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Summary

Cardiovascular disease (CVD) is the leading cause of death and morbidity worldwide. In
Norway there are approximately 13,000 heart attacks and 12,000 strokes each year. Despite
the fact that preventive and acute treatment have improved significantly over the last 30 years,
CVD rates are expected to increase globally. The traditional risk factors (age, sex, blood
pressure, cholesterol, diabetes and smoking) have limited ability to single out individuals at
increased risk of CVD. It is therefore important to identify novel markers of disease activity
in the preclinical phase which may improve identification of individuals at risk and refine
individualized preventive treatment. Atherosclerosis is the underlying cause of most CVD
events. Deposits of lipids and inflammation (plaques) in the arteries may rupture and initiate
blood clot formation which subsequently occludes arteries and compromises blood flow to
organs such as the heart and brain. The degree of atherosclerosis can be measured by
ultrasound of the carotid arteries. Previous research indicates that plaques which increase in
size pose a higher risk of CVD than atherosclerosis that remains stable over time. The aim of
this study was to investigate the relationship between the inflammatory marker C-reactive
protein (CRP) and other markers in blood with the progression of atherosclerosis, as well as
clinical events such as myocardial infarction (MI) and ischemic stroke (1S).

The Tromsg Study is a population-based cohort study where participants have been invited to
repeated health surveys. Repeated assessments of traditional risk factors, blood samples and
ultrasound of the right carotid artery have been performed in the period 1994-2008. In
addition, clinical events such as Ml and IS have been recorded. This has given us a unique
opportunity to investigate the association between blood markers and the progression of
carotid atherosclerosis over time, as well as the association to clinical events.

We found that CRP was associated with the presence of carotid plaque and total plaque area
in cross sectional examinations. The associations were strongest in men. CRP did not predict
future plaque formation or plaque progression adjusted for traditional risk factors. Both CRP
and carotid total plaque area were associated with higher risk of future M1 and IS. Individuals
who had both elevated CRP and large carotid plaques had highest risk of Ml and IS. Carotid
ultrasound examination and determination of CRP levels in the blood added predictive value
beyond traditional risk factors for identification of individuals with increased CVD risk. The
inflammatory cytokine interleukin-6 was associated with plaque progression after six years of
follow-up, suggesting that interleukin-6 may be a useful marker to identify patients with
unstable plaque in a middle-aged general population.



Sammendrag

Hjerte- og karsykdom er ledende arsak til ded og sykelighet pa verdensbasis. |1 Norge er det
arlig ca. 13 000 hjerteinfarkt og 12 000 hjerneslag. Til tross for at den forebyggende og
akuttmedisinske behandlingen er betydelig forbedret i lgpet av de siste 30 ar, forventes en
fortsatt gkning i hjerte- og karsykdommer pa verdensbasis. De tradisjonelle risikofaktorene
(alder, kjenn, blodtrykk, kolesterol, diabetes og rgyking) har begrenset evne til & forutsi
hvilke individer som har gkt risiko for hjerte- og karsykdom. Det er derfor viktig a
identifisere nye markerer som er assosiert med gkt risiko for sykdom, for & kunne tilby
personer med gkt risiko en bedre tilpasset forebyggende behandling. Aterosklerose er
bakenforliggende arsak til de fleste kliniske hendelser og er en sykdomsprosess som farer til
avleiring (plakk) av fett, kalk og betennelsesceller i arterier. Aterosklerotiske plakk som
sprekker kan fere til at det dannes blodpropper som tetter til pulsarer og hemmer
blodtilfarselen til viktige organer som hjerte og hjerne. Grad av aterosklerose kan males med
ultralyd av halskar. Mye tyder pa at plakk som gker i starrelse utgjer en hgyere risiko for
hjerte- og karsykdom enn aterosklerose som forblir stabil over tid. Malet med denne studien
var & undersgke sammenhengen mellom betennelsesmarkaren C-reaktivt protein (CRP) og
andre markgrer i blod med utvikling av aterosklerose, samt Kkliniske hendelser som
hjerteinfarkt og hjerneslag.

Tromsgundersgkelsen er en pagaende helseundersgkelse av befolkningen i Tromsg hvor
deltakerne har blitt invitert til gjentatte undersgkelser. Denne avhandlingen bygger pa
repeterte malinger av tradisjonelle risikofaktorer, blodprever samt ultralyd av halskar hos
deltakerne i perioden 1994-2008. I tillegg er det registrert kliniske hendelser som hjerteinfarkt
og hjerneslag til og med 2013. Dette har gitt oss en unik mulighet til & undersgke
sammenhengen mellom markarer i blodet og utviklingen av aterosklerose i halskar, samt
kliniske hendelser.

Vi fant at niva av CRP i blodet var assosiert med tilstedeverelse av plakk i halskar og totalt
plakkareal i tverrsnittsundersgkelse. Sammenhengen var sterkest hos menn. CRP kunne ikke
forutsi fremtidig utvikling av plakk eller gkning av plakkstgrrelse i analyser justert for
tradisjonelle risikofaktorer. Bade CRP i blod og plakkstarrelse i halskar var assosiert med
hayere risiko for fremtidig hjerteinfarkt og hjerneslag. De som hadde bade forhgyet CRP og
store plakk hadde den hgyeste risiko for hjerteinfarkt og hjerneinfarkt. Ultralydundersgkelse
av halskar og niva av CRP i blodet ga tilleggseffekt utover tradisjonelle risikofaktorer nar det
gjaldt & identifisere individer med gkt risiko for hjerte- og karsykdom. Niva av
betennelsesmarkgren interleukin-6 var forbundet med plakkvekst seks ar senere. Dette tyder

pa at interleukin-6 kan vere en nyttig marker for & identifisere pasienter med ustabile plakk.
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1 Introduction

1.1 Cardiovascular disease

Cardiovascular disease (CVD) is an umbrella term for a number of pathologies, commonly
defined as coronary heart disease (CHD), cerebrovascular disease, peripheral arterial disease,
rheumatic and congenital heart disease, and venous thromboembolism.> CVD is the most
common cause of mortality in developed countries and an important cause of disability leading
to major health and economic burdens globally.? In 2013, CVD was the most frequent
underlying cause of death in the world, accounting for an estimated 17.3 million of the 54
million total deaths (31.5%).3 Ischemic CVD more specifically refers to diseases where the blood
supply and thereby oxygen delivery is insufficient due to an occluded or stenotic artery,
potentially leading to tissue damage in the affected organs. Ischemic cardiovascular disease
includes coronary artery diseases (myocardial infarction and angina pectoris), ischemic cerebral
stroke, transient ischemic attack and peripheral artery disease. In the remaining part of this

thesis, CVD refers to myocardial infarction and ischemic stroke.

Myocardial infarction (MI) is myocardial cell death due to prolonged ischemia. The universal
definition of MI includes “symptoms suggestive of myocardial ischemia, accompanied by new
ST elevation, or new left bundle-branch block, and/or evidence of fresh thrombus by coronary
angiography and/or at autopsy,” all of which imply a focal arterial occlusion.” > Myocardial
injury is detected when blood levels of sensitive and specific biomarkers, such as cardiac
troponin or the MB fraction of creatine kinase (CKMB), are increased. Cardiac troponin I and T
are components of the contractile apparatus of myocardial cells and are expressed almost
exclusively in the heart, showing high myocardial tissue specificity as well as high clinical
sensitivity. To establish the diagnosis of M, a rise and/or fall in troponin values with at least 1
value above the decision level is required, coupled with a strong pre-test likelihood.> Acute or
evolving changes in the ST-T waveforms and Q waves of the electrocardiogram (ECG), aid
clinicians in timing the event, identifying the infarct-related artery, estimating amount of
myocardium at risk and determining therapeutic strategy. The pathophysiological mechanism
leading to M1 is typically an intraluminal thrombus in one or more coronary arteries causing

imbalance between oxygen supply and demand.’



The World Health Organization (WHO) introduced in 1970 the definition of stroke that is still in
use; “rapidly developing clinical signs of focal (or global) disturbance of cerebral function,
lasting more than 24 hours or leading to death, with no apparent cause other than that of vascular
origin”.* Ischemic stroke (IS) is an episode of neurological dysfunction caused by focal cerebral
infarction. IS is confirmed by brain imaging (computer tomography (CT) or magnetic resonance
imaging (MRI)) or by pathological findings at autopsy.* 1S accounts for 80-85% of stroke cases,
in addition stroke comprises intracerebral hemorrhage (10-15%), and subarachnoid hemorrhage
(3-5%). During the last two decades, CT and MRI have become increasingly available in the
diagnosis of stroke and can differentiate between stroke types and localize the regions of brain
infarction and hemorrhage. Occlusion of cerebral arteries leading to brain infarction can be
caused by several mechanisms including atherothrombosis (extra- or intracranial), embolism
(cardiogenic typically due to atrial fibrillation or artery-to-artery embolism), primary occlusive
disease of the small penetrating arteries, and non-atherosclerotic abnormalities (dissections,
vasculitis and coagulopathies). No specific cause can be identified in about 30% of patients

(“cryptogenic stroke™).

Globally, there were 7.4 million deaths due to ischemic heart disease and 6.7 million stroke
deaths in 2015.% ® In Norway, there are approximately 13 000 Mis and 12 000 strokes annually.
Men are on average 7-10 years younger than women when they experience their first CVD
event.® Population based, epidemiologic studies have played an important role in identifying
CVD risk factors, i.e., observable characteristics in the preclinical phase associated with
increased risk of future CVD events. Several non-modifiable (age, sex and race) and modifiable
risk factors have been identified, highlighting opportunities for prevention.” Therapeutic and life-
style interventions aimed at improving modifiable risk factors such as dyslipidemia,
hypertension, diabetes, smoking, and abdominal obesity have been developed and implemented
in clinical practice. In addition, new treatment options have evolved, including thrombolytic
drugs aimed at dissolving clots and intravascular catheter-based methods for opening stenotic
and occluded arteries. Preventive strategies associated with declining incidence and improved
treatments with subsequently decreased case fatality, have led to reduced global age-
standardized death rates of ischemic heart disease and ischemic stroke by 19.5% and 26.6%
respectively since 1990.” Still these diseases remain the top two causes of death worldwide, with
increasing incidence in many low and middle-income countries.” Globally, 80% of CVD deaths

take place in low- and middle-income countries,® where the availability of health services and
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new treatments are limited. The rate of CVVD worldwide is predicted to increase due to the global
epidemic of obesity and insulin resistance, aging populations and rising prevalence of CVD risk
factors in previously low-risk countries.® The WHO estimates that 80% of premature heart
disease and stroke are preventable and that risk factor improvement can help reduce the growing

CVD burden on both individuals and healthcare systems.*

1.2 Atherosclerosis

Atherosclerosis is a slowly progressing systemic disease in large and medium sized arteries
which represents the underlying cause of the majority of clinical CVD events.® The artery wall
consists of three layers. The intima is the layer closest to the lumen and consists of endothelial
cells (ECs) and the internal basement membrane. The middle layer, tunica media, consists of
smooth muscle cells (SMCs) and extracellular matrix. The adventitia is the external layer and
mainly consists of loose connective tissue with nerve fibers, small vessels and an external elastic
layer. Atherosclerosis is a process where the arterial wall thickens when fatty deposits,
inflammation, cells, and scar tissue build up and form atheromas (atherosclerotic plaques) within
the sub-intimal layer. In Greek, athere means gruel, and skleros means hard. Among the first to
describe atherosclerosis was Leonardo da Vinci (1452-1519), who stated that “Vessels in the
elderly restrict the transit of blood through thickening of the tunics”. In 1799, the British
physician Caleb Hillier Parry discovered a plaster-like substance within the coronary arteries
when performing autopsy on a sheep and he was the first to suggest the correct mechanism of
ischemic heart disease.® Atheroma rupture was reported for the first time during the autopsy of
the Danish artist and sculptor, Bertel Thorvaldsen, who died a sudden cardiac death in the Royal
Theatre in Copenhagen in 1844. It was recognized that the vessel wall contained “several
atheromatous plaques, one of which quite clearly had ulcerated, pouring the atheromatous mass

into the arterial lumen”.?

As shown in Figure 1, atherosclerosis occurs as an indolent disease progressing throughout adult
life. Most individuals with atherosclerosis will never experience clear clinical symptoms related
to their disease and subjects who die suddenly because of CVD are commonly unaware of their

condition.®
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Figure 1 - Development of atherosclerosis throughout life from fatty streak to complicated lesion with potential to
cause clinical cardiovascular events. Reproduced in accordance with license CC BY_SA 3.0
(https://creativecommons.org/licenses/by-sa/3.0), via Wikimedia Commons.

1.3 Inflammation in atherosclerosis

Celsus described inflammation in the 1% century AD as a localized protective reaction of tissue
to irritation, injury or infection. Inflammation is characterized by rubor (redness due to
hyperaemia), tumor (swelling, caused by increased permeability of micro-vessels and leakage of
proteins to the interstitial space), calor (heat, associated with increased blood flow and metabolic
activity), dolor (pain, due to changes in the perivasculature and associated nerve endings) and
loss of function.!® ** By the end of the 18th century, Rudolf Virchow argued that an
inflammatory process with reactive fibrosis induced by proliferating connective tissue cells
within the intima caused development of atherosclerotic plaques. He suggested that mechanical
forces represented an irritative initiating stimulus and that atherosclerosis was part of a repair
mechanism.'? Virchow’s hypothesis gave basis for the popular “response to injury” hypothesis of
Russel Ross (1929-1999). Ross postulated that the “lesions of atherosclerosis arise as a result of
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focal injury to arterial endothelium, followed by adherence, aggregation and release of
platelets”.® Atherosclerosis proceeds from intima-media thickening to fatty streaks, intermediate
lesions and raised plaques to complicated plaques prone for rupture with ability to cause clinical
events through thromboembolism. Inflammation is now acknowledged to play an important role

at all stages of the disease.

The innate immune response is a rapid response to tissue injury, which detects a broad number of
patterns that are commonly found in pathogens, but are foreign to mammals; so-called pathogen
associated molecular patterns (PAMPs). Macrophages express a set of pattern recognition
receptors including scavenger receptors and toll-like receptors, whose ligands include PAMPs
such as lipopolysaccharides on the surface of pathogens, but also low-density lipoprotein
cholesterol (LDL-C) modified by oxidation and glycation. Ligation of scavenger receptors can
lead to endocytosis and lysosomal degradation of bound ligands. On the other hand, ligation of
toll-like receptors results in activation of the transcription factor nuclear factor-kappa B (NF-kB)
and mitogen-activated protein kinase pathways, increasing phagocytosis, production of reactive

oxygen species and release of cytokines that amplify the inflammatory response.****

The adaptive immune response is a slow and more focused defence mechanism depending on the
recognition of specific molecular structures and generation of a large number antigen receptors
i.e., T-cell receptors and immunoglobulins. When T-cells recognize foreign antigens presented to
them, they initiate responses that target precisely that antigen, including direct attack against the
specific antigen by cytotoxic T-cells, stimulation of antibody production by B-cells and
induction of local inflammatory responses. T-cells differentiate into T-helper cells (Tl and
Tu2). Tyl cells produce a number of cytokines (including gamma interferon) coordinating
crosstalk with the innate immune system, stimulating macrophages to increase production of
mediators including reactive oxygen species (ROS) and pro-inflammatory cytokines. Ty2 cells
stimulate maturation of B-cells into anti-body producing plasma cells and may also mute the
inflammatory response through production of anti-inflammatory cytokines such as interleukin
(IL)-10.* 1

In chronic diseases, the innate and adaptive immune systems interact and approach epithelial
cells and mesenchymal cells. Selective and sequential migration of blood cells into tissues and
interaction between these blood-based cells with resident tissue cells lead to extracellular matrix

remodelling, cellular proliferation and death as well as neoangiogenesis within the affected
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organ. A persistent stimulus may preclude resolution of the inflammatory response leading to a
chronic inflammatory condition such as atherosclerosis.'* Pathophysiological processes involved

in the development of atherosclerosis are described below and illustrated in Figure 2.

1.3.1 Mechanisms of atherosclerosis initiation

Atherosclerosis occurs as focal lesions located within the intima at specific susceptible sites in
the arterial tree. Typical sites are branch points, the outer wall of bifurcations, the inner wall of
curvatures and cardiac valves, associated with variations in shear stress and flow disturbances. In
their normal state, vascular ECs resist contact with leucocytes, maintain a non-thrombotic
interface, and regulate vessel permeability and contractility.!* The initial step in atherosclerosis
involves EC activation. Low shear stress associated with non-laminar flow reduces nitric oxide
(NO)-dependent athero-protection and leads to increased uptake and permeability of
apolipoprotein-B100 (ApoB100) containing LDL-C. High levels of LDL-C cause augmented
transcytosis at lesion-susceptible areas. Plasma derived LDL-C is then trapped within the
subintimal space and becomes oxidative modified (oxLDL)."> When exposed to activating
stimuli such as changes in plasma homeostasis including hypercholesterolemia, hyperglycaemia,
hypertension, microbial constitutes or pro-inflammatory cytokines, ECs shift to a secretory
phenotype. This leads to proliferation of the extracellular matrix and development of a
hyperplastic multilayered basal lamina,** and to expression of vascular cell adhesion molecule-1
(VCAM-1), intercellular adhesion molecule 1 (ICAM-1) and members of the selectin family
which binds circulating white blood cells (WBC) including monocytes, T-lymphocytes and
neutrophils.* After adhesion to the ECs, monocytes undergo directed migration into the artery
wall, mediated by chemokines such as monocyte chemoattractant protein-1 (MCP-1).
Procalcitonin (PCT), a marker of sepsis and pro-hormone of calcitonin, is suggested to act as a
chemoattractant during monocyte adhesion and migration. PCT is produced in response to

various stimuli, such as lipopolysaccharides or pro-inflammatory cytokines (IL-1p and IL-6)."

In the intima, mediators such as macrophage colony stimulating factor (M-CSF) promotes
proliferation of recruited monocytes and differentiation into macrophages.** These macrophages
over-express scavenger receptors and engulf modified lipoprotein particles through endocytosis.
Cholesterol esters then accumulate in cytoplasmic droplets in the macrophages, transforming
them to lipid-loaded macrophage derived foam cells, which are characteristic for fatty streaks.'
Cholesterol can crystallize and activate a multimolecular signaling complex known as

nucleotide-binding leucine-rich repeat-containing pyrin receptor 3 (NLRP3) inflammasome in
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the cytosol.'” *® Activation of the NLRP3 inflammasome results in caspase-1 mediated
processing of the precursors of inflammatory cytokines IL-13 and IL-18 to their active forms,

which subsequently leads to release of IL-6 and amplification of the inflammatory cascade.*” *®

1.3.2 Mechanisms of atherosclerosis progression

Once present in the arterial wall, cells of the innate immune system produce ROS, cytokines and
pro-coagulants that amplify and sustain the inflammatory response. Both ECs and SMCs respond
to these signals and are activated to propagate the inflammation by generating a spectrum of
mediators (IL-1a, IL-1pB, IL-6, IL-18, tumor necrosis factor a (TNFa), M-CSF, MCP-1, ICAM-1
and pro-coagulant tissue factor).'* Locally expressed cytokines (IL-2 and IL-18) induce a Tyl
dominated response. Tyl-cytokines promote development and progression of disease, whereas
Tw2 and T-regulatory cytokines exert anti-atherogenic activities.'* Tnl cells secrete
inflammatory cytokines, which induce monocyte polarization towards classical activated
macrophages (M1), which in turn produce pro-inflammatory cytokines, metalloproteinases
(MMPs) and tissue factor. Neopterin is a marker of monocyte activation, and mirrors elevated
inflammatory states and vascular oxidative stress. SMCs located in the intima and medial layer
of the vessel switch from a contractile to a synthetic phenotype which migrates and proliferates
rapidly, synthesizes collagen and expresses increased number of receptors involved in lipid
uptake leading to SMC-derived foam cells. MMPs (especially MMP-2 and MMP-9) promote
SMC migration from the media to the intima, contributing to fibrous cap formation. OxLDL may
also induce trans-differentiation of SMC toward an osteoblastic-like phenotype through the
expression of $100 calcium binding proteins.'® This process represents a key feature in atheroma
calcification.'® Advanced atherosclerotic plaques contain macrophages, SMC- and macrophage-
derived foam cells, extracellular lipid droplets and calcified cores. Collagen rich, fibrous plaques
are encapsulated by a robust SMC-rich fibrous tissue cap, have smaller lipid cores, less
inflammation, more calcification and are considered stable. Plaques that are characterized by

large lipid cores, inflammatory cells and thin caps are vulnerable and rupture prone (Figure 2).
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Figure 2 - Pathogenesis of atherosclerosis. (a) In the first stage, LDL-C is deposited in the endothelium and
undergoes oxidative modification, resulting in oxidized LDL-C (oxLDL). OXLDL stimulates endothelial cells to
express adhesion molecules (VCAM-1, P-Selectin) and various chemokines (MCP-1, IL-8). This leads to
recruitment of monocytes, which transmigrate into the intima and differentiate to pro-atherogenic macrophages; (b)
Macrophages harvest residual oxLDL via their scavenger receptors and add to the endothelial activation and,
subsequently, leukocyte recruitment with the secretion of tumor necrosis factor a (TNFa) and IL-6; (c) The
increasing plague volume promotes neovascularization. Proliferating smooth muscle cells (SMCs) stabilize the
nascent fibrous plaque. With deposition of fibrin and activated platelets on the dysfunctional endothelium that
expresses tissue factor, a pro-thrombotic milieu is formed; (d) Foam cells can undergo apoptosis and release cell
debris and lipids, which will result in the formation of a necrotic core. In addition, proteases secreted from foam
cells can destabilize the plaque. This can lead to plaque rupture, in which case extracellular matrix molecules (e.g.,
collagens, elastin and tissue factor) catalyze thrombotic events. (Reproduced with permission in accordance to
Creative Commons Attribution License 4.0 from Steinl DC, Kaufmann BA. Ultrasound Imaging for Risk Assessment
in Atherosclerosis. International Journal of Molecular Sciences. 2015; 16(5):9749-976. Figure legend is modified)

1.3.3 Mechanisms of acute thromboembolic complications

Chronic stable and asymptomatic atherosclerosis does not usually progress to chronic flow-
limiting lesions. Thromboembolic complications most commonly result from fibrous cap rupture
or superficial erosion of the endothelial monolayer of the atherosclerotic plaque. This initiates
local thrombus formation and may cause occlusion at the site of plaque rupture or clots that
dislodge from the surface of atherosclerotic lesions and occlude more distal arteries
(thromboembolism).?° Thinning of the fibrous cap, excess of inflammatory cytokines and
proteases (inducing digestion of extracellular matrix), decreased collagen synthesis,

accumulation of cell debris within the necrotic core and neovascularization are mechanisms that
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may result in plaque rupture.** Plaque enlargement leads to intraplaque hypoxia, which triggers
local neovascularization. The presence of neovessels within atherosclerotic lesions does not only
promote plaque growth, but also contributes to its vulnerability.”* As the atheroma increases in
size, neovessels may leak causing intra-plaque hemorrhage and induction of additional ROS

formation, inflammation and proteolytic degradation related to angiogenetic factors.

