (x10-9/L) 

  

 

Blood leukocytes 4.9 (4.3-5.3) 3.5-11.0 

Neutrophile 2.5 (2.2-2.9) 1.6-8.3 

Lymphocytes 1.7 (1.5-2.0) 0.8-5.0 

Monocytes 0.5 (0.4-0.5) 0.1-1.0 

Eosinophile 0.2 (0.2-0.2) <0.7 

Basophile 0.0 (0.0-0.0) <0.2 

Data are given as average of two test days and presented as median and interquartile range (IQR) 

hsCRP = high sensitivity CRP; VO2 max = maximal volume uptake of O2; BMI = body mass index; BP = blood 

pressure; TC = total cholesterol; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein 

cholesterol; TG = triglycerides 
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Eight of the participants reported exercising regularly with high intensity and participating in 

competitions, while two reported exercising more than 3.5 hours a week at moderate intensity. 

The median time spent on exercise for the group was 10 hours (7–10 hours) a week.  

5.2 Body Composition 

Characteristics of the subjects according to their body composition are given in Table 5.2. The 

Body Mass Index (BMI), 23.0 kg/m
2
 (22.5–24.5 kg/m

2
), and Waist-Hip Ratio, 0.84 (0.84–

0.85) shown in Table 5.1, indicates that the subjects have a normal body weight and not an 

abnormal distribution of fat. The participants had a low median value of fat mass, 7.3 kg (6.5–

12.6 kg) and a low fat percent, 9.4 (8.5–14.7 %) compared to reference values, but as the 

interquartile range shows, the range is relatively wide so not everyone are within the reference 

values. They also had a very high median value of fat free mass, 70.2 kg (68.9–74.2 kg), 

compared to median weight, 78.8 kg (76.2–84.4 kg). The FFMI at 20.9 kg/m
2 

(20.4-21.0 

kg/m
2
) is also within the reference value, while the FMI at 2.2 kg/m

2
 (1.9-3.4 kg/m

2
) is very 

low, which relates to the low fat mass.  

Table 5.2 Characterization of the participants height, weight, fat percent, fat free mass, fat 

mass and the indexes BMI, FMI and FFMI 

                                           Baseline (n=10) 
Reference values 

  Median (IQR) 

Height (cm) 183.7 (181.0-186.0) 

 Weight (kg) 78.8 (73.7-84.4) 63.3-85.7 

Fat percent (%) 9.4 (8.5-14.7) 10.0-20.0 

Fat free mass (kg) 70.2 (68.9-74.2) 

 Fat mass (kg) 7.3 (6.5-12.6) 8.9-17.9 

Index 

   BMI (kg/m2) 23.0 (22.5-24.6) 18.5-25.0 

FMI (kg/m2) 2.2 (1.9-3.4) 

 FFMI (kg/m2) 20.9 (20.4-21.0) 18.7-21.0  

Data are given as an average of two measurements and presented as median and interquartile range (IQR).  

 BMI = body mass index; FMI = Fat mass index (fat mass in kg/m2); FFMI = Fat free mass index (fat free mass in kg/m2) 
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5.2.1 Correlation between body composition parameters 

The relationship between the different body compositions parameters presented in Table 4.2 

was investigated using Spearman rank order correlation (rho). The weight was correlated to 

BMI, FMI and fat free mass (r = 0.75, p = 0.01, r = 0.70, p = 0.04 and r = 0.73, p = 0.03 

respectively). BMI were strong correlated with FMI and fat free mass (r =0.93, p < 0.01, r = 

0.73, p = 0.03, respectively). FMI were also correlated with fat percent and fat (r =0.93, p < 

0.01 for both).  

5.2.2 Correlation between anthropometry and baseline 

characteristics  

The relationships between the anthropometric measures and the baseline values presented in 

Table 4.1 were investigated using Spearman rank order correlation (rho). The only 

correlations found was that FMI was correlated to LDL-cholesterol (r = 0.70, p = 0.05).   

5.3 The effect of exercise  

5.3.1 Characterization of the exercise   

The characterization of the exercise intervention is presented in Table 5.3. The work load was 

set to 70 % of VO2max at each test day. An average of the two days showed that the work 

load was achieved (69 %). As given in Table 5.3, the heart rate was increasing during 

exercise. The level of lactate increased fast during the first 15 minutes, from 0.98 (0.87-1.09) 

mmol/L at baseline (data not shown) and up to 2.97 mmol/L, but then decreased again 

throughout the exercise. The Borg scale indicates that the participants felt that it was a 

strenuous exercise, but not too tough. Nine out of ten participants completed both exercise 

tests. 
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Table 5.3 Characterization of the exercise intervention by VO2, heart rate, lactate and Borg 

scale after 4 min, 15 min, 30 min, 45 min and 60 min. 

  4 min 15 min 30 min 45 min 60 min 

  Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR) 

VO2
 (L/min) 42.14 (40.10-44.50) 43.30 (41.74-44.35)* 44.18 (42.14-46.02)* 44.49 (42.88-46.05)* 44.97 (43.45-46.41)* 

HR (beat/min) 133 (130-142) 154 (149-158)* 157 (152-162)* 161 (153-164)* 163 (155-168)* 

Lactate (mmol/L) 2.71 (2.28-3.01) 2.97 (2.66-3.48)* 2.91 (2.65-3.43)† 2.62 (2.36-2.94) 2.40 (2.21-2.91) 

Borg scale1 13.4 (12.5-14.0) 14.1 (13.5-15.0)* 15.0 (14.3-16.0)* 15.6 (14.5-16.0)* 15.4 (14.5-16.0)* 

Data are average of two test days and presented as median and interquartile range (IQR)  

 Number of individuals are 10 

     1
 Borg scale is a subjective scale of perceived exertion during physical activity ranging from 6 to 20 

 * Statistically significant difference from start (4 min), p<0.01. p-values calculated by Wilcoxon Signed Rank Test 

† Statistically significant difference from start (4 min), p<0.05. p-values calculated by Wilcoxon Signed Rank Test 

HR = Heart rate 

     

5.3.2 The effect of exercise on glucose, hsCRP and insulin 

Measurements of glucose, hsCRP and insulin at baseline and post-exercise were used to 

investigate how the exercise affected the subjects. No significant changes were found for 

glucose, hsCRP and insulin from pre- to post-exercise, as shown in Table 5.4 

Table 5.4 Effect of exercise on glucose, insulin and hsCRP  

  Baseline (n=10)   Exercise (n=10)   
p-value

1
 

  Median (IQR)   Median (IQR)   

Glucose (mmol/L) 4.9 (4.8-5.2) 

 

5.0 (4.7-5.3) 

 

0.44 

Insulin (pmol/L) 47 (32-56) 

 

48 (37-102) 

 

0.96 

hsCRP (mg/L) 0.4 (0.3-0.6)   0.4 (0.3-0.6)   0.22 

Data are average of two test days and presented as median and interquartile range (IQR) 
     1 p-values calculated by Wilcoxon Signed Rank Test 

hsCRP = high sensitivity C-reactive protein 
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5.3.3 The effect of exercise on adipokines and inflammatory 

markers 

The exercise-induced response on the levels of adipokines and the inflammatory markers are 

shown in Table 5.5 and Figure 5.1. The serum level of leptin significantly decreased (p = 

0.01), whereas the levels of sTNFRI, IL-6, IL-10, TNF-α, CXCL16, ICAM-1 and VCAM-1 

significantly increased from pre- to post-exercise (p = 0.01, p = 0.01, p = 0.03, p = 0.01, p = 

0.01, p = 0.02 and p = 0.05 respectively). The levels of adiponectin and sTNFRII did not 

change significantly from pre- to post-exercise. 

