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Summary

Atherosclerosis is an important underlying cause of cardiovascular disease and death.
According to the World Health Organization’s Global Burden of Disease Study, ischemic
heart disease and stroke combined killed 12.9 million people in 2010, or one in four deaths
worldwide. Ultrasound of the carotid arteries can be used to assess the burden of
atherosclerosis by measurements of intima-media thickness (IMT) and total plaque area
(TPA). Age, male gender, serum cholesterol, blood pressure and smoking are well known risk
factors for atherosclerosis, while factors that may influence the progression of atherosclerosis
have been less extensively studied. In the longitudinal population-based Tromse Study,
ultrasound assessment of carotid atherosclerosis was performed at in 1994-5 and repeated in
2007-8. We found that age, male sex, total cholesterol, systolic blood pressure and smoking
measured at baseline (1994-5) were associated with progression of TPA, whereas male sex,
total cholesterol and systolic blood pressure (inverse) were predictors of progression of IMT.
The metabolic syndrome, a cluster of metabolic and non-metabolic cardiovascular risk factors
including impaired glucose tolerance, visceral adiposity, dyslipidemia, and hypertension, was
not associated with progression of IMT or TPA in the total study population. Use of lipid-
lowering drugs had a protective effect against progression of carotid atherosclerosis, most

pronounced in subjects who had used LLD for 5 years or more.



Sammendrag

Aterosklerose er en viktig underliggende arsak til kardiovaskular (hjerte-kar) sykdom og ded.
I folge WHO forarsaket ischemisk hjertesykdom og hjerneslag tilsammen 12.9 millioner
dedsfall i 2010, eller 1 av 4 dedsfall i verden. Ultralyd av hovedpulsérene pa halsen (arteria
carotis) kan brukes for & vurdere grad av aterosklerose i halskarene, ved bruk av & malinger av
intima-media-tykkelse (IMT) og totalt plakkareal (TPA). Alder, mannlig kjenn,
totalkolesterol, blodtrykk og reyking er velkjente risikofaktorer for aterosklerose.
Risikofaktorer for progresjon av aterosklerose har i mindre grad veert studert. I den
longitudinelle, populasjonsbaserte Tromseundersgkelsen ble ultralydsmalinger av
aterosklerose i halspulséren (arteria carotis) malt i 1994-5 og gjentatt i 2007-8. Vi fant at
alder, kjonn (mannlig), totalkolesterol, systolisk blodtrykk og rayking var assosiert med
progresjon av TPA, mens kjonn (mann), totalkolesterol og systolisk blodtrykk (inverst) var
uavhengige risikofaktorer for progresjon i IMT. Metabolsk syndrom, en ansamling av
metabolske sd vel som ikke-metabolske kardiovaskulere risikofaktorer som inkluderer nedsatt
glukosetoleranse, okt livvidde, dyslipidemi og forheyet blodtrykk, var ikke assosiert med
progresjon av IMT aller TPA 1 studiepopulasjonen som helhet. Bruk av kolesterolsenkende
medikamenter hadde en beskyttende effekt pa progresjon av aterosklerose, og dette var mest

uttalt hos de som hadde brukt slike medikamenter mer enn 5 ar.
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1. Introduction

1.1 Atherosclerosis

Atherosclerosis is the underlying cause of the majority of cardiovascular diseases (CVD)
stroke and myocardial infarction.[1-3] Although incidence rates of both coronary heart
disease and stroke have been declining in the Western world in the last decades, mortality
rates of ischemic heart disease and stroke are still increasing worldwide.[4, 5] Ischemic heart
disease and stroke combined killed 12-9 million people in 2010, or one in four deaths
worldwide. While the majority of cardiovascular disease events do not occur until middle age,

atherosclerosis develops early in life.[6, 7]

The artery wall consists of three layers; the intima, the media and the adventitia. The intima
layer or tunica intima is the innermost towards the lumen of the vessel, and consists of
endothelial cell and the internal basement membrane. The tunica media consists of smooth
muscle cells, and the adventitial layer of connective tissue with elastic fibers and the external
basement layer. Atherosclerosis is a condition in which the artery wall thickens as a result of
accumulation of fatty deposits within the sub-intimal layer of the vessel wall. Early
atherosclerotic changes are fatty streaks or intimal thickening due to accumulation of smooth
muscle cells. Intimal thickening may be the beginning of clinically significant lesions.[8]
Biochemical, inflammatory and immune-modulating reactions which involve multiple cell
types are initiated by the accumulation and oxidation of low-density proteins within the
arterial wall. This leads eventually to the development of the raised atherosclerotic lesion —

the plaque (Figure 1).
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Figure 1. Development of atherosclerosis
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Inflammation is modulated by macrophages that enter the arterial wall. They promote
continued recruitment of immune cells and continued accumulation of LDL-cholesterol
within the arterial wall. As a part of the immune response, T-lymphocytes enter the intima
layer of the arterial wall and are activated following interaction with macrophages. T-cells
secrete pro-inflammatory cytokines that contribute to additional atherosclerotic lesion
progression. In response to secreted growth factors from activated immune cells, smooth
muscle cells produce collagen, thus further promoting the inflammatory process. This results
in a pathological thickening of the intima. As a necrotic core develops, continued activation

and proliferation of smooth muscle cells contributes to a weakening of the fibrous cap, and
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the risk of plaque rupture.[9] Certain sites are predisposed for atherosclerotic lesion
formation. Most prone are areas with turbulent rather than laminar flow, such as branching
points of arteries. Hence, plaques are much more common in the area of the carotid

bifurcation than in the common carotid artery.[9]

1.2. Measurement of atherosclerosis

1.2.1 Imaging modalities

Various imaging modalities can be used to assess atherosclerosis in the arterial wall, where
ultrasonography, magnetic resonance imaging (MRI), and computer tomography (CT) and are
the most commonly used. Multislice CT is suited for detection of carotid plaques, as well as
measurements of remaining lumen diameter. The resolution of a CT scan and the fact that it
mainly highlights calcified tissue makes it not suited for detection of the different layers of the
vessel wall,[10] and its use in population-based studies is limited by the use of contrast media
and radiation exposure. MRI has a high spatial resolution, and the emergence of larger field
strengths in MRI holds promise for better quality on imaging studies of small areas, such as
the carotid vessel wall. However, the high associated costs limit the use of MRI in

epidemiological trials.

B-mode ultrasound is a simple tool, which enables us to visualize the vessel walls of the
carotid artery at relatively low costs and without any risk. B-mode ultrasound has been used
as imaging modality in the Tromse Study, and will be thoroughly discussed later in this

thesis. Intravascular sonography offers information on both plaque burden and coronary
atheroma volume as it depicts the arterial lumen and the arterial wall with high resolution. It is
an invasive technique and as such not useful as a tool in large population based studies.

Contrast-enhanced ultrasound is a novel and minimally invasive imaging technique that can
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be used in assessing atherosclerotic lesions at risk of rupturing, but it has only been tested in
limited clinical settings so far.[11] In addition, there is no radiation hazard associated with

ultrasonography, which also makes it suited for repeated measurements.

1.2.2. Ultrasonographic measures of the atherosclerosis in the carotid artery
Carotid IMT is widely used as a measure of atherosclerosis. The intima-media thickness is
depicted as the “double-line” pattern of the near- and far wall of the vessel, and represents the
boundaries of the intima-media layers seen on artery specimens.[12] IMT increases by age
and grows more rapidly in the presence of vascular risk factors. Earlier studies have found

that IMT progresses approximately 0.015 mm annually.[13]

Because atherosclerosis is so strongly related to both cardiovascular risk factors and CVD, it
is widely used as a surrogate endpoint in studies on CVD. There is an ongoing debate as to
whether IMT is a valid measurement of atherosclerosis,[ 14] or merely reflects hypertrophic
adaptive response to high shear stress due to hypertension. Plaques are depicted on
ultrasonography as focal protrusions into the lumen. As plaques develop at sites prone to
atherosclerosis development, i.e. low shear stress and non-laminar turbulent flow,[15] as in
the carotid bifurcation or internal carotid artery, they may be more representative of the real
atherosclerotic process, compared to the IMT. Atherosclerotic plaque formation represents a
stage of atherogenesis related to oxidation of lipids, infiltration and transmigration of
lymphocytes and monocytes, inflammation and smooth muscle cell proliferation, and
represent a more advanced atheromatous stage.[16] Plaque echogenicity is related to the
contents of the plaque, where structures with higher echogenicity have a higher content of
dense fibrous tissue and calcification, whereas structures with lower echogenicity

(echolucency) have a higher content of lipids. Different scoring systems have been developed
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for assessing the plaque burden. The San Daniele study used a plaque score based on degree
of stenosis, echogenicity, texture (homogeneity) and surface characteristics in stroke risk
prediction.[17] The Rotterdam Study used a plaque score based on the number of sites with
ultrasonographically detected plaques in the carotid arteries.[ 18] The Northern Manhattan
Study used maximum plaque thickness as a marker of plaque burden.[19] Spence and
coworkers used total plaque area (TPA) and total plaque volume to assess plaque response on
treatment in a clinical observational study between 1997 and 2007.[20] Barnett and coworkers
found that the average change of plaque area during 2 years was double that of plaque

thickness.[21]

1.3. Risk factors for CVD and atherosclerosis

Risk factors for CVD and atherosclerosis have been studied through both population-based as
well as clinical studies. Since the first publications from the Framingham study in the 1960s,
it was shown that age, gender, cholesterol, hypertension, and smoking were the most
important risk factors for coronary heart disease,[22] later often referred to as the traditional
cardiovascular risk factors. As these risk factors do not explain all cardiovascular risk, efforts
have been made to identifying additional biomarkers for CVD. High density lipoprotein
(HDL) cholesterol was identified as a risk factor for myocardial infarction in 1977.[23] Later,
several biomarkers have been suggested, such as markers of inflammation (CRP), diabetes
mellitus and impaired glucose tolerance and others.[24] In the Emerging Risk Factors
Collaboration, a collaborative study on over 1.1 million participants from 104 prospective
population-based studies, elevated blood pressure, tobacco use, raised blood glucose, elevated
fibrinogen, CRP, diabetes, physical inactivity and obesity/overweight were important risk

factors for CVD.[25-28]
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There are few studies on risk factors for progression of atherosclerosis. In the Rotterdam
Study atherosclerosis was measured at multiple sites in the arterial tree and carotid
atherosclerosis was measured as IMT in the common carotid artery. Plaque progression was
calculated on the basis of a weighted plaque score ranging from 0-6, based on the number of
sites a plaque was detected, divided by possible sites with a ultrasonic picture available.[18]
The observation time was 6.5 years, and age, smoking, total cholesterol and systolic blood
pressure and/or hypertension were strong, independent risk factors of progression of
atherosclerosis. In the Atherosclerosis Risk in Community-study (ARIC), diabetes, current
smoking, HDL-cholesterol levels and pulse pressure predicted IMT progression.[29] In a
Finnish population based study on men only, age, LDL-cholesterol, smoking, blood leucocyte

count and platelet aggregability were the strongest predictors of CCA-IMT progression.[30]

1.4. The metabolic syndrome

The metabolic syndrome (MetS) is a cluster of metabolic and non-metabolic risk factors
associated with increased risk of CVD and diabetes.[31-34] Although the concept of the
metabolic syndrome has been widely investigated in basic, epidemiological and clinical
research for several decades, there is still considerable uncertainty and controversy about the
pathophysiology, its definition and prognostic relevance. The underlying pathophysiology is
thought to be related to insulin resistance, reflected in the use of the term “insulin resistance
syndrome”. Recent evidence indicates that central obesity is a precursor to the development of
MetS.[35] Recently, the International Diabetes Federation (IDF), the American Heart
Association/National Heart, Lung, and Blood Institute (AHA/NHLBI), the World Heart
Federation, the International Atherosclerosis Society, and the International Association for the

Study of Obesity joined forces to develop one unified definition of MetS.[28, 35] This
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consensus defined the MetS as increased waist circumference (population- and country-
specific thresholds), increased fasting triglycerides levels (=7.1 mmol/L) or drug treatment for
elevated triglyceride glucose levels, reduced HDL-cholesterol level (<1.0 mmol/L in men,
<1.3 mmol/L in women) or drug treatment for reduced HDL levels, increased blood pressure
(systolic >130 and/or diastolic >85 mm Hg) or antihypertensive drug treatment in a patient
with a history of hypertension, and increased fasting glucose (>5.5 mmol/L) or drug treatment

of increased glucose levels.[28, 35]

There is considerable doubt about whether the MetS predicts CVD better than the sum of its
components. The majority of published reports have failed to prove the added value of MetS
in CVD risk prediction.[36] However, a recent systematic review and meta-analysis of 37
longitudinal studies showed that MetS was associated with future cardiovascular events and
death with a relative risk (RR) of 1.78 (95% confidence interval (CI) 1.58- 2.00). The
association remained after adjusting for traditional cardiovascular risk factors (RR 1.54, 95%

CI1.32 - 1.79).[37]

1.5 Carotid atherosclerosis as predictor of CVD

The Cardiovascular Health Study was one of the first studies to show that increased IMT was
associated with increased risk of myocardial infarction and stroke.[38] This has later been
reproduced in numerous studies. A meta-analysis by Lorentz and coworkers in 2007 on IMT
as predictor of myocardial infarction and stroke in general populations showed that an
absolute carotid IMT difference of 0.1 mm increased the future risk for MI of 10-15% and for
stroke 13-18%.[39] Measurements of IMT have later been included as a risk stratification tool

for CVD prevention in clinical guidelines both in Europe and USA.[40, 41]
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Whereas single measurements of IMT at baseline are consistently predictive of CVD,
progression of IMT has been used as a surrogate endpoint for CVD outcomes in several
clinical trials. However, it is unclear whether progression of IMT is associated with CVD
endpoints. In the Multi-Ethnic Study of Atherosclerosis (MESA) with 5082 participants and
an observation time of 3.2 years, IMT progression was associated with incident stroke in a
cohort free of prevalent CVD and atrial fibrillation at baseline.[42] In a systematic review and
meta-regression analysis of IMT as a surrogate endpoint in RCTs of cardiovascular therapies,
Goldberger et al found that less progression of IMT was associated with a lower likelihood of
nonfatal MI in selected RCTs; however, these findings were inconsistent, suggesting caution
in using IMT as a surrogate end point.[43] Costanzo et al showed that regression or slowed
progression of carotid IMT did not reflect reduction in cardiovascular events in a meta-

analysis on 41 RCTs on different cardiovascular drug therapies.[44]

In the last years, there has been increasing interest in the contribution of plaques in
cardiovascular risk assessment. In the Northern Manhattan Study, maximum carotid plaque
thickness was associated with increased risk of vascular outcomes.[19] A publication from
the Tromse Study (n=6584) showed that total plaque area in the carotid artery predicted 10
years risk of ischemic stroke in both men and women, while IMT in the far wall of the
common carotid artery was not associated with future ischemic stroke.[45] Another
publication from the Tromse study showed that carotid plaque area was a stronger predictor
of first-ever MI than was IMT.[46] Spence et.al shoved that carotid plaque area and
progression of carotid plaque identified patients with high cardiovascular risk.[47] The
Atherosclerosis Risk In Communities (ARIC) study recently showed that adding plaque to

IMT and traditional risk factors improved CHD risk prediction.[48] A recent review by Inaba
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et al suggests that ultrasound assessment of carotid plaque compared to that of IMT have
higher diagnostic accuracy for prediction of future myocardial infarction and detection of

coronary artery disease.[49]

The increasing interest in plaque measurements is reflected in the European guidelines for
CVD prevention, where both IMT and plaque measurements are recommended in risk
assessment in asymptomatic individuals at moderate risk. The latest Mannheim consensus on
IMT as a surrogate endpoint of cardiovascular outcomes in clinical trials evaluating the
efficacy of cardiovascular risk factor modification has acknowledged that incorporating

carotid plaque measurements adds to the cardiovascular risk assessment.[50, 51]

1.6 Lipid lowering medication in relation to carotid artery disease

High cholesterol level is a strong risk factor for atherosclerosis, cardiovascular morbidity and
mortality. Statins are the most important lipid-lowering drugs (LLD) in both primary and
secondary prevention of CVD. Their main action is on reducing the LDL-cholesterol. Several
randomized controlled trials have showed marked effect of statins in reducing risk of
myocardial infarction and stroke.[52-57] A review of clinical studies found a significant
beneficial effect of statins on IMT progression as well as stroke event rates.[58] Other meta-
analyses and RCTs have also shown that statins slow the progression of IMT.[59]

Makris et al performed a meta-analysis on 17 prospective observation studies and 9 RCTs that
had assessed the effect of LLD on plaque morphology (size and composition). These studies
were small; the largest study included 149 and the smallest 8 participants. Statin treatment
was associated with a beneficial effect on plaque morphology, and slower progression,
remodeling or even regression of the plaques.[60] In an RCT that compared rovustatin vs.

placebo in 492 low risk patients, plaque progression was significantly lower in the statin
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group.[61] In study on 654 patients who were randomized to 80 mg atorvastatin vs. 40 mg
atorvastatin, more intensively treated patients had no change in atheroma burden, whereas

patients with moderate dosage showed progression.[62]

The generalizability of randomized controlled trials may sometimes be limited, and there is
little knowledge on whether the effect of statins seen in RCTs applies to progression of
atherosclerosis in the general population. In a prospective clinical study on 4378 patients who
were referred to a stroke and atherosclerosis prevention clinic, a halt in plaque progression
was observed after the implementation of more intensive medical therapy which included

increase of statin dosage.[20]
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2. Aims of the thesis

The main objective of this thesis was to study different risk factors that may influence

progression of carotid atherosclerosis in a general population over 13 years.

2.1. Specific aims:

I.  To assess the role of traditional cardiovascular risk factors in progression of carotid
IMT and TPA, and to assess whether the association between risk factors and the
markers of atherosclerosis were different for IMT and TPA.

II.  To study the impact of the metabolic syndrome and its components on progression of
carotid atherosclerosis.

III.  To study the effect of lipid-lowering drugs on progression of carotid atherosclerosis.
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3. Material and methods

3.1 Study population - The Tromsg Study

The study population in all three papers consisted of attendees in the Tromse Study who
participated in the carotid ultrasound screenings in both the 4™ and 6™ survey. The Tromse
Study cohort has been recruited among the inhabitants of the municipality of Tromse,
Norway, situated at 69° N. Among the current 70,000 inhabitants, about 60,000 people live in
the city-like town-center, while the rest is scattered throughout the whole municipality.
Tromse is a center of education, research, administration and fishing-related activities. The
population is growing and is dominated by Caucasians of mainly Norwegian origin, but also
includes a Sami minority. The Tromse population may be considered as representative of a

Northern European, white, urban population.[63, 64]

Since 1974, a total of 6 cross-sectional screening surveys (Tromse 1-6, 1974-2008) have
taken place, 6-7 years apart. The primary focus of the study is on cardiovascular disease, but
over the years, the study has gradually expanded to include many other diseases and health
related topics. Ultrasonography of the right carotid artery was initiated in the 4 survey
(1994-1995), and was repeated in the 5t (2001-2002) and 6" (2007-2008) survey. All subjects
were to give written consent to medical research. This consent can be withdrawn or reinstated
at any point in time. Hence, the number of participants with valid medical consent can vary
over time. In the 4™ study, all participants who were between 55-74 years old and 5-10%
samples of remaining birth cohorts were invited to a second visit (4-12 weeks after the first
visit) with ultrasonography of the carotid artery. A total of 6727 (76 %) of eligible subjects
attended the 2™ visit. The study participants in the three papers were all participants in the
carotid ultrasound examination of the 4™ (1994-1995; baseline) and the 6" (2007-2008;

follow-up) survey, with a mean follow-up time of 13 years. During follow-up, 1515 persons
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died and 468 persons moved out of the municipality. Of the remaining 4744 subjects who
were invited to participate in the 6™ survey, 2975 subjects (63 % of the eligible population,
42 % of the baseline population) attended the follow-up carotid ultrasound examination,
leaving 2975 subjects and these formed the basis for the study population of Paper 1. Later,
one participant withdrew the consent to use the data for research purposes, leaving 2974
subjects to be included in Paper 2 and Paper 3 (Figure 2). Due to lack of information on
deaths and emigration for the forty-one participants who had attended Tromsg 4, but who did
not have valid written consent at the time the dataset was generated, we made erroneous
assumptions about the numbers of participants who died or moved from Tromse between
baseline and follow-up. As a result of this, incorrect numbers of subjects who died, moved,
and were invited to the second visit in Tromse 6 were reported in Paper 2. The correct
numbers are reported in Paper 3 and in Figure 2. A correction of the numbers reported in

Paper 2 has been submitted to the journal Cardiovascular Diabetology.

The Tromse Study is approved by the Regional Committee for Medical and Health Research

Ethics and the Norwegian Data Protection Authority.
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Figure 2. Description of the participation in the ultrasound examination in the 6™ survey of

the Tromse Study (2007-2008, follow-up) in those who participated in the carotid ultrasound

examination in the 4™ survey (1994-1995, baseline).
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3.2 Carotid ultrasonography

High-resolution B-mode ultrasonography of the right carotid artery was at baseline performed
with a duplex scanner (Acuson Xp10 128, ART-upgraded) equipped with a 7.5 MHz linear
array transducer and at follow-up with a duplex scanner GE Vivid 7 with a linear 12 MHz
transducer and followed the same scanning and reading procedures and reproducibility as
published previously.[65-67] Different sonographers did the baseline and follow-up scanning,
and to ensure equal and standardized examination techniques and measurement procedures,

all sonographers completed a 2-month pre-study training protocol (Appendix V).

A plaque was defined as a localised protrusion of the vessel wall into the lumen of at least
50% compared to the adjacent IMT. Six locations of the carotid artery were examined for
plaque presence; the far (FW) and near walls (NW) of the CCA, the bifurcation (bulb) and the
ICA. If more than one plaque was present in a predefined location, the biggest plaque was
chosen. The area of each plaque was outlined manually with automatic calculation of plaque
area. The areas of all plaques were summarized to give the total plaque area (TPA). Plaque
echogenicity was assessed as the standardized median of the gray scale distribution of each
plaque (GSM). In subjects with more than one plaque, the GSM of the total plaque area was

estimated as a weighted mean of the GSM value of each single plaque.

Automated R-triggered measurement of IMT was performed in the far wall and near wall of
the distal CCA,[66] as well as the far wall of the carotid bifurcation and was not limited to
plaque-free segments. Final reading of both IMT and plaque data was done off line by the
researchers. Measurements of IMT were analysed off line by a semi-automated computerized
edge-detection program.[68] In Paper 1, only measurements from the FW of the distal CCA

were used. To ensure that the CCA-FW-IMT measurements were done in plaque-free
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segments only,[69] we excluded subjects with plaque in the distal CCA (n=145).[70] In
Papers 2 and 3, we used the average of the mean IMT in three separate recordings from the
three predefined locations in the analyses. Progression of atherosclerosis (AIMT and ATPA)
was calculated subtracting values of IMT or TPA measurements in the 4t survey from the

corresponding values in the 6™ survey.

3.3 Cardiovascular risk factors

Height and weight were measured in participants wearing light clothing and no footwear.
BMI was calculated as weight (kg) divided by height (m ). Blood pressure was recorded three
times at one-minute intervals after two minutes of seated resting with the use of an automatic
device (Dinamap Vital Signs Monitor 1846 Criticon in Tromse 4, and Dinamap ProCare 300
Monitor in Tromse 6) and by specially trained technicians. The mean of the last two
recordings was used in the report. Analyses of non-fasting serum total cholesterol, HDL-
cholesterol and triglycerides were done by enzymatic colorimetric methods. In the 4™ survey,
lipid levels were measured twice with an interval of 4-12 weeks and the averages of these
values were used in the analyses presented in this report. As serum low density lipoprotein
(LDL) concentration was not measured in the 4™ survey, we calculated LDL levels according
to Friedewald’s formula: LDL-cholesterol = Total cholesterol — HDL-cholesterol — (0.45 x
triglycerides) in subjects with triglyceride levels below 4.52 mmol/L. LDL was analyzed by
homogeneous enzymatic colorimetric method in the 6™ survey. Serum uric acid in Tromse 4
was measured by photometry with COBAS® instruments (Roche diagnostics, Switzerland)
using an enzymatic colorimetric test, the uricase/PAP method. Glycosylated hemoglobin
(HbA1C) levels were measured with a liquid chromatographic procedure. All analyses were

performed at the Department of Laboratory Medicine, University Hospital of North Norway.
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Information on diabetes mellitus, use of insulin and/or oral anti-diabetic drugs, smoking
habits (current daily smoking; yes/no), history of myocardial infarction, angina pectoris,
stroke (yes/no) and treated hypertension (never/previous/current) were obtained from self-
administered questionnaires (Appendices II-IV). CVD was defined as self-reported prevalent
angina pectoris and/or previous myocardial infarction and/or hemorrhagic or non-hemorrhagic
stroke. Diabetes was defined as self-reported prevalent diabetes and/or use of anti-diabetic

medication.

All variables used in the prediction models in this thesis were obtained at the 4™ survey in
1994. An important exception is self-reported use of lipid-lowering drugs, where we in Paper
3 used information obtained in the 4™, 5™ and 6" surveys (see below, chapter 3.5). In Paper 2,
we also used self-reported information on use of lipid-lowering, anti-platelet and
antihypertensive drugs at baseline and follow-up as adjustment variables in supplementary
analyses of the relationship between the metabolic syndrome and atherosclerosis. For lipid-
lowering and antihypertensive drugs, we used available information from questionnaires and
from individual written lists of the brand names of all current medication that the participant
had used the previous week 4" survey) or the preceding four weeks (6th survey). For anti-
platelet drugs, we used information from the brand name lists only, as the questionnaires did
not include information on this item. In Paper 3, we performed additional analyses where
participants with CVD at follow-up were excluded (Paper 3, page 859, Results section). We

used the same definition for CVD at follow-up as for CVD at baseline.
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3.4 Definition of the metabolic syndrome

MetS was defined according to a modified version of the National Cholesterol Education
Program Adult Treatment Panel III (NCEP, ATPIII).[34] According to this definition, the
MetS is present when three or more of the following five criteria are fulfilled; abdominal
obesity, hypertriglyceridemia, low HDL-cholesterol, hypertension, or elevated fasting
glucose. Abdominal obesity was defined as waist circumference > 102 ¢cm in men and > 88
cm in women. Hypertriglyceridemia was defined as elevated triglycerides > 150 mg/dL (1.7
mmol/L) or self-reported lipid-lowering drug treatment. Low HDL cholesterol was defined
as <40 mg/dL (1.0 mmol/L) for men and <50 mg/dL (1.30 mmol/L) for women or self-
reported lipid-lowering drug treatment. As fasting glucose was not measured in the Tromse
Study, HbAlc > 6.1% and/or non-fasting plasma glucose >11.1 mmol/L and/or self-reported
diabetes and/or use of anti-diabetic medication was defined as impaired glucose tolerance.
Hypertension was defined as elevated systolic blood pressure > 130 mmHg, or diastolic blood

pressure > 85 mmHg, or self-reported current antihypertensive drug treatment.

3.5 Lipid-lowering drugs (LLD)

To assess the use of LLD over time, we used all available information on use of medication
from the 4™, 5™ and 6™ surveys. Information was based on questionnaire data and self-
reported written lists of all current medication (Appendix II-IV). In the 4t survey (baseline),
participants below the age of 70 were asked ‘Have you used cholesterol lowering drugs
during the last 14 days?’. In the 5t survey in 2001-2002, all participants were asked about
current or previous use of LLD (‘Do you use cholesterol lowering drugs?’, answer categories:
currently/previously/never). Information on the use of LLD from the 5™ survey was available
for 2895 of the 2974 participants (97% of study population). In the 6" survey, all participants
were asked about current or previous use of LLD (‘Do you use, or have you used cholesterol
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lowering drugs?’, answer categories: currently/previously/never) and their age when they
started with LLD (‘If you use or have used cholesterol lowering drugs, how old were you the

first time?”).

Approximately 60% of those who answered that they used lipid-lowering drugs did answer
the follow-up question on how old they were when they started. In addition, the participants
were asked to write a list of the brand names of all current medication they had used the
previous week (4™ survey) or the preceding four weeks (5™ and 6" survey) and/or bring the
medication with them to the study center. A trained technician at the study site checked the
questionnaire and lists of brand names, and participants were asked to confirm if no use of
medication was reported. Based on data from all three surveys, we calculated the duration of
LLD use. Long-term use of LLD was defined as use either for more than 5 years (current age
minus age at start), or use in at least two of the three surveys (each conducted more than 5
years apart). Any-time use of LLD was defined as use in any of the three surveys, with the

exclusion of long-term users.