Inflammation in the intima is associated with decreased synthesis and increased breakdown of
collagen, preventing repair and stability of the fibrous cap. Gamma interferon produced by Tyl
cells in the atheroma inhibits the production of new collagen by SMCs. Cleavage and
degradation of interstitial collagen are dependent of collagenases mostly belonging to the family
of MMPs. Active collagenases are not present in normal arteries, but are produced by ECs,
SMCs and macrophages in atherosclerotic plaques. MMP-9 is a potent matrix-degrading enzyme
and may be involved in arterial remodelling including compensatory artery enlargement at
plaque sites and in aneurysm formation. Ubiquitous tissue inhibitors of matrix

metalloproteinases (TIMPs) regulate the actions of MMPs and are also present in plaques.”

Death of SMCs, macrophages and other types of vascular cells are found in advanced lesions and
lead to decreased lesion cellularity, weakening of the fibrous cap, necrotic core formation and
lesion instability. Pyroptosis is a pro-inflammatory form of cell death, uniquely dependent on
caspase-1 and suspected to play an important role in atherosclerosis.?” In pyroptosis, the dying
cells undergo loss of plasma membrane integrity and DNA fragmentation and release their
cytoplasmic content into the extracellular space.??> Dying cells thus release growth factors, pro-
inflammatory cytokines, proteases and intracellular lipid into the extracellular spaces which in
turn initiate inflammation, promote plaque disruption and arterial thrombosis.?® Ruptured
plaques are also characterized by defective efferocytosis, i.e. inadequate phagocytic clearance of

dead cells.®®

Polymorph nuclear cells may play a role in plaque destabilization and rupture through release of
ROS and pro-inflammatory mediators in the blood and on the endothelial surface.
Myeloperoxidase (MPO) is released by activated granulocytes during the respiratory burst and
suspected to be involved in plaque rupture.*® MPO binds to extracellular matrix and converts
chloride ions plus hydrogen peroxide to hypochlorus acid, a potent oxidant and chlorinating
species. Hypochlorus acid provokes programmed cell death of ECs, linking oxidative stress

caused by inflammation to fibrous cap disruption.?
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Fracture of the cap exposes blood to pro-coagulants in the lipid core and triggers thrombosis.
Pathological studies indicate that plaque disruption often occurs subclinically.?* The interaction
between plaque and blood determines the consequences of plaque disruption and hence the
composition of the blood is crucial.?® Platelets activate upon contact with subendothelial
extracellular matrix, and aggregate to form a thrombus.** Tissue factor is expressed in
macrophages upon signals from inflammatory mediators. When exposed to blood, tissue factor
activates the coagulation cascade, which generates thrombin and subsequent conversion of
fibrinogen to fibrin resulting in blood clotting. Tissue factor is synthesized in the adventitia of
normal blood vessels, where it functions to maintain haemostasis after vascular trauma. Tissue
factor is not present in the intima of normal arteries, but is found in the lipid-rich cores of
atherosclerotic plaques.” Blood levels of fibrinogen and the endogenous fibrinolysis inhibitor
plasminogen activator inhibitor-1 (PAI-1) regulate coagulation and fibrinolysis. D-dimer is a
fibrin degradation product. Levels of these substances may determine formation and stability of a
thrombus. Inflammatory signalling alters the synthesis of acute phase reactants such as
fibrinogen and CRP in the liver. In this regard, inflammation is involved in both regulating the
stability of the plague and in determining the consequences of plaque rupture; microscopic

subclinical mural thrombus or occlusive arterial thrombus with clinical manifestation.?°

1.4 Traditional risk factors, chronic inflammation and atherosclerosis

Epidemiological data show consistent associations between traditional risk factors (TRFs) and
increased levels of inflammatory markers such as IL-6, TNFa and CRP.?* %’ In the body, free
radicals are continuously formed because of oxidative chemical reactions. Experimental and
clinical studies have demonstrated that TRFs such as hypercholesterolemia, hypertension,
diabetes, and smoking are associated with an increased production of ROS.?® Superoxide
dismutases (SODs), including Cu/Zn SOD, represent the major antioxidant defence systems
against ROS in vivo. High dose or inadequate removal of ROS results in oxidative stress.*® ROS
have been implicated in key processes of atherosclerosis including oxidative modification of
LDL-C, EC activation and regulation of pro-inflammatory cytokines.*

High density lipoprotein cholesterol (HDL-C) is inversely correlated to CVD and plaque
progression.®* Cholesterol cannot be degraded within the vessel wall but may be removed by
HDL-C containing apolipoprotein-Al (ApoAl) lipoproteins and transported to the liver for
degradation. In addition, HDL-C exerts anti-inflammatory properties. Activation of innate

immune response results in reduction of plasma HDL-C levels and remodeling of HDL-C, which
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becomes enriched with pro-inflammatory mediators and thus dysfunctional, disturbing its ability

to transport cholesterol. ™

Chronic activation of the renin-angiotensin-system (RAS) may result in constantly enhanced
blood pressure and volume overload of the vasculature, causing pathological mechanical
vascular wall stress, enhancing the wvascular production of ROS and pro-inflammatory
cytokines.*® Vasoactive peptides or their more stable precursors, such as midregional pro-
adrenomedullin (MR-proADM), midregional pro-atrial natriuretic peptide (MR-proANP), B-type
natriuretic peptide (BNP), copeptin, the C-terminal part of the arginine vasopressin prohormone
(CT-proAVP), reflect vascular function and neuro-humoral activity and also play a role in
hypertension. Vascular tone and plasma volume is effectively controlled by the active form of
MR-proADM and the natriuretic peptides, MR-proANP and BNP. The antidiuretic hypothalamic
hormone vasopressin regulates osmotic homeostasis through water retention in the kidneys and
acts directly on vascular SMCs. Adrenomedullin has vasodilating effects and is produced by ECs
and SMCs. MR-proADM expression is induced by shear stress, ischemia, hypoxia and pro-

inflammatory factors such as IL-1p and raised levels are found in hypertension.*?

Levels of inflammatory markers in blood have shown ability to predict CVD independent of
TRFs.2% 2" Evidence that suggests inflammation as a driver of atherosclerosis is supported by the
fact that conditions of chronic inflammatory states, such as rheumatoid arthritis, inflammatory
bowel disease, chronic renal failure and obesity, are associated with accelerated atherosclerosis
and higher incidence of CVD. Adipose tissue is not only a fat depot, but also an endocrine organ.
Macrophages accumulate in visceral adipose tissue, act as scavengers for apoptotic adipocytes
and express pro-inflammatory proteins, such as TNFa, IL-1 and IL-6. These cytokines stimulate
hepatic inflammation inducing a chronic systemic inflammatory response.®* Transplanted
visceral adipose tissue from obese mice into atherosclerosis-prone Apo-E deficient mice has
shown ability to increase atherosclerosis in the recipient animals, suggesting that inflamed
adipose tissue exert pro-atherogenic effects.** Adiponectin is a protein hormone secreted by
adipocytes that modulates a number of metabolic processes, including glucose regulation and
fatty acid oxidation and is inversely correlated with body mass and insulin resistance.
Adiponectin exerts beneficial effects on endothelial vasorelaxation, supresses generation of ROS
and leads to down-regulation of adhesion molecules and pro-inflammatory cytokines. On the
other hand, leptin has been related to vascular disorders in human cohorts. Leptin is a hormone

predominantly made by adipose cells and involved in regulation of energy homeostasis. Leptin
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concentrations are often high in obese subjects. Leptin is associated with EC proliferation,
angiogenesis, ROS generation, expression of tissue factor and adhesion molecules.®

In patients with chronic kidney disease, accelerated atherosclerosis has been observed. Reasons
for this may be increased prevalence of TRFs, such as hypertension, hypercholesterolemia and
diabetes. A chronic inflammatory state, calcium phosphate metabolism disturbances, oxidative
stress, fluid overload and disturbances in the coagulation system related to kidney disease
represent other possible links. Cystatin C and creatinine are reliable markers of renal function. In
addition, Cystatin C has emerged as a novel marker of CVD and has been related to

inflammation and atherosclerosis.®

1.5 C-reactive protein (CRP)

A wide array of inflammatory biomarkers has been studied in relation to cardiovascular disease.
C-reactive protein (CRP) is the most extensively studied marker. Properties such as relative
stability in frozen samples, long plasma half-life (19h) and ease of testing with standardized
assays have facilitated its use.*® The term “high sensitive CRP” or “hs-CRP” is often used and
refers to CRP measured by high-sensitivity assays with lower detection limits of approximately
0.03 mg/L. In comparison, the assays which are regularly used in the clinical setting of

diagnosing infection are less sensitive with typical detection limits of 5-8 mg/L.

In the 1990s, studies revealed that increased CRP values were associated with future coronary
events. Since then, CRP has shown ability to predict CVD in more than 40 large epidemiological
studies.®” Increase in relative risk estimates for CVD ranges from 1.45 to approximately 2-fold,
when comparing the highest with the lowest CRP tertile.*® 3 This is comparable to the effect of
TRFs such as blood cholesterol and blood pressure.®® A meta-analysis comprising individual
participant records from 54 long-term prospective studies?’ showed 1.37 (95% confidence
interval (CI) 1.27, 1.48) relative risk increase for CHD and 1.27 (95% CI 1.15, 1.40) for IS per
standard deviation (SD) increase in log-transformed CRP after adjustment for TRFs. In most
studies, the magnitude of CRP’s association with CVD was smaller in women than in men. CRP
concentrations are dependent on genetic polymorphisms and show heterogeneity between racial
groups and sexes.*® In addition, raised levels are associated with the presence of TRFs, such as
BMI, metabolic syndrome, diabetes mellitus, hypertension, smoking and age. CRP is also related
to alcohol consumption, contraceptive drug use, physical exercise, periodontal disease,
environmental pollution and chronic inflammatory conditions.?”*° Under normal conditions, in
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the absence of infections, the intra-individual variability in CRP measured by high sensitivity
assays on a year-to year basis corresponds to that of systolic blood pressure and cholesterol.*
The American Heart Association recommended CRP cut-off points of low CVD risk (<1.0
mg/L), average CVD risk (1.0 to 3.0 mg/L), and high CVD risk (>3.0 mg/L), corresponding to

approximate tertiles of CRP in the adult population.®

Treatment with statin therapy reduces both LDL-C and CRP levels and leads to reduction in
CVD events.** A potential role of CRP in the guidance of statin therapy has been proposed.
Statin-induced CRP lowering is suggested to derive from both lipoprotein-mediated effects, and
from pleiotropic effects of statins related to direct anti-inflammatory actions.* ** In animal
models, statins showed ability to limit inflammation, increase collagen content, reduce tissue
factor expression and CRP levels in plaques.** JUPITER (Justification for the Use of Statin in
Prevention: An Intervention Trial Evaluating Rosuvastatin) randomized 17 802 individuals of
low to intermediate CVD risk with LDL-C <3.4 mmol/L and CRP >2 mg/L to 20 mg
rosuvastatin daily or placebo.** The lowest number of CVD events was seen in those treated with
rosuvastatin who achieved low levels of both LDL and CRP. However, as a control group with
low CRP levels at baseline was missing, the trial could not conclude whether CRP reduction was
responsible for the observed benefits. A meta-analysis including 82 000 participants compared
clinical outcomes of LDL-C levels in 10 statin trials versus nine non-statin trials. This study
questions whether pleiotropic and anti-inflammatory effects of statins contributes to CVD risk
reduction beyond LDL-lowering.** The REVERSAL (Reversing atherosclerosis with aggressive
lipid lowering) trial showed that aggressive lipid lowering with 80 mg compared to 40 mg
pravastatin achieved greater reductions in both CRP and LDL-C levels, and was associated with
reduced rate of progression of coronary atherosclerosis.** The evidence that reducing CRP levels

prevents CVD is so far inconclusive.

CRP belongs to the pentraxin family of plasma proteins and circulates in the blood as a pentamer
of identical subunits.*® It is produced in the liver as a response to acute infections, trauma and
inflammation and its synthesis is controlled by several cytokines, IL-6 being the most potent
driver.®® CRP binds to phosphocholine residues in bacterial cell membranes, thereby playing an
important role in the innate immune response by facilitating the recognition and clearance of
bacteria. CRP also binds phosphocholine residues in apoptotic eukaryotic cells, ox-LDL and
several mammalian proteins. Aggregated or ligand-bound CRP activates the complement

cascade.!® CRP mRNA is detectable in the walls of diseased blood vessels, which indicates that
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CRP is produced locally and not just deposited from blood.*> * Macrophages and SMCs within
plaques also produce CRP.*" Exposure of cultured vascular endothelial cells to CRP inhibits
nitric oxide synthase expression, impairing vasoreactivity, and leads to up-regulation of ICAM-1
and VCAM-1, facilitating monocyte adhesion and transmigration.*® A pro-thrombotic role of
CRP has also been suggested. CRP may play an important role in regulating the function of
platelets, the extrinsic coagulation system and the fibrinolytic system, thus enhancing the
thrombotic response to vascular injury.*® However, the mechanistic way in which CRP links to
CVD is not clearly understood. Whether CRP plays a causal role in atherosclerosis and its
complications or is merely a clinical marker of inflammation and cardiovascular risk is
continually debated. Plasma CRP levels are weakly correlated to atherosclerosis in humans*® and
CRP’s ability to prospectively predict plaque formation and progression has been sparsely
studied.

1.6 Atherosclerosis imaging

Since 1958, angiography has been considered the gold standard in the assessment of
atherosclerosis. This technique requires percutaneous placement of an access needle with
catheters over guide wires and contrast dye is injected into the artery of interest.2 However,
angiography depicts only the contrast-filled lumen, and does not provide information about the
vessel wall itself. Along with advances in imaging technology, the ability to detect and quantify
subclinical atherosclerosis at different stages and in different vascular beds is continually being

improved.®

Ultrasonography (US), magnetic resonance imaging (MRI) and computer tomography (CT) are
now the most widely applied imaging modalities for studying the vessel wall. The use of multi-
slice CT angiography and MRI permit accurate evaluation of lumen diameter, plaque size and
composition. However, radiation and nephrotoxic iodine-based contrast agents are drawbacks of
CT, and MRI is a time-consuming and expensive examination with frequent contraindications

and poor availability, limiting the use of these modalities in large population-based studies.

US is used for visualization of carotid and peripheral arteries located at a depth in tissue which

can be reached with ultrasound. Coronary artery imaging is challenging because high temporal

resolution is needed to eliminate cardiac motion, and a high spatial resolution is needed to

adequately visualize small coronary arteries.® Coronary artery calcium (CAC) score by CT,

shows equivalence with the total coronary artery atherosclerosis load and is based on axial slices
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limited to the cardiac region with quantification of calcium identified as areas of hyper-
attenuation. In this setting, CT is performed without the use of intravenous contrast and at low

radiation doses and this technique has been applied in population studies.®

Two-dimensional B-mode US imaging is a well-acknowledged method for evaluation of
atherosclerotic disease in the carotid arteries. It is used to assess degree of stenosis with blood-
velocity profiles, carotid intima media thickness (IMT), the presence of plaque and plaque
characteristics. US is non-invasive, reliable and reproducible.* It is a low cost, low risk and
accessible imaging modality that is well tolerated by patients and suitable for population studies
and repeated measurements. An estimated 20% of ischemic strokes are caused by carotid
atherosclerotic disease.”® A strong association between the extent of carotid atherosclerosis and
coronary atherosclerosis as well as atherosclerosis elsewhere in the arterial tree has been
confirmed.®® Plaques in the carotid artery may therefore serve as a measure of atherosclerotic
burden in the individual. The main disadvantages of two-dimensional B-mode US imaging is
that it is dependent on the examiners skills and image quality, resulting in observer variability.

Invasive catheter-based intravascular ultrasonography provides more detailed information on
plague morphology, and size and depicts the arterial lumen. Contrast-enhanced US with micro
bubble contrast depicts wall irregularities, ulcerations and intraplaque contrast enhancement
suggestive of neovascularization.”” FDG-PET and SPECT represents promising imaging

modalities for detection of plaque inflammation.

1.6.1 Ultrasound assessed atherosclerosis and association with CVD

Different ultrasonographic measures are used to assess different aspects of the atherosclerotic
process; degree of stenosis, intima-media thickness (IMT), presence or absence of atherosclerotic
plaques, plaque number, plague size (thickness, area or volume), surface irregularity, texture and

echogenicity.>

The degree of luminal stenosis has been serving as the primary criterion for risk stratification of
patients and treatment decision-making. Patients who have experienced a recent ischemic stroke,
TIA or amaurosis fugax and have extracranial internal carotid artery disease may profit from
surgical carotid endarterectomy when internal carotid artery luminal stenosis is >50%.%
However, stenosis severity is a poor predictor of fatal and non-fatal stroke in asymptomatic

individuals for whom the annual risk is suggested to be ~2% with >60% stenosis, advocating the
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need for further risk stratification and other preventive strategies.*® Measurement of stenosis is
also limited by the phenomenon of compensatory vessel enlargement. The artery accommodates
to the plaque and stenosis is considered a late stadium of atherosclerosis, likely resulting from

plague rupture with scarring.?
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Common carotid artery
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Figure 3 - Ultrasonographic measures of carotid atherosclerosis. (A) Intima media thickness (IMT) in the near and
far walls of the common catorid artery.(B) Plaque of low echogenicity in the far wall of the common carotid artery.
(C) Plaque of high echogenicity in the far wall of the carotid bulb.

IMT is the marker of subclinical atherosclerosis, which has been most commonly assessed in
population studies. As depicted in Figure 3, IMT represents the thickness of two layers (the
intima and media) of the vessel wall. Carotid intima-media thickening is thought to be an early
manifestation of atherosclerosis, because thickening precedes the development of atherosclerotic
plaque. However, epidemiological studies have been incoherent with regard to which part of the

artery they measured (common carotid, internal carotid, or bulb) and whether plaques were
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included in the measurements. IMT is most often assessed in the common carotid artery (cIMT),
a site where atherosclerotic plaques rarely develop. cIMT probably largely represents medial
SMC hypertrophy related to hypertension, rather than subintimal changes indicative of
atherosclerosis.>® Assessment of cIMT has been widely used to predict cardiovascular risk but
may not be useful for risk stratification in a general population.>* In addition, it is not feasible to
measure progression of IMT within individuals over time, and in large cohorts IMT progression

did not predict events.*®

Quantification of plaque burden by assessment of plaque prevalence (Figure 3) and total plaque
area (TPA) in carotid arteries is superior to IMT, as it is a stronger predictor of cardiovascular
events.”® *" The presence of plaques increases the risk of stroke by 1.5-fold,*® whereas being in
the highest TPA quartile was associated with 1.7-fold increased risk of stroke compared to no
plaque.®® Also, being in the highest TPA tertile was associated with a 1.7-fold increased risk of
M1 compared to no plaque.® In addition, plaque progression can be reliably evaluated within
individuals within months.®® Progression of carotid atherosclerosis is related to higher risk of
vascular events compared to atherosclerosis that remain stable or regress over time.>® ¢ ©
Measurement of plaque volume by 3D ultrasound may be even more sensitive to changes than

TPA, for instance when evaluating the effect of therapy.®

Vulnerable, rupture-prone plaques tend to have large lipid cores (cross-sectional plague area of
at least 25%), thin fibrous caps (<200um thick) or intraplaque hemorrhage and thus appear
echolucent with irregular surface and ulcerations detected by colour-Doppler ultrasound®
(Figure 3). Grey-scale median (GSM) is an objective computerized measurement of
echogenicity.* However, evidence regarding the value of assessing plague echogenicity in CVD
prediction is diverging ®%. In spite of major advances in imaging technology with potential to
identify wvulnerable plaque characteristics, this has not led to improved ability for risk
prediction.?* Still, the complex exchange of cellular, molecular and biomechanical factors
indicative of symptomatic plaque disruption and its sequelae cannot be accurately foreseen by
any of the available imaging techniques.® Studies with repeated assessments have shown that
plague morphology may change over a few months gaining or losing vulnerable characteristics,
presumably secondary to subclinical rupture and healing.?> ** In this way, atherosclerosis is a
systemic condition which remains unpredictable concerning which particular lesion may cause a
clinical event. Thus, some argue in favour of a greater focus on the atherosclerotic disease

burden, rather than on the features of individual plaques, and advocate that detecting a state of
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vulnerability represented by widespread atherosclerosis and inflammation may be more
important that detecting individual vulnerable sites.?*

1.7 Risk stratification and novel therapeutic targets in CVD prevention

The Framingham Heart Study was initiated in 1947 in Massachusetts to study CVD events in a
stable population, and in 1960 the concept of risk factors was introduced. Risk factors are
observable in the preclinical phase and have also been defined as factors that are “associated
with a disease by virtue of its participation in the causal pathway leading to the disease”.® Risk-
multiplying effects were acknowledged when several risk factors were present at the same time,
and led to the development of 10-year absolute cardiovascular risk equations. The first was the
Framingham Risk Score in 1998.°° TRFs are incorporated in these risk equations, which
calculate an individual’s risk of experiencing a CVD event within the next 10 years. Issues
regarding applicability of the Framingham Risk Score to other populations have led to the
development of various risk calculators, most of them include variations of the original TRFs
age, sex, hypercholesterolemia, hypertension, and smoking, which account for most of the risk in
ischemic CVD. Such risk assessment equations are used as guiding tools for preventive
strategies in the primary prevention setting. Some CVD prevention strategies are beneficial
nearly for all and generally recommended, e.g., healthy diet, exercise and smoking cessation.
Others are associated with considerable costs and risks for adverse effects, e.g., preventive
medications such as aspirin, antihypertensive and lipid lowering drugs, and are reserved for use
in persons for whom the benefits of interventions are expected to be large enough to outweigh
the costs and risks.?® Subjects who score high on risk calculators, usually >20% risk of CVD in
the next 10 years, are candidates for more intensive risk reduction interventions, including blood
pressure and lipid lowering medications (statins) in addition to lifestyle interventions.
Nonetheless, approximately 1/3 of individuals who subsequently experience CVD events are
erroneously classified to be at low risk by TRFs, and CVD events also occur in subjects treated
with prophylactic medications.®” Therefore, a wide array of blood biomarkers and imaging of
subclinical atherosclerosis are being investigated for detection of subclinical disease, refinement

of risk assessment and guidance in preventive strategies.

