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Aerob hey intensitets intervall trening er en effektiv behandling for pasienter
med kronisk obstruktiv lungesykdom

Aerob hay intensitets intervallsykling ved 85-95% av peak hjertefrekvens forbedrer
peak oksygen opptak og maksimal yteevne hos pasienter med kronisk obstruktiv
lunge sykdom. Ett bens sykling gir sterre ekning i helkropps peak oksygenopptak
sammenlignet med to bens sykling. Hos ett bens gruppen gjor en og en fot hver for
seg en storre jobb enn nar begge fattene jobber samtidig, uten at ventilasjonen er
forskjellig. Derfor gjor ett bens sykling det mulig for pasientene a jobbe med en
hayere muskel spesifik intensitet sammelignet med to bens sykling som resulterer i en
betydelig bedre treningsrespons.

Aerob hey intensitets ett bens sykling ved 85-95% av peak hjertefrekvens i normoksi
og hyperoksi forbedrer peak oksygenopptak og maksimal yteevne hos pasienter med
kronisk obstruktiv lungesykdom. A puste inn 100% oksygen under trening oker ikke
peak oksygenopptak ytterligere sammenlignet med & puste romluft. Heller ikke ved
akutt maling av oksygenopptaket er det forskjell mellom & puste i hyperoksi og
normoksi, selv om den arterielle oksygen metningen i blodet er betydelig hoyere i
hyperoksi for og etter treningsperioden, noe som indikerer en oksygen forbruks
begrensning i de perifere musklene.

Aerob hay intensitets intervalltrening i hyperoksi ved 85-95% av peak hjertefrekvens
oker peak oksygenopptak, maksimal yteevne, arbeidsgkonomi og livskvaliteten hos
pasienter med kronisk obstruktiv lungesykdom som har oksygen metningsfall
(SpO,<88%) ved maksimal aktivitet. En oksygen forsynings begrensning er synlig
hos pasientene med kronisk obstruktiv lungesykdom gjennom et betydelig hoyere
peak oksygenopptak og en bedre yteevne nar de puster ekstra oksygen sammenlignet
med romluft under testing for og etter treningsperioden. P& den andre siden ser vi
ingen akutt forskjell i peak oksygenopptak mellom hyperoksi og normoksi hos
pasientene med koronar hjerte sykdom, noe som indikerer en oksygen
forbruksbegrensning hos disse pasientene.

Bakgrunnen for & gjennomfore studiene var a finne trenings metoder som gjorde at
pasienter med kronisk obstruktiv lunge sykdom som i utgangspunktet er ventilatorisk
begrensede, kunne holde en aerob hey intensitet over en periode der bade hjertet og
de perifere musklene fikk optimal stimulering. I tillegg ensket vi & underseke i
hvilken grad pasientene er begrenset av oksygen tilforselen til muslkaturen eller av
oksygen forbruket i muskelen nar det gjelder peak oksygenopptak. Studiene er
gjennomfort som kontrollerte treningsintervensjoner med testing av utholdenhet for
og etter 8 uker med hey intensitet intervall trening.
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Summary

Aerobic high intensity interval cycling at 85-95% of peak heart rate improves peak oxygen
uptake (VOypear) and performance in severe chronic obstructive pulmonary disease patients
(COPD). One leg cycling demonstrates greater improvement in whole body VOapeax than two
legs cycling. The work load performed leg by leg in the one leg group is greater than when
both legs are working together, however the ventilatory load is not different. Thereby the one
leg cycling allows the patients to train at a higher muscle-specific intensity compared to

whole body exercise, resulting in a significantly greater training response.

Aerobic high intensity one leg interval cycling at 85-95% of peak heart rate in normoxia and
hyperoxia improves VOxpeax and performance in patients with severe COPD. However,
breathing 100% oxygen during training does not improve VOpeax above the level attained by
breathing ambient air. Neither does acute hyperoxia increase VOpeak compared to normoxia
despite a higher arterial oxygen saturation during testing both before and after the training
period, which indicates an oxygen demand limitation to VOxpeak in the peripheral muscles in

both stages.

Hyperoxic aerobic high intensity interval training at 85-95% of peak heart rate increases
VOypeak, performance, work economy and quality of life in severe COPD patients with
hypoxemia (SpO,< 88%) at peak exercise. Oxygen supply limitation is demonstrated in the
COPD group by a significant improved VOypeax and performance in acute hyperoxia
compared to normoxia during testing both before and after the training period. On the
contrary, no acute difference between hyperoxia and normoxia suggests an oxygen demand

limitation in the coronary artery disease patients (CAD).



1 Introduction

Chronic obstructive pulmonary disease (COPD) is one of the most common causes of death in
most countries, and the only common cause of death in the Unites States that has increased
over the last 40 years, in sharp contrast to the reduction in cardiovascular and infectious
diseases [1]. COPD was the sixth leading cause of death in 1990 and is estimated to become
the third leading cause of death worldwide by 2020, mostly related to the expanded epidemic
of smoking and the increasingly older population [2, 3]. The disease causes increase of
chronic disability and is predicted to become the fifth most common cause of chronic
disability worldwide by 2020 [3, 4]. COPD is also one of the most common reasons for sick
leave from work, placing an enormous and increasing economic burden on the society [3, 5].
The World Health Organisation (WHO) have estimated that currently 80 million people have
moderate to severe COPD and that more than 3 million people died from the disease in 2005,
approximately 5 % of all deaths globally [2]. The prevalence of COPD is related to age and
smoking but is found to be underestimated due to unawareness of the disease in subjects
suffering from COPD. In addition, a lack of correct diagnostics in those seeking medical
advice is frequent [6]. It is demonstrated that hospitalized patients with COPD has a higher
hospitalization prevalence and in-hospital mortality from co-morbidities such as hypertension,
diabetes, coronary artery disease, heart failure, pulmonary infections, cancer, and pulmonary
vascular disease than the COPD itself [7, 8]. Chronic lung disease has a significant impact on
cardiovascular function due to an increased right ventricular afterload caused by increased
pulmonary vascular resistance resulting from structural changes in the pulmonary circulation,

as well as hypoxic pulmonary vasoconstriction [9].

Patients suffering from COPD are physiologically limited by the inability to engage in the
usual activities of daily living due to reduced pulmonary function and poor exercise capacity
[10, 11]. Exercise intolerance progresses relentlessly as the disease advances and can lead to
virtual immobility, social isolation and eventually early death [12].. Evidence based
guidelines for pulmonary rehabilitation by the American association of cardiovascular and
pulmonary rehabilitation in conjunction with the American College of Chest physicians, list
exercise training as a mandatory component of pulmonary rehabilitation for patients with

COPD [13].

A strong correlation between endurance capacity expressed as maximal oxygen uptake

(VOa2max) and the risk for mortality has been demonstrated in both healthy subjects and those



with cardiovascular disease [14], while improvements in aerobic capacity reduces the
mortality risk [15]. Exercise capacity is found to be a predictor of mortality in COPD
independent of the FEV and that VO, 1S an excellent predictor of long-term survival [16].
VOomax 1s defined as the highest rate at which oxygen can be taken up and utilized by the
body during exercise with large muscle groups [17, 18]. An increase in VOap,y by only 3.5 ml
oxygen pr. kg bodyweight resulted in 12 % improved survival [14]. Since most COPD
patients show extremely poor exercise performance [19, 20], and the exercise capacity
declines over time [21], these findings highlights the importance of exercise among COPD
patients to increase their quality of life and to prevent an early death [22]. The pulmonary
damages related to COPD are not reversible even by cessation of smoking [23], and thereby
the single most important factor to treat the disease and increase life expectancy is to increase

the patient’s aerobic endurance capacity [13].

1.1 Aerobic endurance

Aerobic endurance depends on the ability to perform large-muscle, whole body exercise at
moderate to high intensities for expended periods of time and is determined primarily by
VOumax and to a lesser degree of the lactate threshold and work economy [17]. The
importance of a superior aerobic endurance capacity is best exposed in elite athletes
competing in different sports with continued exercise [24], whereas the significance of being
physical fit in non athletes and patients is often neglected. The importance of an increased
aerobic endurance capacity is highlighted by the fact that it might prevent an early death in
those with genuine low exercise capacity and increase quality of life in healthy people [14].
VOomax is considered to be the present ”gold standard” for measurement of cardiovascular
fitness and is a useful parameter for determining aerobic endurance also for patients with

COPD [25].

1.2 Maximal oxygen uptake

VOumax 1s the single most important physiological measurement of aerobic endurance [26] and
relates to the highest rate at which oxygen can be transported from ambient air to the working
skeletal muscles and utilized during severe exercise. It depends on oxygen transport from the
atmosphere to the muscle mitochondria and reflects the combined functional capacities of the
cardiac output, the oxygen carrying capacity of the blood and the oxidative capacity of the
active skeletal muscle [17, 18, 27]. Oxygen uptake (VO,) is the product of cardiac output



(CO) and the arteriovenous oxygen difference ([(a — v) O, difference]) and is given by the

Fick equation:

VO, =CO - (a—v) O, difference (1.1

Cardiac output is a product of the heart rate and stroke volume of the heart. The variation in
oxygen delivery to locomotor muscles is solely a function of the size of the stroke volume, as
maximal heart rate and arterial oxygen content both are unaffected by training [28].
Endurance trained individuals with a high VO, have both a superior capacity to deliver and
utilize oxygen than untrained individuals [24]. VO,max varies among individuals due to factors
such as body size, muscle mass, genetics, age, gender and conditioning status [17, 29]. When
comparing elite endurance athletes and ordinary subjects, total hemoglobin and arterial
oxygen saturation remains equal. Muscle oxygen extraction percentage is higher, however
insufficient to account alone for the elite level of performance. The most important difference
is found in maximal cardiac output with values twice as high documented in the elite athlete
[30, 31]. VOamax is task specific and has been found to be 10-20 % lower in biking compared
to walking/running [32]. VO, increases linearly with increasing power output and reaches a
plateau with further increases in work rate at VO,n.x. However in many subjects, as the work
rate increases, termination of work is demonstrated before this plateau is reached [31]. In such
situations where the VOnmay criteria are not fulfilled, the term peak oxygen uptake (VOzpear) 1S
more commonly used which is the highest level of oxygen that can be taken up and utilized
by the body during exercise under a given condition (e.g. reduced muscle mass, in untrained
individuals or disease). In patients with cardiovascular and pulmonary disease it might be
angina pain or ventilation that limits the work intensity and the term VOyp, is thereby used

[33, 34].

1.3 Limitations to VOjmax

A plateau of VO, is evidence of maximal metabolic oxidative phosphorylation that can
reach maximum ATP generation and not a limitation per se of oxygen limitation of VO, [31].
This means that every step of the oxygen cascade from the air into the mitochondria is a
potential deterrent for VOymax. If the oxidative phosphorylation is limited by the availability
of mitochondrial oxygen, which is determined by how fast the oxygen can be delivered to the
muscle cell, a supply limitation is present. If the oxygen availability in the mitochondria

outreaches the utilization by the oxidative phosphorylation, the system is demand limited



[31]. Wagner states that in ambient air at sea level, maximal oxygen uptake in athletic
individuals is primarily set by oxygen transport limitation (i.e. cardiac output), whereas in
unfit subjects, it is set by metabolic limitations [31]. This is either by a conductance/diffusion
limitation [35, 36] or a limitation in the mitochondria to reach a maximum respiratory rate
[37-40]. These claims are supported by the literature demonstrating that unfit individuals may
be exposed to reduced or increased oxygen content without any changes in VO, [41]. The
opposite is however the case in fit subjects and athletes [42-44]. A 2-3 times muscular
overcapacity of the aerobic energy production when the whole body is employed was
demonstrated by Saltin et al. [45], an evidence of supply limitation of VOymax in healthy
subjects during whole body work. This demonstrates that VO, is not an absolute concept, it
is acutely changeable by altering parts of the metabolic pathway [31]. By calculating the
contribution of the individual steps of the respiratory cascade, DiPrampero [46] concluded
that for healthy humans exercising in normoxia, about 75 % of VO, is set by central

oxygen transport and 25 % by the periphery.