3.6 Statistical methods

Stata SE 11 (StataCorp LP, College Station, TX, USA) and the SAS software, version 9, were
used for all analyses. Differences between groups were analyzed with #-test or Wilcoxon rank
sum tests (continuous variables) and y ? (dichotomous variables). In Paper 3, within-group
changes between baseline and follow-up were tested by paired (repeated) ¢-test for continuous
variables and McNemar’s test for categorical variables. Within-group change is presented as
unadjusted values. Values are presented as means (SD), median (interquartile range) or
numbers (%). TPA was square-root-transformed to approximate normal distribution. Change

in IMT (AIMT) and square-root-transformed TPA (ATPA) was calculated subtracting the
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values obtained in the 4th survey from the values from the 6™ survey. The independent
relationship between the different explanatory variables (cardiovascular risk factors,
components of the metabolic syndrome and use of lipid lowering drugs) and the outcome
variables (TPA, IMT, ATPA and AIMT) was assessed in multiple linear regression models,
with two-sided p-values < 0.05 considered as statistically significant. In Paper 1, the main
objective was to compare the effect of each independent variable on the outcome variables
and to assess whether the effects were different for IMT and TPA. We therefore chose a
complete case analysis and standardized all dependent and independent variables by use of z-
scores. In Paper 2 and 3, we allowed for missingness in both explanatory and response
variables. In Paper 1 and 2, the explanatory variables were entered stepwise using the forward
selection method. In Paper 2, the multivariable models included LDL cholesterol.
Unfortunately, this was incorrectly typed as total cholesterol in two instances in the paper (the

Statistical analysis section in Paper 2). A correction has been submitted to the journal.

Interaction by age and sex was examined by adding cross-product terms between sex (or age)
and each explanatory variable to the models. In Paper 2, there was significant interaction
between sex and MetS in the IMT models, and all analyses were therefore stratified by sex. In
Paper 1, the only consistent interaction was between sex and cardiovascular disease.

In paper 3, we found no interaction between use of LLD and age or sex. We therefore chose

to perform non-stratified analyses of the total cohort in Paper 1 and 3.

30



4. Results

4.1. Paper 1

Risk Factors for Progression of Carotid Intima-Media Thickness and Total Plaque Area.

A 13-Year Follow-Up Study: The Tromsg Study.

In this study we assessed cardiovascular risk factors of 13-years progression of carotid
atherosclerosis in a middle-aged population (mean age at baseline 55.8 years for men and 56.6
years for women). Mean yearly progression of IMT was 0.012 mm in men and 0.011 in
women. Mean yearly progression of TPA was 0.82 mm? in men and 0.56 mm? in women.
Plaque growth progressed more rapidly in both men and women after the age of 50, whereas

the progression rate of IMT was constant over time.

Sex, age, total cholesterol, systolic blood pressure and smoking were significant predictors of
both follow-up IMT and TPA. BMI and HDL-cholesterol were predictors of follow-up IMT
only. Use of LLD at baseline and prevalent CVD predicted follow-up TPA but not IMT.

Age, sex, total cholesterol, systolic blood pressure, smoking and use of LLD predicted
progression of TPA, whereas sex, total cholesterol and systolic blood pressure predicted IMT
progression. Systolic blood pressure was negatively associated IMT progression. The variance
explained by traditional cardiovascular risk factors in general was modest, but somewhat
greater for ATPA (summarized model R*= 0.038) than for AIMT (summarized model R*=

0.010).

4.2. Paper 2

The metabolic syndrome and progression of carotid atherosclerosis over 13 years. The
Tromsg Study.
In this study, we assessed the associations between the MetS and the different components of

the MetS (exposure variables) and follow-up levels and progression of IMT and TPA
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(outcome variables). MetS was an independent predictor of follow-up IMT and TPA in
women, and of follow-up IMT, but not TPA in men. MetS did not predict progression of IMT
or TPA in the total cohort, but was associated with progression of IMT and TPA progression
in subjects below 50 years of age. In analyses where the components of MetS were entered
separately to the models, hypertension predicted follow-up IMT in both men and women and
progression of TPA in women. Impaired glucose tolerance was associated with follow-up
levels of IMT and TPA and with progression of IMT in men. Low HDL level predicted
follow-up IMT in women, and hypertriglyceridemia was associated with follow-up IMT in

men and women. Abdominal obesity was not significantly associated with IMT or TPA.

4.3. Paper 3

Long-term use of lipid-lowering drugs slows progression of carotid atherosclerosis.

The Tromsg Study 1994-2008

In this study, we assessed whether long-term use and any-time use of LLD predicted 13-years
progression of atherosclerosis. Of the 2974 participants, 443 persons were long-term users

and 419 persons were any-time users of LLD.

Both long-term use and any-time use of LLD protected against progression of carotid
atherosclerosis. In long-term users, the beta coefficients (B) for AIMT and ATPA was -0.0387
mm (p=0.0002) and -0.400mm (p=0.006), respectively. In any-time users, the protective
effect was weaker; f= -0.024 mm, (p=0.046) for AIMT and pB= -0.318 mm® (p=0.06 for
ATPA), indicating a dose-response relationship. The estimates remained significant after

exclusion of participants with CVD either at baseline and/or at follow-up (n=649).
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5. Discussion

5.1 Methodological considerations

5.1.1 Study design

A major strength of the Tromse Study is the prospective design and the large sample size. The
longitudinal design allows for repeated standardized measurements of carotid ultrasound
variables as well as cardiovascular risk factors, relevant for adjustment. Our study is one of
few studies that have assessed risk factors for progression of atherosclerosis measured as both

IMT and plaque in the same individuals.

5.1.2 Internal validity

Internal validity is defined as validity of inference for the source population of study subjects,
or in other words, whether obtained results are representative or true for the population under
study. Three types of error may threaten the internal validity: selection bias, information bias

and confounding.

Selection bias

Selection biases are distortions that occur as a result of procedures used to select subjects and
from factors that influence study participation,[71] and the main concern is that association
between exposure and outcome among those selected for analysis differs from the
association among those eligible.[72] Healthy persons could be more prone to volunteer in
population studies. This is known as the healthy participant bias or volunteer/self-selection
bias and may dilute true associations between risk factors and outcome by underestimating the
true associations between exposure and outcome at follow up. In another Norwegian

population-based study (the HUNT Study), the prevalence of common chronic diseases

33



among non-participants was higher than in participants,[ 73] and it is likely that the same is
true for the Tromse Study. In prospective cohort studies, selection bias is usually not a major
problem since information on exposure is obtained before the development of the outcome of
interest. However, selection bias must be considered when the loss to follow-up is high, like

in our study.

Of the 6727 persons who participated at baseline, only 2975 attended the follow-up
examination. Non-attendance at follow-up was due to migration in 468 and to death in 1515
of the participants at baseline. Those who attended both surveys were healthier than those
who were lost to follow-up. In Tromse 4, 14.3% of all those who attended carotid
ultrasonography had self-reported cardiovascular disease, compared to 19.5 % among those
who attended ultrasonography in Tromse 4 but not in Tromse 6. In contrast, only 7.8% of
those participating in both Tromse 4 and Tromse 6 had self-reported CVD. In Tromse 4,

4.6 % had self-reported diabetes, compared to 1.4% among those who attended both Tromse 4
and Tromsg 6. The total mortality was higher in the MetS group than the non-MetS group;
28.8 vs 19.6%, p <0.0001. It is possible that those with more severe baseline atherosclerosis
and progression of atherosclerosis could be more prone to non-attendance due to
cardiovascular disease or death and that the use of statins may have been more frequent in this
group. We have no specific reason to assume that the relationship between risk factors and
atherosclerosis progression would be differential in attendees and non-attendees, but this
cannot be ruled out. The considerable loss to follow-up is likely to have affected the effect

estimates, and the magnitude of this effect is unknown.
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Information bias and misclassification

Information bias is the systematically inaccurate measurement of either the exposure or
outcome variable. It can be non-differential (not dependent of the outcome variable) or
differential (dependent of the outcome variable). In cohort studies, the information bias tends
to be non-differential (not affecting any groups more than others), and this might dilute or
underestimates the effect estimate.[71] Sources of error in estimation may be random (lack of
precision) or systematic (inaccuracy, bias). The term accuracy refers to how close the
measured values are to the true values, while precision refers to the magnitude of the
differences between replicated measurements of the same material (reproducibility). Standard

protocols and standard operational procedures were used to minimize errors.

In our study, both the exposure variables and the outcome variables could have been
misclassified. Important possible sources of information bias are the assessment of IMT and
TPA (outcome variables) and the definition and classification of MetS and of use of LLD

(exposure variables), which in the following will be discussed in more detail.

Reproducibility of the ultrasound measurements

Several measures were taken to standardize measurements and thereby avoid bias.
Technicians underwent a two-month training program prior to study start, and standard
operational procedures were used to minimize errors. In order to estimate measurement
variability, we conducted studies of between and within observer reproducibility in all
surveys.[65-67] Ultrasound equipment was changed between the 5™ and the 6™ survey, and
the inter-equipment variability was therefore also tested.

Reproducibility of ultrasound measurements from Tromse 4 and 5 has been described earlier

and are summarized in Table 1 and 2.[65-67] In Tromse 4, reproducibility for IMT
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measurements was assessed by inviting 111 participants to a second ultrasound scan within 3

weeks of the first scan. On each occasion three sonographers examined the subjects.[66]

In the 6th survey, a consecutive sample of participants was selected for a reproducibility
study. Two or three sonographers scanned seventy-six participants on the same day, and 71 of
them were rescanned 1-2 weeks later. The sonographers had no knowledge of each other’s
results, or results from previous examinations. The inter- and intra-observer reproducibility of

IMT measurements was similar in Tromse 4 and 6 (Table 1).

Table 1. Inter-observer and intra-observer variability of pairwise measurements of mean*
intima-media thickness in the 4™ and 6" surveys of the Tromse Study.

Mean (SD) Mean arithmetic Mean absolute  Limits of
difference difference (SD) agreement
(95% CI)
Inter-observer
Tromse 4 0.84 (0.28) -0.01 0.11 +0.29
Tromse 6 0.96 (0.21) 0.01 (-0.37,0.37) 0.08 +0.21
Intra-observer
Tromso 4 0.84 (0.28) -0.01 0.10 +0.33
Tromso 6 0.97 (0.203) 0.02 (-0.018, 0.048) 0.08 (0.07) +0.20

*Average of the mean of three measurements in each of the three locations; the far and near wall of the common
carotid and the far wall of the bifurcation.

Reproducibility for plaque measurements and plaque detection was assessed in Tromsg 6 (in
the same subjects as described above for IMT) and in combined data from Tromse 4 and 5.
There were 107 paired observations in the baseline study (Tromse 4), and 83 in the follow-up

study (Tromse 5) (Table 2).[67]
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Table 2. Inter-observer and intra-observer variability of pairwise plaque area measurements
in the 4™, 5™ and 6™ surveys of the Tromse Study.

Mean Mean arithmetic = Mean absolute Limits of
(SD) difference difference (SD) agreement
(95% CI)
Inter-observer
Tromse 4/5° 13.9(9.0) -1.0 (-1.4,-0.6) 2.9@3.4) +8.6
Tromse 6 24.6 (15.0) -0.8(-0.01,0.04) 6.1(5.5) +16.0
Intra-observer
Tromse 4/5— observer 1 13.4(7.9) 0.2 (-0.2,0.7) 1.8 (2.5) +6.1
Tromse 4/5 — observer 2 13.8 (8.3) 0.0 (-9.5,0.7) 2.1(3.2) +7.5
Tromso 6' 23.8 (12.7) 9.6 (-2.6, 5.3) 6.7 (7.0) +18.9

*Single plaque measurements.
tTotal plaque area measurements.

The arithmetic differences between paired observations were plotted against their average to
examine whether the differences were constant over the range of measurements (Figure
3).[74] Any systematic differences between observers would result in the mean of the
differences being significantly different from zero. The wider the scatter between the points in
the direction of the y-axis, the worse will be the agreement. If the differences are normally
distributed, 95 % of the differences will lie within a range of £ 1.96 SDs of the mean
arithmetic difference, referred to as the limits of agreement. The mean or median absolute
difference represents the typical magnitude, although not the “direction” of the differences.

Reproducibility of plaque detection was analyzed with the use of the kappa statistic (i).[75]

The reproducibility of single plaque area measurements from Tromse 4 and 5 and TPA
measurements from Tromse 6 are shown in Table 2. As expected, the variability was higher
for TPA than for single plaque measurements. More surprising was that the intra-observer
reproducibility in Tromse 6 was similar to or even slightly lower than the inter-observer
reproducibility. This is also reflected in the kappa values for plaque detection, which was 0.65

in the inter-observer study and 0.63 in the intra-observer study.
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The variability study between the GE Vivid 7 and the Acuson XP10 was performed in
January 2012 on 79 subjects, of whom 38 had > 1 plaques. Subjects were examined with the
Acuson XP10 first, and all examinations were performed by one person. All readings of IMT
and plaques were done by a second person, blinded to the identity of the participants. The
results are shown in Table 3. The variability shoved higher IMT values when measured with
GE Vivid 7 compared to Acuson XP10, making it likely that the progression of IMT was
overestimated due to change of machinery. There was no systematic bias between the

ultrasound equipment for the TPA measurements.

Table 3. Inter-equipment variability of pairwise measurements of mean* intima-media
thickness and total plaque area in the 4™ and 6" surveys of the Tromsg Study.

Mean (SD) Mean arithmetic Mean absolute Limits of
difference difference (SD)  agreement
95% CI)
Intima- media thickness 0.87(0.13) 0.15(0.13,0.17) 0.15 +0.16
Total plaque area 24.1 (18.2) 2.4 (-0.5,5.4) 6.5(5.7) -

* Average of the mean of three measurements in each of the three locations; the far and near wall of the common
carotid and the far wall of the bifurcation.
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Figure 3. Bland-Altman plots of inter- and intra-observer reproducibility of measurements of
total plaque area (TPA) and intima media thickness (IMT).

All panels (a-d) show the difference between pairwise measurements plotted against the

average of pairwise measurements. Dotted lines denote the average difference between paired
measurements and solid lines denotes the limits of agreement.
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3c: Inter-observer reproducibility of IMT
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Random measurement errors at baseline and follow-up tend to accumulate and hence
attenuate the differences we seek to detect. Imprecision in the measurements of carotid
atherosclerosis in our study is likely to have weakened the true relationship between risk
factors and the measurements of atherosclerosis. Previous reproducibility data on IMT from

Tromse 4 showed that the variability was not completely at random, but increased with



increasing IMT,[58] indicating that the estimates will be weaker in those with highest IMT

levels.

Another source of misclassification of an individual’s true atherosclerotic burden is the fact
that only the right carotid artery was examined. Including the left carotid artery could have
yielded better estimates of the actual atherosclerotic burden and stronger estimates of the

relationships between risk factors and atherosclerosis.

The carotid ultrasound protocol in Tromse 4 was not originally set up to monitor change in
IMT or TPA over time. Although several effort were undertaken to standardize
measurements, further standardization could have reduced measurement errors. Use of
standardized uptake angles could have secured that participants were repeatedly scanned in
the same angles as in former surveys. However, scanning at identical angles does not ensure
that the areas with the most progression are captured. More intensive training and use of
fewer sonographers could also have improved reproducibility. The use of multiple
sonographers is prone to yield more imprecise results in longitudinal studies, but is difficult to

avoid, especially when the examination volumes are large and the time span long.

Definition of the metabolic syndrome

One of the main components of the metabolic syndrome, impaired glucose tolerance, could
not be assessed according to recommended criteria, as fasting glucose was not measured in
the Tromseg Study. Instead, we defined HbA1c >6.1% and/or non-fasting plasma glucose
>11.1 mmol/L and/or self-reported diabetes and/or use of anti-diabetic medication as impaired
glucose tolerance. The 6.1% cutoff for HbA 1c was based on previous studies.[76, 77] The

use of HbAlc >6.1% as a substitute for fasting plasma glucose >5.6 mmol /L may result in
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misclassification of subjects with impaired glucose tolerance. However, the HbA1C 6.1%
cutoff is supported by a recent report from the Tromse Study. [78] Those invited were all
subjects without self-reported diabetes and with HbAlc¢ in the range 5.8—6.9% and a random
sample of approximately 200 subjects with HbAlc 5.3% and 5.4% and 100 subjects with
HbAlc 5.5%, 5.6%, and 5.7%, respectively. Of the 4393 who were invited, 3476 participants
completed an oral glucose tolerance test (OGTT).The best sensitivity (69.8%) and specificity
(81.8%) for diabetes (n=199) were found at HbAlc 6.2%., while the best cut-off points for
impaired fasting glucose (n=314) and impaired glucose tolerance (n=404) were found at

HbAlc 5.9% and 6.0%, respectively.

Another important source of error was the use of non-fasting lipid levels and the definition of
hypertriglyceridemia. While HDL cholesterol is less influenced by non-fasting state, non-
fasting triglyceride levels are problematic because of the large variation in pre- and
postprandial levels of triglycerides.[79] Furthermore, we included use of LLD (all types) in
the definition of the triglyceridemia, while the standard criterion is use of drugs aimed
specifically at reduction of triglycerides (fibrates and nicotinic acids).[31, 34] As our
definition of MetS differs from the most common definitions, the results cannot be directly

compared to other studies that have used standard definitions.

Use of lipid-lowering drugs

The use of LLD in our population increased considerably during the observation period, from
1.6% in 1994, to 27% in 2008. Duration of LLD use was estimated on information obtained
from both questionnaires as well as lists of current medication at three points in time.

Data on medication use is prone to recall bias. Although previous studies have shown that

repeated self-reported use of drugs that are used regularly, such as statins, reflect chronic
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exposure,[80, 81] participants may have failed to report use of LLD because they were not
aware of the nature of the drug they were taking, or they could have forgotten to fill in all
brand names in the medication lists. After the publication of Paper 3, we have validated the
data on drug use obtained in Tromse 6 against data from the Norwegian Prescription
Database. The database was established in January 2004 and receives monthly data on drug
prescriptions from all Norwegian pharmacies. Self-reported use of LLD in Tromse 6 against
data from the prescription database 6 months prior to the survey shows a kappa value of 0.94,

sensitivity of 98% and specificity of 99% (Anne Elise Eggen, personal communication).

Another form of bias relevant for pharmaco-epidemiological studies is immortal time bias.
Immortal time refers to a period of follow-up during which the study outcome cannot
occur.[82, 83] In our study, this bias is avoided by the fact that the outcome variable is
progression of atherosclerosis over time, which can be measured equally in exposed and non-

exposed individuals.

Change in cardiovascular risk factor levels over time

In our studies, we used risk factor measured at baseline as exposure variables. This could be
regarded as a source of misclassification, as risk factors levels are likely to change throughout
the follow-up period. This was indeed shown for several risk factors in our study (Paper 3,
Table 1). Risk factors measurements at several points point in time could have reduced

measurement error and better reflected the true exposure levels over time.

Confounding
Confounding, unlike bias, is not an error in the study itself, but is the effect of additional

variables that might be responsible for the observed observation. The confounder is an
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independent factor for the outcome variable that is also associated or correlated with one or
more of the exposure variables. In our studies, we have adjusted for known confounders such
as age, sex and various cardiovascular risk factors. In Paper 3, we performed supplementary
analyses where subjects with CVD were excluded. Nevertheless, we cannot exclude that the

results may have been confounded by unknown variables that we were unable to account for.

5.1.3. External validity/generalizability

The external validity applies to the ability to generalize the results to other populations than
the study population. For a study to hold external validity, it must be internally valid. The
Population Registry was the source for the invitation issued. The age and sex distribution of
the Tromseg Study reflects the Tromse population in general and are not substantially different
from other Western populations with regards to prevalence of CVD and risk factor levels. The
IMT levels and plaque prevalence are comparable to those in other European and American
populations. Hence, our results are likely to be applicable to similar Caucasian, Northern

European populations.[63, 64]

5.2 Some statistical considerations

In all three papers included in this thesis, the outcome of interest was change in a continuous
variable (IMT or TPA). We measured IMT and TPA at baseline and then again at follow-up.
Both follow-up levels and a change score, calculated as the difference between the follow-up
value and the baseline value, was used as outcome variables. In studies of change over time, it
is important to consider the regression toward the mean (RTM) phenomenon in order to
separate real change from the effect of natural variation. RTM describes the phenomenon
where extreme measurements at one measurement point will tend to reverse against a less

extreme value upon subsequent measurement. This occurs when values observed with random
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error; i.e. a non-systematic variation in the observed values around a true population
mean.[84, 85] The variation may be caused by random measurement error or random
fluctuation in a subject. The magnitude of the regression effect can be determined from the
correlation between pre-and post-measurements.[86] In general, within the same subject,
extreme values (high or low) are likely to be followed by less extreme values closer to the
subject’s true mean. The effect of RTM is not restricted to individual measurements, but also
applies to the group level, and is especially important to take into consideration when

comparisons are done in groups that are categorized on the basis on the initial values.[86, 87]

Both the use of change scores (also referred to as growth score) and RTM have been subject
to much debate within the scientific community. While some authors warn against use of
change scores and find them unreliable,[88, 89] others argue that difference scores are very
reliable in situations where individual variations in true change exists.[90, 91] There is also an
on-going debate how to deal with RTM in studies of change. The most widespread statistical
technique is probably analysis of covariance (ANCOVA) with adjustment for baseline values
of the outcome of interest.[87, 92] Many authors recommend adjustment for baseline values
in all longitudinal studies of change to avoid the effect of any random differences in initial

levels across the groups that are being compared.[86, 92].

Other authors have argued against adjustment for baseline values. One of the strongest
opponent against the view that RTM is unavoidable in longitudinal research, and that change
scores are unreliable, is David Rogosa. Rogosa argues that rather than a law of nature, RTM is
a statistical tautology arising from the use of standard deviation as a metric of change, and
may not occur if a non-standardized metric is used.[93] Rogosa’s view has been supported by

others who argue that although adjustment for baseline values of the dependent variable may
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ameliorate certain biases, it introduces others that often will exceed the bias eliminated.[94,
95] When the outcome variable is measured with error, inclusion of baseline values as a
covariate may result in the finding of a relationship between the observed change and the
explanatory variables even when no such association exist between the true outcome and the
explanatory variables.[94, 96] Several alternative statistical techniques for the analysis of

change have been proposed.[97, 98]

In our studies, we chose not adjust for baseline values of IMT or TPA. This was in line with
our previous choice in studies on change in ultrasound-assessed atherosclerosis based on the
Tromse Study.[99] An alternative approach could have been to adjust for both baseline and
follow-up levels, or the mean of baseline and follow-up, as this variable is independent of the
change score, which the baseline value is not. This approach is used in an individual data
meta-analysis on predictors of change of IMT, the Individual progression of carotid intima
media thickness as a surrogate of vascular risk (PROG-IMT) study, in which the Tromse
Study is one of the participating centers (Simon G. Thompson, personal communication).
However, although the baseline levels of TPA and IMT were not used to define groups for
later comparison, adjustment for baseline levels to avoid RTM could have been considered
appropriate due to differences in the baseline levels of atherosclerosis in subjects with and
without MetS (Paper 2) and in users and non-users of LLD (Paper 3). In Supplementary
Tables 1 through 5, the analyses from Paper 1, 2, and 3 have been repeated in models with
adjustment for baseline values in analyses with follow-up levels as outcome, and for baseline
and the mean of baseline and follow-up values in analysis with the change score as outcome.
In addition, the analyses originally presented in Paper 2 were done with variables
standardized by use of z-scores for better to be able to compare the strength impact of the

variables on the outcome. The results show substantial differences depending on the choice of
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model. Overall, adjustment for baseline values in analyses with follow-up levels as the
outcome variable tended to weaken the estimates originally presented in Paper 1
(Supplementary Table 1). The explained variance increased and was mostly explained by the
baseline values of IMT and TPA, respectively. In analyses of change scores as dependent
variable, adjustment for baseline values strengthened the estimates, while the mean of
baseline and follow-up values weakened the estimates. The overall explained variance

increased in both models.

Similarly, the analyses in Paper 2 were substantially influenced by choice of model. In
analyses with MetS, age, LDL cholesterol, smoking and baseline IMT /TPA as predictor
variables and follow-up levels of IMT/TPA as outcome, the baseline levels explained most of
the variance while the other estimates were weakened. As opposed to this, adjustment for
baseline variables tended to strengthen the estimates in analyses with change scores, and in
these analyses, MetS was a significant predictor of change in both IMT and TPA in men, but
not in women. Adjustment for mean of baseline and follow-up did not influence the
relationship between MetS and the outcome variables. Analyses where each component of
MetS was entered as separate variables showed similar results as described for MetS, with a
tendency toward weakening of the estimates. Age became negatively associated with change
in IMT after adjustment for mean of baseline and follow-up values, and the same did LDL
cholesterol in men and hypertension in women. These associations are counter-intuitive and

difficult to explain, and seem to be a result of this particular model.

In Paper 3, the relationship between use of LLD and progression of atherosclerosis was no
longer significant after adjustment for baseline values, while the estimates were strengthened

after adjustment for the mean of baseline and follow-up values.
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The tables illustrate the complexity of analyses of change and that the choice of model has
substantial impact on the obtained results. It is recommended that researchers should decide
upon the analytical strategy prior to performing the statistical analyses, and thereafter adhere
to the initial analysis plan.[92] Therefore, in the further discussion of the results in this thesis,

I have chosen to refer to the original analyses (as presented in the papers).

5.3 Discussion of main results

5.3.1 Cardiovascular risk factors and progression of atherosclerosis

We found that age, male sex, total cholesterol, HDL-cholesterol (inversely), systolic blood
pressure, body mass index and smoking predicted follow-up levels of IMT. In contrast,
systolic blood pressure was negatively associated with progression of IMT. These apparently
conflicting results are however partly supported by previous studies. In the Rotterdam Study,
systolic blood pressure was a predictor of severe progression of IMT, but not for mild or
moderate progression.[18] In the ARIC study, hypertension was not an independent risk
factor for yearly progression of IMT.[29] Salonen and Salonen did not find an association
between hypertension or current blood pressure level and a two year progression of IMT.[30]
One possible explanation might be that there is larger within-person variance of progression
of IMT than of cross-sectional measurements, and this can result in stronger estimates for

cross-sectional analyses compared to longitudinal studies with several measurements.

The annual progression of IMT was 0.012mm in men and 0.01 1mm in women, which is

higher than the annual progression of 0.009 mm in the ARIC cohort.[29] As discussed above,

we may have overestimated the progression of IMT due to change of equipment. However, in
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a pooled analysis on annual progression of IMT in control subjects who participated in RCTs,

the annual change of IMT was 0.015 mm.[13]

We found that the progression rate of TPA increased by age, whereas progression of IMT was
constant across age groups. Also, the explained variance of CVD risk factors on IMT and
TPA progression was low to moderate; 10% for AIMT, and 38% for ATPA. This might be due
to different qualitative aspects of these two measures of atherosclerosis, with medial
thickening increasing at a more constant level, while plaque size increases more rapidly over
the years. There is an ongoing debate as to what ultrasonographic measures most correctly
describe the atherosclerotic process.[47, 49, 100-103] Plaques and IMT are highly correlated,
but may not reflect the same biological aspects of atherogenesis, and these entities may have
different relations to cardiovascular risk factors as well as to clinical vascular disease. IMT
mainly represents hypertensive medial hypertrophy, whereas TPA represents the intimal
thickening constituting atherosclerosis.[104] TPA has been stronger correlated with

traditional risk factors than IMT in previous studies.[ 14, 101]

The IMT is a small structure, only fractions of a millimeter and the resolution of the B-mode
ultrasonography is below the quantities being measured. This makes the method less suitable
for repeated measurements, as random measurements errors at baseline and follow-up are
accumulated, thus attenuating the differences we aim to detect.[105] The TPA measures a
larger quantity, and may thus being more robust against measurement errors. This may be
one of the reasons for lack of association between progression of IMT and cardiovascular

endpoints in Paper 1.
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There was significant interaction between cardiovascular disease and sex for all outcome
variables. In forward stepwise multivariable models in women, CVD was negatively
associated with follow-up levels of IMT (standardized p=-0.089, p=0.006) and with change
in TPA (standardized p= -0.074, p=0.009), while there was no association between CVD and
change in IMT or follow-up levels of TPA. In men, CVD was positively associated with
follow-up levels of TPA in men (standardized f=0.077, p=0.002), but not with follow-up
levels of IMT or progression of IMT or TPA. There was no interaction between

cardiovascular risk factors and age.

5.3.2 Metabolic syndrome and progression of carotid atherosclerosis

We found that the MetS was an independent predictor of follow-up levels of IMT and TPA,
for men, and for IMT in women. There was no overall association between MetS and
progression of IMT and TPA. Among the components of the MetS, hypertension predicted
TPA progression in women and impaired glucose tolerance predicted IMT progression in

men.