In 1998, the National Institutes of Health Biomarkers Definitions Working Group defined a
biomarker as “a characteristic that is objectively measured and evaluated as an indicator of
normal biological processes, pathogenic processes, or pharmacologic responses to a therapeutic

intervention.” An ideal novel biomarker for CVD assessment should demonstrate quantitative
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differences in subjects with and without disease. For a biomarker to be capable of discriminating
individuals at risk independent of TRFs, it would require a robust association with CVD events
in prospective studies and absence of collinearity with TRFs.%** Methods for evaluation of novel
risk markers have evolved during the last decades. Initially the focus was on detecting an
association between the novel marker and CVD events after multivariable adjustment for TRFs.
Subsequently, focus shifted to the use of C-statistic i.e., area under the receiver operator
characteristic curve (AUC), as a metric of improved discrimination between subjects who did
and did not develop CVD.®® To significantly improve C-statistic or AUC the odds ratio between
high and low risk categories needs to be more than 7, which has been deemed hard to achieve.®
A biomarker is considered valuable if it has ability to change clinical management in health and
cost-efficient ways. In the setting of CVD, this implies ability to correctly reclassify subjects
who remain event-free into lower risk categories, and those who will suffer events into higher-
risk categories supporting a more aggressive treatment approach. Hence, statistical methods have
been developed to assess whether adding information from a novel marker to standard risk

assessment with TRFs improves reclassification across a treatment decision threshold.®

Many of the investigated serological markers, such as CRP, are unspecific markers of
inflammation which may be upregulated due to different biological processes. The studied
markers are often correlated with each other and with TRFs. On the other hand, atherosclerosis is
common and increases by age. The prevalence of plaque in the carotid arteries in a general
population rises from <3 % in the age-group 25-35 years, to 50-60 % in men aged 55-70 years
and 40-50 % in women aged 55-70 years.® " Even higher prevalence of up to 80 % has been
reported in Icelandic and Finnish populations.”*  This implies that less than 10% of the
population who test positive for atherosclerosis will experience a near-term CVD event.®” For
both CRP and atherosclerosis imaging measures, the associations with CVVD are partly explained
by strong correlations with TRFs, and conflicting findings regarding added incremental value in
risk prediction exist. The assessment of multiple markers simultaneously may increase
sensitivity and specificity for detection of unstable atherosclerosis. Identification of reliable
imaging and serological markers of disease activity may thus be essential to single out
vulnerable patients and improve the cost-effectiveness of screening for carotid atherosclerosis in

the primary prevention setting.

In addition to a role in risk assessment, linking novel serological markers to different stages of
atherosclerosis and clinical CVD outcomes may provide insights to the pathophysiological
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mechanisms involved in disease progression. The knowledge gathered from epidemiological
studies, in addition to experimental, genetic and gene expression studies represents valuable
contributions in the search for novel therapeutic targets in CVD prevention. The attributable
vascular risk associated with inflammation is substantial and targeted anti-inflammatory
therapies in animal models have shown promise, but it remains unknown whether inhibition of
inflammatory pathways in humans will lower vascular event rates.” It is also uncertain whether
the risk of serious adverse events, such as infection and cancer, might outweigh a potential effect

on CVD prevention in humans.
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2 Aims of the thesis

The objectives of this thesis was

1. - To assess cross-sectional associations between CRP and carotid plaque presence
and plaque burden measured as total plaque area (TPA).
- To explore whether CRP predicts novel plaque formation and plaque progression,

independent of traditional risk factors. (Paper I)

2. - Toinvestigate the associations between CRP and carotid atherosclerosis, alone and
in combination, with incident IS and MI.
- To assess whether CRP mediates the risk of IS and MI in subjects with subclinical
carotid atherosclerosis.
- To assess whether CRP and carotid atherosclerosis, alone and in combination, add
incremental value beyond that obtained from traditional risk factors in risk prediction
for IS and MI. (Paper II)

3. - To assess the association between 28 circulating protein biomarkers measured at
baseline and formation and progression of carotid plaque at 6-years follow-up.
(Paper I11)
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3 Subjects and methods

3.1 Study population and ethics

The Tromsg Study is a longitudinal population-based multipurpose cohort study carried out in
the municipality of Tromsg, Norway. A total of seven cross-sectional health surveys, with high
attendance rates, have been conducted (Tromsg 1-7) with 6-7 years intervals in the period 1974-
2017. CVD was initially the main focus of the study, but other research areas have been added
throughout the years. “The aim has been to include large, representative samples of the
population of Tromsg, with invitation of whole birth cohorts and random samples”.” Overall
participation rates were high, ranging from 79% in the 5™ survey to 66% in the 6" survey.”
Tromsg 4-7 included a second visit with a more extensive examination for some of the
participants. Subjects eligible for the second visit were identified before they were invited to the
first visit at each survey, and 76%, 85% and 64% of the eligible attended the second visit in the
4™ 5™ and 6™ surveys, respectively.” If they attended the first visit, they were invited to the
second visit 2-4 weeks later. Ultrasound examination of the right carotid artery was performed
for the first time at the second visit of Tromsg 4 (1994/1995) and repeated in Tromsg 5
(2001/2002), Tromsg 6 (2007/2008) and Tromsg 7 (2016/2017). The papers included in this
thesis are all based on prospective follow-up studies on subjects who attended the second visit of
the 4™, 5™ and/or 6™ Tromsg surveys and had reliable carotid ultrasound measures on plague
presence and total plaque area (Figure 4). In the 4™ survey, all inhabitants aged 55-74 years and
5-10% samples in other 5-year age groups (25-54 and 75-85 years) were offered an ultrasound
examination of the right carotid artery. All participants who were invited to the second visit in
Tromsg 4 and who were still alive and resided in Tromsg, were invited to follow-up ultrasound
examinations in the 5™ (2001/2002) and 6™ (2007/2008) surveys. In addition, all individuals aged
50-62 or 75-84 and a 20% random sample of subjects aged 63-74 were invited to the second visit
of Tromsg 6. The number of participants who attended the ultrasound examinations were 6727,
5454 and 7084 in the 4™ 5" and 6™ survey, respectively. All subjects who participated in
Tromsg 4-6 were given information brochures (Appendix 1) and were asked to give written
consent to medical research prior to the examinations. Participants were free to withdraw their
consent at any time. Participants without valid written consent to medical research (n=71) were
excluded. The study was approved by the Regional Committee for Medical Health and Research

Ethics and the Norwegian Data Inspectorate. Dates of emigration were obtained from the

30



Population Registry of Norway. Inclusion criteria differed in the three papers included in this

thesis and are displayed in the flowchart below.

Paperl

Mo missing data

| N=06303
-

and valid consent

Paper Il

Without
previous IS or
MI, no missing
data and valid
consent

2> n=6116

n=4390

» n=5116

Tromsg 4 Invited Attended carotid ultrasound
-94/-95 n=10542 examination n=6727
Mot valid
consent
n=39
Dead
n=615
Moved
n=270
Attended carotid ulirasound
examination n=3454
Tromsg 5 Invited N
01/-02 n= 6387 New Rescanned
attendants T4 n=4358
n=536
Mot valid Paper Il
consent n=703
n=31
(800 randomly
selected,
Dead 97 excluded
n=335 due to
missing blood
Moved samples or
n=216 ultrasound)
Tromsg 6 Invited Attended carotid ultrasound
-07/-08 n= 11484 examination n=7084
MNew Rescanned
attendants T4 n=2975
n=3653 TS n=456
Mot valid
consent
n=1
Dead
n=1044
Moved n=287

B n=2838

> N=6726

End of follow-up Dec 315 2013

Figure 4. Flowchart of the study population.
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Participants - Paper |

The study participants were recruited from the 4™ survey of the Tromsg Study.” Eligible were
all who participated in the carotid ultrasound examination in the 4™ survey (1994/1995; baseline)
and had CRP measurements, complete information on all relevant TRFs and outcomes (plaque
presenece and TPA) assessed at baseline (n=6503). Of these, 4730 and 2917 were rescanned in
the 5" and 6" survey, respectively, of whom 4590 participants from the 5™ and 2838 participants
from the 6" survey had valid information on all covariate and outcome measures, and these were
included in the analyses. The maximal follow-up time was 13 years. The participants attended on
average 2.2 surveys, and 2595 subjects had complete covariate and outcome information
assessed at all three surveys. Of the 6503 participants included in the study, 1530 attendants died
and 455 moved out of the municipality during the follow-up period (1994/2008).

Participants - Paper Il

Eligible for this study were participants who attended one or more carotid ultrasound
examinations in the 4", 5™ and 6™ surveys. Participants without valid written consent (n=71),
participants with known pre-baseline history of IS (n=121) or MI (n=527), and participants who
did not have complete information on CRP, ultrasound measurements and relevant TRFs
(n=467) in at least one of the attended surveys were excluded. Thus, our population consisted of
10 109 unique individuals, of whom 4932 attended once, 2505 twice and 2672 attended three
surveys (Figure 5). Subjects were followed from the date of enrollment until December 31, 2013.
During follow-up 671 and 1079 participants experienced first time IS and M, respectively, 2249
participants died and 721 moved from the municipality.

Tromsg 4 Tromsg 5 Tromsg 6 End of follow-up
-95/-95 -01/-02 -07/-08 -13

@ o L n=2672
L n=1378
L o n= 1880
<@ <@ n= 186
L <@ n= 439
<@ n= 125
L n=3429

Figure 5 Overview of study inclusion. Dots indicate participation at the survey, and lines indicate observation
periods. A total of 10 109 unique individuals were included in the study, of whom 4932 attended once, 2505
attended twice and 2672 three surveys.
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Participants - Paper 111

The study design was a nested case-control study with 703 participants who participated both in
the 4™ and 5™ surveys of the Tromsg Study. Four groups were randomly selected from the
ultrasound cohort on the basis of carotid ultrasound findings at follow-up. Group 1: Study
participants who had no plaque at baseline nor at follow-up (n=126); Group 2: Study
participants without plaque at baseline and novel plaque detected at follow-up (n=187); Group
3: Study participants with prevalent plaque at baseline and stable plaque (no increase in total
plaque area) at follow-up (n=194); Group 4: Study participants with prevalent plaque at baseline
and progression of plaque (increase in total plaque area) detected at follow-up (n=196). There
were originally 200 subjects in each group and they were matched on age and sex. Because of
missing blood samples the total number of subjects in the study was 703, the groups remained
balanced with regards to age and sex, but the number of participants was not equal in the four

groups.

3.2 Cardiovascular risk factors

Information on TRFs was collected by physical examination (blood pressure and body mass
index (BMI)), non-fasting blood samples (total cholesterol, HDL-C, glycosylated hemoglobin
(HbA1c)) and self-administered questionnaires (prevalent diabetes, current smoking, former Ml
and stroke, and use of antihypertensive, lipid lowering and diabetic medication) (Appendix 2).
Diabetes was defined as self-reported diabetes, daily use of oral diabetic medication or insulin,
or HbAlc levels >6.5%. CVD was defined as previous MI or stroke. Further details are

presented in the papers.

In Paper | and 11, information on TRFs obtained at all surveys (4", 5", and 6™) were applied in
analyses. We used time-varying covariates, meaning that subjects who attended multiple surveys
had their exposure variables and TRFs updated at each survey. In Paper I1l, we used baseline

measurements of TRFs.

3.3 Carotid ultrasound examination

In the 4™ and 5™ survey, B-mode ultrasonography was performed with an Acuson Xp10 128,
ART-upgraded duplex scanner equipped with a 7.5 MHz linear-array transducer. In the 6
survey, a GE Vivid 7 scanner with a linear 12-MHz transducer was used. Different sonographers
did the baseline and follow-up scanning, but followed standardized examination techniques,
measurements and reading procedures (Appendix 3). All sonographers completed a 2-month pre-
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study training protocol. The far and near walls of the right common carotid artery, the bifurcation
(bulb) and the internal carotid artery (six locations) were scanned for the presence of plaques. A
plaque was defined as a localized thickening of the vessel wall of more than 50% compared with
the adjacent intima-media thickness. For each plaque, a still image was recorded with the
transducer parallel to the vessel wall and perpendicular to the point of maximum plaque
thickness. Each plaque was manually outlined and total plaque area (TPA) was calculated as the

sum of all plaque areas in mm2."

- - o S ———

Common carotid artery

Figure 6 — Measurements of plaque area in the carotid artery. (A) Plaque of low echogenicity in the far wall of the
common carotid artery. (B) Outlining of the plaque area which measures 20.8 mm?. (C) Plaque of high echogenicity
in the far wall of the carotid bulb. (D) Outlining of the plaque area which measures 19.3 mm®.

3.4 Blood biomarkers

CRP was analyzed with a particle-enhanced immunoturbidimetric assay on a Modular P (4™ and
6™ surveys) or Hitachi 917 (5" survey) autoanalyzer (Roche Hitachi, Mannheim, Germany), with
reagents from Roche Diagnostics (Mannheim, Germany). Samples from the 4th survey were
analyzed in thawed aliquots after 12 years of storage at —70 °C, while samples from the 5" and
6™ surveys were analyzed at time of the surveys. The lower detection limit of the high-sensitivity
CRP assay was 0.03 mg /L, and measurements of CRP lower than 0.03 mg/L were set at this
value. The analytical coefficient of variation for CRP levels between 0.1 mg/L and 20 mg/L was

<4 %. CRP was measured by these methods in Papers I and II.
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In Paper 111, a panel of 28 novel biomarkers that previously had shown promising results on the
association with CVD were selected and analyzed in blood obtained at baseline. The selected
biomarkers have proposed links to atherosclerosis through different pathophysiological
mechanisms; inflammatory markers (CRP, fibrinogen, white blood cells (WBC), monocyte
count, neopterin, IL-6, IL-18, ICAM-1, VCAM-1, caspase-1, MMP-9, TIMP-1, D-dimer, PCT,
protein S-100); markers of oxidative stress (MPO, Cu/Zn SOD); metabolic markers
(adiponectin, leptin, ApoAl, ApoB100, ApoB100/ApoALl ratio); markers of hemodynamic stress
(BNP, CT-proAVP, MR-proADM, MR-proANP); and markers of renal function (creatinine,
cystatin-C). The study blood samples underwent no more than three freeze/thaw cycles from
time of receipt to protein data production. All samples were kept at 4° C between sample
dilutions, and were otherwise stored at -70° C until assay production. Fibrinogen, creatinine, and
WBC were measured at the Department of Clinical Chemistry, University Hospital of North
Norway, Tromsg. All other biochemical analyses were performed at the Mainz Biomarker
Laboratory (details in Paper 1Il). According to manufacturers, all inter- and intra-assay
coefficients of variation were below 10%, except inter-assay coefficients for adiponectin, 1L-18
and PCT which ranged between 10 and 20%.

3.5 Ascertainment of clinical endpoints

Based on data from hospital records, autopsy records and death certificates, an end-point
committee of trained physicians validated hospitalized and out-of-hospital events of incident 1S
and MI. By national unique 11-digit identification numbers, the Tromsg Study participant list
was linked to national and local diagnosis registries including the National Causes of Death
Registry, the Population Registry of Norway, the discharge diagnosis registry (outpatient
diagnoses included) at the University Hospital of North Norway (UNN). UNN is the only
hospital in the municipality of Tromsg, the nearest hospital is located approximately 250 km
away by road (148 km by air). Fatal events that occurred outside of hospital were identified
through linkage to the national Causes of Death Registry at Statistics Norway, and death
certificates, autopsy reports, and information from additional sources, such as records from
nursing homes, general practitioners, and ambulance services, were used for validation.
Discharge letters from hospitalizations in other hospitals were also collected when appropriate.
To identify all possible first-ever MI and IS cases, we used a wide search strategy that included
the International Classification of Diseases (ICD) 9 codes 410-414, 430-438 and 798-799 from
1994-1998 and thereafter ICD 10 codes 120-125, 160-169, R96, R98, and R99. IS was defined as
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rapidly developing clinical signs of focal or global disturbance of cerebral function, with
symptoms lasting >24 hours or leading to death with no apparent cause other than vascular
origin, when CT, MRI or autopsy had ruled out intracerebral or subarachnoid hemorrhage.
Modified WHO MONICA/MORGAM™ criteria for MI were used, and included clinical
symptoms and signs, findings in electrocardiogram, values of cardiac biomarkers and autopsy
reports if applicable. At the University Hospital, biomarkers used included creatine kinase (CK)
and its MB fraction (CK-MB) throughout the study period, and troponin from 2000. Biomarker
levels were generally recorded three times during the first 3 days following admission or Ml
onset. When circumstances suggestive of invalid biomarker values were present, the significance
of biomarker results were downregulated. Cases meeting diagnostic criteria for definite or
probable fatal or non-fatal first-ever MI were classified as MI. Silent MlIs as defined by ECG
only were not included as cases because of difficulties in determining the exact date of the

event.’®

3.6 Statistical analyses

SAS statistical software package SAS 9.4 (SAS Institute, Cary, NC, USA) was used for all data
analyses. Baseline characteristics were presented as percentages, means with SDs, medians with
interquartile ranges or geometric means for non-normally distributed variables. When assessed
as continuous variables, TPA was square root transformed (sqrtTPA) and CRP log transformed
to approximate normal distribution and improve regression model fit. Associations were
investigated in age and sex adjusted models and subsequently in models adjusted for traditional
risk factors (multivariable-adjusted). Sex-stratified associations were assessed in Paper | and II,
but not in Paper Il due to lack of statistical power. A two-sided level p-value <0.05 was
considered as significant in all analyses, except when examining interactions where p-value <0.2
was considered statistically significant. More detailed descriptions of the statistical methods are

found in the papers, whereas main points are highlighted below.

Paper |
Presence of plaque (yes/no) and total plaque area (TPA) in mm? were the outcome (dependent)
variables and CRP was the exposure (independent) variable. Cross-sectional and prospective

associations were examined.

When plaque was treated as a dichotomous variable, generalized estimating equations with a

logit link function were applied, and correlated observations within individuals were adjusted for

36



by an exchangeable correlation structure. In this structure, the correlations between subsequent
measurements on the same individual are assumed to be the same, irrespective of the length of
the time interval.”” Odds ratio (OR) of plaque presence compared to no plaque was estimated for
a defined change in CRP (1 SD increase or higher risk categories compared to CRP <1 mg/L).
When examining the cross-sectional associations between CRP and TPA (continuous variable),
we used linear mixed models. Correlated observations within individuals were adjusted for by
adding a random intercept to the model, allowing intercepts to differ between subjects, but
estimated regression coefficients for the covariates are the same for all subjects.”” Linear mixed
models calculates the p-coefficient, which represents the estimated change in TPA associated
with a defined change in CRP.

A second linear mixed model was set up to simultaneously assess the cross-sectional and
prospective relationship between CRP and TPA.” The cross-sectional component analyzed the
association between baseline CRP and estimated TPA at baseline, whereas the prospective
component analyzed the association between baseline CRP and TPA progression rate (CRP x
time) during the observation period.”® These models were fit with random intercepts and slopes,
allowing both for baseline TPA and progression of TPA over time (slope) to differ between
individuals. The normality assumption for linear mixed models was confirmed by graphical

inspection of the residuals.

Paper II

First-ever 1S and MI were the outcome variables. The exposure variables were CRP in
predefined risk categories (CRP <1, CRP 1-3 and CRP >3 mg/L) and categories of TPA (no
plaque, below and above the median TPA). Cox proportional hazard regression models with
time-varying covariates and age as time scale® were used to assess the association between CRP
and TPA alone and in combination (CRP+TPA) with risk of IS and MI. Follow-up time and risk
estimates were calculated separately for IS and MI. By assigning new observation periods with
updated values of risk factors at the time of subsequent study attendance, we utilized individual
person data from repeated surveys, thereby taking into account changes in exposure status during
follow-up. Due to differences in event censoring, the 10 109 participants contributed with 17 668

observation periods for IS and 17 454 observation periods for MI.

For each exposure variable, we calculated incidence rates and hazard ratios (HRs) with 95% Cls

for 1S and MI using the low-risk groups as reference (CRP <1 mg/L and no plaque). HR is the
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person’s instantaneous risk of experiencing the disease of interest, at any time-point in one group
(exposed) compared to another group (unexposed). The impact of CRP on the relationship
between TPA and the two outcomes was assessed by calculating the percentage change of HR in
the different TPA categories when CRP (log-transformed) was added to age- and sex-adjusted
models. Multiplicative interactions between CRP and TPA were assessed. To investigate
synergistic effects of atherosclerosis and CRP on the risk of IS and MI, we calculated incidence
rates and HRs for the other eight constellations of TPA and CRP, and these were compared to
the no-plaque group with CRP <1 mg/L. Additive interaction and synergism was evaluated using
the Rothman synergy index® to determine whether the joint effects of CRP and atherosclerosis
on the risk of IS and MI exceeded the sum of effects from each factor alone in age- and sex-
adjusted models. A synergy index greater than 1.0 suggests that the effect of the joint exposures

of two risk factors is greater than the sum of the separate effects.

Finally, the added value by TPA and CRP in risk prediction was evaluated by comparing the
discrimination power of a model based on the Framingham risk factors with models that
additionally included TPA alone, CRP alone, and TPA and CRP together. We calculated
Harrell’s C-index®?, relative integrative discrimination improvement (IDI) and net

reclassification improvement (NRI).

For all Cox proportional hazard regression models, the proportional hazard assumption was

verified by visual inspection of log—log survival plots.

Paper 111

Plaque group at follow-up was the outcome variable, and the 28 biomarkers measured in blood
obtained at baseline were exposure variables. We used general linear models to assess
differences in biomarker levels across plaque groups. False discovery rates (FDR) were
calculated to adjust for multiple comparisons.®® For each biomarker that significantly differed
between groups, multinomial logistic regression models were used to assess the association
between baseline biomarker level and plaque group, adjusted for age and sex and further
adjusted for TRFs. The no-plaque group was defined as reference category. Odds ratios (OR) for
outcome were reported per 1 SD change in continuous variables or for presence vs. absence of
binary variables. All significant biomarkers in univariable models and TRFs were candidates for
a final multivariable analysis using a backward selection procedure with a retention p-value of

0.05.
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We also performed analyses to evaluate the composite measure of the aggregate number of
biomarkers in the highest third with respect to plaque progression.®* We considered the
biomarkers which were significantly associated with plaque progression after adjustment for
TRFs, and used a logistic regression model to estimate OR for being in the plaque progression

group versus the no-plaque group according to number of biomarkers in the upper tertile.®®’

3.6.1 Missing data

In Paper |, observations with complete data on outcome, exposure and adjusting variables were
included in the analyses. In Paper I1, missing data were handled by carrying forward values from
previous surveys, when applicable. In Paper Ill, missing data were assumed to be missing at
random and handled by multiple imputation by chained equations in SAS, using the FCS
command to impute 20 data sets.®’® ® This method handles different types of variables
(continuous, binary and categorical). The imputed values are drawn from the posterior predictive
distribution of the missing data, conditional on the observed data. Rubin’s rule was used to
combine the results for the imputed data sets. The combined estimate is the mean of the
individual regression coefficients from each of the 20 data sets. The total variance is determined

by the within-imputation variance and the between imputation variance.®
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4 Main results

4.1 Paper |

In cross-sectional analyses, we confirmed an association between CRP and carotid plaque
prevalence as well as TPA in both sexes. After adjustment for TRFs, the cross-sectional
associations were most prominent in men; CRP was associated with TPA in men only at
baseline, but in both sexes when considering all surveys. However, the magnitude of the
association remained larger in men. For women, there was a significant higher plaque prevalence
when CRP was >3 compared to CRP < 1 mg/L (OR 1.20, 95 % CI 1.04, 1.39). For men, this
association was weaker (OR 1.15, 95 % CI 0.99, 1.34). When treated as a continuous variable,

CRP was associated with plaque prevalence in men only.

