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Utholdenhetstrening hos personer med koronar

hjertesykdom

Fysisk inaktivitet er en risikofaktor for koronar hjertesykdom (CHD). Friske
personer som er fysisk aktive har bade lavere dedelighet totalt og lavere
dedelighet av CHD sammenlignet med personer som ikke er fysisk aktive. Det
finnes mindre data pé assosiasjonen mellom fysisk aktivitet og dedelighet blant
personer med allerede etablert CHD, men det ser ut til at fysisk aktivitet er
forbundet med redusert dedelighet ogsad her. Det er fortsatt en del ubesvarte
spersmal om denne assosiasjonen blant personer med CHD, spesielt i forhold til
hvor mye og hvor intens fysisk aktivitet som skal til for & redusere dedeligheten.
Med data fra en stor befolkningsundersokelse, Helseundersekelsen i Nord-
Trendelag (HUNT-1), undersekte vi assosiasjonen mellom fysisk aktivitet og
dedelighet blant 2137 menn og 1367 kvinner med CHD. Sammenlignet med
referansekategorien (ingen aktivitet), var trening en gang i uka assosiert med
redusert dedelighet hos begge kjonn. Personer som trente mer enn en gang i uka
hadde ytterligere reduksjon i dedelighet, og trening med moderat eller hay
intensitet ga sterre reduksjon enn trening med lav intensitet.

Siden kondisjon mélt som oksygenopptak er en sterk prediktor for ded hos
hjertepasienter, ber man finne effektive mater & eke kondisjonen blant CHD-
pasienter. Vi undersgkte betydningen av treningsintensitet i to kliniske forsek.
Femtini koronar bypass-opererte (CABG) pasienter ble tilfeldig fordelt til enten
intervalltrening (AIT) pa 90 % av maksimal hjertefrekvens, eller moderat
kontinuerlig trening pa 70 % av maksimal hjertefrekvens, fem dager i uka i fire
uker ved et rehabiliteringssenter. Oksygenopptaket okte signifikant i begge
grupper etter treningsperioden, men det var ingen forskjell mellom gruppene.
Etter seks maneders hjemmetrening hadde bare AIT en fortsatt gkning i
oksygenopptak.

Attini pasienter med hjerteinfarkt (MI) ble tilfeldig fordelt til AIT pa tredemolle
ved 90 % av maksimal hjertefrekvens eller til gruppetrening gitt som standard
behandling ved tre norske sykehus. Maksimalt oksygenopptak ekte signifikant
mer etter AIT pa tredemelle enn etter gruppetrening. De som trente pa
tredemolle hadde heyere treningsintensitet enn de 1 gruppetrening.
Blodarefunksjon ekte signifikant i begge gruppene. Livskvalitet okte signifikant
etter trening hos bade CABG- og MI-pasientene.

Trine T. Moholdt

Institutt for sirkulasjon og bildediagnostikk, Det medisinske fakultet, NTNU
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Paper 11
Figure 1, left column should be ”’leg pain” (not ’legg”)
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Definitions

Angina pectoris (AP): Chest pain due to ischemia of the heart muscle, generally due to
obstruction or spasm of the coronary arteries.

Confidence interval (CI): A quantity of the uncertainty in estimation. It is often
reported as 95% CI, which is the range of values within which we can be 95% sure that
the true value for the whole population lies.

Coronary heart disease (CHD): Failure of coronary circulation to supply adequate
blood to the cardiac muscle. It is most commonly caused by atherosclerosis.

Endurance training: Activity in which the body’s large muscles move in a rhythmic
manner for a sustained period of time. Examples include walking, running, and
swimming.

Lactate threshold: The exercise intensity at witch a sudden and sustained increase in
blood lactate concentration is seen. This rise is due to a higher production than
elimination of lactate in the muscles at intensities above the lactate threshold.

Maximal oxygen uptake (VO;zmax): The body’s capacity to transport and use oxygen
during a maximal exertion whole-body exercise, while breathing air at sea level.

Myocardial infarction (MI): Myocardial cell death due to prolonged ischemia, which
is the result of a perfusion imbalance between supply and demand.

Peak oxygen uptake (VOgjpear): The highest oxygen uptake achieved when all the
criteria for VOapmax can not be fulfilled.

Physical activity: Any bodily movement produced by skeletal muscles that substantially
increases energy expenditure.

Relative risk: The risk of a (typically) adverse health outcome among an exposed group
compared to an unexposed group. In physical activity, relative risk is typically the ratio
of the risk of mortality when comparing groups of people with varying amounts of
physical activity.

Work economy: The mechanical efficiency, that is, the ratio of work done to energy
expended.



Summary

Physical inactivity is recognised as a risk factor for coronary heart disease (CHD).
Healthy subjects who exercise have lower all-cause and CHD mortality compared to
inactive. Also in subjects with already established CHD, being physically active seems
to be associated with reduced mortality, but less data exist. Especially, the amount and
intensity of exercise required for risk reduction in CHD patients is not yet fully resolved.
With data from a population based prospective cohort study, the Nord-Trendelag health
study (HUNT-1), we investigated the association between physical activity and
mortality in 2137 men and 1367 women with CHD. Compared to the reference category
(no activity), one weekly exercise session was associated with reduced mortality in both
genders. This inverse association became stronger with increasing exercise frequency and
subjects reporting of moderate/high intensity exercise had a lower mortality risk than
subjects reporting of low intensity exercise.

As peak oxygen uptake (VOapear) strongly predicts mortality in cardiac patients, it is
warranted to find effective ways to increase aerobic fitness in CHD patients. We
investigated the impact of exercise intensity for improvements in VOapeq, in two clinical
trials. Fifty-nine coronary artery bypass surgery (CABG) patients were randomised to
either aerobic interval training (AIT) at 90% of maximum heart rate, or moderate
continuous training (MCT) at 70% of maximum heart rate, five days/week, for four weeks
at a rehabilitation centre. VOypeq increased significantly in both groups after the training
period, with no difference between groups. After six months of home exercise, only the
AIT group had a further increase in VOjpca.

Eighty-nine myocardial infarction (MI) patients were randomised to treadmill
AIT at 90% of maximum heart rate or to the group exercise programs provided by three
Norwegian hospitals as usual care. VOypeak increased significantly more after treadmill
AIT than after group exercise. Endothelial function, measured as flow-mediated
dilatation, increased significantly in both groups. Health related quality of life increased
significantly after exercise training in both CABG and MI patients.

Being physically active was associated with reduced mortality in subjects with
CHD. For CABG patients at a rehabilitation centre for four weeks, both AIT and MCT
gave significant increase in VOjpear, While six months later only the AIT group had a
further increase. We found larger increase in VOpeq after treadmill AIT than after the
group exercise training provided as usual care to MI patients by three Norwegian
hospitals.



Introduction

Cardiovascular disease is the leading cause of death in Europe accounting for 48% of all
deaths. Just under half of the cardiovascular deaths are from coronary heart disease
(CHD), which is the single most common cause of death in Europe '\ It is estimated
that 5-10% of all deaths and over 20% of CHD deaths in developed countries are caused
by physical inactivity %),

Physical activity, fitness and mortality

Numerous epidemiological studies have reported decreased risk for both all-cause

[3-6]

mortality and cardiovascular mortality in subjects who are physically active or have

7-11

high exercise capacity """). Moreover, physical activity decreases the risk of many

diseases, among others cardiovascular disease ' '*!, type 2 diabetes mellitus '+ '*),

some cancers (16, 17]

, and depression '™ Although the prevalence of physical inactivity
declined in USA between 1994 and 2004, still almost every fourth American reported of
no physical activity in leisure-time "!. In 2008, the prevalence of physical inactivity for
a pooled sample of 51 countries (for the most developing countries), were about 15% for
men and 20% for women “°!. In the just finished data collection for the third Nord-
Trendelag health study (HUNT-3), 22% reported of no physical activity or less than
once weekly activity, and 57% reported of exercising two times or more per week
(personal communication). The most recent recommendations state that healthy adults
should be moderately physically active 30 minutes or more five days per week, or
vigorously active 20 minutes three times per week ). A recent study showed that these
activity levels were associated with significantly longer survival compared to no
physical activity . The range of reductions in relative risks in physically active subjects
varies somewhat between studies. In a recent review, Nocon et al (221 estimated that in
general, physical activity reduced all-cause mortality by 33% (95% confidence interval,
28-37%) and cardiovascular mortality by 35% (95% confidence interval, 30-40%) in
healthy subjects.

Some epidemiological studies also exist on the association between physical

2291 Although one of these studies found higher

activity and mortality in CHD patients -
mortality rates in asymptomatic CHD subjects who were physically active ) the

studies altogether indicate that physical activity reduces mortality also in subjects with



CHD. In these patients too, a curvilinear relationship between physical activity level and
mortality risk has been suggested, with the greatest reductions in mortality risk in the
lower end of the scale, with a levelling off at higher levels *”). However, many of the

existing studies are somewhat limited by small numbers of participants [ 2 26 2% 301

(23, 24.26. 2931] " or having age limits 22> ?7) Due to the

investigating only one gender
restricted numbers of participants, some of the studies had to dichotomize the subjects
into active versus sedentary **?*). In all of the remaining studies, exercise intensity was
categorized according to absolute intensities ***%°!, Subjects with CHD have a reduced
exercise capacity and are often elderly, and therefore the relative intensity of certain
activities may be higher than in younger and fitter subjects. Despite of the well
documented association between physical activity and longevity, the exact shape of the
dose-response curve remains unclear, both for healthy subject and also for CHD
patients. Regarding healthy subjects, there are indications in the literature that the
greatest reduction in mortality is seen when going from inactivity to the minimal activity
category * ** 3. For instance, Wisloff et al ¥ found a positive association between
physical activity and survival, but the greatest increase in life length was seen between
the ones being physically active once per week compared to no activity. Reduced
physical capacity is shown to be a strong predictor of mortality in healthy subjects and
subjects with CHD, as an increase in maximal oxygen uptake of 1-3.5 mL-kg"-min™ has
been reported to be associated with ~15% improvements in survival [’ 34,

In summary, based on the current knowledge, physical activity is recommended
as a means to increase life expectancy both for healthy and CHD subjects. However, the
optimal amount and intensity of physical activity needed for protection against
cardiovascular and all-cause mortality remains unclear, especially in subjects with CHD.
In particular, there is a need to investigate whether there is an additional benefit of high

intensity exercise in CHD subjects with regard to mortality.

Maximal oxygen uptake (VO3pay)

A person’s maximal oxygen uptake (VO,max) can be defined as the highest rate at which
oxygen can be taken up and used by the body during dynamic exercise using large

muscle groups P*), and has been regarded as the gold standard for acrobic fitness .
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VOomax 18 the product of cardiac output and arteriovenous oxygen (a-vO,) difference, as

shown by the Fick equation:
VO2zmax = (HR x SV) x a-vO; difference,

where HR indicates heart rate and SV indicates stroke volume 7). Any physiological
structure or process that determines these variables would therefore potentially limit
VOomax. Although there still exists some disagreement about what limits VOapmax [38]

most researchers agree that in healthy, non-athletic subjects performing maximal whole
body exercise at sea level, the cardiac output is the predominant limiting factor > 3% 47,
Less fit subjects, like most CHD patients, are thought to be more restricted by peripheral
factors ). Due to the often observed inability to reach a plateau of VO, during exercise
testing in patients with cardiovascular disease, peak oxygen uptake (VOjpear) is
sometimes used instead of VOymax 371, VOypeak is then the highest oxygen uptake reached
in a maximal effort exercise test.

How much VOynma increases after a period of exercise training, is dependent
upon the intensity, frequency, and duration of each exercise session, as well as the
length of the training programme, and the initial fitness level of the subject. Exercise
intensity has been argued to be the key factor in producing improvements in VOozpmax
since increasing intensity up to 100% of VOomax produces the greatest improvements
across all frequencies, durations, programme lengths and initial fitness levels of the

subjects [*21.

Exercise intensity

Exercise intensity can be described in terms of both relative and absolute intensity.
Absolute intensity is the amount of external work that is being done by the subject,
denoted for example in Watts, metabolic equivalent (METS) or walking speed. Relative
intensity, in contrary, is the intensity of an activity expressed in relation to the capacity
of the subject or as a subjective level of effort. Studies comparing equal volumes, and
thus energy expenditure, of moderate and high intensity exercise training, have found

significantly larger increases in VO, after high (relative) intensity interval training in

[43, 44] [46]

and in subjects with coronary heart disease [**), heart failure
[47

healthy subjects

the metabolic syndrome ", and intermittent claudication **). Also, a recent review of

11



both epidemiological studies and clinical trials concluded that high intensity exercise
appears to give greater cardioprotective benefits than moderate intensity exercise for
healthy individuals %,

High intensity interval training can be defined as repeated bouts of short to
moderate duration exercise (i.e. 10 seconds to 5 minutes) at intensities above the lactate
threshold. The exercise bouts are separated by brief periods of lower intensity work

allowing partial but often not full recovery °°.. In contrast, moderate intensity exercise is

typically performed as continuous work and is below the lactate threshold ).

Exercise training in cardiac rehabilitation

Cardiac rehabilitation has been defined by the World Health Organisation "% as “the
sum of activities required to influence favourably the underlying cause of the disease, as
well as to ensure the patients the best possible physical, mental and social conditions so
that they may, by their own efforts, preserve, or resume when lost, as normal a place as
possible in the life of the community” (p 5). As physical inactivity is recognized as an
important risk factor for progression of established CHD, exercise training is regarded as

(53 54 Although no single

one of the core components in cardiac rehabilitation
randomised controlled trial has yet shown decreased mortality after cardiac
rehabilitation, several meta-analyses show a 20-31% reduction in mortality for CHD
patients who participate in exercise based cardiac rehabilitation 575%,

American and European recommendations on aerobic exercise training in
patients with CHD state that the exercise intensity should be 50-85% of VOizmax,
corresponding to about 60-93% of maximum heart rate (HR). Further, it is
recommended to exercise 3-5 days per week for 20-60 minutes each time, either as

. . . . 53,59, 60
continuous or interval training with large muscle groups °*>% 6%,

Adaptations to exercise training in CHD patients

Exercise training give rise to several physiological adaptations in CHD patients. In the
following paragraphs some of these adaptations are presented, with focus on adaptations
after aerobic exercise training (endurance training). The majority of the published
studies on exercise training of CHD patients have used low or moderate exercise

intensities 7%, but a few studies report of exercising up to 90-95% of individual

12



maximum HR [ 46 71-73]

. Since superior cardiovascular effects have been seen after
aerobic interval training (AIT) compared to moderate continuous training (MCT) in
healthy subjects and several patient groups [***), further studies on the effects of AIT in
CHD patients are justified. Especially, there is a need to see if, and how, AIT can be

used in clinical settings.

Aerobic capacity

A person’s aerobic capacity is determined by the VOynay, the lactate threshold and work
economy. Randomised controlled trials comparing exercise training with no training
report 15-30% improvements of VOimaxpeak in CHD patients after exercise training (61, 62,
67.68.71. 741 " Also indirect indices of aerobic capacity, like exercise time or external work
performed, has been reported to increase after exercise training compared to no training
in CHD patients (> % 1 Further, changes have been seen in lactate threshold 7' 7!
after exercise training in CHD patients. Better work economy has been found after

strength training in CHD patients (3] but is less studied after acrobic endurance training

in these patients.

Left ventricular function

Since maximal HR is minimally affected by exercise training, increased stroke volume
is the only optional explanation of increased cardiac output. Stroke volume is
determined by left ventricular pre- and afterload, and myocardial contractility. Left
ventricular preload is set by active and passive tissue properties, by the pressure in the
left atrium, and HR. An adequate diastolic function is necessary to ensure a sufficient
preload during exercise. When directly measuring left ventricular pressures in resting M1
patients with left ventricular dysfunction, Miyashita et al "' found that only variables of
left ventricular diastolic function — and not systolic function — were significantly
correlated to VOypeak. During exercise, both systolic and diastolic function variables
were correlated to VOopeak, but diastolic variables more closely than systolic 761 Using
echocardiography at rest and post exercise, reduced diastolic function grade and high
left ventricular filling pressures have been found to be independently associated with

low exercise capacity in a population free of valvular heart disease or ischemia "\, Also

13



Skaluba et al "™ found left ventricular filling pressures to be the strongest
echocardiographic predictor of exercise capacity.

