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Norsk Sammendrag

Avhandlinga har studert to metode utfordringer nir man skal gjgre studier pa bruken av
opioider. Hvordan male forbruket av legemiddelet best mulig, og hvordan gjenkjenne
faste brukere av opioider. I tillegg er sosiogkonomien til faste brukere av opioider

studert.

Méten man maler forbruk av legemidler er viktig i legemiddelepidemiologien. Ofte har
man ikke informasjon om dosering for den enkelte pasient og man ma brukes en
gjiennomsnittlig dose i stedet. Verdens Helseorganisasjon har et mye brukt system kalt
definerte dggndoser (DDD). Her er DDD for hvert legemiddel definert som den vanligste
daglige vedlikeholdsdosen hos voksne med den vanligste indikasjonen for legemiddelet.
Nar man skal studere bruken av opioider er bruken av DDD utfordrende. Siden opioider
er smertestillende er det mange ulike tilstander som kan gi et behov for smertestillende.
DDD for hvert opioid er bestemt ut fra hvor sterke smerter legemiddelet er tiltenkt &
behandle, men doser kan variere mye og det er vanlig praksis a starte med de svakeste
opioidene og sd bytte til sterkere ved behov. En pasient kan derfor bruke 1 DDD av et
svakt opioid og sa fa byttet behandlingen til 0.5 DDD av et sterkere opioid som da gir en
bedre smertelindrende effekt. Nar man studerer en populasjon over tid der pasienter
bade bruker svake og sterke opioider og bytter mellom disse vil DDD systemet kunne fa
problemer med a beskrive hva som foregar. I denne avhandlinga har vi regnet ut den
relative styrken til hver opioid sammenlignet med morfin og sett at denne tilnzerminga
gir andre resultater enn bruk av DDD alene. Vi har konkludert med at bruk av denne

equianalgetiske tilneerminga er et verdifullt tillegg til bruk av DDD alene.

I de siste tidrene har kroniske smertetilstander i gkende grad blitt behandlet med
opioider. Denne faste bruken av opioider kan gi pasienter mindre smerter og bedre
livskvalitet, men den kan ogsa fore til et problematisk opioid bruk, avhengighet og
darligere livskvalitet. Langvarig bruk av opioider er lite studert i den norske
befolkningen. I Norge er 80% av opioidresepter pa kodein-paracetamol, bedre kjent som
paralgin- og pinex forte. Dette er ulikt andre land som USA der sterkere opioider brukes
mye mer. Siden bruken av opioider kan variere med smertene og doseringa ikke er kjent

sa er det utfordrende a male fast bruk. Vi har utviklet og testet tre ulike definisjoner pa



fast bruk av opioider, disse bruker mengde opioider i lgpet av et ar fra fgrste resept ble

utlevert, antall resepter utlevert og om disse er fordelt ut over hele arsperioden.

En halv prosent av Norges befolkning bruker opioider tilsvarende minst en gang per dag
over en periode pa 365 dager. Denne gruppa ble nzermere studert og sammenlignet med
opioidbrukere som ikke er faste brukere. Faste brukere hadde lavere utdanning, lavere
inntekt, var oftere uten arbeid og ufgr og oftere skilt/separert enn de ikke-faste

brukerne.
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English Summary

In pharmacoepidemiology, the way one measures drug use is very important. Since few
studies have information about what dose the patient is actually using an average dose
is often used. The world health organisation (WHO) has a system of defined daily dose
(DDD). DDD is defined as the most common daily maintenance dose for the most
common indication in adults and is set by experts. When studying opioids there are
extra challenges when using the DDD system. Doses of opioids might vary a lot and the
DDD for different opioids are determined by the severity of pain the opioid was initially
planned to treat. However the choice of opioid for each patient might change. Patients
might start with an weak opioid and switch to a stronger opioid if the weak opioid does
not provide sufficient effect. The patient might use an average dose of the weak opioid,
or 1 DDD, but might just need 0.5 DDD of the strong opioid for strong pain. Using the
DDD system this patient will have seemingly decreased his dose even if the pain is
treated more effectively after the switch. In population studies following patients over
time, and mixing patients using strong and weak opioids, this was therefore a problem.
In this thesis the relative strength of each opioid or equianalgesic ratio was used and the
influence on results when using this approach compared with the DDD approach was
investigated. It was shown that results might indeed change significantly and that using
an equianalgesic ratio to create oral morphine equivalents as a unit of measurement of

amounts is a valuable addition to DDD in studies of opioid use.

During the last few decades chronic non-malignant pain has increasingly been treated
with opioids. This persistent use of opioids can greatly benefit the patients, but can also
cause problems such as problematic opioid use and addiction. The use of opioid
analgesics persistently has been poorly studied in populations such as the Norwegian
one. In Norway 80% of the volume consumed is codeine-paracetamol, in contrast to the
use in the US where stronger opioids such as oxycodone are used more. However it is
difficult to determine what is persistent opioid use when using prescription data, since
doses might vary greatly between patients and over time. It was therefore necessary to
create definitions of persistent opioid use able to capture the different clinical usage

patterns and patients switching opioids over time.



About 0.5% of the population in Norway uses opioids in doses corresponding to daily
use over a 365 day period. In the thesis this group of patients has been compared with
opioid users who had 3 or fewer prescriptions dispensed during 365 days. The
association between persistent opioid use and education, income, work status, marital
status and immigrant background was analysed. It was found that lower education and
income, not working, ethnic Norwegian background and being divorced were associated

with persistent opioid use 4 years later.

This thesis has dealt with two important methodological challenges in
pharmacoepidemiological studies, namely measuring opioid amounts and defining

persistent opioid use. Finally the socioeconomy of persistent opioid users were studied.
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1. Introduction

1.1 Pain

1.1.1 Development of the understanding of pain

The origin of the English word pain is from the Latin word poena, meaning
punishment. Pain is also described in the Bible as a result from, and punishment
for the original sin committed by Adam and Eve (New International Version,
Genesis 3.16-17). From this it is reasonable to assume that it was believed that
pain in medieval Europe was seen as divine retribution or as sign of being
chosen by God and as such being worthy of the rewards in the hereafter 12, Early
treatments for pain differed between cultures, but included prayers, cupping and
acupuncture 3. In ancient Greece, and in the Roman culture, physicians such as
Hippocrates and Galen used a vide variety of words to describe different types of
pain, both physical and emotional 2 However the belief that diseases were
caused by imbalances in the humoural fluids did not allow any significant
understanding of the physiology of pain 3. Since then the understanding of pain
has developed throughout the medical history. Making a leap from ancient times
to the 1890’s, two competing schools of thought developed. The two directions
were mutually exclusive, and researchers were influenced to explain their
findings in the light of one or the other of these theories 4. Neither theory could
explain all the experimental and clinical findings. In 1965 in an article in Science,
Melzack and Wall, a physiologist and a psychologist, introduced a new theory,
the gateway theory of pain 4.

The gateway theory tried, and to a certain extent managed, to reconcile the
different paradigms. Melzack and Wall proposed that incoming information from
nerve endings was modulated through presynaptic inhibition. This "gateway”
would be opened either when the painful stimuli became intense enough or
through damage to the inhibiting fibres, creating hypersensitivity to painful
stimuli 34. Many specifics of this theory has since been proved wrong, but the
idea of pain modulation by central mechanisms and competing stimuli has lead

to a more complex understanding of pain 3.



In more recent time research into the transmission and transduction of pain has
focused on biochemical and genetic alterations 3°. An important concept in
recent research is the concept of neural plasticity defined by Woolf as "the
capacity of neurons to change their structure, function or chemical profile via
activation, modulation and modification” This then would lead to

hypersensitivity and pain ®.

1.1.2 Definition of different pain terms

Pain is inherently quite subjective, this then leads to difficulties in choosing
common terms when talking about pain 7. In the present thesis the most
important pain terms to define is chronic and acute pain. The International
Association for the study of pain (IASP) defines pain as “an unpleasant sensory
and emotional experience associated with actual or potential tissue damage or
described in terms of such damage” 8. IASP has not defined chronic and acute
pain explicitly but the textbook Bonica’s management of pain has an extensive
discussion on the different ways to define these terms 7. The transition from
acute to chronic pain has normally been defined as pain lasting longer than a
certain time. Both three and six months have been proposed as a cut-off time and
also used as case-definitions in epidemiological studies -4 . Another way of
separating the two terms is that “pain extending beyond the expected period of
tissue healing” can be defined as chronic pain. This definition is more clinically
relevant since it is reasonably independent of time and depends on the
injury/condition each patient has. This definition, however, is difficult to use for
case definition in epidemiology because of the individual time span. Furthermore
different definitions have different criteria regarding whether chronic pain is
constantly present, present most days or pain that is present several days a
week. Finally pain intensity above a certain threshold value is required in order
to meet the criteria for the case definition in different epidemiological studies,
usually pain intensity >3 on an 11-point scale or “moderate” pain on a verbal
rating scale. These definitions of chronic pain are fairly simple, but studies of-
and guidelines for- chronic pain will have to use simplistic definitions even
though the patients are complex. The American guideline on the use of chronic

opioid therapy in chronic non cancer pain (CNMP) uses pain lasting longer than



3 months as their definition 5. Other guidelines on chronic opioid use for
chronic/persistent pain does not explicitly indicate what they define as chronic

pain, leaving this to be resolved by the clinicians reading the guidelines 16-18,

Pain can also be classified by its etiology, it can be benign or adaptive,
malignancy related, postsurgical or degenerative 19. The origin of pain influences
the prognosis and treatment strategies. Another way of classifying pain is by its
mechanism. Physiological pain can be divided into neuropathic and nociceptive

pain, and nociceptive pain can be further divided into somatic and viceral pain

19,

1.1.3 Epidemiology of chronic pain.

A large pan-European phone survey by Breivik et al. of 16 countries found that
19% of the population met the three criteria in the case definition of chronic
pain: 1) pain lasting for more than 6 months, 2) having had pain during the last
month and 3) pain at least twice per week. The country with the lowest
prevalence reported was Spain with a prevalence of 12% whereas the
prevalence of 30% in Norway was the highest in the study 14 . This number may
seem high but also other studies such as one in the US 20, Australia 19, and one
from Canada 2! have reported similar prevalence. A Danish study reported a 20%
prevalence of pain lasting at least 6 months 22, while an English study of self-
reported pain lasting longer than 3 months reported an almost 50% prevalence
11, In a recent study using the Nord-Trgndelag health study (HUNT) 29% had
chronic pain defined as lasting more than 6 months with at least moderate pain

the last month 9.

A different study also collecting data from a survey reported that 24% of
Norwegians had chronic pain lasting longer than 3 months and that 43% used
analgesics as treatment for pain, while 31% did not receive any treatment for
their pain 13, Breivik et al. also reported that 31% did not receive any treatment
14, For about 26% of the pain-sufferers non-drug treatment were reported to
have been very or extremely helpful. About half the patients took prescription

medicine for pain and NSAIDs (Non Steroidal Anti Inflammatory Drugs) were the



most commonly used prescription drug. Around 15% of pain sufferers in the

Breivik study used opioids 4.

1.1.4 Treatment of chronic pain

As our understanding of the multitude of factors affecting pain, and its
mechanisms, increase the complexity of pain treatment also increases 3. Chronic
pain cannot always be relieved, and will not always have clear patho-
physiological causes. Interdisciplinary chronic pain management has since its
introduction in the late 1960’s in the US gained increasing evidence for treating
severe chronic pain conditions 23. Cognitive-Behavioural therapy, physical
therapy, treatment of co-morbidities such as anxiety and depression are now
considered important when treating chronic pain 23. Pharmacological treatments
include the use of NSAID, antidepressants such as the Tricyclic antidepressant
amitriptyline, antiepileptics such as gabapentin and pregabalin, as well as the
familiar non-opioid analgesics paracetamol and acetylsalicylic acid. For some
patients these drugs are not sufficient and opioids are needed to relieve the pain
24-27, Opioids have been used for a long time and are potent analgesics. Opioid
use is the subject of this thesis and opioids will be dealt with in detail in the

following chapter of the introduction (chapter 1.2).

1.2  Opioids

1.2.1 History of opium and opioids

Opium has been known to be used for medical reasons for thousands of years,
the ancient Sumerians described the poppy as the plant of joy28. A study of the
use of opium in antiquity by Hippocratic physicians concluded that it did not
seem that the analgesic effect of the poppy was known 2°. In the middle ages the
opium containing tinctures called Laudanum was used in Europe for a wide
variety of ailments such as cholera 30. In the poppy there are more than 20
different alkaloids, known collectively as opiates. These include pain relieving
chemical compounds such as morphine and codeine, but also compounds with
other primary effects such as noscapine (antitussive) and loperamide

(antidiarrhea) 28. The first pure alkaloid isolated was morphine in 1804 by the



German pharmacist Sertiirner. Codeine and papaverine were both isolated by
the end of the 19th century 30. In addition to the naturally occurring alkaloids in
opium, it is possible to chemically change the naturally occurring compounds to
create additional compounds. Heroin is also known as diacetylmorphine, and is
produced by a di-acetylation of morphine. This was first done for commercial
purposes in 1897 by the German pharmaceutical company Bayer. Heroin, as the
brand name was, became a hit for Bayer. Only 13 years after coming to the
market Bayer stopped selling Heroin. This happened after the initial reports
claiming no addiction and less side effects than both codeine and morphine were
disproved. 31. In more recent times, several more molecules have been
synthesised, both semi-synthetic drugs such as oxycodone and hydromorphone,
and synthetic drugs such as fentanyl, pethidine and methadone2527. Collectively
these drugs, both natural, semi-synthetic and synthetic are called opioids.
Opioids are “any drugs with morphine- like effects (analgesic effect) that are
blocked by antagonists such as naloxone” (meaning that they work in the opioid

receptor system) 25,

1.2.2 Opioids: Policy and regulations

The United Nations’ International Narcotics Control Board (INCB) deal with how
all issues of opioid production, use, export/import and working against illegal
sales and production should be regulated internationally 32. Locally in Norway a
recent debate has been how to treat heroin addicts, with methadone and
buprenorphine, or also allowing heroin to be used to persons where all other
treatments have failed. This serves as an example of how opioids and the use of
them are contentious issues. Historically opium has also been in the centre of
important events. The opium wars in the mid 1800’s were a result of China
wanting to stop the illegal import of opium to their country by the British. This
business had exploded in the early 1800’s and caused the Chinese a lot of
problems. Large sums of silver were being traded with the British with a return
of suffering, addiction and a decrease in productivity in China. The yearly sum
paid for opium to the British equalled 2.5 times the total government spending of

China and between 4 and 12 million Chinese were addicted to opium 33. The



yearly sale of opium from the British colonies to China reached a staggering
amount of 3000 tons per year by the 1840’s and the following confrontation
between the Chinese and the British led not only to the defeat of China and the
opening of many cities to westerners but also the English supremacy of what is
now modern day Hong Kong, which was kept as a British colony until 1999. In
1912 the first international opium convention was held by the League of Nations
in Hague, and today most countries work against an increase in illegal trade of
opioids and have signed the 1961 single convention on narcotic drugs 34
However, opium is still being produced on a large scale illegally. In Afghanistan,
the largest producer of illegal opium in the world, more than 1200 km? of the
country are being used for opium cultivation. Afghanistan produced 3600 tons in
2010 while the estimated illegal demand world wide of opium is close to 5000
tons. In Afghanistan alone the stockpiles are estimated at 12000 tons, enough to

supply the world for 2.5 years 3.

1.2.3 Pharmacology and clinical implications

Opioids work on the opioid receptors throughout the body. These drug-receptor
interactions cause both the therapeutically wanted effect of pain relief but also
side effects such as constipation, drowsiness, respiratory depression, nausea,
and euphoria 36. There are four main classes of opioid receptors, the MOPr (p),
DOPr (8), KOPr (x) and the NOPr receptors. All opioid receptors are G-protein-
coupled receptors. The MOPr receptors are responsible for most of the analgesic
effects of opioids, but also for a wide range of unwanted effects such as
respiratory depression, euphoria, sedation, physiological tolerance and
dependence 37. DOPr receptor activation also causes some analgesic effect but is
suspected of having a convulsant effect. KOPr activation provides analgesic effect
at the spinal level, as well as sedation, dysphoria and hallucinations (in contrast
to MOPr which gives euphoria). NOPr has an anti-opioid effect supraspinal and
also gives catatonia and learning impairment 2°. In addition to the immediate
response opening potassium channels and inhibiting calcium channels the opioid
receptors also activate the Mitogen-activated protein kinase (MAP kinase) most

likely leading to long-term adaptive changes of the cells. This is believed to be



important in the development of physical dependence. Since no opioid receptor
only provides analgesia it seems impossible to create an opioid drug without
major side effects. Also worth mentioning is that in addition to opioids with an
agonist/partial agonist effect, full antagonists such as naloxone and naltrexone
are also known. Thus an effective antidote to overdoses of opioids is available, an

important advantage in medical practice 2527,
The problem of dependence and addiction.

Patients using opioids for some time develop a physical dependence. This is well
known and happens with all opioids 1738-40, Dependence is described as having
withdrawal symptoms when ending treatment such as unpleasant emotional
effects and motivational effects 40. For some patients problematic opioid use can
develop beyond what would be expected from the physical dependence and
tolerance. This use is can also develop further into addiction. Addiction is defined
by criteria such as impaired control over drug use, compulsive use, continued
use despite harm, craving, unsanctioned dose escalation, hoarding and sale of
opioids, altering of prescriptions, and unapproved use of other drugs 41-43. These
are all somewhat subjective and clinical criteria and different addiction
definitions have led to different estimates of prevalence in the range of 3 to 50%
3940,44-46 These definitions include several behavioral patterns that cannot be
evaluated in a study based on data from a prescription database. This applies for
criteria such as an overwhelming focus on opiate issues during consultations,

craving, sale of opioids etc.

1.2.4 Guidelines for chronic opioid therapy in CNMP

As seen earlier chronic non-malignant pain (CNMP) has a high prevalence in

developed countries.