For men, baseline CRP >3 mg/L vs. <1 mg/L was associated with TPA progression (p=0.03).
However, in multivariable-adjusted models, baseline CRP did not predict TPA-progression in
either sex. In men who were plague-free at baseline, the risk of novel plaque formation increased
significantly with baseline level of CRP. The risk for plaque at end of follow-up was 44% higher
in men with baseline CRP >3 mg/L compared to men with baseline CRP <1 mg/L (OR 1.44, CI
1.08, 1.92). However, this association was attenuated to non-significant upon adjustment for

TRFs. There was no association between baseline CRP and novel plaque formation in women.

4.2 Paper I

Serum CRP levels and carotid atherosclerosis were individually associated with increased risk of
IS and MI independent of TRFs. CRP level >3 mg/L vs. <1 mg/L was associated with increased
risk of IS (HR 1.84, 95% CI 1.49, 2.26) and MI (HR 1.46, 95% CI 1.23, 1.73) in multivariable-
adjusted models. There was no significant interaction with sex for either outcome. Both TPA
below and TPA above the median were associated with higher risk of IS and MI compared to no
plaque. For IS, HRs (95 % ClIs) were 1.33 (1.08, 1.65) and 1.65 (1.36, 2.01), referring to TPA
below and above median, respectively. The corresponding HRs (95 % CIs) for MI were 1.31
(1.11, 1.55) and 1.64 (1.41, 1.92). For MI, but not for IS, there was a significant interaction
between plaque category and sex (p=0.02), suggesting a stronger association between TPA and

risk of MI in women than in men.
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TPA showed a weak correlation to CRP with Spearman correlation coefficient of 0.13 (p
<0.001), and risk estimates for subjects with atherosclerosis were only slightly attenuated by
adding CRP to the models (1.7— 8.6%). For both outcomes, the joint presence of TPA > median
and CRP >3 mg/L were associated with the highest incidence rates. However, a synergistic effect
was evident for IS only, with a synergy index of 1.72 (95% CI 1.06, 2.81). There were no
significant multiplicative interactions between CRP and TPA categories for either outcome.

TPA alone and the combination of CRP and TPA achieved a significant improvement in risk
prediction beyond Framingham risk factors, with most prominent effects in the group classified
at intermediate risk by Framingham risk factors. For IS, the highest categorical NRI was seen
when including both variables (CRP+TPA) as continuous variables, 6.6% (p=0.007) for the
population and 21.6% (p<0.001) for the intermediate risk group. For Ml, the highest overall NRI
of 5.0% (p=0.01) for the population and 12.0% (p=0.02) for the intermediate risk group were
seen when both variables were included as categorical variables.

4.3 Paper Il

The crude baseline level of 12 biomarkers differed significantly between the four plaque groups
(no plague, novel plaque, stable plaque and plaque progression). These markers were CRP,
fibrinogen, WBC, neopterin, D-dimer, IL-6, caspase-1, ICAM-1, ApoAl, ApoB100,
ApoB100/ApoAl ratio and MPO. Adjustment for multiple comparisons revealed FDR < 0.05
for seven biomarkers (fibrinogen, WBC, IL-6, caspase-1, ICAM-1, MPO and ApoB100/ApoAl
ratio). The mean baseline levels of these biomarkers were, except for two, highest in the plaque
progression group and lowest in the no-plaque group. The exceptions were neopterin and
ApoAl. The highest baseline level of neopterin was observed in the no-plaque group. The

highest level for ApoAl was observed in the novel plaque group.

Age- and sex-adjusted levels of fibrinogen, ApoB100, ApoB100/ApoAl ratio, WBC, CRP,
MPO, D-dimer, caspase-1, and IL-6 were significantly associated with plaque progression. In
addition, an increase in caspase-1 increased the corresponding odds of novel plaque formation,
while higher neopterin level decreased the odds for novel plague formation. The associations
between MPO, caspase-1 and IL-6 and plaque progression and between neopterin and novel
plaque formation remained significant after adjustment for TRFs. When subjects with former
CVD were excluded, IL-6 and neopterin remained the only significant biomarkers for plaque
progression and novel plague formation with ORs (95% ClIs) 1.36 (1.05, 1.77) and 0.73 (0.57,
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0.94), respectively. In the final regression analysis, which included TRFs and the 12 significant
biomarkers from the univariable models, IL-6 remained a significant predictor of plaque

progression using a backward selection procedure.

A multimarker model suggested that OR of plaque progression increased with increasing number
of biomarkers in the upper tertile (considering IL-6, caspase-1, and MPO). After adjustment for
TRFs, individuals with two biomarkers in the upper tertile had a 2.2-fold higher odds, and
individuals with three biomarkers in the upper tertile a 4.4-fold higher odds of plaque
progression at follow-up, compared to subjects with none of the selected biomarkers in the upper

tertile.
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5 Discussion
5.1 Methodological considerations

5.1.1 Study design

According to the epidemiologist Kenneth Rothman “the objective of an epidemiological study is
to obtain a valid and precise estimate of the frequency of a disease or of the effect of an exposure
on the occurrence of a disease in the source population of the study”.®® Cohort studies are
observational studies where a group of people (cohort) is defined and investigated. The group
consists of individuals who are at risk of developing a specific disease or health outcome. All
individuals in the cohort will be observed for a period of time in order to measure the frequency
of disease-occurrence (incidence) among those exposed to the suspected causal agent, compared

to those not exposed.®*

Cross-sectional studies, in which exposure and outcome are assessed at the same point in time,
provide important information on associations. However, association is not causation and cross-
sectional studies are affected by the antecedent-consequent bias, similar to the chicken and egg
question (i.e., “which came first?”). In order to use findings from epidemiological studies in
primary prevention and other interventions that aim at modifying the probability of the outcome
of interest, it is essential to establish whether or not an association is causal.”” Inferring causation
is the most challenging problem in epidemiology. The Bradford Hill criteria from 1965 comprise
aspects of a statistical association (strength of association, consistency, specificity, temporality,
biological gradient, plausibility, coherence, experiment, and analogy) and when present,
strengthens the inference that the statistical association is also causal. The overarching questions
that these criteria seek to address are whether confounding and bias are reasonable alternative
explanations for the observed statistical association.” The most important criterium is the rule of
temporality, the cause has to precede the effect. In longitudinal studies, exposure is assessed at a
certain point in time and the population under study is followed for a period of time with
prospective ascertainment of the outcome of interest. Although longitudinal studies are not able
to prove a causal relationship, the fact that exposure is assessed before outcome may support the
Bradford Hill criteria of temporality and strengthen the possibility of a causal association.

Determining true causality requires, however, further corroboration from experimental trials.

43



In medicine, the randomized controlled trial (RCT) is the gold standard for establishing
causality. Randomization should ensure that the population groups remain close to similar in
every aspect, except for the exposure (or intervention) under study. However, it may be
impossible or unethical to randomize participants to potentially harmful exposures in order to
study their effect on outcomes. This limits the utility of RCT’s in studying risk factors for
disease. Another approach is genetic epidemiology with application of Mendelian randomization
design, which can provide unbiased estimates of causal exposure-disease associations. The basic
idea is to study associations between the inherited genetic polymorphisms, known to affect the
presence or level of the exposure of interest (the phenotype) and its association to the outcome
under study. This method requires a strong and specific association between the genetic trait and
exposure of interest and absence of linkage disequilibrium, i.e. the genetic trait is linked with

other genetic factors that influence the risk of outcome.

The papers in this thesis are all based on the Tromsg Study, which is a population based
longitudinal cohort study with repeated health surveys. The main strengths of the Tromsg Study
are the large sample size, the prospective design, and the repeated and standardized assessments
of cardiovascular risk factors, blood samples, carotid ultrasound and CVD events in a general
population. The nested case-control study design, which was applied in Paper Ill, combines
some of the features and advantages of both cohort and case-control designs. The case groups
consist of a representative sample of individuals with the outcome of interest (in this case
subjects with novel plaque, stable plaque and progression of plaque) occurring in the specified
follow up period of six years. The control group (subjects with no plaque at follow-up
examination) was selected from individuals at risk at the same time as each case was defined.
This design is less prone to selection and information bias compared to traditional case-based
case-control studies. This is because cases and controls are selected from the same source cohort
and exposures are assessed before the disease occurs unlike in a traditional cohort study.*? A
properly executed case-control study nested in a cohort is valid if the corresponding analysis of
the full cohort is valid.”* This study design is efficient for addressing research questions when
additional information that was not obtained or measured for the whole cohort is needed. In our
study, blood samples were collected at baseline and stored in freezers. The serum samples for

cases and controls could thus be analyzed at reduced costs.*

In population studies, providing information relevant to the general population and allowing

generalization beyond the study population itself, requires both internal and external validity.
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Internal validity is a prerequisite of external validity. Accuracy, the degree to which a
measurement or estimate represent the true value of the attribute being measured, is essential in
epidemiology. Threats to the accuracy of epidemiological studies are random errors (lack of

precision) and systematic errors (bias).** %2

5.1.2 Internal validity

Internal validity refers to whether the inferences drawn from the sample to the population under
study are valid.*® Internal validity may be threatened by three types of error; selection bias,

information bias, and confounding.

5.1.2.1 Selection bias

Selection bias is systematic error in the recruitment or retention of study subjects. Selection bias
is present when individuals have different probabilities of being included in the study sample
according to relevant study characteristics. This results in the study participants being different
from non-participants in regard to the exposure and outcome of interest. The validity of studies
to document incidence or prevalence of disease or exposure in the source population relies on a
sample of study participants that represents the actual population. The estimated association
between exposure and outcome may also be biased if participation is influenced by exposure or
the disease under study.®® % Whenever possible, study subjects should be chosen from a defined
reference population. In the Tromsg Study, the invitation of total birth cohorts and random
samples from other age groups based on information from the official population registry of
inhabitants of Tromsg, ensures the invitation of a representative study population. Selection bias
may still be a problem if participation rates are low. In Tromsg 4, the participation rate was high,
77% of those invited to the first visit, and 76% of those eligible to the second visit participated.
In Tromsg 5, the rate was even higher; 79% of those invited to the first visit and 85% of those
eligible to the second visit participated. The participation rate was somewhat lower in the 6
survey, where 66% and 64% of those eligible attended the first and second visit, respectively.
The main targeted age group was 40-80 years. For the youngest and the oldest age groups and
for men, the participation rate tended to be lower.” The participation rate was also lower among
those who had not participated in previous surveys of The Tromsg Study. The educational level
was higher among participants than in the general Tromsg population. Responders tended to be
non-smokers and married compared to non-responders.”® Recently, another Norwegian cohort

study (HUNT) compared participants to non-participants and concluded that non-participants
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had lower socioeconomic status, higher mortality and higher prevalence of several chronic
diseases. Non-participants had less healthy lifestyle in terms of tobacco smoking and physical
activity, and poorer general health.”® The Tromsg Study is comparable to HUNT. Legal
restrictions have precluded analyses of mortality and morbidity among non-attenders. However,
a mortality follow-up study of persons invited to CVD surveys in 5 areas of Norway found that
age-adjusted all-cause mortality rate was 3.7 times higher in non-attending women and 2.2 times

higher in non-attending men, compared with attendees.*®

Selection bias may also occur in a cohort study if there are differential losses to follow-up,
meaning that individuals who are lost to follow-up have different probabilities of the outcome of
interest than those who remain in the cohort. This can occur when losses to follow-up are related
to morbidity and mortality from causes other than the outcome of interest (competing risk of
death), refusal or migration.”? Lower mortality rates have previously been documented in
participants who attended multiple surveys, compared to those who attended only Tromsg 4.”
When considering clinical endpoints such as IS and Ml, the loss to follow-up is negligible due to
usage of the unique personal identity number to search in official health registries. When
evaluating changes in carotid TPA, which requires repeated ultrasound measurements, the
statistical power to detect associations with the exposure under investigation may be diminished
if subjects with the most severe atherosclerosis are lost to follow-up. Survival bias, with higher
representation during follow-up of attendees with a more favorable risk profile, compared to
diseased persons of the same birth cohort, may represent a source of selection bias. Differences
in baseline characteristics between subjects who were lost to follow-up compared to subjects
who attended follow-up examinations, were assessed in Paper | and confirmed that subjects with
the most unfavorable levels of TRFs and atherosclerosis at baseline, were more likely to drop out
from follow-up examinations. In Paper I, the use of linear mixed models and generalized
estimating equations enable the inclusion of information from participants who only attended
one survey and ability to update information on CRP, TRFs and carotid plaque on subsequent
study attendance for assessment of cross-sectional associations. The method of updating CRP,
plagque status and TRFs on subsequent study attendance was also applied in Paper Il. However,
when assessing the prospective associations in Paper I and 111, attendance in two or more surveys
was required. In this situation a biased relative risk or rate ratio estimate will only ensue if losses
to follow-up are biased according both to outcome and exposure (differential).®* High rates of

non-participation may indeed introduce bias in prevalence rates, but there is little evidence
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supporting biased estimates of association due to non-participation.”” * Hence, we do not
suspect that the associations between circulating biomarkers and atherosclerosis are different in

the participants who were lost to follow up than for those who remained in the study.

There were attempts to improve participation rates and thereby reduce selection bias by sending
invitation-reminders, having easily available study centers (e.g., in a shopping center) and
promoting the health benefits of participation on the individual and community level.

5.1.2.2 Information bias and misclassification

Information bias results from “imperfect definitions of study variables or flawed data collection
procedures”.® It follows, that a significant proportion of the study participants may be
misclassified, i.e. placed in an incorrect exposure, covariate or outcome category. There are two
types of misclassification bias; non-differential (independent of other study variables) and
differential (dependent on other study variables). Non-differential misclassification occurs when
the degree of misclassification of exposure is independent of case-control status or vice versa.
The effect of non-differential misclassification is usually attenuation of the effect estimate.
Differential misclassification occurs when the rate of misclassification differs between the
groups being compared. The error in the effect estimate resulting from differential
misclassification is difficult to predict. Misclassification of covariates (potential confounders)
may also affect the efficiency of adjustment for confounding effects. Non-differential
misclassification of a confounder tends to bias the association estimate toward the null
hypothesis.®? Sources of error resulting in misclassification may be random (lack of precision,
reliability) or systematic (lack of validity, bias). Reliability (reproducibility) refers to the extent
to which the results obtained by a test are replicated if the test is repeated. Reliability is reflected
through the confidence interval and depends on study size and study efficiency. Validity refers to
the method’s ability to measure what it is intended to measure, i.e. to distinguish between those
who have a disease (or other characteristics) and those who do not. High reliability is a
prerequisite for high validity.”> ® In cohort studies, the tests that are used may not be the best
available tests with regard to sensitivity and specificity. A large amount of healthy individuals is
to be tested. Therefore, the test should not be too time-consuming, expensive or invasive, but still
have acceptable test-performance characteristics. The validity of the tests used should be
examined through validation studies where the test-performance is compared to the “gold-

standard” .%
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Traditional risk factors

Exposure identification bias may affect cohort studies when there are technical or other sorts of
bias in the baseline measurements. Since exposure and adjusting variables are assessed before
the outcome of interest occurs, such errors tend to be non-differential with regard to disease
status. Blood pressure and BMI were assessed in the Tromsg Study. Weight and height were
measured, and BMI was calculated using standardized methods. Blood pressure was recorded by
specially trained personnel with an automatic device. Three readings were recorded with one-
minute intervals. The average of the final two readings was used in the analyses in order to

reduce misclassification due to random measurement error.

In case-control studies, more serious exposure identification bias may occur when exposure is
assessed after disease status is ascertained. The outcome may influence the reporting of cases
and controls differentially (recall bias), and result in differential misclassification. When a well-
defined cohort, such as the Tromsg Study, is available, a nested case control study allows the
evaluation of certain hypothesis free of recall bias. However, in cohort studies recall bias may be
present at the outset of the study when categorization of individuals by level of exposure relies
on recalled information from distant or recent past.”? Information about smoking status, use of
lipid lowering and antihypertensive medication and history of former diseases, such as diabetes,
stroke, MI and hypertension, was obtained through self-administered questionnaires at baseline.
This type of information is prone to respondent bias and recall bias, which may result in
misclassification. When people feel stigmatized by a condition or habit, they are more likely to
give misleading answers (respondent bias). Smoking may be a sensitive topic leading to
misclassification of smoking status. 2.1% of the “never-smokers” in Tromse 6 had reported >10
pack-years in one of the previous surveys.” However, validation studies on self-reported
smoking have shown that the information given in questionnaires is in general accurate.®® We
used current smoking as a measure of smoking, as data on previous smoking habits, including

calculation of pack years, is more prone to recall bias.

The sensitivity of self-reported diabetes has been found to be moderate to good in previous
studies.'® To increase sensitivity, diabetes was defined as self-reported diabetes, regular use of
insulin or oral antidiabetics or HbAlc >6.5%. As the study participants were unaware of any
hypotheses about the relation between the variables under study, the misclassifications of self-

reported former disease status are likely to be non-differential.
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Blood samples were for practical reasons assessed non-fasting. Regarding total cholesterol and
HDL cholesterol, fasting or eating before blood collection does not have a marked effect on
measurements. Non-fasting triglycerides are problematic because of large variation in pre-and

postprandial levels, and triglycerides were therefore not included in analyses.

Blood biomarkers

The exposure variables of main interest in our study were biomarkers assessed in blood samples.
Performance characteristics of biomarker immunoassays should be known and acceptable. The
coefficient of variation (CV) is a measure of the analytic random variation or imprecision of a
test. It is the standard deviation expressed as a percentage of the mean value of two sets of paired
observations. It is calculated for each pair of observations and then averaged over all pairs.*
When each sample is measured duplicate the degree to which the duplicate results differ may be
assessed by calculating the intra-assay CVs. When many samples are tested, it is often necessary
that blood samples are run on multiple assay plates. The inter-assay CV is an expression of plate-
to-plate consistency. Inter-assay CVs of less than 15% are generally acceptable. Intra-assay CVs
should be less than 10%. Simulation studies have demonstrated that the chance of finding a more
than 1.5 fold difference in two measurements of the same sample when the coefficient of
variation is <10% has a probability of <0.001."%* CVs should be reported for concentrations that
reflect the range of results found in the specimens. According to manufacturers, all inter- and
intra-assay coefficients of variation were below 10%, except inter-assay coefficients for
Adiponectin, IL-18 and PCT, which ranged between 10-20%. The analytical coefficient of
variation for CRP levels between 0.1 mg /L and 20 mg/L was <4%. Although the coefficient of
variation was small, it may have led to random errors in marker measurements and attenuation of

risk estimates.

If the stability of biomarkers is affected by freezing, thawing, or storage, bias may be introduced
by the use of frozen blood samples. CRP stability in frozen samples is previously reported to be
acceptable with high correlations between CRP values obtained before and after storage.’® In
Paper 111, the 28 markers were analyzed only once in frozen blood samples obtained at baseline.
Pro-inflammatory cytokines are short acting and prone to fluctuations causing substantial within-
person variation. Using only baseline values tend to underestimate the real association between
biomarkers and outcome due to the regression dilution effect. It is advised to collect samples at
several points in time and use the average of all values as this tends to prevent non-differential

misclassification.”? In Tromsg 6, CRP was assessed both at the first and the second visit, and
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6707 subjects had duplicate measurements, of whom 6425 had CRP <10 mg/L at both visits. For
these subjects, the Spearman correlation coefficient between visits was 0.75, intraclass
correlation coefficient was 0.75 (95% CI 0.74, 0.76), and the intra-individual CV was 39.0%
which is comparable to other studies'® and to within-person variability for total cholesterol and
systolic blood pressure.”” Considering CRP risk categories (<1mg/L, 1-3 mg/L and>3 mg/L)
33.3% of participants changed risk category between the two measurements. 52.4 % of
participants who had CRP >3 mg/L at the first visit were still in this category upon the
subsequent measurement. Others have found that 40% of patients with chronic coronary artery
disease changed risk category between two consecutive measurements of CRP.’® It has been
suggested that discrepancies concerning the incremental value of CRP in CVD risk prediction
may arise from the substantial day to day variability of CRP blood levels, which may cause

misclassification of subjects from low to moderate or high risk.*®

Ultrasound measurements

Carotid ultrasound assessment of plaque presence and total plaque area were exposure variables
(Paper I1) and outcome variables (Papers | + 111). The reliability of the ultrasound assessment of
plaque detection and plaque area measurement have been addressed in previous studies for all
surveys and found to be acceptable. Details about the inter- and intra-observer reproducibility
and inter-equipment variability have been published previously.® ™ % At each survey,
reproducibility was assessed by inviting a sample of the participants to a second ultrasound
examination within three weeks from the first scan. On each occasion, two or three sonographers
examined each subject. The sonographers had no knowledge of each other’s results or results
from previous assessments. There were 107 paired observations in the 4™ survey, 83 in the 5"
and 71 in the 6. Reproducibility of plaque area measurements was assessed in combined data

from Tromsg 4™ and 5" ™ and separately in the 6" survey.>

Between- and within-sonographer agreement on plaque occurrence in Tromsg 4 was substantial
with Kappa (k) values (95% CI) of 0.72 (0.60, 0.84) and 0.76 (0.63, 0.89), respectively,
indicating substantial agreement.’® Reproducibility of plaque detection did not differ
significantly between the sonographers. The inter-observer agreement was 0.67 (0.58, 0.76) and
the intra-observer agreement 0.80 (0.70, 0.91) in the 5" survey™, and 0.53 (0.40, 0.66) and 0.63
(0.44, 0.82) respectively in the 6™ survey.**

50



Inter-observer and intra-observer variability of pairwise plaque area measurements are shown in
Table 1. If the mean arithmetic difference is not equal to zero, this indicates systematic
measurement errors (bias) between or within sonographers. The mean absolute difference
represents the typical magnitude of this bias.”* The arithmetic differences between paired
observations were plotted against their average to examine whether differences were constant
over the range of measurements (Bland Altman plots), and no systematic errors were detected.™
In the case of normally distributed differences, 95% of the differences will be found within a

range of £1.96 SDs of the mean arithmetic difference (limits of agreement).

Table 1. Inter-observer and intra-observer variability of pairwise plaque area (mm?) measurements in the 4™, 5™,

and 6" surveys of the Tromsg Study.