There is an ongoing debate as to whether the MetS is a better predictor of cardiovascular
disease than the sum of its components. Hypertension was the component of MetS most
consistently associated with follow-up levels of IMT and TPA among men and women.
Hypertension was also associated with progression of TPA in women. Impaired glucose
tolerance (IGT) was associated with follow-up levels and progression of IMT in men only.
The underlying pathophysiology of MetS is thought to be related to IGT, and associations
between levels of IMT and IGT has been shown previously in cross-sectional studies.[106,

107]
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Previous cross-sectional studies have found increasing IMT in subjects with MetS.[108-110]
Few studies have assessed the relationship between MetS and progression of IMT. The
European Lacidipine Study on Atherosclerosis (ELSA) found that progression of IMT was
slightly higher in persons with MetS, but this association was not significant after adjustment

for cardiovascular risk factors.[111]

In our study, MetS was associated with progression of atherosclerosis in subjects below 50
years of age. This is in line with the findings in a Finnish study where progression of IMT was
associated with MetS in subjects aged 27-37 years.[112] As the atherosclerotic process
accelerates through the 4™ and 5™ decade, this might imply that the MetS is more important as
a risk factor in the early stages of the atherosclerotic process. Caution must be taken to this

hypothesis, as longitudinal data on this field are scarce.

In a cross-sectional study from the multiethnic Northern Manhattan Study (NOMAS), MetS
and the number of MetS components was significantly associated with plaque presence.[113]
The proportion of subjects with MetS was high in NOMAS (49%). The NOMAS study also
showed a significant association between MetS and arterial stiffness, independent of the
presence of carotid plaque and intima media thickness.[114] In the Bruneck Study, persons
with MetS had higher rates of progression of carotid atherosclerosis, measured as formation
of new plaques and carotid stenosis.[115] We cannot exclude that the lack of overall
association between MetS and atherosclerosis progression in our study may be due to
imprecise measurements of both the predictor and the outcome variables, as discussed above.
Our definition of MetS may have led to some misclassification. Imprecision in measurement

of outcome variables of progression may be due to accumulation of random measurement
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error at baseline and follow-up, and this can attenuate the differences and inability to detect a

true relationship between MetS and change in carotid atherosclerosis.

Supplemental Tables 3 and 4 show the results of the multivariable-adjusted analyses in Paper
2 repeated with all variables standardized by use of z-scores. These show that for both men
and women, age was the strongest predictor of follow-up levels of IMT and TPA. Of the
components of the MetS, hypertension is also in men by far the strongest predictor of follow-
up levels of IMT and TPA. For AIMT, neither the Mets nor its components have significant
associations in neither men nor women. Hypertension was significantly associated with ATPA

1n men.

We found that MetS predicted progression of IMT and TPA in men below 50 years of age,
but not in the total cohort. However, we found no significant interaction between age and
MetS, and in retrospect, we find that we may have put too much emphasis on this finding as

presented in the paper.

5.3.3 Effect of lipid-lowering drugs on progression of atherosclerosis

We found that long term as well as any-time use of LLD protected against progression of IMT
and TPA. Similar results have been shown in RCTs [54, 116, 117] and clinical patient
series.[20, 118] Our study indicates that this also applies to subjects belonging to the general
population. As statins are related to slower progression of atherosclerosis, it has been assumed
that the protective effect of statins on CVD is at least partly mediated through the effect on
atherosclerosis. In a meta-analysis of 28 RCTs with 15 598 patients, Goldberger et al. found
that change in IMT was a significant predictor for myocardial infarction. Surprisingly, and as

acknowledged by the authors, counter-intuitively, no significant relationship was found
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between mean change in IMT and nonfatal myocardial infarction when the analysis was
limited to RCTs which evaluated statin therapy. The authors conclude that this may implicate
that the protective effect of statins on cardiovascular disease is not mediated through

IMT.[43]

The protective effect of statins was present also when we excluded subjects with prevalent
CVD at baseline and/or follow-up. The benefit of taking statins in primary CVD prevention
has been much debated.[119] A recent Cochrane update on statins for the primary prevention
of cardiovascular disease, showed reductions in all-cause mortality, major vascular events and
revascularization among people without evidence of CVD treated with statins, and without
any excess of adverse events.[120, 121] The results of our study should not be taken in favor
of use of statins in primary prevention, as no analyses of net positive effects (whether the
beneficial effects of statins outweighed the possible detrimental effects) nor of cost-

effectiveness could be done.

In the Results section in Paper 3, the change in IMT and square-root-transformed TPA levels
in non-users and long-term users of LLD was unintentionally mixed up. An erratum has been

submitted to the journal. In Figure panel B, square-root-transformed TPA levels were shown.
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6. Conclusions

We found that progression of TPA was independently predicted by age, sex, total cholesterol,
systolic blood pressure and smoking. Total cholesterol, sex and systolic blood pressure

(inversely) were associated with IMT progression.

Plaque growth progressed more rapidly after the age of 50, while the progression rate of IMT

was constant over time.

MetS was an independent predictor of follow-up IMT and TPA in men and of IMT in women.

MetS was not an independent predictor of progression of TPA and IMT in the total cohort.

Use of LLD had a protective effect on both TPA and IMT progression, most pronounced in

long-term users.
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Risk Factors for Progression of Carotid Intima-Media
Thickness and Total Plaque Area
A 13-Year Follow-Up Study: The Tromsg Study

Marit Herder, MD; Stein Harald Johnsen, MD, PhD;
Kjell Arne Arntzen, MD; Ellisiv B. Mathiesen, MD, PhD

Background and Purpose—Data on risk factors for progression of intima-media thickness (IMT) and plaque are scarce.
The objective was to determine long-term risk factors for total plaque area (TPA) and IMT as well as risk factors for

progression (ATPA and AIMT).

Methods—Subjects were 1307 men and 1436 women who participated in a longitudinal population-based study with
ultrasound examination of the right carotid artery at baseline and after 13 years of follow-up. Total cholesterol,
high-density lipoprotein cholesterol, blood pressure, body mass index, and information about smoking habits, prevalent
diabetes, and cardiovascular disease were obtained at baseline. Carotid atherosclerosis was assessed as TPA and mean
IMT of plaque-free segments of the common carotid artery. Associations between z-scores of risk factors and carotid
atherosclerosis were assessed in multiple linear regression models.

Results—In multivariable models, total cholesterol, systolic blood pressure, and smoking were stronger predictors of
follow-up TPA than of IMT, whereas sex and age were stronger predictors of IMT. Total cholesterol (standardized
B=0.081), systolic blood pressure (standardized 3=0.062), and smoking (standardized B=0.107) were significant
predictors of ATPA, whereas only total cholesterol (standardized 3=0.084) was an independent predictor of AIMT. The
variance explained by traditional cardiovascular risk factors was somewhat greater for TPA than for IMT.

Conclusions—The cardiovascular risk factors total cholesterol, smoking, and systolic blood pressure were stronger
long-term predictors of TPA and TPA progression than for IMT and IMT progression. (Stroke. 2012;43:1818-1823.)

Key Words: carotid atherosclerosis m progression m risk factors m ultrasonography

arotid intima-media thickness (IMT) and plaque are

frequently used as a proxy for cardiovascular diseases in
observational and interventional studies.'-> However, in re-
cent years it has been come increasingly clear that IMT and
plaque show different relationships to cardiovascular risk
factors as well as clinical end points. According to guidelines,
IMT is preferably measured in plaque-free segments of the far
wall of the distal common carotid artery (CCA-IMT).*
CCA-IMT is strongly related to age and hypertension, and
thickening of the intima-media layer mainly represents a
hypertrophic adaptive response of smooth muscle cells in the
tunica media to high shear stress.>® Plaques usually occur at
sites of low shear and nonlaminar turbulent flow such as in
the carotid bulb and the proximal internal carotid artery,® and
is rare in the distal CCA. The role of IMT as a marker of
atherosclerosis has been questioned, especially when mea-
surements include the CCA-IMT only.” Carotid plaque bur-
den can be measured as a continuous variable as the sum of

all plaque areas in the artery, the total plaque area (TPA).
TPA has been found to be more strongly associated with
traditional cardiovascular risk factors than CCA-IMT.>8 TPA
has also been found to be a stronger predictor of coronary
artery disease than CCA-IMT in both clinical and population-
based studies.®~'2 In a recent publication from our group,
IMT was predictive of ischemic stroke in women when
assessed as an average of the mean IMT in the far and near
wall of the common carotid and in the far wall of the
bifurcation and with plaques included. However, CCA-IMT
was not associated with future ischemic stroke after adjust-
ment for other cardiovascular risk factors.'> Although highly
correlated, plaque and IMT may reflect different genetic and
biological aspects of atherogenesis with distinctive relations
to cardiovascular risk factors and to clinical vascular disease.

Data on risk factors for progression of both IMT and
plaque are scarce. In the population-based Tromsg Study, we
have done repeated measurements of both IMT and TPA in
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the same individuals, and the study is therefore well suited to
assess the impact of different cardiovascular risk factors on
progression of the 2 ultrasonographic phenotypes. In the
present prospective study, the objective was to determine risk
factors for TPA and IMT at follow-up as well as risk factors
for progression (ATPA and AIMT).

Materials and Methods

Subjects

The Tromsg Study is a population-based prospective study with
repeated health surveys of inhabitants in the municipality of Tromsg,
Norway.'* In the fourth survey in 1994 to 1995 (baseline), all
subjects aged 55 to 74 years and a random 5% to 10% sample in the
other age groups >24 years were invited to ultrasound scanning of
the carotid artery. Ultrasound of the right carotid artery was
performed in 6727 subjects (77% of the eligible). Subjects who did
not consent to medical research (n=40) were excluded. Representa-
tive measures of TPA and CCA-IMT were available in 6611
participants, 3271 men and 3340 women. All participants who were
still living in Tromsg were invited to a new examination in the sixth
survey in 2007 to 2008 (follow-up). Ultrasound examination of the
right carotid artery was performed in 2975 persons who had
attended both the fourth and the sixth surveys. We excluded
persons without valid measures on all risk factor variables as well
as the outcome variables (n=87) and 145 subjects with plaque in
the distal CCA (see subsequently), leaving 2743 persons to be
included in the study. The Regional Committee for Medical
Research Ethics approved the study, and informed written consent
was obtained from all the participants.

Cardiovascular Risk Factors

Information about smoking habits, prevalent diabetes mellitus, an-
gina pectoris, previous myocardial infarction, stroke, and current use
of antihypertensive- and lipid-lowering drugs was collected from
self-administered questionnaires. Coronary heart disease was defined
as previous myocardial infarction and/or prevalent angina, and
cardiovascular disease as previous myocardial infarction and/or
prevalent angina and/or stroke. Blood pressure was recorded 3 times
at 1-minute intervals after 2 minutes of seated resting with the use of
an automatic device (Dinamap Vital Signs Monitor 18461 Criticon)
and by specially trained technicians. The mean of the last 2
recordings was used in the report. Standardized measurements of
height, weight, nonfasting serum total cholesterol, high-density
lipoprotein cholesterol, and triglycerides were performed as de-
scribed previously.!> Body mass index (BMI) was calculated as
weight (kg) divided by height (m?).

Ultrasonography

High-resolution B-mode ultrasonography of the right carotid artery
was at baseline performed with a duplex scanner (Acuson Xp10 128,
ART-upgraded) equipped with a 7.5-MHz linear array transducer
and at follow-up with a duplex scanner GE Vivid 7 with a linear
12-MHz transducer and followed the same scanning and reading
procedures and reproducibility as published previously.!>-'¢ Differ-
ent sonographers did the baseline and follow-up scanning, and to
ensure equal and standardized examination techniques and measure-
ment procedures, all sonographers completed a 2-month prestudy
training protocol.

A plaque was defined as a localized protrusion of the vessel wall
into the lumen of at least 50% compared with the adjacent IMT. Six
locations of the carotid artery were examined for plaque presence:
the far walls and near walls of the CCA, the bifurcation (bulb), and
the internal carotid artery. The area of each plaque was outlined
manually with automatic calculation of plaque area. In subjects with
>1 plaque, the areas of all plaques were summarized to give TPA.

Automated R-triggered measurement of IMT was performed in the
far wall of the distal CCA'® and was not limited to plaque-free
segments. To ensure that the CCA-IMT measurements were done in
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Table 1.  Characteristics* of the Study Participants Stratified
by Sex: The Tromsg Study
Men Women
(N=1307) (N=1436) P Value
Age, y 55.8(9.08)  56.6(10.2) 0.03
BMI, kg/m? 26.1(3.0) 25.6(3.91)  <0.001
Systolic blood pressure, mm Hg  139.8 (17.9)  138.4 (21.67) 0.07

Serum lipids, mmol/L

Total cholesterol 6.51(1.15) 6.69(1.32) <0.0001

HDL cholesterol 1.38(0.37) 1.70 (0.40)  <0.0001

Triglycerides 1.79(1.12) 1.42(0.85) <0.0001
Current smoking, % 28.2 27.2 0.6
Self reported disease, %

Coronary heart disease 8.8 4.3 <0.001

Stroke 0.8 11 0.5

Diabetes 1.2 1.6 0.4
Use of drugs, %

Antihypertensive medication 7.7 8.8 0.3

Lipid-lowering therapy 2.1 1.0 0.021

*Measured at baseline.
BMI indicates body mass index; HDL, high-density lipoprotein.

plaque-free segments only,* we excluded subjects with plaque in the
distal CCA (n=145). A final reading of both IMT and plaque data
was done offline by the researchers. Measurements of IMT were
analyzed offline by a semiautomated computerized edge-detection
program.'” The average of the mean CCA-IMT in 3 separate
recordings was used in the analyses and is referred to as IMT.

Details about the inter- and intraobserver reproducibility of IMT
and plaque measurements have been published previously.!516-18 The
interequipment variability between GE Vivid 7 and Acuson XP10
was tested in 79 subjects, of whom 38 had =1 plaques. All subjects
were examined with Acuson XP10 first. To minimize the influence
of sonographer and reader variability, all examinations were per-
formed by the same sonographer, whereas the readings of TPA and
IMT were done by another person blinded to the identity of the
participants. IMT values were higher when measured with GE Vivid
7 compared with Acuson XP10 with a mean arithmetic difference of
0.15 mm (95% CI, 0.14-0.17 mm). The mean absolute difference
was 0.16 mm, coefficient of variation 9.1%, and the limits of
agreement £0.20 mm. For TPA, the mean absolute difference was
6.5 mm? and the mean arithmetic difference 2.4 mm? (95% CL, —0.5
to 5.4), indicating no systematic difference between machines. The
coefficient of variation was 26.4% and the correlation coefficient
0.89. Limits of agreement was not calculated due to skewed
distribution of the arithmetic differences. For the square root-
transformed TPA values, which was used in the analyses (see
subsequently), the mean arithmetic difference was 0.2 (95% CI,
—0.06 to 0.50), the mean absolute difference 0.68, the coefficient of
variation 13.2%, and limits of agreement *1.7.

Statistical Analyses

Between-group differences were estimated by analysis of variance
(Table 1). The distribution of TPA was skewed to the right and the
square root of this variable was used in the analyses to approximate
normal distribution. The independent relationship between cardio-
vascular risk factors (independent variables) and measurements of
atherosclerosis (TPA and IMT at follow-up and ATPA and AIMT)
was assessed in multiple linear regression models with all explana-
tory variables entered stepwise using the forward selection method.
Additional adjustments were made for use of antihypertensive and
lipid-lowering drugs at baseline. All variables, both dependent and
independent, were standardized using z-scores to compare the
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Table 2. Mean Intima-Media Thickness* and Total Plaque Area at Baseline and Progression Between
Baseline and Follow-Up by Age and Sex: The Tromsg Study
Progression
Baseline AIMT, mm ATPA, mm?
No. IMT, mm TPA, mm? Total Annual Total Annual
Men
25-49y 243 0.63 2.60 0.14 0.01 2.32 0.18
50-59 y 531 0.73 6.34 0.18 0.01 7.25 0.55
60-69 y 466 0.78 10.31 017 0.01 7.37 0.58
=70y 67 0.85 13.39 0.15 0.01 13.52 1.02
Total 1307 0.73 7.42 0.16 0.01 10.84 0.82
Women
25-49 y 257 0.59 0.71 0.11 0.01 1.39 0.11
50-59 y 488 0.68 3.63 0.12 0.01 1.79 0.14
60-69 y 594 0.73 6.18 0.13 0.01 5.28 0.4
=70y 98 0.79 12.01 0.15 0.01 9.09 0.69
Total 1437 0.69 473 0.14 0.01 7.42 0.56

*Mean of 3 measurements in plaque-free segments in the far wall of the distal common carotid artery.

IMT indicates intima-media thickness; TPA, total plaque area.

strength of the [ coefficients of each independent variable. The
summarized and partial R? of the models were used to calculate the
proportion of the explained variance associated with each indepen-
dent variable. The significance level for entry into the model was set
at 0.05. SAS software, Version 9, and STATA software, Version 12,
were used for statistical analyses. Two-sided probability values
<0.05 were considered statistically significant.

Results
The mean observation time was 13.2 years. Baseline character-
istics are shown in Table 1. Men had higher BMI, higher
triglyceride, and lower high-density lipoprotein levels than
women and a higher proportion of men reported coronary heart
disease, use of lipid-lowering drugs, and current smoking.

Plaque was present in 41.6% of men and 32.6% of women at
baseline. Mean TPA was 7.41 (SD 12.60) mm? in men and 4.73
(SD 9.73) mm? in women (Table 2). Mean IMT was higher in men
(mean, 0.73; SD 0.16 mm) than in women (0.69; SD 0.13 mm).

During follow-up, the overall progression of TPA was
10.84 mm? in men and 7.42 mm? in women (P<0.0001;
Table 2). In all age groups, TPA and ATPA were greater in
men than in women (Figures 1 and 2). Regression in TPA was
found in 11% of women (mean, —8.96 mm?) and 14% of men
(mean, —11.48 mm?). Plaque growth increased by age in both
men and women and more rapidly after the age of 50 years,
whereas the progression rate of IMT was constant over time
(Table 2; Figure 2). The annual progression rate of IMT was
0.012 mm in men and 0.011 mm in women. Regression in
IMT was found in 13% of women (mean, —0.097 mm) and
13.4% of men (mean, —0.104 mm). Although IMT levels at
baseline and follow-up increased by age, no correlation was
found between AIMT and age (Table 2; Figure 2).

In a stepwise multivariable regression model, age, sex,
total cholesterol, systolic blood pressure, smoking, prevalent
cardiovascular disease, and use of lipid-lowering drugs were
independent predictors of TPA at follow-up (Table 3). The
model R* was 0.19. Age accounted for 53% of the explained

variance, smoking and sex 11% each, total cholesterol 10%,
systolic blood pressure 7%, lipid-lowering drugs 4%, and
cerebrovascular disease 1% (calculated from the partial and
summarized R*; Table 3). Age, sex, total cholesterol, high-
density lipoprotein cholesterol, systolic blood pressure, BMI,
and smoking were independent predictors of IMT at
follow-up (model R* 0.21; Table 3). Age explained 71% of
the explained IMT variance, sex 19%, BMI 5%, total choles-
terol 2%, and systolic blood pressure, smoking, and high-
density lipoprotein cholesterol 1% each.

Age, sex, smoking, total cholesterol, systolic blood pres-
sure, and use of lipid-lowering drugs were independent
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Figure 1. A-B, IMT and TPA at follow-up by sex and age group.
IMT indicates intima-media thickness; TPA, total plaque area.
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Figure 2. A-B, Change in IMT and TPA from baseline to
follow-up by sex and age group. IMT indicates intima-media
thickness; TPA, total plaque area.

predictors of progression of TPA (Table 4). Age accounted
for 39% of the explained variance, smoking 29%, total
cholesterol 12%, sex 9%, systolic blood pressure 7%, and
lipid-lowering therapy 5% (Table 4). Sex and total cholesterol
were associated with progression of IMT (Table 4), whereas
systolic blood pressure showed an inverse relationship (stan-
dardized 3 —0.076). None of the other cardiovascular risk
factors predicted IMT progression.

Discussion
The main finding of the present study was that age, total
cholesterol, systolic blood pressure, and smoking predicted

Predictors of Progression of IMT and Plaque 1821

progression of TPA, whereas only total cholesterol was a
predictor of IMT progression. The variance explained by
traditional cardiovascular risk factors was somewhat greater
for TPA than for IMT.

Few studies have assessed risk factors for progression of
IMT and plaque, and to the best of our knowledge, data on
progression of TPA and IMT in the same individuals have not
been published previously. In the Rotterdam study, current
smoking was the strongest predictor of increase in plaque
number.!® Strong associations were also found for age, total
cholesterol, hypertension, and systolic blood pressure,
whereas only age and BMI predicted progression of IMT
consistently.!® In the Atherosclerosis Risk in Communities
Study (ARIC), diabetes, current smoking, high-density lipo-
protein cholesterol, pulse pressure, white blood cell count,
and fibrinogen were predictors of IMT progression.?® In a
Finnish population-based study in men, age, serum low-
density lipoprotein cholesterol, pack-years of smoking, blood
leukocyte count, and platelet aggregability were the strongest
predictors of CCA-IMT progression. Hypertension, blood
pressure, and high-density lipoprotein cholesterol did not
show any association with progression of IMT over 2 years.?!

Surprisingly, systolic blood pressure was negatively asso-
ciated with IMT progression despite the fact that systolic
blood pressure was a strong predictor of follow-up IMT.
These findings are confusing when comparing previous
reports that highlight age and hypertension as major risk
factors of intima media thickening. However, previous stud-
ies have failed to find significant associations between
systolic blood pressure and/or hypertension and progression
of IMT.1"*-2! Larger within-person variance of progression of
IMT than of cross-sectional IMT can be expected to result in
stronger estimates for cross-sectional analyses compared with
longitudinal.?®

Increased use of statins during the follow-up period may
have affected the associations between risk factors and the
dependent variables. Use of statins in the population was very

Table 3. Predictors of IMT and TPA at Follow-Up in Stepwise Multivariable Regression Analysis: The
Tromsg Study
IMT TPA*

Bt I P Value Bt ? P Value
Age, y 0.359 0.145 <0.0001 0.263 0.099 <0.0001
Male sex 0.177 0.039 <0.0001 0.136 0.020 <0.0001
Total cholesterol, mmol/L 0.066 0.004 0.0001 0.125 0.019 <0.0001
HDL cholesterol, mmol/L —0.049 0.002 0.011
Systolic blood pressure, mm Hg 0.041 0.001 0.003 0.126 0.014 <0.0001
Body mass index, kg/m? 0.081 0.011 <0.0001
Smoking 0.054 0.003 0.002 0.165 0.026 <0.0001
Use of lipid-lowering drugs 0.075 0.007 <0.0001
Cardiovascular disease 0.045 0.002 <0.0001
Diabetes
Summarized model R? 0.206 0.186

IMT indicates intima-media thickness, TPA; total plaque area; HDL, high-density lipoprotein.

*Square root transformed.

tStandardized regression 3 coefficients; z-scores for all independent and dependent variables.
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Table 4. Predictors of Change in IMT and TPA in Stepwise Multivariable Regression Analysis: The

Tromsg Study

AIMT ATPA*

Bt P P Value Bt R? P Value
Age, y 0.103 0.015 <0.0001
Male, sex 0.067 0.004 0.0002 0.054 0.004 0.002
Total cholesterol, mmol/l 0.050 0.002 0.0002 0.067 0.005 0.0003
HDL cholesterol, mmol/L
Systolic blood pressure, mm Hg —0.076 0.004 0.002 0.056 0.003 0.0006
BMI, kg/m?
Smoking 0.106 0.011 <0.0001
Use of lipid-lowering drugs 0.041 0.002 0.03
Cardiovascular disease
Diabetes .. .
Summarized model A? 0.010 0.038

IMT indicates intima-media thickness, TPA,; total plaque area; HDL, high-density lipoprotein; BMI, body mass index.

*Square root transformed.

tStandardized regression B coefficients; z-scores for all independent and dependent variables.

low (<2%) at baseline but increased to 11.8% during follow-
up. Lipid-lowering therapy at baseline was positively associ-
ated with progression of TPA, and this variable probably acts
as a marker of increased cardiovascular risk.

In our study, the annual progression of IMT was 0.012 mm
in men and 0.011 mm in women, which is somewhat less than
the progression of mean IMT of approximately 0.015 mm in
previous reports.?> Regression of IMT was found in approx-
imately 13% of the study group. Interestingly, the progression
rate of TPA increased by age, whereas progression of IMT
was constant over age groups. This may explain why age was
a significant risk factor for progression of TPA but not for
IMT.

Plaque and IMT may represent different phenotypes of
atherosclerosis with differential relations to cardiovascular
risk factors and to clinical vascular disease.>%-23 Both autopsy
studies and ultrasonographic studies have demonstrated that
carotid plaque is more strongly correlated to atherosclerosis
in other vascular beds than is IMT.24-30 This probably reflects
differences in the pathological processes leading to intima-
media thickening of the distal part of CCA and plaque
formation in other arteries, whereas plaque formation in the
carotid artery and other arterial beds is more closely related.”-3
Thickening of the intima-media layer in CCA is usually
caused by hypertrophy of the smooth muscle cells in the
media layer, whereas the atherosclerotic process, particularly
in its early phase, is restricted to the intimal layer. Athero-
sclerotic plaque formation represents a later stage of athero-
genesis related to oxidation of lipids, transmigration and
infiltration of monocytes, and lymphocytes, inflammation,
and smooth muscle cell proliferation.5 Longitudinally plaque
growth along the carotid axis of flow is >2 times faster than
thickening toward the lumen.?! Thus, TPA provides more
detailed information of the atherosclerotic burden than IMT.
Measuring plaque on a continuous scale increases the ability
to quantify the effect of and interaction among risk factors
compared with categorical classification.3?

Measuring progression of atherosclerosis is more difficult
than single measurements because random measurement
errors at baseline and follow-up are accumulated, tending to
attenuate the differences aimed to be detected. In the Asymp-
tomatic Carotid Artery Progression Study, variance compo-
nent analyses revealed that 11% of the total variance of IMT
was attributable to systematic differences among readers,
nonvisualization contributed <7%, whereas the predominant
source of error was random, including any drift, nonlinearity,
and sonographer differences.?* From an imaging technology
perspective, it should be emphasized that IMT is a very small
structure, usually a fraction of a millimeter, and changes over
time represents only tenths of millimeter, that is, the resolu-
tion of the B-mode image is below the quantities being
measured. This makes the method less suitable for longitu-
dinal measurements at an individual level. Although the large
number of readings will tend to counteract the inherent
measurement errors, it may still be questioned whether IMT
progression at a group level can be reliably measured in
epidemiological studies. Reproducibility in observational
studies not a priori set up to assess IMT change over time has
usually been much lower (intraclass correlation of repeated
measurement of 0.59-0.75) than in trials (intraclass correla-
tion >0.90).3* In our study, measurements were performed on
the right carotid artery only, and examination of both carotid
arteries could have yielded more precise estimates of the
individual’s IMT and total carotid plaque burden. Further-
more, different sonographers, readers, and ultrasound equip-
ment at baseline and follow-up represent methodological
weaknesses, which may have affected the precision and
reproducibility of the IMT and TPA measurements. This
could result in imprecise estimation of the true relationship
between risk factors and AIMT and ATPA. We found that
IMT was thicker when measured by Vivid 7 compared with
Acuson XP10, indicating that lack of association between risk
factors and AIMT was not due to underestimation of the true
AIMT levels. No systematic bias was found for TPA mea-
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surements. Both the fact that plaques are larger structures and
the increasing progression rate of TPA by age may make
plaques more robust against this kind of measurement
variability.
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The metabolic syndrome and progression of
carotid atherosclerosis over 13 years. The
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Abstract

Background: The metabolic syndrome (MetS) is associated with increased risk of cardiovascular disease. In this
study, we examine if metabolic syndrome predicts progression of atherosclerosis over 13 years.

Methods: Participants were 1442 men and 1532 women in the population-based Tromsg Study who underwent
carotid ultrasound examinations at baseline in the 4™ (1994-5) and at follow-up in the 6™ survey (2007-8). Of
these, 278 men and 273 women fulfilled the criteria for the MetS, defined according to a modified version of the
National Cholesterol Education Program Adult Treatment Panel Ill (NCEP, ATPIIl). Carotid atherosclerosis was
assessed as total plaque area (TPA) and mean intima-media thickness (IMT) at follow-up and as change in IMT and
TPA from baseline to follow-up. Associations between MetS and its components and carotid atherosclerosis were
assessed in linear regression models adjusted for age, total cholesterol and daily smoking, stratified by sex.