There is clearly a need for efficient treatment of CNMP. A minority of chronic
pain patients will need treatment with opioids and for these patients different
guidelines have been developed. There is an European guideline from 2003 17, as
well as an American guideline from 2009 15, a British from 201018, a Canadian

from 2010 47 and a Norwegian therapeutic guideline from 2008 “8. Further



guidelines exist for specific patient groups such as the elderly 16 and cancer

patients 4°. Below the four most recent general guidelines have been summarized

15,18,47,48,

The guidelines all acknowledge the need for opioids to treat some chronic pain
patients. However, an opioid trial should be conducted to see if the benefit
outweighs the side effects and the possible negative long term effects 15184748 [t
is also important to record the patient history and evaluate the risk for misuse,
abuse, addiction, problematic opioid use 15184748 Patients should receive written
information and agree beforehand what the goals, expectations and potential
side effects are as well as criteria for termination of opioid treatment 1548,
Benzodiazepines should be tapered of if the patient receives this kind of drugs
4748 and opioid treatment should be initiated with the lowest possible doses
15184748 The Norwegian guideline gives some specific advice on possible start-up
doses and also recommend long acting, strong opioids to patients with newly
acquired pain with a clear patho-physiological origin and when pain is expected
to be long-term and strong 8. The American guideline does not give any
recommendations on the use of long-acting vs. short-acting opioids 1°. In terms
of follow-up all guidelines agree that close monitoring is important, and that
benefit/harm has to be continuously evaluated 15184748, When reaching certain
doses extra care is needed, dose thresholds recommended are 200 mg 1547 or
120-180 mg 18 of morphine or equivalent. Injectable opioids should be avoided 18
and specifically for the Norwegian guideline when doses of weak opioids reach
120 mg for codeine and 150 mg for tramadol a switch to long-acting strong
opioids should be considered 8. Opioid rotation can be tried if lack of effect or
unacceptable side effects occur 15. Comedication with other analgesics should be
considered when appropriate 1848, Care should be taken to follow-up patients
with frequent dose escalations 15. While most guidelines state that high risk
patients with a history of drug abuse and psychiatric problems generally should
not receive opioids for chronic non-malignant pain 154748 the British guideline
makes a point of stating that there are no right or wrong patients, but that

special care needs to be taken when prescribing opioids to high risk patients 18.
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1.3 Pharmacoepidemiology

Epidemiology as a science is relatively new. It is possible to trace the first
epidemiological studies back to the 19t century. However, as a scientific body it
has only started to grow and systematise itself during the last 50 years 50.
Pharmacoepidemiology is a field even more in change, with the initial focus on
adverse drug reactions (ADR) and drug utilisation now also branching into
health outcome studies and cost-benefit analyses 51. Pharmacoepidemiology can
be defined as “the study of the use of and effects of drugs in large numbers of
people”. This definition highlights three major differences between

pharmacoepidemiological studies and clinical studies.

1. “Large number of persons:” While clinical studies always will have limitations
on what is a feasible population to study the effect of a drug in,
pharmacoepidemiology does not have this limit. It means that serious and rare
ADRs can be studied in a pharmacoepidemiological study, while this is rarely

possible in clinical studies 52.

2. “The study of the use:” Pharmacoepidemiological studies are observational; it
is the study of the use of drugs as they happen or have already happened. This
means that the researcher cannot design studies as a clinical researcher can. This
leads to less rigid control over potential biases and confounding and will always

make causality hard to establish.

3. “People” not “patients”: Pharmacoepidemiological studies do not interfere
with real world use. It captures the use without any clinical study enhanced

patient follow up, exclusion of co-morbidity and restrictions on age.

Pharmacoepidemiological studies are therefore an essential addition to clinical
studies in order to study real world use and also to study research questions that

might be unethical to address in a clinical study.
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1.4 International studies of the use of opioids

1.4.1 Data from the International Narcotics Control Board

S-DDD /1 000 000 inhabitants / day
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Figure 1 World Map of number of daily doses consumed per 1 million

inhabitants per day

All UN nations report their use of opioids to the INCB and have done so since
1968 32, Even if the data are aggregated and reported by governments as weight
in kilos of each opioid the INCB in their yearly reports include information on
use converted into the more comparable S-DDD per 1000000 inhabitants per
day. The S-DDD is a simplification of the WHO DDD system. The difference is that
while the DDD system includes a daily dose for each administration form the S-
DDD will be a single dose per substance since this is the only data available to
INCB. Having used INCB data from the most recent technical report 33 a map of
the world has been created (figure 1). The Pain and Policy Studies Group (PPSG),

a WHO collaborating centre for Pain Policy and Palliative Care, has converted
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historical INCB data into mg morphine equivalents per capita and have created a
Gapminder like solution for visualising these data 54 By using this solution it is
possible to see country wise historical trends in opioid use. The use of opioids
internationally has increased steadily during the last few decades 3. However,
there are large differences between Countries as seen in figure 1. The use of
opioids are mostly in countries in Europe and North America, for instance these

countries consume 90% of all morphine with only 17% of the world population

53,

The country with the highest opioid consumption in the world (USA) uses about
50000 times more opioids per inhabitant than the countries with the lowest
consumption (African countries). This difference is growing year by year. The
increasing use of opioids in USA and Canada only started around 1985 as shown
in the PPSG chart in figure 2. Commonly used opioids in the US include
hydrocodone, fentanyl, oxycodone and methadone. Morphine accounts for less
than 5% of the consumption. Hydrocodone seems to be by far the most used
opioid, accounting for 40% of the INCB statistical daily doses 3. The Canadian
consumption of the different opioids is on the same level as in the US, with the
exception of hydrocodone having almost no use in Canada. Hydrocodone is not
included in the PPSG data and is not shown in figure 2. With hydrocodone

included USA would have been significantly higher than Canada.
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Figure 2 Historical data on opioid use in North America

In Europe, the other region with high use of opioids, there are large differences
between countries. Denmark seems to follow USA and Canada with the same
increasing use starting in 1986, while the INCB reported opioid use in countries
like Germany and Spain started to increase later, around 1995. Eastern European
countries have a low consumption of opioids. Analyses based on INCB data on
which opioid is most commonly used, have to be performed with caution. While
it is known that the consumption of opioids in Norway is dominated by codeine
55, the data from the INCB show almost no use of codeine in Norway 53. What the
INCB data tell us is that fentanyl accounts for a large share of the opioid
consumption in most of countries with highest opioid consumption. In Germany,
Belgium and Austria the use of fentanyl is even higher measured in S-DDD per
inhabitants than in the US. Furthermore the top three countries in oxycodone
consumption are the three Scandinavian countries, whereas buprenorphine is
used extensively in Belgium and the UK. Other than that, the use from country to

country varies widely and no clear pictures emerge based on the INCB-data.
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In the rest of the world, opioid consumption in general is low. The exceptions are
the consumption in Australia, New Zealand, and in a few Asian
countries/territories such as Japan, South Korea, Malaysia and Hong Kong. In
Africa only South Africa uses opioids in amounts above 10 mg/inhabitant per

year, or about 2-5% of the use in northern Europe and North America.

1.4.2 International pharmacoepidemiological studies

North America

There is an increasing use of opioids in USA: a longitudinal study of prescriber
data showed that the frequency of opioid prescribing increased from 1992 to
2001 in patients seeing primary care physicians 56. The number of consultations
at primary care physicians that included prescribing an opioid increased from
about 4% in the early 90s to about 6% in 2001. At the same time the frequency
of NSAID prescribing and paracetamol prescribing were decreasing or stable,
indicating that the increase in opioid prescribing was not associated with a
general increase in prescribing of analgesics 5¢. Another study of office visits in
1980 and 2000 showed a doubling of the proportion of visits that included the
prescribing of an opioid for chronic pain in the 20 year period. During the same
period NSAIDs for chronic pain only increased by 16% >7. There has also been an
increase in long-term opioid use in the US. From 1997-2006 the annual
prevalence of long term opioid use defined as use longer than 90-120 days in
patients enrolled in two large health care plans doubled from 2.0-2.5% to 4-5%
58, In a telephone survey study from Utah an estimated 20.8% of adult population
had received a prescription for opioids the preceding year 59, and about 30% of
these opioid users reported that the use was for chronic pain. A phone survey of
chronic pain in Kansas estimated that about 4% of the population used opioids
to treat chronic pain 20. These studies show that estimating the true prevalence
of opioid use in the US is difficult; the only thing that seems to be certain is that

there is an increasing use and that several percent of the adult population uses



opioids long term for chronic pain. There is also a study in Washington State
Workers compensation system indicating that while the increase in the number
of opioid prescriptions from 1996 to 2002 was not very large there had been a

shift towards stronger opioids and higher doses ¢0.

Canada has several large well known administrative databases usable for
pharmacoepidemiological studies. The oldest is the Saskatchewan’s health
databases started in 1975 and covering about one million inhabitants in the
province of Saskatchewan 52, However there is a reported lack of large scale
surveys and studies 61 In a relatively small but representative phone survey in
2001, 22% of persons with chronic pain (prevalence 29%) were current users of
opioids. This means that 6.5% of the population received opioids 2!, however 2/3
of these patients used codeine, in sharp contrast to the INCB data from Canada.
In a study in the province of Quebec, 15% of their over 400000 persons aged 65
years and older had an opioid prescribed in a year (2001-2002), 60% of these
elderly users received a codeine-paracetamol combination, with an average dose
of 1.7 DDD/day. Strong opioids were given with an average dose between 0.39

and 0.67 DDD/day 62.
Europe

A study of nine western European countries 63 showed that the use per person
was lowest in Italy and Portugal and highest in UK with Norway, Ireland,
Belgium, Germany, and the Netherlands in between. This study used wholesale
data in 2003, but included only four different opioids: morphine, fentanyl,
codeine and tramadol. The study also showed whole-sale prices and fentanyl
costs were rising and reached 80 millions euro in 2003 for the nine countries in
the study, with the cost of morphine at just over 20 million. In another study of
seven different countries also using wholesale data, a large discrepancy between
INCB reported data and national whole-sale data from 2002 was seen. Using
whole-sale data the 5 Nordic countries had the highest consumption per
inhabitant, much higher than Germany and the Netherlands. These differences

were much larger than when using INCB data, where Germany had a higher

16



consumption compared to Norway, Sweden and Finland ¢4 In a follow-up study
the trends in the Nordic countries were studied from 2002 to 2006. Finland,
Denmark, Norway and Iceland showed an increasing use, while Sweden had a
decrease. The increase in Norway and Denmark was mostly due to an increasing
use of oxycodone, while the increase in Finland was due to slight increases in
fentanyl, oxycodone and codeine and in Iceland an increase in oxycodone and
tramadol. In Sweden the decrease was due to a strongly decreasing use of
dextropropoxyphene and a slight decrease in the use of codeine. Sweden also

had an increasing use of oxycodone in the 5 year period 65.

Most European countries have no national prescription databases, and few have
had such databases for more than a few years. This limits the knowledge of data
on number of patients using opioids. However, Denmark has had a large regional
database since the 1990’s and this makes Denmark a country where a lot is
known about drug consumption in the population. For opioids an early study
from 1995 used whole-sale data to study the trends in opioid consumption from
1981 to 1993. The study shows the same increase around 1985 as the INCB data
discussed above, and it reveals that this increase is due to an almost 4000%
increase in morphine consumption as well as an 450% increase in methadone,
the introduction of buprenorphine and a doubling of the ketobemidone
consumption during the study period 6. In 2008, 6.8% of the population in
Denmark had at least one prescription of opioids dispensed. The most commonly
dispensed opioid was Tramadol, dispensed to over half of the opioid users in
2008. Oxycodone was the most commonly dispensed strong opioid, dispensed to
about 1.2% of the population in 2008. Ketobemidone had its highest
consumption in 1993-1994 and has since then decreased to about 40% of the
1994 amounts consumed. In 2008 ketobemidone dispensing had a one year
periodic prevalence of about 0.5%. Morphine consumption has stayed fairly
stable between 1994 and 2008 with a yearly prevalence of around 0.6%, while
fentanyl and buprenorphine have increased and were in 2008 each used by
about 0.4-0.5% of the population ¢7. Several other registry studies have also been

conducted studying the opioid consumption in cancer pain patients ¢8-70. These



studies have shown that about 30% of the opioids consumed in Denmark are
consumed by cancer patients and that this group comprises around 15-20% of
opioid users®770, Finally in a national representative survey study of chronic
pain, the total prevalence of regular opioid use was calculated to 3% in the
population aged 16 years and older, and the majority (2.2%) was regular use by

patients reporting chronic pain lasting 6 months or longer 22,

Other country specific studies also exist in countries such as Spain’?, Finland 7273
and Slovakia’4 The Spanish study has looked at national data on amounts and
found the consumption of opioids to have increased from 0.3
DDD/inhabitant/day in 1992 to 4.4 DDD/1000 inhabitants/day, a 1400%
increase. For the opioids methadone, morphine, oxycodone, pethidine, tilidine
and fentanyl the increase was 1200% from 0.1 to 1.2 DDD/1000
inhabitants/day. Tramadol is the major weak opioid used at 2.75 DDD/1000
inhabitants/day 7!. The study provides no information about the number of
users, so at least some of the increase could be related to increasing average
doses rather than an increase in the number of patients treated. In Finland, a
Finnish interview study of elderly community-dwelling persons from 75 years
and older reported that 7.3 percent used weak opioids as needed and 2.3 percent
used weak opioids daily in 2004. Almost no use of strong opioids were reported,
only 0.3% used strong opioids as needed 72. However, a prescription registry
study of elderly people with Alzheimer in Finland showed that 3% had at least
one prescription dispensed in 2005 of the strong opioids morphine, oxycodone
and fentanyl 73. In Slovakia, wholesale data were used in the same way as in
Spain and the use was at 3.41 DDD/1000 inhabitants/day in 2002, an increase of
140% in 5 years. Tramadol dominated the use at 2.61 DDD/1000
inhabitants/day, with fentanyl as the most sold strong opioid at 0.4 DDD/1000
inhabitants/day 74

Studies from Norway will be described in more depth and detail in chapter 1.5.
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Rest of the world

With the limited use of opioids in the rest of the world, a Pubmed and Embase
search for pharmacoepidemiological studies of opioids in Australia, New Zealand

and South Africa were conducted without any relevant studies found.

1.5 Pharmacoepidemiological studies of opioids in Norway

Norway has had high-quality statistics on wholesale level since the 1970’s 75.
However, these data could not be used to, on an individual level, estimate
prevalence or incidence, but only to tell the drug volume that has been sold per
year and average this out to all persons and measure the drug use as number of
DDD/inhabitants/year. This allowed very precise estimates of increase over
time, but it could not determine whether this increase was due to higher
prevalence of opioid use or a change in consumption patterns leading the same

number of users using higher doses.



Table 1 Studies using the NorPD and dealing with opioid use.

Authors Title Year
Use of codeine analgesics in a general population. A
*
1 o0 Al Gl Norwegian study of moderately strong analgesics ’ i
Control of prescriptions of B-preparations. A registry study
*
2 DybwadT,etal. of B-preparations in Oslo and Akershus 7’ 1994
Risk of road traffic accidents associated with the
S Rl A, sl prescription of drugs: A registry-based cohort study ”® 2L
4 BramnessJ, et al. Ber.lzodlazeplne prescrlptlon for pat719ents in opioid 2007
maintenance treatment in Norway
5 Ehdhall, il Repeated 'dlspensmg of .codel.ne 1ssoassoc1ated with high 2008
consumption of benzodiazepines
Benzodiazepine use in all alcohol consumers predicts use of
6  Skurtveit S, et al. opioids in patients 20 years later--a follow-up study of 2008
13,390 men and women aged 40-42 years !
Prescription Pattern of codeine for non-malignant pain: A
7  Fredheim O, et al. pharmacoepidemiological study from the Norwegian 2009
Prescription Database **
Introduction of low dose transdermal buprenorphine — Did it
8  Skurtveit S, et al influence use of potentially addictive drugs in chronic non- 2009
malignant pain patients *
S Eeghgl, el The I'l'Sk f)f motor Veh%cle accidents m\g?lvmg drivers with 2009
prescriptions for codeine or tramadol.
10 Skurtveit S, et al. Benzodiazepines predict usgg of opioids — a follow-up study 2010
of 17074 men and women
Increasing use of opioids from 2004 to 2007 —
11  Fredheim O, et al. Pharmacoepidemiological data from a complete national 2010
prescription database in Norway
. Nicotine dependence predicts repeated use of prescribed
12 Skurtveit S, et al. opioids. Prospective population-based cohort study *¢ 2010
13 Fredheim O, etal, Prescrlpthns of 0p101CIIS t.o children an.d adolesceg;s; a study 2010
from a national prescription database in Norway
14 Fredheim O, et al. Prescription of analges.lcs to patients in Oplgsld maintenance 0,
therapy: a pharmacoepidemiological study
5 Tetieie®), @l Opioid swnchlng to methad(.)né?: a pharmac%gpldemlologlcal 2011
study from a national prescription database
Use of prescribed opioid analgesics and co-medication with
16 Handal M, et al. benzodiazepines in women before, during, and after 2011
pregnancy: a population-based cohort study *°
The association between smoking and subsequent repeated
17 Log, T, etal. use of prescribed opioids among adolescents and young 2011
adults--a population-based cohort study *'
18 Log T, etal Dispensing of pr.escrlbe.d analgesics in Norway among ” 2011
young people with foreign- or Norwegian-born parents
1© S, el To what extent does a cohort of new users of quak 0p19031ds 2011
develop persistent or probable problematic opioid use
Ineke Neutel C, et Polypharmacy of potentially addictive medication in the
20 i o4 2011
al. older persons-quantifying usage.
21 Nordbo A, etal, Low-dose transdermal buprenorphine - long-term use and 2011

co-medication with other potentially addictive drugs *°

*: Pre NorPD studies
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1.5.1 Early pre-NorPD studies

In the 1990’s the increasing use of computers in pharmacies made it possible to
conduct the first studies using prescription data. A study of prescription data in
all pharmacies in the counties of Oslo and Akershus in 1994 was conducted in
order to get a picture of how many prescribers prescribed large amounts of weak
opioids and benzodiazepines 77. Longitudinal analyses were not possible as only
birth date was used, not a unique identifying number. However the age of
patients was known making it possible to estimate the number of DDD per
inhabitant in the counties per month in different age groups. This is the first

example of prescription data being used for this purpose in Norway.

Even if this is an old study of prescribers it is so far the only study which has
investigated which doctors prescribe large amounts of potentially addictive
drugs in Norway. The study found that the prescribers who prescribed the
highest number of prescriptions on average prescribed 16 prescriptions per day,
and that a mere 30 doctors prescribed 13% of the total volume of these drugs in
Oslo and Akershus. At the time there were 4000 physicians registered in the two
counties. Over half of these 30 doctors had no medical speciality, 29 of 30 were
men and about 30% were aged 40-49 years. Little has been done in more recent
times, and with the possibility to follow both prescribers and their patients over

time this is an interesting area for future research.