Both diastolic and systolic left ventricular function have previously been found
to improve in CHD patients after a period of exercise training '**"*!1 yu et al *"! found
no significant change in the proportion of patient with diastolic dysfunction after
exercise training in MI or elective percutaneous coronary intervention (PCI) patients.
However, in the control group they saw an increased proportion of the patients having
an abnormal relaxation pattern after the intervention period. Further, when analysing
only the MI subgroup, they found significantly increased early mitral flow velocity (E)
as well as shortening of the deceleration time of the early diastolic mitral velocity (DT)
after the exercise period. They saw that the changes in E correlated positively with gain
in exercise capacity in the patients with an abnormal relaxation pattern *”'. In contrast,
others have reported of no significant changes in diastolic parameters after 16 weeks of
exercise training in patients with diastolic dysfunction . Koizumi et al '’ found
increased left ventricular ejection fraction (EF%) and end diastolic volume during
exercise after three months of walking in MI patients without heart failure, compared to
a control group. At rest they saw no changes in these indices after the training period,
indicating an actual improvement in diastolic and systolic function only during exercise.
Few previous studies have looked upon both diastolic and systolic function, and none

has yet included aerobic interval training, in CABG patients.

Endothelial function

The endothelium is the inner cell layer of the arteries, and can be regarded as the largest
endocrine organ of the human body **). Among others, one important function of the
endothelium is to control the vasomotor tone in the vasculature. Additionally, it is the
place for synthesis and release of various cytokines and growth factors, as well as the
turnover and oxidation of the lipoproteins in the arterial wall ). Endothelial
dysfunction is one of the most important visible changes in the early subclinical stage of
atherosclerotic disease ™", and the grade of dysfunction is related to the extent and
severity of CHD . Further, impaired endothelial function has been found to be a

strong independent risk factor for future cardiac events #¢%%,

14



The vasomotor tone in the vascular bed is a result of the balance between
relaxation and contraction in the smooth muscles. There are several factors that
determine if the vessels should constrict or dilate, and the most important vasodilator of
endothelial origin is considered to be nitric oxide (NO) -°?!. As a response to increased
shear stress caused by increased blood flow, a healthy blood vessel dilates. This
condition is called flow-mediated dilatation (FMD)® and NO is though to be
responsible for FMD because of its known vasodilator effect °*). FMD can be measured
in the brachial artery by the use of high resolution ultrasound with 2D images of the
artery in the longitudinal plane . A sphygmomanometer is placed either above the
antecubital fossa or on the forearm and inflated to a pressure well above the systolic
pressure of the subject to stop the antegrade blood flow. After five minutes of occlusion,
the sphygmanometer is deflated and reactive hyperemia will occur in the artery. The %
difference between the basal diameter and the diameter after the deflation is FMD %,

46, 71, 95
[46, 71, ],and

Exercise training has been shown to increase FMD in CHD patients
such improvement in endothelial function may represent an important mechanism by
which exercise provides cardiovascular benefit. The most important factor in restoring
normal endothelial function after exercise training is probably the ability to increase the
endothelial bioavailability of NO. This is presumably caused by a restoration of the

81 and

balance between NO production and NO inactivation by reactive oxygen species
by up-regulating the enzyme endothelial nitric oxide synthase (eNOS) P7). In subjects
with the metabolic syndrome and in heart failure patients, AIT has given larger
improvements in FMD than moderate continuous exercise “ *’]. In MI patients, similar
significant increases in FMD were seen after four weeks of aerobic training, strength
training and strength plus aerobic training . In a recent study, Munk et al " found
significantly increased FMD after AIT in MI patients treated with percutaneous
coronary intervention (PCI) with stent implantation. In their study, the control group did

no exercise training ’!). Further studies on the effect of AIT compared to other exercise

protocols on FMD in MI patients are therefore warranted.

Heart rate recovery

HR recovery is the decline in HR after cessation of a maximal effort exercise test. The

difference between the HR at maximum and at one minute after ending the test is most

[61, 98-100]

often used as the HR recovery . Studies have shown that HR recovery is a

15



predictor of mortality both in healthy subjects and in patients referred for exercise

tCStil’lg [100, 101]

. Autonomic dysfunction is a possible mechanism linking slow HR
recovery to increased mortality, as the autonomic nervous system has been extensively
implicated in the triggering of sudden cardiac death ', HR recovery has previously
been found to increase after a period of exercise training in patients with acute

(4] and in heart failure patients %!, The

myocardial infarction "), in CABG patients
impact of exercise intensity on changes in HR recovery in CHD patients is however not

established.

Circulating biomarkers of CHD

Biomarkers may serve as surrogate end points to evaluate the effectiveness of a

treatment %4,

The most useful circulating biomarker for cardiovascular risk
stratification, therapeutic monitoring, and prognosis is not yet settled, and maybe are the
traditional markers, like blood lipids, glycemic status, and C-reactive protein (CRP), not
the most important. Increasing attention has been paid to plasma proteins that originate
from adipose tissue, and especially adiponectin has emerged as a relevant and important

1931 " Adiponectin is a cytokine with antiatherogenic

[106]

biomarker of cardiovascular risk

effects as it stimulates the production of NO
[107

, inhibits monocyte adhesion to

[108

1 suppress both endothelial cell apoptosis ['® and the conversion of

[109]

endothelial cells

macrophages to foam cells
[110]

. Further, hypooadipionectinemia is associated with

endothelial dysfunction
11

and plasma levels of adiponectin are negatively correlated

[112

with adiposity !''"]] the risk of type 2 diabetes ''*!, and CHD "] Increased serum

[47, 114]

adiponectin levels has been reported after exercise training , but data are

[115

conflicting ["'*. Of interest, there exists little information on the effect of exercise

training on adiponectin levels in CHD patients.

Quality of life

When speaking about quality of life throughout this thesis, the focus is health related
quality of life. Currently there exists no agreement on a single definition of health
related quality of life, but most instruments measuring it include at least some items that
cover domains of physical, emotional and social functioning "' A recent review has

revealed a consistently positive association between level of physical activity and
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quality of life in the general population !'”). Quality of life outcome measures have also
been considered increasingly important in the evaluation of randomised controlled trials
(181 The reason for measuring quality of life, is to get a picture of the patient’s
perception of the functional effect of an illness and its therapy """, Although cardiac
rehabilitation programmes traditionally have concentrated upon physical functioning,
several studies have reported increased quality of life after cardiac rehabilitation [* ¢
120133] ‘Despite this, it has been concluded that there are not sufficient documentation of

an effect of cardiac rehabilitation on quality of life above usual care B¢,

Safety of exercise training in cardiac patients

Although physical activity is widely advocated in primary and secondary prevention of
CHD, exercise can also acutely and transiently increase the risk of acute MI and sudden
cardiac death in susceptible subjects '** '**|. In supervised cardiac exercise programs,
the rate of cardiac arrest, MI and fatality was estimated to be 1 per 116 906, 1 per 219
970 and 1 per 752 365 patient-hours of exercise, respectively '*°!. In spite of this, the
benefits of exercise training surely outweigh the possible risks '**. Moreover, even
though vigorous exercise triggers sudden cardiac death, habitual vigorous exercise
diminishes the risk "'**!. In stable CHD patients participating in vigorous group exercise,
it was found that adherence to an exercise intensity of < 95% of maximal HR seldom

elicits ischemia 27!,

Long-term adherence to exercise prescriptions

One of the greatest challenges in the field of cardiac rehabilitation today is how to
motivate the patients to continue with a healthy lifestyle after ending a formal
rehabilitation program !'**!. In contrast to the well established short-term benefits of
cardiac rehabilitation, documentation of the sustainability of these benefits is scarce.
There are indications of both unchanged, decreased, and increased aerobic capacity at

follow-up testing 12-24 months after ending the formal program '3,
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Objective and hypotheses

The primary aims of the studies were to:

1. Investigate the association between self-reported amount and intensity of exercise
training and mortality in patients with coronary heart disease (CHD) using a large,

unselected population (the Nord-Trendelag Health Study, HUNT-1).

Hypothesis: Physical activity is associated with reduced mortality in CHD subjects.

2. Compare the effects of aerobic interval training (AIT) versus moderate continuous
training (MCT) upon peak oxygen uptake (VOqpeak) after coronary artery bypass grafting
(CABGQG).

Hypotheses: Four weeks of AIT increases VOspea more than MCT in CABG patients. At

follow-up six months later, there will be no difference between the groups.

3. Compare the effects of the group exercise training provided as usual care by three
Norwegian hospitals versus treadmill AIT upon VOypeak in myocardial infarction (MI)

patients.

Hypothesis: Treadmill AIT increases in VOspeq more than group exercise training in MI

patients.
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Materials and methodological considerations

Subjects

The subjects in this thesis were patients with coronary heart disease (CHD); both angina
pectoris, myocardial infarction (MI), and bypass surgery (CABG) patients (Table 1).

Inclusion and exclusion criteria are described in the papers.

Table 1. Overview of the subjects included in the thesis

Patient group Men Women
Paper | Angina pectoris and/or myocardial infarction 2137 1367
Paper Il Coronary artery bypass 48 11
Paper Il Myocardial infarction 74 15

Paper I

In 1984-1986 the first part of the Nord-Trendelag Health Survey (HUNT-1) was
conducted. All residents in Nord Trendealg county aged 20 years or more were invited
to participate. Nearly 90% of 85,100 eligible persons filled in the questionnaire mailed
to them together with the invitation letter. In addition, a second questionnaire was
handed out at a health examination, together with a pre-stamped envelope. This
questionnaire contained queries on several medical and lifestyle factors, including
physical activity. A more comprehensive description of the survey can be found in
Holmen et al "**. In paper I we have used the subgroup of CHD patients in the HUNT
database, based on their self-reported MI or angina pectoris at baseline of the survey (in
1984-1986) (Table 1). The population of Nord-Trendelag has been regarded as quite
representative for the Norwegian population as a whole. Further, the population based

design of HUNT is one of the strengths of this survey in comparison with other large
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epidemiological surveys often using selected subgroups of a population (for example

s . . . 3,14,29,135
university alumni or certain occupational groups) 1 '3,

Paper 11

The CABG patients in paper II were recruited by a posted invitation sent out by the
rehabilitation centre where the study took place. Out of 110 eligible patients, 69
accepted to participate in the study, and 59 patients completed the study protocol (Table
1). The subjects who participated in the study were somewhat younger than the ones
excluded (61.1, SD 7.4 versus 66.7, SD 7.9 years). There was also slightly less women
relative to men who participated than who got excluded (11/69 and 10/41, respectively).

Paper 111

In paper III we included 107 MI patients from three Norwegian hospitals. With 18 drop
outs, we analysed data on 89 patients (Table 1). The mean age of the subjects in our
study was 57.4 (SD 9.5) years, which is lower than the mean age of subjects with MI at
the cardiac section at the largest hospital in the study (72.2 years for women and 64.7
years for men). Also, the portion of women relative to men in the study (13/89) was

lower than the portion among all subjects with MI (30/100) in the region.

Measurements

In paper I, the primary outcome measure was all-cause mortality. Secondary measures
were cardiovascular mortality and ischemic heart disease mortality. In both paper II and
III changes in peak oxygen uptake (VOoype) were the primary outcome measure.
However, besides an increased VOapeak, there are several other physiological adaptations
to exercise training. The adaptations investigated in this thesis comprise left ventricular
function (paper II), endothelial function (paper III), resting heart rate (HR) (paper II and
IIT), HR recovery (paper II and III), work economy (paper 1I) and some blood markers
of cardiovascular disease (paper II and III). We also investigated changes in quality of

life in paper II and II1.
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Questionnaire in paper |

The questionnaire in paper I had three questions regarding exercise, one on the

frequency, one on the duration, and one on the intensity of exercise (Table 2).

Table 2. Questions on exercise frequency, duration and intensity in the Nord-Trendelag Health
Study (HUNT-1)
EXERCISE

By exercise we mean going for walks, skiing, swimming and working out/sports.

How often do you exercise? (on the average)

Never

Less than once a week
Once a week

2-3 times a week

Nearly every day

If you exercise as often as once or several times a week:
How hard do you exercise?

(average)

| take it easy, | don’t get out of breath or break a sweat

| push myself until 'm out of breath and break into a sweat

| practically exhaust myself

For how long do you exercise each time? (average)

Less than 15 minutes
16 - 30 minutes

30 minutes - 1 hour

A relative scale was used to measure the intensity of the exercise, as the subjects’ own
feeling of intensity was recorded. The relative intensity of exercise has previously been
shown to better distinguish risk than absolute intensity [**.. The questions regarding
physical activity in HUNT-1 used the Norwegian word “mosjon”. This can be translated
into exercise or physical activity, and in this thesis as well as in paper I, these terms are
used interchangeably. As explained in the headings in the questionnaire, the exercise
included for example to go for a walk, cross country skiing, swimming or sports. The
subjects were asked to take the average for a week representing the whole year, and this
was a way to overcome the seasonal variations ['*”), The HUNT-1 questionnaire did not

discriminate between physical activity in leisure and during work, or on the way to and
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from work. The exercise questions have been validated according to tests of VOypax, and
there was no difference by age or sex in reporting exercise intensity or in observed

exercise intensity relative to VOymax “,

Exercise testing

VOypeak Was measured on treadmills in paper II and III. Walking or jogging on a
treadmill provides a common form of physiologic stress in which the subjects are more
likely to attain a slightly higher oxygen uptake and HR than during testing on a
stationary bike. During cycling, most people experience a feeling of local fatigue in the
thighs and therefore stop the test earlier compared to exercising on a treadmill ',
Moreover, due to the higher grade of exertion on the treadmill compared to cycling,
treadmill walking/running has a greater ability to detect coronary artery disease [*%). The
patients were taking their usual medications at all tests as recommended by the
American College of Sports Medicine ['*7.

In both paper II and III, we used an individualized ramp protocol, adjusted to last
8-12 minutes !"**). The subjects walked at a predefined speed and the incline of the
treadmill was raised 1-2% every, or every second minute. For subjects who were
capable of running the inclination was held constant and the speed was increased by 0.5
km/h every, or every second minute. If it seemed like the test would be shorter or longer
than the advised time, the protocol was individually adjusted. Reasons to stop were
subjective exhaustion or standard clinical criteria [*). Subjective perception of exertion
was assessed immediately after termination using the Borg CR10 scale in paper II and
the Borg 6-20 scale in study IIT ['**). We used the Borg scale that was in clinical use at
the rehabilitation centre and the hospitals, and therefore we ended up with two different

scales in paper II and III.

Heart rate recovery

HR recovery was defined as the change in HR from peak exercise to one minute after

peak exercise with the patient standing still on the treadmill. Some researchers

[140]

recommend to record HR recovery both at one and two minutes and others look at

[141

the whole slope of the HR recovery curve ). We chose to use a simple, but still valid,

measure of HR recovery because we were several test leaders at the centres, and
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therefore assumed that a more advanced protocol would give more sources of error.
Also, HR recovery at one minute has proven to be a powerful predictor of all-cause

mortality in subjects referred for exercise testing ['** *2],

Work economy

Oxygen uptake in mL- kg'l' min'at a sub-maximal work load is taken as a reflection of
work economy !'"**). Before the maximal exercise test in paper II, each subject was tested
on sub-maximal, individualized speed and at zero inclination on the treadmill. The work
rate for each subject was identical at all testing points. We chose to individualize the
work load to be sure that it would be a truly sub-maximal load for all patients, and since

the motive for this measurement was intra-individual comparison.

Resting and maximal heart rate

Resting HR was measured using electrocardiography during the ultrasound assessments
(echocardiographic recordings in paper II and flow-mediated dilatation in paper III). The
subjects rested on an examination bench for minimum 10 minutes before the recordings.
Maximal HR was established from the exercise tests. In paper II we reported the
maximal HR obtained in the test as the maximum. For a person to reach his individual
maximum HR requires however several repeated intervals of maximum effort. The HR
at the end of an exercise test is therefore not equal to an individual’s maximum HR.
Thus, based on practical experience, we added five beats to the HR at peak exercise to

get the maximum HR in paper III.