1.4 Aging, inactivity and aerobic endurance

When evaluating COPD responses, age related physiological changes have to be taken into
account as most of the individuals who are afflicted by the disease are elderly people [47, 48].
COPD often results in a progressive decline in exercise capacity, reductions in muscle mass
and strength because of the vicious cycle of physical inactivity and deconditioning [1, 11, 49].
These effects are thought to be superimposed on the decline in VOypay, lean body mass and
muscle strength expected with an inactive lifestyle followed by aging. However regular
aerobic exercise seems to prevent and restore the muscle metabolic and vascular losses in
aging people [50-52] and in elderly patients with COPD [53]. It has been demonstrated that
elderly people respond to high intensity aerobic interval training (85-95 % of maximal heart
rate) and increase their VOapeax in the same manner as young people [50, 54]. A decline in
VOomax of = 10% per decade after 30 years of age has been observed in studies of healthy
individuals [55, 56]. It has been found that the decline in VOap,x is proportional to a
decreased cardiac output, peak heart rate and peak stroke volume in older subjects [57]. It is
debated whether this decrease in exercise capacity is due to the ageing process or the
inactivity followed by aging [58]. Studies have demonstrated that it is a result of
deconditioning [59] and that endurance training prevents and restores VOoax [54, 60-62]. In

physical active subjects VO,ma remains higher at all ages compared to inactive subjects [58].



As demonstrated in the classic “Dallas bed rest study”, 3 weeks of complete inactivity had the

same detrimental effect on VOop,y as 30 years of aging [63].

1.5 COPD:; the disease

COPD has been defined in the GOLD (global initiative for chronic obstructive lung disease)
guidelines as a disease state characterized by airflow limitation that is not fully reversible
[64]. The airflow limitation is usually both progressive and associated with an abnormal
inflammatory response of the lungs to noxious particles or gases [65]. Although COPD is a
disease primarily affecting the lungs, it also produces significant systemic consequences [8].
COPD is a joint designation of Emphysema and Chronic bronchitis. Emphysema is defined as
a condition of the lungs characterized by abnormal, permanent enlargement of air spaces
distal to the terminal bronchiole accompanied by destruction of their walls and without
obvious fibrosis [66]. Chronic bronchitis is defined by increased airway resistance and
productive cough lasting > 3 months for at least 2 consecutive years. It results from mucus
hypersecretion which leads to microscopic and macroscopic changes in the airway structure
such as mucus production, epithelial changes, airway inflammation, smooth muscle cell
hypertrophy and submucosal bronchial gland enlargement [67]. Most COPD patients have
both emphysema and chronic bronchitis [68]. Even though there are incidences of COPD
from a;-antitrypsin deficiency [69], increased risk due to dusty environments [70] and
childhood respiratory illness, which may render people susceptible to tobacco-induced lung
damage [71], COPD is almost always caused by excessive cigarette smoking over many years

3,8, 72].

The number and sizes of holes in the alveolar walls are increased in COPD and alveolar
attachments to small airways are disrupted. In combination with an ongoing chronic
inflammation in the airways, this leads to a remodelling and narrowing of the small airways
which diminish the ability of the airways to remain open during expiration and hinders
ventilation by trapping air in the bronchioles and alveoli, resulting in an increased dead space.
In COPD patients, the residual lung volume increases due to a slow forced emptying of the
lungs accompanied by a decreased expiratory flow rate. The airflow limitation is slowly

progressive and irreversible [73-75].

COPD is diagnosed by Spirometry which measures the volume of air that is forcibly exhaled

from the point of maximal inspiration, forced vital capacity (FVC), and the volume of air



exhaled during the first second, forced expiratory volume in one second (FEV1). The ratio
between these two measurements (FEV1/FVC) is calculated, and the degree of lung function
abnormality decided. A post-bronchodilator FEV;/FVC < 0.7 confirms the presence of an
airflow limitation that is not fully reversible. The severity of the disease has been divided into
four stages which is a post-bronchodilator FEV/FVC ratio of < 0.70, and a FEV; %
predicted; mild (FEV, >80), moderate (50 < FEV, < 80), severe (30 < FEV, < 50) and very
severe (FEV, <30, or FEV, <50 plus chronic respiratory failure). In addition, patients who
smoke or have exposure to pollutants, have cough, sputum or dyspnoea are classified “at risk”
with a FEV/FVC ratio of > 0.70 and a FEV, % predicted >80 [8]. The FEV/FVC ratio
declines with age, however the fixed FEV/FVC ratio of < 0.70 as a threshold for defining
COPD is found reliable also in older subjects (> 65 years) [76]. It has been demonstrated that
in patients with COPD, FEV] is the single best predictor for mortality [77].

1.6 COPD and physical activity

COPD is primarily a pulmonary disease which limits the patients’ ability to breathe during
graded exercise. An increased dead space/tidal volume ratio induces a ventilatory inefficiency
during exercise serving as one of the main causes of decreased exercise capacity in patients
with COPD [78]. Ventilation fails to keep pace with oxygen consumption as minute
ventilation does not rise as much as carbon dioxide production and oxygen uptake, causing
the arterial partial pressure of carbon dioxide to rise and oxygen to decrease [79]. During
physical activity, increased ventilatory demands and decreased maximum ventilation leads to
a decreased breathing reserve which consequently results in dyspnoea [80]. Patients with
COPD have a progressively reduced exercise capacity [1, 11, 81] and the fundamental
symptoms that limits exercise in most patients are dyspnoea and/or fatigue which may result
from ventilatory constraints, pulmonary gas exchange abnormalities, peripheral muscle

dysfunction, cardiac dysfunction or any combination of the above [9, 10, 20, 40, 82-84].

There is a growing realization that COPD is a multi- organ system disease which affects the
exercise capacity by the ability to transport oxygen to the working muscles and to consume
oxygen in the mitochondria [85, 86]. Patients with COPD experience a substantial morbidity
from secondary impairments such as peripheral muscle, cardiac, nutritional and psychosocial
dysfunction. Pulmonary rehabilitation should thereby focus on prevention and restoration of
these parameters to the highest possible level of independent function which is crucial for

increasing the patient’s daily living and their quality of life [10, 87]. Physical training
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increases capillarization [88] and mitochondrial development [89], and are maintained in
proportion to the aerobic endurance of the whole organism [90], thereby an exercise training
program of the peripheral muscles is recommended as a mandatory component of pulmonary

rehabilitation for patients with COPD [13, 65, 91, 92].

An ongoing debate among researchers is whether COPD patients have a peripheral skeletal
muscle dysfunction which might contribute to the exercise intolerance, or if similar
physiologic adaptations to aerobic endurance training such as structural changes in the
peripheral muscles and the cardiovascular system occur as in healthy subjects. Casaburi [48]
claims that in COPD, the metabolic alterations in the muscles are evidence of a skeletal
muscle dysfunction due to marked differences in lactate release, venous carbon dioxide
accumulation and respiration in the leg at submaximal exercise compared to healthy
individuals. On the contrary, Richardson et al. [40, 93, 94] claims that COPD patients have a
skeletal muscle metabolic reserve, however they state that the skeletal muscle performance is
reduced due to the muscle fibre type composition and muscle disuse. Documentation of
changes in the locomotor skeletal muscles that constitute myopathy has been detected in
COPD patients [81, 83, 95-98]. Deconditioning might be a possible co-mechanism in the
peripheral muscle abnormalities as it has been demonstrated that skeletal muscle strength is
correlated with exercise tolerance and that patients with COPD commonly possess peripheral
muscle weakness [20] and excessive perception of leg fatigue during exercise [19]. Muscle
wasting and reduced strength is a consequence of the inactive lifestyle in COPD patients [49,
84, 99] and gain in muscle mass and strength has been associated with better exercise

tolerance and survival [100, 101].

In healthy elderly subjects as well, improvement in peripheral muscle mass and strength is
associated with a better exercise capacity [102]. Healthy elderly individuals gradually
experience a decreased fraction fast-twitch glycolytic type II- and increased slow-twitch
oxygenated type I muscle fibres [103]. This is in contrast to COPD patients who have a
decreased fraction of oxidative type I fibres compared to type II fibres [81, 94, 97] and
thereby low levels of mitochondria, oxidative enzymes and decreased capillary density
followed by a low capacity for oxygen consumption which is a significant contributor to work
capacity limitation [49, 83, 94, 97, 98, 104-107]. Increased muscle strength and endurance
improves muscular recruitment and oxidative capacity in the exercising muscles of COPD

patients [100, 106, 108, 109]. In addition to a low proportion type I muscle fibres, a reduction

11



of oxidative enzyme activity is present within the type II fibres [81]. The skeletal muscle
abnormalities reflected by the reduced mitochondrial (aerobic) potential and compromised
oxidative phosphorylation results in an exaggerated dependence on high energy phosphate
transfer and anaerobic glycolysis leading to an early onset of lactate accumulation [82, 83,
110, 111]. The early lactate accumulation in COPD may stimulate increased ventilation and
hasten the onset of ventilation limitation. Reduced lactate concentration for a given exercise
work load that accompanies exercise training decreases carbon dioxide output and thereby
reduces the ventilation requirement allowing the patients to tolerate a given exercise level for
a longer period [112]. Improved aerobic endurance and decreased levels of lactate
concentration and ventilation at a given exercise level after training reflects the link between
skeletal muscle function and exercise capacity in COPD [113]. Because of the ventilatory,
muscular or symptom limitations at peak exercise, the heart rate is not maximally challenged
in patients with COPD. A reduced stroke volume at all exercise intensities is also a consistent
finding in COPD, primarily caused by reductions in right ventricular output due to lung
hyperinflation, increased pulmonary vascular resistance and reduced venous return as a result

of increased intra-thoracic pressure which in turn reduces left ventricular filling [9, 114].

It is widely accepted that exercise should be a basic part of any pulmonary rehabilitation
program as it is the most important treatment in COPD [75]. The importance of exercise
training in pulmonary rehabilitation is doubtless as it improves both exercise tolerance and
health related quality of life [75, 115]. Inspiratory muscle training alone or in addition to
exercise training has not been prooven superior compared to exercise training alone when
concerning exercise capacity, performance or health related quality of life [116, 117].
Endurance training appears to be the best form of training compared to resistance training and

ventilatory muscle training [118].

1.7 Training effects

Aerobic high intensity interval training has been demonstrated to increase VOypmax by 7 % in
healthy active young male students [119] whereas the same training intervention has resulted
in an 15 % increase in healthy elderly subjects over 65 years [54]. Aerobic high intensity
interval training in patients with intermittent claudication, coronary artery disease and heart
failure have demonstrated increases in VOapeak by as much as 16-46 % [120-122]. The
increase in VOopeal/max i these studies was dependent on training modality, with significant

greater increase after aerobic high intensity interval training compared to their respective
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control groups performing moderate intensity continuous training. In the field of COPD, the
majority of training interventions use performance measured by watt, walking distance, time
to exhaustion etc. as the main outcome to describe training effects. These methods are rather
diffuse. Diffuse are also recommendations concerning aerobic exercise prescription in COPD
patients which aims at exercise for 20-60 minutes 3-5 days a week at an intensity
corresponding to 55-95% of maximal heart rate [123]. This is a very general exercise advice

with no clear recommendation.

In COPD studies measuring increase in VOypeak, @ Vide range of training interventions is
used. A resemblance in these studies is adjustment of training intensity to be able to sustain
the requiered duration, aiming at the highest possible intensity tolerated related to dyspnoea or
based on the Borg scale [87, 113, 124-130]. The most frequent increase in VOapeax is about 4-
8 % after 20-30 minutes contnous work regulated by a work lolad as high as possible.
However, most patients were unable to achieve the work load defined in their respecctive
studies (> 70% peak work load) [87, 113, 124, 125, 127]. Some studies actually demonstrate
no increase in VOqpeak after 10-12 weeks of training. These training interventions consisting
of 40-45 min continous moderate-low intensity training (50-60% peak work load), high
intensity short interval (30 sek) training (100% of peak work load) [131, 132], and high
intensity (90% of peak work load) short intervals (1 min) [133]. One study lasted 10 weeks,
with 5 trainings pr week for 80 minutes, consisting of 2 min low intensity (>50% peak work
load) interval cycling for 20 minutes, and 60 minutes of other exercise activities, without any
increase in VOypeak [129]. Some studies demonstrate greater increases in VOapeak >10%.
Studies consisting of >30 moderate-high intensity (60-70% of peak work load) continous
training sessions has found increase in VOypeak by 10-17% [126, 133, 134], whereas greater
increase (-20%) has been demonstrated after 15 min one leg high intensity training (50% of

two legs peak work load) [128].