Results: IMT and TPA levels at follow-up (p < 0.0001) and progression of TPA (p=0.02) were higher in the MetS
group compared to the non-MetS group. In stepwise multivariable models, MetS was associated with TPA
(3=0.372 mm?, p=0.009) and IMT (3=0.051 mm, p<0.0001) in men, and with IMT (3 =0.045 mm, p=0.001) in
women after 13 years of follow-up, but not with progression of IMT or TPA. In analyses stratified by age, MetS
predicted progression of IMT (3 =0.043 mm, p=0.046) and TPA (3=1.02 mm?* p=0.002) in men below 50 years of
age. Hypertension was predictive of follow-up TPA and IMT in both genders and of progression of TPA in women.
Impaired glucose tolerance was associated with follow up levels of IMT and TPA as well as progression in IMT in
men. None of the other components of MetS were associated with progression of atherosclerosis.

Conclusions: Subjects with MetS had higher levels of IMT and TPA at follow up than those without MetS. Mets
predicted progression of IMT and TPA in those below 50 years of age, but not in other age groups, indicating that
MetS may be involved in the initiation of the atherosclerotic process.
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Metabolic syndrome (MetS) is a cluster of metabolic and
non-metabolic cardiovascular risk factors, including in-
sulin resistance, dyslipidaemia, visceral adiposity and
hypertension. However, the pathophysiological basis and
utility of MetS are debated, although several studies have
shown associations between MetS and increased risk of
cardiovascular disease (CVD) [1-7].

Atherosclerosis is the underlying process of a majority
of cardiovascular disease and mortality. While the clin-
ical manifestations of atherosclerosis usually do not
occur until middle age, atherosclerosis develops early in
life. Noninvasive ultrasonographic assessment of carotid
intima-media thickness (IMT) and total plaque area
(TPA) is suitable for evaluation of the burden of athero-
sclerosis, and are predictive of future risk of CVD. Al-
though inter-correlated, measurements of IMT and TPA
are thought to reflect different biological aspects of and
stages in the development of atherosclerosis. Whereas
TPA measures formed plaques, IMT can be measured
where no focal disease is present. Both cross-sectional
and prospective studies have shown association between
MetS and IMT [1,3,8-10]. Data on associations between
plaque measurements and MetS are scarce [6,9,11]. In a
study on 166 members of the Canadian Oji-Cree com-
munity, a population with one of the world's highest
prevalence rates of the MetS, MetS was associated with
IMT and total plaque volume after 7 years of follow-up
[9]. In the prospective Bruneck study, subjects with
MetS had higher progression of atherosclerosis as
assessed by formation of new plaques and carotid sten-
osis [11]. In a cross-sectional study, plaque presence was
associated with metS in women only [6].

In the prospective population-based Tromsg Study, we
explored the relationship between MetS and progression
of atherosclerosis in 2795 persons after 13 years. Infor-
mation on MetS and cardiovascular risk factors were
obtained at baseline. Carotid atherosclerosis, assessed as
IMT, TPA and plaque number, was measured at baseline
and at follow-up.

Subjects and methods

Subjects

The Tromse Study is a longitudinal population-based
health study with repeated surveys of the adult popula-
tion in the municipality of Tromse, Norway [12]. The
study has been approved by the Regional Committee for
Medical and Health Research Ethics, the Norwegian Dir-
ectorate of Health and the Data Inspectorate.

Subjects eligible for the present study were those who
participated in ultrasound examination in the 4™ (1994—
1995) and 6™ survey (2007—-2008) of the Tromse Study.
The 4™ survey consisted of two screening visits, and
ultrasound examination of the carotid arteries was done
at the 2" visit. All inhabitants of Tromso aged 55—
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74 years and random 5-10% samples of subjects in the
age groups 20—54 years and 75-84 years were invited to
the 2™ visit, and 6885 subjects attended (79% of the eli-
gible population). Carotid ultrasound examination was
performed in 6727 subjects. During follow-up, 1451 per-
sons died and 486 moved from Tromsg. Forty-one sub-
jects were excluded because they had withdrawn their
written consent to further research. Of the remaining
4750 subjects who were still alive and living in Tromse,
2974 subjects (62.6%) attended the carotid ultrasound
examination in the 6™ survey in 2007-2008, and were
included in the present study. All included participants
gave informed, written consent.

Baseline risk factors

At baseline, information on diabetes mellitus, use of in-
sulin and/or anti diabetic drugs, smoking habits, history
of cardiovascular diseases and treated hypertension (never/
previous/current) were obtained from self-administered
questionnaires. Height and weight were measured with
subjects wearing light clothing and without shoes. BMI
was calculated as weight in kilograms divided by squared
height in meters (kg/m?). Waist circumference was mea-
sured at the umbilical line. Blood pressure was recorded
three times at one-minute intervals after two minutes of
seated resting with the use of an automatic device (Dina-
map Vital Signs Monitor 1846, Criticon) and by specially
trained technicians. The mean of the last two recordings
was used in the report. Analyses of non-fasting serum
total cholesterol and triglycerides were done using com-
mercial kits. Serum high density lipoprotein (HDL) choles-
terol was measured after the precipitation of lower-density
lipoprotein with heparin and manganese chloride. The low
density lipoprotein (LDL) concentration was calculated
according to Friedewald’s formula: LDL-cholesterol = Total
cholesterol — HDL-cholesterol — (045 x triglycerides) in
2961 subjects with triglyceride levels below 4.52 mmol/L.
Lipid levels were measured twice with an interval of
4-12 weeks and the averages of these values were used in
the analyses. Serum uric acid was measured by photometry
with COBAS® instruments (Roche diagnostics, Switzer-
land) using an enzymatic colorimetric test, the uricase/PAP
method. Glycosylated haemoglobin (HbA1C) levels were
measured with a liquid chromatographic procedure. All
analyses were performed at the Department of Clinical
Chemistry, University Hospital of Northern Norway.

Definition of metabolic syndrome

MetS was defined according to the National Cholesterol
Education Program Adult Treatment Panel III (NCEP,
ATPIII) [13]. According to this definition, the MetS is
present when three or more of the following five criteria
are fulfilled; abdominal obesity, hypertriglyceridemia, low
HDL-cholesterol, hypertension, or elevated fasting glucose.
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Abdominal obesityis defined as waist circumference > 102 cm
in men and>88 cm in women. Hypertriglyceridemia is
defined as elevated triglycerides > 150 mg/dL (1.7 mmol/L) or
self-reported lipid lowering drug treatment. Low HDL
cholesterol is defined as <40 mg/dL (1.0 mmol/L) for men
and < 50 mg/dL (1.30 mmol/L) for women or self-reported
lipid lowering drug treatment. As fasting glucose was not
measured in the Tromse Study, HbAlc >6.1% and/or
non-fasting plasma glucose >11.1 mmol/L and/or self-
reported diabetes and/or use of anti-diabetic medication
was defined as impaired glucose tolerance. Hypertension
was defined as elevated systolic blood pressure > 130 mmHg,
or diastolic blood pressure>85 mmHg, or self-reported
current antihypertensive drug treatment [14].

Carotid ultrasound measurements

High-resolution B-mode ultrasonography at baseline was
performed with Acuson Xpl0 128, ART-upgraded du-
plex scanners equipped with 7.5 MHz linear array trans-
ducers, while GE Vivid 7 duplex scanners with linear
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12 MHz transducers were used at follow-up [15]. Sub-
jects were examined in the supine position with the head
slightly tilted to the opposite side. No fixed angle of
insonation was used; the sonographers were instructed
to view the arteries from all possible angles, in order to
find the optimal view for visualization of plaque and
IMT in each subject. The far- and near walls of the right
common carotid artery (CCA), bifurcation (bulb) and in-
ternal carotid artery (ICA) (six locations) were scanned
for the presence of plaques. A plaque was defined as a
localized protrusion into the vessel lumen with thicken-
ing of the vessel wall of more than 50% compared to the
adjacent IMT. The outline of each plaque was marked
manually on still images, with calculation of plaque area.
In subjects with more than one plaque, TPA was calcu-
lated as the sum of all plaque areas. Semi-automated
ECG-triggered measurement of IMT was performed in
10 mm segments of the far (CCA-FW-IMT) and near
wall (CCA-NW-IMT) of the CCA and in the most prox-
imal 10 mm far wall segment of the bulb (BULB-FW-

Table 1 Baseline characteristics* in subjects with and without metabolic syndrome, by sex

Women

Men

Metabolic syndrome

Metabolic syndrome

Yes No p Yes No P
Age 604 (7.3) 56.0 (104) <0.0001 555 (8.3) 56.2 (9.2) 03
Systolic blood pressure (mmHg) 153.1 (20.9) 135.6 (20.7) <0.0001 146.0 (16.2) 139.0 (18.1) <0.0001
Diastolic blood pressure (mmHg) 863 (12.9) 779 (11.6) <0.0001 873 (10.6) 826 (114) <0.0001
Hypertension treatment (%) 59 (21.6) 80 (6.5) <0.0001 44 (15.9) 73 (6.4) <0.0001
Components of metabolic syndrome
Waist circumference (cm) 938 (9.1) 81.35 (84) <0.0001 102.5 (84) 92.7 (7.1) <0.0001
Triglycerides (mmol/L)t 2.29 (0.87) 1.18 (0.54) <0.0001 263 (1.04) 1.50 (0.74) <0.0001
HDL (mmol/L) 137 (0.32) 1.75 (0.38) <0.0001 1.10 (0.26) 143 (0.34) <0.0001
Diabetes (%) 18 (6.6) 8(0.7) <0.0001 11 (4.0) 6 (0.5) <0.0001
HbATc % 5.68 (0.64) 5.35(0.34) <0.0001 547 (0.62) 5.32 (0.39) <0.0001
Impaired glucose tolerance (yes/no) 53 (20.0) 22 (1.8) <0.0001 34 (12.45) 14 (1.22) <0.0001
Uric acid (umol/L)t 308.75 (87) 255 (73.5) <0.0001 400.5 (106) 339 (87.5) <0.0001
Total cholesterol (mmol/L) 722 (1.19) 6.57 (1.3) <0.0001 6.75 (1.17) 646 (1.1) 0.0003
LDL-cholesterol (mmol/L) 4.84 (1.09) 429 (1.18) <0.0001 450 (1.05) 4.36 (0.99) 0.04
Daily smoking (yes/no) 59 (21.6) 364 (28.6) 0.03 73 (26.3) 333 (29.0) 04
Measurements of atherosclerosis
Baseline mean IMT(mm) 0.85 (0.16) 0.77 (0.15) <0.0001 087 (0.17) 0.83 (0.17) 0.0008
Plaque presence (%) 132 (484) 383 (31.0) <0.0001 137 (49.3) 484 (421) 0.03
Baseline TPA (mm?)t 7.84 (13.75) 4.55 (9.66) <0.0001 948 (13.55) 7.75 (13.58) 0.05
Use of medication
Antihypertensive (yes/no) 59 (21.6) 80 (6.5) <0.0001 44 (15.9) 73 (64) <0.0001
Lipid-lowering (yes/no) 20 (7.3) 3(0.2) <0.0001 28 (10.7) 6 (0.59) <0.0001
Antidiabetic (yes/no) 10 (3.7) 4 (0.39) <0.0001 6(22) 4 (04) 0.001

* Numbers are means (SD) or numbers (%), T median (interquartile range).

HDL; high-density lipoprotein cholesterol, LDL; low-density lipoprotein cholesterol. HbA1c; glycosylated hemoglobin, IMT; intima-media thickness, TPA; total

plaque area.
The Tromsg Study.
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IMT). Mean IMT from the 3 pre-selected images was
calculated for each location. If present in the predefined
location of interest, plaques were included in the IMT
measurements. The average of mean IMT from the three
locations was used in the analyses (hereafter referred to
as IMT). Final reading of IMT and plaque area was done
off line using the automated Artery Measurement Sys-
tem II [16]. The inter- and intra-observer and inter-
equipment reproducibility of IMT and plaque measure-
ments was acceptable [15,17-19].

Statistical analysis

Stata SE 11 (StataCorp LP, College Station, TX, USA)
and the SAS software, version 9, were used for all ana-
lyses. Differences between subjects with and without
MetS were analyzed using t-test (continuous variables)
Wilcoxon rank-sum test and x * (dichotomous variables).
Values are presented as means (SD) or numbers (%).
TPA was square-root-transformed to approximate nor-
mal distribution. Changes in IMT and square-root-
transformed TPA were calculated by subtracting the
value at baseline from the follow-up value (AIMT and
ATPA). Linear regression models were fitted with IMT
and TPA as dependent variables and MetS, age, total
cholesterol and smoking as independent variables. Simi-
larly, stepwise linear multivariable models with forward
selection and significance level 0.05 for entry into the
model were fitted with each component of the metabolic
syndrome entered as separate independent variables, to-
gether with age, total cholesterol and smoking. Inter-
action with sex was examined with IMT and TPA as the
dependent variable and sex, risk factor, and sex*risk
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factor as independent variables. There was significant
interaction between sex and MetS in the IMT models,
all analyses were therefore stratified by sex. Further
adjustments were made for uric acid and use of lipid-
lowering, anti-platelet and antihypertensive drugs at
baseline and follow-up. Two-sided p-values<0.05 were
considered statistically significant.

Results

Baseline characteristics of the 273 women and 278 men
who met the criteria for MetS are shown in Table 1.
Women with MetS were older and fewer smokers than
women without MetS. Subjects with MetS had increased
IMT, more plaques and larger TPA at baseline (Table 1).

Mean observation time was 13.2 years. Follow-up
levels of IMT and TPA were higher in subjects with
MetS than in controls, most pronounced in those below
70 years of age. Change in IMT and TPA was associated
with Mets only in those younger than 50 years (Table 2,
Figures 1 and 2).

In stepwise multiple regression analysis, MetS was inde-
pendently associated with follow-up IMT (p=0.051 mm,
p<0.0001) and TPA (p=0.372 mm?, p=0.009) in men.
MetS predicted follow-up IMT (f =0.045 mm, p =0.001) in
women only (Table 3). In analyses stratified by age, MetS
predicted progression of IMT ($=0.043 mm, p=0.046)
and TPA (B=1.02 mm” p=0.002) in men below 50 years
of age, but not in the total population.

Uric acid level (log-transformed) was not independently
associated with IMT or TPA in multivariable analyses, and
further adjustment for uric acid did not change did not
change the estimates. Adjustment for lipid-lowering,

Table 2 Carotid atherosclerosis after 13-years in subjects with and without metabolic syndrome, by age

Metabolic syndrome

Metabolic syndrome

Yes No Yes No
Age, years N IMT, mm N IMT, mm px N TPA, mm? N TPA, mm? px
0-49 81 0.940 483 0818 <0.0001 79 10.748 479 5.737 0.0001
50-59 224 1.014 965 0.964 <0.0001 218 18.146 956 14.569 0.02
60-69 213 1.088 835 1.041 0.008 209 25494 830 21814 0.06
270 32 1.135 101 1.059 0.09 31 28.647 99 24.543 046
Total 550 1.039 2384 0.966 <0.0001 537 20.524 2364 15.740 <0.0001
Age, years N AIMT, mm N AIMT, mm p* N ATPA, mm? N ATPA, mm? p*
0-49 81 0.185 483 0.143 0.009 79 7.858 477 4.031 0.0006
50-59 222 0.169 965 0.160 05 218 9.857 953 9.203 0.6
60-69 208 0.195 832 0.176 0.2 208 15363 826 13.116 04
270 32 0.157 101 0.126 05 31 10951 99 11.227 09
Total 543 0.178 2381 0.165 013 536 11.763 2355 9.613 0.02

* p for differences between subjects with and without metabolic syndrome.

IMT; intima-media thickness at follow-up, TPA; total plaque area at follow-up, AIMT; change in intima-media thickness from baseline to follow-up, ATPA; change in

total plaque area from baseline to follow-up.

The Tromsg Study.
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Figure 1 a: Mean IMT (mm) at follow up in subjects with and without metabolic syndrome (MetS), by age group. Error bars represent
95% confidence intervals. b: Mean TPA (mm?) at follow up in subjects with and without metabolic syndrome (MetS), by age group. Error bars
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antiplatelet and antihypertensive treatment at follow-up
weakened the relationship between MetS and follow-up
levels of IMT and TPA, but not substantially.

In stepwise multivariable analyses with each compo-
nent of the MetS entered separately and adjusted for
age, LDL-cholesterol and smoking, hypertension was
consistently associated with follow-up levels of TPA and
IMT in both sexes and with progression of TPA in
women (Table 4). Low HDL-cholesterol levels were asso-
ciated with follow-up levels of IMT women. Impaired
glucose tolerance was associated with follow-up levels of
IMT and TPA and with progression of IMT in men.

Hypertriglyceridemia was associated with follow up
levels of IMT in both men and women, but not with
progression. We found no association between abdom-
inal obesity and IMT or TPA.

Discussion

The main finding of our study was that MetS was an in-
dependent predictor of follow-up IMT and TPA in men
and women. MetS was an independent predictor of pro-
gression of IMT and TPA in subjects below 50 years of
age, but not in other age groups.
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Our finding of increased IMT in subjects with MetS
after 13 years of follow-up is in line with results from
previous cross-sectional studies [1,3,8,9]. Longitudinal
data are scarce. In a posthoc analysis on 2334 hyperten-
sive patients in the European Lacidipine Study on Ath-
erosclerosis (ELSA), progression of IMT was slightly
greater in patients with MetS, but this was not signifi-
cant after adjustment for other cardiovascular risk fac-
tors [20]. In our study, change in IMT and TPA was
most pronounced in younger age groups. This is in line
with the results from a population-based study of 1809
young Finns aged 32+5 years, where MetS was asso-
ciated with progression of IMT in subjects aged 24—

39 years[10]. We found no association in the older age
groups. This may indicate that MetS is more important
for the early stages of the atherosclerotic process, a
process which accelerates in the 4™ to 5™ decade. How-
ever, in a study on 102 elderly women, incident MetS
predicted progression of IMT after 12-years follow-up
[21].

Few studies have assessed the relationship between
MetS and plaque measurements [6,9,11,22]. In a multi-
ethnic cross-sectional study, MetS and the number of
MetS components was independently associated with
plaque presence [22]. A prospective study on 166 Cree-
Indians showed that MetS at baseline predicted follow-
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Table 3 Associations* between metabolic syndrome and carotid atherosclerosis after 13 years

Follow-up levels Change from baseline to follow-up

IMT (mm) TPA (mm?) AIMT (mm) ATPAT (mm?)

B p* B p* B p* B p*
Men
Metabolic syndrome 0.051 0.0003 0372 0.009 - - - -
Age 0.008 <0.0001 0.074 <0.001 - - 0.031 <0.0001
LDL cholesterol 0.016 0.004 0.232 <0.001 - - - -
Daily smoking 0.038 0.002 0.564 <0.001 - - 0514 0.001
Women
Metabolic syndrome 0.045 0.0004 - - - - - -
Age 0.008 <0.0001 0.049 <0.0001 0.002 <0.0001 0.031 <0.0001
LDL cholesterol 0.022 <0.0001 0227 <0.0001 - - 0.204 0.0002
Daily smoking - - 0503 <0.0001 0.033 0.001 0498 0.0002

*Stepwise multivariable linear regression analysis with forward selection and significance level 0.05 for entry into the model.
tsquare-root-transformed values were used in the analyses.

ip values for B-coefficients.

IMT; intima-media thickness, TPA; total plaque area, LDL; low-density lipoprotein cholesterol.

The Tromse Study.

Table 4 Associations* between components of metabolic syndrome and carotid atherosclerosis after 13 years

Follow-up levels Change from baseline to follow-up

IMT (mm) TPA" (mm? AIMT (mm) ATPAT (mm?)

B p* B p B p B p*
Men
Age 0.008 <0.0001 0.102 <0.0001 - - 0.031 <0.0001
Components of MetS
Hypertension 0.045 0.0004 0.642 0.0003 - - - -
Abdominal obesity - - - - - - - -
Hypertriglyceridemia 0.029 0.01 - - - - - -
Low HDL-level - - - - - - - -
Impaired glucose tolerance 0.102 0.001 1.129 0.01 0.075 0.006 - -
LDL cholesterol 0013 0.02 0.263 0.0006 - - - -
Daily smoking 0.04 0.0001 1.134 <0.0001 0.021 0.006 0.516 0.001
Women
Age 0.008 <0.0001 0.073 <0.0001 0.002 <0.0001 0.027 <0.0001
Components of MetS
Hypertension 0.041 <0.0001 0.643 <0.0001 - - 0.308 0.02
Abdominal obesity - - - - - - - -
Hypertriglyceridemia 0.026 0014 - - - - - -
Low HDL-level 0.031 0.012 - - - - - -
Impaired glucose tolerance - - - - - - - -
LDL cholesterol 0.021 <0.0001 0425 <0.0001 - - 0.195 0.0004
Daily smoking 0.025 0.025 0.956 <0.0001 0.034 0.0008 0537 <0.0001

* Stepwise multivariable linear regression analysis with forward selection and significance level 0.05 for entry into the model.
tsquare-root-transformed values were used in the analyses.

ip values for B-coefficient.

MetS; metabolic syndrome, HDL; high-density lipoprotein cholesterol, LDL; low-density lipoprotein cholesterol.

The Tromseg Study.
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up levels of IMT, but not total plaque volume, a measure
which is strongly correlated with TPA. However, change
in IMT and total plaque volume was not assessed. In the
Bruneck study, MetS was associated with 5-year change
in atherosclerosis as assessed by novel plaque and sten-
osis formation [11].

Previous studies found no clear evidence that MetS
predicted IMT progression better than expected from
the sum of the individual components [10]. In our study,
hypertension was the one component most consistently
associated with follow-up levels of carotid atheroscler-
osis among men and women. Hypertension was also in-
dependently associated with progression of TPA in
women. Impaired glucose tolerance was associated
with follow up IMT and progression of IMT in men. In
a systematic review, three of nine of cross-sectional
studies found significantly larger IMT in subjects with
impaired glucose tolerance [23]. Both low HDL-levels
and hypertriglyceridemia were associated with follow-up
levels of IMT and TPA, but not with progression
of atherosclerosis.

Increased use of medication that may influence the
atherosclerotic process during follow-up could have con-
founded our results. Use of lipid-lowering, antiplatelet
and antihypertensive drugs increased during follow-up,
most pronounced for use of lipid-lowering drugs (from
1.9% to 26.9%). The association between MetS and IMT
and TPA was somewhat weakened with adjustment for
use of medication at follow-up, but not substantially,
and this could not explain the lack of association be-
tween MetS and progression of atherosclerosis.

In a previous study, serum uric acid level was associated
with MetS and carotid atherosclerosis in patients diag-
nosed with diabetes mellitus type 2 [24]. We found no in-
dependent association between serum uric acid and
carotid atherosclerosis in our population-based study. Pos-
sible links between metabolic dysfunction and atheroscler-
osis may be secretion of adipokines by adipose tissue.
Several adipokines have been reported to promote arterial
stiffness, inflammation and atherosclerosis in subjects with
diabetes and coronary heart disease [25-27]. Adipokines
were not measured in the Tromseg Study.

In general, it is more difficult to detect associations be-
tween risk factors and change in atherosclerosis as opposed
to single measurements [15,28]. Measurements of progres-
sion of atherosclerosis are more prone to errors than single
measurements because random measurement errors at
baseline and follow-up are accumulated. This can attenuate
the differences aimed to be detected, and may preclude the
detection of a positive relationships between MetS and
change in atherosclerosis as opposed to single measure-
ment of atherosclerosis at follow-up.

Our study has some important limitations. As observed
in many other large population-based epidemiological
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studies, the overall attendance rates of the Tromse Study
fell from 77% in 1994—1995 to 64% in 2007—-8 [12]. The at-
tendance at follow-up was lower in those with MetS at
baseline. During follow-up, the proportion that moved
from Tromse was lower in the MetS group compared to
the non-MetS group (5.9% vs. 7.9%, p =000.4), but this
was by far outweighed by selection bias due to higher
mortality in those with than without MetS (28.8% vs
19.6%, p <0.0001). Further selection bias may have oc-
curred due to higher morbidity in the MetS group [12].
Furthermore, the attendance rates at follow-up were low
in subjects 270 years, which calls for caution in making
inferences about this group.

Conclusion

In conclusion, we found that MetS was associated with
IMT and TPA levels at follow up. In analyses of the dif-
ferent components of MetS, hypertension showed the
most consistent positive association with carotid athero-
sclerosis. MetS was associated with progression of IMT
and TPA only in those below 50 years of age. The results
may indicate that MetS may be involved in the initiation
of the atherosclerotic process.
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After publication of our work, we have noticed some inadvertent errors in the article.'

We deeply regret that these occurred and are hereby presenting corrections.

In the ‘Subjects’ section (page 2), the second paragraph should read as follows from
the fifth sentence and onwards:

“During follow-up, 1515 persons died and 468 moved from Tromse. Of the remaining
4744 subjects who were still alive and living in Tromsg, 2974 subjects (62.6%)
attended the carotid ultrasound examination in the 6th survey in 2007-2008, and were

included in the present study.”

In the “Statistical analysis’ section (page 4), the sixth and seventh sentences should
read:

“Linear regression models were fitted with IMT and TPA as dependent variables and
MetS, age, LDL cholesterol and smoking as independent variables. Similarly,
stepwise linear multivariable models with forward selection and significance level
0.05 for entry into the model were fitted with each component of the metabolic
syndrome entered as separate independent variables, together with age, LDL

cholesterol and smoking.”

In Table 2, the correct value for the AIMT value in participants with metabolic
syndrome in the age group 50-59 years was 0.160 mm. The corresponding value for

participants in the same age group without metabolic syndrome was 0.169 mm.

Errors had also occurred during preparation of Figure 1 and 2, and corrected figures

are presented here.



The errors had no effect on the scientific content and conclusions.
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Figure 1. Follow-up levels of mean intima-media thickness (IMT) and total

plaque area (TPA). The Tromsg Study.
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a: Mean IMT (mm) at follow-up in subjects with and without metabolic syndrome
(MetS), by age group. b: Mean TPA (mm ) at follow-up in subjects with and without

metabolic syndrome (MetS), by age group. Error bars represent 95% confidence

intervals (CI).



Figure 2. Change in intima-media thickness (IMT) and total plaque area (TPA)

from baseline to follow-up. The Tromsg Study.
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Long-Term Use of Lipid-Lowering Drugs Slows Progression
of Carotid Atherosclerosis

The Tromsg Study 1994 to 2008

Marit Herder, Kjell Arne Arntzen, Stein Harald Johnsen, Anne Elise Eggen, Ellisiv B. Mathiesen

Objective—Data on the effect of lipid-lowering drugs (LLD) on carotid atherosclerosis outside clinical trials are limited.
The aim of this study was to determine the effect of LLD on change in carotid intima media thickness and total plaque

area in a general population.

Approach and Results—Subjects were 1532 women and 1442 men who participated in a longitudinal population-based study
with ultrasound examination of intima media thickness and total plaque area in the right carotid artery at baseline and
after 13 years follow-up. Long-term use of LLD was defined as use for >5 years, any-time use of LLD was defined as use
at baseline or at 6 years or at 13 years of follow-up. In multivariable models adjusted for age, sex, systolic blood pressure,
total cholesterol, high-density lipoprotein cholesterol, prevalent cardiovascular disease, and daily smoking, long-term use
of LLD had a protective effect on progression of both intima media thickness (f=—0.0387 mm; P=0.002) and total plaque
area ($=-0.400 mm?; P=0.006). There was a weaker protective effect of any-time use of LLD on progression of intima
media thickness ($=—0.024 mm; P=0.046) and total plaque area ($=—0.318 mm?; P=0.06).

Conclusions—LLD protected against progression of carotid atherosclerosis. The protective effect was strongest in long-
term users. (Arterioscler Thromb Vasc Biol. 2013;33:858-862.)

Key Words: atherosclerosis m carotid artery m intima media thickness m lipid-lowering treatment m plaque
B population-based study

High cholesterol levels are known risk factors for cardio-
vascular morbidity, mortality, and atherosclerosis. Since
the mid-1990s, statins have been the most important lipid-
lowering drugs (LLD) in primary and secondary prevention
of cardiovascular disease. Statins have reduced the incidence
of myocardial infarction and stroke in several randomized
clinical trials."® Carotid intima media thickness (IMT) and
plaques assessed by ultrasound are established markers of
carotid atherosclerosis, and are used as surrogates for cardio-
vascular disease. Randomized controlled trials and meta-anal-
yses of randomized controlled trials have shown that statins
slow the progression of intima media thickening.>!° A recent
review indicates that statins may have beneficial effects also
on plaque progression, but most of the included studies were
small observational studies.’ In a randomized controlled trial
of rosuvastatin versus placebo in 492 low-risk patients, plaque
progression was significantly lower in the statin group.'' In
a study on 4378 patients referred to stroke and atherosclero-
sis prevention clinics, the annual rate of plaque progression
decreased after implementation of a more intensive medi-
cal therapy strategy, which included increase of statin to the
maximum tolerated dose and addition of ezetimibe to patients
already on maximum tolerated statin dose."