Table 5.5 The change in the circulating levels of adiponectin, leptin, sTNFRI, sTNFRII, IL-6, 

IL-10, TNFα, CXCL16, ICAM-1, VCAM-1, TNF-α/sTNFRs and TNF-α/IL-10 from baseline 

to after exercise  

    Baseline   Exercise 
p-

value
2
 

    Median (IQR)   Median (IQR) 

  n1           

Adiponectin (ng/ml) 10 4.13 (2.50-7.36) 

 

4.12 (2.74-7.38) 0.20 

Leptin (pg/ml) 9 2.17 (0.83-2.74) 

 

1.84 (0.65-2.08) 0.01* 

sTNFRI (ng/ml) 10 0.64 (0.57-0.68) 

 

0.72 (0.67-0.77) 0.01* 

sTNFRII (ng/ml) 10 3.26 (2.91-3.96) 

 

3.61 (3.11-4.22) 0.20 

IL-6 (pg/ml) 10 4.70 (3.34-5.02) 

 

8.08 (6.34-10.54) 0.01* 

IL-10 (pg/ml) 9 0.58 (0.31-1.16) 

 

0.97 (0.72-1.58) 0.03* 

TNF-α (pg/ml) 10 2.32 (1.86-2.60) 

 

2.96 (2.27-3.86) 0.01* 

CXCL16 (ng/ml) 10 1.14 (1.12-1.20) 

 

1.31 (1.15-1.44) 0.01* 

ICAM-1 (ng/ml) 8 0.10 (0.09-0.13) 

 

0.12 (0.11-0.15) 0.02* 

VCAM-1(ng/ml) 8 0.43 (0.38-0.49) 

 

0.47 (0.41-0.54) 0.05* 

TNF-α/sTNFRs 10 3.36 (2.10-4.10) 

 

4.30 (3.49-4.68) 0.03* 

TNF-α/IL-10  9 1.31 (0.75-2.01)   0.92 (0.51-1.78) 0.05* 

Data are average of two test days and presented as median and interquartile range (IQR) 

       1 n indicates number of individuals 

           2 p-values calculated by Wilcoxon Signed Rank Test 

   * Statistically significant difference when p <0.05 

    TNF-α ratio is calculated by dividing the level of TNF-α (pmol/L) by the level of sTNFRs (sTNFRI + sTNFRII) (pmol/L) 

IL-10 ratio is calculated by dividing the level of TNF-α (pmol/L) by the level of IL-10 (pmol/L) 

sTNFRI = soluble tumour necrosis factor receptor; IL = interleukin; TNF = tumour necrosis factor; CXCL = 

Chemokine (C-X-C-motif) ligand; ICAM-1 = Intracellular adhesion molecule; VCAM-1 = Vascular cell adhesion 

molecule 
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Figure 5.1 Circulating levels (pg/ml) of the adipokines leptin (a), IL-6 (b), and TNF-α (c), and the inflammatory 

markers sTNFRI (d), ICAM-1 (e), VCAM-1 (f), IL-10 (g) and CXCL16 (h) at baseline and after exercise. n=10, 

except for leptin and IL-10 where n=9, and ICAM-1 and VCAM-1where n=8. Data are shown as median and 

vertical bars show interquartile range. Wilcoxon Signed Rank Test is used between time points. Horizontal lines 

show statistically significant difference between pre- and post-exercise level (p < 0.05). IL = interleukin; TNF-α 

= tumour necrosis factor α; sTNFRI = soluble tumour necrosis factor receptor 1; CXCL = Chemokine (C-X-C 

motif) ligand; ICAM-1 = Intracellular adhesion molecule 1; VCAM-1 = Vascular cell adhesion molecule 1 
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5.3.4 Correlations between circulating markers and baseline 

characteristics 

Spearmen rank order correlation (rho) was used to investigate the associations between the 

baseline level of adipokines and inflammatory markers and baseline characteristics shown in 

Table 5.1. The CRP value was correlated with both the serum level of TNFα, sTNFRI and 

ICAM-1 (r = 0.64, p = 0.05, r = 0.81, p = 0.01 and r = 0.69, p = 0.05, respectively), which 

indicates a relationship between CRP and the inflammatory markers. Both total cholesterol 

and LDL-cholesterol were correlated to leptin (r = 0.69, p = 0.03, and r = 0.79, p = 0.01 

respectively). VCAM-1 was correlated to triglycerides (r = 0.79, p = 0.02).  

The exercise induced response in adipokine levels and inflammatory markers were also 

correlated with the baseline characteristics in Table 5.1, using Spearmen rank order 

correlation (rho). The exercise induced IL-10 response was correlated with VO2max and CRP 

(r = 0.78, p = 0.01 and r = 0.677, p = 0.05, respectively), indicating that the participants with 

highest VO2max and CRP level elicit a higher release of IL-10. The response of sTNFRI was 

correlated to total cholesterol (r = 0.73, p = 0.03), whereas the exercise induced response of 

IL-6 were correlated with CRP (r = 0.78, p = 0.02). 

5.3.5 Correlations between circulating markers and body 

composition 

The Spearman rank order correlation (rho) method was used to see if the baseline levels of 

adipokines and inflammatory markers were associated with the body composition. As 

expected, leptin was correlated with both fat percent and fat mass (r = 0.70, p = 0.04 and r = 

0.70, p = 0.04 respectively), which shows the connection between leptin and adipose tissue. 

IL-10 was inverse correlated with fat free mass (r = -0.75, p = 0.02).  

The only statistically significant correlations found when investigating the relationship 

between the exercise induced response and body composition was an inverse association 

between the TNF-α/IL-10 ratio and Waist-Hip Ratio (r = -0.71, p = 0.03).  

The relationships between the exercise induced response and lactate were also investigated, 

but no statistically significant correlations were found.  
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5.3.6 The effect of exercise on the ratio of TNF-α/sTNFRs and TNF-

α/IL-10 

Figure 5.2 show the ratio of TNF-α/sTNFRs and TNF-α/ IL-10. The ratio between TNF-α and 

sTNFRs was calculated to make an estimate of the circulating level of TNF-α. Since sTNFRs 

is a soluble receptor for TNF-α, the molar balance in serum between these components is 

therefore important and can potentially be a parameter of the TNF activity. The ratio was 

defined as TNF-α (pmol/L)/(sTNFRI + sTNFRII) (pmol/L), assuming a molecular mass of 

(17x3) kDa for TNF-α (trimer) and 30 kDa for both types of sTNFRs (99).  

A ratio between TNF-α and IL-10 was also calculated. IL-10 is also known to be an inhibitor 

of TNF-α, but TNF-α is also a potent stimulator for IL-10. The TNF-α/IL-10 ratio was 

calculated by TNF-α (pmol/L)/IL-10 (pmol/L), assuming a molecular mass of (17x 3) kDa for 

TNF-α (trimer) and 18.6 kDa for IL-10 (1).  

Both the ratios changed significant from baseline to post-exercise, whereas the TNF-

α/sTNFRs ratio was significant increased (p = 0.03), and the TNF-α/IL-10 was significant 

decreased (p = 0.05).  