Left ventricular function by echocardiography

Ultrasound investigation of the heart (echocardiography) plays a central role in the
evaluation of left ventricular diastolic and systolic function, and different techniques
give information on blood flow velocities, myocardial velocities and deformation of the
myocardial tissue itself. Echocardiography was used in paper II to investigate cardiac
volumes, systolic, and diastolic function. The most commonly used methods to study
diastolic function and left ventricular relaxation are variables derived from Doppler

mitral blood inflow velocity; the velocities of early (E) and late (A) diastolic mitral flow,
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the deceleration time of E (DT) and the ratio of early diastolic to late diastolic flow
velocity (E/A). These blood flow velocities were recorded with pulsed wave Doppler-
imaging !"*. Also Tissue Doppler imaging, a relatively new echocardiographic
technique, was used to measure the velocity of the myocardial motion. An advantage of
Tissue Doppler imaging is that the tissue velocities are less load-dependent than
measurements of blood velocities [+,

Left ventricular diastolic dysfunction was classified in four groups; impaired
relaxation (defined as E/A < 1, or E/A 1-2 and DT > 240 ms), restrictive filling pattern
(defined as E/A > 2 or E/A 1-2 and DT < 140 ms) and pseudonormal filling pattern
(defined as E/A 1-2, DT 140-240 ms and E’/A’ <1). The remaining subjects were

classified as normal %!,

Endothelial function

Endothelial function was measured by brachial flow mediated dilatation (FMD) in paper

146
[ ], and some

II1. The optimal methodology for FMD investigation is still under debate
of the points of disagreements are considered below. Firstly, there has been some
discussion in the literature regarding the placement of the cuff when measuring FMD

47 and the most updated guidelines now recommend distal (below the elbow)

148]

placement of the cuff [ to reflect the NO-mediated dilatation more accurately.

Paper III of this thesis was however planned based on the guidelines by Corretti et al
U491 "and we therefore chose a proximal placement of the cuff. The main objection
against a proximal occlusion, is that the dilatation in response is not solely NO mediated
471 However, there has been documented a close association between angiographically
evident CHD and FMD using a proximal occlusion %, Further, in several studies
demonstrating a prognostic significance of endothelial function, the cuff was placed on
the upper arm 187 88 150.151]

In paper III, lumen diameters of arteria brachialis were measured at three
consecutive R-waves at baseline and after cuff release, and we used the average on each
time point as the diameter. FMD was then calculated as the percent change in diameter
compared to baseline. Based on experience in our lab, maximal dilatation is observed
one minute after cuff release and therefore we analysed only at that point in time.

The magnitude of FMD is dependent on the stimulus imposed, that is the

magnitude of the shear stress in the vessel, and therefore some advocate a normalisation
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48] We used both non-normalised values and

of the FMD response to the shear rate !
values normalised for peak shear rate, and saw no difference in results between the two.
It is also suggested to adjust to the shear rate area under the curve, but at the time of the
recordings this normalisation method was not yet published %!, In fact, there still is
disagreement about whether to normalise or not, and large between-subject variations
have been seen in the relationship between FMD and shear rate ['>3 134,

All measurements of FMD in our study were obtained in a quiet room and after
at least 10 hours of fasting and abstinence form caffeine and alcohol. The patients were
also asked to restrain from strenuous physical activity for at least 24 hours before the

data collection.

2 L 4.27 mm|S-

d = (4.27+4.38+4.27)mm/3 = 4.31 mm d = (4.62+4.67+4.56)mm/3 = 4.62 mm

Figure 1. Blood vessel diameter (d) at baseline (A) and after deflation of the cuff (B).

Flow mediated dilatation (FMD) is here calculated to be: (4.62-4.31) x 100 = 7.2%
4.31

Blood analyses

In addition to the blood analyses provided by the rehabilitation centre or hospital
laboratories, adiponectin was measured in paper II and III by enzyme-linked
immunosorbent assay (ELISA, Mercodia, Uppsala, Sweden). The analysis is based on a

technique in which two antibodies are directed against separate antigenic determinants
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on the adiponectin molecule (sandwich-technique). This assay measures the level of
total adiponectin in the serum or plasma. Although there are indications in the literature
for particular importance of high molecular weight adiponectin for vascular-protective
activity, the functional role of the different molecular forms of adiponectin remains to be

elucidated 1% 153,

Quality of life

There are both generic and disease specific questionnaires on quality of life. In paper II
and III, we chose to use the MacNew Heart Disease Health-related Quality of Life
(MacNew) Questionnaire since it was designed to evaluate how daily activities and
physical, emotional, and social functioning are affected by CHD and its treatment. The
MacNew consists of 27 items which fall into three domains; an emotional, a social and a
physical domain. The minimum score (low quality of life) in each domain is one and the
maximum score is seven. The time frame for the MacNew is the previous two weeks,
and it takes in average maximum ten minutes to complete the questionnaire for the
subjects [,

The validity, reliability, responsiveness, and interpretability, of the MacNew have
been established. Overall the MacNew has been found to be reliable in that it meets a
reproducibility standard of 0.70 for group comparison which usually is the goal in
clinical trials "), Also different aspects of validity of the MacNew have been confirmed
11561 “although it is difficult to establish the criterion-related validity in the absence of a
widely accepted criterion measure (gold standard) ). How sensitive a test is to change
is called responsiveness, and the MacNew is found to be responsive and sensitive to
change in quality of life following various interventions for CHD patients (">, Also the
interpretability of the MacNew, or the understanding of the meaning of the instrument’s
quantitative scores, has been found to be good. Dixon et al '** have investigated the
minimal important difference, which is the smallest difference in scores which subjects
perceive as beneficial, and found this to be 0.5 in all three domains of MacNew. The
validity and reliability of the Norwegian version of MacNew have recently been tested

and found to be satisfactory ["*%).
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Training intervention

As exercising with high intensity gives larger increase in VOimax, We wanted to use a
model of high intensity aerobic training in paper II and III. Previously our research
group has used an exercise model with 4 times 4 minutes of high intensity aerobic
interval training (AIT) and found large increases in VO, in subjects with the
metabolic syndrome ), CHD ), and heart failure ! (Figure 2). The same protocol
was therefore chosen. In paper II we investigated if AIT could improve VOjpe more
than moderate continuous training (MCT) in CABG patients. The MCT chosen was

isocaloric to the AIT !

and therefore potential differences between the two would be
attributed to the intensity. In comparison with the earlier studies mentioned, the
intervention period in paper II was short; only four weeks. One aim was therefore to

investigate if AIT could prove to be superior to MCT even after such a limited time.

Interval Interval Interval Interval

Warm up Cool down

3 minutes
3 minutes
3 minutes

60-70% of HRmax | 85-95% 85-95% 85-95% 85-95% 60-70%

N N X
o o o
N~ N N~
o o o
© © ©
8-10 minutes 4 minutes ® 4 minutes ® 4 minutes 2 4 minutes | 3-5 minutes
3 3 3
© © ©
o o Qo
o o o
2 2 2
b= B s
Q Q Q
< < <

Figure 2. Aerobic interval training (AIT) model used in paper Il and IIl.
HRmax = maximum heart rate.

In paper III we wanted to investigate the effect of the exercise training offered to MI
patients at three Norwegian hospitals as usual care. Subjects recovering from MI are
often offered to participate in group exercise training at the hospital for a certain period.
The short- and long-term effects of these programs have not been extensively studied.
We wanted to compare the cardiovascular effects of the existing programs with treadmill

AIT. Due to the earlier mentioned studies on the superiority of AIT, interval training
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with high intensity has become more incorporated in the clinical field of cardiac
rehabilitation in Norway, and physiotherapists try to organise their exercise training
according to this model. However, the exact intensity of the group exercise training was

unknown.

Exercise training and B-blockers

Beta-adrenergic blocking agents (B-blockers) work by blocking the effects of the
hormone adrenaline. The patients will thereby have lower HR during exercise than
without this medication. Almost all subjects in paper II and III were taking B-blockers.
We used % of maximum (3-blocked) HR to calculated the target HR for the exercise in
AIT in paper II and III and for MCT in paper II ") If the patients got their B-blocker
dosage changed during the studies, we calculated a new target HR based on the work
load that they had the previous training session. In practice, we used the same speed and
inclination and saw what HR this gave and used this new HR as the target for the

exercise trainings to follow.

Statistics

Cox regression analysis

In paper I we used the Cox proportional hazards model [""! to examine the association
between physical activity and mortality in CHD subjects. This model is quite popular in
medical research on prospective follow-up data, and is also regarded as mathematically
robust. The proportional hazard method is a regression analysis that computes hazard
ratios (i.e. relative risks) of the disease by comparing the risk of disease in each category
of a predictor variable with the risk in a chosen reference category. The analysis takes
individual time at risk into account, and study factors may be entered both as categorical
and as continuous variables in the regression model. The Cox model gives the
opportunity to control for variables with a potentially confounding effect on the
investigated association. Such confounding factors are associated with the exposure and
independently affects the risk '®*\. In paper I we first performed analyses adjusting only

for age, and then also multivariate analyses including other potentially confounding
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variables in addition to age. There are other possible regression models to use in survival
analysis, but due to its robustness, it is considered as “safe” to use the Cox model when

in doubt about what is the correct model to choose [/,

Linear mixed model

Although repeated measures data traditionally have been analysed by repeated measures
analysis of variance (ANOVA), newer mixed effects models are considered to be a
superior alternative 'Y, A linear mixed model was therefore chosen in the analysis of
the repeated measures data in paper II. The advantages of these models are that they can
account for several sources of random error in the data, such as individual responses and
error of measurement. Also, these models use all available data and subjects with
missing values do not need to be deleted, as they have to when using repeated measures
ANOVA. If the data is missing (completely) at random, the mixed models are valid and
fully efficient. It is often difficult to ascertain if drop-outs are random. Often, subjects
who do not improve are more likely to drop out of a study. In paper II it was assumed a
random drop-out, and we attempted to check for this by comparing outcome data in the
drop-outs with data from the whole sample. Based on this, linear mixed models are
argued to be an appropriate choice in clinical studies with a relatively long follow-up

time 104,

Analysis of covariance

In paper III we analysed changes in outcome variables by analysis of covariace
(ANCOVA). ANCOVA is in fact a regression method that relates outcome scores to
baseline scores in each of the groups, and thereby adjust each patients follow up score
for his or her baseline score '®!. The advantage of this model above comparing change
scores by independent t-tests is that it controls for baseline imbalance between the

groups.

29



Summary of results and discussion

Physical activity and mortality in subjects with coronary heart
disease (paper )

In paper I, we found a significant decrease in both cardiovascular and all-cause mortality
in subjects who were physically active compared to the reference group (no activity).
Interestingly, we saw that exercising only once weekly was associated with significant
reduction in mortality with a relative risk of 0.79 (95% confidence interval (CI) 0.65-
0.96) for men and 0.69 (95% CI 0.54-0.88) for women. However, we also saw a
significant trend (p<0.001) for greater reductions with increasing frequency and duration
of exercise. Exercising for 15-30 minutes, but not less than 15 minutes, each time was
associated with lower mortality. In line with our a priori believes we saw that exercising
with moderate/high intensity gave greater reductions in mortality than exercising with
low intensity. The difference between low and moderate/high intensity was
approximately 10% for all-cause mortality. The results were similar for men and

women, and also for all-cause and cardiovascular mortality.

Exercise intensity and mortality

Also some previous epidemiological studies have found positive associations between
physical activity and longevity in coronary heart disease (CHD) patients [**** ). Only a
few of the earlier studies have however been able to split the subjects into more than two
activity groups, i.e. active versus sedentary, due to restricted number of participants.
When studying active versus sedentary, both Steffen-Batey et al 1! and Al-Khalili et al
] found lower mortality in the active groups. Batty et al * used three categories;
inactive, moderately active, and active, but ended up with a small statistical power due
to few subjects in each group. They found no statistical significant risk reduction in
active subjects; in fact, they found an elevated risk in asymptomatic men with a positive
exercise electrocardiography at baseline who reported to be active. Some studies have
investigated the associations of exercise intensity and mortality. In elderly CHD

27 | 24

subjects, neither Janssen and Jolliffe *”) nor Wannamethee et al **! found additional

effects of high intensity physical activity on mortality risk. Actually, the latter of these
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found a slightly increased mortality in elderly male CHD patients who reported to be
vigorously active compared to the light and moderately active men. These studies are
therefore not in line with the results of paper I, where we found larger mortality
reductions with moderate/high intensity exercise in CHD subject. One important
difference between the study by Wannamethee et al **! and our, was that they used
absolute intensity while we used relative intensity. As physiological adaptations to
exercise are more dependent on the relative intensity in relation to the individuals own
maximum than to the absolute intensity '®!, the use of relative intensity is considered as
a strength of our study. In subjects with CHD, low absolute levels of physical activity
will elicit high relative intensity due to reduced physical capacity. When comparing
subjects at different fitness levels, there is a great difference in the relative intensity of a
common task as walking 6 km/h. For a top athlete this will be low intensity, while for
many CHD patients it will be at or above their maximal capacity.

The newest recommendation for physical activity in adults defines aerobic
intensity in absolute terms, e.g., moderate intensity comprises 3.0-6.0 metabolic
equivalents (METS) ', Also, 6 METS is a threshold often used in epidemiological
studies to indicate vigorous activity. As outlined above, it can be argued that this
threshold is arbitrary since exercising at < 6 METS for subjects with low exercise
capacity may elicit physiological responses associated with high intensity exercise, i.e.

[126]

large myocardial oxygen demands . The current recommendation on physical

activity in older adults is in fact more appropriate since it defines intensity in relative

[167]

terms Given the heterogeneity of fitness level among CHD patient,

recommendations on physical activity should be on a relative scale. Of note, relative
intensity has proven superior to absolute intensity in predicting CHD risk ["*¢].

Whether vigorous physical activity adds to the effects of moderate intensity
activity in a public health perspective has been debated * 13> 1% 19 Thjs uncertainty is
also reflected in the guidelines on physical activity given through the years ['7% 71 [172]
The updated ACSM recommendation for physical activity and public health for adults
now advice activity with moderate intensity for a minimum of 30 minutes on five days

or vigorous intensity for a minimum of 20 minutes on three days each week 2.
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Minimal and optimal amount of exercise for longevity

Minimal adherence to public health guidelines

on physical activity requires an
energy expenditure of about 1000 kcal/week. In some studies, both regarding healthy
subjects * ') and CHD patients *”' physical activity levels below this energy
expenditure associate with significant reductions in mortality risk. This was also found
in paper 1. Therefore, it may be important to acknowledge all physical activity as health
promoting for CHD patients. At the same time, we also found significantly decreased
mortality risk with larger amounts (both duration and frequency p < 0.001 for trend) of
exercise. When recommending physical activity to the general population, or to the
CHD subgroup, one should aim at getting as many as possible to do sufficient exercise
for health benefits. Recommending too large dosages of activity may make some people
find the recommendations unattainable and thereby refrain from exercising at all. Also,
if recommending smaller dosages than today, there will be the risk of not achieving the

health benefits. It should therefore be emphasised that doing a little exercise is good, but

doing more is better.

Physical activity and physical capacity in CHD patients

The question whether physical activity or capacity is the most important factor for
survival is not fully settled. Regarding cardiovascular risk factors, Sassen et al !'”*! found
greater effects of physical capacity than activity, and actually no significant effect of
total hours of physical activity or low/moderate intensity activity. Unfortunately, we do
not have data on the subject’s level of physical fitness in our HUNT-study. Although the
correlation between the reported physical activity level in the HUNT questionnaire and
VOsmax has been reported to be as good as in other physical activity questionnaires '™,
there is still only a modest correlation. Therefore, we can not conclude about physical
capacity and mortality based on the results in paper 1. The risk reduction associated with
physical activity seen in paper I was similar as in meta-analyses on the effect of exercise
training/rehabilitation programs for CHD patients (20-30%) °>7). Interestingly, 44% of
the CHD patients reported to exercise 2 times per week or more, compared to only 24%

in the subjects without CHD in the same population 1,
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Randomised clinical trials of aerobic interval training in CHD

patients (paper Il and Ill)

7. 34], one should

As exercise capacity is a strong predictor of mortality in CHD patients
aim at finding optimal exercise protocols for increasing peak oxygen uptake (VOapeak) in
these patients through randomised clinical trials. In addition, there are indications that
being fit is even more important than being physically active per se in controlling
cardiovascular risk factors '”*. In paper Il we found significantly increased VOypeak after
both aerobic interval training (AIT) and moderate continuous training in coronary artery
bypass surgery (CABG) patients after four weeks at a rehabilitation centre. In contrast to
our hypothesis that AIT would increase VOypeac more than moderate continuous training
(MCT), we found no significant difference between the two training programs after four
weeks. At the follow-up test six months after leaving the centre, we saw however
significantly increased VOapeq only in the AIT group. Quality of life, heart rate (HR)
recovery, and work economy increased significantly, and resting HR decreased
significantly, in both groups after four weeks (non-significant between-group
difference). At the follow-up test we saw no major changes in these secondary outcome
measures compared to discharge. We did not find significant changes in traditional
circulating biomarkers of cardiovascular disease or in adiponectin levels. At the follow-
up test after six months, adiponectin levels had decreased significantly in both groups
(non-significant between-group difference). We saw no significant changes in left
ventricular function after the exercise training period.