1.8 Training intensity

Several studies have demonstrated that training intensity is the most important factor
concerning improvements in aerobic endurance and VO;nax in both healthy subjects and
patients [119-122, 135-138]. Intensities up to 90% of VOinax in healthy subjects [119, 139]
and 90% of VOypcak in patients [120-122] has been demonstrated to be more beneficial than
lower intensities. Also in COPD patients the physiological effects of training are

demonstrated to be greater in those who are able to train at higher intensities compared to
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lower intensities [108, 113, 130, 140-143]. Many low and moderate intensity studies
demonstrate nonsignificant increases or even decreases in VOopeak and performance after
training [144-148]. It has also been demonstrated that oxidative enzymes of peripheral
muscles increases only after high intensity training and not after low intensity training [149].
Exercise capacity is severely compromised in COPD because of ventilatory limitation [78,
150] and due to the increased work of breathing and muscular symptoms during exercise,
high intensity training (>70% of peak work load) are hardly tolerated for longer periods of
time [108, 109, 113]. As common training intensities in COPD is moderate (<70% of peak
work load) to be able to sustain trainig duration 30 min), heart rate will not be desirable
challenged and the muscle oxygen diffusing capacity might not reach its potential maximal
value during exercise [9]. Muscle biopsies have demonstrated increases in the levels of
aerobic enzymes and capillary density of leg muscles after high intensity training in COPD

patients [107, 109].

1.9 Interval training

Interval training consists of intermitted work alternating with active rest. In athletes and
healthy older subjects, interval training increase VOamax, work load and lactate thresholds to a
greater extent than continuous low to moderate intensity training [151-153]. Aerobic high
intensity interval training performed by 4x4 minutes at 85-95% of maximal heart rate
intermittet by 3 minutes at 60-70% of maximal heart rate has demonstrated significantly
improved VO and peak work load compared to continues training at lower intensities (<
70-75 % of maximal heart rate) in healthy young subjects [119, 154, 155] and sedentary
elderly adults [156].

In COPD patients, ventilation constrain exercise tolerance due to rapidly developing
hyperinflation and dyspnoea, thereby increased intensity is hardly sustained [78].

As the working periods is intermittent with resting periods, high intensity is better tolerated in
COPD patients during interval training [75, 99, 157] and they are able to perform a greater
amount of work than during continuous exercise [158, 159]. Thereby interval training elicits
great training responses at a reduced ventilatory level by a delayed onset of dynamic
hyperinflation and dyspnoea which allows a greater opportunity for exercise progression [38,
78, 150]. However, as several studies on healthy and diseased people have demonstrated great
increases in VOomax/peak by performing 4 x 4 minutes intervals at 85-95% of peak heart rate

[54, 119-122], interval periods used in most COPD studies last from 20 seconds to 1 minute at
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90-100% of peak work load [131-133, 159]. In these studies, an increased performance is
demonstrated by increased quality of life, work load and/or walking distance, but without
significant increase in VOapeac. However, as the intensity in therse studies is near maximal
work loads, an increase in VOapeax is not expected. One study of COPD patients performing 3
minute intervals 2 times pr week for 16 weeks at >80% of peak work load demonstrated

increased VOapeax, but the increase was only about 5% [126].

1.10 Reduced muscle mass

Isolated small muscle mass exercise and one leg cycling has demonstrated greater muscle
mass specific power output and stimulus than whole body exercise in COPD patients,
potentially leading to a greater training response [40, 94, 128, 160]. In healthy people, leg
blood flow and leg VO increases during one leg cycling compared to two legs cycling
where an increased vascular resistance causes a reduced blood flow to the working muscles
and reduces oxygen delivery/diffusion [161, 162]. The respiratory muscles demand about 14-
16% of cardiac output during heavy exercise [163], whereas during reduced muscle mass
exercise, central components are less taxed resulting in increased vascular conductance and
blood flow, allowing a greater level of skeletal muscle perfusion to be achieved [164-166]. As
a greater proportion of the blood is directed to the isolated area, VOapeax in the isolated
quadriceps muscle group is demonstrated to be 2-3 times higher than measured in the same

muscle group during whole-body work [45, 167].

For individuals with impaired lung function, the added demand for rapid gas exchange in
whole-body work with increased intensity might result in exercise cessation. This is due to the
increased cost of breathing as demonstrated by loaded respiratory muscle reducing VOopax,
performance and leg blood flow, as a consequence of blood redistribution away from the
locomotor muscles and vasoconstriction compromising perfusion [38, 163, 166]. Increased
inspiratory muscle work may contribute to dyspnoea and exercise limitation even before the
ventilatory ceiling is attained [157, 168]. During small muscle mass exercise like one leg
cycling, sufficient oxygen rich blood is allowed to supply the working muscles without any
competition from other muscles which in turn facilitate the ventilatory work and increases the
blood flow [38, 99]. This increases the ability for ventilatory limited patients to sustain the
high intensity training and thereby recruit their maximal muscle conductance. This strategy
has been found to increase VOjpeax by~20% in COPD patients performing 15 minutes one by
one leg cycling [128].
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1.11 Training and testing in hyperoxia

Oxygen diffusion from air to blood is a product of the partial pressure difference of oxygen
between alveolar air and capillary blood and depends on alveolar ventilation and capillary
perfusion, the alveolar and capillary surface areas, haemoglobin content and membrane
thickness [169]. Oxygen supply to the skeletal muscle is a function of the arterial oxygen
content and muscle blood flow [170]. Hyperoxia is defined as an inspiration of a gas mixture
with an oxygen content exceeding ambient air and has at maximal exercise demonstrated
increased arterial oxygen saturation [37, 171, 172] and performance in endurance athletes [43,

173, 174] as well as in healthy and untrained subjects [37, 42, 175].

In COPD patients, ventilation/perfusion fails to keep pace with oxygen consumption causing
an increased dead space [18] and reduced arterial oxygen saturation [79, 176]. Oxygen acts a
dilator in the pulmonary circulation [177] whereas it might be a vasoconstrictor in vascular
beds in both healthy [172] and COPD patients [178]. However, a higher oxygen content in the
arterial blood by breathing supplemental oxygen overbalances the vasoconstrictor effect of
oxygen [179] on the microvasculature and might thereby improve exercise tolerance by
improving peripheral oxygen saturation and delivery [39, 110, 180]. Hyperoxia during aerobic
exercise training in COPD patients has been demonstrated to improve exercise tolerance,
performance and respiratory muscle function [181] due to relief of the ventilatory work and
dyspnoea by a decreased stimulation of the chemoreceptors in the carotid and aortic bodies
[182], relief of pulmonary vasoconstriction and decreased ventilatory rates [183] resulting in a
reduced ventilatory requirement for a given exercise [39, 182, 184-188]. Thereby the
respiratory or cardiovascular system is required to do less work, or to work more efficiently at
a given work load [176]. Long term hyperoxia may induce pulmonary vasodilatation and

improve right heart function [189].

The increased oxygen pressure increases arterial oxygen saturation in the blood and thereby
systemic oxygen delivery which increases the “driving force” for oxygen diffusion into the
muscle [129, 190]. Together with increased blood flow in hyperoxia [39], this might in turn
increase limb muscle oxygen utilization and enable the exercising muscles to perform more
external work, which has been demonstrated to increase the physical performance because it
allows for higher training intensity [127] and might elicit shear stress. Hyperoxia has also

been found to improve skeletal muscle electrical activity during dynamic exercise [191].
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Even though hyperoxia increases intracellular partial pressure of oxygen and thereby VOapeax
[39, 127], this relationship is not constant as it has been demonstrated an increased
performance in hyperoxia compared to normoxia without any difference in VOjpeax [188],

indicating a borderline in terms of supply limitation [192, 193].

Acute hyperoxia during peak exercise might reveal the contribution of factors limiting
VOypeak- Increased VOypear in acute hyperoxia compared to normoxia indicate a limitation by
the cardiovascular system to supply the working muscles with oxygen in normoxia, whereas
no difference in VOxpeax between hyperoxia and normoxia indicate a demand limitation in the
muscles to consume oxygen. Due to special required equipment, not many studies have
measured hyperoxic VOapea. However, acute hyperoxia during whole body cycling and one
legged knee-extension in patients with COPD has demonstrated a metabolic reserve capacity
during whole body work by an increased performance in hyperoxia compared to normoxia
[40]. A subsequent study documented that the greater work capacity of the lower limbs in
hyperoxia was accompanied by increases in oxygen delivery and oxygen uptake in the leg
[39], which indicate that the metabolic capacity of the lower limb muscles to consume oxygen
was not exhausted in COPD patients in normoxia. A few studies both on healthy subjects and
COPD patients have demonstrated that inspiration of oxygen enriched air during whole body
and small muscle group exercise did not increase performance or VOapeax despite increased
tissue oxygen diffusion driving pressure [129, 194, 195]. This suggests a peripheral limitation
to VOapeak Which may relate to the reaching of a ceiling for maximal mitochondrial oxygen

turnover.

1.12 Work economy

Work economy is defined as oxygen cost at a standardized workload and refers to the ratio
between work output and energy input. It establishes the relationship between maximal
steady-state VO, and work up to the lactate threshold level. Endurance capacity is dependent
upon work economy and lactate threshold in addition to VOapeax , whereas work economy
influences the work rate at VO;peax [17]. This might result in increased peak work load
without any increase in VOxpeak due to the reduced oxygen cost to perform the same work pre
and post training. Reduced mechanical efficiency has been demonstrated in COPD patients,
and is defined as the precentage of total energy expended that contributes to external work,
with the remainder lost at heat [196]. This seems to be related to muscle fibre type

composition with reduced muscular oxidative enzyme activity, metabolism and muscle
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capillarization in addition to physical inactivity [11, 94, 98, 197, 198]. It has been established
that high intensity endurance training improves submaximal exercise performance in COPD
patients [199]. Maximal strength training improves work economy due to an elevated rate of
force development and increased maximal strength demonstrated by working at a relative
lower percent related to 1RM at the same work load pre and post training [200, 201]. As
previously discussed there is a growing reliance upon type II muscle fibres as exercise
intensity increases in COPD. The type II muscle fibres have been proposed leading to less
efficient muscular work. Fibre type changes and subsequent fibre type recruitment may

explain the decreased mechanical efficiency in these patients [94].

1.13 Quality of life

COPD has a negative impact on health related quality of life [75], but improves as a result of
increased exercise capacity after rehabilitation [100, 126, 199, 202-205]. Improvements in
quality of life seem to be related to an improvement in work economy and an increased
VOspeax accompanied by aerobic high intensity training [120, 199, 206]. Thereby comparable
changes in health related quality of life and exercise capacity in COPD patients following

aerobic interval training has been identified [131, 132].
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2 Objective, aims an hypotheses of the studies

The main focus of the present thesis was to explore new and improved aspects of endurance
training for patients with chronic obstructive pulmonary disease, and to investigate whether
peak oxygen consumption are primarily limited by the reduced pulmonary function and
thereby the capacity to transport oxygen to the working muscles or by the muscles capacity to

utilize the available oxygen.

Paper I: Aerobic high intensity one and two legs interval cycling in Chronic Obstructive
Pulmonary Disease; the sum of the parts is greater than the whole

The aim of the study was to to assess the impact of aerobic high intensity interval training in
COPD patients and reveal whether this training modality performed using individual leg

cycling could produce a higher whole body training response than two legs cycling.

It was hypothesised that;
Aerobic high intensity one leg interval cycling will maximally challenge the
peripheral muscles without gaining a ventilatory limitation, and thereby result in a
significantly greater whole body VOpeax training response than aerobic high intensity

two legs interval cycling.

Paper I1: Aerobic high intensity one leg interval cycling improves peak oxygen uptake in

Chronic Obstructive Pulmonary Disease patients; no additional effect from hyperoxia

The aim of the study was to address whether hyperoxia during high intensity aerobic interval
one leg cycling in COPD patients show additional training effects on VOapeax compared to

ambient air, in addition to exploring the acute exercise limitations.