Although randomized clinical trial is gold standard for
proving the effect of a given intervention, the generalizability
may be limited. There is little knowledge on whether the effect
of LLD on atherosclerosis progression seen in randomized
clinical trials also applies to other practice settings. The pur-
pose of the present study was to assess the impact of LLD on
progression on carotid atherosclerosis in a general population.

The Tromsg study is a single-center, longitudinal population
study with repeated surveys of the inhabitants of the
municipality of Tromsg, Norway. We have repeatedly, over a
period of 13 years, obtained information on the use of LLD and
cardiovascular risk factors, and measured IMT and total plaque
area (TPA) in the right carotid artery.'* This enables assessment
of the effect of use of LLD and change in carotid atherosclerosis
in unselected subjects belonging to a general population.

Materials and Methods

Materials and Methods are available in the online-only Supplement.

Results
Mean observation time was 13.2 years. Of the 2974
participants, 190 women and 253 men had used LLD >5
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Table 1. Change in Risk Factor Levels Between Baseline and Follow-Up in Never, Any-Time, and Long-Term Users of Lipid-
Lowering Drugs (LLD)
Never-Users of LLD Any-Time Users of LLD Long-Term Users of LLD
(n=2112) (n=419) (n=443)

Baseline Follow-Up PValue Baseline Follow-Up PValue Baseline Follow-Up PValue
Age 58.6 (10.4) 68.6 (10.4) 58.44 (7.0) 71.44(7.0) 58.5 (6.5) 715 (6.5)
Male sex 967 (45.6) 222 (53.8) 253 (57.1)
Systolic BP, mm Hg 137.07 (24.4) 145.85(19.2)  <0.0001 144.1(20.4) 147 (21 9) <0.0001 147.1(20.9) 149.8 (23 9) 0.03
Diastolic BP, mm Hg 80.07 (11.9) 78.75(10.7)  <0.0001 83.8(1 6) 77.1 (10.4) <0.0001 85.6(11.6) 77.4(10.7)  <0.0001
BMI, Kg/cm? 25.6 (3.4) 26.7 (4.0) <0.0001 26.2(3.2 27.5(4.0) <0.0001 27.03(3.55) 28.19(4.14)  <0.0001
Triglycerides, mmol/L* 1.50(0.92) 1.45(0.77) 0.01 1.75(1 02) 1.49 (0.78) <0.0001  1.61(0.81) 2.04 (1.20)  <0.0001
HDL-cholesterol, mmol/L 1.56 (0.41) 1.59 (0.46)  <0.0001 1.49(0.369 1.47 (0.78) 0.7 1.42(0.38) 1.43 (0.41) 0.6
Total cholesterol, mmol/L 6.37 (1.17) 5.97(1.03)  <0.0001 6.97(1.1) 4.94 (1.19) <0.0001  7.50 (1.21) 4.94(0.99) <0.0001
LDL-cholesterol, mmol/L 4.13 (1.07) 3.85(0.92) <0.0001 4.72(1.01) 2.97 (1.03) <0.0001 5.17 (1.12) 2.98(0.82) <0.0001
Daily smoking (yes/no) 584 (28. 2) 331(16.00  <0.0001 111 (27.5) 58 (14.4) <0.0001 130 (29.8) 54 (12.4)  <0.0001
Diabetes mellitus (yes/no) 21(1.0 102 (4.93)  <0.0001 1(2.8) 54 (13.5) <0.0001 1(2.5) 68 (15.5)  <0.0001
CVD (yes/no) 62 (3) 155 (7.5) <0.0001 49 (12.2) 198 (49.3) <0.0001  118(27.2) 271(62.4)  <0.0001
Use of medication
Antihypertensives (yes/no) 109 (5.2) 657 (31.1)  <0.0001 57 (13.8) 298 (72.3) <0.0001 93(21.2) 348(79.3)  <0.0001
Antidiabetics (yes/no) 11 (0.5) 74 (3.5) <0.0001 6 (1.5 44 (10.7) <0.0001 7(1.6) 59 (13.3)  <0.0001
LLD (yes/no) 2(0.69) 293 (86.9) <0.0001 52 (11.7) 441(99.5)  <0.0001
Measures of atherosclerosis
IMT, mm 0.786 (0.164) 0.956 (0.2129 <0.0001 0.861(0.173)  1.028 (0.221)  <0.0001 0.893 (0.168) 1.047 (0.227) <0.0001
Plague present (yes/no) 697 (32) 1104 (52) <0.0001 216 (52.39) 284 (68.8) <0.0001 254 (57.6) 317(71.9)  <0.0001
TPA, mm?* 0(6.42) 5.138(21.861) <0.0001 4.25(14.335) 15.355(31.606) <0.0001 6.85(18.73) 17.52(36.78) <0.0001
GSM 43.96 (20.99) 67.26 (22.09) <0.0001 44.88 (20.63) 67.37(20.32)  <0.0001 45.58 (21.51) 65.74 (21.11) <0.0001

BMIl indicates body mass index; BP, blood pressure; CVD, cardiovascular disease; GSM, grey scale median; HDL, high-density lipoprotein; IMT, intima media thickness;
LDL, low-density lipoprotein; LLD, lipid-lowering drugs; and TPA, total plaque area.

All values are means (SD) or numbers (%), unless indicated.
*Median (interquartile range).

Long-term use of LLD was defined as use for >5 years; any-time use of LLD was defined as use of LLD in any 1 of the 3 surveys, excluding long-term users.

years (Table 1). At baseline, in 1994 to 1995, the proportion
of current LLD users among the study participants was low
1.6% (n=51). In the 6th survey (2007-2008), the percentage
of current users had risen to 27% (n=799). At baseline, 89%
of those who reported brand names (n=46) used statins, the
rest used cholestyramine. At follow-up, all who reported
brand names (n=713) used statins, whereas only 4 persons
used ezetimib. Use of LLD was associated with male
sex, higher age, systolic blood pressure, total cholesterol,
triglycerides, high-density lipoprotein cholesterol, and
higher baseline prevalence of cardiovascular disease and
antihypertensives than never-use of LLD. LLD users had
significantly thicker intima media layer, higher plaque
prevalence, and a larger TPA.

Change in risk factor levels over time is shown in Table 1.
In general, there was a favorable change in lipid levels from
baseline to follow-up, most pronounced in long-term LLD
group. Mean change (SD) in LDL-cholesterol was —2.22
(1.05) mmol/L in long-term users, —1.77 (1.11) mmol/L
in any-time users, and —0.31 (0.79) mmol/L in never-users
(P<0.0001). The proportion of daily smokers fell substantially
in the whole cohort, whereas body mass index and diabetes
mellitus prevalence increased.

The multivariable-adjusted mean change (95% confidence
interval [CI]) in IMT was 0.174 mm (95% CI, 0.167-0.182) in
long-term users, 0.162 mm (95% CI, 0.145-0.179) in any-time
users, and 0.139 mm (95% CI, 0.122-0.156) in never-users
(P for trend, 0.002; Figure, A). The corresponding numbers
for mean multivariable-adjusted change in TPA (square-root-
transformed) was 1.450 (95% CI, 1.342-1.558) in long-term
users, 1.391 (95% CI, 1.151-1.630) in any-time users, and
1.098 (95% CI, 0.854-1.342) in never-users (P for trend,
0.009; Figure, B).

In multivariable-adjusted regression analysis, long-term
use of LLD was an independent predictor for both AIMT
($p=-0.0387 mm; P=0.0002) and ATPA ($=-0.400 mm?
P=0.006), showing a protective effect against progression of
atherosclerosis (Table 2). Any-time use of LLD also showed
a protective, but weaker effect on AIMT (f=-0.024 mm;
P=0.046) and ATPA (f=-0.318 mm?; P=0.06; Table 2), indi-
cating a dose—response relationship. The estimates were not
substantially changed when we excluded participants who
reported cardiovascular disease at baseline or at follow-up
(n=649), neither for long-term use of LLD (=-0.0616 mm;
P<0.0001 for AIMT; and f=—0.376 mm?; P=0.02 for ATPA) or
any-time use of LLD (3=-0.0308 mm; P=0.002 for AIMT; and
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media thickness; and TPA, total plaque area.

p=-0.260 mm? P=0.2 for ATPA). Long-term or any-time use
of LLD was not independently associated with change in GSM.

Discussion

The main finding of our study was that long-term use of LLD,
as well as any-time use of LLD, protected against progres-
sion of IMT and TPA during the 13 years observation time.
The protective effect of long-term use of LLD on atheroscle-
rosis progression was stronger than for any-time use of LLD,
indicating a dose-response relationship. This coincided with
a favorable change in lipid levels, most pronounced in long-
term LLD users.

The study results imply that the effect of LLD on progres-
sion of carotid atherosclerosis seen in randomized clinical tri-
als*!% and patient series'>" also applies to subjects belonging

to the general population. A meta-analysis of 11 randomized
controlled trials showed regression of IMT in 7 trials and
slowing of progression in 4 trials, indicating a benefit of
statin in early stages of the atherosclerotic process.'® Another
review showed that the strength of the statin effect on IMT
was closely associated with reduction in LDL-cholesterol."”
This is in accordance with our findings, where the reduction
of LDL was greatest in the long-term users.

Progression of carotid IMT and TPA are correlated, but
probably represent different atherosclerotic entities. Few
clinical studies have studied the effect of statins on progres-
sion of carotid plaque burden, and most of these have been
with small sample size.” One larger study used a plaque score
method based on plaque presence and severity, and showed a
significant difference in plaque score change between statin
use and placebo,'® and similar results have also been found

Table 2. Multivariable-Adjusted Regression Analysis* of the Effect of Use of Lipid-Lowering Drugs (LLD) and Cardiovascular Risk
Factors on Progression of Atherosclerosis
AIMT, mm ATPA, T mm?

B (SE) PValue B (SE) PValue
Age, y 0.0005 (0.0004) 0.2 0.0278 (0.005) <0.0001
Male sex 0.019 (0.007) 0.006 0.347 (0.098) 0.0004
Systolic blood pressure, mmHg 0.0002 (0.0002) 0.4 0.008 (0.002) 0.001
HDL-cholesterol, mmol/L —0.009 (0.009) 0.3 0.0723 (0.123) 0.6
Total cholesterol, mmol/L 0.011 (0.003) 0.0005 0.149 (0.0042) 0.0005
Cardiovascular disease (yes/no) 0.017 (0.013) 0.2 0.211(0.181) 0.243
Daily smoking (yes/no) 0.024 (0.007) 0.001 0.568 (0.104) <0.0001
Use of LLD
Any-time use of LLD —-0.024 (0.012) 0.046 —-0.318 (0.172) 0.06
Long-term use of LLD (yes/no) —0.0387 (0.01) 0.0002 —0.400 (0.146) 0.006

HDL indicates high-density lipoprotein; IMT, intima media thickness; AIMT and ATPA, change in IMT and TPA from baseline to follow-up; and TPA, total

plaque area.

Values are regression coefficients (SE) expressed in mm change in IMT and mm? change in TPA for a 1-unit/SD change in continuous variables and for presence vs

absence of categorical variables.

Long-term use of LLD was defined as use for >5 yr; any-time use of LLD was defined as use of LLD in any 1 of the 3 surveys, excluding long-term users.

*Each variable is adjusted for all the other variables presented in the table.
tSquare-root-transformed values.
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for coronary plaque.'" Statins were the dominating LLD in
our study, whereas only 4 participants used a combination of
statins and ezetimib, which has been found to be associated
with regression of TPA,' but with increase in IMT." A recent
review of 9 randomized and 8 observational studies with num-
ber of participants ranging from 8 to 149 showed that statin
treatment tended to halt plaque progression and increase
plaque echogenicity.” We observed no effect of statins on
plaque echogenicity (GSM) in our study.

Our study has some important weaknesses. The use of LLD
in the population increased considerably over the 13-year
study period. It can be questioned whether our estimates of
use of LLD over time truly reflect the participants’ use of LLD
in the observation period. We calculated duration of use based
on information from both questionnaires and lists of current
medication at 3 points in time. Although previous studies
have shown that repeated self-reported use of drug that are
used regularly reflect chronic exposure,”?! subjects may have
failed to report use of LLD because they were not aware of
the nature of the drug they were taking, and they could have
forgotten to fill-in all brand names in the medication lists.
The study results may have been influenced by selection
bias caused by nonattendance at follow-up because of death,
disease, or disability.”® Progression of atherosclerosis may
have been more pronounced and use of LLD more frequent
in nonattendees. However, immortal time bias is avoided,?
as the outcome variable is progression of atherosclerosis
over a 13-year period, and can be measured in both users and
nonusers of LLD. Progression of IMT is prone to measurement
error, and is suggested as the reason for lack of association
between progression of IMT and cardiovascular end points
in a recent meta-analysis.”® Use of 3-dimensional ultrasound
to measure plaque volume could have increased the ability to
demonstrate change in plaque burden.* The use of different
ultrasonography equipment in the 4th and the 6th survey, and
nonstandardized uptake angles is likely to have increased the
measurement error.”> Any such misclassification would affect
the exposed and unexposed groups equally. Furthermore,
misclassification both of the exposure to LLD and of
progression of atherosclerosis would lead to underestimation
of the true effect of use of LLD.

It has been debated whether statins have a role as a pri-
mary prevention tool for cardiovascular disease, or whether
the effect is limited to secondary prevention in patients who
manifest disease.?** In our study, use of LLD independently
predicted slower progression of carotid atherosclerosis also
in participants without prevalent cardiovascular disease.
However, the observational study design does not allow infer-
ences about whether the beneficial effect of LLD on athero-
sclerosis outweighs any possible negative effects of LLD in
primary prevention.

The strengths of the study are the large study cohort, the
population-based design, and a follow-up of >13 years,
enabling us to assess whether the effect of LLD on atheroscle-
rosis also applies to subjects treated outside the more rigorous
terms of a randomized controlled trial.

In conclusion, our study shows that LLD slowed the
progression of carotid atherosclerosis in the setting of a

Statins Slow Atherosclerosis Progression 861

population-based observational study. The protective effect
was strongest for long-term users.
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Significance

Our population-based longitudinal study has shown that lipid-lowering drugs (LLD) have a protective effect on the progression on carotid
atherosclerosis in a general population, including healthy subjects with no clinical disease. There was a stronger protective effect in long-
time users (>5 years) than in any-time users (use of LLD at any point of time in the observational period) and never-users, indicating a
dose-response relationship. Change toward a more favorable LDL-cholesterol level was most pronounced in long-time users. The estimates
did not change significantly when subjects with cardiovascular disease were excluded. Our study could indicate that LLD may be useful in
primary prevention of atherosclerosis progression.
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Materials and methods

Subjects

Eligible for the present study were all who participated in the carotid ultrasound examination
in the 4™ (1994-1995; baseline) and the 6™ (2007-2008; follow-up) survey of the Tromse
study. The follow-up time was 13 years. In the 4™ survey, all inhabitants aged 55-74 years
and random 5-10% samples of subjects in the age groups 20—54 years and 75-84 years were
invited to a carotid ultrasound examination, and 6727 (76% of the eligible population)

attended. During follow-up, 1515 persons died and 468 persons moved out of the

municipality. Of the remaining 4744 subjects who were invited to participate in the 6™ survey,
2975 subjects attended the follow-up carotid ultrasound examination. One participant was
excluded due to lack of valid written consent, leaving 2974 subjects to be included in the

present study.

The Tromse Study is approved by the Regional Committee for Medical and Health Research

Ethics, the Norwegian Data Protection Authority.

Lipid-lowering drugs

To assess the use of LLD over time, we provided data on use of medication from the 4™, 5
and 6™ surveys. Information was based on questionnaire data and self-reported written lists of
all current medication, checked by a trained technician. In the 4 survey (baseline),
participants below the age of 70 were asked ‘Have you used cholesterol lowering drugs
during the last 14 days?’ (yes/no). In the 5t survey in 2001-2002, all participants were asked
about current or previous use of LLD (‘Do you use cholesterol lowering drugs?’, answer
categories: currently/previously/never). In the 6™ survey, all participants were asked about

current or previous use of LLD (‘Do you use, or have you used cholesterol lowering drugs?’,

answer categories: currently/previously/never) and the age when they first started with LLD
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(‘If you use or have used cholesterol lowering drugs, how old were you the first time?’). In
addition, the participants were asked to write a list of the brand names of all current
medication they had used the previous week (4th survey) or the preceding four weeks (Sth and
6" survey) and/or bring the medication with them to the study center. The questionnaire was
checked by a trained technician at the study site, and participants had to confirm if no
medication use was reported. Based on data from all three surveys, we calculated the duration
of use of LLD. Any-time use of LLD was defined as use of LLD in any one of the three
surveys, excluding those with a known duration of more than five years. Long-term use of
LLD was defined as use either more than 5 years (current age minus age at start), or reported

use in at least two of the three surveys (each conducted more than 5 years apart).

Cardiovascular risk factors at baseline

Non-fasting lipid levels were measured at baseline and follow-up. In the 4" survey, lipid
levels were measured twice with an interval of 4—12 weeks and the averages of these values
were used in the analyses. Analyses of non-fasting serum total cholesterol, HDL-cholesterol
and triglycerides were done by enzymatic colorimetric methods. As serum low density
lipoprotein (LDL) concentration was not measured in the 4™ survey, we calculated LDL levels
according to Friedewald’s formula: LDL-cholesterol = Total cholesterol — HDL-cholesterol —

(0.45 x triglycerides) in subjects with triglyceride levels below 4.52 mmol/L. LDL was

analyzed by homogeneous enzymatic colorimetric method in the 6™ survey. All analyses were
performed at the Department of Laboratory Medicine, University Hospital of North Norway.
Height and weight were measured in participants wearing light clothing and no footwear.
Blood pressure was recorded three times at one-minute intervals after two minutes of seated
resting with the use of an automatic device (Dinamap Vital Signs Monitor 1846, Criticon) and

by specially trained technicians. The mean of the last two recordings was used for analyses.
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Information on angina pectoris, myocardial infarction, stroke, daily smoking, diabetes, use of
antihypertensives and antidiabetics was obtained from questionnaires at baseline and follow-
up. Cardiovascular disease was defined as prevalent angina pectoris and/or previous

myocardial infarction and/or stroke.

Carotid ultrasound measurements

High-resolution B-mode ultrasonography at baseline was performed with Acuson Xp10 128,
ART-upgraded duplex scanners equipped with 7.5 MHz linear array transducers, while GE
Vivid 7 duplex scanners with linear 12 MHz transducers were used at follow-up.' The
ultrasonographers were blinded to laboratory and clinical data. Subjects were examined in the
supine position with the head slightly tilted to the left side. The sonographers were instructed
to view the arteries from all possible angles, in order to find the optimal view for visualization
of plaque and IMT in each subject. No fixed angle of insonation was used. ECG-triggered
uptakes of the 10 mm distal segment of the far (CCA-FW-IMT) and near wall (CCA-NW-
IMT) of the common carotid artery and of the proximal 10 mm segment of the far wall of the
carotid bifurcation (BULB-FW-IMT) were obtained. Plaques were included in the IMT

measurements if present in the predefined location of interest. Mean IMT from the 3 pre-
selected images was calculated for each location. The average of the mean IMT from the three
locations was used in the analyses. A plaque was defined as a localized protrusion into the
vessel lumen of more than 50% thickening compared to the adjacent IMT. Six locations were
scanned for the presence of plaques, the far and near walls of the right common carotid artery
(CCA), bifurcation (bulb) and internal carotid artery (ICA). The outline of each plaque was
marked manually on still images, with calculation of plaque area. In subjects with more than
one plaque, TPA was calculated as the sum of all plaque areas. Plaque echogenicity was

assessed as the standardized median of the gray scale distribution of each plaque (GSM).” In

subjects with more than one plaque, the GSM of the total plaque area was estimated as a
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weighted mean of the GSM value of each single plaque. There was acceptable inter- and

intra-observer and inter-equipment reproducibility of IMT and plaque measurements.'™

Statistical analysis

Differences between groups were analyzed using f-test or Wilcoxon rank sum tests
(continuous variables) and j (dichotomous variables). Within-group changes between
baseline and follow-up were tested by paired (repeated) z-test for continuous variables and
McNemar’s test for categorical variables. Values are presented as means (SD), median
(interquartile range) or numbers (%). TPA was square-root-transformed to approximate
normal distribution. Change in IMT (AIMT) and squared TPA (ATPA) was calculated
subtracting the values obtained in the 4th survey from the values from the 6" survey. We used
ANCOVA (proc glm procedure in SAS) to calculate the adjusted mean change in IMT and
TPA in categories of LLD use, adjusted for age, sex and cardiovascular risk factors. Linear
regression models were used to calculate p for trend across categories (never-, anytime-, and
long-term use of LLD). Linear regression models were fitted with AIMT and ATPA as
dependent variables, and age, sex, systolic blood pressure, total cholesterol and HDL-
cholesterol, cardiovascular disease, daily smoking and use of LLD as independent variables.
Categories of LLD-use were entered as dummy-variables, with never-use of LLD as the
reference. Two-sided p-values <0.05 were considered statistically significant. Stata SE 12
(StataCorp LP, College Station, TX, USA) and the SAS software, version 9.2, were used for

all analyses.

Downloaded from http://atvb.ahajournals.org/ at UNIVERSITETSBIBLIOTEKET I TROMSO on March 19, 2013


http://atvb.ahajournals.org/

References

1. Herder M, Johnsen SH, Arntzen KA, Mathiesen EB. Risk factors for progression of
carotid intima-media thickness and total plaque area. A 13-year follow-up study. The
Tromse Study. Stroke. 2012;43:1818-1823

2. Fosse E, Johnsen SH, Stensland-Bugge E, Joakimsen O, Mathiesen EB, Arnesen E,
Njelstad 1. Repeated visual and computer-assisted carotid plaque characterization in a
longitudinal population-based ultrasound study: The Tromse Study. Ultrasound Med
Biol. 2006;32:3-11

3. Joakimsen O, Benaa KH, Stensland-Bugge E. Reproducibility of ultrasound
assessment of carotid plaque occurrence, thickness, and morphology. The Tromse
Study. Stroke. 1997;28:2201-2207

4. Stensland-Bugge E, Bonaa KH, Joakimsen O. Reproducibility of ultrasonographically
determined intima-media thickness is dependent on arterial wall thickness. TheTromseo
Study. Stroke. 1997;28:1972-1980

Downloaded from http://atvb.ahajournals.org/ at UNIVERSITETSBIBLIOTEKET I TROMSO on March 19, 2013


http://atvb.ahajournals.org/

Errata Art 3

Submitted to
Atherosclerosis,
Thrombosis and
Vascular Biology,
Aug 14, 2013






To the Editors of Atherosclerosis, Thrombosis and Vascular Biology,

Correction regarding our article “Long term use of Lipid-Lowering Drugs Slows Progression
of Carotid Atherosclerosis. The Tromsg Study 1994 to 2008, ATVB 2013,;33:858-

862;doi:10.1161/ATVBAHA.112.300767 .

Dear Editor,

We are sorry to inform you that we have discovered an error in the article mentioned above,

and are hereby presenting a correction.

The incorrect paragraph is on page 859, in the “Results” section, second column, the first

paragraph:

The multivariable-adjusted mean change (95% confidence interval [CI]) in IMT was 0.174
(95% CI: 0.167-0.182) in long-term users, 0.162 (95% CI: 0.145-0.179) in any-time users
and 0.139 mm (95% CI: 0.122-0.156) in never-users (p for trend 0.002, Figure 1). The
corresponding numbers for mean multivariable-adjusted change in TPA (square-root-
transformed) was 1.450 (95% CI: 1.342-1.558) in long-term users, 1.391 (95% CI: 1.151-
1.630) in any-time users and 1.098 (95% CI: 0.854-1.342) in never-users (p for trend 0.009).

This paragraph should be substituted with the following paragraph:

The multivariable-adjusted mean change (95% confidence interval [CI]) in IMT was 0.174
(95% CI: 0.167-0.182) in never-users, 0.162 (95% CI: 0.145-0.179) in any-time users and
0.139 mm (95% CI: 0.122-0.156) in long-users (p for trend 0.002, Figure 1). The
corresponding numbers for mean multivariable-adjusted change in TPA (square-root-
transformed) was 1.450 (95% CI: 1.342-1.558) in never-users, 1.391 (95% CI: 1.151-1.630)
in any-time users and 1.098 (95% CI: 0.854-1.342) in long-time users (p for trend 0.009).

The corrections do not affect the conclusions made in the study.

Best regards
Marit Herder

corresponding author
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Supplementary Table 1. Analysis of predictors of intima-media thickness (IMT) and total plaque area
(TPA) at follow-up in two different models* of stepwise multivariable regression analysis: The
Tromsg Study 1994-2008

Intima-media thickness

Model 1 Model 2

Bt r P value Bt r P value
Age, years 0.359 0.145 <0.0001 0.182 0.020 <0.0001
Male sex 0.177 0.039 <0.0001 0.126 0.015 <0.0001
Total cholesterol, mmol/L 0.066 0.004 0.0001 0.037 0.001 0.03
HDL cholesterol, mmol/L -0.049 0.002 0.011 - - -
Systolic blood pressure, mm Hg  0.041 0.001  0.003 - - -
Body mass index, kg/m2 0.081 0.011 <0.0001 0.053 0.003 0.001
Daily smoking 0.054 0.003 0.002 0.045 0.002 0.005
Use of lipid-lowering drugs - - - - - -
Cardiovascular disease - - - - - -
Diabetes - - - - -
Baseline value of IMT 0.393 0.269 <0.0001
Summarized model R’ 0.206 0.311

Total plaque area¥
Model 1 Model 2

Bt r P value Bt r P value
Age, years 0.263 0.099 <0.0001 0.157 0.026 <0.0001
Male sex 0.1136 0.020 <0.0001 0.082 0.006 <0.0001
Total cholesterol, mmol/L 0.125 0.019 <0.0001 0.084 0.006 <0.0001

HDL cholesterol, mmol/L - - - - - -
Systolic blood pressure, mm Hg 0.126 0.014 <0.0001 0.077 0.069 <0.0001
Body mass index, kg/m’ - - - - - _

Daily smoking 0.0165 0.003 <0.0001 0.119 0.013 <0.0001
Use of lipid-lowering drugs 0.075 0.007 <0.0001 0.054 0.003 0.0005
Cardiovascular disease 0.045 0.002 <0.0001 - - -
Diabetes - - - - - -
Baseline value of TPA 0.448 0.297 <0.0001
Summarized model R’ 0.186 0.358

HDL; high density lipoprotein

*The variables included in the models were the following: Model 1: age, sex, total cholesterol, HDL
cholesterol, systolic blood pressure, body mass index, daily smoking, use of lipid-lowering drugs,
prevalent self-reported cardiovascular disease, prevalent self-reported diabetes (all assessed at
baseline). Model 2: Model 1 + baseline value of IMT or TPA (as indicated).

tStandardized regression B coefficients; z-scores for all independent and independent variables
$Square root transformed



Supplementary Table 2. Analysis of predictors of change in intima-media thickness (IMT) and total
plaque area (TPA) in three different models* of stepwise multivariable regression analysis: The

Tromsg Study 1994-2008

Alntima-media thickness

Model 1 Model 2 Model 3

Bt r’ P value Bt r P value Bt r P value
Age, years - - - 0.142 0.014 <0.0001 - - -
Male sex 0.067 0.004 0.0002 0.119 0.012 <0.0001 0.050 0.003 0.009
Total cholesterol, 0.050 0.002 0.0002 0.061 0.003 0.002 - - -
mmol/L
HDL cholesterol, - - - - - - - -
mmol/L
Systolic blood - 0.004 0.002 - - - - 0.004 <0.0001
pressure, mm Hg 0.076 0.089
Body mass index, - - - - - - - - -
kg/m’
Daily smoking - - - - - - - - -
Use of lipid-lowering - - - - - - - - -
drugs
Cardiovascular disease - - - - - - - - -
Diabetes - - - - - - - - -
Baseline value of IMT - 0.037 <0.0001

0.294
Mean of baseline and 0.075 0.006 0.0002
follow-up IMT
Summarized model R’ 0.010 0.067 0.013
ATotal plaque area
Model 1 Model 2 Model 3

Bt r P value Bt r P value Bt r P value
Age, years 0.103 0.015 <0.0001 0.183 0.036 <0.0001 - - -
Male sex 0.054 0.004 0.004 0.096 0.008 <0.0001 - - -
Total cholesterol, 0.067 0.005 0.0006 0.098 0.009 <0.0001 - - -
mmol/L
HDL cholesterol, - - - - - - - - -
mmol/L
Systolic blood 0.056 0.003 0.006 0.089 0.009 <0.0001 - - -
pressure, mm Hg
Body mass index, - - - - - - - -
kg/m’
Daily smoking 0.106 0.011 <0.0001 0.139 0.017 <0.0001 0.048 0.002 0.008
Use of lipid-lowering 0.041 0.002 0.03 0.062 0.004 0.0005 - - -
drugs
Cardiovascular disease - - - - - - - 0.001 0.04