In paper III, MI patients referred to exercise training at three Norwegian
hospitals had a superior effect of treadmill AIT on VOapeax compared to the usual care
group exercise programs. In the eight minutes with the highest intensity of each session,
the treadmill AIT patients exercised with higher intensity than the patients attending
group exercise, even though the hospitals aimed at reaching high intensity during the
group exercise (Figure 3). Changes in quality of life, endothelial function, HR recovery,
resting HR, and blood markers of cardiovascular disease were similar after treadmill

AIT and group exercise.
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Figure 3. Heart rate curves from two patients in paper Ill. The left illustration (A) is a patient in
group exercise and the right illustration (B) is a patient in treadmill aerobic interval training.

Changes is VOpcak

In paper II, we saw a trend towards greater increase in VOqpeak after AIT compared to
MCT after the four weeks at the rehabilitation centre (group*time interaction, p=0.19).
Probably, the relatively short training intervention period was not sufficient to give
larger effect of AIT compared to MCT. Another possible explanation for the lack of
difference between the groups was that all patients also participated in the regular
exercise program at the rehabilitation centre. This program consisted of a variety of
exercise training, both with high and moderate intensity. In total the patients did a lot of
exercise training during these four weeks. Maybe some of them, especially in the AIT
group, experienced an overload of training and therefore did not increase VOjpcax
optimally. The further increase in VO seen at the follow-up test in the AIT group
was presumably due to more high intensity training at home. According to their training
diaries, half of the AIT patients were doing moderate/high intensity exercise training
more than three times per week, while only one of the MCT patients reported this. Some
of the apparent increase in VOypeak from discharge (4 weeks) to follow-up (6 months)
may also be due to the fact that we tested the patients shortly after the last exercise
session at discharge. This would possibly mask some of the training effect at four weeks
and give a VOapeqx that was actually lower than if we had tested them some days later,

allowing a super-compensation to occur.
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Although the intention was high intensity AIT also in the comparison group
(usual care group exercise) in paper III, we saw larger increase in VOpeqr after treadmill
AIT compared to group exercise. The most likely explanation for the greater increase in
VOypeak after treadmill AIT, was the higher relative exercise intensity in this group (90%
versus 81% of HR maximum in treadmill AIT and group exercise, respectively).
Probably it is not the average intensity of an exercise session that is most important for
improvements in VOppeak, rather the intensity in the periods with high intensity
(intervals).

The increase in VOypeak divided by the number of AIT exercise sessions was
similar in paper II and paper III (Figure 4). The changes were also in line with two other
studies on the effect of AIT in CHD patients > '] In the study by Rognmo et al 4]
VOypeak increased by 0.21 mL- kg - min" (0.63%) per training session, and in paper II
and III the changes were 0.20 mL- kg - min™ (0.74%) and 0.22 mL- kg - min™' (0.66%),
respectively. The number of exercise sessions varied between the studies, with 28.3 AIT
sessions in Rognmo et al **), 16.4 in paper II, and 20.4 in paper III. After 12 weeks of
AIT in post MI heart failure patients, Wisloff et al [*) found an average increase in
VOzpeak per exercise session of 0.16 mL- kg min’'. In relative means, this increase was
in fact 1.19% per session. In moderately trained healthy subjects, an absolute increase in
VOypeak per exercise session of 0.22 mL- kg - min™' has been reported [43], Hence, the
CHD patients in paper II and III had similar increase in VOypcak per exercise session as

healthy subjects doing AIT.

C3AIT
C=JMCT in paper I
N GrE in paper Il
o 0.5 Figure 4. Changes in VOpeax per
€ * exercise session, calculated as total
95 041 change in VOyyeqk divided by the
4 § number of exercise session per
% o 034 patient. AIT = aerobic interval training
23 MCT = moderate continuous training
Q g 0.21 GrE =group exercise training.
()
£ =
) & 014 * indicate significant difference
g 00 between groups in paper Il (p < 0.01).
' Paper Il Paper Il
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As we know that exercise capacity is a strong predictor of mortality in cardiac patients !

34], it is tempting to conclude that the increase in VOxpeak seen in paper II and III will
have prognostic significance for these patients. However, our studies were not designed
to test this, rather, to investigate the changes in VOy,cqc With different exercise training
protocols. The potential of an increase in VOjpeq to improve the prognosis in CHD
patients remains to be demonstrated and this will require a large, multicentre trial. In the
meanwhile we have to rely on the meta-analyses "),

Of interest, we see that the exercise amount and intensity used in paper III,
correspond to the exercise amount and intensity associated with the largest risk
reduction in paper 1. Exercise training 1-3 times per week with duration of more than 30
minutes and moderate/high intensity was associated with a 40% reduction in mortality
for men and women combined. Again, the actual effect of exercise training on mortality

for subjects with CHD remains to be studied in randomised controlled trials.

Heart rate recovery

In paper II we found a significant increase in HR recovery after four weeks of both AIT
and MCT (non-significant group-difference), with no significant changes between four
weeks and six months follow-up. In the absence of a cool-down period, a cut-off value
of < 18 beats/min has been considered abnormal and predictive of death ). In paper II,
13 of the patients in AIT and ten of the patients in MCT had a HR recovery below this
value before the training period. The numbers were reduced to seven in each group after
four weeks and to four and six at the follow-up after six months in the AIT and MCT
groups, respectively (Figure 5). It can be argued that the increase in HR recovery seen
was due to spontaneous recovery after the bypass surgery, however, others have found
HR recovery to be virtually unchanged in CABG patients who did not exercise ['*.. Also,
increased HR recovery has been found in chronic angina pectoris patients after a period

of exercise training "7,
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In contrast to the results in paper 1, HR recovery of the MI patients in paper III did not
increase significantly after the training period. Gialluria et al "” found increased HR
recovery in MI patients after 12 weeks of exercise training. The reason for this
difference in response is presently not known. The patients included in paper III were
quite fit MI patients with a HR recovery at baseline of 32.2 (+ 9.6) beats/min, and a
possible explanation for no change could therefore be that they already had a HR
recovery close to normal at baseline. Only six subjects had a value < 18 beats/min before
the training period in paper III (reduced to four subjects after the training period). In
comparison, the baseline HR recovery in Gialluria et al ] was 17.1 (+1.8) and 18.8 (+

2.1) beats/min in the two training groups, respectively.

Circulating biomarkers of CHD

We saw no major changes in traditional circulating biomarkers of CHD (such as total
and high-density lipoprotein (HDL) cholesterol) in either paper II or III. This is in line
with Kim et al ') who reported no significant changes in total cholesterol, HDL, low-
density lipoprotein cholesterol or triglycerides after 6 months of exercise training in
CHD patients. We did however find significant increases in adiponectin, a recently
emerged cytokine with anti-atherosclerotic properties produced in the adipose tissue, in
both papers R paper 11, adiponectin increased between the test at the end of the
training period at the rehabilitation centre (4w) and the follow-up test (6m) in both the
AIT and MCT groups (non-significant between-group difference). Also in paper III,

adiponectin increased after both group exercise and treadmill AIT (non-significant
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between-group difference). Changes in adioponectin after exercise training have not
been studied extensively in CHD patients. Previous studies have reported of increased

levels of circulating adiponectin after exercise training in subjects with conditions

related to CHD, like the metabolic syndrome ), type 2 diabetes '™ ')

[114] ¢ [115]

and obesity
, although the data are not consisten

In both paper II and III, serum ferritin decreased significantly after exercise
training in all groups. This was unexpected, and we have to look at these changes as
hypothesis-generating for further studies. Increased ferritin levels have been linked to
incidence of CHD, but the relationship is not fully understood and not consistent in all
studies (for a review, see You et al '®”). Of interest, both adiponectin and ferritin were

recently shown to be part of a new model for predicting development of type 2 diabetes
[181]

Quality of life

Quality of life increased significantly in paper II and III after the exercise training
period. In paper II, we saw that the improvement was sustained at six months follow-up.
All domains of the MacNew Heart Disease Health-related Quality of Life Questionnaire
(MacNew) improved in both studies, indicating that their general quality of life, not just
the physical domain, improved. When comparing the results from paper II and III, we
see that the changes in quality of life scores after the rehabilitation period are quite
similar in the two. The CABG patients in paper II had a lower score in the physical and
social domain at baseline than the MI patients in paper III. This is also reflected in their
lower VOypcak at baseline. When considering the surgery the CABG patients had prior to
the inclusion, this is not so surprising. The similar changes we saw after the training
periods in both papers may indicate that exercise training has the potential to increase
quality of life in CHD patients with various starting points. In both papers we saw
changes in quality of life of magnitudes that have been considered to be clinically
important in all domains !'**!. The three domains of the MacNew overlap in some extent,
since some of the questions in the questionnaire are counted in more than one domain,
and this has to be acknowledged in the interpretation of the results. Interestingly, the
quality of life of the CHD patients in paper II and III did not differ much from normative
data "**). Actually, they had average values that were equal or higher than the general

population at baseline, and still we saw significant, clinically important increases in

38



quality of life after exercise training. Our results are in line with several previous studies

showing improved quality of life after cardiac rehabilitation 1% 12121,

Left ventricular function

Apart from a decrease in early diastolic mitral flow velocity (E) after AIT, we saw no
major changes in left ventricular function in paper II. As E has a non-linear relation to
diastolic dysfunction due to its load dependency, early diastolic mitral velocity (e’) was
considered to be a more robust marker of left ventricular diastolic function. Also the fact
that none of the other variables characterising diastolic function changed after exercise
made us interpret the change in E with caution. We therefore concluded with no
significant changes in either diastolic or systolic function after four weeks of exercise
training in CABG patients in paper II. Four weeks may be insufficient to engender
alterations in cardiac function, and the contribution of cardiac function to training
adaptation may require studies of greater duration (82.182] ' Some previous studies on left
ventricular function in CHD patients agree with ours regarding systolic function [80, 183]
Amundsen et al '®! found improved early diastolic myocardial relaxation rate in CHD
patients after eight weeks of AIT three times weekly. One could therefore assume that
the training period needs to be longer than four weeks to get cardiac adaptations. The
increase in VOypcak seen in paper II may therefore be due to noncardiac factors.

Or else, it is possible that cardiac changes could be apparent using
echocardiography during work or immediately post exercise. There are examples in the
literature of changes in cardiac function after a period of exercise training detectable

only when using exercise echocardiography [ 1%,

Flow-mediated dilatation

We found significantly increased flow-mediated dilatation (FMD) after both group
exercise training and treadmill AIT in paper III. The optimal intensity, volume, and
modality of exercise training for FMD improvements in CHD patients is not yet settled.

Earlier studies on heart failure patients [**) (471

and subjects with the metabolic syndrome
have reported of larger FMD improvements after AIT compared to moderate continuous

exercise. In paper III, we compared AIT with an exercise protocol with a higher
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intensity than the comparison groups in the mentioned studies, and this may be the

reason for the non-significant difference between the groups.

Clinical implications

The main reason for carrying out paper I-III was to get more knowledge regarding
exercise training in CHD patients, and thereby to give scientifically documented
recommendations on exercise in these patients. Hopefully the clinical field of cardiac
rehabilitation will implement some of our findings. Paper I indicated that the minimal
effective dose of physical activity was only 15-30 minutes once weekly for significant
reductions in mortality. Also, we found larger reductions associated with moderate/high
intensity activity than with low intensity. Both these observations should be
communicated to CHD patients, especially patients not attending organised
rehabilitation. It is to be hoped that such documentation will motivate the patients to do
at least a minimum of exercise. Although we have to be cautious in interpreting the
results from an epidemiologic study, we could tell the patients to exercise at least once
weekly instead of several times as we told the patients to after the intervention period of
paper II and III. However, there will probably be larger reductions in mortality with
more exercise. In addition, there are other positive health effects of more frequent
exercise.

The patients in paper II and III can be regarded as quite representative for CABG
patients at a Norwegian rehabilitation centre and MI patients at Norwegian hospitals. As
outlined in the methods section, the MI patients in paper III were younger than MI
patients at the cardiac unit at the largest hospital in the study. Therefore it is uncertain
whether the conclusions of paper III apply to the general MI patient population.
However, others have found no major differences in the responses in exercise capacity
to exercise training in CHD patients 45-65 compared to 66-75 years (). Although
increased exercise capacity has been reported after exercise training also in very old MI
patients (>75 years), the increase was lower than in younger patients 631,

The patients in both paper Il and III are regarded as relatively fit CHD patients,
based on their relatively high initial VOppeak, in comparison with other studies on this
patient group. One possible reason for this is that we used treadmills in the exercise

[61,62,67,68,71,74,95]

testing whereas many others used stationary bikes.
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Feasibility of AIT

When inspecting the training diaries from paper II, we saw that 12 out of 23 patients
managed to keep on doing AIT as home exercise. In the MCT group, 16 out of 25
reported to exercise > 3 times per week with moderate intensity, and only one patient
with high intensity. In advance, we had actually hypothesised that it would be more
feasible to do MCT at home and that these patients would adhere better to the
prescriptions and thereby increase more in VOape. The results showed however that
AIT was feasible and that the adherence was as good in this group as in MCT. In
addition to the 12 patients in AIT reporting moderate or high intensity > 3 times per
week, five reported to exercise > 3 times per week with moderate intensity only. Several
of the patients randomised to AIT told us that they found it a bit hard to do AIT, but they
experienced that they were getting more fit by doing it. Our impression was that the
follow-up test was a motivational factor for carrying out these exercise programs. This is
an observation that could have clinical implications as repeated exercise testing could
motivate more CHD patients to exercise.

Paper Il and III investigated the use of treadmill AIT in clinical settings. A
substantial part of the exercise training was lead by physiotherapists without former
experience with treadmill AIT, but we experienced no major problems with getting the
patients to do this kind of exercise training. The three hospitals in paper III already
intended to do AIT organised as group exercise. Our study has however showed that it is
not so easy to reach high intensity in group exercise as when using treadmills in CHD
patients. Using heart rate monitors more actively and making sure that the patients are
exercising at high intensity in periods of the exercise session could make the group
exercise as effective as treadmill training for these patients. This remains however to be

studied.

Gender aspects

We saw no major gender differences neither in mortality associated with physical
activity in the epidemiologic study nor in the effects of exercise training in the clinical
studies. However, we saw some differences in the amount and intensity of exercise
reported by men and women in paper I. As much as one third of the women reported of

no activity, but only 14% of the men reported not to be active. Further, half of the men
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and 40% of the women reported to exercise two or more times per week. Also, more
men than women reported to do exercise with moderate/high intensity, with 11% and
3% of active men and women, respectively. These data suggest that there is a need to
address women in particular when recommending exercise training for CHD patients.

In paper II and III we wanted to include both men and women, but in practice we
experienced that women were excluded more often than men due to co-morbidity giving
physical limitations. One explanation for this could be that women in average get CHD
at a higher age than men. Also studies included in meta-analyses are most often based on
data on men only; actually Taylor et al % reported that although women were included
in about half of the studies, they constituted only 20% of the patients. Furthermore, there
is still published only a few epidemiological studies on the association between physical

activity and mortality including women with CHD [*

. Although women were
included by Steffen-Batey et al ], their analyses were done on both genders together.
Al-Khalili et al ! included only women below 66 years so their population was
different from our. Generally, these and our study show the same benefit of physical
activity for CHD women as for men, with a tendency to even greater mortality

reductions among women compared to men in our study (tables 2-4 in paper I).

Ethical considerations

All three study protocols in this thesis were approved by the regional ethical committee.
To study the effects of exercise training in CHD patients, it would have been interesting
to have control groups who were advised not to do exercise in paper II and III. This was
however considered to be unethical due to the well documented benefits of exercise for

these patients [55-58, 61-63, 69, 71, 74]

Safety of AIT

Currently there is little information on the safety of high intensity aerobic training in
CHD patients. However, in our research group we have carried out several studies using
the AIT model, and so far counted ~2800 uncomplicated exercise bouts of AIT in CHD
patients > ** ! (+ paper II, 111, and unpublished data). Also other research groups have
carried out AIT in CHD patients without reporting serious adverse events " 7*). There

clearly is a need for further investigating the safety aspect of AIT in CHD patients.
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Limitations

Some study limitations are acknowledged. Several of the participants in paper I have
probably changed their level of physical activity since the baseline data collection in
1984-1986. As mortality rate reductions are more associated with recent activity than

past activity !'*")

, this would probably underestimate the true difference in survival
between the physically active and sedentary subjects !'*"). In epidemiologic studies there
will always be difficult to establish unbiased cause-effect relationships. To try to avoid
reversed causation, we also performed the analyses with adjustment for disability status.
We then saw only minor changes in the results, indicating that the disease severity in the
sedentary group was not the reason for higher mortality rates. Due to the limited number
of patients reporting to get exhausted when exercising, we had to merge the sweat and
exhausted categories of intensity into one to get more statistical power. This weakened
our possibility to examine the effect of high intensity exercise.