It was hypothesised that;
1. COPD patients performing aerobic high intensity one leg interval cycling in hyperoxia
will increase VOapeax and performance more than those training in normoxia due to the

increased driving force of oxygen into the mitochondria.
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2. If a metabolic reserve capacity exists in the muscles to consume oxygen pre and post
training, it will be revealed by increased VOapeqx in acute hyperoxia compared to

normoxia as more oxygen is available in the vascular bed.

Paper II1: Hyperoxic interval training in chronic obstructive pulmonary disease patients

with oxygen desaturation at peak exercise

The aim of the study was to address if hyperoxia during whole body training in COPD
patients with oxygen desaturation at peak exercise (SpO- < 88%) increase VOapeax and
performance more than in normoxia. This might be due to an increased oxygen
delivery/diffusion into the muscles which allow the patients to maintain the high intensity

metabolic muscular work.

It was hypothesised that
1. Hyperoxia during aerobic high intensity interval training in COPD patients with
oxygen desaturation at peak exercise allows the patients to sustain the preferable high
training intensity and increase the driving force of oxygen into the working muscles
which will result in a great improvement in VOapeak and performance pre to post
training.
2. Acute hyperoxia at pre and post test will increase VOapeax and performance compared

to normoxia due to the oxygen supply limitation in normoxia.
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3 Methods

3.1 Subjects

37 COPD patients and 8 coronary artery disease (CAD) patients was included in the present

thesis (Table 1). Inclusion and exclusion criteria are described in detail in the papers.

19 COPD patients completed the study described in paper I, 12 in the one leg group and 7 in
the two legs group. In study II described in paper II, 7 and 5 COPD patients completed the
one leg training intervention in hyperoxia and normoxia respectively. In study III described in
paper 111, CAD patients who did not oxygen desaturate at peak exercise were used as controls
to compare the hyperoxic stimuli during training and acutely during testing in subjects with a

different disease and thereby physiological condition.

Table 1 Overview of the subjects included in the thesis and the inclusion criteria in each

study.
Number of patients Inclusion criteria
Intervention COPD CAD
Paper 1 2 GOLD stage additional criteria Angina pectoris class
I 12COPD 7 COPD I - -
II 7 COPD 5COPD 111 - -
111 6 COPD  8§CAD 111 exercise SpO, < 88 % I-11T

COPD; chronic obstructive pulmonary disease, CAD; coronary artery disease, GOLD stage
IIT; FEV, between 30 - 50% and FEV/ FVC < 70% of predicted value, SpO,; arterial oxygen

saturation, Angina pectoris classification see Braunwald et al. [207].

3.2 Testing procedures

The pulmonary function tests were performed at the hospital by research nurses. All physical
exercise capacity tests were performed in the exercise physiology laboratory at the hospital
area, organized and accomplished by two exercise physiologists and supervised by a medical

doctor.
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3.2.1 Spirometry

Flow volume Spirometry measurements were performed at room temperature (20 to 22°C)
with the Master Screen pneumo Spirometer, version 4.1 (Jaeger GmbH & Co KG). The
spirometer was calibrated daily, and the better of two post bronchodilator measurements with
< 5% variation was recorded. The tests were performed at approximately the same time of

day, and there were no change in medication during the studies.

3.2.2 Work economy

In study 111, work economy at a work load corresponding to 20 and 40 watt in the COPD and
the CAD group respectively during treadmill walking was measured. The COPD patients
performed the test at 20 watts due to their severe condition. Oxygen uptake in each subject
was divided by 20 and 40 watts in the COPD and the CAD group respectively so that they
were comparable. To define the walking speed which corresponded to 20 watts and 40 watts

on the treadmill the following equation was used:

workload

V=roouo———-3.
[m, - g]-sin(6)

@.1)

V = velocity [km -h™]

Work load = 20/40 Watt [Nm - s']

g = gravitational constant [9.8 m - s7]
my, = body mass [kg]

0 = treadmill inclination [deg]

3.6 = converting velocity expressed [m - s'] into [km -h™']

Oxygen uptake was determined by measuring 5 minutes continuous respiration, and defined

as the mean oxygen uptake at the three latest 10 sec measurements.

3.2.3 Peak oxygen uptake

VOypeak Was determined by increasing the work load until the subjects reached exhaustion.
Continuous respiratory measurements were carried out and the mean of the three highest 10
seconds continuous respiratory measurements determined VOopeak. In study II and III the

Sensormedics V-max spectra 229 analyzer (Sensormedics Corp, California, USA) was used in
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respiratory measurements due to the hyperoxia testing, and in study I Cortex Metamax I1
portable metabolic test system (Cortex Biophysic GmbH, Lepzig, Germany) was used to

obtain respiratory measurements.

Fig. 1 Incremental peak exercise testing performed by two legs cycling while breathing

supplemental oxygen (a) and ambient air (b).

In study I and II the subjects cycled on an ergometer bike (Electronic Ergomedic 839E,
Monark Exercise AB, Sweden). Work load was gradually increased until the subjects reached
exhaustion. In study III VO, was measured during treadmill walking (Technogym runrace,
Italy) and the work load was increased either by speed or inclination until the subjects reached
exhaustion. To decide VOpcqax the mean of the three highest 10 second continuous oxygen

uptake measurements were used.

In study III the subjects tested work economy and VOapeqx both in normoxia and in hyperoxia
(65% oxygen which were the highest amount of oxygen the analyzer could measure). The two

tests were performed in a random order separated with at least a 24 hour rest period.

3.3 Training procedures

In all studies the training intervention performed were aerobic high intensity interval training
either by two legs cycling (I), one leg cycling (I and II) or treadmill walking (III). The
subjects trained in normoxia (I and II) and in hyperoxia (I and III) in a total of 24 training
sessions. The hyperoxia training was performed during one leg cycling (II) and treadmill
walking (III) by breathing oxygen through a face mask with a three way valve connected to a

200 litres plastic bag, constantly refilled with 100% oxygen from a gas reservoir tank.
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After 5-10 minutes cycling or walking at the intensity comfortable for warm up, patients
performed 4 x 4 minutes of aerobic high intensity intervals at 85-95% of the individual
patients’ peak heart rate, corresponding to 80-90% of VOjpeak. 3 minutes of active rest periods
(60-70% of VOzpeak) Were used in-between the working periods in study I (TLT) and 111
whereas in study I (OLT) and II the subjects switched between the two legs, allowing one leg

to rest while the other was working.

(a) (b)
Fig. 2 Aerobic high intensity interval training performed by treadmill walking while breathing

supplemental oxygen (a) and one and two legs cycling while breathing ambient air (b).

Training intensity was chosen after documentation of the superiority of the aerobic high
intensity training compared to moderate intensity training in healthy individuals and patients
[119-122] and calculated as % of peak heart rate, peak work load and VOyycak obtained at the
pre training test [208]. Heart rate together with the Borg rating scale for perceived exhaustion
was used to control the intensity during each training session. The training load was increased
whenever the heart rate or the Borg rating score decreased under the desired level during the
intervals. The use of heart rate as a predictor to set the training intensity in COPD patients has
been found reliable together with the use of dyspnoea ratings [75, 209-212]. All training
sessions were supervised by an exercise physiologist to ensure training quality and performed

in immediate nearness to the Hospital and a pulmonary doctor to ensure safety.

3.4 Quality of life

Quality of life was measured by the short form 36 questionnaire (SF-36), consisting of
questions concerning self-percepted physical and mental health status. The SF-36
questionnaire is a multi-purpose short-form health survey, which measures medical status and

outcome after interventions and is a generic measure, as opposed to one that targets a specific
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age, disease, or treatment group. It has been found valid to use on COPD patients [213, 214]
and has proven useful in surveys of general and specific populations, comparing the relative
burden of diseases, and in differentiating the health benefits produced by a wide range of

different treatments. Patients filled in identical questionnaires pre and post the intervention.

3.5 Statistical analysis

Statistical analyses were performed using the software SPSS, version 11-13 (Statistical
Package for Social Science, Chicago, USA). Table values are expressed as mean + standard
deviation (SD) and as mean (range), while figure values are expressed as mean percentage
change and data variability as standard deviation (SD) or standard error (SE). A two-tailed p
value < 0.05 was accepted as statistically significant for all tests. Due to relatively small
sample size in all studies, non parametric statistics were chosen for the analyses. Between
groups differences was tested using the Mann-Whitney U test on delta values from pre to post
test while within group changes from pre to post test and differences between normoxia and

hyperoxia was tested using the Wilcoxon signed-rank test.
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4 Summary of results

Paper I: Aerobic high intensity one and two legs interval cycling in Chronic Obstructive

Pulmonary Disease; the sum of the parts is greater than the whole

1.

Whole body VOapeax and peak work load increased by 12 and 23% in the one leg
training group (OLT) and by 6 and 12% in the two legs training group (TLT) from pre

to post training respectively.

The increase in whole body VOypcak and peak work load pre to post training was

significantly greater in the OLT than the TLT.

One leg VOypeak and peak work load increased by 18 and 37% from pre to post
training in the OLT.

Paper I1: Aerobic high intensity one leg interval cycling improves peak oxygen uptake in

Chronic Obstructive Pulmonary Disease patients; no additional effect from hyperoxia

1.

26

One leg VOypear increased in the Hyperoxia training group (HTG) and the Normoxia
training group (NTG) by 24 and 15% respectively whereas peak work load increased
by 31 and 36% in the two groups respectively, from pre to post training, with no

differences between groups.

Whole body VOpeax increased in the HTG and the NTG from the one leg training by
14 % whereas peak work load increased by 20 and 22% in the two groups

respectively, from pre to post training, with no differences between groups.

No significant difference in VOypcak between normoxia and acute hyperoxia at pre or
post test in the HTG were found even though arterial oxygen saturation was
significantly higher in hyperoxia at all occasions, pre and post one and two legs, by 5,

5, 4 and 6% respectively.



Paper I11: Hyperoxic interval training in chronic obstructive pulmonary disease patients

with oxygen desaturation at peak exercise

1. VOqpeak and peak work load increased by 19 and 75% respectively in the COPD group
and by 15 and 30% respectively in the CAD group from pre to post training.

2. Inthe COPD group, VO and peak work load was significantly higher in acute
hyperoxia compared to normoxia at pre test by 20 and 32% respectively and at post
test by 14 and 26% respectively.

3. Arterial oxygen saturation was significantly higher (13%) in hyperoxia compared to
normoxia at pre and post test.

4. Work economy was 10% improved in the COPD and CAD group form pre to post
training.

5. Quality of life was improved in the COPD group in both self-percepted physical and
mental health status by 24 and 35 % respectively.
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5 Discussion

The present thesis demonstrates that aerobic high intensity interval training at 85-95% of peak
heart rate increases VOopeak and peak work load in patients with severe COPD in different
types of exercises such as regularly cycling (I), one leg cycling (I, IT) and treadmill walking
(III). Hyperoxic training is an advantage in whole body work in patients with hypoxemia
(SpO; < 88%) during exercise. The one leg cycling training was superior to the two legs
cycling training (I). One leg cycling was more efficient when measured as % improvement
pre to post training compared to two legs cycling in normoxia and hyperoxia (II), and
treadmill walking in hyperoxia (III). Patients without hypoxemia during exercise (I-II) were
mainly demand limited by the skeletal muscles capacity to consume oxygen before and after
the training intervention. Hyperoxic patients during exercise (III) were limited by the capacity

to supply oxygen to the skeletal muscles in both the untrained and trained state.