 

Figure 5.2 TNF-α/sTNFRs ratio (a) and TNF-α/IL-10 ratio (b) at baseline and straight after exercise. n=10 for 

TNF-α/sTNFRs ratio and n=9 for TNF-α/IL-10 ratio. Vertical bars show interquartile range. Wilcoxon Signed 

Rank Test is used between time points. Horizontal lines show statistically significant difference between pre- 

and post-exercise level (p < 0.05). IL = interleukin; TNF-α = tumour necrosis factor α; sTNFRs = soluble tumour 

necrosis factor receptors; 
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5.4 Effect of sports drinks intake with carbohydrate 

or carbohydrate and protein during restitution 

5.4.1 Characterization of the exercise  

In Table 5.6 the VO2, heart rate, lactate and Borg’s scale for the carbohydrate and 

carbohydrate and protein day are shown. The intensity during the exercise was similar both 

days, with an average intensity of 69 % (carbohydrate) and 68 % (carbohydrate and protein 

VO2max. By evaluating the lactate value and the Borg scale, which is an objective and a 

subjective measure of exertion, it indicates that the intensity was kept very similar on the two 

exercise days. The only significant difference found between groups was that the level of 

lactate increased significant in the carbohydrate and protein group from 4 to 15 minutes.  

Table 5.6 The VO2, heart rate, lactate and Borg scale after 4 min, 15 min, 30 min, 45 min and 

60 min on the two different test days.  

    4 min 15 min 30 min 45 min 60 min 

  n1 Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR) 

VO2
 (L/min) 

 
 

    
- CHO 9 42.03 (41.17-45.30) 43.13 (41.80-45.63) 43.87 (41.77-47.23)* 44.03 (42.87-47.03)* 44.83 (44.33-48.73)* 

- CHO + Protein 10 40.67 (40.00-43.30) 42.50 (41.07-46.10)* 43.30 (42.50-44.87)* 43.88 (42.57-45.07)* 43.83 (42.93-45.30)* 

  
 

    
HR (beat/min) 

 
     - CHO 9 135 (125-140) 151 (143-158)* 155 (149-163)* 160 (152-163)* 160 (152-170)* 

- CHO + Protein 10 137 (128-142) 156 (152-158)* 158 (154-162)* 161 (155-165)* 164 (158-165)* 

       
Lactate (mmol/L) 

     
- CHO 9 2.58 (2.41-2.83) 2.85 (2.46-3.12) 2.90 (2.50-3.07) 2.58 (2.35-2.90) 2.41 (2.38-2.84) 

- CHO + Protein 10 2.60 (2.09-3.14) 3.01 (2.61-3.74)* 2.71 (2.50-3.69)* 2.66 (2.25-3.29) 2.26 (1.80-3.17) 

       
Borg scale 2 

      
- CHO 9 13.0 (12.0-13.5) 14.0 (13.0-15.0)* 15.0 (13.0-17.0)* 15.0 (14.0-17.0)* 16.0 (14.0-16.5)* 

- CHO + Protein 10 14.0 (13.0-14.0)  14.0 (14.0-15.0)† 15.0 (15.0-15.5)* 15.5 (14.0-16.0)* 15.0 (14.0-16.0)* 

Data are presented as median and interquartile range (IQR)  

          1n indicates number of individuals 

       2 Borg scale is a subjective scale of perceived exertion during physical activity ranging from 6 to 20 

 * Statistically significant difference from start (4 min), p<0.01, p-values calculated by Wilcoxon Signed Rank Test 

† Statistically significant difference from start (4 min), p<0.05, p-values calculated by Wilcoxon Signed Rank Test 

HR = Heart rate; CHO = Carbohydrate 
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5.4.2 The effect of two different sports drinks during restitution on 

glucose, hsCRP and insulin 

When investigating the change in levels of glucose, hsCRP and insulin from baseline to 

restitution and after exercise to restitution within groups, only insulin had significantly 

changed, as shown in Table 5.7. This applied to both test days, when the participants received 

the carbohydrate drink, and the carbohydrate and protein drink. Glucose and hsCRP levels did 

not differ between the test days. No statistically significant results between the two test days 

were found. 

Table 5.7 The change in the levels of glucose, insulin and hsCRP from baseline, after 

exercise and after two hours restitution  

    Baseline   Exercise   Restitution 

p
2
 p

3
 

    Median (IQR)   Median (IQR)   Median (IQR) 

  n1                 

Glucose (mmol/L) 

           - CHO 9 4.9 (4.7-5.2) 

 

5.1 (4.9-5.4) 

 

5.0 (4.7-5.2) 0.95 0.40 

- CHO + Protein 10 5.1 (4.9-5.2) 

 

4.8 (4.5-5.2) 

 

5.1 (4.2-5.5) 0.92 0.51 

            Insulin (pmol/L) 

           - CHO 9 45 (37-56) 

 

51 (28-81) 

 

208 (143-286) 0.01* 0.06 

- CHO + Protein 10 47 (30-60) 

 

40 (12-64) 

 

289 (140-351) <0.01* 0.05* 

            hsCRP (mg/L) 

           - CHO 9 0.4 (0.3-0.4) 

 

0.4 (0.3-0.5) 

 

0.4 (0.3-0.5) 0.71 0.58 

- CHO + Protein 10 0.5 (0.2-0.6) 

 

0.5 (0.2-0.6) 

 

0.3 (0.2-0.6) 0.68 0.08 

Data are presented as median and interquartile range (IQR)  
      1

 n indicated number of individuals 
      2

 Between restitution and baseline. p-values calculated by Wilcoxon Signed Rank Test 

        3
 Between restitution and exercise. p-values calculated by Wilcoxon Signed Rank Test 

  * Statistically significant difference when p <0.05.  

  CHO = Carbohydrate; hsCRP = high sensitivity C-reactive protein 
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5.4.3 The effect of two different sports drinks during restitution on 

adipokines and inflammation markers 

The effects of the two different sports drinks, carbohydrate or carbohydrate and protein within 

and between groups, on adipokines and inflammatory markers are shown in Table 5.8. The 

significant changes seen in the circulating level of the adipokines and inflammatory markers 

are also illustrated in Figure 5.3.  

Carbohydrate drink  

IL-6, TNF-α and CXCL16 levels decreased significantly from exercise to restitution (p = 

0.02, p = 0.04 and p = 0.05 respectively) after intake of the carbohydrate sports drink, Table 

5.8.  

The circulating level of leptin decreased, while the circulating level of IL-10 increased 

significantly from baseline to restitution after intake of the carbohydrate drink (p = 0.02 and p 

= 0.03, respectively), Table 5.8.   

Carbohydrate and protein drink  

The serum level of IL-10 and CXCL16 decreased (p = 0.02 and p = 0.03, respectively) 

whereas the ratio of TNF-α/sTNFRs increased (p = 0.03) from exercise to restitution after 

intake of the carbohydrate and protein drink, Table 5.8.  

The level of IL-6 increased significant from baseline to restitution but decreased significant 

from exercise to restitution after intake of carbohydrate and protein drink (p=0.05 and p=0.02 

respectively). ICAM- 1 increased significant from baseline to restitution after intake of 

carbohydrate and protein drink (p = 0.03), Table 5.8. 
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Table 5.8 The change in the circulating levels of adiponectin, leptin, sTNFRI, sTNFRII, IL-6, 

IL-10, TNFα, CXCL16, ICAM-1, VCAM-1, TNF-α/sTNFRs and TNF-α/IL-10 at baseline, 

after exercise, and after two hours restitution. 