There are some possible limitations to paper II as well. The most striking one
being the additional exercise training performed by both groups when staying at the
rehabilitation centre. This was recognised in advance of the study, but we though it
would be hard to recruit patients to just walking on treadmills for four weeks when they
were at a rehabilitation centre fully equipped for all kinds of activities. To minimize the
bias introduced by the additional exercise training, we could have asked the patients to
exercise according to the intensity zones prescribed in the study protocol also in the
additional exercise session. Another limitation in this study was that we did only record
resting echocardiography and not during or immediately post exercise. Left ventricular
changes may have been detectable if we could have used exercise echocardiography as
indicated by others [ ¥ Also, the study would have been better if we had gotten more
detailed training diaries from all subjects or had objectively measured physical activity
in the follow-up period.

In paper III we experienced some difficulties in carrying out a study in three
different hospitals. This resulted in different protocols used in measuring work
economy, FMD and also in registering excluded subjects. Data on work economy and
excluded subjects are therefore not reported in paper III, and FMD data are reported
only from two of the hospitals. Also, it would be nice to have a better registration of the

amount and intensity of the home exercise training of the subjects as they were advised
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to exercise once weekly on their own during the study period. In paper III we report only
results from before and after the training period, with no follow-up data, and this is

regarded as a limitation.

Conclusions

Using data from a prospective, population-based cohort study (Nord-Trendelag Health
Study, HUNT-1), we found physical activity to be associated with decreased mortality in
subjects with coronary heart disease. Exercising once weekly for 15-30 minutes was
found to be enough to reduce both cardiovascular mortality and all-cause mortality in
both men and women. Moderate or high exercise intensity was associated with
approximately 10% lower mortality risk compared to low intensity.

Peak oxygen uptake (VOgpeak), heart rate (HR) recovery and quality of life
increased significantly after four weeks of both aerobic interval training (AIT) and
moderate continuous exercise training (MCT) in coronary artery bypass surgery patients.
At the follow-up testing six months later, AIT had a superior increase in VOjpeax
compared to MCT.

VOypeak increased significantly more after 12 weeks of AIT versus the group
exercise training offered to myocardial infarction (MI) patients as usual care by three
Norwegian hospitals. The exercise intensity was significantly higher in AIT compared to
the group exercise training, indicating an importance of exercise intensity for

improvements in VOapeax after MI.
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Aerobic interval training versus continuous moderate
exercise after coronary artery bypass surgery: A
randomized study of cardiovascular effects

and quality of life

Trine T. Moholdt, MSc,* Brage H. Amundsen, PhD,* Lene Annette Rustad, MD,* Alexander Wahba, PhD,*"
Kjersti T. Lgvg, PT,© Lisbeth R. Gullikstad, PT, Anja Bye, PhD,? Eirik Skogvoll, PhD,*¢
Ulrik Wislgff, PhD,” and Stig A. Slerdahl, PhD ™ Trondbeim and Roros, Norway

Background Peak oxygen uptake (VOzpeqk) strongly predicts mortality in cardiac patients. We compared the effects of
aerobic inferval training (AIT) versus moderate continuous training (MCT) on VOzueak and quality of life after coronary artery
bypass grafting (CABG).

Methods Fifynine CABG patients were randomized tfo either AIT at 90% of maximum heart rate or MCT at 70% of
maximum heart rate, 5 d/wk, for 4 weeks at a rehabilitation center. Primary outcome was VOppeqk, af baseline, after
rehabilitation (4 weeks), and after 6 months of home-based exercise (6 months).

Results VOopeak increased between baseline and 4 weeks in AlT (27.1 + 4.5 vs 30.4 + 5.5 mL-kg™" +min™', P < .001)
and MCT (26.2 + 5.2 vs 28.5 + 5.6 mL-kg™' -min~', P < .001; group difference, not significant). Aerobic interval training
increased VOzpeqk between 4 weeks and 6 months (30.4 £ 5.5 vs 32.2 + 7.0 mlL-kg™"+min~!, P < .001), with no significant
change in MCT (28.5 £ 5.6 vs 29.5 + 5.7 mL-kg™" +min™"). Quality of life improved in both groups from baseline to 4 weeks,
remaining improved at 6 months. There were no changes in echocardiographic systolic and diastolic left ventricular function.
Adiponectin increased between 4 weeks and 6 months in both groups (group differences, not significant).

Conclusions Four weeks of infense training increased VO ek significantly after both AIT and MCT. Six months later, the
AlIT group had a significantly higher VO2,eqk than MCT. The results indicate that AIT and MCT increase VO2peqk similarly in the

short term, but with better longterm effect of AIT after CABG. (Am Heart J 2009;158:1031-7.)

Many patients are enrolled in cardiac rehabilitation
programs after coronary artery bypass grafting (CABG). A
recent meta-analysis indicated that such programs reduce
total and cardiac mortality by 20% to 26% compared to
standard medical care." Exercise capacity has been shown
to be the best predictor of survival, both in healthy
individuals and in subjects with cardiovascular disease.>?

From the °Department of Circulation and Medical Imaging, Norwegian University of
Science and Technology (NTNU), Trondheim, Norway, ®Department of Cardiothoracic
Surgery, St. Olav's University Hospital, Trondheim, Norway, “Reros Rehabilitation Centre,
Reros, Norway, “Unit for Applied Clinical Research, Faculty of Medicine, Department of
Anaesthesiology and Emergency Medicine, St. Olav's University Hospital, NTNU,
Trondheim, Norway, and °Department of Cardiology, St. Olav's University Hospital,
Trondheim, Norway.

Submitted September 4, 2009; accepted October 5, 2009.

Reprint requests: Trine Moholdt, MSc, Department of Circulation and Medical Imaging,
NTNU, Medisinsk teknisk forskningssenter, 7489 Trondheim, Norway.

E-mail: trine.moholdt@ntnu.no

0002-8703/$ - see front matter

© 2009, Mosby, Inc. Al rights reserved.

doi:10.1016/j.ahj.2009.10.003

Despite exercise training having become a central element
of cardiac rehabilitation, the best way to structure the
exercise with respect to amount, mode, frequency, and
intensity is still unknown. Aerobic interval training (AIT) has
been shown to improve cardiovascular function more than
moderate continuous training (MCT) in patients with angina
pectoris,4 metabolic syndrome,S heart failure,(’ and also in
healthy subjects.” In these studies, the training period has
lasted 8-16 weeks. Some patients, however, are offered to
stay at residential rehabilitation centers for shorter periods,
undergoing more intense training programs.

This randomized controlled study aimed to investigate
the effect of AIT versus MCT on peak oxygen uptake
(VOzpear) in CABG patients staying at a rehabilitation
center for 4 weeks. We hypothesized that AIT would
increase VOzpeq more than MCT and that there would no
longer be a difference between them after 6 months'
home exercise because of insufficient exercise training in
both groups. Secondary outcome measures were left
ventricular function, heart rate recovery (HR recovery),
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resting heart rate (HR), work economy, quality of life, and
blood markers of cardiovascular disease.

Methods
Patients

Coronary artery bypass grafting patients referred to a
residential rehabilitation center 4 to 16 weeks postoperatively
were included. Exclusion criteria were heart failure, inability to
exercise, or drug abuse.

Exercise training

The aerobic exercise training program consisted of treadmill
walking, 5 days a week for 4 weeks. Patients were randomized
to either AIT or MCT. Aerobic interval training consisted of
8 minutes warm-up, followed by 4 times of 4-minute intervals
with HR at 90% of maximum HR, with active pauses of 3 minutes
of walking at 70% of maximum HR. The exercise session was
terminated by 5 minutes cool-down. The MCT group walked
continuously at 70% of maximum HR for 46 minutes to ensure
isoenergetic training protocols.4 The intensity was controlled by
HR monitors (Polar Electro, Kempele, Finland) and the patients
also reported their perceived exertion according to the Borg
CR10 scale.® In addition, patients participated in ordinary
training sessions at the rehabilitation center consisting of a
variety of exercise modes and intensities, of 45 to 60 minutes
duration. This additional exercise training was identical in both
groups. The exact intensity of 58 such sessions was measured by
making a subset of patients wear HR monitors.

At discharge from the rehabilitation center, all patients
received written advices to exercise at home 3 to 4 times per
week with the same intensity and duration as they were
randomized to while at the center and a training diary to register
their exercise training.

Outcomes

The primary outcome measure was VOzpea. Secondary
outcome measures were left ventricular function, HR recovery,
resting HR, work economy, quality of life, and blood markers of
cardiovascular disease. We measured these outcomes at 3 time
points: at baseline, after 4 weeks of rehabilitation at the center
(4w), and at follow-up 6 months after discharge from the center
(6m). Left ventricular function, work economy, and resting HR
were measured only at baseline and 4w.
Cardiorespiratory measurements. VO,c,c Was mea-
sured on treadmill. Respiratory gas was analyzed (Oxycon Delta,
Jaeger, Hochberg, Germany), and 12-lead electrocardiography
was monitored continuously (Cardiosoft GE Medical Systems,
Freiburg, Germany). Blood pressure was measured every second
minute using an automatic device (Bosotron 2, Bosch & Sohn,
Jungingen, Germany).

We used a ramp protocol individually adjusted to last 8 to 12
minutes after warm-up.” Maximal HR at the end of the test was
set as the individuals' maximum HR. HR recovery was defined as
the change in the HR from peak exercise to 1 minute after peak
exercise with the patient standing still on the treadmill. Oxygen
uptake in milliliters per kilogram per minute at a fixed
submaximal work load defined work economy.
Echocardiography. Echocardiography was performed in 38
subjects during supine rest in the left lateral position using a
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Vivid Five scanner with a 2.5-MHz phased array probe (GE
Vingmed Ultrasound, Horten, Norway). Data were stored
digitally and analyzed off-line. Mitral annular velocities in systole
(8" and early (e’) and late (a”) diastole were measured by pulsed
tissue Doppler images in the septal, lateral, anterior, and
posterior points and averaged. Mitral flow velocity (E) was
measured by averaging 3 cycles. Ejection fraction (EF), end-
diastolic volume, and end-systolic volume were measured by the
modified Simpson biplane method. An investigator blinded for
group allocation and time of recording analyzed the data.
Blood analyses. Venous blood was drawn after 10 hours of
overnight fasting and analyzed by investigators blinded for the
subjects' group allocation. We analyzed for high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol,
triglycerides, sodium, potassium, creatinine, glucose, albumin,
ferritin, and hemoglobin using standard local procedures.
Adiponectin was measured in plasma using enzyme immunoas-
say (Mercodia, Uppsala, Sweden) in 23 randomly selected
subjects from each group.

Quality of life. Quality of life variables were assessed using
the MacNew questionnaire. MacNew has been proved to be a
valid, reliable, responsive test and applicable to patients
after CABG.""

Sample size and randomization procedure

A difference in VO,peq improvement (from baseline to 4w) of
3.0 mLkg ''min"' between the 2 groups was considered
clinically important.” Given a within-group standard deviation of
4.0, this yields a standardized difference of 0.75. With a 2-tailed ¢
test for independent samples at a power of 0.8 and o = .05, a
total of 58 subjects had to be enrolled."" The actual statistical
analysis performed also takes within-person correlation into
account, thereby improving power.

Subjects were included after initial assessments, then
randomly assigned to either AIT or MCT, stratified by gender.
The randomization code was developed using a computer
random number generator, by another unit at the university to
ensure blinding.

Ethics

The Regional Committee for Medical Research Ethics
approved the study, and the study was conducted in accordance
with the Declaration of Helsinki. All subjects gave their
informed, written consent.

Statistical analysis

To model the outcome variable VO,peqc OVer time, we used a
linear mixed effects model. This allows for observations missing
at random, as well as repeated measurements by inclusion of an
individual offset as a random effect.'* Patient age and sex were
included as covariates to improve precision. Post hoc compar-
isons of time points within groups were based on the estimated
marginal means and corresponding covariance matrix, using the
software R.'> Other analyses were performed using SPSS for
Windows (version 15.0; SPSS, Chicago, IL). To investigate
within-group comparisons at different time points of the
secondary outcomes, we did paired ¢ tests if a normal
distribution could be assumed; otherwise, we used Wilcoxon
nonparametric signed rank test. Between-group comparisons of
echocardiography variables were done using analysis of
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Assessed for eligibility (n = 110)

Excluded (n=41)

Not meeting inclusion criteria (n = 25)

Randomised (n = 69)

Refused to participate (n = 15)
Short stay at the centre (n = 1)

Aerobic interval training (AIT, n= 33)

Moderate continuous training (MCT, n = 36)

Discontinued intervention (n=4)
Legg pain (n=1)
Withdrawal (n= 1)
Bronchitis (n= 1)
Hip pain (n=1)

Discontinued intervention(n=5)
Hospital readmitted (n = 2)
Left the centre too early (n= 1)
Large pericardial effusion (n= 1)
< 14 training sessions (n= 1)

Analysed (n = 28)
Excluded from analyses (n= 1)
because of technical error

Analysed (n =31)

I

Follow-up tested (n = 23)

Follow-up tested (n = 25)

Flow chart of the participants throughout the study.

covariance with the baseline values as covariates. Tests were 2-
sided and P values <.05 were considered significant; no
correction for multiple tests was applied.
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Outstanding Young Investigators (UW). “The authors are
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all study analyses, the drafting and editing of the paper and its
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Results
Participant flow and protocol deviations

We recruited patients between April 2004 and Novem-
ber 2006 (Figure 1). Baseline characteristics of the 2
groups were well balanced (Table I). There were no
major complications or cardiac events during the study
period. One patient was excluded after randomization to
MCT because of a large pericardial effusion that had not
been discovered at the time of allocation. Oxygen uptake
data on one patient in the AIT group were excluded from
the analysis because of a technical error in the

Table 1. Patient characteristics and medication use at baseline

AIT (n = 28) MCT (n = 31)

Age (y) 602(69)  620(7.6)
Male/female 24/4 24/7
Days since operation 62 (18) 63(19)
Body mass index (kg/m?) 26.0(6.2) 28.1(3.5)
Inifial VOzpeq mL-kg ™! -min~!) 271 (45  262(5.2)
Type 2 diabetes mellitus (no. of subjects) 4 2
Medications (no. of subjects)
B-Blockers 27 3
Statins 28 31
Diuretics 3 8
ACE inhibitors 5 7

If not otherwise stated, values are mean + SD. ACE, Angiotensin-converting enzyme.

measurement. This patient refused retesting. Only sub-
jects attending >14 exercises were included. Two
subject in AIT and 3 subjects in MCT changed their {3-
blocker dosage during the rehabilitation stay, and 5
subjects in AIT and 2 in MCT changed their dosage
between 4w and 6 months.