Another study from 1994 was a study conducted in Tromsg using data from
all the pharmacies in the town 76. This is the first pharmacoepidemiological study
of all patients using opioids in a certain area of Norway. The study looked at the
use of controlled opioids, meaning codeine-paracetamol, pentazocine and
buprenorphine (this has later been reclassified to the strictest regulatory class;
the narcotic drugs). It is a proto-study using a lot of the techniques recently
employed in national NorPD studies. The main findings were that 9.2% of
women and 6.5% of men in Tromsg used codeine in a year. Results were also
adjusted in regards to age and gender to Norway’s population. An estimated
8.9% and 6.8% for women and male respectively received codeine in a year
when adjusted. When looking at amounts 17.2% of female users and 29.1% of

male users received more than 50 DDD per year, (equalling 200 tablets). Very
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few codeine users received more than 365 DDD in a year only 0.6% of the
population (34 users of a total of 5306). The study also looked at prescribers
though not as thorough as the Oslo-Akershus study. In Tromsg 10 prescribers
prescribed 1/3 of the town’s consumption of codeine. Tromsg at the time had
52000 inhabitants. Interestingly 24 out of the 34 users using more than 365
DDDs per year received one or more prescriptions from one of these 10
prescribers. Finally it was reported that 85% of users received one or two

prescriptions of codeine.

In general the lack of information about number of users has led to perhaps an
overestimation of use and fear of opioid use. An example of this is an article from
2004 called “Problem forte - is paracetamol-codeine combination rational?”%. It
discusses the pharmacology of Paralgin Forte and Pinex Forte the two
Paracetamol-codeine containing drugs in Norway. In the introduction wholesale
data stating that Norway use 12.9 DDD/1000 inhabitants/day in 2002 is used,
and if every Norwegian used opioids each person would on average use 15-20
tablets of Paracetamol-Codeine per year. Using average amounts like this was the
best way of describing the total consumption at the time, but later studies using
patient data from the NorPD have been able to describe the actual prescription

pattern with regard to the number of users and individual yearly doses.

1.5.2 Norwegian Prescription Database studies

There has been a some studies using the NorPD in very specific sub-
populations such as Opioid maintenance patients 7988 and individuals in road
traffic accidents 7884, These studies, while interesting, are not very relevant for
the present thesis dealing with opioid consumption in the general population. In
2008-2009 the first studies looking at the prescribing patterns of specific opioids
were published. One study on the introduction of low dose buprenorphine
patches in Norway 83 and two studies on the paracetamol-codeine combination
8082 The Codeine studies studied all persons that had received at least one
dispensed prescription for codeine in 2005 and 2006, excluding those who
received it reimbursed for palliation. In 2006 the prevalence was 7.3% for males
and 9.3% for females 80. Incident users were 58% of the study population,

incidence defined as not having any codeine dispensed the previous year 82. 2.5%
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received more than 365 DDD per year, while 58% received only one prescription
of codeine 2. There is a steady increase in the prevalence of persistent use when
stratifying the population into 10 years age group. The only exception is in the
very old (90 years old and older), however a significant proportion of these
persons are in nursing homes and will not receive prescriptions to be dispensed
at pharmacies. The highest one year periodic prevalence is in the 80-89 year-
olds, with a prevalence of around 15%. In children the prevalence is very low
and in young adults aged 20-29 the prevalence is less than 6% 82. In patients
receiving more than 120 DDD of codeine-paracetamol 50% co-medicated with
more than 100 DDD of benzodiazepines and/or 15 DDD of carisoprodol. In the
group using less than 120 DDD of codeine-paracetamol only 9.6% co-medicated

with the same levels of benzodiazepines and/or carisoprodol 8°.

The Buprenorphine study 3 is an interesting study since it is the only study in
Norway to date to look at an opioid when it is introduced into the market. The
study compares patients’ opioid use before and after they start using low dose
transdermal buprenophine. The majority of the patients who received low dose
transdermal buprenorphine had used opioids before, and around 55% continued
to co-medicate with short acting opioids and a large proportion of users also
used benzodiazepines and/or carisoprodol concomitantly with receiving
buprenorphine. Both benzodiazepines and carisoprodol should be used carefully
in these patients as they are both potentially addictive and together with opioids
increase the risk for over-dosing 4748, Also short-acting opioids are not
recommended in Norway 48 for chronic pain as previously described in chapter
1.2.4. Recently this study from 2009 has had a follow-up study 9. This study has
seen that only 21% of patients on low dose transdermal buprenorphine received
enough patches to be treated for 6 months. Since these are long acting
formulations and should be suitable for chronic pain patients this percentage is
low. The same high levels of co-medication with both other opioids and

benzodiazepines were still seen 2 years after the first study.

Two more studies have followed opioid users over time. In one study new
users of weak opioids were followed over 4 years 23 and one study of users

having methadone prescribed for pain as part of opioid switching, studied both
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their use before starting methadone and how long they continued to use it after
having the first prescription of methadone dispensed 8°. When following new
users of weak opioids it was shown that only 7% of new users of weak opioids in
2005 received opioids yearly in three preceding years (2006-2007), and only
0.3% used opioids all years from 2005-2007 and more than 365 DDD in 2008
(likely persistent opioid users). About 30% of these likely persistent opioid users
also received prescriptions from more than three prescribers and had more than
100 DDD of benzodiazepines in 2008. This study clearly shows that only a very
small proportion of new users of weak opioids use opioids for anything else than
acute pain. It also shows that a very small minority uses more than 1 DDD/day
on average each of three years following their first opioid prescription. One thing
worth noting is that the definition of new users is no opioids dispensed in 2004.
A one-year wash out period is likely to be too short to accurately determine who
are opioid naive users®? but it should be enough to identify a new episode of pain

requiring opioid treatment.

The other study following users over time has looked at a much smaller
population, patients switching to methadone in order to improve pain control 8°.
The study studied both patients with cancer pain and patients without cancer
pain, and excluded everyone who had received methadone mixture or
buprenorphine tablets used for opioid substitution therapy. In total 173 cancer
patients received methadone tablets and 163 non-cancer patients received
methadone as tablets only during the time period of 2004-2009. The majority of
these were previous users of other strong opioids, 168 cancer patients and 124
non-cancer patients. Pre-switch about 50% had tried one other strong opioid,
while the rest had tried two or more, oxycodone was the most common pre-
switch drug, used by around 50% in both groups. Following the methadone
users, it was seen that in cancer patients 3 out of 4 patients received more than
one prescription of methadone and that about half were still alive 12 months
after the switch. Also it was seen that 44% used only methadone after the switch
and no other strong opioid. Among non-cancer users, 91% used more than one

prescription, and 47% used only methadone after the switch.
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Finally some studies using NorPD are descriptive and do not follow users over
time. One study has studied the total use from 2004-2007 and reports an
increased use of opioids 5. The yearly prevalence of users increased by 6% from
2004 to 2007 and was 9.94%. The increase in number of prescriptions dispensed
was 10% in the same time period. Another study has looked at how opioids are
used in children and adolescents8” and one study has studied inappropriate use
of opioids, benzodiazepines and the hypnotics zolpidem and zopiclone in elderly
aged 70-89 years and has created an medicine usage index %4 This index takes
into consideration thee number of prescribers, the number of different drugs and
group of drugs as well as the amounts prescribed. The index has scores from 0-
20 and different cut-off points were evaluated. About 5% of the elderly
population were at the second highest cut-off point and 1% at the highest cut-off.
These types of studies using the whole population accurately describes the drug
consumption, and as the NorPD becomes older will give more interesting results

on changing trends in prescribing and can identify potential problems.

1.5.3 Linkage studies

The NorPD does not have any information about the patient other than age,
gender, date of death and place of residence. Linking the NorPD to other
administrative and health registries as well as health surveys allows for a whole
range of other issues to be dealt with. So far the NorPD has been used in studies
of the use of benzodiazepine- and benzodiazepine and alcohol use associated
with opioid-use 8185, Whether nicotine/smoking use predicts later use of
opioids®691, The use of opioids and benzodiazepines before, during and after
pregnancy?? and if there is an association between parents country of birth and

children’s use of prescribed analgesics®2.

Persons aged 40, 45 and 60 years who where part of population based surveys in
three counties in Norway, (Oslo, Oppland and Hedmark) and who self-reported
no use of opioids the last 4 weeks in 2000-2001 were studied to determine
whether persons who reported recent use of benzodiazepines in 2000-2001

were more likely to have had more than 12 prescriptions dispensed for opioids
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in 2004-200785. Adjusting for age, sex, marital status, alcohol consumption,
smoking, physical activity, disability pension, cardiovascular disease and
musculoskeletal symptoms, the odds ratio for using opioids when reporting
previous benzodiazepine was 3.1 with a 95% confidence interval of 2.1-4.6. For a
small sub sample there was additional information about chronic pain, and it
was shown that while chronic pain in 2000-2001 increased the odds of using
opioids in 2004-2007, benzodiazepine use in 2000-2001 still carried a significant
extra effect, even stronger than chronic pain itself. This is a good example of the
additional variables a linkage study can add to studies of drug consumption. The
study also used data recorded before opioid use and allows for a clearer picture
of what drug use came first. However, the very wide definition of at least 12
prescriptions over 4 years might be too low to draw conclusions about opioid
use that might be problematic. In addition the way of defining no-opioid use in
2000-2001 (no use last 4 weeks) might introduce bias. However the study
certainly indicates that benzodiazepine use carries a significant increased risk of
later opioid use, independently of chronic pain or other relevant factors. In
another linkage study by the same research group the association between
benzodiazepines and subsequent opioid use were not seen in teetotallers but

only in persons drinking alcohol 81

A similar study was conducted by the same researchers checking whether
reported nicotine use in 2000-2001 in non-opioid users were associated with the
same opioid outcome of 12 or more prescriptions in 2004-2007 86. The odds
ratio for receiving opioids with previous daily use of 10 or more cigarettes was
3.1 compared to persons with no history of smoking. This was adjusted for the
same type of a wide variety of possible confounders as in the benzodiazepine
study. And the association persisted independently of whether the persons
reported chronic pain. Another study using the Norwegian youth health survey
studied the association between smoking in 2000-2003 with having had 4 or
more prescriptions dispensed for opioids during the 5 year time period of 2004-
2008 91, The odds ratio for receiving opioids was 2.2 in an adjusted model when
comparing daily smoking with no history of smoking. Even if this study used an

even lower threshold to be counted as an repeated opioid user, the association
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mirrored the association seen in the study of an older population with a

generally much higher prevalence of opioid use8¢ .

A different type of linkage was used in a study of opioid use and co-medication
with benzodiazepines in women before, during and after pregnancy??. This study
linked the nationwide medical birth database, with NorPD. The study looked at
opioids and benzodiazepines dispensed 3 months before, during and 3 months
after pregnancy. The study population was 194 937 women and their first
pregnancy in the study period of 30t of March 2004 to January 1st 2009. The
study shows how the use of opioids drops during the first and second semester
from 2.6% in the three months preceding the pregnancy to 1.4% and 1.0%
during first and second trimester respectively. During the third trimester the use
is stable and in the three months after pregnancy the use increases to 1.8%. A
small proportion also co-medicated with benzodiazepines, and this proportion
was higher in women who received more than one opioid prescription. This
national study with close to 100% coverage gives an excellent overview of how
many pregnant women receives opioids and also what opioids they use and the
extent of co-medication of benzodiazepines. It gives policy makers the complete
picture when discussing opioid use in pregnancy and can be used in the future to

study trends over time.

The last linkage study was a study of whether parents place of birth matters for
young peoples opioid use 92. The study has used the Norwegian youth health
survey (data collected in 2000-2003) and the self-reported information about
parent’s birth country. It has classified the information into three groups,
Norwegian parents, parents from a country with a Muslim majority and other
countries. The outcome was all analgesics dispensed in 2004-2007. No
differences were seen in either prevalence of analgesic use, or in the total

amounts dispensed to users.

Norway has a wide range of registries and health surveys. So far only a few
registries have been linked in studies of opioid consumption, and the largest
health survey, the HUNT trial in the county of Nord-Trgndelag has not yet been

linked with opioid data from the NorPD. In the future many more studies can be
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conducted to further illuminate the opioid consumption in Norway and yield

information about specific issues and sub-populations.

1.6 Challenges in pharmacoepidemiological studies of opioid
consumption.

1.6.1 Measuring opioid consumption

When studying the use of drugs it is important to accurately measure what each
person consumes. Since most studies cannot study what the patient actually is
ingesting, the use of prescription data or administrative health database data
requires some thought into measuring drug consumption. One way to measure
the use is to study number of dose-units (tablets, capsules, suppositories,
transdermal patches) given to the patient, and with the presumption that the
daily dose is fixed at a known dose per day (one tablet per day, one patch every
three days etc) it is possible to study the length of the treatment. When one in
addition also have the frequency of drug dispensing or prescription renewal it is
possible to estimate the adherence to the drug regime. When the dose is not
known, or varies over time other units of measurement are often used. Defined
Daily Dose (DDD) is a unit much used especially in Europe. It was devised in the
70’s and has later been adopted as the World Health Organisation (WHO) unit of
drug consumption. The WHO collaborating centre for drug statistics
methodology at the Norwegian Institute of Public Health maintains the DDD
system %8 The system works in tandem with the Anatomical Chemical
Therapeutic Classification (ATC) system, classifying all drugs in a five level code
based on their anatomical, chemical and therapeutic characteristics. All drugs in
the ATC system will also have an assigned DDD for each administration form
available. The DDD is set as the most common maintenance dose in adults used
for the most common indication °8. The DDD index gets updated yearly, and as
long as studies state what version of the DDD system they use 99 it will be
possible to compare studies from different countries and conducted at different

times.

For opioids both these approaches have their own challenges. Dosing regimen
for each patient will often not be known. In the Norwegian Prescription Database

the dose is only available as a string of text, and so far it is not possible to utilise
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this. A further limitation to studies based on the dosing text is that prescribers
frequently prescribe opioids to be used “as needed”, “as previously prescribed”
or “as agreed with the physician”. Individual opioid daily dose or number of
dose-units used per day will vary between patients according to the type of pain,
and might also not be constant over time for the same patient. The first approach
is therefore quite difficult to use. Some studies in the US estimate the days of
supply for each prescription, but it is not clear if they have access to actual
prescribed daily dose or if they are making estimates based on an average dose
in the same way as DDD 58100, Using the DDD will allow studies to use the most
common dose for maintenance therapy. However, when patients switch opioids,
or when looking at opioids as a class, the DDD will not accurately represent the
actual analgesic potency of the drug. Especially this is true when switching
between weak and strong opioids, or when reporting both types of opioids

together.

1.6.2 Measuring the persistence of opioid treatment.
Effective drug therapy requires drugs to be used in the correct doses and often

for long enough time. For opioids long-term use also carries it's own risks of
tolerance, addiction, and problematic opioid use as well as hormonal and
immunological alterations 15184748 [t is therefore often relevant to study the
persistence of opioid use. When studying persistence of drug use the most
common way to do this is to create treatment episodes. Treatment episodes can
be created by using the date of the first prescription dispensed and calculating
the duration each supply lasts allowing a certain gap before the next prescription
is dispensed. If two prescriptions are filled in a shorter time interval than the
estimated duration of the dispensed quantity, the extra amount can either be

removed from further analysis or it can be carried forward as shown in figure 3.
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Figure 3 Different methods of creating treatment episodes. Method 1: no
drugs carried over from previous prescription. Method 2: Carrying over
drugs from previous prescription. (reproduced from Gardarsdottier et al.
101 with permission)

For opioids there are two challenges in establishing treatment episodes. Firstly
as mentioned in chapter 1.3.2 the dose of opioids are not very standardised and
might change over time. Secondly since pain might be intermittent, the
acceptable gap period would also be challenging to define. Without knowledge of
the exact dosing instructions, using treatment episodes will anyway be
impossible. Previous studies of opioid consumption have used treatment
intensity in a given time period as a measure of persistence or rather implicitly
stated that very large drug amounts must mean that opioid must have been used
during the whole period in question. A relevant example is a Norwegian study
using 730 DDD/year as a treatment intensity that indicates that the user has
used codeine persistently 82 and a different study defining likely persistent use as
more than 365 DDD/year?® . However, in general this approach is quite
unsatisfactory as the use can have been unevenly distributed over the time
period, and using a fixed time period will make it impossible for incident
prevalent users to be counted as prevalent if they start opioids late in the fixed
time period. These previous methods have had to set cut-off points high in order
to gain high specificity, but they will also exclude many persistent users and
thereby have lower sensitivity. As seen, it is impossible to determine persistence
with certainty in opioid users, also because opioid treatment should only be used

for as long as pain persists. Alternative approaches are therefore needed.
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2. Research Questions

The Project has dealt with methodological challenges in studies of opioid
consumption using prescription databases. Firstly the use of Defined Daily Dose
as the unit of measurement of amounts in studies of opioid consumption and
secondly the lack of any well described definition of persistent opioid use to
apply in studies using prescription registries. Finally the persistent opioid use
definitions have been applied in a study of the associations between
socioeconomic variables and persistent opioid use. The research questions can

be described more closely as follows:

L Can the use of Oral Morphine Equivalents as the unit of measurement in
pharmacoepidemiology studies of opioid consumption lead to different
conclusions compared to using Defined Daily Doses as the unit of

measurement? (Paper I)

IL. How can persistent opioid use be defined in a prescription database and

what is the prevalence of this use in Norway? (Paper & II)

II. What are the socioeconomic characteristics of Norwegian persistent
opioid users and how do they differ from short-term opioid users? (Paper

111, using methods from paper [ & II)
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3. Material and Methods

3.1 Data sources

Data sources used in the project were from the Norwegian Prescription database
(NorPD) and the Population and Housing Census. In addition linked to the NorPD
data are data on date of death from the Central Population Register (CPR). The

three data sources are described below.

3.1.1 Norwegian Prescription Database (NorPD)

The NorPD contains data on all prescriptions dispensed through pharmacies in
Norway from January 1st 2004 and onwards 102-104 All pharmacies transfer
information about their dispensed prescriptions monthly to the Norwegian
Institute of Public Health. The information becomes pseudonymised replacing
the personal identification number (PIN), assigned to all persons living in
Norway 195, with a new unique number. Information contained in the NorPD
includes information about the patients’ gender, birth year and place of
residencel02103, It contains information about the drug dispensed, name, the
assigned Anatomical Therapeutic Chemical (ATC) system code, and amount
measured as DDD and number of dose units (such as tablets and capsules). Also
included in the NorPD is the price of the drug, reimbursement status and from
2008 the diagnostic code the drug is reimbursed for. The reimbursement system

in Norway allows for both ICD-10 and ICPC-2 codes to be used.

In addition to information about the patient and the drug dispensed, the NorPD
also has information about the prescriber, including gender, birth year and
medical speciality. The dispensing pharmacy is also registered including
information about the municipality it is in (table 2). The NorPD also has
information about the label containing the dosing information pharmacies put on
each pack of drug. However there has been no work done to convert the dosing

text into usable variables for research at present.
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Table 2: Relevant variables in the NorPD to use in studies of opioid dispensing.