    Baseline   Exercise   Restitution 

p
1
 p

2
 p

3
 p

4
     Median (IQR)   Median (IQR)   Median (IQR) 

  n     n     n     
Adiponectin (ng/ml) 

             - CHO 9 5.02 (2.92-5.45) 9 4.03 (2.73-7.95) 9 4.81 (3.51-6.80) 0.77 0.68 
0.28 0.40 

- CHO + Protein 10 3.81 (2.44-7.10) 10 4.08 (2.98-6.76) 10 3.55 (2.67-5.46) 0.11 0.14 

              Leptin (pg/ml) 

             - CHO 9 2.08 (0.65-2.76) 9 1.48 (0.55-2.34) 9 1.57 (0.63-1.73) 0.02* 0.67 
0.22 0.80 

- CHO + Protein 10 1.71 (0.89-2.53) 9 1.45 (0.82-1.81) 9 1.51 (0.59-2.01) 0.11 0.59 

              sTNFRI (ng/ml) 

             - CHO 9 0.60 (0.52-0.65) 9 0.69 (0.62-0.78) 9 0.68 (0.61-0.71) 0.21 0.77 
0.84 0.91 

- CHO + Protein 10 0.68 (0.60-0.69) 10 0.71 (0.63-0.77) 10 0.67 (0.65-0.79) 0.33 0.33 

              sTNFRII (ng/ml) 
             - CHO 9 3.40 (2.92-3.94) 9 3.65 (3.32-4.06) 9 3.32 (2.78-3.90) 0.31 0.17 

0.97 0.97 
- CHO + Protein 10 3.37 (2.81-3.90) 10 3.48 (3.11-4.16) 10 2.95 (2.20-4.14) 0.33 0.09 

              IL-6 (pg/ml) 

             - CHO 9 4.13 (3.18-4.60) 9 9.16 (6.48-10.75) 9 5.74 (4.70-6.40) 0.14 0.02* 
1.00 0.32 

- CHO + Protein 10 4.31 (3.37-4.96) 10 8.12 (7.54-10.32) 10 4.92 (4.10-7.13) 0.05* 0.02* 

              IL-10 (pg/ml) 
             - CHO 8 0.28 (0.15-0.63) 9 0.93 (0.80-1.35) 8 1.08 (0.53-1.49) 0.03* 0.58 

0.06 0.32 
- CHO + Protein 9 0.79 (0.31-1.41) 10 0.81 (0.66-1.91) 10 0.76 (0.40-0.97) 0.72 0.03* 

              TNF-α (pg/ml) 

             - CHO 9 2.37 (1.76-2.82) 9 2.91 (2.58-4.14) 9 2.31 (2.01-2.69) 0.68 0.04* 
0.84 0.40 

- CHO + Protein 10 2.02 (1.74-2.65) 10 2.64 (2.11-3.62) 10 2.41 (1.96-2.81) 0.44 0.09 

              CXCL16 (ng/ml) 

           
  

- CHO 9 1.17 (1.08-1.20) 9 1.28 (1.26-1.41) 9 1.11 (1.04-1.20) 0.52 0.05* 
0.44 0.97 

- CHO + Protein 10 1.13 (1.08-1.19) 10 1.33 (1.12-1.43) 10 1.19 (1.09-1.25) 0.58 0.03* 

              ICAM-1 (ng/ml) 
           

  
- CHO 7 0.10 (0.10-0.12) 7 0.11 (0.11-0.14) 7 0.12 (0.11-0.13) 0.40 0.40 

0.96 0.78 
- CHO + Protein 8 0.10 (0.09-0.12) 8 0.12 (0.10-0.14) 8 0.11 (0.10-0.14) 0.03* 0.12 

              VCAM-1 (ng/ml) 

           
  

- CHO 7 0.46 (0.42-0.50) 7 0.53 (0.45-0.61) 7 0.49 (0.41-0.51) 0.61 0.13 
0.78 0.61 

- CHO + Protein 8 0.41 (0.36-0.49) 8 0.40 (0.36-0.53) 8 0.46 (0.40-0.48) 0.89 0.78 

              TNF-α/sTNFRs 
             - CHO 9 3.90 (2.56-4.06) 9 4.04 (3.24-5.19) 9 3.46 (3.42-3.98) 0.59 0.22 

1.00 0.04* 
- CHO + Protein 10 3.57 (2.94-4.14) 10 3.33 (2.81-4.04) 10 3.65 (3.23-4.06) 0.24 0.03* 

              TNF-α/IL-10  

             - CHO 8 2.46 (1.11-3.72) 9 0.86 (0.68-1.42) 8 0.95 (0.54-1.74) 0.09 0.67 
0.17 0.46 

- CHO + Protein 9 0.92 (0.58-1.16) 10 0.82 (0.40-1.55) 10 1.17 (0.78-1.97) 0.86 0.15 

Data are shown as median and interquartile range (IQR). n indicates number of individuals         

    1-2 p calculated with Wilcoxon Signed Rank Test; 3-4 p calculated by Mann-Whitney U Test 
     1 Between restitution and baseline, within groups                                    
     2 Between restitution and exercise, within groups               

               3 Δ Between  restitution and baseline, between groups 

     4Δ Between restitution and exercise, between groups  

 * Statistically significant difference between time points or sports drink when p<0.05 

TNF-α ratio is calculated by dividing the level of TNF-α (pmol/L) by the level of sTNFRs (sTNFRI + sTNFRII) (pmol/L) 

 IL-10 ratio is calculated by dividing the level of TNF-α (pmol/L) by the level of IL-10 (pmol/L) 

    sTNFRI = soluble tumour necrosis factor receptor; IL = interleukin; TNF = tumour necrosis factor; CXCL = Chemokine (C-X-C-motif) 

ligand; ICAM-1 = Intracellular adhesion molecule 1; VCAM-1 = Vascular cell adhesion molecule 1; CHO = Carbohydrate 
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Figure 5.3 Changes in the circulating level of the adipokines leptin (a), IL-6 (b), TNF-α (c), and the 

inflammatory markers IL-10 (d), CXCL16 (e), ICAM-1 (f) and TNF-α/sTNFRs (g) from baseline to after 

exercise, and after two hours of restitution with intake of sport drinks with carbohydrate or carbohydrate and 

protein. Data are presented as median and interquartile range. n = 9 for CHO and n = 10 for CHO + Protein, 

except for ICAM-1 where n = 7 at CHO and n = 8 at CHO + Protein, and for IL-10 where n = 8 for baseline and 

restitution at CHO and n = 9 at baseline CHO + Protein. Wilcoxon Signed rank test is used between time points 

within groups. Horizontal lines show statistically significant difference between restitution and exercise or 

restitution and baseline within group (p < 0.05). IL = interleukin; TNF-α = tumour necrosis factor α; sTNFR = 

soluble tumour necrosis factor receptor; CXCL = Chemokine (C-X-C motif) ligand; CHO = Carbohydrate 

  



53 

 

Difference in effect after intake of carbohydrate and carbohydrate and protein 

drink in the restitution period 

Figure 5.4 shows the results for the significant difference in effect after intake of carbohydrate 

and carbohydrate and protein drink. When comparing the response elicited by the two sports 

drinks, only the change from exercise to the restitution in the TNF-α/sTNFRs ratio was 

significant different (p = 0.04). The change from baseline to restitution in the serum level of 

IL-10 tended to be significant different between the two sports drinks (p = 0.06).  

 

 

Figure 5.4 Comparison of the TNF-α/sTNFRs (a) and IL-10 (pg/ml) (b) by Δ-values between carbohydrate and 

carbohydrate and protein group. Data are shown as median and vertical bars shows interquartile range. Mann-

Whitney U test is used between groups. Horizontal lines show statistically significant difference between 

restitution and exercise or restitution and baseline (p < 0.05). Dotted line shows a nearly significant result RS = 

Restitution; bs = Baseline; EX = Exercise; IL = interleukin; TNF-α = tumour necrosis factor α; sTNFRs = 

soluble tumour necrosis factor receptors; CHO = Carbohydrate 
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6 Discussion  

The study in this thesis was designed as a 1-day, two-period double blinded randomized 

cross-over study with an intermediate wash-out period of 1 week. The study has both 

advantages and limitations in the methodological design, which are discussed below.  