Mean Mean arithmetic Mean absolute Limits of
(SD) difference difference (SD) agreement
(95% CI)
Inter-observer
Tromsg 4/5* 13.9 (9.0) -1.0 (-1.4, -0.6) 2.9 (3.4) +8.6
Tromsg 6* 24.6 (15.0) -0.8 (-0.01, 0.04) 6.1 (5.5) +16.0
Intra-observer
Tromsg 4/5, observer 1* 13.4(7.9) 0.2 (-0.2,0.7) 1.8 (2.5) +6.1
Tromsg 4/5, observer 2* 13.8 (8.3) 0.0 (-0.5, 0.6) 213.2) +75
Tromsg 6* 23.8 (12.7) 9.6 (-2.6,5.3) 6.7 (7.0) +18.9

*Single plague measurements. * Total plaque area. Reproduced with permission from M. Herder.**

The use of different ultrasonography equipment in the 4™ + 5™ and the 6™ surveys, and non-
standardized uptake angles is likely to have increased the measurement error between surveys.
The inter-equipment 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 performed by the
same sonographer. Readings of TPA were done by another person, blinded to the identity of the
participants. For TPA, the mean absolute difference was 6.5 mm? and the mean arithmetic
difference 2.4 mm? (95% CI, —0.5, 5.4), indicating no systematic differences between machines.
The coefficient of variation was 26.4% and the correlation coefficient 0.89. In the analyses, we
used square root-transformed TPA values, for which the mean arithmetic difference was 0.2
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(95% C1, —0.06, 0.50), the mean absolute difference 0.68, the coefficient of variation 13.2%, and

limits of agreement +1.7.%

In Paper 1, the impact of imprecision in measurements on plaque progression is partly diminished
by the large sample size. In Paper Il, we defined three categories of plaque; TPA below and
above the median, while subjects with no plaque constituted the reference category. We aimed to
reduce the effect of measurement errors related to change of equipment and sonographers by
defining TPA medians separately at each survey for men and women. In order to decrease the
impact of imprecision in the plague measurements on our estimates in Paper Ill, we used the
mean absolute difference between two observers as a measure of the typical magnitude of the
measurement error in observations. Accordingly, stable plaque was defined as change in TPA of
less than +2.9 mm? (Table 1).”* To reduce the risk of misclassification in the plague progression
group, we included subjects with the largest TPA progression. Thus, median increase of TPA
between the 4™ and 5" surveys was 38.6 mm? (range 29.8, 124.5) in the plague progression
group, and 0.30 mm? (range -2.86, 2.87) in the stable plaque group. Other choice of cutoffs
would probably have affected the risk estimates. The ideal situation would have been to assess
the associations between circulating biomarkers and change in TPA in all participants of both

Tromsg 4 and 5, but this was not possible due to limited resources.

A limitation of our study is that our ultrasound protocol only included examination of the right
carotid artery, whereas plaques in the left carotid artery were not acknowledged. Previous studies
have reported on the symmetry in distribution and composition of carotid plaques.’®” **® Total
wall volumes of the left and right carotid arteries were found to correlate with concordance
correlation coefficient of 0.71.°® Although most individuals had bilateral carotid disease,
unilateral plague was more often found to be located in the left carotid artery, and left-sided

plagues were thicker than plagues on the contralateral side.'%’

In the conduct of the study, the reproducibility of the ultrasound measures could possibly have
been improved by the use of standardized uptake angles, more intensive training, and use of
fewer sonographers. However, the latter was hard to achieve due to large examination volumes

and long time span of the cohort study.

52



Clinical endpoint ascertainment

To ensure accurate classification of endpoints IS and MI in Paper I1l, several steps were taken
(details outlined in section 3.5). The loss to follow-up was negligible due to usage of the unique
personal identity number to search official health registries. One single hospital provides all
hospital care in the region, which facilitates the completeness of our outcome registries.
Nonetheless, some IS and MI remained undoubtedly unidentified. Case identification was
retrospective, and some non-hospitalized, non-fatal cases may not have been identified. Reasons
for this are typically sparse or atypical symptomatology or old age leading to non-referral and
non-detection. Improvements in radiological imaging and implementation of CT and MRI
modalities may have increased sensitivity in detection of small ischemic lesions during the
course of the study. Our definition of IS was based on clinical symptoms and exclusion of
hemorrhage. However, improved treatment options leading to more rigorous case seeking
behavior among clinicians with lower threshold for referral and increased public awareness, may
have led to higher detection rates at the end compared to the beginning of the study. Regarding
MI, the biomarkers used for diagnoses changed during the course of the study and from year
2000 troponins, which are more sensitive, were included and enabled the detection of smaller
amounts of cardiac necrosis.”® Women tend to have more atypical symptoms and a higher

prevalence of unrecognized silent Mls.'%

An increased awareness of heart disease in general,
and in women particularly, in recent years may have led to a higher detection rate at the end of
the study.® The outcome identification biases described above are suspected to be non-

differential and may have attenuated the association estimates.

5.1.2.3 Confounding and interaction

A confounding variable (confounder) is a factor, which distorts the true association between
exposure and outcome, as it may influence both the magnitude and direction of the association.
The confounding variable is associated with both the outcome and the exposure, but not affected
by either the exposure or outcome. It accounts for some of the observed association between the
exposure and outcome.?? The TRFs, i.e. age, smoking, total cholesterol, HDL-C, systolic blood
pressure, diabetes, BMI, and use of antihypertensive drugs and lipid lowering drugs, were
considered potential confounders as previous research have indicated an association with CVD,

31, 4L 11112 and inflammatory markers.?® 2" In our papers, levels of these

atherosclerotic disease,
TRFs varied across CRP categories (Paper 1), plaque categories (Paper I11) and in subjects with

incident M1 or IS compared to event-free participants (Paper Il), supporting their role as potential
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confounders. A confounder can be statistically adjusted for by including it in a multivariable
analysis together with the exposure variable under study. The idea behind adjustment, is to use a
statistical model to estimate what the association between exposure and outcome would be at a
constant level of the suspected confounding variables. Whether a TRF acts as a confounder may
be evaluated by different strategies. The “significance test of the covariate” strategy relies on the
confounder being revealed by the significance level of each TRF’s respective regression
coefficient in multivariate analyses.®” However, this method may be inaccurate because the p-
value of the covariate is solely a reflection of the association between the confounder and the
outcome. More commonly used is the “change-in-estimate” strategy, in which confounders are
defined as variables that alter the unadjusted exposure-outcome effect by a certain percentage. A
cut-off of 10% is regularly cited in the literature.’® This strategy has been claimed to be more
accurate as it accounts for both covariate-outcome and covariate-exposure association. In Paper
I, we evaluated the impact each TRF had on the association between CRP and carotid
atherosclerosis, by singly including each TRF in the age-adjusted models and observing the
change in regression coefficients. In Paper IlI, we evaluated CRP as a confounder in the
association between carotid TPA and CVD events (IS and Ml).

In general, a potential confounder should not be an intermediate step in the causal pathway
between the suspected risk factor and the outcome. It is considered inappropriate to adjust for an
intermediate cause or a mechanistic link. Exceptions to this rule occur when the investigator
intentionally explores alternative mechanisms that could explain the association between the
exposure and outcome of interest.* If CRP and atherosclerosis represent intermediate steps in
the pathway between TRFs and clinical CVD events, it would not be suitable to adjust for CRP
or atherosclerosis when examining the association between smoking and MI. On the other hand,
if smoking influences both CRP level and risk for MI, smoking should be adjusted for when
examining the association between CRP and MI. Independent of their status as potential
confounders, adjustment for TRFs is grounded when the research question is: “Do novel
biomarkers add incremental value to prediction of plaque formation and progression beyond
information obtained from TRFs?” Nevertheless, if a residual association between inflammatory
markers and atherosclerosis progression exists after adjustment for TRFs, this does not
necessarily mean that a true association or a causal pathway exists. Residual confounding may
explain the association. Controlling for imperfectly measured blood pressure or an incorrectly

categorized smoking variable may lead to incomplete adjustment and residual confounding. In
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addition, unknown confounders that have not been accounted for may be present (e.g., other
inflammatory markers) and some known potential confounders may not have been included in
the analyses due to missing information (e.g., periodontitis, previous infections) or uncertainty
related to these data (e.g., alcohol consumption and physical activity). In addition, any observed

observation may occur merely by chance.

Whether to adjust for pre-baseline CVD was considered for Paper | and Ill. The risk of CVD is
greater in individuals with a history of previous CVD, and plaques in the carotid artery serves as
a surrogate endpoint of CVD. Over-adjustment may occur when adjustment is unintentionally
carried out for a variable that is in the causal pathway between the exposure and outcome, or so
strongly related to either the exposure or the outcome that the true relationship is distorted.
Over-adjustment may occur when different variables representing overlapping constructs are
simultaneously adjusted for, and their collinearity would cause the corresponding regression
coefficients to be meaningless. Diastolic blood pressure was highly inter-correlated (Pearsons
r=0.77) with systolic blood pressure and therefore not included in analyses due to issues of
multicollinearity. Over-adjustment can obscure a true effect or create an apparent effect when
none exists.* Instead of adjusting for CVD, we assessed the effect of inflammatory markers on
plaque development separately in subjects without former CVD in sensitivity analyses (Paper
I11). This implicates that the effects of biomarkers are assessed in a primary prevention setting.

The population under study may be stratified according to certain risk factors to examine
interaction (effect modification), i.e., whether the exposure variable has varying effects at
different levels of another variable. By stratifying according to sex, we could examine whether
the effect of CRP on plaque development or CVD events was different in men and women
(Paper 1+11). In Paper 1l, we examined whether CRP predicted IS and MI differently in the
presence and absence of plaque. If interaction is present, crude risk estimates differ between
strata. We also assessed the interaction by adding an interaction term to the model (CRP x TPA).
In comparison with stratified analysis, assessing interaction by the use of interaction-terms in
multivariable-adjusted models, increase the statistical efficiency and also allows for evaluation

of interaction between continuous variables.*?

Several studies indicate that the joint presence of several novel biomarkers increase the
predictive value in assessment of cardiovascular risk (“multimarker approach”).85 A combination

of non-invasive tests have been shown to improve their prognostic accuracy compared to the use
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of single tests alone.'™ This strategy is already in use when examining the presence of multiple
TRFs.” The within-individual variability in level of inflammatory markers may at least partially
be rectified by combining more than one inflammatory index for prediction. In this regard,
additive interaction is of interest. It is difficult to evaluate additive interaction in regression
analyses, but stratified analyses can be done to evaluate this. In Paper I, we assessed the additive
interaction of TPA and CRP on risk of IS and MI. In Paper I, we assessed whether
simultaneously raised levels of multiple circulating biomarkers, which were individually

associated with plaque progression, altered the OR for being in the plaque progression group.

5.1.3 Temporal changes in variables
In cohorts with long follow-up, temporary fluctuations in modifiable risk factors (CRP, TPA and
TRFs) over time may result in underestimation of the true association between exposure and

outcome (regression dilution bias).***

An approach to minimize the impact of such bias is to
perform analyses with time-varying covariates, and such methods were applied in Papers | and
I1. In Paper Il, the first time-point that a participant could enter the study was in 1994, and they
were followed for a maximum of 19 years until end of follow-up December 31, 2013. In the
Tromsg Study, information on how risk factors change within an individual during the course of
the study is often available due to multiple measurements on the same individual at different
surveys. Therefore, we chose to update risk factor information in analyses. For instance, the
prevalence of smokers decreased dramatically during the course of the study. In a time-fixed
model, using only information from the time of study entrance, those who stopped smoking
during follow-up would be misclassified as smokers during the remaining follow-up. If these
subjects due to smoking cessation in fact had a lower risk of MI, the association between

smoking and M1 would be diluted.**

In Paper 111, we used risk factors measured at baseline as exposure variables because the aim was
to explore the predictive ability of these markers. Repeated biomarker samplings could have
enabled monitoring the change in biomarker level over time in relation to outcome. A more
frequent assessment of risk factors in general may have reduced measurement errors and

reflected true exposure levels over time.>*

When modeling associations of change in a continuous variable, such as TPA, which has been
measured on several occasions, the phenomenon of regression to the mean should be considered.

Extreme values at one measurement point will tend to reverse towards a less extreme value at
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subsequent measurements. This variation may be caused by random measurement error or
random fluctuations in a subject, and represents an alternative explanation for change-scores in
non-randomized studies such as cohort studies. Within an individual, extreme values are likely to
be followed by less extreme values, closer to the subjects’ true mean. Within groups, regression
to the mean is important to recognize especially, when comparisons are done in groups that are
categorized on the basis of initial values."*® Many authors recommend adjustment for baseline
values in all prospective studies of change to avoid the effect of any random differences in the
initial levels across the groups that are being compared.*® However, inclusion of the measured
baseline as a covariate can also result in biased estimates, exacerbated by measurement error.”
In Paper I, measured baseline TPA was not included when modeling TPA progression. In the
linear mixed model, the cross-sectional and prospective associations between exposures and
TPA were jointly modeled. Baseline TPA was accounted for by the cross-sectional term,
estimating the baseline TPA using both fixed and random effects. Adjusting for an estimated

baseline, allows us to control for cross-sectional confounding without inducing bias.”

5.1.4 Missing data

Missing data occurs in nearly all epidemiological studies. There are several reasons for this,
including inadequate response to questionnaires, equipment failure, and loss or errors in
laboratory handling of samples. Three categories of missing mechanisms have been proposed,; i)
missing completely at random, where the probability of missingness is unrelated to both
observed and unobserved data, ii) missing at random, where the probability of missingness is
conditional on the observed data, and iii) missing not at random, where the probability of
missing depends on unobserved data.*

In Paper I, we used complete case analyses, losing 224 individuals (3.3%) of the original Tromsg
4 population due to missing values in one or more variables. Complete case analyses assume that
data is missing completely at random. As the percentage of individuals with missing data was
small, we believe that their exclusion does not influence the results substantially. In Paper II, we
carried forward observations when applicable. This allowed us to include observations from
subjects who had missing data for one or more variables in subsequent surveys if they had

observations for these variables in a previous survey.

In Paper 111, there were up to 11% of participants who had missing information for one or more

biomarkers. As these missing values were assumed to be mostly related to equipment failure,
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loss or errors in laboratory handling of samples, we did not suspect this to bias the study sample.
The subjects with missing values were similar to subjects with complete values on all
observations with regard to relevant exposure and outcome measures. However, we performed
multiple imputation to gain more power in the statistical analyses. In the regression model,
where all biomarkers which significantly differed across plaque groups were included together,
the percentage of missing values was greatest (15%). Thus, we assumed data to be missing at

random, and used observed data to impute 20 data sets.

5.1.5 Statistical considerations

We aimed to utilize all acquired longitudinal data, including repeated measurements on the same
individuals by updating values of exposure, outcome and confounding variables in the case of
subsequent study attendance. However, when data are collected multiple times from the same
individual, these observations are not independent of each other and this must be accounted for
in the analyses.”” In this regard, generalized estimating equations and linear mixed models are

applicable statistical techniques. (Paper I)

In Paper 11, we chose to use age as time scale in Cox models with time varying covariates. Time-
on-study as time scale may introduce bias if the covariates included are associated with age and
especially in the setting of time-varying covariates.?® When age is used as time-scale, the risk of
outcome is compared between subjects at the same age, instead of the same follow-up time,

ensuring a more effective adjustment for age.*

Sensitivity analyses may be used to obtain a range of “corrected estimates” under different
assumptions about the levels of misclassification.’” CRP rises in cases of acute infections and
inflammation. In Paper |, we aimed to ensure that our results were not confounded by former
history of CVD and temporary acute inflammation. Therefore, we repeated the analyses with
exclusion of subjects with self-reported former CVD (n=545) and observations of CRP >10
mg/L (n=668). Prospective analyses with TPA as outcome measure were also repeated including
only subjects with prevalent plaque at baseline. To evaluate associations between CRP and TPA
progression in subjects where change could truly be evaluated, analyses were also rerun only on

subjects who attended all three surveys.
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In Paper Il, sensitivity analyses were performed by regular Cox models with time-fixed
covariates, using values of exposure and confounder information at time of study entrance, and

each individual contributing data only once.

In Paper 111, analyses were carried out for the whole study sample, and separately for subjects
without former history of CVD to assess the predictive value of biomarkers in a primary
prevention setting. In addition, complete case analyses were compared to results from imputed

data sets.

With a retention p-value of 0.05, there is a 5% probability of making type | errors (detecting
false positive associations). When the number of statistical tests performed simultaneously is
increased, the chance of type | error will increase. Various methods are used to correct
hypothesis-testing procedures under these circumstances. The popular Bonferroni correction is
based on the concept of familywise error rate, which is the probability of making one or more
type | errors in all the hypotheses tests conducted. The retention p-value is down-regulated
accordingly for each conducted hypothesis test. For example, if 1000 proteins were to be tested,
we would test each protein at a significance level of 0.00005. This is a conservative method with
the cost of a loss in statistical power, which may lead to missed findings. False-discovery rate
(FDR) methods, which control the proportion of events reported as significant that are actually
false positives, is probably a more appropriate method to correct for multiple testing. While the
Bonferroni false positive rate of 0.05 means that 5% of all results will be truly negative, the FDR
value of 0.05 means that 5% of declared positive results are truly negative. If many p-values fall
into the range where the null hypothesis of no association should be rejected, the FDR is much
less conservative.® It thus adjusts for the actual p-value distribution of the data, and balances
type Il (cases for which the null hypotheses is false, but our decision rule does not yield a
significant result) vs. type | error. The risk of type Il error increases with the number of variables
included in the regression models, as the degrees of freedom, and thus statistical power

decreases.®?

Novel risk markers should be evaluated, not only on their individual predictive abilities, but also
on the predictive value added beyond established predictors. Difference in the area under the
receiver operating characteristic curve (AUC) is a common method to compare two models.
AUC summarizes how well the model separates subjects who did and did not experience an

event. It quantifies a tradeoff between the benefit of a model (true positive or sensitivity) vs. its
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costs (false positive or 1-specificity). AUC is calculated by comparing the estimated probability
of all possible pairs in a dataset between individuals experiencing an event and those not
experiencing an event. If the individual experiencing an event has a higher predicted probability,
that pair would be labeled ‘concordant’ and assigned a value of 1. Conversely, if the individual
experiencing an event has a lower probability, the pair would be labeled ‘discordant’ and
assigned a value of 0. AUC or C-statistic will be the average of all pairs and ranges from 0.5 (no
discrimination) to 1 (perfect discrimination).®® Measures of discrimination such as the C-statistic,
are not able to detect small improvements in model performance, if a marker is added to a model
that already includes important predictors. NRI quantifies to which extent a model which
includes the new predictor, improves the classification in clinically meaningful predefined risk
categories for participants with and without the outcome, compared to the baseline model with
established predictors.®® NRI is the sum of NRI for cases plus NRI for non-cases. NRI for cases
is the percentage of cases correctly classified upwards minus the percentage of cases erroneously
classified downward by the new model, compared to the baseline model. NRI for non-cases is
the percentage of non-cases correctly classified downwards minus the percentage of non-cases

erroneously classified upwards by the new model.®®

Definitions of these risk categories are
however arbitrary and differs across studies complicating comparisons. To circumvent this
problem, the category-free continuous NRI or IDI may be evaluated. IDI does not require
predefined risk thresholds. IDI represents the estimated improvement in the average sensitivity,
minus estimated decrease in average specificity summarized over all possible thresholds of the
model with the added predictor, compared to the baseline model. The absolute IDI depends on
the event rate observed in a given data, whereas the relative IDI is a percentage which may be

compared across studies.®®

5.2 External validity

External validity refers to the ability to generalize results from our study to other populations.
Ensuring internal validity is necessary for external validity. Random errors have less impact in
large samples. Misclassification of exposure variables in longitudinal studies is usually not a
substantial problem, since they will be non-differential and will in general underestimate the true
association.” The Norwegian Population Registry was the source for the invitations to the
Tromsg Study. The age and sex distribution and risk factor levels in the Tromsg Study is not
substantially different from the Norwegian population, and comparable to other Western
populations. However, the subjects invited to the second visit, were on average older. The
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Tromsg population consists mainly of Caucasians and extrapolation to populations of other
ethnicities may be limited. Hence, our findings should be applicable to similar middle-aged

European populations.

5.3 Ethical considerations

In the information brochure given to individuals upon invitation, the dual aim of the Tromsg
Study is presented (Appendix 1). On the individual level, the aim is to identify individuals who
either suffer from CVD or are at high risk of developing CVD without knowing it. Identification
of these individuals is important in order to initiate appropriate preventive treatment strategies.
On the public research level, the aim is to gain new knowledge about the occurrence of diseases
(cardiovascular, cancer etc.), the risk factors for diseases and how these diseases can be

prevented.

Chapter 8 in The Norwegian Health Research Act deals with transparency and the right of access
to research. It states that “research participants have the right of access to person- identifiable
and pseudonym personal health data about themselves. The data, that access is granted to, must
be presented in a way that is adapted to the capabilities and the needs of the individual”.**" If
consented to, information about certain selected individual results in the Tromsg Study were
passed on to the general practitioner for further follow-up. These results included blood pressure,
height, weight, HDL-C, and total cholesterol. Lifestyle cohort research studies are “non-
interventional”. The sample has been randomly selected to be representative for the population
under study. However, with the feedback of individual findings, the sample may receive a more
aggressive preventive approach with respect to lifestyle and medications because of being part of
the study, more than what is expected for the general population. This may introduce bias and
jeopardize the validity of the study. Observer bias (interviewer bias) is introduced if the
interviewer treats cases and controls differently, and this could result in differential
misclassification. This problem has been addressed in the Tromsg Study in general, by having
trained test personnel that are not directly involved in the research and therefore not biased by
scientific hypotheses in their measurements. Standard protocols and standard informational
procedures contribute to minimizing errors. The test personnel were masked to the ultrasound
findings in previous surveys. However, when study participants were informed about the
presence of plaques in the their carotid artery, this might have increased their motivation for

118, 119

lifestyle changes and influenced the initiation of preventive treatments, introducing biased

estimates of the association between baseline level of exposure variables and TPA progression.
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In longitudinal studies, researchers must balance the crucial need to maintain a representative
sample population with the responsibility to offer health advice. Also, the feedback of results
may raise unnecessary health concerns among the participants. When considered to be ethically
tenable, bias related to influencing on the cohort’s health development may partly be prevented

by restricting the feedback of results from the surveys.
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5.4 Discussion of main results

5.4.1 C-reactive protein in atherosclerosis - A risk marker but not a causal factor?

In Paper I, we report cross-sectional associations between CRP and prevalent plaque and
between CRP and TPA, which were stronger in men than in women and independent of TRFs. In
prospective analyses, age-adjusted baseline CRP predicted TPA progression and novel plaque
formation in men, but not in women. When adjusted for TRFs, baseline CRP did not predict

novel plaque formation nor TPA progression in neither men nor women.