Pharmacy  Prescriber Patient Prescription

ID number ID number ID number Dispensing ID

Municipality Gender Gender Date of dispensing
Year of birth Year of birth Product ID
Profession Month of death Name of product
"Speciality” Year of death Pack size

Place of residence Unit of measurement for
(municipality) the drug

Total DDD for ordination
Reimbursement code
(ICD-10 & ICPC-2)

Total price

Co-payment price

Dosing instructions

3.1.2 Population and Housing Census

The data were collected in 2001 by Statistics Norway. All persons, including
foreign citizens, residing in Norway at 3rd of November 2001 (according to the
central population registry) were included in the census. The Census in addition
to collected questionnaire data also contains data from multiple administrative
databases 106, Paper III used socioeconomic data from these administrative
databases. Variables included were highest completed education, work status,

marital status, immigrant background, and income.

3.1.3 Central Population Registry (CPR)

The Norwegian Tax Administration owns the registry, and Statistics Norway
maintains the register for research purposes. Included in the register is data on
all individuals with a PIN number 107, All persons residing in Norway legally
receive a PIN number. The register is continuously updated and Statistics

Norway can link data from CPR to the NorPD by using the encrypted PIN
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number. In the present project date of death was used to censor individuals

followed over time in paper II

Aggregated data on number of persons living in Norway was retrieved from the

Statistics Norway website 108 and used to estimate prevalence in paper Il
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3.2 Methods and Study design

Paper I uses a combination of already published data and cross sectional data
from the NorPD. Paper II uses 4 years of NorPD data in a prospective cohort
study in order to study whether persistent opioid users remain persistent users
over time. Paper Il uses data from collected from two different time points,
linking the cross sectional census data from 2001 with the cross sectional NorPD
data from 2005 retrospectively studying socioeconomic data from 2001 in

opioid users in 2005.

3.2.1 Research Question I: Comparison of OMEQ and DDD

The materials for paper I were drawn from a previously published study of
opioid consumption in different European countries (Hamunen et al.64) as well
as data from the Norwegian Prescription Database (NorPD) and a clinical study

of opioid switching (Klepstad et al. 109).

A literature search was conducted in cooperation with a co-worker in order to
tabulate equianalgesic ratios for all opioids used in Norway. With sources found
in this search equianalgesic ratios were estimated 26.110-119. DDD could then be
recalculated to milligram of Oral Morphine Equivalents (OMEQ) using the mg per

DDD for the opioid in question (x) and its equianalgesic ratio as shown below:

DDD ti
Ratio = &/ PPDLO) x ratio(x) 5y
DDD(morphine)

Using data published by Hamunen et al. ¢4 the opioid consumption for Norway,
Denmark, Sweden and Finland was recalculated into OMEQ. Also the total
consumption of opioids split into the different opioids in Norway in 2005 and
2008 was recalculated and the total increase calculated as DDD and as OMEQ.
Finally the result of an opioid switch in a clinical study was computed as DDD

and OMEQ.
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3.2.2 Research Question Il: Persistent opioid use

Data were extracted from the NorPD. All prescriptions of opioids dispensed in

pharmacies from 2005 to 2008 were used in the study.

Three overlapping definitions of persistent opioid use were created. Since
different patterns of opioid use can be considered as persistent use, three
definitions were created and fitted to a different level of persistence. The
strictest definition used three dimensions of persistence to identify persons with
a use corresponding to daily opioid use with several doses per day or continuous
serum concentration in therapeutic range. The three dimensions are Intensity,
Frequency and Distribution. Intensity threshold was set as having had more than
730 DDD or 18000 mg OMEQ dispensed from, and including, the first
prescription dispensed in a calendar year and in the following 365 days.
Frequency was the number of prescriptions dispensed in the same 365 days, and
the threshold was 10 or higher. Distribution was determined as the number of
quarters of the 365 day period when opioids were dispensed, and in order to be
defined as persistent opioid user all four quarters had to have at least one
prescription dispensed. For the intermediate definition corresponding to at least
daily use only intensity and distribution were used to define the population, the
thresholds were 365 DDD or 9000 mg OMEQ in the 365 day period after first
opioid dispensed and opioids dispensed in all four quarters of the period. Finally
for the widest definition the thresholds were 180 DDD or 4500 mg OMEQ in 365
days and at least 3 quarters of the 365-day period. This definition fits a typical

user using opioids intermittently for at least half the days of a year.

Applying these definitions to opioid users in 2005, the definitions captured the
persistent opioid use 31. December 2005 and these users were followed for two
more years, for a total follow up of 1095 days from the first prescription. The
status was measured at the end of both 2006 and 2007 and the percentage of

persistent users who where in the same definition each year as well as in any
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persistent opioid use definition were calculated. In order to be considered at risk
for being persistent opioid user, the person had to be alive at the measuring

points.

Also in order to test whether the definitions capture true long-term use an
analysis method called waiting-time distribution (WTD) was applied (Only in
thesis, not in paper II). WTD is a graphical approach to analyses of prevalence,
incidence and prevalence/incidence rate relations 120, Using the concept first
developed by Hallas et al. 121 and a parametric method developed by Stgvring 122
it is possible to calculate the prevalence and incidence, and estimate the average

length of treatment.

WTD can be explained as a graph showing the frequency of time until the first
prescription is dispensed after a given start date. Prevalent users will have a
short waiting time, while after a time the graph will be dominated by incident
users. It is then possible to visually determine the incidence rate and with the
help of Stata to get parametric estimates of the number of incident users and the
number of prevalent users. The rate between prevalent users and incident users

will be an estimate of average treatment length 120,123

In order to test the three different definitions of persistent opioid use further
than the scope of an article allowed, the waiting-time distribution analysis was
done for four groups; all opioid users, and users recognised by each of the three
definitions of persistent opioid use. The data used were data from 2005-2006.
This means that the population in this analysis is identical to the study

population of paper II
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3.2.3 Research Question lll: Socioeconomy of persistent opioid

users

From the national population and housing census in 2001 data on socioeconomy

were linked to NorPD data from 2005-2006.

Persons had to have complete socioeconomic data in order to be part of the
study population. In addition all persons younger than 35 were excluded in
order to ensure that the variable “highest finished education” would reflect the

final education for most persons.

The population fitting these criteria was 2’369°564 individuals. Of these 329’125

persons had at least one prescription of an opioid dispensed in 2005.

After excluding anyone with at least one prescription dispensed for palliation
(23’314 individuals), the opioid using population was divided into persistent
opioid users (N: 15’'113), (defined as receiving at least 365 DDD or 18000 mg
OMEQ in the 365 days following the first opioid dispensed, and with opioids
dispensed in all four quarters of the year following the first prescription) and
short-term opioid users with three or fewer prescriptions dispensed in 2005 (N:

214’061). 76’637 individuals did not fit either group and were excluded.

The socioeconomic variables used in the study are described below; in addition
the categories of each variable are shown in parenthesis. Socioeconomic
variables: income, (quartiles), education, (lower secondary school, upper
secondary school, 3 years of college, 4+ years of college) Immigrant status
(person or parents are immigrants, or no immigrant background), work status,
(working, not-working, disability pension) and marital status (single, married,

divorced/separated, widow/widower).

Income was reported as household income and was scaled by dividing the
income with the square root of the household size as the personal income
variable. This scale is widely used amongst others by the organisation for

economic cooperation and development, OECD 124,
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The analyses conducted were logistic regression analyses stratified on gender
and age above/below 67 years old. In the models for persons aged 35-66, work-
status was included, in persons 67 and older, it was excluded due to the general

retirement age being 67 years.

The modifying effect of work status was also studied by seeing how the effect of
the other variables changed when stratifying for work status. These were exploratory

analyses and no statistical testing was conducted.

In the thesis additional analyses to see whether there were any differences in the
prevalence of persistent opioid use in different counties in Norway were
conducted. The county of residence was extracted from a NorPD variable
containing the ISO 3166-2 125 code for which municipality the patients live in.
Prevalence of persistent opioid use was determined at 31. December 2007, using
NorPD data. All three definitions were used. All opioid users were included, both
users of opioids for malignant (palliation) and non-malignant pain. The data
were then aggregated to county level and transferred to the map program Magic

Maps 126,
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3.3 Programming code for automation

In order to be able to reproduce the results and also transfer the methods to
other studies it has been necessary to create general programming code for
different essential steps in the data management. Three steps are especially
critical or special; the conversion from DDD to oral morphine equivalents, the
identification of persons meeting the criteria of the different definitions of
persistent opioid use, and the more specific code for creating the custom-made
figure 2 in paper III. This figure has no ready-made commands in Stata and the
results from the logistic regressions had to be extracted and transferred into
drawing each line of the figure. The exact programming code can be studied with

commentaries in the appendix.

3.3.1 OMEQ

In order to create mg oral morphine equivalents for each prescription it is
necessary to use the number of DDDs for each prescription and combine this
with the actual dose per DDD and the equianalgesic ratio. However, the challenge
was in the fact that each opioid formulation has its own DDD dose and
equianalgesic ratio. In order to calculate the OMEQ dose it is therefore necessary
to use the product ID, unique for each different product. For all opioids with
more than one DDD dose or more than one equianalgesic ratio the conversion
had to go through the opioid’s product ID. There are hundreds of different
product ID numbers for opioids in Norway so using the automation code created
will be essential to avoid large amounts of duplication of work. However the
code needs to be maintained each year, by adding the new product ID numbers

available on the market. If this is done the code should save a lot of work.

3.3.2 Definitions of persistent opioid use

When defining persistent opioid use the code for OMEQ is used and is combined
with other variables created. The variables needed to define persistent opioid
use are firstly the quarter of the year each prescription is dispensed in and
secondly the number of prescriptions dispensed during 365 days following the
first prescription dispensed. In addition it is necessary to define the 365 day

period in which each patient’s opioid use will be measured . This is performed by
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using the date for the first opioid prescribed in the dataset for each patient, and
for each later prescription evaluate whether it is within 365 days of this period
and remove any prescriptions that are not. In order to do this it is clear that data
from two calendar years are needed. Once all prescriptions dispensed more than
a year after the first one is removed the data can be aggregated for each patient,
the number of quarters created, the total volume of opioids dispensed in DDD
and OMEQ and the number of prescriptions calculated. These variables can then
be coded into the respective cut-off points for each definition and combined to

determine whether each patient matches the criteria set.

3.3.3 Figure 2 in paper III

From a technical perspective this is slightly more advanced programming than
the other two parts. Figure 2 is a figure where for each category of a
socioeconomic variable the unadjusted odds ratio is drawn as a horizontal line,
and then as vertical lines the adjusted odds ratio is drawn stratified for work
status, a total of four lines for each category are drawn. These figures are made
by extracting the results from the logistic regressions done for a simple
unadjusted model with only one independent variable, and for the same simple
model but done for the subpopulations that are working, are not working or are
on disability pension. These results are then stored and are combined to draw
the lines in the figure. To combine them several loops are necessary as well as
creating macros extracting different parts of the regression coefficient matrix
each time. The code shown in the appendix can easily be amended to work with

other data by changing the “settings” defined in the first nine lines of code.

3.4 Ethics

The linkage study in paper III was endorsed by the Regional Committee for Medical
Research Ethics and data linkage was approved by The Norwegian Data Inspectorate.
For the other studies no special ethical permission was needed. The Research Council

of Norway funded this work (project number 196213).
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4. Results

4.1 Research Question I: Comparison of OMEQ and DDD

In order to answer research question I, the study reported in paper I was
conducted. The objective of the study was to examine whether the use of oral
morphine equivalents (OMEQ) in studies of opioid consumption will give

additional insights as compared with using Defined Daily Doses (DDD) alone.

To investigate whether OMEQ had any potential to change results in studies
using DDD the OMEQ/DDD ratio was calculated for each opioid formulation. If
the resulting ratio was 1 the OMEQ would match the DDD of oral morphine
perfectly. The results showed that for weak opioids (WHO step II) all ratios were
in the range of 0.1 and 0.5, and that for some strong opioids (WHO step III) such
as sublingual/transmucosal fentanyl, sublingual buprenorphine and per oral
ketobemidone the ratio also differed clinically significantly from 1. No opioids

except the basis for OMEQ, oral morphine, had a perfect match. (figure 4)

43



16

1,4 -

12 4 — —

1,0

0,8
0,6 1
0.4 -
0,2 1 |—|

'l QO QO -‘0 6\1‘ .«\O \6\1 QO QO 60@ \QO Q QO a\(\e

o ® w“e’ '(\‘° & o o ® 0° o o % @ & &
\\‘\0& O\Q \‘c,o (\0@ o« q,e.(“:b ?a':\ &‘(\ 0@(@6‘0 (“6 < e '2:000‘5 e P
N SN s S R
Q,\)Q ‘?‘\\S‘ '{-?’ \{se 0{9\; \‘\OQ(O
oo

Figure 4: The relationship between DDD and OMEQ for different opioids.
Perfect correspondence between DDD and OMEQ is 1. Deviation means that
the OMEQ does not correspond to the DDD. Abbreviations: PO: Per Oral,
TD: Transdermal, SL: Sublingual PA: Parenteral.

The equianalgesic ratios from paper I are shown below (table 3). For paper III
the ratio of codeine-paracetamol was changed from 0.10 to 0.15 as this seemed

to be a more clinically correct ratio 48119,
Comparison of countries total opioid consumption:

Comparing Denmark, Sweden, Finland and Norway’s total opioid consumption
using DDD resulted in Sweden having the highest consumption, followed by
Norway and Denmark. Using OMEQ reversed this order completely. Finland had
the lowest consumption in both comparisons. This change in order persisted
when using the bottom and top of the range of equianalgesic ratios in a

sensitivity analysis.
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Table 3: Equianalgesic ratios used in paper |

Drug Adm. DDD (mg) Range Equianalgesic ratio
Morphine PO 100 1 1
Morphine PA 30 - 3
Oxycodone PO 75 1.3-2.0 1.5
Buprenorphine TD 1.2 110 110
Buprenorphine SL 1.2 33.3-60 50
Fentanyl TD 1.2 68-150 100
Fentanyl SL 0.6 50 508
Hydromorphone PO 20 3.6-8.0 6
Ketobemidone PA 50 3.0 3
Ketobemidone PO 50 1 18
Pethidine PO 400 0.03-0.13 0.1
Codeine PO 90/120" 0.05-0.15 0.1
Tramadol PO 300 0.1-0.2 0.2
Dihydrocodeine PO 150 0.1-0.16 0.13
Dextropropoxyp  p 140° 0.15 0.15

hene

PO = Per Oral, TD = Transdermal, SL. Sublingual PA = Parenteral
§: calculated from bioequivalence data found in the Summary of product characteristics for these drugs (Actiq®,
(Cephalon) and Ketorax ® (Pfizer).) *: The DDD for these compounds are based on combinations with
paracetamol.

Opioid market share and increase in use in Norway 2004-2008:

The most used opioid using DDD was Codeine and paracetamol in combination
with a share of 65% in 2008. Weak opioids in total accounted for 81.9% of the
dispensed opioids. Using OMEQ tramadol accounted for 23.4% and codeine-
paracetamol for 20.4%. Oxycodone accounted for 19% with morphine and
fentanyl behind with 15 and 13%. The increase in dispensed opioids from 2004
to 2008 was 6.7% when using DDD, while it was 23.6% when using OMEQ.

Opioid switching study:

If the results in the clinical study had been reported as DDD the DDD/day would
have decreased from 2 for codeine-paracetamol and 4 for dextropropoxyphene
before the switch to 0.97 after the switch to morphine. For OMEQ the pre switch
doses were 24 mg for codeine-paracetamol and 84 mg for dextropropoxyphene
and it increased after the switch to 97 mg of morphine, corresponding to the

reported improvement of pain control.
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4.2 Research Question II: Persistent opioid use

Using the OMEQ unit of measurement investigated in paper I, research question
II was studied in paper II. The study aimed at developing definitions of persistent

opioid use to apply in prescription database studies.

Table 4: Definitions of persistent opioid use. Cut-off points per 365 days and
typical clinical scenarios connected with each definition of persistent opioid use

Amount of Number of Number of
Typical Clinical Scenario
Opioid Prescriptions Quarters
Wide > 180 bDD Atleast three Persons use opioids at least
Definition OR quarters 1/2 of the days in a year
> 4500 mg OMEQ.
Intermediary > 365 DDD All four Persons use opioids at least
— OR ;
Definition quarters once daily

>9000 mg OMEQ.

>730 DDD Persons with continuous

Strict At least All four

OR therapeutic concentrations of

Definition 10 prescriptions quarters

> 18000 mg OMEQ. opioids

At the end of the three year follow-up the retention within any of the three
definitions was 83, 84 and 68% for the strict, intermediary and wide definition,
respectively. This finding signifies that a large percentage of persistent opioid
users in the definitions continue to use opioids persistently for at least three

years.

The point prevalence of persistent opioid use in Norway (N: 4’681°134) at the
end of 2007 was 0.16% for the strict definition, 0.50% for the intermediary
definition and 1.08% for the wide definition. This was assessed as a reasonable

separation of the different definitions.
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In addition to the results published in paper Il a waiting time analysis was run
for all opioid users, as well as users defined as persistent opioid users by each of
the three definitions of persistent use. The visual results are shown in figure 5.
As seen in all opioid users the percentage of first prescriptions dispensed are
high throughout the year, while the percentage is much lower in all three
definitions. This is reflected in table 5 were the number of incident users are
high in all opioid users compared to the total number of users, while the
percentage is much lower in the persistent opioid use definitions. The average
treatment duration increases from 0.42 years (22 weeks) in all opioid users to
7.5 years for the wide definition, 11.6 years in the intermediary definition and

14.2 years in the strict definition.
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Figure 5: Waiting time distribution analysis of opioid users in Norway in
2005. A: All opioid users, B: Wide definition, C: Intermediary definition, D:
Strict definition. Each bar represents two weeks; the vertical red line
represents the cut-off point where all users are incident after this, and the
horizontal red line represents the level of incident users estimated from
the cut-off point.

Table 5 Numerical results of waiting time distribution analyses.

All Wide Intermediary Strict

opioid users definition definition definition
Number of 432087 45910 20474 6702
persons
Number of 303423 5393 1628 440
Incident users
Number of 128664 40517 18847 6262
prevalent users
Prevalence 0.30 0.88 0.92 0.93
Treatment length
estimate 0.42 years 7.5 years 11.6 years 14.2 years
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4.3 Research Question lll: socioeconomy of persistent
opioid users

Using the intermediate definition from paper II, the socioeconomic associations

with persistent opioid use was studied in paper III.