Follow-up testing (6m) was done 27.5 (SD 3.3) and 27.0
(SD 2.7) weeks after 4 weeks in AIT and MCT,
respectively. Five patients in AIT and 6 in MCT did not
turn up for follow-up testing, for the following reasons:
work-related (n = 3), comorbidity (n = 3), refusal (n = 4),
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Table Il. Cardiorespiratory variables, quality of life, and blood markers at baseline (BL), 4w, and 6m

AIT MCT
BL (n = 28) 4w (n = 28) 6m (n = 23) BL (n = 31) 4w (n = 31) 6m (n = 25)

Maximal exercise test

Vogpeak (ml kg™ - min”") 271 +4.5 304+55" 32270 262+52 285+56" 29567

Perceived exertion 83+1.5 82+13 79+13 8115 76+19 71+18

RER at Vozpeak 1.13+0.07 1.14+0.07 1.15+0.08 1.13 +0.06 1.13+0.08 1.15+0.09

Heart rate recovery (1 min) 19.6+6.8 22.5+7.68 255+8.6 20.3+94 25.4 + 8.45 24677
Resting heart rate (beat/min) 68.6+8.4 66.4+8.75 - 688+9.5 63.9 + 8.8l -
Work economy

VOzpeak (ML + kg™ + min”") 16.0+27 139+2.1" 16.3+3.1 13.8+2.46"

Heart rate (beat/min) 106 + 16.8 93+13.8" - 102 +16.6 86+ 14.4" -
Body weight (kg) 843+ 164 84.5+16.2 850+ 17.3 858+ 11.8 850+11.3 86.0+124
Quality of life

Emotional domain 57+0.7 62+0.5 6.1+0.6 55+1.1 60+0.7" 59+07

Physical domain 53+07 62+0.4" 6.2+07 54+10 60£0.6" 6.1+0.6

Social domain 56x06 65+0.4" 6506 54+13 63+0.7" 63:06
Blood markers

HDL (mmol/L) 1.31+0.3 1.42+0.4 1.37+0.3 1.29+0.3 1.31+0.3 1.37+0.3

LDL (mmol/L) 254+1.0 208 +1.1 243+0.8 253+1.1 252+13 2.54+0.9

Triglycerides (mmol/L) 1.46 0.6 1.37+0.7 127 +0.4 1.61+0.7 1.56 £ 0.6 1.41 0.6

Ferritin (ug/L) 140 + 100 100 + 757 88 + 58 138 + 89 99 + 73" 104 + 66

Adiponectin (ug/mL) 577 £1.9 562+1.6 6.39 £ 1.96* 512+1.93 4.83+1.84 5.64 + 2267

Glucose (mmol/L) 601.1 58+0.9 55+0.6 6.6+23 62+1.2 62+14

Hemoglobin (g/dL) 13510 13710 143101 13712 139+ 1.18 142+18

Patients who changed their B-blocker dose during the study were excluded from analyses on heart rate. Patients in the analyses were n = 23 to 28 in AIT and n = 23 to 31 MCT. Resting
heart rate and work economy were not measured at ém. Footnotes indicate significant changes. Values are mean + SD. RER, Respiratory exchange ratio; HDL, high-density

lipoprotein; LDL, low-density lipoprotein.
*From BL to 4w (P < .001) within groups.
tFrom 4w to 6m (P < .05) between groups.
$From 4w to 6m (P < .05) within groups.
§From BL fo 4w (P < .05) within groups.

| From BL to 4w (P < .01) within groups.

9§ From 4w fo ém (P < .01) within groups.

and relocation (n = 1). At baseline there was no
significant difference in VOzpeac between those who
turned up and those who did not (26.8 mL-kg ' -min "
[SD 4.9] vs 26.0 mL-kg ' -min~' [SD 4.9] 2-sample ¢ test,
P = .62). Neither was there any significant difference in
quality of life.

Implementation of interventions

The AIT group attended 16.4 (range 14-19) exercise
sessions on the treadmill, and the MCT group, 16.7 (range
14-19). In addition, each subject carried out 16.5 (range 12-
19) other training sessions during the 4 weeks. The AIT
group exercised at 92% (SD 4.6) of HR maximum during the
intervals and reported their subjective exhaustion to be at
6.1 (SD 0.9) at the Borg scale. The MCT group exercised at
74% (SD 3.5) of HR maximum, with a Borg scale of 2.9 (SD
0.9). In the other training sessions at the center, the patients
exercised with high intensity in 31% and moderate intensity
in 69% of the registered sessions, respectively.

Outcomes

Both groups showed a significant increase in VOzpeax
between baseline and 4w. Between 4w and 6m, only the
AIT group increased VOjpeq Significantly, yielding a

Figure 2
407 - AT

- — MCT
£ 354
&
2 304
-
£

o 254

&
S 204

T
Baseline 4w 6m

VO2peak in AT and MCT at baseline, 4w, and 6m. The bars represent +
SEM. *P < .05, group comparison.

group difference at 6m of 3.0 mL-kg ' -min " (P = .04,
95% CI 0.25.7 mL-kg ' min ") (Table II, Figure 2).
‘Women had a VO,peq about 5.0 mL kg ' *min" " less than
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Table lll. Echocardiography variables at baseline (BL) and 4w

AIT MCT
BL 4w BL 4w
(n=19) (n=19) (n=19) (n=19)

Systolic function

S (cm/s) 7414 68+1.3 6.9+1.0 6.9+0.9

MAE (mm) 11.5+2.1 111+23 11.4+1.8 11.7+£20
Diastolic function

E (cm/s) 67716 602+16" 65815 66715

A (cm/s) 56.2+8 55.6+11 571 +13 58.5+13

€ (cm/s) 94+14 92+20 91+0.8 91+£1.2

a (em/s) 10617 105+1.4 94+1.6 95+1.7

E/€e 73+20 6720 74x17 76%20

E/A 12+04 11204 12203 12x05

DT (ms) 171 + 38 173 + 49 182 + 49 182 + 50
Volumes

EF % 48 £ 10 48 +9 44+ 8 46+ 9

EDV (mL) 103 + 29 103 + 32 118 £ 28 111 £30

ESV (mL) 54 +20 52+18 66 + 22 61 +23

Values are mean + SD. S, systolic mitral annular velocity; MAE, mitral annular
excursion; E, peuk eor|y diastolic mitral flow ve|ocify; A, late diastolic mitral flow
velocity; ¢, early diastolic mitral velocity; o', late diastolic mitral velocity; DT,
deceleration time of the early diastolic mitral velocity; EF, ejection fraction; EDV, end
diastolic volume; ESV, end systolic volume.

*Different from MCT (P = .023).

that in men, and VO,peq decreased by 0.2 mL- kg ' min"

per year of age.

Maximum HR was 143 (SD 17) and did not differ
significantly between groups or time of testing. Both
groups showed significant improvements in HR recovery
between baseline and 4w, with no significant changes
between 4w and 6m (Table II).

At baseline, 31 of 38 patients (AIT 13, MCT 14) were
classified with reduced diastolic function (impaired 10,
pseudonormal 14, and restrictive: 7). The average left
ventricular volumes were normal, and EF slightly
reduced. No changes were seen in EF, end-diastolic
volume, or in any of the mitral annular velocity variables.
Early diastolic filling velocity (E) decreased after exercise
in the AIT group only (P = 0.023) (Table IID).

Serum adiponectin, ferritin and hemoglobin changed
significantly over time (Table II). All 3 domains of
MacNew improved significantly between baseline and
4w, and remained so at 6m, with no significant difference
between the groups (Table ID).

Exercise at home. Most of the subjects were doing
exercise training between 4w and 6m; the AIT subjects
did more interval training with high intensity (Table IV).

Discussion

Our main finding was that both AIT and MCT training
groups showed a significant increase in VOzpea, HR
recovery, and quality of life after a 4-week intense
rehabilitation program (at 4w). At follow-up 6 months
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from discharge (6m), the AIT group showed a further
increase in VOzpeqk, whereas MCT did not.

Based on previous studies,**'* we had hypothesized
that AIT would increase VO,p,c. more than MCT. After 4
weeks of exercise training, there was slight evidence for a
greater increase in VO,p,c,i in the AIT group (group x 4w
interaction, P = .19). One reasonable explanation for the
lack of difference could be the relatively short duration of
the training period. The participation in additional
training sessions with various intensities at the rehabili-
tation center may also have reduced the difference
between the effects of the 2 training groups.

Low HR recovery is an independent predictor of
mortality in patients with cardiovascular disease.'> In our
study, AIT and MCT gave similar, significant increases in
HR recovery at 4w. Similar effects of exercise training
have previously been reported, 16 whereas others'” founda
higher HR recovery only after 2 minutes. We are not aware
of any previous studies comparing the effect of different
exercise intensities on HR recovery in CABG patients.

Follow-up after 6 months

The AIT group increased their VO,peqi significantly by
home exercise, whereas the MCT group maintained their
capacity. We speculate that the greater improvement in
the AIT group at 6m is due to more intense exercise
training at home, as outlined in Table IV. Others have
found reduced exercise capacity after home exercise,'®
but patients attending a similar 4-week rehabilitation
program as in ours maintained aerobic capacity at 2 years
of follow-up.'® It might be that such intense programs
provide an educational setting and also a “kick-start” for
changing the activity patterns for these patients, beyond
what is obtained through outpatient rehabilitation.

In a prospective study of men and women with
coronary heart disease, Keteyian et al®> found an
approximate 15% reduced risk of death with every 1
mL-kg ' -min"! increase in VOzpear; hence, the differ-
ence seen in our study between AIT and MCT at 6m could
be important regarding mortality.

Echocardiography

After 4 weeks of exercise, we found no major changes
within or between groups for the systolic function of the
left ventricle. Because of the wide range of diastolic (dys)
function in the study population, we consider ¢’ a more
robust marker of the left ventricular diastolic function
than E, which has a nonlinear relation to diastolic
dysfunction because of its load dependency. Hence, the
change in E must be interpreted with caution. The fact
that none of the other variables characterizing diastolic
function changed after exercise supports the conclusion
that diastolic function was also unaffected by exercise.
There are 2 possible explanations for these results. First,
the training period might have been too short for
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Table IV. Reported exercise training between discharge from the of rehabilitation center (4w) and 6m

Incomplete No exercise <3 times per week, >3 times per week, >3 times per week, moderate
Group registration training moderate intensity moderate intensity and high intensity
AlT (n = 23) 0 3 3 5 12
MCT (n = 25) 1 2 5 16 1

detectable adaptations to occur,®? and the increase in
VOzpea Was thus due to peripheral adaptations. Second,
the patients were examined at rest, whereas changes
could have been present during activity. There are few
similar studies in CABG patients, but previous results in
patients with coronary heart disease are in agreement
with ours regarding systolic function.”’ Regarding
diastolic function, previous studies have found some
signs of improvement in both mitral filling and tissue
Doppler-derived variables.?"** In patients with overt
heart failure, however, AIT improves both systolic and
diastolic functions significantly.{‘

Blood markers

Serum adiponectin has been reported to increase after
moderate-to-high intensity exercise training in subjects
with the metabolic syndrome,’ type 2 diabetes melli-
tus,25‘2/‘ and obesity,25 although the data are not
consistent.”® To our knowledge, this study is the first to
investigate adiponectin in patients with coronary artery
disease undergoing an exercise program. The insignifi-
cant changes in adiponectin at 4w may be due to the
short training period. Also, it can be caused by the need
for a supercompensation period after a training program
to reveal the real adaptation. In line with these
assumptions, we observed that both groups had in-
creased levels of adiponectin at 6m. Two uncontrolled
trials on similar short training periods have found
different results.?>?* Blither et al*> found significant
increases in subjects with both normal and impaired
glucose tolerance, as well as in subjects with type 2
diabetes mellitus after 4 weeks of exercise training. In
contrast, Oberbach et al** found only significant increase
in subjects with impaired glucose tolerance or type 2
diabetes mellitus and not in subjects with normal glucose
tolerance.?* Eriksson et al”’ however found a large
increase in adiponectin in healthy men after a 14-day
long skiing expedition.

Ferritin decreased significantly in both groups at 4w.
In advance, we had no specific hypothesis about
changes in ferritin throughout the study, but some
studies have linked increased ferritin levels to increased
incidence of coronary artery disease (for a review, see,
eg, reference 28).

Qudlity of life
Besides improved physical capacity, the ultimate goal is
to improve quality of life for these patients. Quality of life

increased significantly in both groups at 4w and remained
improved at 6m. Dixon et al*’ maintain that a change of
0.5 in MacNew score is clinically important and
equivalent to the improvement seen after revasculariza-
tion. We saw changes larger than this in all 3 domains
from baseline to 4w and therefore argue that both groups
had significantly better quality of life after the rehabilita-
tion period. Even more important, this improvement was
maintained at the follow-up test.

Conclusions

VOzpea and HR recovery increased significantly after a
brief but intense exercise program of both moderate
continuous exercise training (MCT) and AIT in coronary
artery bypass patients. Aerobic interval training was
superior to MCT in increasing VOpeac and HR recovery 6
months after ending the formal program. Quality of life
increased significantly after 4 weeks of rehabilitation and
remained improved for 6 months in both training groups.

Acknowledgements

We are sincerely indebted to the great work of Dr Ole
Christen Haanaes who died during the study period. Great
thanks to the patients and staff at Rgros Rehabilitation
Center for excellent cooperation and to Tomas Stglen for
collection of data.

References

1. Taylor RS, Brown A, Ebrahim S, et al. Exercise-based rehabilitation
for patients with coronary heart disease: systematic review and meta-
analysis of randomized controlled trials. Am J Med 2004;116:
682-92.

2. Myers J, Prakash M, Froelicher V, et al. Exercise capacity and
mortality among men referred for exercise testing. N Engl J Med
2002;346:793-801.

3. Keteyian SJ, Brawner CA, Savage PD, et al. Peak aerobic capacity
predicts prognosis in patients with coronary heart disease. Am Heart J
2008;156:292-300.

4. Rognmo O, Hetland E, Helgerud J, et al. High intensity aerobic
interval exercise is superior to moderate infensity exercise for
increasing aerobic capacity in patients with coronary artery disease.
Eur J Cardiovasc Prev Rehabil 2004;11:216-22.

5. Tjonna AE, Lee SJ, Rognmo O, et al. Aerobic interval training versus
continuous moderate exercise as a treatment for the metabolic
syndrome: a pilot study. Circulation 2008;118:346-54.

6. Wisloff U, Stoylen A, Loennechen JP, et al. Superior cardiovascular
effect of aerobic interval training versus moderate continuous training



American Heart Journal
Volume 158, Number 6

in heart failure patients: a randomized study. Circulation 2007;115:
3086-94.

. Swain DP, Franklin BA. Comparison of cardioprotective benefits of

vigorous versus moderate intensity aerobic exercise. Am J Cardiol
2006,97:141-7.

. Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports

Exerc 1982;14:377-81.

. Froelicher VF, Myers J. Exercise and the heart. 5th ed. Philadelphia:

Saunders Elsevier; 2006.

. Hofer S, Doering S, Rumpold G, et al. Determinants of health-related

qudlity of life in patients with coronary artery disease. Eur J
Cardiovasc Prev Rehabil 2006;13:398-406.

. Machin D. Sample size tables for clinical studies. Oxford: Blackwell

Science; 1997.

. Pinheiro JC, Bates DM. Mixed-effects models in S and S-PLUS. New

York: Springer; 2000.

. R Development Core Team. R: A language and environment for

statistical computing. Available at: http://www.R-project.org2009
Last accessed March 29, 2009.

. Slordahl SA, Wang E, Hoff J, et al. Effective training for patients with

intermittent claudication. Scand Cardiovasc J 2005;39:244-9.

. Vivekananthan DP, Blackstone EH, Pothier CE, et al. Heart rate

recovery after exercise is a predictor of mortality, independent of the
angiographic severity of coronary disease. J Am Coll Cardiol 2003;
42:831-8.

. Tsai SW, Lin YW, Wu SK. The effect of cardiac rehabilitation on

recovery of heart rate over one minute after exercise in patients with
coronary artery bypass graft surgery. Clin Rehabil 2005;19:843-9.

. Legramante JM, lellamo F, Massaro M, et al. Effects of residential

exercise training on heart rate recovery in coronary artery patients.
Am J Physiol Heart Circ Physiol 2007;292:H510-5.

. Stahle A, Mattsson E, Ryden L, et al. Improved physical fitness and

qudlity of life following training of elderly patients after acute
coronary events. A 1 year follow-up randomized controlled study. Eur
Heart J 1999;20:1475-84.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Moholdt et al 1037

. Boesch C, Myers J, Habersaat A, et al. Maintenance of exercise

capacity and physical activity patterns 2 years after cardiac
rehabilitation. J Cardiopulm Rehabil 2005;25:14-21 [quiz 22-13].
Bax JJ, Visser FC, Poldermans D, et al. Time course of functional
recovery of stunned and hibernating segments after surgical
revascularization. Circulation 2001;104:1314-8.

Yu CM, Li LS, Lam MF, et al. Effect of a cardiac rehabilitation program
on left ventricular diastolic function and its relationship to exercise
capacity in patients with coronary heart disease: experience from a
randomized, controlled study. Am Heart J 2004;147:¢24.
Amundsen BH, Rognmo O, Hatlen-Rebhan G, et al. High-intensity
aerobic exercise improves diastolic function in coronary artery
disease. Scand Cardiovasc J 2008;42:110-7.

Blsher M, Bullen Jr JW, Lee JH, et al. Circulating adiponectin and
expression of adiponectin receptors in human skeletal muscle:
associations with metabolic parameters and insulin resistance and
regulation by physical training. J Clin Endocrinol Metab 2006,;91:
2310-6.

Oberbach A, Tonjes A, Kloting N, et al. Effect of a 4 week physical
training program on plasma concentrations of inflammatory markers
in patients with abnormal glucose tolerance. Eur J Endocrinol 2006;
154:577-85.