6.1 Discussion of methods 

6.1.1 Participants  

In the present pilot study we decided to only include male subjects. The decision for this was 

made because of the small number to be included and the fact that it is known that a variety of 

stress and inflammatory responses are gender dependent and likely to be influenced in women 

by the individual phase of the menstrual cycle (100). Because this study is a pilot study, 

power calculation was not conducted. Previous studies studying the effect of physical activity 

on inflammatory markers have included between six and 20 subjects (45;101-105). This and 

the fact that this was a master thesis with limited time available are the basis for the choice of 

the number of individuals to be included in this study.  

There were no limitations set for the physical fitness of the subjects included in this pilot 

study. We had no inclusion criteria regarding their exercise habits, if they used to cycle as a 

part of their exercise work, their amount of exercise time per week or a specific type of sports. 

Cycling and running elicit very different movement and muscle recruitments patterns, and we 

do not know if the inflammation process is different in a person who never cycle compared to 

a cyclist (106). While running includes more eccentric muscle action, cycling only consist of 

concentric muscle actions (106). It is suggested to be harder for a runner to reach VO2max on 

a cycle than on a treadmill (107). This may imply that a person who never cycle may struggle 

more to keep the pace up during one hour of cycling, than a person who cycles regularly, and 

may thereby provide a different degree of muscle damage and elicit different magnitude in the 

inflammation responses after the exercise. However, because of our cross-over design the 

participants were their own controls, and the individual differences are similar for both test 

days, which attenuates this possible effect.  
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The inclusion of a specific criterion like this in this study would have contributed to a more 

homogenous study group. However, others investigating the same inflammatory markers and 

with some similarities in the exercise protocol have tested healthy moderately trained men 

(median VO2max 50.4 ml/kg/min), healthy untrained men (mean value of VO2max 48.8 

ml/kg/min) or recreationally active men (mean value of 51.1 ml/kg/min) (101;102;108). 

Therefore, our study population is comparable to these previous studies. At the same time, to 

implement an inclusion criterion like this would also have given difficulties in recruiting 

participants for our study, because it would have narrowed the population to recruit 

participants from even more. In addition, it has been shown that concentric and eccentric 

cycling exercise gives different increase in IL-6 plasma levels post-exercise (108). This may 

indicate that as long as the exercise protocol for the study was followed by each subject, the 

results are comparable.  

Precautions to the participants before the test days 

The participants received advice on what they should avoid in advance of the study. They had 

to meet fasted, which included no intake of food or drinks other than water after midnight. 

They were also encouraged not to drink alcohol, to use dipping tobacco or perform exercise 

the day before. Ideally, we should also have controlled the intake of nutrient the day before 

the test days, as it is been shown to influence the circulating level of inflammatory markers in 

overweight and obese subjects (109;110). At a marathon race study, a 3-day food diary were 

recorded by all the participants prior to the race, to control for the potential influence of 

nutrition on inflammatory markers (45). The optimal solution would have been if the 

participants recorded their food intake during the day before the first test day and ate exactly 

the same the day before the next test day, thus giving us the same starting point before each 

test. However, the effect of nutrient on the postprandial level of inflammatory markers, have 

only been observed for a maximum of eight hours after intake, and we do not know who it 

affect the level the day after (109;110). The participants fasted before each baseline sample 

for at least eight or nine hours, and thereby giving us a level to related the measured increase 

or decrease in markers after exercise. Therefore, the test days are reproducible despite of not 

controlling for the nutrient intake before both test days. Data are thereby comparable because 

we related the effect of exercise to the baseline level measured fasted in the morning of both 

test days.  
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6.1.2 Study design 

Cross-over design 

 A cross-over design was chosen, because of the advantage that the participants are their own 

controls (111). We used the same individuals in both tests, and thereby eliminating individual 

differences as a confounder to the test result. The alternative had been to implement two 

interventions groups, one that received the carbohydrate drink and one that received the 

carbohydrate and protein drink, but then individual differences would affect the result. We 

included an intermediate wash-out period of one week, to eliminate the potential effects 

mediated by the nutrients from the first to the second sports drink, so the results would not 

likely be affected by the previous drink.   

Randomization and double blinding 

The participants in our study were randomly assigned to which sports drink they should 

receive at the two different test days. Randomization was performed to prevent variables 

between the groups that may affect the outcome of the study, and to balance the exercise 

interventions days with five subjects receiving carbohydrate drink and five receiving 

carbohydrate and protein. The performance of randomization equalizes conditions and 

differences that may potentially be confounding factors (112). We also choose to perform the 

study double blinded, so neither the participants nor the study personal knew if the 

participants received carbohydrate drink or carbohydrate and protein drink. This was done to 

reduce or eliminate biased assessment of the outcome (112).  

Control group or control day 

The incorporation of a control group or a control day in this study would have been ideal to 

control for different factors that may confound the result. The optimal situation would have 

been to control for the exercise, breakfast and sports drink, with the most interesting to 

control for the exercise intervention. However, since the aims of this study was to investigate 

the effect of the inflammatory response induced by exercise, and observed this effect after the 

intake of two different sports drinks during restitution in combination with limited time 

available, we decided to not incorporate a control group.  
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We primarily wanted to compare the differences in levels of adipokines and inflammatory 

markers between the intake of carbohydrate drink and carbohydrate and protein drink, and not 

to compare with a placebo group such as water. As an example, to include a control group for 

the exercise intervention, we had to include a third test day where the ten participants did not 

perform the exercise. This would have taken a week or longer with testing, which may also 

have led to an increased drop-out, because it would had been more time consuming for the 

participants and a major part of the participants were students and had to follow mandatory 

lectures and exams.  

The standardized breakfast 

By advice from our co-supervisor, contacts and the Scientific Assistant at the Norwegian 

School of Sport Sciences the decision to serve breakfast and not let the participants take the 

demanding physical test while fasting was made. They have experienced in previous studies 

that many participants obtained very low levels of blood glucose during exercise in a fasting 

state, and therefore advised us to give the participants a light breakfast. In addition, the major 

part of the population that performs physical activity or exercise, do this after the intake of 

breakfast or other meals. We therefore decided to give the participants a light and 

standardized breakfast that was easily digested, did not give any discomfort and without 

affecting their performance afterwards.   

Similar and previous studies have investigated the effect of exercise on inflammatory markers 

in different ways. Some studies have investigated the effect in fasting subjects (101;105). 

Ostrowski et al measured baseline values one week before the start of a marathon race, and 

the participants were allowed to drink water and consume carbohydrates during the race 

(103). Moldoveanu et al served the subjects one to three servings of meal replacement drink 

in the morning of the trial and measured baseline levels 30 minutes after (102).  

On behalf of the participants well-being a breakfast was necessary. Someone felt that the 

breakfast served was too little to keep the pace up for an hour at the bicycle afterwards, and 

other reported a feeling of nausea in the restitution period because of lack of nutrient intake. If 

we had not served the participants a breakfast they would have fasted for 12-13 hours, 

depending on time of the test start. This may have mediated a drop-out from test day 1 to test 

day 2, because of a strong discomfort during the test day.  
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6.1.3 Anthropometrical measurements and body composition 

Waist- and hip ratio was measured at the first meeting, and always by the same person. This 

was performed to minimize differences in measurements that may occur when different 

people measure the ratio. The measurements were conducted after protocol.  