5.1 Increase in peak oxygen uptake
5.1.1 Training using reduced muscle mass vs. whole body work

5.1.1.1 Central and peripheral stimuli

In the present thesis, one leg cycling (I, II) increased whole body VOypeak by 12-14% which
were significantly more than two legs cycling with an increase of 6% pre to post training (I).
This demonstrates the importance of a high intensity performance at the muscular level during
training. It has been demonstrated that COPD patients are able to perform almost four times
more work during one leg exercise compared to two legs exercise, and lower ventilation
allows the patients to exercise longer at the same muscle specific intensity [160]. One leg
cycling allows the patients to train at a higher muscle specific intensity compared to whole
body exercise as the ventilatory load is relatively reduced and skeletal muscle blood flow is
increased [166], thereby greater training responses is revealed. The present findings from the
one leg training (I, II) is supported by a recent study of COPD patients [128]. After 7 weeks
of high intensity training, cycling with each of both legs at 50% of two legs peak work load
for 15 min increased VOpeax in the one leg cycling group by 20%. However no significant
change in VOxpeax in the two legs group which trained continuous cycling for 30 min at 70%
of peak work load was found. These results indicate that one leg cycling enhances the

adaptive response of peripheral muscle more than conventional two legs cycling.
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In the present thesis, VOypeak and peak work load were significantly increased both in one and
two leg cycling after one leg training (I). However one leg VOjpcak increased more than whole
body VOapea after one leg cycling, which indicates a central limitation to whole body work in
these COPD patients. The ability to consume oxygen by the peripheral muscle before the
training intervention was stressed to the limit during one leg cycling, and since the work
performed one by one leg was greater than when working together, the patients had a
peripheral muscle reserve capacity when performing two legs cycling. These findings
appeared even clearer after the training intervention as the difference between one and two
legs VOypeak were smaller which indicate that the peripheral muscle capacity was relatively
more improved than the central factors. One leg VOapeak Was about 60 % of two legs VOipeax
at pre test whereas at post test the one leg VOapeax Was about 80 % of two legs VOapea Which
suggests an increase mainly attributed to the peripheral muscle level. The less improved
VOypeak in two legs cycling might be explained by that locally improved aerobic endurance
training, here represented by one leg cycling, might be of less advantage in exercise with large
muscle mass if the central circulation is not equally improved. This is in line with others who
have demonstrated reduced whole body VOapeax compared to one leg VOapeax after training
each leg separately [45, 161, 167]. Training with one leg in healthy people has been
demonstrated not to represent a sufficient stimulation of the central circulation to produce an
improvement of cardiac function as it is emphasized that large muscle groups must be
engaged to induce central circulation [215]. Peak heart rate was unaffected by training (III),
similar to the study by Klausen et al. [161] and was during peak one leg cycling about 90% of
peak two legs cycling, thereby the cardiovascular system was not maximally challenged
during the one leg cycling and the training was well tolerated by the patients. However as the
peak heart rate during two legs cycling did not differ between pre and post test with a
significantly greater VOapeax and peak work load, a certain central training adaptation most
likely occurred after the one leg training (I, II). The findings in study I indicated a central
limitation in the ability to supply the working muscles adequately with oxygen when attending
whole body exercise. This is in accordance with findings of Richardson et al. [40] who
compared single leg knee extensor exercise with stationary two legs cycling and found that
patients with COPD were able to exercise at a higher muscle specific intensity during single
leg extensor exercise compared to conventional cycling. Their findings indicated a metabolic
reserve in the exercising muscle when the patient terminared two legs exercise. Training with

reduced muscle mass has given evidence in favour of an increased portion of cardiac output to
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the working muscles, because the capacity of the cardiovascular system is not taxed
maximally, both in healthy and in COPD patients [40, 43]. Thereby a relatively greater
training adaptation might have occurred in the peripheral muscles compared to the central
factors leading to an imbalance which might result in a peripheral reserve capacity during

whole body work in COPD patients.

Similar to the findings in study I, study II demonstrated a reduced training response in whole
body VOapeak compared to one leg VOopeak. Thereby we attend towards the “peripheral muscle
reserve capacity during whole body work” theory as in study I. However, in study II it was
also demonstrated that acute hyperoxia did not increase VOapeqx above the level found in
normoxia during whole body work, even though arterial oxygen saturation per see was
increased. This finding indicated an oxygen demand limitation in the peripheral muscles to
utilize the increased arterial oxygen saturation. Even though arterial oxygen content is
increased, we do not know if the oxygen content in the peripheral vessels is equally increased
or if the oxygen cascade from the arteries to the periphery is significantly decreased. Central
factors such as the respiratory work, cardiac output and blood flow might limit the
performance in whole body work compared to one leg work which might also count for an
central limitation to supply the peripheral muscles with oxygenated blood [38]. As the
ventilation is equally high during peak one and two legs cycling, a reasonable explanation for
the reduced increase in whole body work compared to one leg is a ventilatory limitation to
perform whole body work in patients with COPD due to a ventilatory ceiling which results in
a termination of work before the peak capacity is reached in the peripheral muscles. If that is

the case, increased oxygen content in the periphery would not be of any importance.

5.1.1.2 Ventilation

The ventilation/VO, relationship were constant and independent of the muscle mass involved
during testing (I, IT). However, as the VOypea during one leg cycling were significantly lower
than the VOpcar during two legs cycling, one leg cycling requires lower ventilation than two
legs cycling at the same relative work load. Thereby, if there is a ventilatory ceiling when
concerning high intensity training in COPD patients, training with a reduced muscle mass
allows for a higher relative work load compared with whole body work. As illustrated in
figure 1 in paper I, a significantly lower training work load in the one leg group compared to
the two legs group was found during the first two weeks of the training intervention.

However, from week 3, the work load was not different between the groups in which the one
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leg group trained at the same work load as the two legs group, by cycling with each of both
legs separately. During the last week of training, the one and two legs group actually trained
at the exactly same work load by cycling with one leg at a time and two legs together
respectively. The reduced pulmonary function of patients suffering from COPD indirectly
influences the intensity and thus training stimulus negatively due to the heavy work of
breathing and dyspnoea during whole body aerobic high intensity interval training. It is
suggested that in COPD patients, blood flow directed to the peripheral muscles and oxygen
extraction may be limited due to a redistribution of cardiac output and oxygen from the
peripheral working muscles to the ventilatory muscles [38]. This is demonstrated by the
greater increase in VOapeq after the one leg cycling training period when the lungs are less
challenged at the same relative muscle specific intensity (I, II). As demonstrated in the study
by Harms et al. [166], respiratory work during maximal exercise caused changes in locomotor
muscular resistance and perfusion, and thereby directly changed VO, in the leg. In addition
these changes were greatest when the ventilatory work was increased. A redistribution of
cardiac output from the locomotor muscles to the ventilatory muscles limits blood flow and
oxygen extraction during whole body work [38]. Thereby as training with an isolated muscle
mass relatively reduces the work of breathing, oxygenated blood is directed to the working
skeletal muscles. This will allow the patients to work at a higher muscle specific work load
before they reach the ventilation limitation. As demonstrated in study I and II the peak work
load performed by one leg alone was about 60 and 80% of the sum of the two legs work load
together at pre and post test respectively, giving a greater peripheral muscle stimulus during
one leg training. These findings are in line with the study by Dolmage et al. [160] who
demonstrated that the COPD patients during single leg exercise were able to perform 80% of
the power output performed during two legs cycling suggesting that the exercising muscle
was not maximally stressed during two legs exercise. Reduced ventilation has been reported
to increase blood flow [163, 166] and thereby more oxygenated blood might have been
distributed to the mitochondria available for energy transfer. It has been demonstrated that
after a training period, leg blood flow increases during one leg exercise, but decreases during
two legs exercise [161]. As more blood is distributed to an isolated area during the one leg
work, it induces shear stress to the vessels. To alleviate this increased shear stress structural
changes occurs [216]. Since leg vascular resistance decreases during one leg exercise, VOapeak
per unit tissue depends on the muscle mass involved [161]. A vascular constriction during two
legs cycling could have attributed to the reduced training stimulus (I) and to the small

difference between one and two legs VOypeak and peak work load (I, II). It has been
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demonstrated that involving a larger muscle mass into the work induces vasoconstriction in
the periphery and subsequently reduces leg VOapeax and blood flow to the peripheral muscles
[162,217-219].

5.1.2 Training responses in normoxia vs. hyperoxia

In study I, the one leg training revealed great changes pre to post training in both one and two
legs VOypeak by 18 and 12% respectively, and peak work load by 37 and 23% respectively.
The increases in VOypeak and peak work load were greater from the one leg training compared
to the two legs training which increased VOypeak and peak work load by 6 and 12% pre to post
training respectively. This difference was found to be due to an increased peripheral stimuli
during the one leg training, and thought be attributed to the increased blood flow and oxygen
delivery to the peripheral skeletal muscles, and thereby the oxygen availability in the
mitochondria. A further increase in VOapea and peak work load by performing the exact same
training intervention in hyperoxia was thereby hypothesised to reveal even greater training
responses in study II due to further increased oxygen availability in the peripheral muscles. In
all studies of the present thesis (I-III), both during one and two legs cycling, arterial oxygen
saturation was significantly higher in hyperoxia compared to normoxia. The increased arterial
oxygen saturation is hypothesised to increase oxygen delivery to the periphery and thus
increase the peripheral muscle stimulus. However, aerobic high intensity interval one leg
cycling in hyperoxia had no additional effect compared to the same training intervention in
normoxia when concerning increased VOypeak from pre to post training (II). This finding is
supported by others who have found no additional effect of hyperoxia during training,
however one of the studies did not find any increase in VOpcqx €ither by breathing ambient air
or supplemental oxygen [129] and the other study did not measure VOjpear [195]. Both studies
consisted of whole body exercise. Several factors might explain lack of improvement in
VOypeak in hyperoxia compared to normoxia in study II. Hyperoxia was adopted to increase
the oxygen content and thereby oxygen pressure in the capillaries leading to an increased
energy transfer and power output at the muscular level. Arterial oxygen saturation was
significantly increased in hyperoxia compared to normoxia in the COPD patients in both the
hyperoxic studies (II-III). In spite of these differences, similar improvements in VOapeak by
training one leg cycling in normoxia and hyperoxia in study II was found. A plausible
explanation could be that during one leg cycling training the ventilatory system was relatively
less stressed, thereby the blood was already distributed to the periphery. Due to the reduced

muscle mass, the continuously presence of a greater blood flow with oxygenated blood in the
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working skeletal muscles induced satisfactory stimulation on the peripheral muscles allowing
a maximal metabolic muscular work even in normoxia. Richardson et al. [35] demonstrated
that hypoxemia during exercise resulted in increased blood flow and a greater oxygen
extraction in the tissues without any change in VO,. It is thereby reasonable to believe that
blood flow is regulated by arterial oxygen content and muscle oxygen demand. One leg
cycling did not induce oxygen desaturation at peak exercise, thereby it is reasonable to
anticipate a satisfactorily maintained oxygen saturation during the training sessions in

normoxia as well (I, II).