The role of CRP in atherosclerosis has been debated continuously during the last decades. Is it a
causal factor or an epiphenomenon to the atherosclerotic process? CRP has shown ability to
predict CVD in a meta-analysis comprising individual participant records from 54 long-term
prospective studies.?” In small case-control trials, CRP was associated with the presence of
carotid artery stenosis.’?> * CRP was also cross-sectionally associated with IMT in a meta-
analysis of individual participant data from 20 prospective cohort studies (PROG-IMT)
involving 49 097 participants free of pre-existing CVD.*? Our research group has previously
reported a cross-sectional relationship between CRP and TPA in men,*? but not all studies have
confirmed an independent cross-sectional association between CRP and carotid plaque.’®* 1%
The strength and consistency of cross-sectional associations differed somewhat between the
statistical models applied in our study. While CRP levels have shown a dose—response
relationship to CVD risk independently of TRFs in prospective studies, the data on associations
with extent of carotid atherosclerosis are inconclusive.®® Schulze Horn et al.®® found an
association between CRP and IMT in 3092 middle-aged participants. However, CRP was
associated with IMT to the same degree as to more advanced stages of atherosclerosis, indicating
that CRP may identify vascular risk patients, but may not be suited to monitor progression of the

disease.'?®

In our study, the association between CRP and carotid atherosclerosis was weaker in women
than in men. The association between baseline CRP and TPA in women was attenuated to non-
significant upon adjustment for TRFs. Except for a cross-sectional study on the Framingham
offspring,**" most other studies support our findings and report a stronger association between
subclinical carotid atherosclerosis and CRP in men.*?* 28130 On average, women experience
their first CVD event (Ml or stroke) 7-10 years later in life than men, and a protective effect of
their natural estrogen status prior to menopause on vascular inflammation and atherosclerosis has
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been suggested.™" **? Previous work from our research group and others, have also documented
a lower prevalence of carotid plaque in women than in men at the same age.*" *** The male-to-
female ratio in plaque prevalence peaks at age 45-49 years and then declines steadily.®® A sex
difference in plague morphology has also been reported with men having a higher proportion of
echolucent plaques than women throughout life.%® *** Echolucent plaques are associated with
higher intraplaque inflammation. Calcification and inflammation may represent distinct
processes within the atherosclerotic plaque, and calcification is associated with stable

asymptomatic carotid disease.™*

Anti-inflammatory effects of female sex-hormones may shift
the atherosclerotic process in females towards a less inflammatory, more calcifying and slower
progressive development, which in turn may explain the less prominent association between

CRP and plaque in women.

A few other population-based studies have reported on the prospective association between CRP
and subclinical atherosclerosis.'?* 2> 1% 137 gome have found baseline CRP to predict
progressive atherosclerotic disease defined as increase in plaque score and progression of
stenosis.*® %819 |n a study of 486 subjects, of whom 72% were 65 years or older, CRP was an
independent predictor of new carotid plaques within three years.!”® The Austrian Stroke
Prevention Study demonstrated a significant relationship between baseline CRP and baseline
carotid atherosclerosis, as well as progression of atherosclerosis during the observational period
of 6 years.’*” However, CRP did not predict progression of IMT in the PROG-IMT meta-
analysis.*?* Our study did not confirm the temporality criterion of a causal relationship, as high
levels of CRP did not independently predict plaque formation and progression. Differences in
time span, exposure level, study design, analytic strategies and publication bias may have

threatened the consistency of published results.

Whether CRP reflects a response to TRFs or rise secondarily due to inflammatory processes
within the atherosclerotic plaque is not clear. CRP is linked to abdominal obesity, insulin
resistance, diabetes mellitus, hypercholesterolemia, and cigarette smoking.?” ¢” **° Abdominal
adipocytes produce inflammatory cytokines, including IL-6, which is a potent messenger for
CRP secretion in the liver.**® Results from the Multi-Ethnic Study of Atherosclerosis indicated
that in the absence of obesity, CRP was not associated with coronary calcium and only weakly

associated with IMT, whereas obesity was related to both imaging outcomes,*** suggesting a
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complex interplay between metabolic disorders, inflammation and serum lipids in atheroma

formation.

Serum levels of CRP have been associated with vulnerable plaque features detected by MRI*?,
but not plaque inflammation assessed by FDG-PET** ¥ or immune pathological analysis.*** In
addition, results regarding its associations to unstable plaque features such as echogenicity are
diverging.*?> *# Although CRP is associated with prevalent atherosclerosis beyond TRFs, these
associations are weak and inconsistent. Other circulating inflammatory markers may better
reflect the inflammatory process within the plaque, and thereby show higher sensitivity and

specificity for the detection and monitoring of inflammatory atherosclerotic disease.?! %" 140

Evidence drawn from experimental manipulation, particularly RCTs in which disease risk
declines following an intervention or cessation of exposure, is the strongest support for causal
inference. Data suggest that cardiovascular preventive medication, such as lipid lowering agents,
angiotensin converting enzyme inhibitors, angiotensin receptor blockers, antidiabetic agents,
anti-inflammatory and antiplatelet agents and beta-adrenoreceptor antagonists, lower serum
levels of CRP.*" Treatment with statins reduces both low-density lipoprotein cholesterol and
CRP levels. Reduction of CRP by statins is proposed to contribute to additional CVD risk
reduction benefit beyond that obtained from cholesterol lowering.** However, in the Heart
Protection Study of 20 536 participants randomized to simvastatin 40 mg vs. placebo, baseline
CRP levels did not predict benefit of therapy, and there was clear evidence of benefit in subjects
with both low LDL and low CRP at baseline.**® In the Anglo-Scandinavian Cardiac Outcomes
Trial (ASCOT), CRP did not predict outcome in relation to statin treatment.*® Mendelian
randomization studies both in the Copenhagen study,*® and in a combined study of 194 418
participants, including 46 557 patients with prevalent or incident coronary heart disease,**
concluded that CRP gene variants associated with increased CRP levels did not lead to increased
risk of ischemic atherosclerotic disease. When using anti-sense oligonucleotide targeted to CRP
production and pharmaceutical grade CRP infusions, no upstream effects on systemic
inflammation were observed in direct response to alterations in CRP production.™*® In addition,
Mechanistic studies in mouse models did not find evidence of a causal role of CRP in

atherosclerotic development. ' %3

All in all, our results and the current body of evidence do not support a causal role for CRP in the

initiation and progression of atherosclerosis and suggest that CRP may link to CVD by other
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mechanisms. Thus, our findings indicate that CRP may be considered as a risk marker, a
potential tool to identify subjects with prevalent atherosclerosis, but questions its role as a

therapeutic target in haltering progressive atherosclerotic disease.

5.4.2 Joint effect of carotid plaque and CRP in determination of CVD risk.

In Paper |1, we found that both elevated serum levels of CRP >3 mg/L and carotid total plaque
were individually associated with increased risk of IS and MI. For plaque area, the RR estimates
in our study were stronger for women than men, concordant with previous findings from the
Tromsg Study suggesting that assessment of carotid plague may be a more important tool for risk
stratification of women than men.*** CRP is evidently linked to increased risk of CVD, yet the
underlying mechanisms behind these associations are not fully understood. As discussed in Paper
I, it has been suggested that inflammatory active and rupture-prone plaques may themselves be a
source of CRP.X® However, as CRP only minimally attenuated the risk in individuals with
prevalent plaque, our results suggest that CRP and prevalent plaque do not represent the same
underlying risk factor, i.e. unstable atherosclerotic plaques, in relation to clinical outcomes.

Novel biomarkers that may improve the identification of subjects at risk and guide preventive
treatment are long awaited. Assessment of carotid plaque has been proposed as a risk modifier in
subjects classified to be at intermediate risk by TRFs.™™ NRIs added by plaque-measures in
CVD risk prediction have previously been reported by the Multi-Ethnic Study of Atherosclerosis
(MESA), Atherosclerosis Risk in Communities Study (ARIC) and Three City Study, ranging
from 7.7-13.1% for the whole population and approximately 20% for the intermediate risk
groups™*®* concurring with our findings. Some of these studies included IMT in addition to
plaque measures and the studies differed somewhat in plaque assessment methods as well as
definition of outcomes. Plaque in the carotid artery may be considered an end organ
manifestation of genetic and environmental risk factors that serves as a proxy of generalized
atherosclerosis, calling for more aggressive risk factor management. Whether carotid ultrasound
assessment leads to treatment decisions, which improves outcomes and justifies the cost-
effectiveness of screening is not clarified. The most recent European Guidelines on CVD
prevention recommend that atherosclerotic plaque detection by carotid artery scanning may be
considered as a risk modifier in CVD risk assessment for individuals with calculated CVD risks
around the decisional thresholds for medical intervention based on the major TRFs. However, it
is suggested that less than 10% of the population who test positive for atherosclerosis will

experience a near-term event.”’” Identification of reliable imaging and serological markers of
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disease activity is therefore essential to improve the selection of vulnerable patients and cost-
effectiveness of screening with carotid ultrasound in the primary prevention setting.

CRP is the most extensively studied circulating biomarker in relation to CVD. In a large meta-
analysis of individual participant data (n= 246 669), addition of CRP to TRFs yielded a modest
significant improvement in C-index by 0.0039 (p <0.001), and NRI of 1.52%.'® For subjects
classified to be at intermediate risk by TRFs, incorporation of CRP in the risk assessment model
resulted in 5.2% being reclassified to a higher risk category, thus eligible for statin therapy.
Adhering to current CVD prevention guidelines, this could potentially prevent one additional
CVD event in 10 years from 400-500 subjects screened.*® Controversy about the usefulness and

prognostic value of CRP in CVD prediction still remains.*®" %2

Few studies have explored whether CRPs ability to predict CVD is dependent on the presence of
atherosclerosis.*® %1% Experimental studies have indicated that CRP may initiate mechanisms
involved in plaque rupture and thrombus formation.'®® **” Transgenic mice that express human
CRP demonstrate accelerated thrombosis after arterial injury, compared to non-transgenic
control mice,*® and administration of CRP to human beings activates the blood coagulation
system.'®® These observations suggest that CRP increases the risk of CVD by activating the
blood coagulation system, rather than by promoting atherosclerotic plaque progression. Thus, an
interaction between higher serum levels of CRP and inflammatory active plaques may increase
the risk of thromboembolic complications, and explain the attributable risk of CRP in CVD.'"
The joint presence of elevated CRP and plaques >TPA median was associated with the highest
risks of both IS and MI, but synergistic effects were evident for IS only. This concurs with
results from the Cardiovascular Health Study, where Cao and colleagues simultaneously
measured carotid intima-media thickness, plaque characteristics, and CRP, and found that all
three parameters independently predicted 12-year incidence of CVD events and mortality in
5888 elderly participants.’® Elevated CRP was a particularly useful predictor in the presence of
subclinical atherosclerosis with a 72% increase in risk for CVD and 52% increase in total
mortality. By contrast, CRP did not add predictive power in the absence of carotid
atherosclerosis. Cumulative event rates suggested a possible additive interaction for composite
CVD and all-cause mortality with an excess risk attributable to the interaction of CRP and
subclinical atherosclerosis of 54% for CVD death and 79% for all-cause mortality. Additive
effects of CRP and extent of coronary artery disease on risk for future MI in angina patients have

also been reported.*® Contradictory, in the ARIC population soluble biomarkers, including CRP,
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were associated with CVD events with a similar magnitude in the presence and absence of
atherosclerosis, and the researchers concluded that the presence of atherosclerosis assessed by
IMT and plaque did not influence the association between biomarkers and CVD.*** However,
additive interaction of these measures was not assessed in that study.*®* The significance of CRP
as a risk marker may in addition differ according to plaque subtype and vulnerability, non-
calcified plaques with necrotic cores is suggested to have higher levels of inflammation.'”* Park

et al.'®

concluded that elevated CRP is a predictor of adverse cardiovascular events in
asymptomatic self-referred middle-aged Korean patients with non-calcified coronary plaques,
but not in patients with calcified or mixed plaques on coronary CT scan. In that population, the
highest event rate was found in patients with non-calcified plaques and hsCRP >3 mg/L.'*
Regression dilution bias due to intra-individual changes in CRP and plaque status may play a
role in prospective studies with long follow-up and may have led to bias towards the null. To our
knowledge, no previous studies have assessed these additive effects using time-varying exposure

variables.

As Mendelian randomization studies and animal studies have not supported a causal role of CRP
in CVD, it may be more likely that CRP is a non-specific marker of inflammation that rises
secondarily to up-stream processes more, directly linked to the pathogenesis of CVD.'*
However, a limitation of Mendelian randomization studies is that the power to detect meaningful
gene—environment interaction is low.'"? To our knowledge, it has not been tested whether gene
polymorphisms associated with increased serum levels of CRP may have different effects in

determining CVD events in the presence and absence of atherosclerosis.

CRP is closely correlated with diabetes mellitus, hypercholesterolemia, and cigarette smoking.*”
67.140 These are all conditions that lead to a pro-thrombotic state.®” CRP has been found to inhibit

173,174 and induce tissue

release of plasminogen activator inhibitor (PAI-1) from vascular ECs,
factor expression by monocytes'’™ and SMCs in vitro,"® thereby shifting the fibrinolytic balance
to promote intravascular fibrin formation. CRP is mainly found as a circulating pentamer in the
circulation. When CRP binds to one of its ligands, for instance in a denaturizing oxidative
environment, it dissociates in a non-reversible manner to non-soluble monomers (MCRP).
Recent research suggests mMCRP to be an effector; a potential regulator of signaling pathways
associated with thrombosis, angiogenesis and inflammation, whereas pentameric CRP acts as a
facilitator.*”” Thus, further knowledge about the binding ligands which lead to dissociation and

subsequent induction of local inflammation, may unravel new promising therapeutic targets.
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Simultaneous assessment of carotid atherosclerosis and CRP led to minimal, but significant
improvements in risk prediction judged by C-index and categorical NRI. TRFs have well-known
limitations for accurate assessment of individual cardiovascular risk.®” *® Thus, our results
suggest that the combined assessment of subclinical atherosclerosis and CRP may improve CVD

risk stratification.

5.4.3 Interleukin-6 is a predictor of plague progression

In Paper 1ll, we reported IL-6 as an independent predictor of plague progression. MPO and
caspase-1 were independent predictors of plague progression, but these effects disappeared when
excluding subjects with former CVD, suggesting an association to more advanced stages of
atherosclerosis. Neopterin was found to be protective of novel plaque formation (OR 0.73, 95%
Cl10.57, 0.93).

IL-6 is a master pro-inflammatory cytokine. It is produced by different cell types, including
activated monocytes, macrophages, endothelial cells, adipocytes and Ty2-cells, upon induction
by vasoactive peptides, ROS and other cytokines. IL-6 amplifies the inflammatory cascade by
stimulating hepatic synthesis of acute phase reactants, such as CRP and fibrinogen and is also a
pro-coagulant cytokine.'”® 1L-6 has a variety of other functions, including activation of
endothelial cells, activation of the hypothalamic-pituitary-adrenal axis, oxidation of lipoproteins
and promotion of lymphocyte proliferation and differentiation.®® IL-6 has shown ability to
predict cardiovascular events in more than 25 prospective epidemiological cohort studies.
According to a meta-analysis performed by the Emerging Risk Factors Collaboration, 1 SD
increase in log transformed IL-6 yielded a 25% increased risk of future CVD events.”® IL-6 was

180

associated to IMT in a meta-analysis of 14 832 participants™ and to severity of coronary artery

calcium score in another study.'® IL-6 has also been associated with progression of carotid

2

artery stenosis'® and IMT®® in high risk populations. Compared to CRP, evidence more

uniformly suggests a causal role of IL-6 in atherosclerosis. In murine experiments, exogenous

administrated 1L-6 enhanced the development of fatty streaks,'®*

and lifetime IL-6 deficiency
was associated with enhanced atherosclerotic plaque formation.'®® Mendelian randomization
studies also suggest that IL-6 signaling pathways play a causal role in CVD. In two meta-
analyses of polymorphism in the IL-6 signaling pathways, individuals with a variant in the IL-6
receptor that impairs IL-6 signaling had lower levels of CRP as well as a decreased risk for
coronary heart disease.'®® Drawbacks when considering IL-6 as risk marker are issues related to

assay-stability, short half-life, circadian and post-prandial variation, and the fact that no
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clinically approved assay for 1L-6 exists.**® The picture is further complicated by the fact that IL-
6 has shown ability to exert both pro- or anti-atherogenic effects depending on the environmental
circumstances and whether it acts through the classic membrane 1L-6 receptor or trans-signaling
through the soluble receptor. Selective interference with the IL-6 trans-signaling represents a
promising strategy to overcome the adverse effects observed under the treatment with anti-I1L-6
receptor antibodies.*

There is a growing interest in caspase-1 and its effects in pyroptosis and activation of IL-1
concerning atherosclerosis and plaque destabilization. Pyroptosis is a pro-inflammatory form of
cell death, uniquely dependent on caspase-1 and suspected to play an important role in plaque
destabilization. Plaque cholesterol can activate the multimolecular signaling complex NLRP3

inflammasome.*’

Activation of the NLRP3 inflammasome results in caspase-1-mediated
production of IL-1p and ultimately IL-6, which amplify the inflammatory cascade. This finding
offers a mechanistic link between hypercholesterolemia and vascular inflammation.*® To our
knowledge, the association between caspase-1 and progressive atherosclerotic disease is not
previously documented. Expression of NLRP3, caspase-1, IL-1B, and IL-18 mRNA was
significantly increased in carotid artery plague tissues obtained during endarterectomy surgery
compared to normal arteries from transplant donors.'” IL-1B secretion appeared to be an
important pathway in carotid plaque tissue in a larger study of gene expression in carotid
atherosclerosis.*® Linking caspase-1 and IL-1p activation to plaque progression is especially
relevant concerning the recently published Canakinumab Anti-inflammatory Thrombosis
Outcomes Study (CANTOS).*®¥ In CANTOS, canakinumab, a monoclonal antibody against IL-
1B, was tested for secondary prophylaxis in 10 061 post myocardial infarction patients with
elevated levels of CRP. Results suggested a significant 15% lower rate of recurrent
cardiovascular events in the group using canakinumab at a dose of 150 mg every 3 months
compared to placebo at 48 months. These results thus encourage further research on the detection
and testing of anti-inflammatory therapies targeted to the central inflammatory signaling (IL-1 —
TNFa — IL-6) pathway for CVD prevention.*®’

MPO is an enzyme secreted by activated macrophages, and is linked to both oxidative stress and

inflammation. MPO may reduce the bioavailability of NO, resulting in endothelial dysfunction,

in particular endothelium dependent vasorelaxation.*®®

MPO is involved in the oxidation process
of LDL, promoting foam cell formation in the vascular wall.*® Finally, MPO may play a role in

plaque destabilization by activating metalloproteinases, thereby weakening the fibrous cap*®® and
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may thus be involved at all stages of atherosclerosis from initiation to plaque rupture.!** MPO

has been associated to subclinical atherosclerosis,'®

stenosis  progression’®, plaque
inflammation™*?, and increased risk of CVD events, and may show additive effect to subclinical

atherosclerosis in CVD risk determination.®

Our results regarding neopterin contradict the findings from other studies.’®* *** However, a
recent paper support anti-inflammatory and anti-atherosclerotic properties of neopterin by
in vitro and in vivo experiments. The authors suggest that neopterin increases in circulating

blood in patients with coronary artery disease to counter inflammation and atherosclerosis.**

As many of the markers are inter-correlated and probably reflects aspects of the same biological
processes, the simultaneous assessment of multiple markers may increase sensitivity and
specificity of unstable atherosclerosis. Our results suggest that IL-6, caspase-1 and MPO should

be considered promising candidates in future studies.
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6 Conclusions and implications for future research

Imaging of subclinical atherosclerosis and circulating biomarkers of inflammation provide
promising strategies for improving our ability to identify individuals at increased risk of CVD,

and to guide and evaluate interventions.

Our findings did not support a causal role of CRP in the formation and progression of
atherosclerosis, but suggested CRP to be a marker of prevalent atherosclerosis. The joint
presence of carotid atherosclerosis and CRP was associated with the highest risk of both IS and
MI, suggesting that the combined assessment of these measures may improve clinical risk

prediction.

The novelty of CRP as a risk marker of CVD is limited. However, the mechanistic way by which
CRP relates to CVD is still not fully understood. In addition to animal studies, gene expression
studies and Mendelian randomization studies, our approach studying the associations between
potential biomarkers and different stages of disease development (subclinical and clinical) is

useful for improving our understanding of mechanistic links.

When deciding to use certain biomarkers in CVD risk assessment, it is important that such
markers influence on treatment decisions which subsequently lead to reductions in the risk for
clinical events and improve quality of life for patients. Regarding CRP and plaque assessment in
the carotid arteries, future research should aim to document the cost-effectiveness of screening.
If therapies, which lead to plaque regression and lower levels of inflammatory markers, indeed
decreases the risk of CVD events, this will further support the use of these biomarkers as
surrogate endpoints and in individual monitoring of treatment effects. This may again benefit
studies aimed at evaluating the effect of new preventive treatments, compared to large,

protracted and costly studies based on reducing CVD events.

Future research should also aim to establish a molecular signature for unstable atherosclerosis
that improves CVD risk prediction at the individual level. IL-6, MPO and caspase-1 represent
promising markers in this regard. As many of the inflammatory biomarkers are inter-correlated
and may exert both pro-inflammatory and anti-inflammatory effects, statistical methods which

may elucidate complex patterns and co-variances between multiple markers is warranted.
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Still a great amount of clinical CVD events cannot be prevented by available drug therapies,
including statins.'*® The ultimate test of the inflammatory hypothesis in atherosclerosis relies on
anti-inflammatory targeted drug trials. So far, two large randomized controlled trials of post
myocardial infarction patients have followed this approach, the CANTOS trial*®" and the
ongoing Cardiovascular Inflammation Reduction Trial (CIRT).” Better knowledge of the
cellular and molecular mechanisms involved in atherosclerosis holds promise to unravel new risk

markers and therapeutic targets for CVD in the future.
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Errata

Paper |

Typing error in the abstract: = 0.0.029 (CI, 0.003-0.056) should be f =0.029 (95% CI, 0.003-
0.056).

In Supplemental Table 1; For Tromsg 6; n should be =2838, not 2828.

Paper IlI

In the “Materials and Methods” section 2.1. Subjects: it was erroneously stated that the 5" survey
was performed in 2000/2001. It should read 2001/2002. Almost all examinations were performed

in 2001, whereas a few were done in January 2002.

An error had also occurred in the methods section on page 3, second paragraph (2.4.

Ultrasonography). The paragraph is now printed correctly below.

Progression of plaque was defined as an increase in TPA above the mean absolute difference
(2.9 mm?) between 2 independent measurements performed by 2 independent sonographers, as a
measure of the typical magnitude of the measurement error. Stable plaque size was defined as
change in TPA of less than +2.9 mm? To reduce risk of misclassification in the plaque

progression group, we included subjects with the largest TPA progression.