A Tanita Scale was used for the measurement of the body composition both test days. The 

measurements were conducted according to protocol. By the definition in the protocol, 

persons over 17 years old, who are physical active more than 10 hours per week and have 

resting heart rate of 60 beat per minutes or less should be measured after the athletic function. 

This definition also includes individuals which have been very active, but for the moment are 

less active than 10 hours per week. Our study population had an average exercise time per 

week of 10 hours, and the reason why we decided to use the athletic function in our study. 

The measurements were only performed one time for each participant each day.  

6.1.4 The exercise protocol 

Our exercise intervention was to cycle for one hour at 70 % of VO2max. Previous studies 

have investigated the effect of exercise on circulating level of adipokines and inflammatory 

markers in very different ways. Ostrowski et al and Bernecker et al investigated the effect of 

running exercise during a marathon race (45;103). Moldoveanu et al investigated the effect of 

three hours cycling and incline walking exercise at 60-65 % of VO2peak, while Connolly 

investigated the effect of an 30 minutes cycling exercise at 80 % of VO2peak (102;104). The 

most similar study are Ullum et al, where the participants bicycled for 60 minutes at 75 % of 

VO2max (101). A previous master thesis at NIH showed that glycogen depletion and time to 

exhaustion were reached at respectively 72.2 % and 73.2 % of VO2max, which is the reason 

why we chose 1 hour cycling for 70 % of VO2max. It was pointed out by our co-supervisor at 

NIH that this was a much more achievable intensity, which could be maintained for one hour, 

than to perform 30 minutes at 80 % of VO2max. Our primary demand was that the exercise 

should be moderate to strenuous and standardized and of the same art at both test days. The 

intensity chosen is defined as moderate to strenuous.  
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6.1.5 Sports drinks 

Sports drinks high in protein and low in carbohydrate have been shown to significant increase 

time to exhaustion, compared to a regular sports drink with a 6 % content of carbohydrate 

(113). However, they did not demonstrate a significant reduction in myoglobin, which is a 

marker for muscle damage (113). We therefore wanted to investigate if intake of carbohydrate 

or carbohydrate and protein sports drinks had different effect on the adipokines and 

inflammatory markers and to our knowledge no one has investigated this effect during 

restitution before.  

The sports drink used in this study have previous been used in a master study at NIH (114). 

Glucose is a well-known component of sports drink to provide energy, while maltodextrin 

often is used to decrease the effect of osomolality and improve stomach emptying. Whey is a 

dietary protein which consists of β-lactoglobulin, α-lactalbumin, bovine serum albumin, 

lactoferrin, immunoglobulins, lactoperoxidase enzymes, glycomacropeptides and lactose 

(115;116). It also has a high concentration of branched-chain amino acids such as leucine, 

isoleucine and valine, which are important in muscle hypertrophy and strength, tissue growth 

and repair (117;118).  

The carbohydrate content was 17 % in the carbohydrate drink, which is very high compared 

to normal sport beverages containing a 6-10 % concentrations of carbohydrate (119). 

Literature suggest that levels above this concentration may contribute to gastrointestinal 

discomfort and no additional performance benefits are expected (119). However, the sports 

drinks used in our study have been well tested out in studies at NIH before use. They have 

experienced from previous studies that a lower concentrations results in a larger volume of 

drink consume, which have been shown to give the participants gastrointestinal discomfort 

and diarrhoea. We decided to give the sports drink in evenly and small proportions straight 

after exercise and every 30 minutes afterwards, so that the stomach would tolerate the high 

concentration of glucose much better. 

6.1.6 Handling of blood samples 

Blood samples were collected at baseline, after exercise, and two hours into the restitution 

period. Factors that may occur both when the blood is drawn and during the preparation of the 

samples can lead to activation of the cells and thereby affect the level of cytokines, because 
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they are short-lived and begin to degrade at once drawn (120). These factors include 

procedure for the blood sampling, time of the day the blood sampling is performed, choice of 

anticoagulant, contamination of the tubes, time before storage and numbers of freeze-thaw 

cycles (120). The impact of errors can be minimized by following standardized protocols and 

guidelines for blood sampling, preparation and storage. For plasma samples this implies that 

whole blood should be collected in sterile tubes with anticoagulants, placed on ice 

immediately, and spun down within 30 minutes. This ensures that the inter-assay variations 

are kept to a minimum (120). 

In addition to the measurements already performed in this study, differential counting of 

white blood cells and the measurements of the level of creatine protein kinase (CPK) after 

exercise could have been interesting to measure. After intense exercise a transient elevation in 

circulating leukocytes, mainly driven by a granulocytosis, but also increases in monocytes and 

lymphocytes, are reported (102). This is mediated by an increased mobilization from bone 

marrow to blood, demargination from blood vessel wall and decreased exit to tissues and may 

contribute to a plasma volume shift (121). Differential counting of white blood cells would 

have given us information about the elevation in leukocytes in our study population. The level 

of CPK is used as a marker of micro trauma for the skeletal muscle (122). Information of 

interest would have been to measure the level of CPK at baseline and after exercise, and 

investigate the association between the exercise response of inflammatory markers and the 

degree of muscle damage.  

A blood sample taken just before the participants started to cycle would have been ideal to 

exclude the effect of nutrient on the circulating level of cytokines. We cannot exclude the 

possibility that the exercise induced response for the adipokines and inflammatory markers 

post-exercise could be interfered by the nutrients in the breakfast. Payette et al showed that a 

high fat meal, containing 64 E% fat, 18 E% carbohydrates and 18 E% protein, reduced plasma 

TNF-α level after four hours and increased  the plasma IL-6 concentrations after four and 

eight hours in both men and women (109). The level of CRP, however, did not seem to be 

affected after intake of a high fat meal. The same results were found by Blackburn et al (110). 

The breakfast that we served contained 16 E% protein, 56 E% carbohydrate and 28 E% fat, 

which gives a much smaller intake of fat compared to these high fat meals tested. Another 

study, where three high fat meals containing coconut oil, linseed oil and cod fish oil, showed 

no significant difference in plasma levels of CRP and IL-8 after intake of the three different 
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meals, or between the meals after different time points in healthy women (123). Only plasma 

IL-6 was significant increased after six hours after intake of the meal high in linseed oil but 

no other significant changes were observed (123). In accordance with these studies, we 

assume that the effect mediated by the breakfast served in the present study is modest, 

however an effect cannot be totally excluded.   

The decision to take blood samples after two hours was done primarily to set a time point 

after a restitution period to analyze the circulating level of adipokines and inflammatory 

markers. Some studies have investigated the response of a bout of exercise after one hour 

(45;104), while others have sampled blood two hours post-exercise similar to our design, with 

additionally blood samples during the restitution period (101;103;124). Another interesting 

time point to investigate would have been to collect a blood sample the next day, 24 hours 

after the exercise intervention, to obtain a sample after a more “long-term” effect to study the 

level of adipokines and inflammatory markers. However, because of limited resources and 

time, this could not be performed.  