As demonstrated in study II, non hypoxemic COPD patients significantly decreased
ventilation by 12% and increased work load by 13% during peak two legs cycling in
hyperoxia compared to normoxia both pre and post training. This is in line with others
demonstrating that hyperoxia might reduce ventilation and result in a higher muscular specific
training intensity in those without hypoxemia at peak exercise [180, 182, 186-188, 195].
However during one leg peak cycling, ventilation and work load was not different between
hyperoxia and normoxia. Thereby the finding that hyperoxic one leg cycling training did not
increase VOapeak above the level attained by normoxic training after eight weeks of aerobic
high intensity interval training is not incomprehensible. As ventilation, blood flow and
oxygen saturation might be optimal during the one leg cycling condition, even in normoxia,
the effect of hyperoxia in a contrary situation was investigated in study III. The response of
hyperoxia during aerobic high intensity interval treadmill walking in patients with hypoxemia
during peak exercise was revealed. Findings from study III demonstrated greater increase in
VOypeak (19%) compared to studies I and II (6, 12 and 14%). In study III, a significant higher
VOypeak and peak work load in hyperoxia compared to normoxia at pre and post test was
found, however without any difference in ventilation. This indicate that exercise hypoxemic
COPD patients is able to sustain a higher intensity at the same relative ventilation in
hyperoxia compared to normoxia, resulting in great improvements in VOjpeak. Several studies
have demonstrated an improved performance and ventilation in hyperoxia compared to
normoxia in both those with mild resting hypoxemia, hypoxemia during exercise [186, 220]
and in those without hypoxemia during exercise [127, 180, 182, 184, 187, 221]. An important
fact in the present thesis is that the patients in study III were the patients most afflicted by the
disease with the lowest pulmonary functions and the lowest initial fitness status which may

account for larger relative improvement in VOopea [113, 215].
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As demonstrated in the present thesis (I) and by others, one leg cycling in normoxia gives a
great opportunity to induce optimized training conditions in the peripheral muscles. This is
due to that the respiratory muscle work is relatively reduced and the blood flow and oxygen
saturation increased [161, 162], which induces only small differences in hyperoxia (II). In
whole body work however, central factors such as respiratory muscle work, cardio vascular
vasoregulation and arterial oxygen saturation influences to a greater extent the performance,
thereby the hyperoxic responses is much more evident. This is evidenced by larger
improvements in VOapeax after hyperoxic treadmill walking (I1I) (19%) than after normoxic
two legs cycling (I) (6%). It is also evidenced by increased VOpear in hyperoxia compared to
normoxia (IIT). Thereby it is not surprising that whole body exercise in study I and III
demonstrated the most different results when concerning the physiological training effects
from pre to post training. Patients who walked at the treadmill, oxygen desaturated at the
training intensity level and had their arterial oxygen saturation restored in hyperoxia. The two
legs cycling group also had reduced arterial oxygen saturation during training, however they
were not hypoxemic (SpO; < 88%). As the treadmill hyperoxic training group demonstrated
19% increased VOapea compared to the 6% in the cycling normoxic training group, possible
parameters other than oxygen availability in the muscle might have contributed to limit the
performance in the whole body work. It seems from the one leg interventions (I, II) that a
ventilation ceiling might contribute to exercise limitation before the skeletal muscle reaches
its limitation during whole body work. Thus the relatively reduced ventilation induced by
breathing oxygen in study III might have redistributed blood to the locomotor muscles which
allowed the treadmill group to train at a higher peripheral skeletal muscle specific intensity
than the two legs cycling group in study I. Thereby the treadmill group might have increased
the training intensity at a faster rate than the normoxic group. This assumption is supported by
the findings of others [127, 195] demonstrating that during training in hyperoxia, intensity
could be kept at a higher level resulting in improved endurance capacity and breathing pattern
compared to normoxia. Even though the two legs cycling group (I) were not hyperoxic, a
reduction in arterial oxygen content at peak exercise was present and might have been
determining as the blood flow is decreased in whole body work and thereby the oxygen

availability might be reduced.

5.1.3 Stationary cycling vs. treadmill walking

When comparing percent increase in whole body VOypeak from pre to post training in studies

I-111, treadmill walking in hyperoxia (III) had the greatest improvement in VOypeak Which was
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three times the improvement found after the two legs cycling (I), by 19 and 6% respectively.
One leg cycling (I-II) came next to the hyperoxic treadmill exercise with an increase in whole
body peak exercise of 12 and 14% respectively, while two legs cycling (I) increased the least
after performing the same training intervention, aerobic high intensity interval training. Even
though inclined treadmill workout has been found to induce 10-20% better performance
during walking and running compared to stationary biking [32], the subjects trained and tested
at the same physical device pre and post training and should therefore not be affected by these
differences. Ergometer cycling was chosen as intervention to compare reduced muscle mass
training with whole body training (i.e. one and two legs cycling). Treadmill walking was
chosen in study III as the aim was to investigate the hyperoxic response in a condition where
normoxia probably would limit exercise and maximally challenge the oxygen
delivery/availability issue. During treadmill walking, a greater muscle mass is required and
reveals greater ventilatory requirements compared to stationary cycling [222, 223]. As
treadmill walking induces performance to a greater extent than cycling [32], the greater
increase in VOypeak from the treadmill study (I1I) might be explained by a greater training
adaptation in the cardiovascular system in addition to the peripheral skeletal muscles, than

seen in the cycling studies (I, II).

5.2 Limitations to VO2peak

Hyperoxia significantly increased arterial oxygen saturation compared to normoxia at peak
exercise in both one and two legs cycling at pre and post test in the COPD patients (II, III) by
4-13%. The greatest increase was found in study III by a 13%, not surprisingly as these
patients were hypoxemic at peak exercise in normoxia. Increased arterial oxygen saturation
demonstrates improved oxygen availability in the arteries during activity. The results from the
present studies (I-1I1) lay the foundation for further investigation into the mechanisms behind
the oxygen content in the peripheral vascular bed and blood flow in COPD patients as these
parameters was not measured in the present thesis. In a study by Maltais et al. [39] greater leg
blood flow and oxygen uptake in hyperoxia compared to normoxia was demonstrated in 14

COPD patients, however these results were calculated and not directly measured.

We might speculate that the oxygen availability and thus oxygen pressure was increased in
the mitochondria in the patients of the present studies. If so, the patients in study II were
exercise limited by the muscles to utilize the increased available oxygen in acute hyperoxia,

demonstrated by no further increase in VOypeak compared to normoxia pre or post training.
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This suggest a limitation in the peripheral working muscles to consume the available oxygen
with no reserve capacity during whole body work both before and after the training period,
indicating an excess of mitochondrial capacity [192]. As two legs VOapcax increased less than
one leg VOpeax from pre to post training in study I, it was concluded that the patients had a
peripheral muscle reserve capacity when concerning whole body VO,pcq after the training
period when the peripheral muscles had gained training adaptations exceeding the central
limitations to supply the working muscles with oxygen. The difference between whole body
VOspeax and one leg VOapeak Was reduced after the training supporting the assumption that the
peripheral training adaption far exceeds the cardiovascular adaptations. The speculations from
study I was partly supported by the findings from study II as it was demonstrated that whole
body VOs,eax increased less than one leg cycling indicating a reserve capacity in the
peripheral muscles during two legs cycling. However, the assumption that the main limitation
was oxygen availability became weakened as acute hyperoxia with concomitant increased
arterial oxygen saturation did not increase VOpeax compared to normoxia. This demonstrates
that the reduced peak whole body capacity compared to one leg work might not have been an
oxygen saturation limitation. It might rather be a ventilation and/or oxygen delivery limitation
through decreased blood flow or diffusion limitation, resulting in the peripheral skeletal
muscle reserve capacity during whole body performance. In study I1I, acute administration of
hyperoxia resulted in increased VOypea compared to normoxia both before and after the
training intervention in the normoxic peak exercise hypoxemic COPD patients, indicating a
supply limitation to deliver oxygen to the periphery by the cardiopulmonary system during
normoxic conditions. This is supported by the findings that hyperoxia improves muscle
electrical activity during dynamic exercise and that the hypoxemia-induced skeletal muscle
dysfunction most probably acts through mechanisms based on oxygen availability [191]. The
findings concerning the difference in normoxic and hyperoxic response on VOapeax between
study II and III might be due to the great difference in arterial oxygen saturation in study III
between normoxia and hyperoxia, which were 13% higher in hyperoxia at pre and post test.
Severe COPD patients with hypoxemia at peak exercise thereby seems to have the same
exercise limitations as highly trained endurance athletes as it is stated that exercise training
appears to result in a switch from metabolic demand limitation to oxygen supply limitation of

peak exercise [31].
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5.3 Work economy

Submaximal VO, at a standard work load was reduced by 10% after 8 weeks of aerobic high
intensity interval treadmill walking in the COPD and CAD patients (III). Thereby the patients
were able to perform 5 minutes of treadmill walking at 20 and 40 watts respectively with a
significantly lower oxygen demand post training compared to pre training. Increased strength
and VOgpeak in COPD might slow the reliance upon type II muscle fibres as exercise intensity
increases and lead to an improved muscular work [49, 112]. To be able to perform daily
activities and maintain a satisfactory quality of life, an improved work economy might be
crucial in COPD patients as their exercise capacity is extremely poor [1]. Maximal strength
training improves mechanical efficiency, rate of force development and pulmonary function
in COPD patients by 32, 105 and 22% respectively, pre to post 8 weeks of training [100]. This
might be translated into either having the potential to perform significantly more work, or to
perform the same work with a reduced effort without an increased VOypeak. A training
intervention consisting of both aerobic high intensity interval training and maximal strength

training would thus be beneficial for further improvement in work economy.

5.4 Quality of life

An improved measure outcome of the SF-36 health related quality of life questionnaire was
detected after 8 weeks of aerobic high intensity interval treadmill walking in the COPD
patients (III). Both physical and psychical states had improved pre to post training by 24 and
35% respectively. The patients improved VOpea and work economy pre to post training by
19 and 10% respectively. These improvements most likely had influenced daily living to a
great extent resulting in an improved self percepted quality of life questionnaire outcome. As
the modality of training was walking, the great improvements in quality of life score can be
explained by the fact that walking is the kind of exercise mostly involved in the patient’s
usual activities, and the improved exercise capacity is thereby well experienced throughout
the subject’s daily routine. Increased quality of life has also been demonstrated by others after
strength and endurance training interventions [100, 126, 202, 224] and is an important aspect

when including endurance training into clinical practice for COPD patients.

5.5 Limitations

A challenge during the work of the present thesis was to recruit COPD patients willing to

participate in a training intervention. A low number of participants might be looked upon as a

37



weakness of the studies as minor differences might not be significant. However, even with a
small number of subjects in the groups, significant differences was demonstrated and thereby
strengthens the results. A longer training period than in the present studies might also have

increased VOqpeak to a even greater extent than what was found after eight weeks.

5.6 Perspectives

COPD is one of the most rapid increasing diseases that world-wide is afflicting millions of
people. It is important to reveal strategies to prevent morbidity and mortality in these patients
in an effective manner both to improve quality of life for the patients and due to the economic
burdens of the society. As the disease itself is not fully reversible, rehabilitation has to focus
on how to gain optimal physiological adaptations and mobility in spite of the disease. In
theory, exercise is well accepted as a part of any rehabilitation program, however until now
there has not been a clear recommendation of training modality. There is a strong correlation
between endurance capacity expressed as VOomax and the risk for mortality, morbidity and
immobility. Whereas most COPD patients demonstrates low VOpeqx that declines over time,

exercise strategies which emphasise effective improvement in VOapeax should be in focus.

The present studies demonstrates that intensity is the most important factor to improve
VOzpeak in COPD patients. An overall conclusion is that due to the pulmonary disease,
interventions that maximally challenge working muscle oxidation and taxes ventilation to a
lesser degree, is the main factor in improving VOypcak. Training with a reduced muscle mass
was found to be effective in severe COPD patients as ventilation was relatively reduced and
thereby the muscular work increased. In severe COPD patients with hypoxemia during
exercise, hyperoxia increases arterial oxygen saturation and allows for a greater training
intensity at the same ventilatory load. The findings from the present thesis adds important
information on improvements in exercise capacity in COPD patients. One leg training, as well
as hyperoxia for patients with hypoxemia during exercise, should be implemented as a main
strategy in future clinical practice. Understanding and communicating new developments in
physiological research is the least of the problems in terms of changing existing rehabilitation
practises. The challenge is to ensure that this information is acted upon by medical doctors

and patients.
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6 Conclusions

Aerobic high intensity interval one and two legs cycling at 85-95% of peak heart rate
significantly increased whole body VOqpeax and work load pre to post training. A significantly
greater increase after one leg cycling compared to two legs cycling was found. The work load
performed leg by leg is greater than when working together, however the ventilatory load is
not different. Thereby the relative ventilation is reduced during the one leg cycling which
allows the patients to train at a higher muscle-specific intensity compared to whole body
exercise resulting in a significantly greater training response. These results indicate a demand

rather than a central limitation to VOjpeai in these COPD patients.

Aerobic high intensity one leg interval cycling at 85-95% of peak heart rate in hyperoxia and
normoxia significantly increased VOapea and work load in both one and two legs cycling with
no additional training effect in hyperoxia compared to normoxia. Increased arterial oxygen
saturation per se. in acute hyperoxia at pre and post test failed to increase VOypcak above the
level attained in normoxia even though peak work load were significantly higher, indicating a

demand limitation to consume oxygen in the peripheral muscles.

Hyperoxic aerobic high intensity interval training at 85-95% of peak heart rate in COPD
patients with hypoxemia at peak exercise improved VOapeak, peak work load, work economy
and quality of life pre to post training. Acute hyperoxia increased VOapea and peak work load
significantly more at pre and post test compared to normoxia in the COPD patients. This
indicates an oxygen supply limitation to VOapea in normoxia, whereas no difference between

acute hyperoxia and normoxia suggesting oxygen demand limitation in the CAD patients.
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INFECTION IN CERVICAL INTRAEPITELIAL NEOPLASIA. Relationship to Cell Cycle
Regulatory Proteins and HLA DQBI Genes.