0.038
Diabetes - - - - - - - -
Baseline value of TPA - 0.042 <0.0001
0.319

Mean of baseline and 0.369 0.135 <0.0001
follow-up TPA
Summarized model R 0.038 0.126 0.139

HDL; high density lipoprotein



*The variables included in the models were the following: Model 1: age, sex, total cholesterol, HDL
cholesterol, systolic blood pressure, body mass index, daily smoking, use of lipid-lowering drugs,
prevalent self-reported cardiovascular disease, prevalent self-reported diabetes (all assessed at
baseline). Model 2: Model 1 + baseline value of IMT or TPA (as indicated). Model 3: Model 1 + the
mean value of baseline and follow-up IMT and TPA (as indicated).

tStandardized regression B coefficients; z-scores for all independent and independent variables
$Square root transformed



Supplementary Table 3a. Analysis of associations between MetS and follow-up values of intima-
media thickness (IMT) in two different models* of stepwise multivariable regression analysis: The
Tromsg Study 1994-2008

Intima-media thickness

Model 1 Model 2

Bt r*  Pvalue Bt r’ P value
Men
MetS 0.100 0.010 <0.0001 0.043 0.002 0.044
Age, years 0.359 0.107 <0.0001 0.080 0.003 0.002
LDL-chol (mmol/L) 0.079 0.005 0.004 - -
Daily smoking 0.077 0.007 0.0002 0.051 0.002 0.02
Baseline value of IMT 0.548 0.357 <0.0001
Summarized r’ 0.129 0.364
Women
MetS 0.071 0.046 0.018 - - -
Age, years 0.369 0.212 <0.0001 0.169 0.0278 <0.0001
LDL-chol (mmol/L) 0.118 0.018 <0.0001 0.062 0.005 0.002
Daily smoking 0.047 0.035 0.04 0.058 0.003 0.04
Baseline value of IMT 0.495 0.362 <0.0001
Summarized r’ 0.237 0.397

HDL; high density lipoprotein

*The variables included in the models were the following: Model 1: age, sex, total cholesterol, HDL
cholesterol, systolic blood pressure, body mass index, daily smoking, use of lipid-lowering drugs,
prevalent self-reported cardiovascular disease, prevalent self-reported diabetes (all assessed at
baseline). Model 2: Model 1 + baseline value of IMT

tStandardized regression B coefficients; z-scores for all independent and independent variables



Supplementary Table 3b. Analysis of associations between MetS and follow-up values of total plaque
area (TPA) in two different models* of stepwise multivariable regression analysis: The Tromsg Study
1994-2008

Total plaque area#

Model 1 Model 2

Bt r*  Pvalue Bt r’ P value
Men
MetS 0.074 0.005 0.005 0.047 0.002 0.044
Age, years 0.358 0.090 <0.0001 0.203 0.023 <0.0001
LDL-chol (mmol/L) 0.102 0.008 0.0005 - -
Daily smoking 0.171 0.027 <0.0001 0.117 0.011 <0.0001
Baseline value of TPA - - 0.452 0.275 <0.0001
Summarized r’ 0.131 0.312
Women
MetS - - - -
Age, years 0.270 0.132 <0.0001 0.166 0.040 <0.0001
LDL-chol (mmol/L) 0.177 0.041 <0.0001 0.114 0.017 <0.0001
Daily smoking 0.138 0.021 <0.0001 0.103 0.011 <0.0001
Baseline value of TPA 0.452 0.299 <0.0001
Summarized r’ 0.194 0.3676

HDL; high density lipoprotein

*The variables included in the models were the following: Model 1: age, sex, total cholesterol, HDL
cholesterol, systolic blood pressure, body mass index, daily smoking, use of lipid-lowering drugs,
prevalent self-reported cardiovascular disease, prevalent self-reported diabetes (all assessed at
baseline). Model 2: Model 1 + baseline value of TPA

tStandardized regression B coefficients; z-scores for all independent and independent variables
¥Square root transformed



Supplementary Table 4a. Analysis of associations between MetS and change in values of intima-media thickness (IMT) from baseline to follow-up in three
different models* of stepwise multivariable regression analysis: The Tromsg Study 1994-2008

Alntima-media thickness

Model 1 Model 2 Model 3

Bt r’ P value Bt r’ P value Bt r’ P value
Men
MetS - - - 0.054 0.003 0.04 - - -
Age, years - - - 0.100 0.005 0.002 -0.23  0.038 <0.0001
LDL-chol (mmol/L) - - - - - - - -
Daily smoking - - - 0.063 0.004 0.02 - - -
Baseline value of IMT - - - -0.238 0.036 <0.0001 - - -
Mean of baseline and follow-up IMT 0.438 0.114 <0.0001
Summarized r’ - 0.047 0.152
Women
MetS - - - - - - - -
Age, years 0.103 0.009 <0.0001 0.211 0.043 <0.0001 -0.134 0.019 <0.0001
LDL-chol (mmol/L) - - - 0.077 0.007 0.002 - - -
Daily smoking 0.086 0.007 0.0008 0.073 0.005 0.004 0.072 0.005 0.002
Baseline value of IMT -0.304 0.024 <0.0001
Mean of baseline and follow-up IMT 0.474 0.143 <0.0001
Summarized r’ 0.016 0.079 0.167

*The variables included in the models were the following: Model 1: age, sex, total cholesterol, HDL cholesterol, systolic blood pressure, body mass index,
daily smoking, use of lipid-lowering drugs, prevalent self-reported cardiovascular disease, prevalent self-reported diabetes (all assessed at baseline). Model
2: Model 1 + baseline value of IMT or TPA (as indicated). Model 3: Model 1 + the mean of baseline and follow-up IMT values (as indicated).

tStandardized regression B coefficients; z-scores for all independent and independent variables



Supplementary Table 4b. Analysis of associations between MetS and change in values of total plaque area (TPA) from baseline to follow-up in three

different models* of stepwise multivariable regression analysis: The Tromsg Study 1994-2008

ATotal plaque areat

Model 1 Model 2 Model 3

Bt r’ P value Bt r’ P value Bt r’ P value
Men
MetS - - - 0.055 0.003 0.044 - - -
Age, years 0.124 0.010 <0.0001 0.236 0.031 <0.0001 - -
LDL-chol (mmol/L) - - - - - - - - -
Daily smoking 0.089 0.007 0.002 0.135 0.015 <0.0001 - - -
Baseline value of ITPA - - - -0.313 0.056 <0.0001
Mean of baseline and follow-up TPA 0.357 0.122 <0.0001
Summarized r’ 0.016 0.104 0.122
Women
MetS - - - - - - - - -
Age, years 0.122 0.011 <0.0001 0.193 0.055 <0.0001 - - -
LDL-chol (mmol/L) 0.089 0.027 0.0002 0.133 0.023 <0.0001 - - -
Daily smoking 0.093 0.010 <0.0001 0.119 0.016 <0.0001 - - -
Baseline value of TPA -0.312 0.038 <0.0001
Mean of baseline and follow-up TPA 0.379 0.145 <0.0001
Summarized r’ 0.047 0.132 0.145

*The variables included in the models were the following: Model 1: age, sex, total cholesterol, HDL cholesterol, systolic blood pressure, body mass index,
daily smoking, use of lipid-lowering drugs, prevalent self-reported cardiovascular disease, prevalent self-reported diabetes (all assessed at baseline). Model
2: Model 1 + baseline value of IMT or TPA (as indicated). Model 3: Model 1 + the mean of baseline and follow-up TPA values (as indicated).

tStandardized regression B coefficients; z-scores for all independent and independent variables

¥Square root transformed



Supplementary Table 5. Multivariable adjusted regression analysis of the effect of use of lipid-
lowering drugs (LLD) and cardiovascular risk factors on progression of atherosclerosis in three
different models*. The Tromsg Study 1994-2008.

Alntima-media thickness

Model 1 Model 2 Model 3
Bt P value Bt P value B P value

Age, years 0.0005 0.2 0.003 <0.0001 -0.003 <0.0001
Male sex 0.019 0.006 0.032 <0.0001 -0.008 0.2
Total cholesterol, mmol/L 0.011 0.0005 0.012 <0.0001 0.006 0.04
HDL cholesterol, mmol/L -0.009 0.3 -0.018 0.04 0.008 0.3
Systolic blood pressure, mm Hg 0.0002 0.4 0.0005 0.004 -0.0005  0.003
Daily smoking 0.024 0.001 0.026  0.0003 0.014 0.04
Cardiovascular disease 0.017 0.2 0.017 0.2 0.014 0.2
Baseline value of IMT -0.295 <0.0001
Mean of baseline and follow-up IMT 0.499 <0.0001
Use of LLD

Any-time use of LLD -0.024  0.046 -0.018 0.1 -0.029 0.01

Long-term use of LLD -0.039  0.0002 -0.021 0.04 -0.059 <0.0001

ATotal plaque areat
Model 1 Model 2 Model 3
B P value B P value B P value

Age, years 0.027 <0.0001 0.048 <0.0001 -0.001 0.8
Male sex 0.347  0.0004 0.502 <0.0001 0.106 0.3
Total cholesterol, mmol/L 0.149 0.0005 0.186 <0.0001 0.077 0.06
HDL cholesterol, mmol/L 0.073 0.6 -0.019 0.9 0.157 0.2
Systolic blood pressure, mm Hg 0.008 0.001 0.012 <0.0001 0.002 0.4
Daily smoking 0.568 <0.0001 0.778 <0.0001 0.221 0.03
Cardiovascular disease 0.211 0.24 0.389 0.02 0.389 0.8
Baseline value of TPA -0.393 <0.0001
Mean of baseline and follow-up TPA 0.422  <0.0001
Use of LLD

Any-time use of LLD -0.318 0.06 -0.256 0.1 -0.319 0.049

Long-term use of LLD -0.400 0.006 -0.107 0.4 -0.631 <0.0001

HDL; high density lipoprotein

*The variables included in the models were the following: Model 1: age, sex, total cholesterol, HDL cholesterol,
systolic blood pressure, daily smoking, prevalent self-reported cardiovascular disease, prevalent self-reported
diabetes (all assessed at baseline), and use of lipid-lowering drugs. Model 2: Model 1 + baseline value of IMT or
TPA (as indicated). Model 3: Model 1 + the mean value of baseline and follow-up IMT and TPA (as indicated).

t Square root transformed
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YOU ARE INVITED TO
THE SPECIAL STUDY

The health study in Tromsg@ invites some of the
participants for a free special study.

The special study

The Special Study uses advanced technology which
makes images of blood vessels and the heart, and
provides information on skeletal structure and fatty
tissue. X-ray technology is not used, but rather

: ultrasound or light-waves
which are reflected against
a small device held to the
skin (pictured). These
tests do not penetrate the
skin, are not painful and
have no known side-
effects. The Special Study
also involves blood- and
P urine samples, as well as
"I registering heart activity
4 (Eco).

Why are you invited?

We do not have the opportunity to offer the Special
Study to everyone. We invite all men and women
born between 1920 and 1939 and some randomly
picked from other age-groups.

What is the purpose?

Many diseases evolve gradually over long periods
of time without people’s awareness, but with
advanced methods it is possible to detect changes
early. In certain cases prevention or treatment can
be initiated even before the disease develops. In
other cases we are not sure what the changes
signify and further research is necessary. The
Special Study is therefore a unique offer which not
only has value to you personally; the results are
used in medical research which breeds increased
knowledge about how diseases initiate and how
they can be prevented and treated.

The Special Study involves

v Ultrasound of blood vessels and the heart

The arteries in the neck and stomach are studied.

This gives information whether the arteries are
clogged or whether they are diluted/contracted.
The shape of the heart and its functionality is
looked at in 50 per cent of the participants.

v Study of bone density and amount of fat
The measurements are used to determine risks
of osteoporosis and fractures, and whether
there is a correlation between body fat and
disease.

/ ECG

ECG is registering heart activity which also
provides information concerning heart disease.

v Urine sample
The urine samples are used to indicate kidney
function through measuring the amount of protein
and creatinine substances. The result is most
accurate if urine from the separate days are examined.

v Blood sample
Blood samples are examined for fatty
substances and substances which indicate how
the kidneys work, metabolism (calcium and
sugar) and blood clotting. The blood sample is
frozen so it can be used for later research.

v Eurther follow up

e |f we think further examination
or treatment is required, it will be offered to
you.

F 98 =9,

e Some participants
may be asked to take 4

part in later studies Q
for further o) ‘.,

research. ~
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Practical information

Place and time

The examination will take place in the second floor
at Elisabeth center; the old maternity hospital
(Mellomveien 50) - at the floor above the Troms@
study. The examination takes 1 to 1.5 hours and is
free of charge.

We hope you can use the time appointed.

Date and time is given in the brochure. If you need
to change appointment, we ask that you notify us by
calling 77 64 59 00

Urine sample
You have been given three urine glasses marked 1,

2 and 3. We wish that you take a morning urine
sample in each glass in the last three days before
the special study. You have therefore got a glass for
every morning. Note the following:

1. Please urinate a small amount of urine in the toilet
before you take the urine sample. Last morning
sample is taken on the day you come to the survey.

2. State the date on each urine glass.
3. It is an advantage if samples can stay cold.

4. Deliver all three glasses when you come to the
survey.

Use of medicine

On the next page please make a note which
medications you’ve used the past week. This can be
important when interpreting the results.

Clothin
Because of the blood pressure measuring, we ask

you to wear clothes that are not tight on the arm.
When examining the heart, it is necessary to
undress the upper body. At examination of the aorta
some clothes must be pulled down so that the
abdominal region is exposed.



About consent

The information about you will be treated confidentially.
The information will be stored and used according to the
rules set by the Data Inspectorate and Norwegian law.
The study has been recommended by The Regional
Committee for Research Ethics. Should further
examinations be required, we ask your consent to
forward relevant data to your doctor or the Regional
Hospital in Troms@. We also request that you upon
arrival give your consent to:

x that we forward your results to your doctor or
the Regional Hospital in Tromsg if you need
further examination.

x that your results may be used for medical
research through combining them with other
health- and disease registries as well as
information from previous health studies in
Troms@. Prior to analysing the results your
name and social security number will be
removed.

X that your blood sample may be stored and
used for medical research.

X that the Health Examination in Troms@ may
contact you later with a request to participate
in other studies.

Even if you give your consent now, you may later
reconsider and deny the use of your results.

The special study

is part of the health survey
in Troms@, and organized RS

by the University of Troms@, & ?3‘
Faculty of Medicine in é
cooperation with the =)
Regional Hospital in Troms@ ¢

Use of medicine

To interpret the results we want information about
medication use in the last week. Please state
name, strength and dose of all medications that
you are using. If in doubt about filling, bring the
drugs. We will then be able to help you.
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HEALTH SURVEY “THIS IS YOUR
Invitation CHANCE”

Date of birth Social security No.  Municipality Electoral ward No.

The Health Survey is coming to Tromse. you will be able to come. Attend even if you feel
This leaflet will tell you when and where. You will healthy, if you are currently receiving medical
also find information about the survey in the enclosed ~ treatment, or if you have had your cholesterol and
brochure. blood pressure measured recently.
We would like you to fill in the form overleaf and )
take it with you to the examination. ) .Yours sincerely, . EE
The more people take part in the survey, the more Municipal Health Authorities =
valuable its results will be. We hope, therefore, that Faculty of Medicine - University of Tromse gais
National Health Screening Service B
e
THIS IS 4 REAL

X &

. OPPORIUNITY- TAKE I

4% /




YOUR OWN HEALTH

What is your current state of health? Tick one box only.

POOT, |... - s AR I SRl R o 1) e
Not so good

GOOd e e s
Veryigood,.. s insaantinm. | ool

Do you have, or have you had:

A heart attack.... 13

Angina pectoris (heart cramp) . 18

A cerebral stroke/ brain haemorrhage 12

ASthiMQ ccciiisiiin e v smisvienmmdaivs 22

Diabetes ............cecoesens ssrmsmioniri a8

Do you use blood pressure lowering drugs?
Currently . s
Previously, but not now..

Never used

Have you during the last year suffered from pains
and/or stiffness in muscles and joints that have

lasted continuously for at least 3 months? 29

Have you in the last two weeks felt:

2
>
3

Nervous or worried? . s
Anxious?................... 31
Confident and calm? 3z
Irritable? ................... 33
Happy and optimistic? 34
Down/depressed? . . 35
Lonely? e s

-gooaodo
-{Joooaon

SMOKING

Did any of the adults at home smoke while

you were growing up? _

Do you currently, or did you previously, live together
with daily smokers after your 20™ birthday? 38

-0000000 58

Yes|

If "YES", for how many years in all? ............. a9

Years

How many hours a day do you normally spend

in smoke-filled rooms?

Put 0 if you do not spend time in smoke-filled rooms.

Do you yourself smoke:
Cigarettes daily?

Cigars/ cigarillos daily?
Apipe daily?i. ... ... e scoressasarssomgressasess

Yes!

If you previously smoked daily, how long
is it since you qUIt?..........ccceeerceeeneecerccnnnnenes

If you currently smoke, or have smoked
previously:

How many cigarettes do you or did you

cigarettes’

usually smoke per day?

How old were you when you began
daily smoking?.---

How many years in all have you smoked
daily?

EXERCISE

How has your physical activity in leisure time been during this
last year? Think of your weekly average for the year.

Time spent going to work counts as leisure time.

Hours per week

Light activity (not
sweating/out of breath) s6

Hard activitv (sweating/
out of breath) o islT

COFFEE

How many cups of coffee do you drink daily?
Put 0 if you do not drink coffee daily.

Coarsely ground coffee for brewing....
Other coffee

58

ALCOHOL
Are you a teetotaller?

How many times a month do you normally drink
alcohol? Do not count low-alcohol beer.

Put 0 if less than once a month. ..... ......... 63

How many glasses of beer, wine or spirits do you

normally drink in a fortnight? g5 Beer Wine

None Less than1 1-2

S
. W

3 or more

Spirits

Do not count low-alcohol beer. | Gl Gl

Gl

Put 0 if less than once a month.

What type of margarine or butter do you usually use on

bread?  Tick one box only.
Don't use buﬂer/margcmne
Hard margarine
Soft margarine ..
Buﬂer/marganne mleures
Light margarine

EDUCATION/WORK

What is the highest level of education you have completed?

7-10 years primary/secondary school,
modern secondary school

Technical school, middle school, vocational
school, 1-2 years senior high school

High school diploma

(3-4 years)....
College/unlversny, Iess than 4 years ..
College/university, 4 or more years

What is your current work situation?
Full-time housework...
Education, military service.. =
Unemployed, on leave wn‘hou'r payment .........

How many hours ot paid work do you have per
week?

Do you receive any of the following benefits?
Sickness benefit (sick leave)
Rehabilitation benefit..............ccccvviviiiiininnnn,

ILLNESS IN THE FAMILY
Have one or more of your parents or

ST

72

73

. 74
. 75

76

80

Lo

siblings had a heart attack or had

angina (heart cramp)? .......c.cccceceeveevieneencens 85




The Tromsg Health Survey

The main aim of the Tromsg Study is to improve our
knowledge about cardiovascular diseases in order to aid
prevention. The survey is also intended to improve our
knowledge of cancer and other general conditions, such as
allergies, muscle pains and mental conditions. We would
therefore like you to answer some questions about factors
that may be relevant for your risk of getting these and other
illnesses.

This form is a part of the Health Survey, which has been
approved by the Norwegian Data Inspectorate and the
Regional Board of Research Ethics. The answers will only
be used for research purposes and will be treated in strict
confidence. The information you give us may later be stored
along with information from other public health registers in
accordance with the rules laid down by the Data Inspectorate
and the Regional Board of Research Ethics.

If you are in doubt about what to answer, tick the box that
you feel fits best.

The completed form should be sent to us in the enclosed
pre-paid envelope.

Thank you in advance for helping us.

Yours sincerely,

National Health
Screening Service

Faculty of Medicine
University of Tromse

If you do not wish to answer the questionnaire, tick the
box below and return the form. Then you will not receive
reminders.

| do not wish to answer the questionnaire .............cc.ccecuveveevernnes 17 [

CHILDHOOD/YOUTH

In which Norwegian municipality did you live at the age of 1 year?
If you did not live in Norway, give country of residence instead of municipality.

How was your family's financial situation during your

childhood?
VEIY QOO ..o 20 [
(€T o T | #|
DIfFICUIL -.vvvvvvveeeeee e d
Very diffiCUlt ... Q

How many of the first three years of your life
- did you live in @ town/City? .........cccevevireieeiienn w ___years
- did your family have a cat or dog in the home? ....... al ___years

How many of the first 15 years of your life
- did you live in @ town/City? ......cveveeeeeeeeeeeeeeen, 2 ___years
- did your family have a cat or dog in the home? ....... 3 ___years

Who do you live with?

Tick once for each item and give the number . Yes No  Number
SPOUSE/PAMNET ....ooveeece e A |
Other people over 18 years ............cc..coo...... el B
People under 18 years ............c.c..cooevvvennnee. od QO

How many of the children attend day care/kindergarten? ....«3 ___

What type of house do you live in?

Villa/detached house ............c..couvvvrerrirriennee. 35 [ 1
FarM o J2
Flat /apartment ... J 3
Terraced /semi-detached house ...............cc....... o 4
OhET e -l 5
How Dig iS YOUr NOUSE? .......cccvviviiiicircerceceis 6 ___ M
Approximately what year was your house built? ............ 48
Yes No
Has your house been insulated after 19707............... sl [
Do you live on the lower ground floor/basement? .....s« (A [
If "Yes", is the floor laid on concrete? .................. ss (1 [
What is the main source of heat in your home?
Electric heating .........o.ooveeveeeeeeeeeeeeeeeeeeseeeneeae 56 [
Wood-burning StOVe ........ccccevvierveveieecceceiee, M|
Central heating system using:
111 OO 8
EleCtriCity .vovevevcvcececcccc e
4 Yes No
Do you have fitted carpets in the living room? ............ wd O
Is there a cat in your home? .........ccccceeveveeereiennnee, old A
Is there a dog in your NOMe? ...........cooovvveecesnerveeecre elld O

If you have paid or unpaid work, how would you describe
your work?

Mostly sedentary WOrk? ..............cccooeeeeereerverrerre 63 (1
(e.g. office work, mounting)
Work that requires a lot of walking? .......................... -

(e.g. shop assistant, light industrial work, teaching)

Work that requires a lot of walking and lifting? .......... s
(e.g. postman, nursing, construction)

Heavy manual WOrk? ............ccooeoveeereveeenvesseeesssneens 4
(e.q. forestry, heavy farm-work, heavy construction)

Can you decide yourself how your work should be

organised?
NO, N0t AL Al ... 64 [ 1
Toasmall extent ........ccoveveeeveieeeeeeeceeeeeeesees o
Yes, to alarge extent ........ccc.coevecvecveciecierieeienn, H
Yes, | decide MYSelf .......c..cccoovveveeeeeeereeeeeeeeen, s
Yes No

Are you on call, do you work shifts or nights?............. s Q

Do you do any of the following jobs (full- or part-time)?

Tick one box only for each item. Yes No
D= S e d
111 1= TP & &
FISNEIMAN ..o, 3



YOUR OWN ILLNESSES

Have you ever had:
Tick one box only for each item. Give your age at the time.

If you have had the condition several times, how old were you last time?

Yes No Age
Hip fracture .......cccooevevieieeeeceees s (1 [
Wrist/forearm fracture .........cccoocovvvcvvnneerz W 1
WHhIPIaSh ..o s
Injury requiring hospital admission ............... A | -
GASHC UICET ..o, ald O
Duodenal UlCer ........coevevivicreiieeeeice, s (1 [
Gastric/duodenal ulcer surgery .............o...... gd O
NECK SUFGEIY ..o wld O

Have you you ever had, or do you still have:

Tick one box only for each item. Yes No
CaANCEN ..o wld O
EPIEPSY vt =k )
MIGFaINE .....ooovvecveeeseeseeeesseeee e = 1
Chronic bronChitis ............c.cceveeeeeieveeeieeieseeiecieen. & &
PSOMASIS 1v.vvovvvvcercieieiese et =)
OSEOPONOSIS ..o sl
Fibromyalgia/fibrositis/chronic pain syndrome .......... a o
Psychological problems for which you have sought help'd [
Thyroid diSEASE .....cuvveeeiieieieieereeeseee e .
LIVEr dISEASE ......cvvvvvrieiiiesieie e K D
Kidney diSEase .......ccovvevreerirnereenireirieneeireeeneeas T
APPENAECLOMY ..o o 0
Allergy and hypersensitivity:

Atopic eczema (e.g. childhood eczema) ........... a O
Hand €CZEMa ........ccvvvvrvriernecseeene = S
Hay fEVET ... Ly L
FOOd @lIEIGY ..vvvrrrcerieercieieeeee e we 1
Other hypersensitivity (not allergy) ..........cc........ i

How many times have you had a cold, influenza (flu),

vomiting/diarrhoea, or similar in the last six months? ___times
Yes No

Have you had this in the last 14 days?...........ccccouee.n. 12 [

ILLNESS IN THE FAMILY

Tick for the relatives who have or have ever
had any of the following diseases:
Tick "None" if none of your relatives have had the disease.

Mother Father Brother Sister Child None

Cerebral stroke or brain haemorrhagetis 1 1 [
Heart attack before age 60 ......... wd O O O
(073107 md B3 &
ASthMA ..o w L OF O 0O
Gastric/duodenal ulcer ............... e B Bl 2 S
OSteoporosis ........ccovvvvveevevenene. g L B O L)
Psychological problems .............. wld O O O
AlEIGY oo, s DA Q0
Diabetes ........cccoovvererrereeiern. w3 O O
—age when they got
diabetes .....ooveeriierici, 167

a
d
d

ooodod

J

oo ooon

SYMPTOMS

Yes
Do you cough about daily for some periods of the year?..177 '
If"Yes":

Is your cough productive ? .........cc.coovereverreenee 17 [
Have you had this kind of cough foras longas
3 months in each of the last two years? .........17s '
Have you had episodes of wheezing in your chest? .0

If "Yes", has this occurred:
Tick one box only for each item.

ALNIGNE e 181
In connection with respiratory infections .................. .
In connection with physical exertion ..............c...c..... - |
In connection with very cold weather ....................... i
Have you noticed sudden changes in your pulse
or heart rhythm in the last year?...........ccccoocvivininnnn. 185 [
How often do you suffer from sleeplessness?
Never, or just a few times a year .............cco........ 186 b 1
1-2 iMES @ MONIN ... Q>
Approximately once a WeeK ..........ccovveevveevvieiieenn, i
More than once a WEeK ...........ccoveveveveieiceceeeeceene, . P
If you suffer from sleeplessness, what time
of the year does it affect you most?
No particular time of year ........cccoeeeeovvvceeenn. 1g7 [
Especially during the polar night ............ccccoevveene. -
Especially during the midnight sun season ............. Qs
Especially in spring and autumn ..........ccccocoeennneen [
Have you in the last year suffered from sleeplessness ~ Yes
to the extent that it has affected your ability to work?....1zs [
How often do you suffer from headaches?
RAEIY OF NEVET ..o 189 (1
ONCE OF MOE @ MONN .....vvoeeeveeeevee s . P
ONCe Or More @ WEEK ......ccocviveveveicreiceseseeeas s
DAY ..o Qs
Does the thought of getting a serious illness ever
worry you?
NOE AL I cveeee e 190 [
ONIY @ THE cvvoeee e . P
SOME .o b 3
VEIY MUCH ..o - P

USE OF HEALTH SERVICES

How many visits have you made during the past year
due to your own health or illness:
Tick 0 if you have not had such contact

To a general practitioner (GP)/Emergency GP ............ 191
To a psychologist or psychiatrist
To an other medical specialist (not at a hospital) ............
To a hospital out-patient clinic
Admitted to @ hospital ...
To a medical officer at work
To a physiotherapist ..........cccooveernnecnirneeeen, 203
To a chiropractor
To an acupUNCIULISt .......cvveicieicee e
To a dentist
To an alternative practitioner (homoeopath, foot zone therapist, etc.)
To a healer, faith healer, clairvoyant

No
1

Q

Looo

0

Number of times
the past year



MEDICATION AND DIETARY SUPPLEMENTS

Have you for any length of time in the past year used any of the
following medicines or dietary supplements daily or almost daily?
Indicate how many months you have used them.

Put 0 for items you have not used.