6.1.7 Measurements of cytokine-protein concentrations 

Available commercial ELISA-kits were used to quantify the protein level of adiponectin, 

leptin, sTNFRI, sTNFRII, IL-6, IL-10, TNF-α, CXCL16, ICAM-1 and VCAM-1. ELISA is 

considered to be the standard cytokine measurement method and have the advantages that the 

results are highly quantitative and reproducible (96). The method also has several weaknesses, 

such as it is largely dependent on antibody quality, kit manufactures, the skills and experience 

of the laboratory worker (96). Another disadvantage is that ELISA permits the measurements 

of only one cytokine at time, and thereby give difficulties comparing two cytokines level 

measured by two different ELISA assay (120). In the Sandwich ELISA method all samples 

are related to a standard curve, and hence a poor standard curve may give false results. It is 

also important to have in mind that the dynamic range for the ELISA standard curve are very 

narrow, which means that to measure cytokine concentrations above the dynamic range the 

samples have to be diluted (120). Dilution of a test sample will not just dilute the 

concentrations of the cytokine measured, but also decline the concentrations of circulation 

inhibitors or binding proteins. This may exaggerate the differences between samples that have 

cytokine levels within the dynamic range and those cytokines samples above the dynamic 

range (96;120). As a precaution to avoid this, we performed dilutions always with a large 



62 

 

sample volume and in several steps. Inaccurate results may also occur, independent of which 

methods used, if the protocol is not followed according to incubation time and temperature.   

6.1.8 Statistics  

Our study population consisted of only ten male subjects. This leads to a very narrow set of 

data and relative few test results to perform statistics calculation on. Because of this it may be 

difficult to detect significant results, and potential significant results may have disappeared 

(125). However, statistically significant results found in this study suggest strong associations.  

All statistical analysis in this study is conducted by non-parametric statistical methods. These 

methods consider outliers in a small data set using median as the middle value of the data 

(125).  They are limited to be less powerful, but have the advantages of being less affected by 

extreme observations (125). Another solution had been to log-transform the data to get it 

parametric, but there is some controversy concerning this method, because the data is not raw 

data anymore and it make the interpretation of the results harder (125). Spearman rank 

correlation was performed, but it was very few significant results. In our study we only had 

ten subjects and this is very few data points to correlate, and therefore it may be difficult to 

observe an association by correlation (125).  

Bonferrioni correction is used as an interpretation of the p-values. This is usually performed 

to avoid the type-I errors and the problem of multiplicity because of multiple comparisons 

(126). We did not perform this in our study, because it is a pilot and one aim is to generate 

results for new hypothesis for further investigation.  
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6.2 Discussion of the results 

In this section the principal results are discussed and put into context of the findings in other 

scientific studies. 

6.2.1 The effect of the exercise 

One aim of this study was to investigate the effect of exercise on adipokines and 

inflammatory markers. The main findings of the present study related to this aim were that the 

effect of a single bout of exercise significantly decreases the serum level of leptin, whereas 

the serum level of sTNFRI, IL-6, IL-10, TNF-α, CXCL16, ICAM-1 and VCAM-1 

significantly increased from pre- to post-exercise. Adiponectin and sTNFRII levels did not 

change significantly. Correlations between the exercise-induced inflammatory response and 

body composition showed only an inverse significant result for the ratio of TNF-α/IL-10 and 

Waist-Hip ratio. These results support the observation of increased serum levels of circulating 

adipokines and inflammatory markers after a bout of exercise.  

The pro-inflammatory effect of exercise 

The observed decline in serum levels of leptin from pre- to post-exercise is consistent with the 

findings of other investigators (45;83). Because leptin is suggested to mediate pro-

inflammatory properties, such as regulating T-cell proliferation and activation, promoting the 

Th1-response and cytokines release and activating, this result corresponds to the theory that 

exercise mediate an anti-inflammatory effect (127). Both adiponectin and exercise is 

associated with increased insulin sensitivity, however we did not find any change in the serum 

level of adiponectin post-exercise, which is consistent with other studies (105;128).  

The circulating level of IL-6 is well-documented to increase from pre- to post-exercise after 

different types of activity (45;81;86;101-103;108;124;129-132). In our study a 2-fold increase 

of IL-6 after exercise was observed. Others have found IL-6 to increase by 4- to 128-fold after 

exercise (88;103;104;124;131). Carbohydrate loading before exercise has been shown to 

diminish the exercise-induced increase in IL-6 (86). This may have affected our test result on 

IL-6, since the participant received a breakfast with 58.6 grams of carbohydrate prior to the 

test, thus with no breakfast served an even more pronounced increase in serum cytokine level 

might have been found. The results from these studies seems to be unifying about IL-6 and its 
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response to exercise, but regarding TNF-α, the results points in different directions. Many 

studies have reported a small, but significant increase in the circulating level post-exercise, 

consistent with our result (103;124;133). However, others have reported no significant change 

in the circulating level of TNF-α post-exercise (81;129;131). Interestingly, Steensberg et al 

detected a tendency of an increase of the TNF-α mRNA level in skeletal muscles post-

exercise (81).  

Several theories of which compartments the increased levels of cytokines during and post-

exercise are released from have been proposed. Previous studies have suggested that the 

increased circulating level of cytokines post-exercise is not produced from PBMC (45). No 

previous correlation have been found between the circulating levels of IL-6 and TNF-α and 

the mRNA level in PBMC (45). One possible options is that the increased circulating level of 

IL-6 and TNF-α post-exercise is due to a stimulation of their release from PBMC, without 

affecting their expression (45). Another theory is that cytokines are produced locally in the 

skeletal muscle, because of irritation or damage within the working muscle during running 

exercise (45). It has been debated whether aerobic exercise inducing concentric muscle 

contractions with less muscle damage influences production of cytokines. Bruunsgaard et al 

found IL-6 not to be increased after concentric exercise, but observed a significant increase 

after eccentric exercise, and this release was significant associated with the level of CPK 

(108). Our results and other investigators show that serum levels of IL-6 increases in response 

to cycling as well (101;104). 

Silje Stange Foss did not find any significant increase in the gene expression of TNF-α in 

PBMC in her study, and did not investigate the expression of IL-6. Because of the result in 

the present study, compared to Silje’s and other related studies, it may be hypothesized that 

the increased level of TNF-α is released from the stressed skeletal muscle tissue (45;102). 

Other sources for the increased level of IL-6 may be macrophages, endothelial cells and 

fibroblasts in the muscle, or infiltrating leucocytes from the blood (108). Further research 

including muscle biopsy will make it possible to prove this theory, and give indication to the 

location of the exact origin for the release of the increased TNF-α and IL-6.  

Circulating levels of CXCL16 were analyzed because a significant increase was seen in the 

gene expression of PBMC, and in accordance with that we found that the circulating level of 

CXCL16 also increased in serum during exercise. CXCL16 is suggested to play a pro-

inflammatory role in the atherosclerosis process (134). It has been shown to be a bi-functional 
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protein that can act as a scavenger receptor and a chemokine, and may thereby be important 

for foam cell formation and T-cell recruitments to the atherosclerotic plaque (135). It has been 

suggested to be expressed by macrophages, dendritic cells and T-cells (136). One might 

hypothesize that CXCL16 could be a myokine, and being secreted from the muscle during 

exercise. Further research is necessary to investigate this phenomenon.  

ICAM-1 and VCAM-1 are known to be involved in the atherosclerosis and are important in 

recruitment and binding of leukocyte to endothelial cells (137). Previous studies have 

reported a significant increase in the circulating levels of ICAM-1 and VCAM-1 after exercise 

similar to our results (138;139), whereas others have not (140;141). Some have investigated 

the effect of incremental and maximal exercise test on the level of adhesion molecules in both 

healthy controls and in sickle cell trait athletes with or without α-thalassemia and found an 

exercise-induced response in the level of VCAM-1 (139). The same research group 

investigated the same markers in a similar study population with another exercise protocol 

where the subjects performed an incremental test followed 72 hours later by a 60 minutes 

endurance exercise and found no difference in sVCAM-1, sICAM-1 and TNF-α between the 

study groups (141). sICAM-1 and sVCAM-1 has also been shown  to be increased during 

exercise in patients with intermittent claudication, but not in healthy controls (140). One 

hypothesis why ICAM and VCAM is increased in healthy subjects is that a brief bout of 

exercise may induce a temporally short-term pro-inflammatory state but the in long term these 

effects may be positive and mediate a protection against chronic diseases in a similar manner 

as what have been shown for oxidative stress (142;143). 