In persons aged from 35 to 67 years disability pension was more common for
persistent opioid users compared to short-term users (48 versus 16 percent for women,
and 36 versus 9 percent for men, respectively). The adjusted odds ratios for persistent
opioid use in subjects receiving disability pension were 6.5 and 5.8 for women and
men, respectively. Being divorced/separated was associated with persistent opioid
use, and an association between persistent opioid use and education, unemployment
and income was also found. In the analyses of persons older than 67 years in 2001,
the patterns were similar as in the younger aged groups. However most effects were
weaker, the exception was marital status where the association was stronger in the
older age group. In addition to these results reported in paper III the association
between persistent opioid use and county of residence has been studied and reported

below.
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Figure 6: Prevalence of persistent opioid users in the different counties of
Norway shown for the intermediary definition, red indicates high
prevalence, white, low. Measured as percentage

Seen in figure 6 the county with the lowest prevalence of persistent use, Sogn og
Fjordane (0.42%), has less than half of the prevalence than in the county with
the highest use, @stfold (0.93%). This corresponds to an odds ratio of 2.2. In
general the highest prevalence of persistent opioid use is found on the South-
eastern coast of Norway, while the south west/west of Norway has a low

prevalence. The same pattern is seen for all three definitions (not shown).
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5. Discussion

The three papers in this thesis build upon each other, paper Il would not be
possible without the ground work done in paper I, and Paper III uses one of the
definitions from paper II to define the study population. As such they form three
distinct steps on a ladder, and the two first steps can now be implemented in

other studies by other researchers.

5.1 Methodological strength and limitations of studies

The major strength of the studies in this thesis is the use of population data and
the lack of any significant selection bias plaguing studies with other designs and
studies based on other data sources. Another major strength is the possibility to
study the prescriptions to individual patients longitudinally. The NorPD covers
100% of pharmacies in Norway meaning that every single prescription
dispensed in Norway will be collected and included in the NorPD. In addition the
national system of giving every individual living in Norway a personal
identification number (PIN) and using the PIN when registering prescriptions
allows for a more certain following of individuals’ use of drugs 193. The PIN
follows a person from birth to death, and is used directly or pseudonymised in
virtually all national registries. The PIN is used to conduct the linkage of
socioeconomic data from the population and housing census and prescription
data from the NorPD in paper III. These features of the data sources insures that
the quality of data is good. Combine this high quality data with well-documented,
relevant and tested methods, of measuring both opioid volume consumed, and
persistent opioid use, and it is possible to conduct population studies with high

internal validity.

However, there are some challenges to be aware of. Firstly the validity of both
the equianalgesic ratios used and the persistent opioid use definitions, secondly
the way the systems in Norway do not capture individuals use of drugs in

institutions such as nursing homes, and finally the use socioeconomic study does
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not measure socioeconomic factors at the same time as opioid consumption, with
the possibility of persons changing status significantly in the 3-4 years between

observed socioeconomic factors and measured opioid consumption.

Both the strengths and weaknesses will be discussed in more detail below.

5.1.1 Strengths of the data and the analyses

Before going into the specifics of the data sources, and the comparison with
other studies, it is worth mentioning the general advantage of following
individual patients over time. As described in the introduction, many studies,
especially some European ones only use aggregated data from whole-sellers or
other aggregated sources 6364667174 [n addition it is an advantage to study
dispensed drugs rather than prescribed 56. Given that it is impossible to follow
the actual ingestion of drugs in patients, studying the drugs actually bought by

patients is the closest one can come to ingestion in a population study.

The Norwegian prescription database covers about 88% of the volume of opioids
used in Norway 5. The remaining volume is used by hospitals and institutions
like nursing homes. This complete coverage is in contrast to the American
studies using insurance data, both from private companies and, in elderly, from
Medicare 5860.127-131 The size of these insurance databases range from a few
hundred thousand to a few million. This means that it only covers a few percent
of the American population, and only a selected population, often in a single
state, that can afford these different private health insurance plans 132. Even after
adjusting age and gender for the general population these studies will always
suffer the risk of selection bias and therefore an unknown external validity for

the population as a whole.

Finally the way paper II has defined persistent opioid use, using both amount
and distribution of use over 365 days, and defining three different levels of
opioid use as persistent allows for more flexible research into persistent opioid
use. Since different research questions require different levels of persistent

opioid use, paper Il supplies a selection of definitions.
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5.1.2 Weaknesses of the data and the analyses

The major weakness of the papers in this thesis and indeed in most if not all
observational studies is the clinical validity of the results. In each of the papers

there is a different issue with validity.

For paper I the validity of the equianalgesic ratios will always hunt studies like
these. There is no consensus of what doses are equianalgesic and there are many
different equianalgesic tables26.66113, Even when they are based on clinical
evidence, the majority of studies of opioid rotation and switching are done in
short-term users where tolerance has not developed. This has led to different
pharmacoepidemiological studies using different equianalgesic tables and this
does not only lead to questions about validity but also leads to difficulties in
evaluating and comparing different studies. In contrast to this is the DDD system.
It allows for comparisons between studies, and also over studies from different
years. The use of OMEQ is necessary to get a better picture of individuals’ opioid
use, but often the use of DDD in addition will give information that can be more

easily compared especially with other Norwegian and European studies.

In paper II the clinical validity of the definitions of persistent opioid use can not
be determined using the data sources available in this thesis. The three clinical
scenarios will not fit all persons identified by the definitions, and the prevalence
results using the definitions should not be used as the exact real number of
persistent users but rather as an estimate. Some American studies 58100 use days
of supply per prescription to create more exact episodes of opioid use. This
approach would be better if it was possible to determine this with any certainty
for opioid prescriptions. One of the American studies uses maximum daily dose
as the days of supply and this is not a good way of determining it 58. For other
studies it is impossible to extract the method behind the calculation of supply 100,
In Norway it would be possible to find days of supply if the dosing text was
analysed, but text mining is complex and have not yet been done on any drugs in
Norway. An unknown proportion of prescriptions of opioids will also not have
dosing instructions other than “use as prescribed” or “use when needed”. The

existing definitions can also be used in samples with more clinical data, for

53



instance the Health Survey of Nord-Trgndelag, and in the future this will be done

as part of another ph.d. project started.

In paper III there is an additional issue related to the socioeconomic variables
used in the study. Firstly since there is a four-year period between measuring
socioeconomy and persistent opioid use some variables might change
significantly during these four years. This is especially true for work-status,
marital-status and income. Secondly the choice of using household income
divided by the square-root of number of persons in the household might be
questioned. The methodology has been used extensively in income statistics
from OECD but other equivalence scales exist to create an income variable
(OECD). There seems to be no preference to what scale is the best, so the choice
in paper IIl is arbitrary made on the basis that it seems like a sensible scaling of
income. Furthermore the work-status variable only measures income from
employment/self-employment, no income or disability pension. The no income
group will be very diverse and will include housewives, persons actively
searching for work and people not actively searching for work. In general it is
important to remember that the external validity of a study such as the one in
paper III will be limited. Other countries with any differences such as a different
health care system, different criteria for disability pension, different mix of
immigrants, different educational system, different tax rules for cohabitating and
generally different economical and cultural background might produce other
results than the ones observed in this study. Paper IIl merely establishes the

associations between persistent opioid use and socioeconomy in Norway.

Finally the studies conducted in this thesis are not able to get into the root
causes of opioid use. For each patient using opioids there is a diagnosis behind
the opioid use. It might be a broken arm, a painful dental extraction or chronic
conditions such as neuropathy or lower back pain. There might be co-
morbidities making the patient more likely to use opioids persistently and
maybe problematically such as a variety of psychiatric diagnosis or previous
history of drug abuse. In order to really say what our findings mean for the
individuals using opioids and for public health, data on diagnosis and other

clinical data are needed. There are now data available in Norway both from
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national health surveys and from the new patient registry 133 and in the future
such data sources should be used to further investigate who receives opioids
inappropriately and which non-opioid using patients that are in pain and that

could benefit from receiving opioids.

5.2 Discussion of findings

5.2.1 Research Question I: Comparison of OMEQ and DDD

In studies of opioid consumption both DDD and morphine equivalents of
different kinds have been used. The ATC/DDD system is better known in Europe
so studies using DDD are all European ©3-657L74 This includes all previous
studies of opioid consumption using the NorPD in Norway 5582878893 [n the US
studies mostly use some kind of recalculation of doses to morphine equivalents
58,60,100, Danish studies use both DDD and oral morphine equivalents ¢6-70, Also in
international statistics both units of measurement are in use. The INCB 33 uses kg
of each opioid for country-wise opioid statistics, but now also reports a
simplified DDD/million inhabitants/day. The PPSG group >* in the US uses the
INCB data for their statistics but converts them to morphine equivalents.
However a main question has not been addressed previously: what is the
difference in results when using one or the other unit of measurement? Paper I
addresses this question by comparing the two units of measurement in three

different situations.

As the results show, there is a significant difference between using DDD and
OMEQ. The magnitude and direction of the difference is not easy to predict. For
weak opioids such as codeine, dextropropoxyphene and tramadol, as well as
certain administration forms of strong opioids such as transdermal fentanyl the
defined daily dose is set lower than would be expected based on the potency of
the substances. When using DDD, these drugs and formulations will thus be
weighted heavier than other opioids such as morphine and oxycodone. This is
the reason why the increase in opioid consumption in Norway was lower using
DDD than OMEQ, as the use of the predominant opioid is stable. Because the

prescription level of codeine-paracetamol combinations is high and stable, this
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camouflages the increase of stronger opioids. The same is true for the
comparison of different countries. Countries with a high consumption of weak
opioids such as Norway and Sweden will get a higher total consumption than

countries using more strong opioids such as Denmark.

In conclusion the study has clearly shown that results can differ significantly
using an equianalgesic unit of measurement (OMEQ) compared to using the
WHO methodology of defined daily doses (DDD). This is the first time a study has
compared these two methods and paper I can provide guidance for other
researchers when selecting which unit of measurement to use in studies of

opioid use.

5.2.2 Research Question II: Persistent opioid use

As shown in the introduction, chronic pain has several different definitions: 3
months, 6 months as well as a combination of duration and minimum pain
intensity. Several studies of opioid use have emulated the chronic pain
definitions and used similar definitions or even shorter periods 58134 However,
when considering the risks of addiction and other problems with opioid use, as
well as other potentially addictive drugs such as benzodiazepines, the longer a
patient uses the drug the more relevant these problems and their underlying
medical condition become. Paper II studies the use of opioid for at least 365
days, and has used amount of opioid as well as distribution of use and frequency
of dispensing for the strictest definition. Persistent opioid use was chosen as the
term rather than chronic opioid use, both because persistence is a well known
expression from pharmacoepidemiological studies of other drugs 135-137 and to
avoid the implied connection with the definitions of chronic pain. Persistent
opioid use in Norway was between 0.16 and 1.07% using the definitions. This
seems reasonable compared to previous findings from the NorPD. About 0.8% of
the Norwegian population use more than 120 DDD of codeine-paracetamol in a
calendar year and 0.04% use more than 730 DDD 8082, When following the study

population for two additional years a high percentage of persons identified as
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persistent opioid users continued to use opioids persistently. This indicates that
the definitions capture true long-term persistence. Since treatment with opioids
generally is not meant to be life long it is not known what the optimal percentage

of 3 years persistence would have been for the definitions.

The prevalence of persistent opioid use in Norway seems to be lower than one
could expect after reading studies from countries such as the US and Denmark as
well as the Norwegian results from the Breivik phone survey 1420.2258 The 1.07%
of the Norwegian population in the widest definition has a fairly low cut-off point
for the amounts of opioids use, and during a 365-day period they can have no
opioids dispensed in a 90-day period. Paper II is the first study from the NorPD
looking at such low levels of persistent opioid use, and the reported prevalence
can be seen as an estimate for the maximum extent of use that is, or can become,

problematic.

The analysis of waiting time distribution complements the retention analyses of
paper 11, but was not included in the paper since it was deemed to theoretical to
fit with the clinical focus of the article. The results of the waiting time
distribution analyses show that there is a clear difference between all opioid
users and the persistent opioid users. It estimates the incidence of persistent
opioid use, as this was not done in paper II, and it also provides an estimate of
treatment length, or actually an estimate of the average time persons stay
persistent opioid users. The estimated incidence of persistent opioid use was
low, only about 12% of the users for the widest definition falling for the two
others down to 7-8% for the strict definition. For all non-persistent users it is
already known that 71% did not receive any opioids in the previous year (paper
1), and this is similar to the estimated incidence of the waiting time distribution
(70%). The estimated length of persistent opioid use was high. It has to be
understood that this is an estimate of the average length a persistent user of
opioid will use opioids persistently at the time of measurement. Changing
incidence and prevalence could change this estimate. So rather than being taken
literally, the size of the estimates should be seen and can be used to compare
trends over time. If many more start using opioids persistently, the estimate will

decrease, whereas if the incidence decreases, the estimate will increase.
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5.2.3 Research Question lll: Socioeconomy of persistent opioid

users

Previous international studies have shown association between different
socioeconomic factors and pain or opioid use. A study of opioid use for more
than 4 weeks, more than 4 days per week showed a strong association with
opioid use and low education 134, A different study of persons with chronic pain
showed that persons with completed high school and some college education
were more likely to use opioids, and that higher income was associated with
more opioid use 129, The exceptions were persons with college degrees and
persons with more than 70000 dollars per year in income. In contrast to this
finding a different study found that education and higher income both were
associated with less chronic pain and less opioid use in chronic pain patients 29.
The study also reported that living alone was associated with both higher
prevalence of chronic pain and in these chronic pain patients more opioids were
used. Finally it has been shown that in patients with chronic pain, there is an
association between chronic work loss and opioid use, especially when strong
opioids are used for more than 90 days 127. However, the impact of
socioeconomy will also depend on the society as a whole. Norway is quite
different from the US and other industrialised countries in many regards such as
universal health-care, unemployment and employment rates 138 and background
of immigrants therefore results from foreign studies might have limited
applicability in Norway. In Norway a study has characterised persons in chronic
pain using a questionnaire 13. In this study a multiple logistic regression analysis
was done and it was seen that persons in chronic pain were more likely to have
less education, that employment status in it self had no effect and that marital
status did not matter. This is in contrast to the findings in paper IIl showing an
association between persistent opioid use and these factors. This seems to
indicate that high socioeconomic “status” is not related to less pain, but that this

pain is treated and dealt with differently with less persistent opioid use.
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In paper III the socioeconomic factors studies were: Income, education, marital
status, immigrant background. The analyses were conducted stratified on gender
and age. The age strata were 35-67 years and 68 years and older. The stratified
populations are all large and therefore small differences in odds ratio will be
statistically significant. The smallest differences statistically significant (99%
confidence interval) in the largest group (women 35-67 years old) were odds
ratios of 0.88 and 0.89 and for the smallest group (men, 68 years and older) odds
ratios of 1.14 and 0.78 were statistically significant. The size of the association
therefore has to be interpreted in what is clinically significant. The strongest
association was found between work status and persistent opioid use. This is not
unsurprising as painful conditions can lead to both persistent opioid use and
inability to work. Without a prospective study design it is impossible to study
whether non-working/disability pension came first and opioid use followed or
the opposite, and whether opioid doses increase or decrease when persons no
longer work. Another association seen in both genders and both age groups is
the association between being divorced/separated and persistent opioid use.
Previous studies of socioeconomy and drug use have tended to group all persons
living alone, and paper Il indicates that this should be avoided 20.139.140 Single
individuals and widows/widowers show no association with persistent opioid

use, and mixing these in with divorcees would lessen the association seen.

The analysis of county-wise differences of persistent opioid use points to the fact
that there is something with either individuals or prescribers in certain areas of
Norway that gives rise to this large difference in prevalence. It is already well
known that the total drug consumption is different in different counties 14! as
well as the total opioid consumption 142, However, the difference seen in the
prevalence of persistent opioid use is much larger than the differences in total
drug and opioid consumption. This indicates that there are additional
mechanisms at play in addition to the generally lower drug consumption in some
counties. The difference between the county with the lowest and highest
prevalence of persistent opioid use, using the intermediary definition, is over
120%. Further analysis of differences between counties both in terms of

socioeconomy and factors such as distance to the nearest doctor and pharmacy
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is needed. A study from 1978 143 using whole-sale data and aggregated
socioeconomic variables to explain the county difference in total drug
consumption can shed some light into which variables that can be relevant, but
with more individual data available better and more revealing analysis is

possible.
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6. Conclusions

Research question I: Can the use of Oral Morphine Equivalents as the unit of
measurement in pharmacoepidemiology studies of opioid consumption lead to
different conclusions compared to using Defined Daily Doses as the unit of

measurement?

In paper I the first research question was answered. There is a significant
discrepancy between the DDD doses for each opioid and the equianalgesic ratios.
Weak opioids have a higher DDD than the equianalgesic ratio would suggest. For
some strong opioids, especially transdermal formulations of fentanyl and
buprenorphine, the same discrepancy is also quite pronounced. These
differences can, as paper I showed, give rise to different conclusions when OMEQ

is used in addition to DDD.

Research Question II: How can persistent opioid use be defined in a prescription

database and what is the prevalence of this use in Norway?

Paper II defined persistent opioid taking into account the amount of opioids
measured as DDD and OMEQ dispensed during a 365-day period. The definitions
had a high degree of retention following patients for a total of three years and
the Norwegian point prevalence of persistent opioid use at 31. December 2007
was 0.16%, 0.50% and 1.07% for the strict, intermediate and wide definition

respectively.

Research question 11I: What are the socioeconomic characteristics of Norwegian

persistent opioid users and how to they differ from short-term opioid users?

The third question, studying the socioeconomic features of persistent opioid
users, was answered in paper III. It was found that persistent opioid users
compared with short-term opioid users in Norway were more likely to have

lower education, lower income, be unemployed or on disability pension, have
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ethnically Norwegian parents and be divorced or separated. For persistent
opioid users older than 67, the same associations were seen but were weaker
except the association with ethnic background that disappeared and the

association with marital status that was stronger.
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7. Issues for future research.

This thesis has dealt with a couple of essential challenges in
pharmacoepidemiological studies of opioid consumption as described by
research question [ and II. Both challenges were well recognized, but the
literature does not include data on the impact of the choices made to resolve the

challenges. Neither had any methodological testing been performed.

With the papers in this thesis the difference between using DDD and
equianalgesic doses have been clearly shown for the first time. In addition the
use of OMEQ in defining persistent opioid use in paper II allows for single
definitions to encompass both users of weak opioids, users of strong opioids, as
well as users who switch between these two groups, and it is robust no matter
which opioid is used. This allowed a clear comparison between long-term
persistent opioid users and short-term users and the socioeconomic variables
associated with persistent opioid use in paper III. With the knowledge of what
the prevalence of persistent opioid use is in Norway more informed guidelines
can be developed. As an example it is now known that more than half the
persistent opioid users in Norway use opioids in fairly low doses and/or not
every day. This should mean that this group should receive more attention in
future guidelines of opioid use. The results also inform clinicians that only a
small proportion of opioid users use opioids frequently and/or in high doses and

will be at risk for developing problematic opioid use.