Medicines
Painkillers .........coooovieiicicecce e 215 months
Sleeping Pills .....eoveeeeeeeeee e months
TranQUIllIZETS ......cvcveveverevereeee e months
Antidepressants .........coccevreeerieneee s 221 months
AlIErgy drugs .ooceeeeeeeeeeieeeeeeeeeee e months
ASthma drugs .....covoveeerirreereee e months
Dietary supplements
[rON taDIELS ... 227 months
Calcium tablets or bonemeal ...........cccooevevviiciiiins ___months
Vitamin D supplements .........ccccoeevveeniiceisienenns months
Other vitamin supplements ............cccoeecverireenee, 233 months
Cod liver oil or fish oil capsules ..........cccccevevevevennnes months
Have you in the last 14 days used the following
medicines or dietary supplements?
Tick one box only for each item. Yes No
Medicines
PaINKIllErs .......covvvvrrereieieeeeeeee e ar
Antipyretic drugs (to reduce fever) ........cccovvivnenes a
MiIgraing Arugs ........ceeevereerienieneeeee e B k)
Eczema cream/ointment .............ccocoeeeeeveerereresnennes 0 i
Heart medicines (not blood pressure) ...................... a3 3
Cholesterol lowering drugs ........cccoceeneerrerncereneenens o L
SIEEPING PIllS ..o - O
TranQUIIlIZETS .....c.cvvveeeeeeeeee e a 0
ANtIAEPreSSants ........cooeerureereereieeeeeeeeeeeeeens a a
Other drugs for nervous conditions .............cccuv..... a
ANLACIAS ..o o A
Gastric UICET drUGS ... g o
INSUNN oo g a
Diabetes tablets ...........cccoevuereereeeeeiee e - &
Drugs for hypothyroidism (Thyroxing) ..................... 3 &
Cortisone tablets ..o, s
Other MediCiNE(S) ........vvveereeereerreeeeeseesree s, 2
Dietary supplements ——
[FON ADIBLS ... A=
Calcium tablets or bonemeal ............ccccooveveeervennne. g O
Vitamin D SUPPIEMENLS ......cveveeveeveieiereiere e 3
Other vitamin supplements ..........ccccoovvvriirnnnnn. ar W [
Cod liver oil or fish oil CapSUIES .......ccvrerrineeririirirenes g

How many good friends do you have whom you can talk ~ good
confidentially with and who give you help when you need it? s ____friends
Do not count people you live with,

but do include other relatives!

How many of these good friends do you have

contact with at least once a month? ...........cccoceuee 261
Yes No
Do you feel you have enough good friends? ............ ar X L

How often do you normally take part in organised
gatherings, e.g. sewing circles, sports clubs,
political meetings, religious or other associations?

Never, or just a few times a year .........c.ccoevvvevene, 264 [ 1
1-2 iMeS @ MONN .. .
Approximately once a Week ...........ccceeveevieererennnnn. s
More than once @ WEEK ............ccccvvevvvreeeer e 1 9

FOOD HABITS

If you use butter or margarine on your bread, how many slices does
a small catering portion normally cover? By this, we mean the
portion packs served on planes, in cafés, etc. (10-12g)

A catering portion is enough forabout . slices

What kind of fat is normally used in cooking
(not on the bread) in your home?

BUHET e 266 [
Hard margarine ..., |
Soft MArgarine .........ccooeeeereeniereeeeeesees |
Butter/margarine blend ... a
OIS o 20 (A

What kind of bread (bought or home-made) do you usually eat?

Tick one or two boxes! White  Light  Ordinary Coarse ~Crisp
bread textured prown = brown bread

The bread | eat is most similar to: [_} C| | | a

2n 275

How much (in number of glasses, cups, potatoes or slices) do you
usually eat or drink daily of the following foodstuffs?

Tick one box for each foodstuff. Less More
0 than1 1-2 3-4 5-6 than6
Full milk (ordinary or curdled) (glasses)..s (1 ' O [ 1 4
Semi-skimmed milk ..........c..cc.cc....... B 7Y e R 5 ) i
(ordinary or curdled) (glasses)
Skimmed milk (ordinary or curdled) (glasses)d ' 4 O
T (CUDS) vvvveevereeresreeeseeeresneeeen 3 B8 O O & -2
Orange juice (glasses) ................. T O [ ) L 7 (R |
POtatoes ........ccevveevereerrsrereineen. bl O O O CF &
Slices of bread in total T Aoy 2 e
(incl. crisp-bread) ........cccevvevvrnenne. TR (= [l |
Slices of bread with
- fish
(e.g. mackerel in tomato sauce) ... [ 4 [ [ [ [
- lean meat ,
(€.g-ham) oo D 1 0 A R 1 T
- fat meat
(€.g. salami) .....coooevveeeereereereeae, 2 B8 & S
- cheese (e.q. Gouda/ Norvegia) ......... s ED LY B LD
- brown Cheese ..........cooeeveverennene. eSS 8
- smoked cod caviare ...................... I T 7 [ R ()
- jam and other sweet spreads ....... ' 'J - < - El

How many times per week do you normally eat the following foodstuffs?

Tick a box for all foodstuffs listed.

Less almost

Never than1 1 2-3 45 daily
Yoghurt .....ccooevervvevicvinenzo 3 3 OO O O
Boiled or fried €99 .......cvvvevrrenae O 8 & 8 9 D
Breakfast cereal/ oat meal, etc. ... [ 1 1 1 3 [
Dinner with
- unprocessed meat...................... 0 I3 O & 33 =
- sausage/meatloaf/ meatballs ..... L1 1 O O O [
- fatty fish (e.g. salmon/redfish),es (4 3 (O O O [
- lean fish (e.g. €0d) ....cvvvvrrvrnnns =T T = R
- fishballs/fishpudding/fishcakes ....d 4 1 1 1 [
-vegetables ..., o & &3 8 9 6
Mayonnaise, remoulade .............. o 98 9 4
L0711 [o)C: TR . 1t A [ U [ Y [ Y [ O
Cauliflower/cabbage/ broccoli ... .d 4 A d [
Apples/pears ... T T I
Oranges, mandarins ..................... 4 9 B39 Q 8
Sweetened soft drinks .................. g &8 - 3 O
Sugar-free ("Light") soft drinks ... = 9 [
ChOCOIAtE ... 4 9 9 d Jd 4Jd
Waffles, cakes, €tc. .................. wd Wl



ALCOHOL

How often do you usually drink beer? wine?  spirits?
Never, or just a few times a year ....... J | =
1-2 times a month ........cocccvveveeeene, | a . P
About once a WeeK .......oooevveevvevennnnn, | | s
2-3tiMes @ WEEK .......oveeveeeeeererereen, Q J s
More or less daily ..........cccoorrrrrrrnnnes Q d s

308 310

Approximately how often during the last year have you consumed
alcohol corresponding to at least 5 small bottles of beer, a bottle
of wine, or 1/4 bottle of spirits?

Not at all the last year ..., o
ATEW HIMES oo W
1-2 tiMES @ MONEN <. J3
1-2 tiMES @ WEEK ... 4
30rmore times @ WEEK .......cvcvvveeeeeeeeeieeeeeeseeeeea |

For approximately how many years has your alcohol
consumption been as you described above? .................. 312 ___years

WEIGHT REDUCTION

About how many times have you deliberately tried to
lose weight? Write 0 if you never have.
-before age 20 .......coveveeeeee a1 times
S LALET e 316 times
If you have lost weight deliberately, about how many
kilos have you ever lost at the most?
-before age 20 ......oveveeeeeeeeeeee e 318 kg
S LAEBT e 320 kg

What weight would you be satisfied with
(your "ideal Weight")? ....c.coverrerreeere e 822 kg

URINARY INCONTINENCE

How often do you suffer from urinary incontinence?

NEVET ..o s e 325 [
Not more than once @ Month .........oceveeeveeveveereerean, N P
Two or more times a month .........cccovveevveevveeeee, Qs
ONCE @ WEEK OF MOTE ..ot s

Your comments:

TO BE ANSWERED BY WOMEN ONLY

MENSTRUATION

How old were you when you started

MENSITUALING? ...vcviicce s 3% years
If you no longer menstruate, how old were
you when you stopped menstruating? .............cccoeevnnen. 328 years
Apart from pregnancy and after giving birth, have
you ever stopped having menstruation for Yes No
6 MONthS OF MOTE? ... 0 [
If "Yes", how many times? ........cccocveviiereveirnnnn. 331 times
If you still menstruate or are pregnant: day/month/year
What date did your last menstruation period begin?ss: /[
Do you usually use painkillers to Yes No
relieve period pains? ..........cccoeveveeeeeereerseenenenia 4
PREGNANCY
How many children have you given birth to? ............. 340 children
Yes No Don't know
Are you pregnant at the moment? .................... e QO 0
Have you during pregnancy had Yes No
high blood pressure and/or proteinuria? ........... sl O
"as" duri i 2 Pregnancy
If "Yes", during which pregnancy? First Later
High blood pressure ..o e [ a
Proteinuria ........cocoeeeerenrecinciesecsceeeeeens 346 bl |

If you have given birth, fill in for each child the year of birth
and approximately how many months you breastfed the child.

Child Year of birth: Number of months
breastfed:

1 348

2

3 356

4 =

5 364

6

CONTRACEPTION AND ESTROGEN

Do you use, or have you ever used: Now  Before  Never
Oral contraceptive pills (incl. minipill) ...s72 [ J J
Hormonal intrauterine device .................... d Q Q
Estrogen (tablets or patches) ............... are [ d i
Estrogen (cream or suppositories) ............ J J d

1 2 3

If you use oral contraceptive pills, hormonal intrauterine device,

or estrogen, what brand do you currently use?

T B s e R S R A BN SRR T A F AR S st

If you use or have ever used oral contraceptive pills:

Age when you started to take the pill? .........ccoeeenee 3680 years
How many years in total have you taken the pill? ......3s2 years
If you have given birth, how many years did you
take the pill before your first delivery? ........cccoeeeeee. 384 years
If you have stopped taking the pill:

Age when you stopped? .........ccovvevvieiiniiiininn. 386 years

Thank you for the help! Remember to mail the form today!
The Troms@ Health Survey
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1. YOUR OWN HEALTH 3. OTHER COMPLAINTS

1.1 What is your current state of health? (Tick one only) 3.1 Below is a list of various problems. Have you experienced

. h b : 73
Poor Not so good Good Very good any of this during the last week (including today)?

Stop? Slow down? Carry on at the same pace?
D 1 D 2 D 3 Alternative practitioner ...............ccccvveeeen. D

(Tick once for each complaint) N Litt Pretty Vi
D ! D 2 D 8 D 4 complgint corlnp‘laaint nrﬁjcyh rﬁ[}::h
Sudden fear without reason .................... D D D D
1.2 Do you have, or have you had?: i . .
v 4 Age first Felt afraid Or anXious .............coeeeeeereeenn.. 0 0O o 0
Yes No T D D D D
ASAME ][] Faintness or dizziness .........cccccceeeveenenne
Felt tense or upset ........cceveeiiiiiiiieennne D D D D
Hay fever ..., ] [ Tend to blame yourself .................ccoce. [] ] [] ]
00 Sleeping problems .........cccoveiiiiiieinins [] [ ] []
Chronic bronchitis/femphysema ...............
s Depressed, sad ........cccccooiiiiiiiiiiicnins D D D D
Diabetes ... D D Feeling of being useless, worthless ........
Feeling that everything is a struggle ...... D D D D
OSLEOPOIOSIS ... 1 ;eeel!ilﬂ%r%f hopelessness with regardto [ ] [ [] []
1 2 3 4
Fibromyalgia/chronic pain syndrome ...... D D 4. USE OF HEALTH SERVICES
Psychological problems for which you (11 4.1 How many times in the last 12 months have you been to/used:
have sought help ... (Tick once for each line) None = 1-3  4or
times  more
A heart attack ..o (][] General practitioner (GP) ............cc........ 0O O
Medical officer at work ...........cccccceeveeneee D D
Angina pectoris (heart cramp) ................ NN Psychologist or psychiatrist ................... O O
(private or out-patient clinic)
Cerebral stroke/brain haemorrhage ........ 0O Other specialist (private or out-patient clinic) 0 0O 0O
Emergency GP (private or public) .............. D D D
1.3 Have you noticed attacks of sudden changes in Yes No Hospital admission ..........ccccocceeivieicnnnnn. D D D
your pulse or heart rhythm in the last year? .......... (][]
Home nursing care ........c..cccceeveeiiiniinnes [] [ []
1.4 Do you get pain or discomfort in the chest when: Y5 N° T Physiotherapist 0 0O 0O
Walking up hills, stairs or walking fast on level ground? D D """"""""""""""""""""
Chiropractor .........ccceevevieicieieenieneee D D D
1.5 If you get such pain, do you usually:
Dentist ..., D D D

1.6 If you stop, does the pain disappear within ES ND 5. CHILDHOOD/YOUTH AND AFFILIATION

10 MINUEES? ...

Yes No
D D 5.1 How long altogether have you lived in the county? year

1.7 Can such pain occur even if you are at rest?........ (Put 0 if less than half a year)

2. MUSCULAR AND SKELETAL COMPLAINTS

5.2 How long altogether have you lived in the municipality? year
2.1 Have P/ou suffered from pain and/or stiffness in (Put 0 if less than half a year)
muscles and joints during the last 4 weeks?
(Give duration only if you have had problems) Duration 5.3 Where did you live most of the time before the age of 16?
No Some  Severe Upto 2 weeks (Tick one option and specify)

complaint complaint complaint 2 weeks or more

Neck/shoulders .............. Same municipality .... D1

[] O

ArmS, ANAS .......ccooevsrss D D D D {:lnt?ltgir;)?nﬂ;‘iﬁi.?fl.i?... Dz Which one:
Upper part of your back... D D D D D Another county in Norwast Which one:
Lumbar region ............... u u L] u u Outside Norway ........ [a Country::
Hips, legs, feet ................ D D D D D 5.4 Have you moved within the last five years? 1
Other places .................. 1D DQ D3 1D g No Yes, one time Yes, more than once

Ias?gtgiﬁ'ne [ 1 [] 2 [ 3

2.2 Have you ever had: Yes No

Fracture in the wrist/forearm ................... 1 O
Hip fracture?.........ccooiiiiiiis D D o1 ‘I,Evset:? ;;eyzg:: g;:ﬁy weight when you kg



7. FOOD AND BEVERAGES |8 SMOKING |

7.1 How often do you usually eat these foods? 8.1 How many hours a day do you normally spend
(Tick once per line) ~ Rarely 1-3times 1-3times 4-6 imes 1-2times 3times or in smoke-filled rooms? Number of total hours
/never /month  /week /week /day  more /day
Fruit, berries ............ O O oo oo o 8.2 Did any of the adults smoke at home Yﬁs NDO
D D D D D D while you were growing up? ........ccccvvvmrmnnnnnnnnnns
Cheese (all types)...... 8.3 Do you currently, or did you previously live .
together with a daily smoker after your
Potatoes .................... [] [ [ [] [] [ 20" birthday?
Yes, now Yes, previously Never
Boiled vegetables ...... bbb bbb 8.4 Do you/did you smoke daily? .......c.......... [ [ [
Freshvegetablesisalad L1 ) (1 [J [ [ It NEVER: Go to question 9 : (EDUCATION AND WORK)
Fatty fish (e.g. salmon, D D D D D D 8.5 If you smoke daily now, do you smoke: Yes No
trout, mackerel, herring)
! 2 N 4 ° 6 Cigarettes?......coo i [] ]
7.2 What type of fat do you usually use? (Tick once per line)
Don't Hard  Softlight Cigars/cigarillos?...........ccccvivieiiiieiiiicie e [ []
use Butter marharme maﬁarme Oils  Other
On bread ............... D D D D A PIPE? .t D D
For cooking ........... [] [] L [] L [] 8.6 If you previously smoked daily, how
1 2 s 4 5 6 long is it since you quit? Number of years
7.3 Do you use the following dietary Yes. daily  Somei N
supplements: es, cally  sometimes  No 8.7 If you currently smoke, or have smoked
Cod liver oil, fish oil capsules .............. previously:
N . How many cigarettes do you or did you
Vitamins and/or mineral supplements? D D D normally smoke per day? Number of cigarettes
7.4 How much of the following do you usually drink?
(Tick once per line) Rarely 1-6 1glass 2-3 4 glasses HQW old were you when you began
/never gl /day gl or more daily smoking? Age in years
Full milk, full-fat curdled milk, Iweek /day  /day
yoghurt ..o How many years in all have you

smoked daily? Number of years

9. EDUCATION AND WORK

9.1 How many years of education
have you completed? Number of years
(Include all the years you have attended school or studied)

Semi-skimmed milk, semi-skimmed
curdled milk,low-fat yoghurt ...... D

Skimmed milk, skimmed D
curdled MilK ......coceeveiieieeiens

Extra semi-skimmed milk ...... D

9.2 Do you currently have paid work?

Mineral water (e.g. Farris, ] Yes, fulltime [ ], Yes, partiime [ ] , No [ ], T

Ramlgsa etc)

Cola-containing soft drink ..... D 9.3 Describe the activity at the workplace where
you had paid work for the longest period in the
last 12 months. (e.g. Accountancy firm, school, paediatric
department, carpentry workshop, garage, bank,

grocery store, etc.)

Other soda/soft drink ........... D

O
S Y I A O B R O O
5 I O I A O B R O O
SOt
S I Y A A O I O O O

7.5 Do you usually drink soft drink: with sugar D 1 without sugar D 2

Business:
7.6 How many cups of coffee and tea do you drink daily? Number of cups If retired, enter the former business and occupation.
(Put 0O for the types you don't drink daily) Also applies to 9.4
Filtered COffee ..., 9.4 Which occupation/title have or had you at this workplace?

(e.g. Secretary, teacher, industrial worker, nurse,
carpenter, manager, salesman, driver, etc.)
Boiled coffee/coarsely ground coffee for brewing .....

7.10 When you drink, do you normally drink:(Tick one or more)
Beer Wine Spirits
U] L] L] Transition benefit for single parents ........................

Social welfare benefits ..........c.cceeeeeeiiiiiiiiiieiieeee,

Occupation:
Other type of coffee .......ccccoovriiiiiiiiciees 9.5 In your main occupation, do you work as self-employed,
as an employee or family member without regular salary?
Self-employed Employee Family member
1T LSRR
7.7 Approximately how often have you during the last year 9.6 Do you believe that you are in danger of losing  Yes  No
consumed alcohol? (Do not count low-alcohol and alcohol-free beer) your current work or income within the next ] [0
. . WO YEAIS? ...
Never Have not consumed A few times About 1 time
consumed alcohol alcohol last year Iaﬁ/ear a month
1 2 3 4 9.7 Do you receive any of the following benefits? ¢ No
2-3 times About1 time 2-3 times 4-7 times . . .
per ﬁonth a ﬁek a ﬁek a ﬁek Sickness benefit (are on sick leave) .........ccccceeee. D D
5 6 7 8 Old age pension, early retirement (AFP) or
To those who have consumed the last year: SUIVIVOT PENSION ..o D D
7.8 When you drink alcohol, how many T o ) ] ] ] ]
glasses or drinks do you normally drink?  nymper Rehabilitation/reintegration benefit .........................
7.9 Approximately how many times during the last Disability pension (full or partial) ...........c..ccceevevee.... O
year have you consumed alcohol equivalent to
5 glasses or drinks within 24 hours?  Number of times Unemployment benefits during unemployment ....... D D



10. EXERCISE AND PHYSICAL ACTIVITY 13. USE OF MEDICINES

10.1 How has your physical activity in leisure time been
during this last year?
Think of a weekly average for the year.
Time spent going to work is count as leisure time. Answer both questions.

Hours per week
None Lessthan1 1-2

I I
0

1 2

3 or more

[
[

4

Light activity
(not sweating/out of breath)...

Hard physical activity
(sweating/out of breath).........

10.2 Describe exercise and physical exertion in your leisure time.
If your activity varies much e.g. between summer and winter,
then give an average. The question refers only to the last year.
(Tick the most appropriate box)

Reading, watching TV or
other sedentary activity? ..........ccccoeviiiiiiiiecet e,

[ 4
[ ]2

Walking, cycling or other forms of

exercise at least 4 hours a week? ...........cccocceiiiiiiiinnne,
(Include walking or cycling

to work, Sunday walk/stroll,etc.)

Participation in recreational sports, heavy gardening, etc.? D s
(Note: duration of activity at least 4 hours a week)

Participation in hard training or sports competitions,
regularly several times @ Week? .............cceeveeiiiiiiiiinen,

11. FAMILY AND FRIENDS

s

11.1 Do you live with: Yes No
SpouSe/PaANNEr?......ccccuveiiiiieiiieeeiee e D D
11.2 How many good friends do you have? Number of friends

Count the ones you can talk confidentially with
and who can give you help when you need it.
Do not count people you live with, but do include
other relatives.

11.3 How much interest do people show for what you do?
(Tick only once)

Great Some Little
interest interest interest

1 [ [ls [a

No
interest

Uncertain

[1s

11.4 How many associations, sport clubs,groups, religious
communities or similar do you take partin?  Number
(Write 0 if none)

11.5 Do you feel that you can influence what happening
in your local community where you live? (Tick only once)

i Never
Yes, alot Yes, some Yes, a little No tried

L4 Ll [ls L4 s
12. ILLNESS IN THE FAMILY

12.1 Have one or more of your parents or siblings Don't
had a heart attack (heart wound) or Yes  No  know
angina pectoris (heart cramp)? ........ccccevieerienne D D D

12.2 Tick for the relatives who have or have
had any of the illnesses: (Tick for each line)

None
Mother Father Brother Sister  Child of these

Cerebral stroke or
brain haemorrhage

0o o o o

Heart attack

before age of 60 years D D D D D D
Asthma..........cccoeeeen. [] [] ] [] ] ]
Cancer .......cceeeeeene [] [] ] [] [] []
Diabetes ...........cc...... [] [] ] D D D

12.3 If any relatives have diabetes, at what age did they get
diabetes (if for e.g. many siblings, consider the one who
got it earliest in life):

Mother's age  Father's age Brother'sage Sister's age Child's age

Don't know,
not applicable

[l

With medicines, we mean drugs purchased at pharmacies.
Supplements and vitamins are not considered here.

T

Blood pressure lowering drugs

Now Previously, Never
but not now used

O o 0

13.1 Do you use:

Cholesterol-lowering drugs

13.2 How often have you during the last 4 weeks used

the following medicines?  Notused  Less Every week  Daily
. . i than every but not
(Tick once for each line) 'T&Zéﬁ? ook daily

Painkillers non-prescription ...

Painkillers on prescription

Sleeping pills

Tranquillizers

Antidepressants

Other prescription medicines ...

o OO OO0 O
~J D
NEREREE NN

13.3 For those medicines you have checked in points 13.1 and
13.2, and that you've used during the last 4 weeks:

State the name and the reason that you are taking/have taken
these (disease or symptom):
(Tick for each duration you have used the medicine)

How long have you

used the medicine
Name of the medicine: Reason for use of Upto |1 yeare|
(one name per line) the medicine 1 year [or mor

O

(N I R B B B O
N

O

If there is not enough space here, you may continue on a separate sheet that you attach

14. THE REST OF THE FORM IS TO

BE ANSWERED BY WOMEN ONLY

14.1 How old were you when you

started menstruating? Age in years

14.2 If you no longer menstruating, how old were
you when you stopped menstruating? Age in years

14.3 Are you pregnant at the moment?
Above fertile

Yes No Uncertain age 1
] 1. [s [
14.4 How many children have you
given birth to? g’#;gfe%r of
14.5 Do you use, or have you ever used?
(Tick once for each line) Now bu?ﬁi)otrﬁbw Never

Oral contraceptive pills/mini pill/
contraceptive injection

Hormonal intrauterine device
(not ordinary IUD)..

Estrogen (tablets or patches)

[
[
[
[

14.6 If you use/have used prescription estrogen:
How long have you used it? Number of years

(IUD) ]
]

Estrogen (cream or suppositories) D

] O OO

14.7 If you use contraceptive pills, mini pill, contraceptive
injection, hormonal IUD or estrogen, what brand do you use?

- Beyer Hecos 02.01

- 24.000
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The
Tromsg Study

The form will be read electronically. Please use a blue or black pen

You can not use comas, use upper-case letters.

2007 - 2008 Confidential

HEALTH AND DISEASES

How do you in general consider your own
health to be?

[] Very good

[J Good

[ Neither good nor bad
[] Bad

(1 Very bad _|_

How is your health compared to others in
your age?

Much better

A little better
About the same
A little worse

Oo0ogdgod

Much worse
Age first

Do you have, or have you had? Yes No  time

A heart attack ..., N
Angina pectoris (heart cramp) ............
Cerebral stroke/brain hemorrhage..
Atrial fibrillation ...,

Chronic bronchitis/Emphysema/COPD ....
Diabetes ...,

Psychological problems (for which you
Y g P have sought help )
Hypothyroidism ...,
; ; not including urinary
Kidney disease, tract infection (UTI)

MIGraine ..o

CEEFEEEEEEEEL

ODdooooogogoog

Do you have persistent or constantly recurring
pain that has lasted for 3 months or more?

(] Yes [ No

How often have you suffered from sleeplessness during
the last 12 months?

(] Never, or just a few times

(] 1-3 times a month

(] Approximately once a week —I—
[0 More that once a week

Below you find a list of various problems.
Have you experienced any of this during the last week
(including today)? (Tick once for each complaint)

No Little Pretty Very
—I— complaint complaint much  much

Sudden fear without reason [ ] [1 [0 [
Felt afraid or

Feeling that everything n
is a struggle

Feeling of hopelessness with
regard to the future ........... L] L] L]

ANXIOUS ..o o O 0O O
Faintness or dizziness ........ O 0O 0O O
Felt tense or
UPSEL oo o O O 0O
Tend to blame yourself ....... O O 0O 0O
Sleeping problems ................ O O 0O 0O
Depressed, sad .........cccc.......... O O 0O O
Feeling of being useless,
WOPthLESS ..., O o 0o 0O
O 0O O
OJ

USE OF HEALTH SERVICES

Have you during the last 12 months visited:

If YES; how many times?
Yes No No. of times

General practitioner (GP) .................. NN |I|
Psychiatrist/psychologist ...................... OO |_|—_|

Medical specialist outside hospital
(other than general practitioner/psychiatrist) O d |_|—_|

Physiotherapist ..., 1O |

Chiropractor ..., ] O |

Alternative practitioner
(homeopath, acupuncturist, foot zone therapist,

herbal medicine practitioner, laying on hands| | [ ] |_|—_|

practitioner, healer, clairvoyant, etc.)

Dentist/dental service ... O O |_|—_|

Have you during the last 12 months been to
a hospital? Yes No No. of times

Admitted to a hospital ..................... N |:|
Had consultation in a hospital without admission;

At psychiatric out-patient clinic L] [] |_|—_|
At another out-patient clinic ... [1 [ |I|

Have you undergone any surgery during the last 3 years?

[] Yes [] No
T




Do you currently use, or have you used some of
the following medicines? (Tick once for each line)

Age
Never . first
_|_ used Now Earlier ime
Blood pressure lowering drugs (1 [ [ |_|—_|
Cholesterol lowering drugs.. (1 [ [ |_|—_|
Drugs for heart disease ........ O O O |_|—_|
DIUretics ..o O O O |_|—_|
Drugs for
0StEOPOroSiS ......ovvvas O o O |
INSULIN e O O O |
Tablets for diabetes ... O O O |_|—_|
The drugs for hypothyroidism
Thyroxine/levaxin ................... O O O |_|—_|

How often have you during the last 4 weeks used
the following medicines? (Tick once for each line)

Not used Less than  Every
in the last every  week, but
4weeks  week o gajly Daily

Painkillers on
prescription ........ L] L] L] []
Painkillers non-

prescription........ O ] O []
Sleeping pills....... O O ] ]

Tranquillizers ... [] O ] ]

Antidepressants ..[] ] O L]

State the name of all medicines -both those on
prescription and non-prescription drugs- you
have used regularly during the last 4 weeks.
Do not include vitamins, minerals, herbs, natural
remedies, other nutritional supplements, etc.

If there is not enough space for all medicines, continue on a
separate sheet.

When attending you will be asked whether you
have used antibiotics or painkillers the last 24
hours. If you have, you will be asked to provide the
name of the drug, strength, dose and time of use.

—
FAMILY AND FRIENDS

Who do you live with? (Tick for each question

and give the number)
_I_ Yes No  Number

Spouse/partner ... O O
Other people older than 18 years.. [1 [ |_|—_|
People younger than 18 years ........ N |:|

Tick for the relatives who have or have had
Parents Children Siblings

A heart attack ..., Ll O O
A heart attack before age of 60 [] [l [l
Angina pectoris (heart cramp) ..... L] O 0O
Cerebral stroke/brain haemorrhage [] ] []
OStEOPOrOSiS ........oooeeeeee L] O
Gastric/duodenal ulcers ........... Ol L] L]
AStAMA oo Ol O] []
Diabetes ..., Ol O O
Dementia ..., O O O
Psychological problems ............... | O] []
Substance abuse ...................... ] L] []

Do you have enough friends who can give you
help when you need it?