An erratum will be submitted to Atherosclerosis regarding the errors in Paper III.
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ARTICLE INFO ABSTRACT
Ari tid? history: ) Background and aims: CRP predicts cardiovascular disease (CVD) in large epidemiologic studies. The aim
Received 7 April 2017 of the present study was to elucidate the role of CRP in atherosclerosis formation and progression in a
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prospective population-based study.

Methods: 6503 middle-aged subjects from The Tromsg study had serum CRP, carotid ultrasound and
complete covariate data collected at baseline in 1994. Of these, 4730 and 2917 attended follow-up sur-
veys with repeated assessments in 2001 and 2007, respectively. The cross-sectional associations between
CRP and subclinical carotid atherosclerosis, and the longitudinal associations between baseline CRP and

Keywords: . . . . . . .
Atherosclerosis novel plaque formation and plaque progression were assessed in generalized estimating equations and
Carotid plaque linear mixed models stratified by sex.

CRP Results: At baseline, traditional risk factors and plaque prevalence increased by CRP risk categories
Inflammation (<1 mg/L, 1-3 mg/L, and >3 mg/L) in both sexes. In cross-sectional analyses, multivariable-adjusted CRP
Cohort study was associated with plaque prevalence and total plaque area (TPA) in men and women. Age-adjusted
Epidemiology baseline CRP >3 mg/L compared to CRP <1 mg/L predicted novel plaque formation (OR 1.44, CI 1.08
Sex-differences —1.92) and TPA progression (B = 0.0.029 (CI, 0.003—0.056)) in men, but not in women. In neither men

nor women was baseline CRP a predictor of TPA-progression or novel plaque formation when adjusted
for traditional risk factors.
Conclusions: CRP was associated with plaque presence and TPA in cross-sectional analyses, but was not
an independent predictor of novel plaque formation or plaque progression. Our findings suggest that CRP
may link to CVD by other mechanisms than promoting formation and progression of atherosclerotic
plaques.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction the development, progression and destabilization of atherosclerotic
lesions. The most widely investigated serum inflammatory marker

Numerous reports underline the significance of inflammation in in clinical practice is C-reactive protein (CRP) assessed by high-
sensitivity assays. CRP has shown ability to predict cardiovascular

disease (CVD) in more than 40 large epidemiological studies [1] and

Abbreviations: BMI, body mass index; CRP, C-reactive protein; CVD, cardiovas- in a meta-analysis comprising individual participant records from
cular disease; HDL-C, high density lipoprotein cholesterol; IQR, interquartile range; 54 long-term prospective studies [2]. CRP has been included in risk
IMT, intima media thickness; TPA, total plaque area; sqrtTPA, square root trans- assessment algorithms to discriminate subjects classified at inter-
formed TPA; GEE, generalized estimating equations. . . o ges . : . .

; ) N . ) mediate CVD risk by traditional risk factors into higher or lower risk
* Corresponding author. Department of Neurology, University Hospital of North N A . .
Norway, 9038 Tromsg, Norway. categories. The most recent guidelines from the American Heart

E-mail address: agnethe.eltoft@unn.no (A. Eltoft). Association recommend cut-off points of 2 mg/L CRP [3]. Earlier
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0021-9150/© 2017 Elsevier B.V. All rights reserved.
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proposed cut-off points of low risk (<1.0 mg/L), average risk
(1.0—3.0 mg/L), and high risk (>3.0 mg/L) correspond to approxi-
mate tertiles of CRP in the adult population. Increase in relative risk
estimates for CVD ranges from 1.45 to approximately 2 fold when
comparing the highest with the lowest CRP tertile [4,5]. In addition
to its role in risk prediction, CRP has been proposed as a tool to
select patients for and tailor treatment with statins. Treatment with
statins reduces both low density lipoprotein cholesterol and CRP
levels. Reduction of CRP by statins is proposed to contribute to
additional CVD risk reduction benefit beyond that obtained from
cholesterol lowering [6].

During the last two decades, there has been an ongoing dis-
cussion about the role of CRP in atherosclerosis. Is it a true risk
factor or an epiphenomenon to the atherosclerotic process? A risk
factor has been defined as a factor that is “associated with a disease
by virtue of its participation in the causal pathway leading to the
disease” [4]. In contrast, a risk marker is statistically associated with
the disease, but not necessarily causally linked, and may, in fact, be
a measure of the disease process itself [4,7]. CRP has been detected
within atherosclerotic plaques and causes endothelial dysfunction,
oxidant stress, and intima hypertrophy in experimental models [8].
CRP is linked to subclinical atherosclerosis; intima media thickness
(IMT), plaque presence, total plaque area (TPA) and vulnerable
plaque characteristics in cross-sectional population studies. Our
group has previously reported a cross-sectional relationship be-
tween CRP and TPA in men [9]. Only a few population-based studies
have reported on the longitudinal association [10—13].

In the population based Tromsg study, we have repeatedly
assessed CVD risk factors, serum CRP levels, plaque presence, and
plaque characteristics in the carotid artery. In the present study, by
novel utilization of linear mixed models and generalized estimating
equations (GEE), we explore whether CRP has ability beyond
traditional risk factors to predict novel plaque formation and pla-
que progression in men and women.

2. Materials and methods
2.1. Study population

The study participants were recruited from the 4th survey of the
Tromse study [14], a single-center, prospective, population-based
health study of the inhabitants of Tromsg, Norway, carried out
during the period 1994—1995. All inhabitants aged 55—74 years and
5—10% samples in other 5-year age groups (25—54 and 75—85
years) were offered an ultrasonographic examination of the right
carotid artery and 6727 participants attended (76% of the eligible
population). Participants not consenting to medical research
(n = 40) and participants with limited ultrasound measurements
(n = 3) were excluded. All participants still residing in Tromsg were
invited to follow-up ultrasound examinations in the 5th (2001) and
6th (2007—2008) survey. Eligible for the present study were all
subjects who participated in the carotid ultrasound examination in
the 4th survey (1994—1995; baseline) and had CRP measurements
and complete covariate information assessed at baseline
(n = 6503). Of these, 4730 and 2917 were rescanned in the 5th and
6th survey, respectively, of whom 4590 participants from the 5th
and 2838 participants from the 6th survey had valid measures on
all covariates and outcomes and were included in the analyses. The
maximal follow-up time was 13 years. Mean survey attendance was
2.2, and 2595 subjects had complete covariate and outcome infor-
mation assessed at all three surveys. During follow-up
(1994—2008), 1530 study participants died and 455 moved out of
the municipality. Informed written consent was obtained from all
participants. The study protocol conforms to the ethical guidelines
of the 1975 Declaration of Helsinki and was approved by the

Regional Committee for Medical and Health Research Ethics.

2.2. Carotid ultrasound examination

The baseline and follow-up measurements followed identical
scanning and reading procedures. In 1994 and 2001, ultrasonog-
raphy was performed with an Acuson Xp10 128 ART ultrasound
scanner equipped with a 7.5 MHz linear-array transducer. In 2007,
we used a GE Vivid 7 scanner with a linear 12-MHz transducer.

The far wall and near wall of the right common carotid artery,
the bifurcation (bulb) and the internal carotid artery (six locations)
were scanned for the presence of plaques. A plaque was defined as a
localized thickening of the vessel wall of more than 50% compared
with the adjacent intima-media thickness. Total plaque area (TPA)
was calculated as the sum of all plaque areas. To ensure equal and
standardized examination techniques and measurement proced-
ures, sonographers completed a 2-month pre-study training pro-
tocol. Details about the inter- and intra-observer reproducibility
and inter-equipment variability have been published previously
[15—18].

2.3. Cardiovascular risk factors

Information on CVD risk factors was collected by physical ex-
amination, non-fasting blood samples and self-administered
questionnaires. Blood pressure was recorded with an automatic
device (Dinamap Vital Signs Monitor 1846; Critikon Inc. Tampa, FL,
USA) by trained personnel. Participants rested for 2 min in a sitting
position and then three readings were taken on the upper right arm
at 1-min intervals. The average of the two last readings was used in
the analyses. Non-fasting blood samples were collected from an
ante-cubital vein. Serum was prepared by centrifugation after 1-h
respite at room temperature and analyzed at the Department of
Clinical Biochemistry, University Hospital of North Norway. Serum
total cholesterol was analyzed by an enzymatic colorimetric
method using a commercially available kit (CHOD-PAP, Boehringer-
Mannheim, Mannheim, Germany). Serum high-density lipoprotein
cholesterol (HDL-C) was measured after precipitation of lower-
density lipoproteins with heparin and manganese chloride. Deter-
mination of glycosylated hemoglobin (HbA1c) in EDTA whole blood
was based on an immunoturbidometric assay (UNIMATES, F
Hoffmann-La Roche AG). The HbA1c percent value was calculated
from the HbA1c/Hb ratio. Body mass index (BMI) was calculated as
weight in kilograms divided by the square of height in meters (kg/
m?). Information on former CVD (myocardial infarction and stroke),
prevalent diabetes, current smoking and use of antihypertensive
and lipid lowering drugs was collected from self-administered
questionnaires. Diabetes was defined as self-reported diabetes,
daily use of oral diabetic medication or insulin, or HbAlc levels
>6.5%. CRP was analyzed in thawed aliquots after storage at — 70 °C
(4th survey) or — 20 °C (5th and 6th surveys) with a particle-
enhanced immunoturbidimetric assay on a Modular P (4th and
6th surveys) or Hitachi 917 (5th survey) autoanalyzer (Roche
Hitachi, Mannheim, Germany), with reagents from Roche Di-
agnostics (Mannheim, Germany). Samples from the 4th survey
were analyzed after 12 years of storage, and samples from the 5th
and 6th surveys were analyzed in batches at the time of the surveys.
The lower detection limit of the high-sensitivity CRP assay was
0.03 mg/L, and measurements of CRP lower than 0.03 mg/L were,
therefore, set at this value. The analytical coefficient of variation for
CRP levels between 0.1 mg/L and 20 mg/L was <4%. In the 6th
survey, CRP was measured at 2 different time points and the
average was used in the analyses.
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Men (n = 3215)

Women (n = 3288)

CRP<1 mg/L

CRP 1-3 mg/L

CRP>3 mg/L

CRP<1 mg/L

CRP 1-3 mg/L

CRP>3 mg/L

Participants?, %
Age?, years

Systolic blood pressure,

mmHg

Diastolic blood pressure,

mmHg

Cholesterol,
mmol/L

HDL-cholesterol,
mmol/L

Body mass index,
kg/m?

Current smokers,
%

Diabetes mellitus,
%

Lipid-lowering medication,

%

Antihypertensive medication,

%
History of CVD,

%
Carotid plaque, %
Total plaque area”*

38.5 (1237)

57.7 (57.1-58.2)
143.4 (142.3—-144.4)
84.0 (83.3—84.6)
6.43 (6.36—6.50)
1.45 (1.43—1.47)
25.4 (25.2—25.6)
243 (300)
3.1(38)

2.1 (26)

10.8 (134)

9.1 (113)

50.6 (626)
417 (4.02-4.32)

38.8 (1246)
60.6 (60.1—61.2)

144.9 (143.9-146.0)

84.9 (84.2—85.5)
6.65 (6.59—6.72)
137 (1.35-1.39)
26.5 (26.3—26.7)
37.5 (467)

34 (42)

22(27)

12.9 (161)

11.9 (148)

53.6 (668)
4.66 (4.52—4.79)

22.8 (732)

61.59 (60.8—62.2)
147.4% (146.0—148.8)
86.39 (85.5-87.2)
6.62° (6.54—6.71)
1.33%(1.30-1.36)
26.5%(26.3—26.8)
47.3 (346)¢

6.8 (50)¢

3.1(23)

19.0 (139)¢

15.5 (112)¢

59.1 (433)¢
5.02¢ (4.84-5.18)

449 (1475)

58.7 (58.2—59.2)
141.8 (140.7—142.9)
80.3 (79.7—81.0)
6.89 (6.83—6.95)
1.76 (1.74—1.78)
24.7 (24.5-24.9)
27.8 (410)

2.4 (35)

15(22)

104 (153)

4.1 (60)

42.8 (631)
3.80 (3.68—3.92)

36.1(1188)

62.0 (61.4—62.5)
146.1 (144.9—147.4)
82.6 (81.8—83.3)
6.97 (6.90—7.04)
1.62 (1.60—1.65)
26.7 (26.4—26.9)
32,9 (391)
3.3(39)

2.6 (31)

14.8 (193)

53 (63)

45.8 (544)
4,03 (3.90—4.15)

19.0 (625)
62.59(61.7-63.3)
150.99 (149.2—152.6)
83.29(82.2-84.2)
6.90 (6.81—7.00)
1.60¢ (1.56—1.63)
27.74(27.3-28.0)
35.7 (223)°

8.9 (56)¢

1.4 (9)

18.9 (118)¢

8.0 (50)¢

50.4 (314)°
4.26" (4.05—4.38)

HDL, high density lipoprotein; CVD, cardiovascular disease.

The values are age-adjusted means (95% CI), or percentages (n).
2 Unadjusted.
b In subjects with prevalent plaque.
€ Square root transformed.
d p-value for linear trend across CRP risk categories <0.0001.
¢ p-value for linear trend across CRP risk categories <0.001.

2.4. Statistical analyses

We used the statistical software package SAS 9.4 (SAS Institute,
Cary, NC) for all data analyses. Sex-stratified descriptive statistics
are reported as means (standard deviations, SD), median (inter-
quartile range, IQR) or percentages with numbers in brackets for
each follow-up survey for all subjects (Supplemental Table 1).
Differences in baseline characteristics between subjects who were
lost to follow-up compared to subjects who completed follow-up
examinations were assessed at each follow-up survey by t-test,
Wilcoxon-Mann-Whitney or Chi-squared test (Supplemental
Table 7). Age-adjusted sex differences in plaque presence and TPA
at all surveys were assessed by logistic and linear regression. The
associations between predefined CRP risk categories (CRP <1 mg/L,
CRP 1-3 mg/L and CRP >3 mg/L) and CVD risk factors were
examined in sex-stratified age-adjusted linear regression models
(Table 1). Spearman correlation coefficient (rs) was assessed for
continuous variables. TPA was square root transformed (sqrtTPA)
and CRP log transformed, to approximate normal distribution and
improve regression model fit.

The cross-sectional association between CRP and presence of
carotid plaque throughout the longitudinal study was assessed by
generalized estimating equations (GEE) using a logit link function
(Supplemental Table 2). Correlated observations within individuals
were adjusted for by an exchangeable correlation structure [19].
The cross-sectional association between CRP and sqrtTPA
throughout the longitudinal study was assessed in linear mixed
models, adjusting for correlated observations within individuals by
adding a random intercept to the model [19] (Supplemental
Table 3). In both GEE and linear mixed model analyses, the asso-
ciations were examined in separate models with CRP as a

continuous variable and in risk categories (CRP <1, CRP 1-3 and
CRP >3 mg/L) with CRP <1 mg|/L as reference. In both GEE and linear
mixed model analyses, the associations were examined in sex-
stratified analyses firstly adjusting for age only, and then in a full
model adjusting for CVD risk factors. CVD risk factors included were
covariates reliably assessed in the Tromse survey [ 14], which might
act as confounders due to correlation with both CRP and TPA at
baseline (age, smoking status, total cholesterol, HDL-C, systolic
blood pressure, diabetes, BMI, and use of antihypertensive drugs) or
a previously described association with both CRP and TPA (lipid-
lowering drugs) [6,18].

In addition, a linear mixed model was used to simultaneously
assess the cross-sectional and longitudinal relationship between
CRP and sqrtTPA (Table 2) [20]. The cross-sectional component
analyzed the association between baseline CRP and estimated
sqrtTPA at baseline, whereas the longitudinal component analyzed
the association between baseline CRP and sqrtTPA progression rate
(CRP x time) during the observation period [21]. The models were
fit with random intercepts and slopes. The association was first
examined in sex-stratified analyses adjusting for baseline age,
follow-up time and interaction terms (age x time and crp x time).
Time was included as a continuous variable. In the fully adjusted
models, CVD risk factors listed above and their corresponding
interaction terms with time were additionally included. All
continuous variables except TPA were grand mean centered and
standardized before being included in the analyses. Dichotomous
variables were included with absence of risk factor as reference.
This facilitates interpretation of regression coefficients with regard
to the intercepts (Table 2). The normality assumption was assessed
by visual inspection of residuals.

The relationship between baseline CRP and future plaque
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Table 2

Associations between baseline CRP and baseline TPA?® and yearly TPA®-progression (slope), The Tromsg study 1994—2008.

Women

Men

Observations = 7110

Subjects = 3288

Observations = 6821

Subjects = 3215

Multivariable-adjusted

TPA?

Age-adjusted

TPA?

Multivariable-adjusted

TPA?

Age-adjusted

TPA?

Slope

Slope

Slope

Slope

B (95% CI)

B (95% CI)

B (95% CI)

B (95% CI)

B (95% CI)

B (95% CI)

0.128 (0.118-0.138) 2.15 (2.03—2.27) 0.119 (0.106—0.133) 1.70 (1.63-1.77) 0.107 (0.098—0.115) 1.46 (1.36—1.56) 0.093 (0.081-0.105)
0.002 (-0.006—0.011)

2.44 (2.36-2.53)

Intercept

0.006 (-0.05-0.07)  —0.000 (-0.008—0.006)

0.002 (-0.005—0.008)

0.114(0.04-0.17)

0.28%(0.21-035)  0.005 (-0.003-0.013)  0.20¢ (0.12—0.27)

Baseline CRP”

Baseline CRP category®

Ref

Ref

Ref

Ref

Ref

Ref

Ref

Ref

CRP < 1 mg/L

—0.008 (-0.026—0.009)
~0.009 (-0.033—0.014)

~0.001 (-0.019-0.016)  0.02 (-0.13—0.17)

—0.017 (-0.025—0.022)

0.20° (0.04—0.36)
0.49¢ (0.29—0.68)

0.010 (-0.010—0.032) 0.20° (0.01—0.39) 0.004 (-0.017—0.026)
0.55% (0.32—0.78)

0.36% (0.17—0.55)
0.86% (0.63—1.09)

CRP 1-3 mg/L
CRP >3 mg/L

0.19 (-0.002—0.38)

0.018 (-0.009—0.045)

0.029° (0.003—0.056)

TPA, total plaque area; B, regression coefficient; CI, confidence interval.
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Age-adjusted: adjusted for baseline age and follow-up time. Multivariable-adjusted: adjusted for baseline age, total cholesterol, high density lipoprotein cholesterol, body mass index, diabetes, systolic blood pressure, smoking,

lipid-lowering drugs, antihypertensive drugs and follow-up time. Intercept is for model with baseline CRP as continuous variable.

@ Square root transformed.
b B and 95% CI for difference in baseline TPA and yearly change in TPA (slope) per 1 standard-deviation increase in baseline CRP. CRP was log transformed in analyses.

€ B and 95% CI for difference in baseline TPA and yearly change in TPA (slope) for higher baseline CRP-risk categories compared to CRP <1 mg/L.

d p-value for p-coefficient <0.001.

¢ p-value for B-coefficient <0.05.

formation was assessed in subjects who were plaque-free at
baseline in separate GEE analyses (Table 3). The covariates
included were identical to covariates in the above models.
Interaction terms with time were not included in the GEE
models.

To address the impact of each CVD risk factor as a
confounder in the relationship between CRP and subclinical
atherosclerosis, we singly included each covariate in the age-
adjusted models and evaluated the change in regression
coefficients.

To ensure that our results were not confounded by former
history of CVD and temporary inflammation, we repeated the
analyses with exclusion of subjects with former CVD (N = 545)
and observations of CRP>10 (N = 668). Analyses with TPA as
outcome measure were repeated including only subjects with
prevalent plaque at baseline. Analyses were rerun only in
subjects who attended all three surveys (Supplemental Table 4-
6).

3. Results

The baseline and follow-up characteristics of the study
participants are listed in Supplemental Table 1. At all surveys,
age-adjusted plaque prevalence and TPA were higher in men
than in women (p < 0.0001). At baseline, 22.8% of men and
19.0% of women had CRP >3 mg/L. Table 1 displays age-
adjusted CVD risk factors and carotid ultrasound findings
across baseline CRP risk categories. Except for total cholesterol
in women, there were positive linear trends of all CVD risk
factors across CRP categories in both sexes. CRP and HDL-C
were inversely correlated. The strongest correlations were
between CRP and body mass index (BMI) (Spearman correla-
tion coefficient (rg) = 0.15 in men and 0.32 in women) and
systolic blood pressure (rs = 0.14 in men and 0.21 in women).
CRP increased by age for both sexes (r; = 0.17). Baseline plaque
prevalence and TPA increased significantly across CRP risk
categories in both sexes.

The cross-sectional association between CRP and plaque
prevalence is shown in Supplemental Table 2. In age-adjusted
models, there were significant associations between CRP and
plaque prevalence for both sexes. Assessed on a continuous
scale, multivariable-adjusted CRP was associated with plaque
prevalence in men only. The association between CRP risk
categories and plaque prevalence showed a less clear sex dif-
ference. For women, there was a significant increased plaque
prevalence when CRP was >3 compared to CRP <1 mg/L (OR
1.20, CI 1.04—1.39). For men, this association was weaker (OR
1.15, CI 0.99—1.34). The cross-sectional association between
CRP and TPA was significant in multivariable-adjusted analyses
for both sexes, but strongest for men (Supplemental Table 3).

Table 2 shows the relationship between baseline CRP and
baseline TPA as well as the effect of baseline CRP on TPA pro-
gression over time (slope). The intercepts represent baseline
TPA and yearly increase in TPA for subjects with average CRP at
baseline. Both baseline TPA and yearly increase in TPA were
significantly higher in men than in women (p < 0.002). Baseline
CRP was significantly associated with baseline TPA in both
sexes (p < 0.001). In multivariable-adjusted analyses, these
associations were evident in men only. For men, baseline CRP
>3 mg/L was associated with increased TPA progression
(p = 0.03) compared to baseline CRP <1 mg/L. However, in
multivariable-adjusted models, baseline CRP did not predict
TPA-progression in either sex. Age, systolic blood pressure and
smoking remained significant predictors of TPA progression in
both sexes in multivariable-adjusted analyses. In addition, use
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Table 3
Associations between baseline CRP and novel plaque formation in subjects without plaque at baseline. The Tromsg study 1994—2008.
Men Women
Subjects = 1488 Observations = 3362 Subjects = 1798 Observations = 4148
Age-adjusted Multivariable-adjusted Age-adjusted Multivariable-adjusted
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Baseline CRP* 1.10 (1.01-1.21)° 1.05 (0.96—1.16) 1.03 (0.94-1.12) 0.99 (0.91-1.09)
Baseline CRP category”
CRP <1 mg/L Ref Ref Ref Ref
CRP 1-3 mg/L 1.14 (0.91-1.44) 1.06 (0.83—1.34) 1.03 (0.83—1.29) 0.95 (0.76—1.18)
CRP >3 mg/L 1.44 (1.08—1.92)° 1.19 (0.88—1.58) 1.06 (0.80—1.41) 0.95 (0.71-1.28)

OR, odds ratio; CI, confidence interval.