149.Ronald Marvik: PHARMACOLOGICAL, PHYSIOLOGICAL AND
PATHOPHYSIOLOGICAL STUDIES ON ISOLATED STOMACS.

150.Ketil Jarl Holen: THE ROLE OF ULTRASONOGRAPHY IN THE DIAGNOSIS AND
TREATMENT OF HIP DYSPLASIA IN NEWBORNS.

151.Irene Hetlevik: THE ROLE OF CLINICAL GUIDELINES IN CARDIOVASCULAR RISK
INTERVENTION IN GENERAL PRACTICE.

152.Katarina Tunon: ULTRASOUND AND PREDICTION OF GESTATIONAL AGE.

153.Johannes Soma: INTERACTION BETWEEN THE LEFT VENTRICLE AND THE SYSTEMIC
ARTERIES.

154. Arild Aamodt: DEVELOPMENT AND PRE-CLINICAL EVALUATION OF A CUSTOM-
MADE FEMORAL STEM.

155.Agnar Tegnander: DIAGNOSIS AND FOLLOW-UP OF CHILDREN WITH SUSPECTED OR
KNOWN HIP DYSPLASIA.
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157.Jolanta Vanagaite Vingen: PHOTOPHOBIA AND PHONOPHOBIA IN PRIMARY
HEADACHES
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158.0la Dalsegg Sather: PATHOPHYSIOLOGY DURING PROXIMAL AORTIC CROSS-
CLAMPING CLINICAL AND EXPERIMENTAL STUDIES
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160.Christina Vogt Isaksen: PRENATAL ULTRASOUND AND POSTMORTEM FINDINGS — A
TEN YEAR CORRELATIVE STUDY OF FETUSES AND INFANTS WITH
DEVELOPMENTAL ANOMALIES.

161.Holger Seidel: HIGH-DOSE METHOTREXATE THERAPY IN CHILDREN WITH ACUTE
LYMPHOCYTIC LEUKEMIA: DOSE, CONCENTRATION, AND EFFECT
CONSIDERATIONS.

162.Stein Hallan: IMPLEMENTATION OF MODERN MEDICAL DECISION ANALYSIS INTO
CLINICAL DIAGNOSIS AND TREATMENT.



163.Malcolm Sue-Chu: INVASIVE AND NON-INVASIVE STUDIES IN CROSS-COUNTRY
SKIERS WITH ASTHMA-LIKE SYMPTOMS.

164.0le-Lars Brekke: EFFECTS OF ANTIOXIDANTS AND FATTY ACIDS ON TUMOR
NECROSIS FACTOR-INDUCED CYTOTOXICITY.

165.Jan Lundbom: AORTOCORONARY BYPASS SURGERY: CLINICAL ASPECTS, COST
CONSIDERATIONS AND WORKING ABILITY.

166.John-Anker Zwart: LUMBAR NERVE ROOT COMPRESSION, BIOCHEMICAL AND
NEUROPHYSIOLOGICAL ASPECTS.

167.Geir Falck: HYPEROSMOLALITY AND THE HEART.

168.Eirik Skogvoll: CARDIAC ARREST Incidence, Intervention and Outcome.

169.Dalius Bansevicius: SHOULDER-NECK REGION IN CERTAIN HEADACHES AND
CHRONIC PAIN SYNDROMES.

170.Bettina Kinge: REFRACTIVE ERRORS AND BIOMETRIC CHANGES AMONG
UNIVERSITY STUDENTS IN NORWAY.

171.Gunnar Qvigstad: CONSEQUENCES OF HYPERGASTRINEMIA IN MAN
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POPULATION. INCIDENCE, RISK FACTORS AND PROGNOSIS
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175.Kjell A. Kvistad: MR IN BREAST CANCER — A CLINICAL STUDY.

176.Ivar Rossvoll: ELECTIVE ORTHOPAEDIC SURGERY IN A DEFINED POPULATION.
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FUNCTION AND BLOOD COAGULATION — DETERMINANTS AND CLINICAL
CONSEQUENSES

179.Marcus Schmitt-Egenolf: THE RELEVANCE OF THE MAJOR hISTOCOMPATIBILITY
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DISEASE OF MULTIPLE MYELOMA
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185.Geir Brathen: THE CLASSIFICATION AND CLINICAL DIAGNOSIS OF ALCOHOL-
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187.Trude Helen Flo: RESEPTORS INVOLVED IN CELL ACTIVATION BY DEFINED URONIC
ACID POLYMERS AND BACTERIAL COMPONENTS

188.Bodil Kavli: HUMAN URACIL-DNA GLYCOSYLASES FROM THE UNG GENE:
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MEDIATED GENE REGULATION
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192.Asbjern Steylen: STRAIN RATE IMAGING OF THE LEFT VENTRICLE BY
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ASPECTS
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ENVIRONTENTAL FACTORS. EXPERIENTAL AND CLINICAL STUDES OF PAIN WITH
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209.Pal Klepstad: MORPHINE FOR CANCER PAIN

210.Ingunn Bakke: MECHANISMS AND CONSEQUENCES OF PEROXISOME
PROLIFERATOR-INDUCED HYPERFUNCTION OF THE RAT GASTRIN PRODUCING
CELL

211.Ingrid Susann Gribbestad: MAGNETIC RESONANCE IMAGING AND SPECTROSCOPY OF
BREAST CANCER

212.Rennaug Astri @degard: PREECLAMPSIA — MATERNAL RISK FACTORS AND FETAL
GROWTH

213.Johan Haux: STUDIES ON CYTOTOXICITY INDUCED BY HUMAN NATURAL KILLER
CELLS AND DIGITOXIN

214.Turid Suzanne Berg-Nielsen: PARENTING PRACTICES AND MENTALLY DISORDERED
ADOLESCENTS

215.Astrid Rydning: BLOOD FLOW AS A PROTECTIVE FACTOR FOR THE STOMACH
MUCOSA. AN EXPERIMENTAL STUDY ON THE ROLE OF MAST CELLS AND
SENSORY AFFERENT NEURONS
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216.Jan Pal Loennechen: HEART FAILURE AFTER MYOCARDIAL INFARCTION. Regional
Differences, Myocyte Function, Gene Expression, and Response to Cariporide, Losartan, and
Exercise Training.

217.Elisabeth Qvigstad: EFFECTS OF FATTY ACIDS AND OVER-STIMULATION ON
INSULIN SECRETION IN MAN



218.Arne Asberg: EPIDEMIOLOGICAL STUDIES IN HEREDITARY HEMOCHROMATOSIS:
PREVALENCE, MORBIDITY AND BENEFIT OF SCREENING.

219.Johan Fredrik Skomsvoll: REPRODUCTIVE OUTCOME IN WOMEN WITH RHEUMATIC
DISEASE. A population registry based study of the effects of inflammatory rheumatic disease
and connective tissue disease on reproductive outcome in Norwegian women in 1967-1995.

220.Siv Merkved: URINARY INCONTINENCE DURING PREGNANCY AND AFTER
DELIVERY: EFFECT OF PELVIC FLOOR MUSCLE TRAINING IN PREVENTION AND
TREATMENT

221.Marit S. Jordhey: THE IMPACT OF COMPREHENSIVE PALLIATIVE CARE

222.Tom Christian Martinsen: HYPERGASTRINEMIA AND HYPOACIDITY IN RODENTS —
CAUSES AND CONSEQUENCES

223.Solveig Tingulstad: CENTRALIZATION OF PRIMARY SURGERY FOR OVARAIN
CANCER. FEASIBILITY AND IMPACT ON SURVIVAL

224.Haytham Elogayli: METABOLIC CHANGES IN THE BRAIN CAUSED BY EPILEPTIC
SEIZURES

225.Torunn Bruland: STUDIES OF EARLY RETROVIRUS-HOST INTERACTIONS — VIRAL
DETERMINANTS FOR PATHOGENESIS AND THE INFLUENCE OF SEX ON THE
SUSCEPTIBILITY TO FRIEND MURINE LEUKAEMIA VIRUS INFECTION

226.Torstein Hole: DOPPLER ECHOCARDIOGRAPHIC EVALUATION OF LEFT
VENTRICULAR FUNCTION IN PATIENTS WITH ACUTE MYOCARDIAL INFARCTION

227.Vibeke Nossum: THE EFFECT OF VASCULAR BUBBLES ON ENDOTHELIAL FUNCTION

228.Sigurd Fasting: ROUTINE BASED RECORDING OF ADVERSE EVENTS DURING
ANAESTHESIA — APPLICATION IN QUALITY IMPROVEMENT AND SAFETY

229.Solfrid Romundstad: EPIDEMIOLOGICAL STUDIES OF MICROALBUMINURIA. THE
NORD-TRONDELAG HEALTH STUDY 1995-97 (HUNT 2)

230.Geir Torheim: PROCESSING OF DYNAMIC DATA SETS IN MAGNETIC RESONANCE
IMAGING

231.Catrine Ahlén: SKIN INFECTIONS IN OCCUPATIONAL SATURATION DIVERS IN THE
NORTH SEA AND THE IMPACT OF THE ENVIRONMENT

232.Arnulf Langhammer: RESPIRATORY SYMPTOMS, LUNG FUNCTION AND BONE
MINERAL DENSITY IN A COMPREHENSIVE POPULATION SURVEY. THE NORD-
TRONDELAG HEALTH STUDY 1995-97. THE BRONCHIAL OBSTRUCTION IN NORD-
TRONDELAG STUDY

233.Einar Kjelsas: EATING DISORDERS AND PHYSICAL ACTIVITY IN NON-CLINICAL
SAMPLES

234.Armne Wibe: RECTAL CANCER TREATMENT IN NORWAY — STANDARDISATION OF
SURGERY AND QUALITY ASSURANCE
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235.Eivind Witse: BONE GRAFT AS AN ANTIBIOTIC CARRIER

236.Anne Mari Sund: DEVELOPMENT OF DEPRESSIVE SYMPTOMS IN EARLY
ADOLESCENCE

237.Hallvard Lerum: EVALUATION OF ELECTRONIC MEDICAL RECORDS — A CLINICAL
TASK PERSPECTIVE

238.Gustav Mikkelsen: ACCESSIBILITY OF INFORMATION IN ELECTRONIC PATIENT
RECORDS; AN EVALUATION OF THE ROLE OF DATA QUALITY

239.Steinar Krokstad: SOCIOECONOMIC INEQUALITIES IN HEALTH AND DISABILITY.
SOCIAL EPIDEMIOLOGY IN THE NORD-TRONDELAG HEALTH STUDY (HUNT),
NORWAY

240.Arne Kristian Myhre: NORMAL VARIATION IN ANOGENITAL ANATOMY AND
MICROBIOLOGY IN NON-ABUSED PRESCHOOL CHILDREN

241.Ingunn Dybedal: NEGATIVE REGULATORS OF HEMATOPOIETEC STEM AND
PROGENITOR CELLS

242 Beate Sitter: TISSUE CHARACTERIZATION BY HIGH RESOLUTION MAGIC ANGLE
SPINNING MR SPECTROSCOPY

243.Per Arne Aas: MACROMOLECULAR MAINTENANCE IN HUMAN CELLS — REPAIR OF
URACIL IN DNA AND METHYLATIONS IN DNA AND RNA

244.Anna Bofin: FINE NEEDLE ASPIRATION CYTOLOGY IN THE PRIMARY
INVESTIGATION OF BREAST TUMOURS AND IN THE DETERMINATION OF
TREATMENT STRATEGIES



245.Jim Aage Nottestad: DEINSTITUTIONALIZATION AND MENTAL HEALTH CHANGES
AMONG PEOPLE WITH MENTAL RETARDATION

246.Reidar Fossmark: GASTRIC CANCER IN JAPANESE COTTON RATS

247.Wibeke Nordhoy: MANGANESE AND THE HEART, INTRACELLULAR MR
RELAXATION AND WATER EXCHANGE ACROSS THE CARDIAC CELL MEMBRANE