The anti-inflammatory effect of exercise 

The significant increase in serum levels of IL-10 and sTNFRI post-exercise may be evidence 

that although the initiation of the acute phase response develops during exercise, it is not 

followed by a fully developed systemic response. Others have investigating healthy male 

marathons runners and found the same significant increase as we observed in the serum levels 

of IL-10 from pre- to post-race of a marathon (103;144). sTNFRs are released into the 

circulation to attenuate the potent inflammatory reactions induced by TNF (51). Although we 

found sTNFRI to be significantly increased form pre-exercise to post-exercise, we could not 

detect any significant change in sTNFRII, although there was a tendency to an increased level 

of sTNFRII in serum post-exercise. Ostrowski et al reported to have found increased level of 
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both sTNFRI and sTNFRII within the first hour post-exercise (103). Summarized with the 

increased serum level of IL-10, this may indicate that exercise also induces a cascade of 

cytokine inhibitors.  

Inconsistency in the results compared between this and other studies are possible due to 

differences in experimental design, training protocol, timing of blood sampling, and cytokine 

assay sensitivity.  

The exercise induced inflammatory response and body composition 

To our knowledge only one previous study has compared observations regarding the 

association between the exercise-induced inflammatory response and body composition. They 

investigated the relationship between the exercise-induced levels of circulating inflammatory 

markers from 31 male cyclists with body composition and found no significant results (145). 

This is in accordance with our study, where we only found an inverse association between 

TNF-α/IL-10 ratio and Waist-Hip ratio. However, correlations between body composition and 

baseline levels of the adipokines and inflammatory markers showed, as expected, that leptin 

was correlated to fat percent and fat mass, while circulating IL-10 was inversely correlated 

with fat free mass. Our study population of healthy fit young men had a relatively low fat 

mass and fat percent. If we had investigated another population, such as overweight and obese 

subjects, the association between the exercise-induced response and body composition may 

have been different.  

6.2.2 The effect of two different sports drinks on the level of 

adipokines and inflammatory markers 

The only difference between intake of the two sports drinks, carbohydrate and carbohydrate 

and protein, was the ratio TNF-α/sTNFRs post-exercise and into the restitution period (p = 

0.04). A significant increased ratio from exercise to restitution after the intake of carbohydrate 

and protein was observed (p = 0.03). This may suggest that after an intake of carbohydrate 

and protein drink during restitution the level of available of TNF-α is increased as the ratio 

TNF-α/sTNFRs is a surrogate marker of TNF-α.  

The change in the circulating serum level of IL-10 from baseline to restitution tended to be 

significant after intake of the two different sports drinks (p = 0.06). The intake of 
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carbohydrate and protein reduced the level post-exercise to restitution (p = 0.03). This may 

suggest that the intake of carbohydrate and protein reduces the anti-inflammatory effect of the 

exercise, or that it limits the effect mediated by IL-10 or that the exercise induced response 

rapidly is normalized.  

Previous investigations on the effects of sports drink have to our knowledge mostly focused 

on the effect on endurance capacity and muscle damage. Mostly, the results favour the intake 

of carbohydrate in combination with protein. Williams et al investigated the theory that 

carbohydrate and protein accelerate the recovery process (146). Their subjects were able to 

ride 55 % longer after receiving carbohydrate and protein drink, compared to the traditional 

sports drink with only carbohydrate (146). Saunders et al investigated the effect of 

carbohydrate and protein drink compared to carbohydrate drink for time to exhaustion at 75 % 

of VO2peak and at 85 % of VO2peak (147). Respectively, the participants rode the bike for 29 

% and 40 % longer when consuming the carbohydrate and protein drink (147). They also 

investigated the effect of intake of sports drinks post-exercise on muscle damage by 

assessment of the plasma level of CPK. Post-exercise levels were significantly lower after 

intake of the carbohydrate and protein drink than the carbohydrate drink alone (147). Thus, 

there is a tendency that the intake of carbohydrate and protein in combination has greater 

benefits than the intake of carbohydrate alone.  
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7 Conclusion  

In the present pilot study we have shown that: 

1) Exercise elicit an increase in the circulating level of adipokines and inflammation markers 

a. A bout of exercise increases the serum level of sTNFRI, IL-6, IL-10, TNF-α, 

CXCL16, ICAM-1 and VCAM-1 and decreases the level of leptin 

b. A bout of exercise did not influence the serum level of adiponectin and sTNFRII. 

 

2) The only significant association between the exercise induced inflammatory response and 

body composition was an association between the TNFα/IL-10 ratio and Waist-Hip Ratio.  

 

3) The only significant change after a bout exercise between intake of carbohydrate and 

carbohydrate and protein drink was the ratio TNF-α/sTNFRs, where the intake of a sports 

drink with carbohydrate and protein increased this ratio from exercise to restitution. 

a. The change in serum level of IL-10 after exercise, tended to be significant different 

after intake of carbohydrate and carbohydrate and protein drink, where intake of 

carbohydrate and protein drink reduced the level of IL-10.  

 

In conclusion, our results support the theory that an acute bout of exercise increases the 

circulating levels of adipokines and inflammatory markers. The present study shows that 

exercise elicit release of both pro- and anti-inflammatory cytokines. The data also suggest that 

the circulating level of adipokines and inflammatory markers are only modestly influenced by 

the difference in the composition of sports drink consumed after the exercise.  
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8 Future Perspectives 

The present pilot study has generated new questions and hypothesis.  

8.1 Myokines  

The concept and understanding of myokines is a field in major developing. Pedersen et al 

proposed in 2003 that cytokines or other peptides that are produced, expressed and released 

by muscle fibers and exert endocrine effects should be classified as myokines (148). Since 

then, many have investigated and published articles about the subject, most of them focused 

on the biological role of IL-6. Now further research is needed to investigate pathways and to 

determine the interaction and regulatory role for the known myokines.  

Previous research has suggested that skeletal muscle is capable of producing several hundred 

secreted proteins (149). Our research may suggest that CXCL16 is a myokine because the 

increased circulating level seen in serum after exercise. Further research is needed to 

investigate this theory and to determine new and other possible myokines. 

Myokines are proposed to balance and counteract the effects of adipokines, and may mediate 

the protective effects of muscular exercise (61). It is proposed that the interplay between 

adipokines and myokines represent a yin-yang balance (61). Adipokines, except for 

adiponectin, mediates pro-inflammatory conditions and myokines might counteract these 

harmful effects. Further research is needed to answer many questions in this field, such as to 

what extent or by which mechanisms does myokines contribute to the protective effect of 

physical activity. This may give us information to use as clinical advice for physical activity 

recommendation to prevent or treat chronic diseases more precisely. It may also give 

information about how exercise should be carried out to optimize the myokine response.   

8.2 The anti-inflammatory effect of exercise 

It seems to be well-established that exercise elicits the release of pro- and anti-inflammatory 

cytokines. Many investigators have presented results that show increasing circulating level of 

cytokines both during and after exercise. Other important aspect is to investigate the 

relationship between inflammatory response of exercise and performance. Is the inflammatory 
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response of the same magnitude during every exercise, and how is it associated to 

performance and increased physical fitness? 

Finally, as our and others results shows, the inflammation process induced by injury or 

infection and the inflammatory process elicit by exercise shows strong similarities. Future 

research should determine how far the striking similarities hold under close scrutiny.  
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