Kondo T, Kobayashi |, Murakami M. Effect of exercise on circulating
adipokine levels in obese young women. Endocr J 2006,;53:189-95.
Trapp EG, Chisholm DJ, Freund J, et al. The effects of high-intensity
intermittent exercise training on fat loss and fasting insulin levels of
young women. Int J Obes (Lond) 2008;32:684-91.

Eriksson M, Johnson O, Boman K, et al. Improved fibrinolytic activity
during exercise may be an effect of the adipocyte-derived hormones
leptin and adiponectin. Thromb Res 2008;122:701-8.

You SA, Wang Q. Ferritin in atherosclerosis. Clin Chim Acta 2005;
357:1-16.

Dixon T, Lim LL, Oldridge NB. The MacNew heart disease health-
related quality of life instrument: reference data for users. Qual Life
Res 2002;11:173-83.






Paper 111



Is not included due to copyright









Dissertations at the Faculty of Medicine, NTNU

1977

1981

1983

10.
1984
11.

12.
13.

14.
15.
16.

17.
1985

19.
20.

21.
22.

23.
1986
24.

25.

26.
1987
27.
28.
29.
1988

Knut Joachim Berg: EFFECT OF ACETYLSALICYLIC ACID ON RENAL FUNCTION
Karl Erik Viken and Arne @degaard: STUDIES ON HUMAN MONOCYTES CULTURED /N
VITRO

Karel Bjorn Cyvin: CONGENITAL DISLOCATION OF THE HIP JOINT.
Alf O. Brubakk: METHODS FOR STUDYING FLOW DYNAMICS IN THE LEFT
VENTRICLE AND THE AORTA IN MAN.

Geirmund Unsgaard: CYTOSTATIC AND IMMUNOREGULATORY ABILITIES OF
HUMAN BLOOD MONOCYTES CULTURED IN VITRO

Storker Jorstad: URAEMIC TOXINS

Arne Olav Jenssen: SOME RHEOLOGICAL, CHEMICAL AND STRUCTURAL
PROPERTIES OF MUCOID SPUTUM FROM PATIENTS WITH CHRONIC
OBSTRUCTIVE BRONCHITIS

Jens Hammerstrom: CYTOSTATIC AND CYTOLYTIC ACTIVITY OF HUMAN
MONOCYTES AND EFFUSION MACROPHAGES AGAINST TUMOR CELLS IN VITRO

Tore Syversen: EFFECTS OF METHYLMERCURY ON RAT BRAIN PROTEIN.
Torbjern Iversen: SQUAMOUS CELL CARCINOMA OF THE VULVA.

Tor-Erik Widerge: ASPECTS OF CONTINUOUS AMBULATORY PERITONEAL
DIALYSIS.

Anton Hole: ALTERATIONS OF MONOCYTE AND LYMPHOCYTE FUNCTIONS IN
REALTION TO SURGERY UNDER EPIDURAL OR GENERAL ANAESTHESIA.
Terje Terjesen: FRACTURE HEALING AND STRESS-PROTECTION AFTER METAL
PLATE FIXATION AND EXTERNAL FIXATION.

Carsten Saunte: CLUSTER HEADACHE SYNDROME.

Inggard Lereim: TRAFFIC ACCIDENTS AND THEIR CONSEQUENCES.

Bjorn Magne Eggen: STUDIES IN CYTOTOXICITY IN HUMAN ADHERENT
MONONUCLEAR BLOOD CELLS.

Trond Haug: FACTORS REGULATING BEHAVIORAL EFFECTS OG DRUGS.

. Sven Erik Gisvold: RESUSCITATION AFTER COMPLETE GLOBAL BRAIN ISCHEMIA.

Terje Espevik: THE CYTOSKELETON OF HUMAN MONOCYTES.

Lars Bevanger: STUDIES OF THE Ibc (¢) PROTEIN ANTIGENS OF GROUP B
STREPTOCOCCI.

Ole-Jan Iversen: RETROVIRUS-LIKE PARTICLES IN THE PATHOGENESIS OF
PSORIASIS.

Lasse Eriksen: EVALUATION AND TREATMENT OF ALCOHOL DEPENDENT
BEHAVIOUR.

Per I. Lundmo: ANDROGEN METABOLISM IN THE PROSTATE.

Dagfinn Berntzen: ANALYSIS AND MANAGEMENT OF EXPERIMENTAL AND
CLINICAL PAIN.

0Odd Arnold Kildahl-Andersen: PRODUCTION AND CHARACTERIZATION OF
MONOCYTE-DERIVED CYTOTOXIN AND ITS ROLE IN MONOCYTE-MEDIATED
CYTOTOXICITY.

Ola Dale: VOLATILE ANAESTHETICS.

Per Martin Kleveland: STUDIES ON GASTRIN.
Audun N. @ksendal: THE CALCIUM PARADOX AND THE HEART.
Vilhjalmur R. Finsen: HIP FRACTURES



30.

31.
32.

33.
34.
35.
36.
37.

38.

39.
40.

41.
42.
1989

44,
45,

47.
48.

49.
50.

51.
1990
52.
53.
54.

55.
56.

57.

58.
59.

60.

61.
62.

63.

1991

Rigmor Austgulen: TUMOR NECROSIS FACTOR: A MONOCYTE-DERIVED
REGULATOR OF CELLULAR GROWTH.

Tom-Harald Edna: HEAD INJURIES ADMITTED TO HOSPITAL.

Joseph D. Borsi: NEW ASPECTS OF THE CLINICAL PHARMACOKINETICS OF
METHOTREXATE.

Olav F. M. Sellevold: GLUCOCORTICOIDS IN MYOCARDIAL PROTECTION.

Terje Skjerpe: NONINVASIVE QUANTITATION OF GLOBAL PARAMETERS ON LEFT
VENTRICULAR FUNCTION: THE SYSTOLIC PULMONARY ARTERY PRESSURE AND
CARDIAC OUTPUT.

Eyvind Redahl: STUDIES OF IMMUNE COMPLEXES AND RETROVIRUS-LIKE
ANTIGENS IN PATIENTS WITH ANKYLOSING SPONDYLITIS.

Ketil Thorstensen: STUDIES ON THE MECHANISMS OF CELLULAR UPTAKE OF IRON
FROM TRANSFERRIN.

Anna Midelfart: STUDIES OF THE MECHANISMS OF ION AND FLUID TRANSPORT IN
THE BOVINE CORNEA.

Eirik Helseth: GROWTH AND PLASMINOGEN ACTIVATOR ACTIVITY OF HUMAN
GLIOMAS AND BRAIN METASTASES - WITH SPECIAL REFERENCE TO
TRANSFORMING GROWTH FACTOR BETA AND THE EPIDERMAL GROWTH
FACTOR RECEPTOR.

Petter C. Borchgrevink: MAGNESIUM AND THE ISCHEMIC HEART.

Kjell-Arne Rein: THE EFFECT OF EXTRACORPOREAL CIRCULATION ON
SUBCUTANEOUS TRANSCAPILLARY FLUID BALANCE.

Arne Kristian Sandvik: RAT GASTRIC HISTAMINE.

Carl Bredo Dahl: ANIMAL MODELS IN PSYCHIATRY.

. Torbjern A. Fredriksen: CERVICOGENIC HEADACHE.

Rolf A. Walstad: CEFTAZIDIME.
Rolf Salvesen: THE PUPIL IN CLUSTER HEADACHE.

. Nils Petter Jorgensen: DRUG EXPOSURE IN EARLY PREGNANCY.

Johan C. Reder: PREMEDICATION AND GENERAL ANAESTHESIA IN OUTPATIENT
GYNECOLOGICAL SURGERY.

M. R. Shalaby: IMMUNOREGULATORY PROPERTIES OF TNF-o. AND THE RELATED
CYTOKINES.

Anders Waage: THE COMPLEX PATTERN OF CYTOKINES IN SEPTIC SHOCK.

Bjarne Christian Eriksen: ELECTROSTIMULATION OF THE PELVIC FLOOR IN FEMALE
URINARY INCONTINENCE.

Tore B. Halvorsen: PROGNOSTIC FACTORS IN COLORECTAL CANCER.

Asbjern Nordby: CELLULAR TOXICITY OF ROENTGEN CONTRAST MEDIA.

Kare E. Tvedt: X-RAY MICROANALYSIS OF BIOLOGICAL MATERIAL.

Tore C. Stiles: COGNITIVE VULNERABILITY FACTORS IN THE DEVELOPMENT AND
MAINTENANCE OF DEPRESSION.

Eva Hofsli: TUMOR NECROSIS FACTOR AND MULTIDRUG RESISTANCE.

Helge S. Haarstad: TROPHIC EFFECTS OF CHOLECYSTOKININ AND SECRETIN ON
THE RAT PANCREAS.

Lars Engebretsen: TREATMENT OF ACUTE ANTERIOR CRUCIATE LIGAMENT
INJURIES.

Tarjei Rygnestad: DELIBERATE SELF-POISONING IN TRONDHEIM.

Arne Z. Henriksen: STUDIES ON CONSERVED ANTIGENIC DOMAINS ON MAJOR
OUTER MEMBRANE PROTEINS FROM ENTEROBACTERIA.

Steinar Westin: UNEMPLOYMENT AND HEALTH: Medical and social consequences of a
factory closure in a ten-year controlled follow-up study.

Ylva Sahlin: INJURY REGISTRATION, a tool for accident preventive work.

Helge Bjoernstad Pettersen: BIOSYNTHESIS OF COMPLEMENT BY HUMAN ALVEOLAR
MACROPHAGES WITH SPECIAL REFERENCE TO SARCOIDOSIS.

Berit Schei: TRAPPED IN PAINFUL LOVE.

. Lars J. Vatten: PROSPECTIVE STUDIES OF THE RISK OF BREAST CANCER IN A

COHORT OF NORWEGIAN WOMAN.



65.
66.
67.
68.
69.
70.
71.
72.
73.

1992
74.

75.
76.

71.
78.
79.
80.

81.

90.
91.

1994
92.

93.
94.
95.

96.
97.

98.
99.

Kare Bergh: APPLICATIONS OF ANTI-C5a SPECIFIC MONOCLONAL ANTIBODIES FOR
THE ASSESSMENT OF COMPLEMENT ACTIVATION.

Svein Svenningsen: THE CLINICAL SIGNIFICANCE OF INCREASED FEMORAL
ANTEVERSION.

Olbjern Klepp: NONSEMINOMATOUS GERM CELL TESTIS CANCER: THERAPEUTIC
OUTCOME AND PROGNOSTIC FACTORS.

Trond Sand: THE EFFECTS OF CLICK POLARITY ON BRAINSTEM AUDITORY
EVOKED POTENTIALS AMPLITUDE, DISPERSION, AND LATENCY VARIABLES.
Kjetil B. Asbakk: STUDIES OF A PROTEIN FROM PSORIATIC SCALE, PSO P27, WITH
RESPECT TO ITS POTENTIAL ROLE IN IMMUNE REACTIONS IN PSORIASIS.

Arnulf Hestnes: STUDIES ON DOWN'S SYNDROME.

Randi Nygaard: LONG-TERM SURVIVAL IN CHILDHOOD LEUKEMIA.

Bjorn Hagen: THIO-TEPA.

Svein Anda: EVALUATION OF THE HIP JOINT BY COMPUTED TOMOGRAMPHY AND
ULTRASONOGRAPHY.

Martin Svartberg: AN INVESTIGATION OF PROCESS AND OUTCOME OF SHORT-TERM
PSYCHODYNAMIC PSYCHOTHERAPY.

Stig Arild Slerdahl: AORTIC REGURGITATION.

Harold C Sexton: STUDIES RELATING TO THE TREATMENT OF SYMPTOMATIC NON-
PSYCHOTIC PATIENTS.

Maurice B. Vincent: VASOACTIVE PEPTIDES IN THE OCULAR/FOREHEAD AREA.
Terje Johannessen: CONTROLLED TRIALS IN SINGLE SUBJECTS.

Turid Nilsen: PYROPHOSPHATE IN HEPATOCYTE IRON METABOLISM.

Olav Haraldseth: NMR SPECTROSCOPY OF CEREBRAL ISCHEMIA AND REPERFUSION
IN RAT.

Eiliv Brenna: REGULATION OF FUNCTION AND GROWTH OF THE OXYNTIC
MUCOSA.

Gunnar Bovim: CERVICOGENIC HEADACHE.

. Jarl Arne Kahn: ASSISTED PROCREATION.

. Bjorn Naume: IMMUNOREGULATORY EFFECTS OF CYTOKINES ON NK CELLS.
. Rune Wiseth: AORTIC VALVE REPLACEMENT.

. Jie Ming Shen: BLOOD FLOW VELOCITY AND RESPIRATORY STUDIES.

. Piotr Kruszewski: SUNCT SYNDROME WITH SPECIAL REFERENCE TO THE

AUTONOMIC NERVOUS SYSTEM.

. Mette Haase Moen: ENDOMETRIOSIS.

Anne Vik: VASCULAR GAS EMBOLISM DURING AIR INFUSION AND AFTER
DECOMPRESSION IN PIGS.

Lars Jacob Stovner: THE CHIARI TYPE I MALFORMATION.

Kjell A. Salvesen: ROUTINE ULTRASONOGRAPHY IN UTERO AND DEVELOPMENT IN
CHILDHOOD.

Nina-Beate Liabakk: DEVELOPMENT OF IMMUNOASSAYSS FOR TNF AND ITS
SOLUBLE RECEPTORS.

Sverre Helge Torp: erbB ONCOGENES IN HUMAN GLIOMAS AND MENINGIOMAS.
Olav M. Linaker: MENTAL RETARDATION AND PSYCHIATRY. Past and present.

Per Oscar Feet: INCREASED ANTIDEPRESSANT AND ANTIPANIC EFFECT IN
COMBINED TREATMENT WITH DIXYRAZINE AND TRICYCLIC ANTIDEPRESSANTS.
Stein Olav Samstad: CROSS SECTIONAL FLOW VELOCITY PROFILES FROM TWO-
DIMENSIONAL DOPPLER ULTRASOUND: Studies on early mitral blood flow.

Bjorn Backe: STUDIES IN ANTENATAL CARE.

Gerd Inger Ringdal: QUALITY OF LIFE IN CANCER PATIENTS.

Torvid Kiserud: THE DUCTUS VENOSUS IN THE HUMAN FETUS.

100.Hans E. Fjesne: HORMONAL REGULATION OF PROSTATIC METABOLISM.

101.Eylert Brodtkorb: CLINICAL ASPECTS OF EPILEPSY IN THE MENTALLY RETARDED.
102.Roar Juul: PEPTIDERGIC MECHANISMS IN HUMAN SUBARACHNOID HEMORRHAGE.
103.Unni Syversen: CHROMOGRANIN A. Phsysiological and Clinical Role.