L] Yes [ No

Do you have enough friends whom you can talk
confidentially with?

L] Yes [ No

How often do you normally take part in
organised gatherings, e.g. sport clubs, political
meetings, religious or other associations?

[ Never, or just a few times a year
] 1-2 times a month
[] Approximately once a week

[ ] More than once a week

WORK, SOCIAL SECURITY AND INCOME

What is the highest level of education you have
completed? (Tick once)

Primary/secondary school, modern secondary school

Technical school, vocational school, 1-2 years
senior high school

High school diploma
College/university less than 4 years

Oo0odgog

College/university 4 years or more

_|_

What is your main activity? (Tick once)

] Full time work [] Housekeeping
0 Part time work [ Retired/benefit recipient

[J Student/military service

|

[0 Unemployed



Do you receive any of the following benefits?
Old-age, early retirement or survivor pension
Sickness benefit (on sick leave)
Rehabilitation benefit

Full disability pension

Partial disability pension _I_
Unemployment benefits

Transition benefit for single parents

Doogodod

Social welfare benefits

What was the household's total taxable income last
year? Include income from work, pensions, benefits
and similar

[] Less than 125 000 NOK L] 401 000-550 000 NOK
(] 125 000-200 000 NOK [ 551 000-700 000 NOK
(] 201 000-300 000 NOK [1 701 000 -850 000 NOK
(] 301 000-400 000 NOK L[] More than 850 000 NOK
Do you work outdoor at least 25% of the time, or

in cold buildings (e.g. storehouse/industry
buildings)?

L] Yes

PHYSICAL ACTIVITY

If you have paid or unpaid work, which statement
describes your work best?

] No

[J Mostly sedentary work
(e.g. office work, mounting)

[] Work that requires a lot of walking
(e.g. shop assistant, light industrial work, teaching)

(] Work that requires a lot of walking and lifting
(e.g. postman, nursing, construction)

[l Heavy manual labour

Describe your exercise and physical exertion in
leisure time. If your activity varies much, e.g.
between summer and winter, then give an
average. The question refers only to the last
year. (Tick the most appropriate box)

O] Reading, watching TV, or other sedentary
activity.
[] Walking, cycling, or other forms of exercise

at least 4 hours a week (include walking or
cycling to work, Sunday-walk/stroll, etc.)

(] Participation in recreational sports, heavy gardening,
etc. (note:duration of activity at least 4 hours a week)

L] Participation in hard training or sports
competitions, regularly several times a week.

How often do you exercise?(With exercise we mean

for example walking, skiing, swimming or
training/sports)

Never

Less than once a week
Once a week

2-3 times a week
Approximately every day

ooogno

How hard do you exercise on average?

[] Easy- do not become short-winded or sweaty
(] You become short-winded and sweaty

[] Hard- you become exhausted _I_

For how long time do you exercise every time on average?
(] Less than 15 minutes [ 30-60 minutes
[ 15-29 minutes ] More than 1 hour

ALCOHOL AND TOBACCO

How often do you drink alcohol?
Never

Monthly or less frequently
2-4 times a month

2-3 times a week

ooogno

4 or more times a week

How many units of alcohol(a beer, a glass of wine or
a drink) do you usually drink when you drink alcohol?

O 1-2 O] 5-6 1 10 or more
L[] 3-4 L] 7-9

How often do you drink 6 units of alcohol or more
in one occasion?

Never

Less frequently than monthly
Monthly

Weekly

Daily or almost daily

ooogno

Do you smoke sometimes, but not daily?

(] Yes [ No

Do you/did you smoke daily?

] Yes, ] Yes,
now previously

If you previously smoked daily, how long is it
Number of

since you quit?

Numt [ ]

If you currently smoke, or have smoked previously:
How many cigarettes do you or did you usually

smoke per day?

Number of

cigarettes |_I—_|

How old were you when you began daily smoking?
Age in years |I|

How many years in all have you smoked daily?
Number of

years |—|——|

Do you use or have you used snuff or chewing tobacco?

L] Never

] Yes, sometimes
] Yes, daily

] No, never
] Yes, previously



Do you usually eat breakfast every day?

[] Yes [] No

How many units of fruit or vegetables do you eat

on average per day? (units means for example
a fruit, a cup of juice, potatoes, vegetables)

Number of units |_|—_| —I—

How many times a week do you eat warm dinner?

[ ]

How often do you usually eat these foods?

(Tick once for each line)
0-1 23 13 46 1-2
times/ times/ times/ times/ times/

Number

mth mth  week week day

Potatoes........c.ccccoveverene. ] O O O O
Pasta/rice .......cccooevnnnn. ] O O O O
Meat (not processed) ............ ] I O I R
Processed meat

(sausages, hamburger, etc.) .... L] L] L] L] L]
Fruits, vegetables, berries[ ] O O O O
Lean fish ........cccccooovrvvnene. L] O O 0O O
Fatty fish ... O] O O 0O O

(e.g. salmon, trout, mackerel, herring,
halibut, redfish)

How much do you usually drink the following?
(Tick once for each line)

1-6 1 2-3 4 or more
Rarely/ glasses glass glasses glasses

never /week /day /day /day
Milk, curdled milk,
yoghurt ... O 0O O L] L]
JUICE oo, O 0O 0O L] L]
Soft drinks
with sugar ... O 0O o 0O d

How many cups of coffee and tea do you drink
daily? (Put O for the types you do not drink daily)

Number of cups

Filtered coffee ..., |_|—_|

Boiled coffee (coarsely ground coffee for brewing)|_|—_|

Other types of coffee..........cceeee, |_|—_|

How often do you usually eat cod liver and roe?
(i.e. “malje”)

[ Rarely/never
[17-12 times/year [ ] More than 12 times/year

Do you use the following nutritional supplements?
Daily Sometimes No
Cod liver oil or fish oil capsules........ I N
Omega 3 capsules (fish oil, seal oil) ........ O O O
Calcium tablets ... [ I I R

[ 1-3 times/year[] 4-6 times/year

Are you pregnant at the moment?
L] Yes L] No
How many children have you given birth to?

[ ] +

If you have given birth, fill in for each child:
birth year, birth weight and months of
breastfeeding (Fill in the best you can)

L] Uncertain

Number

Months of
Birth weight in grams breastfeeding

Child Birth year
I
I

o Ul AW N

Have you during pregnancy had high blood
pressure?

(] yes [ No

If yes, during which pregnancy?
[ ] The first [] Second or later

Have you during pregnancy had proteinuria?

[] Yes [] No

If yes, during which pregnancy?

[] The first [l Second or later

Were any of your children delivered prematurely
(a month or more before the due date) because
of preeclampsia?

L] vyes [ No

If yes, which child?
1st child 2nd child 3rd child 4th child 5th child é6th child
L] [ L] [ L] L]

How old were you when you started
menstruating?

Age [ ] +

Do you currently use any prescribed drug
influencing the menstruation?

Oral contraceptives, hormonal

intrautrine or similar ..................... [1 Yes [] No
Hormone treatment for
menopausal problems........................... L] Yes L1 No

|—When attending you will get supplementary _l
questions about menstruation and any use
of hormones. Write down on a sheet of paper
the names of all the hormones you have used
and bring it with you. You will also be asked
whether your menstruation have ceased and

|_possibly when and why. J
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PROCEDURES FOR MEASUREMENTS OF INTIMA-MEDIA THICKNESS AND
RECORDING AND MEASUREMENTS OF PLAQUE OF THE RIGHT CAROTID
ARTERY. THE TROMSO-STUDY 1994/95 AND 2001

by Oddmund Joakimsen
Revised March 2001

1. The Acuson ultrasound instrument is switched on.
2. A videocassette is inserted in the video recorder.

3. Check that the videotape has been wound to the right position, do not overwrite previous
recordings. The videocassette should not be removed from the recorder during the day.

4. Cassettes are marked with serial numbers, uneven numbers for Acuson I, even numbers for
Acuson II.

5. The initials and the identity numbers of the participant and the sonographer number (Einar
= 1, Stein Harald = 2, Technician = 3) are written on each ultrasound image recorded.
Labels with the ID-number of the participants are attached to the registration form, in
which all ultrasound data obtained from the participants are filled (plaque localization,
size, “missing measures” coding, etc.).

6. A RES-field, appropriately adjusted to a maximum width of the screen and a depth of a
little more than the preset size (> 2 cm) is positioned on the screen (This makes off-line
calibration easier).

7. The subject is examined in a supine position with the head slightly rotated to the left (15-
45 degrees). ECG-pads are attached to both arms and the right leg (or abdomen) (lead I),
and the right carotid is insonated by a 7.5 MHz ultrasound transducer.

8. The examination starts with identification of crossectional B-mode images of the carotid
artery, and, if necessary for identifying purposes in combination with colour-Doppler
and/or pulsed wave Doppler 5 MHz. The examination starts caudally in the neck, normally
just above the clavicle, then moving the probe upstream with simultaneous rotation
movements to search for plaques also at the circumference of the vessel. Thus, the carotid
artery is searched from the proximal part of the common carotid artery (CCA), upstream to
the bifurcation (BULB), and as far up in the internal carotid artery (ICA) as technically
possible. A PLAQUE is defined as a presumed atherosclerotic lesion of the intima layer of
the vessel wall presenting a focal protrusion of more than 50% of the intima-media
thickness (IMT) of the surrounding vessel wall, often with deviating echogenicity
compared to other part of the artery wall. Whether a plaque is present or not is a decision
taken by the sonographer during the examination. Live crossectional imaging of the whole
carotid artery is recorded on the videotape.



9. An ultrasound examination sequence is then performed in the TRIPLEX -mode (i.e.,

10.

combination of B-mode examination, pulsed wave Doppler, colour Doppler) 3-4 cm
proximally to the bifurcation and upstream 2-3 cm distally the bifurcation in the ICA.
The objective of this part of the examination is to look for stenotic areas along the artery
that causes hemodynamic disturbances. However, if plaques later during the B-mode
scanning procedure are found suspicious of a hemodynamic significant stenosis, a new
TRIPLEX examination is performed to re-evaluate the flow conditions. A LIVE
TRIPLEX-sequence of the relevant part of the carotid artery is recorded on the videotape
if a stenosis is suspected.

B-mode longitudinal ultrasound scanning of the carotid artery is then performed. To get
an optimal topographic reference, the examination is starting as proximally as possible in
CCA. The probe is then moving upstream with simultaneous rotating movements to look
for plaques in all segments, both the near and the far wall. If a plaque is found, a frozen
image of the vessel-wall is taken — either directly by using the “FREEZE”- key, or by
choosing on of the pictures from the cine-loop. It is important that the plaque is presented
as distinctly as possible and after the guidelines according to elementary ultrasound
principles such as vertical propagation of the ultrasound beam, presentation of the plaque
in the full diameter of the vessel and not in chord, not cutting the plaque skew causing a
falsely too large thickness of the plaque. To ensure the quality of plaque registration,
some technical points may be of help: The plaque should be “attached” at its both ends to
the typical double-lined intima-media structures visible on the B-mode image, and these
double-lined structures should best be visible both in the near and the far wall at the same
time. When the echogenicity obtained is as high as possible (as bright as possible), this is
an indication that the ultrasound waves have cut the plaque optimally. An electronic
calliper is put on the top of the plaque (at the interface between the surface of the plaque
and the vessel lumen), and another calliper in the presumed transition zone between the
media and the adventitia layer. The distance between the callipers is the thickness of the
plaque, and that value is put on the registration form in the appropriate box. The B-mode
image of the plaque is identified correctly by marking on the display what has been
found, and where: PLAQUE ICA FW (a plaque in the far wall of the internal carotid
artery), PLAQUE BULB NW (a plaque in the near wall of the bifurcation), etc. A short
recording of approximately 5 sec. is videotaped. If more than one plaque is present at a
site (e.g., in the far wall of ICA), the largest is chosen and recorded.

After identifying and recording of plaques, imaging procedures to get optimal
measures of IMT from CCA and the BULB are performed. Optimal images are available
when distinct double contours of the vessel wall typical for the intima-media complex can
be seen. It is important that the longitudinal axis of the insonated vessel wall is
perpendicular to the ultrasound beam direction. To avoid falsely too thick intima-media
layer, the IMT should be measured in the full diameter of the artery and not in a chord.
When satisfactory images are achieved, R-wave triggered IMT-registrations are recorded
on a cine-loop containing more than 20 images. Afterwards, the images stored in the cine-
loop are scrutinized and 3 of most representative images, and each at least 10 images
apart, are selected for recording on the videotape.

Regarding IMT measurements in the BULB, the start of the BULB is first identified
and then marked with an arrow. This is the point where the parallel walls of the CCA are
starting to diverge. If the probe throughout the recording process in the cine-loop has
changed position, the placing of the arrow marker must be adjusted accordingly. It is
important to underline that it is the sonographer who places the marker and not the off-

2



1.

line reader of the IMT-measurements. The arrow setting has to be as precise as possible,
particularly when a plaque is located in the border zone between BULB and CCA to
avoid over-or underestimating of IMT.

The target site for IMT measurements of BULB is the 1 cm area from the start
of the BULB and upstream, distally. If only a part of this distance is measurable, a
recording may, however, be performed on this shorter distance if the live sequence shows
that this part of the vessel wall is representative of the rest of the 1 cm area. This shorter,
measurable distance is marked with an electronic star. The 3 chosen images are marked
BULBI1, BULB2 and BULB3 and recorded on the videotape. If no measurable image is
possible to obtain, an image from the BULB is still recorded and marked MB, i.e.,
“missing bulb”. IMT measurements from the near wall of the BULB are not performed.

Then a B-mode scanning of the CCA is performed, starting at the BULB and downstream
as far as possible. Registration and measurements of plaque are done in the same way as
mentioned above. The images with plaques are marked PLAQUE CCA FW and
PLAQUE CCA NW, video recording is performed of both the live sequence and the
frozen, marked images. R-wave triggered CCA IMT-registrations are recorded and the 3
optimal images are chosen from the cine-loop as described in paragraph 10. It is
important to get representative images also from the near wall since IMT-measurements
from the CCA-NW will be done off-line. The arrow-marker is placed in the same position
as for the BULB measurements. The target site for IMT measurements of CCA is the 1
cm area from the start of the BULB and 1 cm downstream, proximally. The three images
chosen to be recorded are marked CCA1, CCA2 and CCA3. If no measurable image is
possible to obtain, an image from the CCA is still recorded and marked MC (”missing
CCA”). All measurements on the far wall refer to the so-called “leading edge” principle
(or “upper demarcation line’). These structures are not being different in thickness when
the emitted power (mW/cm?) or of the ultrasound instrument’s gain setting are changed
(nor are biological different conditions of subjects examined).

Near wall measurements, however, are performed on “far edge” principles, which
means that IMT to some degree may be dependent on some of the technical conditions
mentioned above (e.g., gain setting). Standardized examination conditions therefore are
particularly important for the near wall measurements. It is, however, not possible, in
technical terms, to obtain such ideal conditions because individually instrument adjusting
alternatives always are more or less involved in processing optimal B-mode images.
However, setting of functions such, as emitted power of ultrasound, preprocession,
postprocession, gainsetting, etc. should be standardized as much as possible. Biologic
inter-individual differences (obesity, position of the neck arteries, short or long necks,
etc.) causing need of some different adjustments, however, are not possible to
standardize. If the visibility of IMT and plaques is not optimal, the gainsetting (both the
general and the segmental) should first be adjusted to improve the quality of the image.
The gain should all the time be set high enough to identify soft, echolucent plaques but
not too high to conceal small plaques due to “ultrasound noise”. Only as an exception,
adjustments of the other functions should be done.



12. Scoring of plague-echogenicity. We aim at the highest echogenicity as possible since
false too low echogenicity is a common problem due to several reasons: The plaque is cut
too skew by the ultrasound beam, the longitudinal axis of the insonated vessel wall is not
parallel to the ultrasound probe surface causing sub-optimal reflection of ultrasound
energy (scattering), a far wall plaque is located within a ultrasound shadow from a
calcified near wall plaque due to sub-optimal insonation angel. We therefore use the
ultrasound signals from the media-adventitia interface as a reference of echogenicity to
enhance precision on morphology scoring. This structure is easy to identify and is always
presenting as high-echogenic, and is also localized close to the target, the atherosclerotic
plaque.

In a 4-step scale from 1 to 4, the media-adventitia echogenicity and plaques of similar
echogenicity is given a value of 4. On a grey-scale, such objects appear white or close to
white. A plaque of grade 1 consequently reflects no or almost no ultrasound signals and
appears black or dark grey on images. Flowing blood appearing black on ultrasound
images is the reference structure on this end of the scale. Grade 2 and 3 represent
intermediary echogenicity: grade 1, the plaque consisting of more echolucent than
echogenic material (< 50% echogenic material); grade 3, more echogenic than echolucent
(> 50% echogenic material). Apart from the ultrasound reference structures used in this
protocol, the echogenicity scoring is similar to previous reports in the literature.'

Grade 5 represents plaques that are not possible to classify on ultrasound of technical
reasons (e.g., plaques in the far wall concealed by the echo shadow from calcified near
wall plaques, not possible to angling of the probe to obtain representative images, plaque
localized to high upstream to get high-quality images, etc.)

When a plaque is heterogeneous and consists partly of high-echogenic and partly of
low-echogenic material, the scoring of echogenicity is based of an overall impression of
the dominating plaque echogenicity. When more than 80% of the plaque is of a given
echogenicity, the echogenicity is scored as if the whole plaque consisted of this
echogenicity although the rest of the plaque echogenicity was differing 2 or 3 grades from
the dominating class of echogenicity. If the percentage is below 80%, interpolating is
performed by judgement.

Thus, plaque echogenicity is classified as follows:

Grade 1: Echolucent (0- 20 % of plaque material is high-echogenic).

Grade 2: Predominant echolucent (21-50 % of plaque material is high-echogenic).
Grade 3: Predominant echogenic (51-79 % of plaque material is high-echogenic).
Grade 4: Echogenic (80-100 % of plaque material is high-echogenic).

Grade 5: Missing, not classifiable

In the same way, a total echogenicity status for an artery is determined if more than one
plaque is present. The same limit of 80% is the basis of scoring of total plaque area.



AFTER EXAMINATION:

13. Do not remove the cassette from the video recorder before the end of the day, or when the
cassette is full.

14. Check that the registration form is completed appropriately. In the "Remarks” box,
coding for reasons for missing of measurable images should be done:

MB 1= missing images from BULB due to obesity.

MB 2= missing images from BULB due to a steep angle between CCA and BULB.
MB 3= missing images from BULB due to technically difficult examinations.

MB 4= missing images from BULB due to previous surgery or radiation.

MB 5= other reasons

In the same way, missing coding for CCA and ICA is performed: MC 1, MC 2, etc.

A referral form to Department of Neurology, University Hospital, Tromse is completed when
a suspected carotid stenosis or occlusion are found. Two criteria for defining a stenosis are
used. Either a velocity increase across an atherosclerotic plaque in BULB of 0.1 m/sec. or
more or 0.2 m/sec. in ICA, compared to the reference velocity distally in ICA; or a plaque
thickness that constitutes 35% or more of the lumen diameter at the plaque site. The
velocities should be manually angle-corrected for the angle at which Doppler-beams are
emitted into the vessel. Occlusion is suspected when the open lumen of the artery is not
visible on B-mode or if there is a visible occluding plaque in the artery, and there is no
detectable flow in the artery by pulsed Doppler or by colour-Doppler. The referral threshold
should be low to avoid false negative stenosis cases. The person, who is referred, should be
given a written and verbal information of the finding and clinical implications before living
the room.

References:

1: Geroulakos G. et al. BrJ Surg. 1993;80:1274-1277
2: Steffen CM. et al. Aust. NZ J Surg. 1989;59:529-534

English version June 2005 Stein Harald Johnsen



”Grabbing”-protocol
(Digitizing plaque images from SVHS-cassette)

PC + monitor, and Panasonic 7560 video recorder + monitor are switched on. The
video screen is preset to PAL.

The videocassette is inserted in the video recorder. Wind on to the plaque image of
interest. Check continuously the plaque registration form (Excel-sheet) to ensure that
no plaque images are missed. The frame on the video screen should be smoothly
adjusted until it is stationary, without any “snow”.

Start Matrox Intellicam on the PC desktop.

If this is the first ‘grab’ from the videocassette, the GSM-value for the background
colour of the recorded image should be calibrated according to the following
procedure (1-5). If not, proceed to the next step.

Grab an image (see the procedure for GRAB!).

Save the image in the catalogue C:\My documents\Plaque\Test as test.tif.
Export the image to Adobe Photoshop 3.0.

Press the Image mode — Greyscale, and then ’OK’ on the mini-menu
’Discard colour information?’

5. Delimit a ’black’ area outside the B-mode picture on the screen with the
squared tool function, and press Image — Histogram. The mean value
should be between 1-3. If it is <1 or >3, the ' BLACK LEVEL’-button on
the Panasonic 7650’s "TBC CONTROL’ is turned a little
clockwise/counter-clockwise respectively, and the procedure is repeated
until the mean value is between 1-3 (but not 0, then the ' BLACK LEVEL’
is too low!). This procedure should be repeated at every start-up, and each
time a new videocassette is inserted, to ensure that background-black really
is black.

b=

GRAB!

Press Ctrl + M, or press the camera-icon in the menu (nr 6 from left) to grab the
image. Repeat until you have an optimal image. Every time Matrox Intellicam is
started, the ‘Digitizer Configuration Format’ menu will appear on the screen — Choose
’PAL’ in the box and press ‘OK’.

Save the image by pressing Alt+F — A, or File — Save As, (but not Ctrl+S, or Alt+F
— S, then the previous image will be erased!) and use the file name from the plaque
registration form. PS — check for writing error. The file is saved in the catalogue
corresponding to the tape number (Tape 01 etc...) under Tr4 or Tr5 respectively. (To
simplify the file name routine, the file can be copied from Excel, and pasted in the file
name column in Intellicam, and thereafter press <Enter> to save...but still check for
writing error!!). Fill in *grab’ — date (format: ddmmyy, f. ex 011102, 150103) on the
Excel sheet as a ‘receipt’.

Wind on to the next plaque recording, adjust smoothly and repeat the

procedure...11000 times!
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Procedures for measuring intima-media thickness and plaques in the right carotid artery. The Tromsg
Study 2007-8.

1. Switch on Vivid 7
Select New Exam and log in using your user credentials.

For every new participant: Select New Exam, then Search/Create patient. Place cursor in
Patient ID. Scan participant barcode using scanner. Select Create patient.

4. The participant’s personal code will appear on the upper left hand side of the screen, your
user credentials will appear to the right of date and time, followed by application mode
“Carotid”.

5. Attach ECG electrodes to both arms and left leg of participant. Red on right arm, yellow on
left arm and green on left leg. Select “Physio” to activate ECG function at multifunction
buttons right beneath the two rectangular screen displays. Select ECG to display ECG
readings on screen.

6. Participant should be placed in the supine position, with head/neck tilted backwards and
slightly to the left. Cover clothes in the neck with tissue paper. Apply gel at probe or at
participant’s neck.

7. Start examination by acquiring transversal scans of carotid artery. Start at the level of the
clavicle and proceed distally along common carotid artery. If necessary, use color Doppler
(select Color) to identify the artery. From the bifurcation, proceed along the internal carotid
artery to the level of the jawbone as far as technically possible. The purpose is to identify
the common carotid artery, the bifurcation and the internal carotid artery as well as
identifying possible plaques in these locations. (See pt. 9 for identification of plaques).

8.  Switch to longitudinal examination of carotid artery. Start as proximal as possible and
proceed slowly distally. Be sure to tilt the probe as to cover the largest sector possible of the
neck, so that the arteries are viewed in different angles. Adjust Gain by turning knobs
marked 2D for optimization of view.

9. Plaque detection: Plaques are defined as a supposed atherosclerotic lesion in the intima
with focal protrusion towards the lumen of the artery, and with the focal protrusion
comprising more than 50% of the adjacent intima media thickness.

10. Plaques are registered in the following locations:

Far wall of common carotid artery
Near wall of common carotid artery
Far wall of bifurcation

Near wall of bifurcation

Far wall of internal carotid artery
Near wall of internal carotid artery

To obtain good pictures, it is important that the segment were the plaque is to be measured is
depicted as horizontally oriented in the picture as possible. Avoid taking pictures were the artery is
bending upwards or downwards at the screen. A plaque picture should be obtained with a full
diameter of the artery. The ideal is that the “double line” of the IMT is seen as a continuity of the
plaque both proximally and distally. The “double line” IMT should be detected in both the near and
far wall.



Take pictures of plaques in every location. If there is more than one plaque in each segment, choose
the greater one for the picture. When god, representative pictures are depicted on the screen, select
Freeze. Select the best picture by turning the trackball. Name picture with correct label (i.e.
PLAQUE_CCA_FAR_WALL) by selecting HOME at keyboard, hit select several times to choose right
label. Save picture by selecting IMG store. Select Freeze once more to remove freeze of cine loop.

Plaque pictures should be used for detection of plaque thickness, plaque area and
plague echogenicity (GSM). As a main rule, one representative picture should be used for all
measurements. If you think that the most representative thickness and/or area is best shown
in one projection, and the echogenicity in another projection, capture and freeze two
pictures of the same plaque. Label plaque with the right localization adding what should be
measured. For instance: Picture 1: PLAQUE_CCA_FAR_WALL AREAL,

Picture 2: PLAQUE_CCA_FAR_WALL EKKO. If there are no plaques in in any part of the
examined artery, capture one representative picture of the artery and label as following:
NO_PLAQUES.

Then do examinations of the intima-media thickness of the distal part of common carotid artery
(far wall and near wall) and in the bifurcation (far wall). It is important that this segment of the
artery is depicted so that the ultrasound beam is perpendicular on the longitudinal axis of the
artery. It is important that IMT is measured in a full diameter of the artery. Ideally, the artery
should be depicted horizontally on the screen so that the “double line” contour of the intima
media complex is visualized in both near and far wall.

IMT-pictures to be saved shall be R-triggered. Select Physio to activate ECG-function in the
display. When a good depiction of IMT is obtained, select ECG TRIG. Record a cine-loop of at
least 30 pictures. Select Freeze and choose the three most representative pictures, which
should be at least 10 pictures apart and save. Each picture is labeled according to location
(for instance IMT_CCA_1). The transition between the CCA and bifurcation is marked with a +
in the lumen of the artery, using the trackball and Caliper. The origin of the bifurcation is
defined as the beginning of divergence of the near and far wall. It is important to place the +
as precisely as possible.

ECG trigging is removed by once more selecting ECG TRIG (knob light turns off).

Then do uptakes of the IMT in the bifurcation. IMT in the bifurcation should be
measured from the beginning of the bifurcation and 1 cm distally. If the sonographer finds
the quality of the pictures not good enough for measuring 1 cm, but is god enough for a
shorter segment, this should be marked by inserting an exclamation mark at the distal
measuring point (select ! at the keyboard and place with trackball). Uptakes, marking of start
of bifurcation and labeling follows same procedure as for IMT in CCA.

If the quality of the IMT-uptakes in CCA and /or bifurcation is of low quality and not suitable
for measurements, the pictures should be labeled IMT_CCA_MISSING or IMT_BULB_MISSING.



11.

12.

13.
14.
15.

Some participants should be referred to neurological outpatient clinics.
The criteria are:

a. Plaques in the CCA, in the bifurcation or the ICA with maximum thickness >50%
of lumen diameter measured at the same point or suspect lesion of this size. This
is defined as stenosis.

b. Occlusion or suspect occlusion of the CCA, in the bifurcation or the ICA.
Technical difficulties which arises doubt as to whether the above mentioned
criteria are fulfilled.

The participant should be informed about referral to outpatient clinic before he/she leaves
the examination, with correct information about the reason for referral. Emphasis should be
placed on non-dramatization of the condition. Information should be given about the fact
that plaques are very common in middle-aged and older age-groups, and that with most
persons they will not give any symptoms. The referral will for most persons act as a safety
precaution, ensuring that preventive measures can be installed.

Make an uptake that shows the reason why you want to refer the participant, label it
correctly (REFERRED_STENOSIS, REFERRED _OCCLUSION, REFERRED_TECHNICAL). Fill in
referral papers, and make sure they are handled by the right person at the end of the day.

When the uptake of one participant is ended, select Archive, then END EXAM in the Patient
information sheet. You will be asked to select save all pictures (Save all), select pictures for
saving (Select) or not to save pictures (None). Normally select Save All, or Select if there are
pictures that can be deleted.

Clean probe with soft tissue paper after examination.

Next participant is registered by selecting New exam.

At the end of the day: Turn off VIVID 7. Clean keyboard and probe with moist tissue paper.
Dry off with tissue paper.
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