In the future the focus should be on conducting more linkage studies using both
the NorPD and other administrative databases, and also health surveys. This
would give more information about the patients that are being studied.
Especially health surveys could give more information about co-morbidities, life
style, quality of life and pain conditions. This would be essential in order to infer
something on whether the use of opioids in Norway is appropriate or not. The
work included in this thesis has built a foundation for conduction of linkage
studies targeting persistent opioid users. Such future studies will be able to
investigate whether all persistent opioid users are CNMP patients, and the

prevalence of persistent opioid use in CNMP patients in Norway.
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Future:
Linkage Studies

RQ Ill: What characterises
persistent opioid users?

RQ II: How to define
persistent opioid use?

w—ommI -

RQ I: How to measure opioid consumption?

Figure 7: future research building on the work in this thesis

Another important development would be to try to get more longitudinal study
designs, in order to study how patients’ opioid use change over time as their pain
and other factors change. One way would be to do a study using the longitudinal
data from the Pain-HUNT survey. In this study 3548 patients have now
completed 3 years. The study consists of questionnaires being sent out every
three months for the first year, and then yearly for the next three years. Around
30% have reported chronic pain % Whether a study like this would have
statistical strength to give solid conclusions is unclear, but the Pain-HUNT is still

a unique source of longitudinal pain data from a population sample.

One issue in the NorPD is how dosing information is collected but not used. In
the future work should be put into developing a method for quantifying the
dosing instructions and using this data to determine what doses opioid users are
being prescribed and this would also potentially allow the creation of treatment
episodes. However, it still remains to see how many dispensed prescriptions for

opioids that actually contain a useful dosing instruction to the patient.

Finally one issue with the Norwegian opioid consumption has so far not been
studied. The differences in persistent opioid consumption between geographical
areas in Norway are shown to be significant in this thesis. The reasons for this
would be interesting to know more about. s this just related to the differences in

prevalence of pain, or are there other factors also influencing these differences?
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DIFFERENT USEFUL STATA CODES

The syntax for Stata 11 will be shown and commented on. Before moving on to
this however it is important to understand how the syntax here is colour coded
and built up. Firstly all text in red are comments and Stata knows to overlook all
lines starting with * and all text enclosed by /* and */. It is used actively to
explain what the different macros that are being defined means below. Next all
text in underlined green and blue are commands. For instance the text local as
seen frequently in the syntax defines a macro with a name (first word after local)
and content (the rest of the text after local and the macro name). It is not
appropriate to go into details how macros and other programming concepts
work, but a good reference to read is “The Workflow of Data Analysis Using
Stata” (108). The next colour used is bright blue and bold, this is macros being
recalled and used in commands. For dark blue as seen in { and } is the start of
and end of a loop. Pink are operators such as = and : used in assignment and
specifying commands. The final colour used is brown, meaning text used as a
string. An operator in brown for instance will be read as it is, not as an

assignment.

Using a data file with dispensed prescriptions it is first necessary to create
macros with the variables to be inputted in the syntax. For this syntax five
variables are needed, the ATC code of each prescription, the product number of
each pack dispensed, the date the prescription was dispensed and the number of
DDDs that was dispensed. Finally the patient ID number is needed (line 4) to
later create the persistent use definitions.

local ATCKode /* variable for ATC-Code here PS: the letters in the ATC-codes needs to be
capitalized!*/

2 local VareNr /*variable for product number here */

3 local UtleveringsDato /* variable for date of dispensing*/

4  local PasientLopeNr /* varable for patient ID*/

5 local OrdinasjonAntallDDD /* variable for DDD per prescription dispensed*/
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Then in line 6-14 the equianalgesic ratios are coded in for each prescription. This
is done by running a loop (line 10-14) recoding each ATC-code (line 7) to the
corresponding equianalgesic ratios (line 8)

6 generate MEQFAC =

7 local megfac atc NO2ABO1 NO2ABO2 NO2AA59 NO2ABO3 NO2AC54 NO2ADO1
NO2AEO1 NO2AAQ01 NO2AGO1 NO2AGO2 NO2AAO03 NO2AA08 NO2AA05 NO2AX02

8 local megfac pot 3 0.1 0.15 100 0.15 0.17 110 1 1 3 6 0.13 1.5 0.2

9 local counter =0

10 foreach atc in ‘megfac_atc' {

11 local ++counter

12 local potens : word “counter' of ‘megfac pot'

13 recode MEQFAC (.='potens') if 'ATCKode'=="‘atc'"
14 }

The matter becomes more complicated as each ATC code can have more than
one equianalgesic ratio. This is due to the different administration forms some
opioids have and the different bioavailability of these forms. Using the product
number these administration forms are coded with a ratio comparing their
equianalgesic ratio to the main ratio for that opioid (line 15-16). In order to
calculate the mg OMEQ per prescription the defined daily dose (DDD) has to be
used, in line 17-26 the DDD (line 19) is coded for each ATC code (line 18). This is

accomplished using a loop as done for the equianalgesic ratios.

15 gen admin_faktor = ‘VareNr'

16 recode admin faktor (267351=1.4) (20944 20955 267606=1.5) (496729 496737
266452 496935=0.33) (14860 329664 11437 11866 12997 13904 14225 329409
449298 551721 360734=3) (6289 6466 6512 6543 6328 6336 6369 6380 6413
6422 6455 6499=0.5) (65466 522441 1628=0.45) (else=1)

17 generate DDD_fra_atc =

18 local ddd_atc NO2ABO1 NO02AB02 NO2AC54 NO02AD01 NO2AEO1 NO2AGO01 NO2AGO2
NO2AA03 NO2AA08 NO2AX02

19 local ddd mg 50 400 140 200 1.2 10 25 20 150 300

20 local counter =0

21 foreach atc in ‘ddd_atec' {

22 local ++counter

23 local potens : word “counter' of “ddd _mg'

24 recode DDD_fra atc (.='potens') if 'ATCKode'=="'atc'"
25 '}

26 recode DDD fra atc (.=1)
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The DDD has the same problem as in the equianalgesic rations, with each ATC
code having more than one DDD the product code is also here used in coding the
DDD doses for all opioids with more than one DDD. This is shown in line 27-35,
with line 34 creating a variable and line 35 recoding the variable using the

macros created in line 27-33.

27 local DDD pinex forte 69302 69310 69328 69344 69351 2979 453878 487256
544080 578419 /* codeine */

28 local DDD paral forte 112664 112672 112680 112698 112706 116822 116830
119099 119107 119109 119115 189274 266619 281998 389353 575381 583526/*
codeine */

29 local DDD oksykodon tbl 3337 3404 3413 3415 3439 13346 5604 5706 5715
5731 5739 5750 5773 5798 5842 6729 6741 6772 9521 9532 9543 9554 9565
9576 9587 9598 13346 3371 3428

30 local DDD morfoks_inj 329409 329664 11437 11866 12997 13904 14225
449298 551721 20944 20955 267606 /* morphine & oxycodone injections both same
DDD*/

31 local DDD fentanyl tm 6289 6328 6336 6369 6380 6413 6422 6455 6466 6499
6512 6543  /* transmucosal/sublingual fentanyl*/

32 local DDD fentanyl td 18995 19094 19108 19167 22353 22375 22389 22411
24056 60114 60123 60150 60159 60168 60177 60187 103806 60132 60141
451328 451369 451385 451401 /* transdermal fcnranyl*/

33 local DDD morfin tbl 27904 28811 139881 286209 424036 424549 424614
424804 461400 461434 478685 478743 478834 478875 488734 551739 551747
551754 551796 563767 581983 /* morphine tablets*/

34 generate DDD_fra vnr = 'VareNr'

35 recode DDD_fra vnr ( 'DDD_pinex forte'=90) ( 'DDD_paralgin_ forte'=120)
( "DDD_oksykodon_tbl'=75) ( 'DDD_morfoks_inj'=30) ( °"DDD_fentanyl tm' =
0.6) ( "DDD_fentanyl td'=1.2) ( 'DDD_morfin tbl'=100) (else=1)
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The final step of creating the OMEQ variable is to multiply the equianalgesic ratio
created in line 10-14 with the administration factor created in line 15-16 and
with the DDD created in line 21-26 and the DDD from product numbers in line
34-35. This is done in line 37, but before that line 36 creates a cross table of the
variables DDD from ATC and DDD from product number, here no dispensed
prescriptions should have the value 1 in both, if so, something is wrong and
probably some product numbers have not been recoded as they should have
been. The 6 final lines in the code, line 28-44 are inserting labels to the variables

just created.

36 table DDD fra atc DDD fra vnr

37 gen konverteringsfaktor = MEQFAC* admin faktor* DDD fra atc*
DDD_fra vnr
38 gen OMEQ = konverteringsfaktor* ‘OrdinasjonAntallDDD'

39 label var OMEQ "mg oral morphine equivalents per prescription"

40 label var konverteringsfaktor "factor to multiply DDD with"

41 label var DDD_fra vnr "DDD in mg from product code"

42 label var DDD_fra_atc "DDD in mg from ATC"

43 label var admin_faktor "factor between different administration forms"

44 1abel var MEQFAC "equianalgesic ratio between opioid and oral morphine"

Definitions of persistent opioid use

This part of the code should be run when running the OMEQ code. This is
because the macros defining the names of variables inputted are not repeated
here, if this code is to be run separately the same five lines as in the beginning of
the OMEQ code needs to be inserted before line 1 here. The first 4 lines in this
syntax created the first date of prescription dispensed for each patients using the
egen command with the bysort prefix (line 1) then for each prescription
dispensed the number of days from the first prescription is created (line 3) and if
the gap is longer than 365 days the prescription is removed (line 4) since the
persistent opioid use definitions measure use during 365 days after first

prescription dispensed in a year.

1 Dbysort ‘PasientLopeNr': egen forstedato = min( ‘UtleveringsDato' )
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2
3
4

format forstedato %td

gen gap = 'UtleveringsDato'- forstedato
drop if gap>365

Then for each prescription dispensed the corresponding quarter of the 365 day

study period is coded (line 5-9) and in order to count the number of quarters

opioids are dispensed lines 10 to 18 is needed. Line 19 counts number of

prescriptions dispensed per patient and line 20-24 drops all temporary variables

created in these steps and labels the remaining variables .

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

gen kvartal =0

recode
recode
recode

recode

kvartal (0=1) EE gap<91
kvartal (0=2) if gap<181
kvartal (0=3) if gap<271
kvartal (0=4) if gap<366

egen kvartall = anymatch( kvartal), v (1)

egen kvartal2 = anymatch( kvartal), v(2)

egen kvartal3 = anymatch( kvartal), v(3)

KRR Q3

‘PasientLopeNr': egen klmax =
‘PasientLopeNr': egen k2max =
‘PasientLopeNr': egen k3max =

‘PasientLopeNr': egen kdmax =

egen gtrs = rowtotal( klmax k2max

by ‘PasientLopeNr':
drop kdmax k3max k2max klmax kvartal4d kvartal3 kvartal2 kvartall

kvartal

lab var
lab var
lab var

lab var

resepter "number of dispensed prescriptions in 365 days"

gtrs "number of quarters of the year with opioids dispensed"

kvartal4d = anymatch( kvartal), v(4)

max ( kvartall)
max ( kvartal?2)
max ( kvartal3)
max ( kvartald)

k3max kdmax)

egen resepter= count( gap)

forstedato "first date of dispension”

gap "time from first dispension"

Line 25 deserves some attention, the collapse command highlighted in yellow is

special because it is destructive. It will aggregate the prescription data to patient

data, and as there are no "undo” function caution is needed. Always save the

data, or use the preserve command if one is not absolutely sure that the

command is set up exactly as it should. When collapsing the data, the first date of

dispensing, the number of quarters and number of prescriptions are carried on
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into the patient file, in addition the total amount of opioids dispensed in DDD and

OMEQ for each patient are created.

25 collapse (mean) forstedato gtrs resepter (sum) OMEQtot=OMEQ
DDDtot='OrdinasjonAntallDDD', by ( PasientLopeNr')

Finally the definitions can be created first by making binary variables for the
different dimensions to be used, for number of quarters of the 365 day period
(line 26-39), amounts of opioid in OMEQ (line 30-35) and DDD (line 36-41) and
number of prescriptions (line 42-43). The two different opioid amount variables
are combined in line 44-46 and the strict (line 47-48), intermediary (line 49-59)
and wide (line 51-52) definitions are coded as binary variables by combining the

dimensions.

26 gen gtrs4 = 0

27 recode gtrs4 (0=1) if gtrs==

28 gen gtrs3 = 0

29 recode qgtrs3 (0=1) if gtrs>=3

30 gen OMEQ18000 = 0

31 recode OMEQ18000 (0=1) if OMEQtot>=18000
32 gen OMEQ9000 = 0

33 recode OMEQ9000 (0=1) if OMEQtot>=9000
34 gen OMEQ4500 = 0

35 recode OMEQ4500 (0=1) if OMEQtot>=4500
36 gen DDD730 = 0

37 recode DDD730 (0=1) if DDDtot>=730

38 gen DDD365 = 0

39 recode DDD365 (0=1) if DDDtot>=365

40 gen DDD180 = 0

41 recode DDD180 (0=1) if DDDtot>=180

42 gen resepterl0 = 0

43 recode resepterl0 (0=1) if resepter>=10

44 gen strictamount = OMEQ18000+ DDD730
45 gen intermamount = OMEQ9000+ DDD365
46 gen wideamount = OMEQ4500+ DDD180

128



47

48

49

50

5l
52

gen strict def = 0

recode strict def (0=1) if strictamount>=1 & resepterlO==1 &
gtrs4==1

gen intermediate_def = 0

recode intermediate def (0=1) if intermamount>=1 & qtrs4==

gen wide_def = 0

recode wide_def (0=1) if wideamount>=1 & qgtrs3==

Figure 2 in paper III

The first part (line 1-9) is assigning different macros used later, the advantage is

that when changing the code for graphing a different independent variable or for

a different project, these 9 macros are the only ones needed to be changed. The

explanation for each macro can be seen in red.

w N

local
local
local

local

local
local
local
local

local

depvar intermaarl /* dependent variable*/
indepvar samlivsstatus /* independent variable*/
referansekategori 2 /* what value should be the reference (OR=1)*/
kkat = 4 /* number of values in independent variable */
modifier work status /* effect modifier variable */
kstrata = 3 /* number of values in the effect modifier */
if "if female==0 & alder67==0" /* defining subpopulation to graph*/
xaksenavn Marital status /* name on x-axis */
farge "gs4 gs8 gsl2 gsle" /* colours to be used on vertical graphs*/

The next four lines (line 10-13) are 4 empty macros being defined. These contain

nothing now, but will become filled later on, and they need to be defined before

entering loops.

10
11
12

13

local

local
local

local

adj "
unadj ""
tw "

xlabel ""
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The next seven lines below (line 14-20) are used to create the labels to be used
in the graph to name the categories of the independent variable line 14 is merely
a counting macro, line 15 extracts the value labels from the independent variable
and stores it in a macro. Line 16-20 is a short loop creating the correct syntax to
use as the label, firstly the value for each category and then the corresponding
label text this gets stored in a macro called xlabel and will be used in the final

line of the syntax.

14 local irow =1
15 1local varlab : val lab "indepvar'

16 forvalues labnum = 1/‘kkat' {

17 local vallab :lab ‘“varlab' ‘irow'

18 local xlabel "’'xlabel' ‘labnum' "‘'vallab'""
19 local ++irow

20 '}

In this part the results from a logistic regression first without any effect modifier
(line 23) and then stratified for the effect modifier (line 32) in a loop. The
regression results gets extracted into macros that are combined in line 38 and 40
into a graphical command used to write lines between two points (the command
is pci). As the loops run the results from each regression and each subcategory of
the independent variable and effect modifying variable gets added to a single

macro called tw.
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21
22
23
24
25
26
27
28
29
30
31

32

33
34
35
36
37
38
39

40

41

quietly tabulate “indepvar'

local r = r(r)
quietly logistic ‘depvar' ib'referansekategori'. 'indepvar' ‘if', base
matrix eb =e (b)
forvalues nummer = 1/°r' {
local =eb[1, nummer']

local exp = exp('b')

local start = ‘nummer'-0.2
local slutt = ‘nummer'+0.2
local irow = 0
forvalues strata = 1/ kstrata' {
quietly logistic ‘depvar' ib'referansekategori'. 'indepvar'
Cif' &
‘modifier'=='strata' , base
matrix aeb = e(b)

local ++irow
local ab =aeb[l, 'nummer']
local aexp = exp( ab')

local 1lc : word ‘irow' of ~farge'
local tw " "tw' (pci “exp' "x3' ‘aexp' “x3', lc('1lc')
lw (vvthick) )"
}
local tw " tw' (pci “exp' “start' ‘exp' “slutt', lc(black)
lw (vthick)
lst (foreground) )"

The macro “tw' is used to draw the graph and combined with different necessary

options in line 42.

42

twoway “tw' ,legend(on order(l 2 3 4)label(l "disability pension")
label (2 "not working") label(3 "working") label (4 "unadjusted") cols (1)
rowgap (2) keygap (3) symxsize (5) position(6) )

ytitle("Oddsratio for being persistent opioid user™) /* xtitle(" xaksenavn')*/
xtitle("") yline(1l, lc(black))

/* title("the modifying effect of “modifier' on “indepvar™) sub(""if'") */

graphr (c (white) )xlabel ( xlabel')
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149 Ronald Marvik: PHARMACOLOGICAL, PHYSIOLOGICAL AND
PATHOPHYSIOLOGICAL STUDIES ON ISOLATED STOMACS.

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

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

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

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

ARTERIES.

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

155.Agnar Tegnander: DIAGNOSIS AND FOLLOW-UP OF CHILDREN WITH SUSPECTED OR
KNOWN HIP DYSPLASIA.