2005

248.Sturla Molden: QUANTITATIVE ANALYSES OF SINGLE UNITS RECORDED FROM THE
HIPPOCAMPUS AND ENTORHINAL CORTEX OF BEHAVING RATS

249.Wenche Brenne Droyvold: EPIDEMIOLOGICAL STUDIES ON WEIGHT CHANGE AND
HEALTH IN A LARGE POPULATION. THE NORD-TRONDELAG HEALTH STUDY
(HUNT)

250.Ragnhild Steen: ENDOTHELIUM-DEPENDENT VASODILATION IN THE FEMORAL
ARTERY OF DEVELOPING PIGLETS

251.Aslak Steinsbekk: HOMEOPATHY IN THE PREVENTION OF UPPER RESPIRATORY
TRACT INFECTIONS IN CHILDREN

252.Hill-Aina Steffenach: MEMORY IN HIPPOCAMPAL AND CORTICO-HIPPOCAMPAL
CIRCUITS

253.Eystein Stordal: ASPECTS OF THE EPIDEMIOLOGY OF DEPRESSIONS BASED ON
SELF-RATING IN A LARGE GENERAL HEALTH STUDY (THE HUNT-2 STUDY)

254.Viggo Pettersen: FROM MUSCLES TO SINGING: THE ACTIVITY OF ACCESSORY
BREATHING MUSCLES AND THORAX MOVEMENT IN CLASSICAL SINGING

255.Marianne Fyhn: SPATIAL MAPS IN THE HIPPOCAMPUS AND ENTORHINAL CORTEX

256.Robert Valderhaug: OBSESSIVE-COMPULSIVE DISORDER AMONG CHILDREN AND
ADOLESCENTS: CHARACTERISTICS AND PSYCHOLOGICAL MANAGEMENT OF
PATIENTS IN OUTPATIENT PSYCHIATRIC CLINICS

257.Erik Skaaheim Haug: INFRARENAL ABDOMINAL AORTIC ANEURYSMS —
COMORBIDITY AND RESULTS FOLLOWING OPEN SURGERY

258.Daniel Kondziella: GLIAL-NEURONAL INTERACTIONS IN EXPERIMENTAL BRAIN
DISORDERS

259.Vegard Heimly Brun: ROUTES TO SPATIAL MEMORY IN HIPPOCAMPAL PLACE
CELLS

260.Kenneth McMillan: PHYSIOLOGICAL ASSESSMENT AND TRAINING OF ENDURANCE
AND STRENGTH IN PROFESSIONAL YOUTH SOCCER PLAYERS

261.Marit Seebe Indredavik: MENTAL HEALTH AND CEREBRAL MAGNETIC RESONANCE
IMAGING IN ADOLESCENTS WITH LOW BIRTH WEIGHT

262.0le Johan Kemi: ON THE CELLULAR BASIS OF AEROBIC FITNESS, INTENSITY-
DEPENDENCE AND TIME-COURSE OF CARDIOMYOCYTE AND ENDOTHELIAL
ADAPTATIONS TO EXERCISE TRAINING

263.Eszter Vanky: POLYCYSTIC OVARY SYNDROME — METFORMIN TREATMENT IN
PREGNANCY

264.Hild Fjertoft: EXTENDED STROKE UNIT SERVICE AND EARLY SUPPORTED
DISCHARGE. SHORT AND LONG-TERM EFFECTS

265.Grete Dyb: POSTTRAUMATIC STRESS REACTIONS IN CHILDREN AND
ADOLESCENTS

266.Vidar Fykse: SOMATOSTATIN AND THE STOMACH

267.Kirsti Berg: OXIDATIVE STRESS AND THE ISCHEMIC HEART: A STUDY IN PATIENTS
UNDERGOING CORONARY REVASCULARIZATION

268.Bjorn Inge Gustafsson: THE SEROTONIN PRODUCING ENTEROCHROMAFFIN CELL,
AND EFFECTS OF HYPERSEROTONINEMIA ON HEART AND BONE
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269.Torstein Baade Re: EFFECTS OF BONE MORPHOGENETIC PROTEINS, HEPATOCYTE
GROWTH FACTOR AND INTERLEUKIN-21 IN MULTIPLE MYELOMA

270.May-Britt Tessem: METABOLIC EFFECTS OF ULTRAVIOLET RADIATION ON THE
ANTERIOR PART OF THE EYE

271.Anne-Sofie Helvik: COPING AND EVERYDAY LIFE IN A POPULATION OF ADULTS
WITH HEARING IMPAIRMENT

272.Therese Standal: MULTIPLE MYELOMA: THE INTERPLAY BETWEEN MALIGNANT
PLASMA CELLS AND THE BONE MARROW MICROENVIRONMENT



273.Ingvild Saltvedt: TREATMENT OF ACUTELY SICK, FRAIL ELDERLY PATIENTS IN A
GERIATRIC EVALUATION AND MANAGEMENT UNIT - RESULTS FROM A
PROSPECTIVE RANDOMISED TRIAL

274.Birger Henning Endreseth: STRATEGIES IN RECTAL CANCER TREATMENT — FOCUS
ON EARLY RECTAL CANCER AND THE INFLUENCE OF AGE ON PROGNOSIS

275.Anne Mari Aukan Rokstad: ALGINATE CAPSULES AS BIOREACTORS FOR CELL
THERAPY

276.Mansour Akbari: HUMAN BASE EXCISION REPAIR FOR PRESERVATION OF GENOMIC
STABILITY

277.Stein Sundstrom: IMPROVING TREATMENT IN PATIENTS WITH LUNG CANCER —
RESULTS FROM TWO MULITCENTRE RANDOMISED STUDIES

278.Hilde Pleym: BLEEDING AFTER CORONARY ARTERY BYPASS SURGERY - STUDIES
ON HEMOSTATIC MECHANISMS, PROPHYLACTIC DRUG TREATMENT AND
EFFECTS OF AUTOTRANSFUSION

279.Line Merethe Oldervoll: PHYSICAL ACTIVITY AND EXERCISE INTERVENTIONS IN
CANCER PATIENTS

280.Boye Welde: THE SIGNIFICANCE OF ENDURANCE TRAINING, RESISTANCE
TRAINING AND MOTIVATIONAL STYLES IN ATHLETIC PERFORMANCE AMONG
ELITE JUNIOR CROSS-COUNTRY SKIERS

281.Per Olav Vandvik: IRRITABLE BOWEL SYNDROME IN NORWAY, STUDIES OF
PREVALENCE, DIAGNOSIS AND CHARACTERISTICS IN GENERAL PRACTICE AND
IN THE POPULATION

282.1dar Kirkeby-Garstad: CLINICAL PHYSIOLOGY OF EARLY MOBILIZATION AFTER
CARDIAC SURGERY

283.Linn Getz: SUSTAINABLE AND RESPONSIBLE PREVENTIVE MEDICINE.
CONCEPTUALISING ETHICAL DILEMMAS ARISING FROM CLINICAL
IMPLEMENTATION OF ADVANCING MEDICAL TECHNOLOGY

284.Eva Tegnander: DETECTION OF CONGENITAL HEART DEFECTS IN A NON-SELECTED
POPULATION OF 42,381 FETUSES

285.Kristin Gabestad Norsett: GENE EXPRESSION STUDIES IN GASTROINTESTINAL
PATHOPHYSIOLOGY AND NEOPLASIA

286.Per Magnus Haram: GENETIC VS. AQUIRED FITNESS: METABOLIC, VASCULAR AND
CARDIOMYOCYTE ADAPTATIONS

287.Agneta Johansson: GENERAL RISK FACTORS FOR GAMBLING PROBLEMS AND THE
PREVALENCE OF PATHOLOGICAL GAMBLING IN NORWAY

288.Svein Artur Jensen: THE PREVALENCE OF SYMPTOMATIC ARTERIAL DISEASE OF
THE LOWER LIMB

289.Charlotte Bjork Ingul: QUANITIFICATION OF REGIONAL MYOCARDIAL FUNCTION
BY STRAIN RATE AND STRAIN FOR EVALUATION OF CORONARY ARTERY
DISEASE. AUTOMATED VERSUS MANUAL ANALYSIS DURING ACUTE
MYOCARDIAL INFARCTION AND DOBUTAMINE STRESS ECHOCARDIOGRAPHY

290.Jakob Nakling: RESULTS AND CONSEQUENCES OF ROUTINE ULTRASOUND
SCREENING IN PREGNANCY - A GEOGRAPHIC BASED POPULATION STUDY

291.Anne Engum: DEPRESSION AND ANXIETY — THEIR RELATIONS TO THYROID
DYSFUNCTION AND DIABETES IN A LARGE EPIDEMIOLOGICAL STUDY

292.0ttar Bjerkeset: ANXIETY AND DEPRESSION IN THE GENERAL POPULATION: RISK
FACTORS, INTERVENTION AND OUTCOME — THE NORD-TRONDELAG HEALTH
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293.Jon Olav Drogset: RESULTS AFTER SURGICAL TREATMENT OF ANTERIOR
CRUCIATE LIGAMENT INJURIES — A CLINICAL STUDY

294.Lars Fosse: MECHANICAL BEHAVIOUR OF COMPACTED MORSELLISED BONE — AN
EXPERIMENTAL IN VITRO STUDY

295.Gunilla Klensmeden Fosse: MENTAL HEALTH OF PSYCHIATRIC OUTPATIENTS
BULLIED IN CHILDHOOD

296.Paul Jarle Mork: MUSCLE ACTIVITY IN WORK AND LEISURE AND ITS ASSOCIATION
TO MUSCULOSKELETAL PAIN

297.Bjorn Stenstrom: LESSONS FROM RODENTS: I: MECHANISMS OF OBESITY SURGERY
—ROLE OF STOMACH. II: CARCINOGENIC EFFECTS OF HELICOBACTER PYLORI
AND SNUS IN THE STOMACH
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298.Haakon R. Skogseth: INVASIVE PROPERTIES OF CANCER — A TREATMENT TARGET ?
IN VITRO STUDIES IN HUMAN PROSTATE CANCER CELL LINES

299.Janniche Hammer: GLUTAMATE METABOLISM AND CYCLING IN MESIAL
TEMPORAL LOBE EPILEPSY

300.May Britt Drugli: YOUNG CHILDREN TREATED BECAUSE OF ODD/CD: CONDUCT
PROBLEMS AND SOCIAL COMPETENCIES IN DAY-CARE AND SCHOOL SETTINGS

301.Arne Skjold: MAGNETIC RESONANCE KINETICS OF MANGANESE DIPYRIDOXYL
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302.Siri Malm: LEFT VENTRICULAR SYSTOLIC FUNCTION AND MYOCARDIAL
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ADAPTATION OF CLINICAL AND NON-CLINICAL MIGRANT GROUPS

304.Lasse Lovstakken: SIGNAL PROCESSING IN DIAGNOSTIC ULTRASOUND:
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305.Elisabeth Olstad: GLUTAMATE AND GABA: MAJOR PLAYERS IN NEURONAL
METABOLISM
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310.Torill Eidhammer Sjobakk: MR DETERMINED BRAIN METABOLIC PATTERN IN
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311.Vidar Beisvag: PHYSIOLOGICAL GENOMICS OF HEART FAILURE: FROM
TECHNOLOGY TO PHYSIOLOGY

312.0lav Magnus Sendena Fredheim: HEALTH RELATED QUALITY OF LIFE ASSESSMENT
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GASTROINTESTINAL TRACT AND THE ABDOMINAL WALL

314.Erik Solligdrd: GUT LUMINAL MICRODIALY SIS
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2000-01; THE NORD-TRONDELAG HEALTH STUDIES (HUNT)

316.Anne-Tove Brenne: GROWTH REGULATION OF MYELOMA CELLS

317.Heidi Knobel: FATIGUE IN CANCER TREATMENT — ASSESSMENT, COURSE AND
ETIOLOGY

318. Torbjern Dahl: CAROTID ARTERY STENOSIS. DIAGNOSTIC AND THERAPEUTIC
ASPECTS

319.Inge-Andre Rasmussen jr.. FUNCTIONAL AND DIFFUSION TENSOR MAGNETIC
RESONANCE IMAGING IN NEUROSURGICAL PATIENTS
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