1995



104.0dd Gunnar Brakstad: THERMOSTABLE NUCLEASE AND THE rnuc GENE IN THE
DIAGNOSIS OF Staphylococcus aureus INFECTIONS.
105.Terje Engan: NUCLEAR MAGNETIC RESONANCE (NMR) SPECTROSCOPY OF PLASMA
IN MALIGNANT DISEASE.
106.Kirsten Rasmussen: VIOLENCE IN THE MENTALLY DISORDERED.
107.Finn Egil Skjeldestad: INDUCED ABORTION: Timetrends and Determinants.
108.Roar Stenseth: THORACIC EPIDURAL ANALGESIA IN AORTOCORONARY BYPASS
SURGERY.
109.Arild Faxvaag: STUDIES OF IMMUNE CELL FUNCTION in mice infected with MURINE
RETROVIRUS.
1996
110.Svend Aakhus: NONINVASIVE COMPUTERIZED ASSESSMENT OF LEFT
VENTRICULAR FUNCTION AND SYSTEMIC ARTERIAL PROPERTIES. Methodology and
some clinical applications.
111.Klaus-Dieter Bolz: INTRAVASCULAR ULTRASONOGRAPHY.
112.Petter Aadahl: CARDIOVASCULAR EFFECTS OF THORACIC AORTIC CROSS-
CLAMPING.
113.Sigurd Steinshamn: CYTOKINE MEDIATORS DURING GRANULOCYTOPENIC
INFECTIONS.
114.Hans Stifoss-Hanssen: SEEKING MEANING OR HAPPINESS?
115.Anne Kvikstad: LIFE CHANGE EVENTS AND MARITAL STATUS IN RELATION TO
RISK AND PROGNOSIS OF CANCER.
116.Torbjern Grentvedt: TREATMENT OF ACUTE AND CHRONIC ANTERIOR CRUCIATE
LIGAMENT INJURIES. A clinical and biomechanical study.
117.Sigrid Herven Wigers: CLINICAL STUDIES OF FIBROMYALGIA WITH FOCUS ON
ETIOLOGY, TREATMENT AND OUTCOME.
118.Jan Schjett: MYOCARDIAL PROTECTION: Functional and Metabolic Characteristics of Two
Endogenous Protective Principles.
119.Marit Martinussen: STUDIES OF INTESTINAL BLOOD FLOW AND ITS RELATION TO
TRANSITIONAL CIRCULATORY ADAPATION IN NEWBORN INFANTS.
120.Tomm B. Miiller: MAGNETIC RESONANCE IMAGING IN FOCAL CEREBRAL
ISCHEMIA.
121.Rune Haaverstad: OEDEMA FORMATION OF THE LOWER EXTREMITIES.
122.Magne Beorset: THE ROLE OF CYTOKINES IN MULTIPLE MYELOMA, WITH SPECIAL
REFERENCE TO HEPATOCYTE GROWTH FACTOR.
123.Geir Smedslund: A THEORETICAL AND EMPIRICAL INVESTIGATION OF SMOKING,
STRESS AND DISEASE: RESULTS FROM A POPULATION SURVEY.
1997
124.Torstein Vik: GROWTH, MORBIDITY, AND PSYCHOMOTOR DEVELOPMENT IN
INFANTS WHO WERE GROWTH RETARDED IN UTERO.
125.Siri Forsmo: ASPECTS AND CONSEQUENCES OF OPPORTUNISTIC SCREENING FOR
CERVICAL CANCER. Results based on data from three Norwegian counties.
126.Jon S. Skranes: CEREBRAL MRI AND NEURODEVELOPMENTAL OUTCOME IN VERY
LOW BIRTH WEIGHT (VLBW) CHILDREN. A follow-up study of a geographically based
year cohort of VLBW children at ages one and six years.
127.Knut Bjernstad: COMPUTERIZED ECHOCARDIOGRAPHY FOR EVALUTION OF
CORONARY ARTERY DISEASE.
128.Grethe Elisabeth Borchgrevink: DIAGNOSIS AND TREATMENT OF WHIPLASH/NECK
SPRAIN INJURIES CAUSED BY CAR ACCIDENTS.
129.Tor Elsas: NEUROPEPTIDES AND NITRIC OXIDE SYNTHASE IN OCULAR
AUTONOMIC AND SENSORY NERVES.
130.Rolf W. Grawe: EPIDEMIOLOGICAL AND NEUROPSYCHOLOGICAL PERSPECTIVES
ON SCHIZOPHRENIA.
131.Tonje Stremholm: CEREBRAL HAEMODYNAMICS DURING THORACIC AORTIC
CROSSCLAMPING. An experimental study in pigs.
1998
132.Martinus Braten: STUDIES ON SOME PROBLEMS REALTED TO INTRAMEDULLARY
NAILING OF FEMORAL FRACTURES.
133.Stéle Nordgard: PROLIFERATIVE ACTIVITY AND DNA CONTENT AS PROGNOSTIC
INDICATORS IN ADENOID CYSTIC CARCINOMA OF THE HEAD AND NECK.



134.Egil Lien: SOLUBLE RECEPTORS FOR TNF AND LPS: RELEASE PATTERN AND
POSSIBLE SIGNIFICANCE IN DISEASE.

135.Marit Bjergaas: HYPOGLYCAEMIA IN CHILDREN WITH DIABETES MELLITUS

136.Frank Skorpen: GENETIC AND FUNCTIONAL ANALYSES OF DNA REPAIR IN HUMAN
CELLS.

137.Juan A. Pareja: SUNCT SYNDROME. ON THE CLINICAL PICTURE. ITS DISTINCTION
FROM OTHER, SIMILAR HEADACHES.

138.Anders Angelsen: NEUROENDOCRINE CELLS IN HUMAN PROSTATIC CARCINOMAS
AND THE PROSTATIC COMPLEX OF RAT, GUINEA PIG, CAT AND DOG.

139.Fabio Antonaci: CHRONIC PAROXYSMAL HEMICRANIA AND HEMICRANIA
CONTINUA: TWO DIFFERENT ENTITIES?

140.Sven M. Carlsen: ENDOCRINE AND METABOLIC EFFECTS OF METFORMIN WITH
SPECIAL EMPHASIS ON CARDIOVASCULAR RISK FACTORES.

1999

141.Terje A. Murberg: DEPRESSIVE SYMPTOMS AND COPING AMONG PATIENTS WITH
CONGESTIVE HEART FAILURE.

142.Harm-Gerd Karl Blaas: THE EMBRYONIC EXAMINATION. Ultrasound studies on the
development of the human embryo.

143.Noemi Becser Andersen: THE CEPHALIC SENSORY NERVES IN UNILATERAL
HEADACHES. Anatomical background and neurophysiological evaluation.

144 Eli-Janne Fiskerstrand: LASER TREATMENT OF PORT WINE STAINS. A study of the
efficacy and limitations of the pulsed dye laser. Clinical and morfological analyses aimed at
improving the therapeutic outcome.

145.Bard Kulseng: A STUDY OF ALGINATE CAPSULE PROPERTIES AND CYTOKINES IN
RELATION TO INSULIN DEPENDENT DIABETES MELLITUS.

146.Terje Haug: STRUCTURE AND REGULATION OF THE HUMAN UNG GENE ENCODING
URACIL-DNA GLYCOSYLASE.

147.Heidi Brurok: MANGANESE AND THE HEART. A Magic Metal with Diagnostic and
Therapeutic Possibilites.

148.Agnes Kathrine Lie: DIAGNOSIS AND PREVALENCE OF HUMAN PAPILLOMAVIRUS
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.

151.1rene 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.

156.Bent Indredavik: STROKE UNIT TREATMENT: SHORT AND LONG-TERM EFFECTS

157.Jolanta Vanagaite Vingen: PHOTOPHOBIA AND PHONOPHOBIA IN PRIMARY
HEADACHES

2000

158.0la Dalsegg Sather: PATHOPHYSIOLOGY DURING PROXIMAL AORTIC CROSS-
CLAMPING CLINICAL AND EXPERIMENTAL STUDIES

159.xxxxxxxxx (blind number)

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

172.Hanne Ellekjer: EPIDEMIOLOGICAL STUDIES OF STROKE IN A NORWEGIAN
POPULATION. INCIDENCE, RISK FACTORS AND PROGNOSIS

173.Hilde Grimstad: VIOLENCE AGAINST WOMEN AND PREGNANCY OUTCOME.

174.Astrid Hjelde: SURFACE TENSION AND COMPLEMENT ACTIVATION: Factors
influencing bubble formation and bubble effects after decompression.

175.Kjell A. Kvistad: MR IN BREAST CANCER — A CLINICAL STUDY.

176.1Ivar Rossvoll: ELECTIVE ORTHOPAEDIC SURGERY IN A DEFINED POPULATION.
Studies on demand, waiting time for treatment and incapacity for work.

177.Carina Seidel: PROGNOSTIC VALUE AND BIOLOGICAL EFFECTS OF HEPATOCYTE
GROWTH FACTOR AND SYNDECAN-1 IN MULTIPLE MYELOMA.

2001

178.Alexander Wahba: THE INFLUENCE OF CARDIOPULMONARY BYPASS ON PLATELET
FUNCTION AND BLOOD COAGULATION — DETERMINANTS AND CLINICAL
CONSEQUENSES

179.Marcus Schmitt-Egenolf: THE RELEVANCE OF THE MAJOR hISTOCOMPATIBILITY
COMPLEX FOR THE GENETICS OF PSORIASIS

180.0drun Arna Gederaas: BIOLOGICAL MECHANISMS INVOLVED IN 5-AMINOLEVULINIC
ACID BASED PHOTODYNAMIC THERAPY

181.Pal Richard Romundstad: CANCER INCIDENCE AMONG NORWEGIAN ALUMINIUM
WORKERS

182.Henrik Hjorth-Hansen: NOVEL CYTOKINES IN GROWTH CONTROL AND BONE
DISEASE OF MULTIPLE MYELOMA

183.Gunnar Morken: SEASONAL VARIATION OF HUMAN MOOD AND BEHAVIOUR

184.Bjorn Olav Haugen: MEASUREMENT OF CARDIAC OUTPUT AND STUDIES OF
VELOCITY PROFILES IN AORTIC AND MITRAL FLOW USING TWO- AND THREE-
DIMENSIONAL COLOUR FLOW IMAGING

185.Geir Brathen: THE CLASSIFICATION AND CLINICAL DIAGNOSIS OF ALCOHOL-
RELATED SEIZURES

186.Knut Ivar Aasared: RENAL INVOLVEMENT IN INFLAMMATORY RHEUMATIC
DISEASE. A Study of Renal Disease in Wegener’s Granulomatosis and in Primary Sjogren’s
Syndrome

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:
STRUCTRUAL BASIS FOR SUBSTRATE SPECIFICITY AND REPAIR

189.Liv Thommesen: MOLECULAR MECHANISMS INVOLVED IN TNF- AND GASTRIN-
MEDIATED GENE REGULATION

190.Turid Lingaas Holmen: SMOKING AND HEALTH IN ADOLESCENCE; THE NORD-
TRONDELAG HEALTH STUDY, 1995-97

191.Qyvind Hjertner: MULTIPLE MYELOMA: INTERACTIONS BETWEEN MALIGNANT
PLASMA CELLS AND THE BONE MICROENVIRONMENT

192.Asbjern Steylen: STRAIN RATE IMAGING OF THE LEFT VENTRICLE BY
ULTRASOUND. FEASIBILITY, CLINICAL VALIDATION AND PHYSIOLOGICAL
ASPECTS



193.Kristian Midthjell: DIABETES IN ADULTS IN NORD-TRONDELAG. PUBLIC HEALTH
ASPECTS OF DIABETES MELLITUS IN A LARGE, NON-SELECTED NORWEGIAN
POPULATION.

194.Guanglin Cui: FUNCTIONAL ASPECTS OF THE ECL CELL IN RODENTS

195.Ulrik Wisleff: CARDIAC EFFECTS OF AEROBIC ENDURANCE TRAINING:
HYPERTROPHY, CONTRACTILITY AND CALCUIM HANDLING IN NORMAL AND
FAILING HEART

196.Qyvind Halaas: MECHANISMS OF IMMUNOMODULATION AND CELL-MEDIATED
CYTOTOXICITY INDUCED BY BACTERIAL PRODUCTS

197.Tore Amundsen: PERFUSION MR IMAGING IN THE DIAGNOSIS OF PULMONARY
EMBOLISM

198.Nanna Kurtze: THE SIGNIFICANCE OF ANXIETY AND DEPRESSION IN FATIQUE AND
PATTERNS OF PAIN AMONG INDIVIDUALS DIAGNOSED WITH FIBROMYALGIA:
RELATIONS WITH QUALITY OF LIFE, FUNCTIONAL DISABILITY, LIFESTYLE,
EMPLOYMENT STATUS, CO-MORBIDITY AND GENDER

199.Tom Ivar Lund Nilsen: PROSPECTIVE STUDIES OF CANCER RISK IN NORD-
TRONDELAG: THE HUNT STUDY. Associations with anthropometric, socioeconomic, and
lifestyle risk factors

200.Asta Kristine Haberg: A NEW APPROACH TO THE STUDY OF MIDDLE CEREBRAL
ARTERY OCCLUSION IN THE RAT USING MAGNETIC RESONANCE TECHNIQUES

2002

201.Knut Jorgen Arntzen: PREGNANCY AND CYTOKINES

202.Henrik Dgllner: INFLAMMATORY MEDIATORS IN PERINATAL INFECTIONS

203.Asta Bye: LOW FAT, LOW LACTOSE DIET USED AS PROPHYLACTIC TREATMENT OF
ACUTE INTESTINAL REACTIONS DURING PELVIC RADIOTHERAPY. A
PROSPECTIVE RANDOMISED STUDY.

204.Sylvester Moyo: STUDIES ON STREPTOCOCCUS AGALACTIAE (GROUP B
STREPTOCOCCUS) SURFACE-ANCHORED MARKERS WITH EMPHASIS ON STRAINS
AND HUMAN SERA FROM ZIMBABWE.

205.Knut Hagen: HEAD-HUNT: THE EPIDEMIOLOGY OF HEADACHE IN NORD-
TRONDELAG

206.Li Lixin: ON THE REGULATION AND ROLE OF UNCOUPLING PROTEIN-2 IN INSULIN
PRODUCING B-CELLS

207.Anne Hildur Henriksen: SYMPTOMS OF ALLERGY AND ASTHMA VERSUS MARKERS
OF LOWER AIRWAY INFLAMMATION AMONG ADOLESCENTS

208.Egil Andreas Fors: NON-MALIGNANT PAIN IN RELATION TO PSYCHOLOGICAL AND
ENVIRONTENTAL FACTORS. EXPERIENTAL AND CLINICAL STUDES OF PAIN WITH
FOCUS ON FIBROMYALGIA

209.Pél 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

2003

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 Eloqayli: 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.Ame Wibe: RECTAL CANCER TREATMENT IN NORWAY — STANDARDISATION OF
SURGERY AND QUALITY ASSURANCE

2004

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 Nordhay: 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

2006

269.Torstein Baade Ro: 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 Nersett: 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

292.0¢ttar Bjerkeset: ANXIETY AND DEPRESSION IN THE GENERAL POPULATION: RISK
FACTORS, INTERVENTION AND OUTCOME — THE NORD-TRONDELAG HEALTH
STUDY (HUNT)

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

2007



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
DIPHOSPHATE (MnDPDP) IN HUMAN MYOCARDIUM. STUDIES IN HEALTHY
VOLUNTEERS AND IN PATIENTS WITH RECENT MYOCARDIAL INFARCTION

302.Siri Malm: LEFT VENTRICULAR SYSTOLIC FUNCTION AND MYOCARDIAL
PERFUSION ASSESSED BY CONTRAST ECHOCARDIOGRAPHY

303.Valentina Maria do Rosario Cabral Iversen: MENTAL HEALTH AND PSYCHOLOGICAL
ADAPTATION OF CLINICAL AND NON-CLINICAL MIGRANT GROUPS

304.Lasse Lovstakken: SIGNAL PROCESSING IN DIAGNOSTIC ULTRASOUND:
ALGORITHMS FOR REAL-TIME ESTIMATION AND VISUALIZATION OF BLOOD
FLOW VELOCITY

305.Elisabeth Olstad: GLUTAMATE AND GABA: MAJOR PLAYERS IN NEURONAL
METABOLISM

306.Lilian Leistad: THE ROLE OF CYTOKINES AND PHOSPHOLIPASE Aj,s IN ARTICULAR
CARTILAGE CHONDROCYTES IN RHEUMATOID ARTHRITIS AND OSTEOARTHRITIS

307.Arne Vaaler: EFFECTS OF PSYCHIATRIC INTENSIVE CARE UNIT IN AN ACUTE
PSYCIATHRIC WARD

308.Mathias Toft: GENETIC STUDIES OF LRRK2 AND PINK1 IN PARKINSON’S DISEASE

309.Ingrid Lovold Mostad: IMPACT OF DIETARY FAT QUANTITY AND QUALITY IN TYPE
2 DIABETES WITH EMPHASIS ON MARINE N-3 FATTY ACIDS

310.Torill Eidhammer Sjobakk: MR DETERMINED BRAIN METABOLIC PATTERN IN
PATIENTS WITH BRAIN METASTASES AND ADOLESCENTS WITH LOW BIRTH
WEIGHT

311.Vidar Beisvag: PHYSIOLOGICAL GENOMICS OF HEART FAILURE: FROM
TECHNOLOGY TO PHYSIOLOGY

312.0lav Magnus Sendena Fredheim: HEALTH RELATED QUALITY OF LIFE ASSESSMENT
AND ASPECTS OF THE CLINICAL PHARMACOLOGY OF METHADONE IN PATIENTS
WITH CHRONIC NON-MALIGNANT PAIN

313.Anne Brantberg: FETAL AND PERINATAL IMPLICATIONS OF ANOMALIES IN THE
GASTROINTESTINAL TRACT AND THE ABDOMINAL WALL

314.Erik Solligard: GUT LUMINAL MICRODIALYSIS

315.Elin Tollefsen: RESPIRATORY SYMPTOMS IN A COMPREHENSIVE POPULATION
BASED STUDY AMONG ADOLESCENTS 13-19 YEARS. YOUNG-HUNT 1995-97 AND
2000-01; THE NORD-TRONDELAG HEALTH STUDIES (HUNT)
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