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 S@ther: 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: HHGH-DOSE METHOTREXATE THERAPY IN CHILDREN WITH ACUTE
LYMPHOCYTIC LEUKEMIA: DOSE, CONCENTRATION, AND EFFECT
CONSIDERATIONS.
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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.Ivar 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.Pél 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 .Bjgrn 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 Aasargd: 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.@yvind Hjertner: MULTIPLE MYELOMA: INTERACTIONS BETWEEN MALIGNANT
PLASMA CELLS AND THE BONE MICROENVIRONMENT
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192.Asbjgrn Stgylen: STRAIN RATE IMAGING OF THE LEFT VENTRICLE BY
ULTRASOUND. FEASIBILITY, CLINICAL VALIDATION AND PHYSIOLOGICAL
ASPECTS

193 Kristian Midthjell: DIABETES IN ADULTS IN NORD-TR@NDELAG. 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 Wislgff: CARDIAC EFFECTS OF AEROBIC ENDURANCE TRAINING:
HYPERTROPHY, CONTRACTILITY AND CALCUIM HANDLING IN NORMAL AND
FAILING HEART

196.@yvind 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 Jgrgen 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 Rgnnaug Astri @degird: 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.
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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 Mgrkved: URINARY INCONTINENCE DURING PREGNANCY AND AFTER
DELIVERY: EFFECT OF PELVIC FLOOR MUSCLE TRAINING IN PREVENTION AND
TREATMENT

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

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

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

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

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

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

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

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

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

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

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

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

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

234.Arne Wibe: RECTAL CANCER TREATMENT IN NORWAY — STANDARDISATION OF
SURGERY AND QUALITY ASSURANCE

2004

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

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

246.Reidar Fossmark: GASTRIC CANCER IN JAPANESE COTTON RATS

247 Wibeke Nordhgy: 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 Drgyvold: EPIDEMIOLOGICAL STUDIES ON WEIGHT CHANGE AND
HEALTH IN A LARGE POPULATION. THE NORD-TR@NDELAG HEALTH STUDY
(HUNT)

250.Ragnhild Stgen: 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 Sebg 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 Rg: 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
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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 Sundstrgm: 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 Ngrsett: 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

292.0Ottar Bjerkeset: ANXIETY AND DEPRESSION IN THE GENERAL POPULATION: RISK
FACTORS, INTERVENTION AND OUTCOME - THE NORD-TR@NDELAG 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
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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 Lgvstakken: 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 A,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 Lgvold Mostad: IMPACT OF DIETARY FAT QUANTITY AND QUALITY IN TYPE
2 DIABETES WITH EMPHASIS ON MARINE N-3 FATTY ACIDS

310.Torill Eidhammer Sjgbakk: 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 Sgndend 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-TR@NDELAG HEALTH STUDIES (HUNT)

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

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

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

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

320.Grete Helen Bratberg: PUBERTAL TIMING — ANTECEDENT TO RISK OR RESILIENCE ?
EPIDEMIOLOGICAL STUDIES ON GROWTH, MATURATION AND HEALTH RISK
BEHAVIOURS; THE YOUNG HUNT STUDY, NORD-TR@NDELAG, NORWAY

321.Sveinung Sgrhaug: THE PULMONARY NEUROENDOCRINE SYSTEM.
PHYSIOLOGICAL, PATHOLOGICAL AND TUMOURIGENIC ASPECTS

322.0lav Sande Eftedal: ULTRASONIC DETECTION OF DECOMPRESSION INDUCED
VASCULAR MICROBUBBLES

323.Rune Bang Leistad: PAIN, AUTONOMIC ACTIVATION AND MUSCULAR ACTIVITY
RELATED TO EXPERIMENTALLY-INDUCED COGNITIVE STRESS IN HEADACHE
PATIENTS
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324.Svein Brekke: TECHNIQUES FOR ENHANCEMENT OF TEMPORAL RESOLUTION IN
THREE-DIMENSIONAL ECHOCARDIOGRAPHY

325. Kristian Bernhard Nilsen: AUTONOMIC ACTIVATION AND MUSCLE ACTIVITY IN
RELATION TO MUSCULOSKELETAL PAIN

326.Anne Irene Hagen: HEREDITARY BREAST CANCER IN NORWAY. DETECTION AND
PROGNOSIS OF BREAST CANCER IN FAMILIES WITH BRCAIGENE MUTATION

327.Ingebjgrg S. Juel : INTESTINAL INJURY AND RECOVERY AFTER ISCHEMIA. AN
EXPERIMENTAL STUDY ON RESTITUTION OF THE SURFACE EPITHELIUM,
INTESTINAL PERMEABILITY, AND RELEASE OF BIOMARKERS FROM THE MUCOSA

328.Runa Heimstad: POST-TERM PREGNANCY

329.Jan Egil Afset: ROLE OF ENTEROPATHOGENIC ESCHERICHIA COLI IN CHILDHOOD
DIARRHOEA IN NORWAY

330.Bent Havard Hellum: IN VITRO INTERACTIONS BETWEEN MEDICINAL DRUGS AND
HERBS ON CYTOCHROME P-450 METABOLISM AND P-GLYCOPROTEIN TRANSPORT

331.Morten André Hgydal: CARDIAC DYSFUNCTION AND MAXIMAL OXYGEN UPTAKE
MYOCARDIAL ADAPTATION TO ENDURANCE TRAINING

2008

332. Andreas Mgllerlgkken: REDUCTION OF VASCULAR BUBBLES: METHODS TO
PREVENT THE ADVERSE EFFECTS OF DECOMPRESSION

333.Anne Hege Aamodt: COMORBIDITY OF HEADACHE AND MIGRAINE IN THE NORD-
TRONDELAG HEALTH STUDY 1995-97

334. Brage Hgyem Amundsen: MYOCARDIAL FUNCTION QUANTIFIED BY SPECKLE
TRACKING AND TISSUE DOPPLER ECHOCARDIOGRAPHY - VALIDATION AND
APPLICATION IN EXERCISE TESTING AND TRAINING

335.Inger Anne Nass: INCIDENCE, MORTALITY AND RISK FACTORS OF FIRST VENOUS
THROMBOSIS IN A GENERAL POPULATION. RESULTS FROM THE SECOND NORD-
TRONDELAG HEALTH STUDY (HUNT2)

336.Vegard Bugten: EFFECTS OF POSTOPERATIVE MEASURES AFTER FUNCTIONAL
ENDOSCOPIC SINUS SURGERY

337.Morten Bruvold: MANGANESE AND WATER IN CARDIAC MAGNETIC RESONANCE
IMAGING

338.Miroslav Fris: THE EFFECT OF SINGLE AND REPEATED ULTRAVIOLET RADIATION
ON THE ANTERIOR SEGMENT OF THE RABBIT EYE

339.Svein Arne Aase: METHODS FOR IMPROVING QUALITY AND EFFICIENCY IN
QUANTITATIVE ECHOCARDIOGRAPHY — ASPECTS OF USING HIGH FRAME RATE

340.Roger Almvik: ASSESSING THE RISK OF VIOLENCE: DEVELOPMENT AND
VALIDATION OF THE BR@SET VIOLENCE CHECKLIST

341.0ttar Sundheim: STRUCTURE-FUNCTION ANALYSIS OF HUMAN ENZYMES
INITIATING NUCLEOBASE REPAIR IN DNA AND RNA

342.Anne Mari Undheim: SHORT AND LONG-TERM OUTCOME OF EMOTIONAL AND
BEHAVIOURAL PROBLEMS IN YOUNG ADOLESCENTS WITH AND WITHOUT
READING DIFFICULTIES

343.Helge Garasen: THE TRONDHEIM MODEL. IMPROVING THE PROFESSIONAL
COMMUNICATION BETWEEN THE VARIOUS LEVELS OF HEALTH CARE SERVICES
AND IMPLEMENTATION OF INTERMEDIATE CARE AT A COMMUNITY HOSPITAL
COULD PROVIDE BETTER CARE FOR OLDER PATIENTS. SHORT AND LONG TERM
EFFECTS

344.0lav A. Foss: “THE ROTATION RATIOS METHOD”. A METHOD TO DESCRIBE
ALTERED SPATIAL ORIENTATION IN SEQUENTIAL RADIOGRAPHS FROM ONE
PELVIS

345 Bjgrn Olav Asvold: THYROID FUNCTION AND CARDIOVASCULAR HEALTH

346.Torun Margareta Melg: NEURONAL GLIAL INTERACTIONS IN EPILEPSY

347 Irina Poliakova Eide: FETAL GROWTH RESTRICTION AND PRE-ECLAMPSIA: SOME
CHARACTERISTICS OF FETO-MATERNAL INTERACTIONS IN DECIDUA BASALIS

348.Torunn Askim: RECOVERY AFTER STROKE. ASSESSMENT AND TREATMENT; WITH
FOCUS ON MOTOR FUNCTION

349.Ann Elisabeth Asberg: NEUTROPHIL ACTIVATION IN A ROLLER PUMP MODEL OF
CARDIOPULMONARY BYPASS. INFLUENCE ON BIOMATERIAL, PLATELETS AND
COMPLEMENT
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350.Lars Hagen: REGULATION OF DNA BASE EXCISION REPAIR BY PROTEIN
INTERACTIONS AND POST TRANSLATIONAL MODIFICATIONS

351.Sigrun Beate Kjgtrgd: POLYCYSTIC OVARY SYNDROME — METFORMIN TREATMENT
IN ASSISTED REPRODUCTION

352.Steven Keita Nishiyama: PERSPECTIVES ON LIMB-VASCULAR HETEROGENEITY:
IMPLICATIONS FOR HUMAN AGING, SEX, AND EXERCISE

353.Sven Peter Ndsholm: ULTRASOUND BEAMS FOR ENHANCED IMAGE QUALITY

354.Jon Stale Ritland: PRIMARY OPEN-ANGLE GLAUCOMA & EXFOLIATIVE GLAUCOMA.
SURVIVAL, COMORBIDITY AND GENETICS

355.Sigrid Botne Sando: ALZHEIMER’S DISEASE IN CENTRAL NORWAY. GENETIC AND
EDUCATIONAL ASPECTS

356.Parvinder Kaur: CELLULAR AND MOLECULAR MECHANISMS BEHIND
METHYLMERCURY-INDUCED NEUROTOXICITY

357.Ismail Ciineyt Giizey: DOPAMINE AND SEROTONIN RECEPTOR AND TRANSPORTER
GENE POLYMORPHISMS AND EXTRAPYRAMIDAL SYMPTOMS. STUDIES IN
PARKINSON’S DISEASE AND IN PATIENTS TREATED WITH ANTIPSYCHOTIC OR
ANTIDEPRESSANT DRUGS

358.Brit Dybdahl: EXTRA-CELLULAR INDUCIBLE HEAT-SHOCK PROTEIN 70 (Hsp70) — A
ROLE IN THE INFLAMMATORY RESPONSE ?

359 Kristoffer Haugarvoll: IDENTIFYING GENETIC CAUSES OF PARKINSON’S DISEASE IN
NORWAY

360.Nadra Nilsen: TOLL-LIKE RECEPTOR 2 -EXPRESSION, REGULATION AND SIGNALING

361.Johan Hikon Bjgrngaard: PATIENT SATISFACTION WITH OUTPATIENT MENTAL
HEALTH SERVICES — THE INFLUENCE OF ORGANIZATIONAL FACTORS.

362.Kjetil Hgydal : EFFECTS OF HIGH INTENSITY AEROBIC TRAINING IN HEALTHY
SUBJECTS AND CORONARY ARTERY DISEASE PATIENTS; THE IMPORTANCE OF
INTENSITY,, DURATION AND FREQUENCY OF TRAINING.

363.Trine Karlsen: TRAINING IS MEDICINE: ENDURANCE AND STRENGTH TRAINING IN
CORONARY ARTERY DISEASE AND HEALTH.

364.Marte Thuen: MANGANASE-ENHANCED AND DIFFUSION TENSOR MR IMAGING OF
THE NORMAL, INJURED AND REGENERATING RAT VISUAL PATHWAY

365.Cathrine Broberg Vagbg: DIRECT REPAIR OF ALKYLATION DAMAGE IN DNA AND
RNA BY 2-OXOGLUTARATE- AND IRON-DEPENDENT DIOXYGENASES

366.Arnt Erik Tjgnna: AEROBIC EXERCISE AND CARDIOVASCULAR RISK FACTORS IN
OVERWEIGHT AND OBESE ADOLESCENTS AND ADULTS

367.Marianne W. Furnes: FEEDING BEHAVIOR AND BODY WEIGHT DEVELOPMENT:
LESSONS FROM RATS

368.Lene N. Johannessen: FUNGAL PRODUCTS AND INFLAMMATORY RESPONSES IN
HUMAN MONOCYTES AND EPITHELIAL CELLS

369.Anja Bye: GENE EXPRESSION PROFILING OF INHERITED AND ACQUIRED MAXIMAL
OXYGEN UPTAKE — RELATIONS TO THE METABOLIC SYNDROME.

370.0luf Dimitri Rge: MALIGNANT MESOTHELIOMA: VIRUS, BIOMARKERS AND GENES.
A TRANSLATIONAL APPROACH

371.Ane Cecilie Dale: DIABETES MELLITUS AND FATAL ISCHEMIC HEART DISEASE.
ANALYSES FROM THE HUNT1 AND 2 STUDIES

372.Jacob Christian Hglen: PAIN ASSESSMENT IN PALLIATIVE CARE: VALIDATION OF
METHODS FOR SELF-REPORT AND BEHAVIOURAL ASSESSMENT

373.Erming Tian: THE GENETIC IMPACTS IN THE ONCOGENESIS OF MULTIPLE
MYELOMA

374.0le Bosnes: KLINISK UTPR@VING AV NORSKE VERSJONER AV NOEN SENTRALE
TESTER PA KOGNITIV FUNKSJON

375.0la M. Rygh: 3D ULTRASOUND BASED NEURONAVIGATION IN NEUROSURGERY. A
CLINICAL EVALUATION

376.Astrid Kamilla Stunes: ADIPOKINES, PEROXISOME PROFILERATOR ACTIVATED
RECEPTOR (PPAR) AGONISTS AND SEROTONIN. COMMON REGULATORS OF BONE
AND FAT METABOLISM

377.Silje Engdal: HERBAL REMEDIES USED BY NORWEGIAN CANCER PATIENTS AND
THEIR ROLE IN HERB-DRUG INTERACTIONS

378 Kristin Offerdal: IMPROVED ULTRASOUND IMAGING OF THE FETUS AND ITS
CONSEQUENCES FOR SEVERE AND LESS SEVERE ANOMALIES
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379.0ivind Rognmo: HIGH-INTENSITY AEROBIC EXERCISE AND CARDIOVASCULAR
HEALTH

380. Jo-Asmund Lund: RADIOTHERAPY IN ANAL CARCINOMA AND PROSTATE CANCER

2009

381.Tore Griiner Bjastad: HIGH FRAME RATE ULTRASOUND IMAGING USING PARALLEL
BEAMFORMING

382.Erik Sgndenaa: INTELLECTUAL DISABILITIES IN THE CRIMINAL JUSTICE SYSTEM

383.Berit Rostad: SOCIAL INEQUALITIES IN WOMEN’S HEALTH, HUNT 1984-86 AND
1995-97, THE NORD-TR@NDELAG HEALTH STUDY (HUNT)

384 .Jonas Crosby: ULTRASOUND-BASED QUANTIFICATION OF MYOCARDIAL
DEFORMATION AND ROTATION

385.Erling Tronvik: MIGRAINE, BLOOD PRESSURE AND THE RENIN-ANGIOTENSIN
SYSTEM

386.Tom Christensen: BRINGING THE GP TO THE FOREFRONT OF EPR DEVELOPMENT

387.Hékon Bergseng: ASPECTS OF GROUP B STREPTOCOCCUS (GBS) DISEASE IN THE
NEWBORN. EPIDEMIOLOGY, CHARACTERISATION OF INVASIVE STRAINS AND
EVALUATION OF INTRAPARTUM SCREENING

388.Ronny Myhre: GENETIC STUDIES OF CANDIDATE TENE3S IN PARKINSON’S
DISEASE

389.Torbjgrn Moe Eggebg: ULTRASOUND AND LABOUR

390.Eivind Wang: TRAINING IS MEDICINE FOR PATIENTS WITH PERIPHERAL ARTERIAL
DISEASE

391.Thea Kristin Vatsveen: GENETIC ABERRATIONS IN MYELOMA CELLS

392.Thomas Jozefiak: QUALITY OF LIFE AND MENTAL HEALTH IN CHILDREN AND
ADOLESCENTS: CHILD AND PARENT PERSPECTIVES

393.Jens Erik Slagsvold: N-3 POLYUNSATURATED FATTY ACIDS IN HEALTH AND
DISEASE - CLINICAL AND MOLECULAR ASPECTS

394 Kristine Misund: A STUDY OF THE TRANSCRIPTIONAL REPRESSOR ICER.
REGULATORY NETWORKS IN GASTRIN-INDUCED GENE EXPRESSION

395.Franco M. Impellizzeri: HIGH-INTENSITY TRAINING IN FOOTBALL PLAYERS.
EFFECTS ON PHYSICAL AND TECHNICAL PERFORMANCE

396.Kari Hanne Gjeilo: HEALTH-RELATED QUALITY OF LIFE AND CHRONIC PAIN IN
PATIENTS UNDERGOING CARDIAC SURGERY

397.@yvind Hauso: NEUROENDOCRINE ASPECTS OF PHYSIOLOGY AND DISEASE

398.Ingvild Bjellmo Johnsen: INTRACELLULAR SIGNALING MECHANISMS IN THE INNATE
IMMUNE RESPONSE TO VIRAL INFECTIONS

399.Linda Tgmmerdal Roten: GENETIC PREDISPOSITION FOR DEVELOPMENT OF
PREEMCLAMPSIA - CANDIDATE GENE STUDIES IN THE HUNT (NORD-TR@NDELAG
HEALTH STUDY) POPULATION

400.Trude Teoline Nausthaug Rakvdg: PHARMACOGENETICS OF MORPHINE IN CANCER
PAIN

401.Hanne Lehn: MEMORY FUNCTIONS OF THE HUMAN MEDIAL TEMPORAL LOBE
STUDIED WITH fMRI

402.Randi Utne Holt: ADHESION AND MIGRATION OF MYELOMA CELLS - IN VITRO
STUDIES -

403.Trygve Solstad: NEURAL REPRESENTATIONS OF EUCLIDEAN SPACE

404.Unn-Merete Fagerli: MULTIPLE MYELOMA CELLS AND CYTOKINES FROM THE
BONE MARROW ENVIRONMENT; ASPECTS OF GROWTH REGULATION AND
MIGRATION

405.Sigrid Bjgrnelv: EATING- AND WEIGHT PROBLEMS IN ADOLESCENTS, THE YOUNG
HUNT-STUDY

406.Mari Hoff: CORTICAL HAND BONE LOSS IN RHEUMATOID ARTHRITIS.
EVALUATING DIGITAL X-RAY RADIOGRAMMETRY AS OUTCOME MEASURE OF
DISEASE ACTIVITY, RESPONSE VARIABLE TO TREATMENT AND PREDICTOR OF
BONE DAMAGE

407.Siri Bjgrgen: AEROBIC HIGH INTENSITY INTERVAL TRAINING IS AN EFFECTIVE
TREATMENT FOR PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE

408.Susanne Lindqvist: VISION AND BRAIN IN ADOLESCENTS WITH LOW BIRTH WEIGHT

409.Torbjgrn Hergum: 3D ULTRASOUND FOR QUANTITATIVE ECHOCARDIOGRAPHY
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410.Jgrgen Urnes: PATIENT EDUCATION IN GASTRO-OESOPHAGEAL REFLUX DISEASE.
VALIDATION OF A DIGESTIVE SYMPTOMS AND IMPACT QUESTIONNAIRE AND A
RANDOMISED CONTROLLED TRIAL OF PATIENT EDUCATION

411.Elvar Eyjolfsson: 13C NMRS OF ANIMAL MODELS OF SCHIZOPHRENIA

412 .Marius Steiro Fimland: CHRONIC AND ACUTE NEURAL ADAPTATIONS TO STRENGTH
TRAINING

413.@yvind Stgren: RUNNING AND CYCLING ECONOMY IN ATHLETES; DETERMINING
FACTORS, TRAINING INTERVENTIONS AND TESTING

414.Hakon Hov: HEPATOCYTE GROWTH FACTOR AND ITS RECEPTOR C-MET.
AUTOCRINE GROWTH AND SIGNALING IN MULTIPLE MYELOMA CELLS

415.Maria Radtke: ROLE OF AUTOIMMUNITY AND OVERSTIMULATION FOR BETA-CELL
DEFICIENCY. EPIDEMIOLOGICAL AND THERAPEUTIC PERSPECTIVES

416.Liv Bente Romundstad: ASSISTED FERTILIZATION IN NORWAY: SAFETY OF THE
REPRODUCTIVE TECHNOLOGY

417.Erik Magnus Berntsen: PREOPERATIV PLANNING AND FUNCTIONAL
NEURONAVIGATION — WITH FUNCTIONAL MRI AND DIFFUSION TENSOR
TRACTOGRAPHY IN PATIENTS WITH BRAIN LESIONS

418.Tonje Strgmmen Steigedal: MOLECULAR MECHANISMS OF THE PROLIFERATIVE
RESPONSE TO THE HORMONE GASTRIN

419.Vidar Rao: EXTRACORPOREAL PHOTOCHEMOTHERAPY IN PATIENTS WITH
CUTANEOUS T CELL LYMPHOMA OR GRAFT-vs-HOST DISEASE

420.Torkild Visnes: DNA EXCISION REPAIR OF URACIL AND 5-FLUOROURACIL IN
HUMAN CANCER CELL LINES

2010

421.John Munkhaugen: BLOOD PRESSURE, BODY WEIGHT, AND KIDNEY FUNCTION IN
THE NEAR-NORMAL RANGE: NORMALITY, RISK FACTOR OR MORBIDITY ?

422 Ingrid Castberg: PHARMACOKINETICS, DRUG INTERACTIONS AND ADHERENCE TO
TREATMENT WITH ANTIPSYCHOTICS: STUDIES IN A NATURALISTIC SETTING

423 Jian Xu: BLOOD-OXYGEN-LEVEL-DEPENDENT-FUNCTIONAL MAGNETIC
RESONANCE IMAGING AND DIFFUSION TENSOR IMAGING IN TRAUMATIC BRAIN
INJURY RESEARCH

424 .Sigmund Simonsen: ACCEPTABLE RISK AND THE REQUIREMENT OF
PROPORTIONALITY IN EUROPEAN BIOMEDICAL RESEARCH LAW. WHAT DOES
THE REQUIREMENT THAT BIOMEDICAL RESEARCH SHALL NOT INVOLVE RISKS
AND BURDENS DISPROPORTIONATE TO ITS POTENTIAL BENEFITS MEAN?

425.Astrid Woodhouse: MOTOR CONTROL IN WHIPLASH AND CHRONIC NON-
TRAUMATIC NECK PAIN

426.Line Rorstad Jensen: EVALUATION OF TREATMENT EFFECTS IN CANCER BY MR
IMAGING AND SPECTROSCOPY

427 .Trine Moholdt: AEROBIC EXERCISE IN CORONARY HEART DISEASE

428 .@ystein Olsen: ANALYSIS OF MANGANESE ENHANCED MRI OF THE NORMAL AND
INJURED RAT CENTRAL NERVOUS SYSTEM

429.Bjgrn H. Grgnberg: PEMETREXED IN THE TREATMENT OF ADVANCED LUNG
CANCER

430.Vigdis Schnell Husby: REHABILITATION OF PATIENTS UNDERGOING TOTAL HIP
ARTHROPLASTY WITH FOCUS ON MUSCLE STRENGTH, WALKING AND AEROBIC
ENDURANCE PERFORMANCE

431.Torbjgrn @ien: CHALLENGES IN PRIMARY PREVENTION OF ALLERGY. THE
PREVENTION OF ALLERGY AMONG CHILDREN IN TRONDHEIM (PACT) STUDY.

432 Kari Anne Indredavik Evensen: BORN TOO SOON OR TOO SMALL: MOTOR PROBLEMS
IN ADOLESCENCE

433.Lars Adde: PREDICTION OF CEREBRAL PALSY IN YOUNG INFANTS. COMPUTER
BASED ASSESSMENT OF GENERAL MOVEMENTS

434 .Magnus Fasting: PRE- AND POSTNATAL RISK FACTORS FOR CHILDHOOD
ADIPOSITY

435.Vivi Talstad Monsen: MECHANISMS OF ALKYLATION DAMAGE REPAIR BY HUMAN
AlkB HOMOLOGUES

436.Toril Skandsen: MODERATE AND SEVERE TRAUMATIC BRAIN INJURY. MAGNETIC
RESONANCE IMAGING FINDINGS, COGNITION AND RISK FACTORS FOR
DISABILITY
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437.Ingeborg Smidesang: ALLERGY RELATED DISORDERS AMONG 2-YEAR OLDS AND
ADOLESCENTS IN MID-NORWAY - PREVALENCE, SEVERITY AND IMPACT. THE
PACT STUDY 2005, THE YOUNG HUNT STUDY 1995-97

438.Vidar Halsteinli: MEASURING EFFICIENCY IN MENTAL HEALTH SERVICE
DELIVERY: A STUDY OF OUTPATIENT UNITS IN NORWAY

439.Karen Lehrmann ZAgidius: THE PREVALENCE OF HEADACHE AND MIGRAINE IN
RELATION TO SEX HORMONE STATUS IN WOMEN. THE HUNT 2 STUDY

440.Madelene Ericsson: EXERCISE TRAINING IN GENETIC MODELS OF HEART FAILURE

441 .Marianne Klokk: THE ASSOCIATION BETWEEN SELF-REPORTED ECZEMA AND
COMMON MENTAL DISORDERS IN THE GENERAL POPULATION. THE
HORDALAND HEALTH STUDY (HUSK)

442 .Tomas Ottemo Stglen: IMPAIRED CALCIUM HANDLING IN ANIMAL AND HUMAN
CARDIOMYOCYTES REDUCE CONTRACTILITY AND INCREASE ARRHYTHMIA
POTENTIAL — EFFECTS OF AEROBIC EXERCISE TRAINING

443 Bjarne Hansen: ENHANCING TREATMENT OUTCOME IN COGNITIVE BEHAVIOURAL
THERAPY FOR OBSESSIVE COMPULSIVE DISORDER: THE IMPORTANCE OF
COGNITIVE FACTORS

444 Mona Lgvlien: WHEN EVERY MINUTE COUNTS. FROM SYMPTOMS TO ADMISSION
FOR ACUTE MYOCARDIAL INFARCTION WITH SPECIAL EMPHASIS ON GENDER
DIFFERECES

445 Karin Margaretha Gilljam: DNA REPAIR PROTEIN COMPLEXES, FUNCTIONALITY AND
SIGNIFICANCE FOR REPAIR EFFICIENCY AND CELL SURVIVAL

446.Anne Byriel Walls: NEURONAL GLIAL INTERACTIONS IN CEREBRAL ENERGY - AND
AMINO ACID HOMEOSTASIS - IMPLICATIONS OF GLUTAMATE AND GABA

447 .Cathrine Fallang Knetter: MECHANISMS OF TOLL-LIKE RECEPTOR 9 ACTIVATION

448 .Marit Fglsvik Svindseth: A STUDY OF HUMILIATION, NARCISSISM AND TREATMENT
OUTCOME IN PATIENTS ADMITTED TO PSYCHIATRIC EMERGENCY UNITS

449 Karin Elvenes Bakkelund: GASTRIC NEUROENDOCRINE CELLS - ROLE IN GASTRIC
NEOPLASIA IN MAN AND RODENTS

450.Kirsten Brun Kjelstrup: DORSOVENTRAL DIFFERENCES IN THE SPATIAL
REPRESENTATION AREAS OF THE RAT BRAIN

451.Roar Johansen: MR EVALUATION OF BREAST CANCER PATIENTS WITH POOR
PROGNOSIS

452 .Rigmor Myran: POST TRAUMATIC NECK PAIN. EPIDEMIOLOGICAL,
NEURORADIOLOGICAL AND CLINICAL ASPECTS

453 Krisztina Kunszt Johansen: GENEALOGICAL, CLINICAL AND BIOCHEMICAL STUDIES
IN LRRK2 — ASSOCIATED PARKINSON’S DISEASE

454 .Pal Gjerden: THE USE OF ANTICHOLINERGIC ANTIPARKINSON AGENTS IN
NORWAY. EPIDEMIOLOGY, TOXICOLOGY AND CLINICAL IMPLICATIONS

455 Else Marie Huuse: ASSESSMENT OF TUMOR MICROENVIRONMENT AND
TREATMENT EFFECTS IN HUMAN BREAST CANCER XENOGRAFTS USING MR
IMAGING AND SPECTROSCOPY

456.Khalid S. Ibrahim: INTRAOPERATIVE ULTRASOUND ASSESSMENT IN CORONARY
ARTERY BYPASS SURGERY - WITH SPECIAL REFERENCE TO CORONARY
ANASTOMOSES AND THE ASCENDING AORTA

457 Bjorn @glend: ANTHROPOMETRY, BLOOD PRESSURE AND REPRODUCTIVE
DEVELOPMENT IN ADOLESCENCE OF OFFSPRING OF MOTHERS WHO HAD
PREECLAMPSIA IN PREGNANCY

458.John Olav Roaldset: RISK ASSESSMENT OF VIOLENT, SUICIDAL AND SELF-
INJURIOUS BEHAVIOUR IN ACUTE PSYCHIATRY - A BIO-PSYCHO-SOCIAL
APPROACH

459.Hévard Dalen: ECHOCARDIOGRAPHIC INDICES OF CARDIAC FUNCTION - NORMAL
VALUES AND ASSOCIATIONS WITH CARDIAC RISK FACTORS IN A POPULATION
FREE FROM CARDIOVASCULAR DISEASE, HYPERTENSION AND DIABETES: THE
HUNT 3 STUDY

460. Beate André: CHANGE CAN BE CHALLENGING. INTRODUCTION TO CHANGES AND
IMPLEMENTATION OF COMPUTERIZED TECHNOLOGY IN HEALTH CARE

461. Latha Nrugham: ASSOCIATES AND PREDICTORS OF ATTEMPTED SUICIDE AMONG
DEPRESSED ADOLESCENTS — A 6-YEAR PROSPECTIVE STUDY
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462.Havard Bersés Nordgaard: TRANSIT-TIME FLOWMETRY AND WALL SHEAR STRESS
ANALYSIS OF CORONARY ARTERY BYPASS GRAFTS — A CLINICAL AND
EXPERIMENTAL STUDY

Cotutelle with University of Ghent: Abigail Emily Swillens: A MULTIPHYSICS MODEL FOR
IMPROVING THE ULTRASONIC ASSESSMENT OF LARGE ARTERIES

2011

463. Marte Helene Bjgrk: DO BRAIN RHYTHMS CHANGE BEFORE THE MIGRAINE
ATTACK? A LONGITUDINAL CONTROLLED EEG STUDY

464. Carl-Jgrgen Arum: A STUDY OF UROTHELIAL CARCINOMA: GENE EXPRESSION
PROFILING, TUMORIGENESIS AND THERAPIES IN ORTHOTOPIC ANIMAL MODELS

465. Ingunn Harstad: TUBERCULOSIS INFECTION AND DISEASE AMONG ASYLUM
SEEKERS IN NORWAY. SCREENING AND FOLLOW-UP IN PUBLIC HEALTH CARE

466. Leif Age Strand: EPIDEMIOLOGICAL STUDIES AMONG ROYAL NORWEGIAN NAVY
SERVICEMEN. COHORT ESTABLISHMENT, CANCER INCIDENCE AND CAUSE-
SPECIFIC MORTALITY

467. Katrine Hgyer Holgersen: SURVIVORS IN THEIR THIRD DECADE AFTER THE NORTH
SEA OIL RIG DISASTER OF 1980. LONG-TERM PERSPECTIVES ON MENTAL HEALTH

468. MarianneWallenius: PREGNANCY RELATED ASPECTS OF CHRONIC
INFLAMMATORY ARTHRITIDES: DISEASE ONSET POSTPARTUM, PREGNANCY
OUTCOMES AND FERTILITY. DATA FROM A NORWEGIAN PATIENT REGISTRY
LINKED TO THE MEDICAL BIRTH REGISTRY OF NORWAY

469. Ole Vegard Solberg: 3D ULTRASOUND AND NAVIGATION — APPLICATIONS IN
LAPAROSCOPIC SURGERY

470. Inga Ekeberg Schjerve: EXERCISE-INDUCED IMPROVEMENT OF MAXIMAL OXYGEN
UPTAKE AND ENDOTHELIAL FUNCTION IN OBESE AND OVERWEIGHT
INDIVIDUALS ARE DEPENDENT ON EXERCISE-INTENSITY

471. Eva Veslemgy Tyldum: CARDIOVASCULAR FUNCTION IN PREECLAMPSIA - WITH
REFERENCE TO ENDOTHELIAL FUNCTION, LEFT VENTRICULAR FUNCTION AND
PRE-PREGNANCY PHYSICAL ACTIVITY

472. Benjamin Garzén Jiménez de Cisneros: CLINICAL APPLICATIONS OF MULTIMODAL
MAGNETIC RESONANCE IMAGING

473. Halvard Knut Nilsen: ASSESSING CODEINE TREATMENT TO PATIENTS WITH
CHRONIC NON-MALIGNANT PAIN: NEUROPSYCHOLOGICAL FUNCTIONING,
DRIVING ABILITY AND WEANING

474. Eiliv Brenner: GLUTAMATE RELATED METABOLISM IN ANIMAL MODELS OF
SCHIZOPHRENIA

475. Egil Jonsbu: CHEST PAIN AND PALPITATIONS IN A CARDIAC SETTING;
PSYCHOLOGICAL FACTORS, OUTCOME AND TREATMENT

476. Mona Hgys=ter Fenstad: GENETIC SUSCEPTIBILITY TO PREECLAMPSIA : STUDIES ON
THE NORD-TR@ONDELAG HEALTH STUDY (HUNT) COHORT, AN AUSTRALIAN/NEW
ZEALAND FAMILY COHORT AND DECIDUA BASALIS TISSUE

477. Svein Erik Gaustad: CARDIOVASCULAR CHANGES IN DIVING: FROM HUMAN
RESPONSE TO CELL FUNCTION

478. Karin Torvik: PAIN AND QUALITY OF LIFE IN PATIENTS LIVING IN NURSING
HOMES

479. Arne Solberg: OUTCOME ASSESSMENTS IN NON-METASTATIC PROSTATE CANCER

480. Henrik Sahlin Pettersen: CYTOTOXICITY AND REPAIR OF URACIL AND 5-
FLUOROURACIL IN DNA

481. Pui-Lam Wong: PHYSICAL AND PHYSIOLOGICAL CAPACITY OF SOCCER PLAYERS:
EFFECTS OF STRENGTH AND CONDITIONING

482. Ole Solheim: ULTRASOUND GUIDED SURGERY IN PATIENTS WITH INTRACRANIAL
TUMOURS

483. Sten Roar Snare: QUANTITATIVE CARDIAC ANALYSIS ALGORITHMS FOR POCKET-
SIZED ULTRASOUND DEVICES

484. Marit Skyrud Bratlie: LARGE-SCALE ANALYSIS OF ORTHOLOGS AND PARALOGS IN
VIRUSES AND PROKARYOTES

485.Anne Elisabeth F. Isern: BREAST RECONSTRUCTION AFTER MASTECTOMY - RISK OF
RECURRENCE AFTER DELAYED LARGE FLAP RECONSTRUCTION — AESTHETIC
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MASTECTOMY IN HEREDITARY BREAST CANCER

486.Guro L. Andersen: CEREBRAL PALSY IN NORWAY - SUBTYPES, SEVERITY AND
RISK FACTORS

487 .Frode Kolstad: CERVICAL DISC DISEASE — BIOMECHANICAL ASPECTS
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496. Silje Alvestad: ASTROCYTE-NEURON INTERACTIONS IN EXPERIMENTAL MESIAL
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(THE HUNT STUDY, NORWAY)
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499. Trine Naalsund Andreassen: PHARMACOKINETIC, PHARMACODYNAMIC AND
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500. Eivor Alette Laugsand: SYMPTOMS IN PATIENTS RECEIVING OPIOIDS FOR CANCER
PAIN - CLINICAL AND PHARMACOGENETIC ASPECTS

501.Dorthe Stensvold: PHYSICAL ACTIVITY, CARDIOVASCULAR HEALTH AND
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506.Torgrim Tandstad: VOX POPULI. POPULATION-BASED OUTCOME STUDIES IN
TESTICULAR CANCER
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STUDY

508. Kari Ravndal Risnes: BIRTH SIZE AND ADULT MORTALITY: A SYSTEMATIC REVIEW
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512. Karin Fahl Wader: HEPATOCYTE GROWTH FACTOR, C-MET AND SYNDECAN-1 IN
MULTIPLE MYELOMA
513. Gerd Trang: FAMILIAL COLORECTAL CANCER
514.Bjarte Bergstrgm: INNATE ANTIVIRAL IMMUNITY — MECHANISMS OF THE RIG-I-
MEDIATED RESPONSE
515.Marie Sgfteland Sandvei: INCIDENCE, MORTALITY, AND RISK FACTORS FOR
ANEURYSMAL SUBARACHNOID HEMORRHAGE. PROSPECTIVE ANALYZES OF
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516. Mary-Elizabeth Bradley Eilertsen: CHILDREN AND ADOLESCENTS SURVIVING
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Godkjent for disputas, publisert post mortem: Eivind Jullumstrg: COLORECTAL CANCER AT
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520. Guro Fannelgb Giskegdegéard: IDENTIFICATION AND CHARACTERIZATION OF
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523. Brita Pukstad: CHARACTERIZATION OF INNATE INFLAMMATORY RESPONSES IN
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524.Hans H. Wasmuth: ILEAL POUCHES
525.Inger @kland: BIASES IN SECOND-TRIMESTER ULTRASOUND DATING RELATED TO
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526.Bjgrn Mgrkedal: BLOOD PRESSURE, OBESITY, SERUM IRON AND LIPIDS AS RISK
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550.Kristian Svendsen: METHODOLOGICAL CHALLENGES IN
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