Age-adjusted: adjusted for age and follow-up time. Multivariable-adjusted: adjusted for baseline age, total cholesterol, high density lipoprotein cholesterol, body mass index,

diabetes, systolic blood pressure, smoking, lipid-lowering drugs, antihypertensive drugs

and follow-up time.

2 OR for novel plaque vs. no plaque at follow-up per 1 standard deviation increase in baseline CRP. CRP was log transformed in analysis.

b OR for novel plaque vs. no plaque at follow-up for higher baseline risk categories of
¢ p-value for OR <0.05.

of lipid-lowering medication was a predictor in men and total
cholesterol was a predictor in women only.

Among 3286 participants who had no plaque at baseline and
attended a minimum of one follow-up study, 1304 (39.7%) partic-
ipants formed at least one novel carotid plaque during follow-up. In
men, who were plaque-free at baseline, the risk of novel plaque
formation increased significantly by baseline level of CRP (Table 3).
The risk for plaque at end of follow-up was 44% higher in men with
baseline CRP >3 mg/L compared to men with baseline CRP <1 mg/L
(OR 1.44, C1 1.08—1.92). However, this association was attenuated to
non-significance upon adjustment for traditional risk factors. There
was no association between baseline CRP and novel plaque for-
mation in women. In multivariable-adjusted models, age, total
cholesterol, systolic blood pressure, and smoking were predictors
of novel plaque formation in both sexes. In addition, body mass
index and use of lipid-lowering medication were predictors in men
only.

Analyses assessing the impact of each CVD risk factor showed
that no single risk factor changed the significance of the cross-
sectional associations between CRP and atherosclerosis. HDL-C
attenuated the cross-sectional association between CRP and TPA
in women by 27%, but only 1.5% in men. Current smoking attenu-
ated the regression coefficient by 16% in men and 11% in women. All
other covariates had less influence on the regression coefficients. In
longitudinal analyses, the predictive ability of baseline CRP for both
TPA progression and novel plaque formation in men was attenuated
to non-significance upon single adjustment for baseline smoking
status. In addition, single adjustment for total cholesterol or systolic
blood pressure had similar effects on CRPs association with novel
plaque formation.

In multivariable-adjusted sensitivity analysis, where observa-
tions with CRP>10 mg/L and subjects with former CVD were
excluded, results remained mainly unchanged with small varia-
tions in regression coefficients. When repeating the analyses with
TPA as outcome measure for the subgroup with prevalent plaque at
baseline, there was no change in the multivariable-adjusted results.
The same was true when restricting the analyses to subjects who
attended all three surveys (Supplemental Table 4—6).

4. Discussion
4.1. Cross-sectional associations
In cross-sectional analyses, we confirmed an association be-

tween CRP and carotid plaque prevalence as well as TPA. After
adjustment for traditional CVD risk factors, these associations

CRP compared to CRP<1 mg/L.

remained most prominent in men.

In small case-control trials, CRP has been linked to the presence
of carotid artery stenosis [22,23]. The cross-sectional association
between CRP and plaque presence is, however, not firmly estab-
lished [9,11,24,25]. Disagreements may partly be explained by dif-
ferences in methodological approaches, such as assessment-
methods of carotid atherosclerosis, composition of study pop-
ulations and degree of adjustment. Only a few CRP studies have
reported on sex-stratified associations. Except for a cross-sectional
study on the Framingham offspring [26], most of these studies
support our findings and report a stronger association between
subclinical carotid atherosclerosis and CRP in men [9,27—29].

Whether CRP reflects a response to traditional CVD risk factors
or rises secondarily due to inflammatory processes within the
atherosclerotic plaque is not clear. In our study and the above-
mentioned studies, the associations between CRP and subclinical
atherosclerosis were attenuated when controlling for CVD risk
factors. CRP is associated with risk factors such as age, BMI, systolic
blood pressure, cholesterol and smoking [30]. We found that
smoking and HDL-C were the covariates with largest impact on the
association between CRP and carotid atherosclerosis in men and
women, respectively. Mechanisms relating smoking to CVD are not
fully understood, but smoking-induced vascular endothelial
dysfunction, inflammation and development of atherosclerosis is
suspected to play an important role. HDL-C is inversely correlated
with subclinical atherosclerosis, clinical CVD and CRP and consid-
ered to be a stronger risk factor for CVD in women than in men.
Proposed protective mechanisms are inflammatory modulating
effects and reverse cholesterol transport by HDL-C [31]. Ben-
Yehuda claims that although vascular inflammation may
contribute to an elevation of CRP in the blood, CRP is mainly linked
to abdominal obesity and insulin resistance [32]. Abdominal adi-
pocytes produce inflammatory cytokines including interleukin-6,
which is a potent messenger for CRP secretion in the liver [32]. In
our study, CRP was correlated with BMI, but the cross-sectional
relationship between CRP and subclinical atherosclerosis was
minimally attenuated by BMI. However, results from the Multi-
Ethnic Study of Atherosclerosis indicate that in the absence of
obesity, CRP is not associated with coronary calcium and only
weakly associated with IMT, whereas obesity was related to both
imaging outcomes [33], suggesting a complex interplay between
metabolic disorders, inflammation and serum lipids in atheroma
formation.

CRP is the marker of inflammation most extensively studied in
relation to CVD, and is usually selected due to its analytical ad-
vantages and stability in regard to short-term fluctuations [34]. The
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long-term stability of CRP values (within-person correlation coef-
ficient, 0.59; 95% CI, 0.52 to 0.66) is comparable to that of both
blood pressure and total serum cholesterol [5]. However, CRP is a
downstream marker of inflammation, which rises in most situa-
tions of acute infection and inflammation [22,23]. Plaque inflam-
mation assessed by FDG-PET [35,36] or immune pathological
analysis [37] was not found to be associated with CRP. In addition,
results regarding CRPs associations with unstable plaque features
such as echogenicity have been contradictory [9,22]. Although CRP
is associated with prevalent atherosclerosis beyond traditional risk
factors, other circulating inflammatory markers may better reflect
the inflammatory process within the plaque, and thereby show
higher sensitivity and specificity for the detection and monitoring
of inflammatory atherosclerotic disease [1,38,39].

4.2. Longitudinal associations

In age-adjusted models, baseline CRP predicted TPA progression
and novel plaque formation in men, but not in women. However,
the predictive ability disappeared after adjustment for conven-
tional risk factors. These results suggest that information added by
CRP in prediction of progressive atherosclerotic disease addressed
to the presence of other risk factors, such as systolic blood pressure,
smoking and total cholesterol. In other prospective studies, base-
line CRP predicted progressive atherosclerotic disease defined as
increase in plaque score and progression of stenosis [10,40,41]. In a
study of older subjects, CRP was an independent predictor of new
carotid plaques within three years [12]. The Austrian Stroke Pre-
vention Study demonstrated a significant relationship between
baseline CRP and baseline carotid atherosclerosis, as well as pro-
gression of atherosclerosis during the observational period of 6
years [11]. However, CRP did not predict progression of IMT in a
meta-analysis compromising 20 studies and 49 097 subjects [13].

We found no evidence of elevated CRP levels proceeding novel
plaque formation or plaque progression in women. Anti-
inflammatory effects of female sex-hormones may shift the
atherosclerotic process in women toward a less inflammatory and
slower progressive development [42]. Lower prevalence and pro-
gression rate in women may have reduced statistical power to
detect an association between CRP and progressive atherosclerosis.

A large body of evidence documents an independent relation-
ship between CRP and increased risk of CVD events. Whether CRP is
merely a risk marker or a causal factor of atherosclerosis and
ischemic vascular disease remains to be clarified [43]. The clinical
utility of measuring risk factors resides in the fact that treatment
may directly modify risk [44]. Although causal interferences cannot
be drawn from this epidemiologic study, our results do not support
an independent role of CRP in the formation and growth of
atherosclerotic plaques. These findings are consistent with a recent
review article by Ridker [39]. Mendelian randomization studies
both in the Copenhagen study [45], and in a combined study of
194,418 participants, including 46, 557 patients with prevalent or
incident coronary heart disease [46], concluded that CRP gene
variants associated with increased CRP levels did not lead to
increased risk of ischemic atherosclerotic disease. In addition,
several mouse studies did not find evidence of a causal role of CRP
in atherosclerotic development [47,48]. If elevated CRP does not
proceed plaque progression or formation, it is unlikely that
reducing CRP-levels will affect progression of subclinical athero-
sclerosis and CRPs role as a therapeutic target in this regard may be
limited. In accordance with these findings, the proposed usefulness
of CRP measurements in predicting benefit from statin treatment
[6] has later been drawn in doubt by results from the ASCOT [49]
and Heart Protection Study [50].

4.3. Strengths and limitations

To our knowledge, this is the first longitudinal study using linear
mixed models to utilize information from repeated measures on
CRP and carotid plaque. The mixed model allows inclusion of ob-
servations from subjects who do not have complete follow-up data
and thereby reduces loss to follow-up bias. The model utilizes in-
formation from time-changing exposure variables and diminishes
the regression dilution effect. It also takes into account the de-
pendency of observations made on the same individual over time.
Bias related to the inclusion of baseline measurements in the
change-models is addressed by assessing the estimated baseline in
the models [21]. Mixed models are well suited to address different
aspects of how risk factors influence the development of subclinical
atherosclerosis over time when repeated measures of risk factors
and outcome are available. Strengths of the present study are the
high attendance rates, large sample size and high validity of
outcome measurements. CRP has a poor specificity in the presence
of a coexisting inflammatory condition such as rheumatoid arthritis
and infections. In sensitivity analysis, we aimed at minimizing this
source of error by excluding observations with CRP>10 mg/L and
subjects with prevalent CVD at baseline.

Limitations of the study are related to loss of follow-up, which
may have attenuated the results towards null, as subjects with the
most unfavorable baseline risk factor and atherosclerosis levels
were more likely to drop out from follow-up examinations
(Supplemental Table 7). We expect the relationship between
atherosclerosis and CRP to be equivalent in attendants and non-
attendants. However, loss to follow-up of subjects with most pro-
nounced atherosclerosis progression might have reduced statistical
power to detect an association. Although we used a standardized
protocol for the measurement of TPA, a relatively large part of the
computed change in TPA over the years may be distorted by mea-
surement error. The use of different ultrasonography equipment in
the 4th and the 6th survey, and non-standardized uptake angles is
likely to have increased the measurement error. Regression to the
mean may have affected our outcome measure and plaques of low
echogenicity may have been overlooked. Any such misclassification
would be expected to underestimate the true association. Residual
confounding may exist, and it cannot be ruled out that shorter in-
tervals between surveys could have led to different results
regarding the predictive value of CRP.

4.4. Conclusion

In conclusion, we found a cross-sectional association between
CRP and prevalent plaque as well as TPA that was stronger in men
than in women and independent of traditional CVD risk factors.
Baseline CRP was not a predictor of novel plaque formation nor TPA
progression in either men or women, when adjusted for traditional
risk factors. Our results cast doubt that CRP plays a causal role in the
initiation and progression of atherosclerosis, and suggest that CRP
may be linked to CVD by other mechanisms. Our findings indicate
that CRP may be considered as a potential tool to identify subjects
with prevalent atherosclerosis, but question its role as a therapeutic
target in haltering progressive atherosclerotic disease.
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Supplemental Table 1. Crude characteristics of the study participants across surveys stratified by sex. The Tromsg Study 1994-

2008.
Tromsg 4 Tromsg 5 Tromsg 6
(n=6503) (n=4590) (n=2828)
Men Women Men Women Men Women
n= 3215 n= 3288 n= 2234 n= 2356 n= 1372 n= 1466

Age, years 59.7 (10.0) 60.6 (10.3) 65.9 (9.3) 67.0 (9.8) 69.0 (9.0) 69.7 (10.0)
Systolic blood pressure, mmHg 144.9 (20.4) 145.1 (24.5) 143.2 (20.5) 144.8 (23.0) 145.1 (21.2) 148.2 (26.4)
Diastolic blood pressure, mmHg 84.9 (12.2) 81.7 (13.5) 82.45 (11.8) 80.7 (13.2) 80.5(10.2) 76.2 (10.6)
Cholesterol, mmol/L 6.56 (1.20) 6.92 (1.34) 6.07 (1.14) 6.51 (1.18) 5.45 (1.13) 5.91(1.11)
HDL-cholesterol, mmol/L 1.39 (0.39) 1.68 (0.43) 1.35 (0.37) 1.60 (0.40) 1.40 (0.41) 1.70 (0.44)
CRP @ mg/L 1.32 1.15 1.64 1.53 1.61 1.57

(0.69-2.76) (0.57-2.44) (0.87-3.20) (0.79-3.10) (0.93-2.98) (0.83-3.03)
Body mass index, kg/m? 26.1(3.4) 26.0 (4.5) 26.8 (3.5) 26.8 (4.6) 27.2 (3.5) 26.8 (4.5)
Current smokers, % 34.7 (1114) 31.1(1024) 25.3 (565) 23.8 (560) 14.6 (200) 15.6 (228)
Diabetes mellitus, % 4.1 (131) 4.0 (130) 10.2 (227) 8.1 (190) 10.8 (148) 10.1 (148)
Lipid-lowering medication, % 2.4 (76) 1.9 (61) 17.3 (387) 12.8 (302) 29.5 (405) 22.0 (323)
Antihypertensive medication, % 13.5 (433) 13.6 (447) 25.3 (566) 26.1 (615) 33.1 (454) 37.2 (546)
History of CVD % 11.6 (372) 5.3 (173) 16.3 (363) 8.1 (190) 20.3 (279) 9.6 (140)
Carotid plague present, % 53.7 (1727) 45.3 (1490) 67.5 (1507) 57.1 (1344) 61.0 (837) 52.2 (765)
Total plaque area *, mm? 17.6 13.6 20.8 16.6 26.6 20.4

(10.0-31.7) (7.0-23.3) (11.6-37.0) (9.3-27.6) (14.8-43.6) (12.0-31.7)

HDL,; high density lipoprotein. CVD; cardiovascular disease. The values are unadjusted means (standard deviations), or percentages (n).
2 Median (interquartile range) due to skewed distribution. ° In subjects with prevalent plaque.




Supplemental Table 2: Cross-sectional associations between CRP and plaque prevalence. The Tromsg Study 1994-2008.

Men Women
Subjects = 3215 Observations = 6821 Subjects = 3288 Observations = 7110
Age-adjusted Multivariable-adjusted Age-adjusted Multivariable-adjusted
OR (95 % CI) OR (95 % CI) OR (95 % CI) OR (95 % CI)
CRP? 1.10 (1.05-1.16)° 1.08 (1.02-1.13)¢ 1.07 (1.02-0.12) ¢ 1.04 (0.99-1.10)
CRP category °
CRP <1 mg/L Ref Ref Ref Ref
CRP 1-3 mg/L 1.14 (1.02-1.27)¢ 1.09 (0.97-1.23) 1.14 (1.02-1.28) ¢ 1.10 (0.97-1.23)
CRP >3 mg/L 1.25 (1.08-1.44)° 1.15 (0.99-1.34) 1.26 (1.10-1.44)° 1.20 (1.04-1.39) ¢

OR; odds ratio. Cl; Confidence interval.

#OR are for novel plaque versus no plaque per 1 standard deviation increase in CRP. CRP was log transformed in analyses.

® OR are for novel plaque versus no plaque for higher risk categories of CRP compared to CRP <1 mg/L.

Multivariable adjusted: adjusted for age, total cholesterol, high density lipoprotein cholesterol, body mass index, diabetes, systolic
blood pressure, smoking, lipid-lowering drugs and antihypertensive drugs. P- value €<0.001, °<0.05.




Supplemental Table 3: Cross-sectional associations between CRP and total plaque area. The Tromsg Study 1994-2008.

Men Women
Subjects = 3215 Observations = 6821 Subjects = 3288 Observations = 7110
Age-adjusted Multivariable-adjusted Age-adjusted Multivariable-adjusted
B (95 % ClI) B (95 % ClI) B (95 % ClI) B (95 % ClI)
CRP? 0.17 (0.12-0.23) ° 0.16 (0.10-0.21) ° 0.10 (0.05-0.14) © 0.08 (0.03-0.12) ®
CRP category °
CRP <1 mg/L Ref Ref Ref Ref
CRP 1-3 mg/L 0.21 (0.09-0.34) ° 0.18 (0.05-0.31) ° 0.18 (0.08-0.29) ° 0.14 (0.03-0.25) °
CRP >3 mg/L 0.47 (0.32-0.62) ° 0.40 (0.24-0.55) ° 0.32 (0.19-0.45) ¢ 0.26 (0.13-0.40) °

B; regression coefficient. Cl; Confidence interval. Total plagque area was square root transformed.

B -coefficients for difference in sqrtTPA (95 % CI) per 1 standard deviation increase in CRP. CRP was log transformed in analyses.
® B -coefficients for difference in sqrtTPA (95 % CI) for higher risk categories of CRP compared to CRP <1 mg/L.
Multivariable-adjusted: adjusted for age, total cholesterol, high density lipoprotein cholesterol, body mass index, diabetes, systolic
blood pressure, smoking, lipid-lowering drugs and antihypertensive drugs. P-value for B —coefficient ©<0.001, “ <0.05.




Supplemental table 4. Crude characteristics of the study participants across surveys in men (n=1265) and women
(n=1330) who attended all surveys. The Tromsg Study 1994-2008.

Tromsg 4 Tromsg 5 Tromsg 6
Men Women Men Women Men Women

Age, years 56.3 (8.7) 57.1 (9.7) 63.3 (8.7) 64.1 (9.7) 69.3 (8.7) 70.1 (9.7)
Systolic blood pressure, mmHg 140.2 (18.1) 138.9 (21.6) 140.3 (19.4) 141.2 (22.1) 145.3 (21.1) 148.7 (26.4)
Diastolic blood pressure, mmHg 83.6 (11.4) 79.6 (12.3) 82.0 (11.3) 79.7 (12.4) 80.5 (10.2) 76.3 (10.7)
Cholesterol, mmol/L 6.54 (1.15) 6.72 (1.29) 6.14 (1.13) 6.44 (1.16) 5.45 (1.12) 5.92 (1.11)
HDL-cholesterol, mmol/L 1.38 (0.38) 1.70 (0.40) 1.35 (0.36) 1.60 (0.40) 1.40 (0.42) 1.70 (0.44)
CRP @ mg/L 1.07 0.97 1.48 1.46 1.59 1.58

(0.58-2.12) (0.48-1.92) (0.82-2.83) (0.76-3.06) (0.92-2.91) (0.83-3.06)
Body mass index, kg/m? 26.1 (3.0) 25.6 (3.9) 27.0 (3.3) 26.7 (4.2) 27.2 (3.5) 26.8 (4.5)
Current smokers, % 28.0 (354) 27.1 (360) 22.3 (282) 21.7 (289) 14.2 (179) 15.2 (202)
Diabetes mellitus, % 1.6 (20) 2.1(28) 6.7 (85) 6.7 (89) 10.8 (137) 10.0 (133)
Lipid-lowering medication, % 2.1 (27) 1.3(17) 16.2 (205) 11.7 (155) 29.3 (370) 22.0 (293)
Antihypertensive medication, % 7.4 (94) 2.6 (34) 19.5 (247) 22.3 (296) 33.1 (419) 37.7 (501)
History of CVD % 6.3 (79) 8.4 (112) 12.1 (153) 5.34 (71) 20.7 (262) 9.4 (125)
Carotid plague present, % 43.2 (546) 34.2(455) 60.1 (760) 48.0 (638) 61.2 (774) 52.1 (693)
Total plaque area *, mm? 14.1 11.4 17.9 15.3 26.7 20.2

(8.5-24.7) (6.7-19.6) (10.6-32.2) (8.6-24.4) (14.7-44.0) (12.0-31.7)

HDL; high density lipoprotein. CVD; cardiovascular disease. The values are unadjusted means (standard deviations), or

percentages (n).? Median (interquartile range) due to skewed distribution. ° In subjects with prevalent plaque.




Supplemental Table 5: Associations between baseline CRP and novel plaque formation in subjects without plaque at baseline who
attended all surveys. The Tromsg Study 1994-2008.

Men Women
Subjects =719 Observations = 2157 Subjects =875 Observations = 2625
Age-adjusted Multivariable-adjusted Age-adjusted Multivariable-adjusted
OR (95 % CI) OR (95 % CI) OR (95 % CI) OR (95 % CI)
Baseline CRP 2 1.10 (0.99-1.21) 1.04 (0.93-1.16) 0.99 (0.90-1.12) 0.96 (0.87-1.06)
Baseline CRP category °
CRP <1 mg/L Ref Ref Ref Ref
CRP 1-3 mg/L 1.07 (0.82-1.41) 0.99 (0.75-1.30) 1.03 (0.78-1.35) 0.90 (0.68-1.20)
CRP >3 mg/L 1.44 (0.98-2.09) 1.20 (0.82-1.76) 0.98 (0.68-1.44) 0.86 (0.58-1.29)

OR; odds ratio. Cl; confidence interval.

4 OR for novel plague versus no plaque at follow-up per 1 standard deviation increase in baseline CRP. CRP was log transformed in analysis.
® OR for novel plaque versus no plaque at follow-up for higher baseline risk categories of CRP compared to CRP<1 mgl/L.

Age-adjusted: adjusted for age and follow-up time. Multivariable adjusted: adjusted for baseline age, total cholesterol, high density lipoprotein
cholesterol, body mass index, diabetes, systolic blood pressure, smoking, lipid-lowering drugs, antihypertensive drugs and follow-up time.




Supplemental Table 6: Associations between baseline CRP and baseline TPA? and TPA%-progression (slope) over time in men and women who attended all surveys.
The Tromsg Study 1994-2008.

Intercept

Baseline CRP °

Baseline CRP
category ©

CRP <1 mg/L

CRP 1-3 mg/L

CRP >3 mg/L

Subjects = 1265

Observations = 3795

Subjects = 1330

Women
Observations = 3990

Age-adjusted

Multivariable-adjusted

Age-adjusted

Multivariable-adjusted

TPA? Slope TPA? Slope TPA? Slope TPA? Slope
B (95 % Cl) B (95 % Cl) B (95 % Cl) B (95 % Cl) B (95 % Cl) B (95 % Cl) B (95 % ClI) B (95 % Cl)
2.06 0.13 1.78 0.11 1.40 0.10 1.21 0.08
(1.93-2.18) (0.12-0.14) (1.61-1.95) (0.09-0.13) (1.30-1.51) (0.90-0.11) (1.07-1.36) (0.065-0.093)
0.14¢ 0.006 0.07 0.003 0.02 0.002 -0.049 0.0006
(0.05-0.23) (-0.003-0.014) (-0.02-0.16) (-0.006-0.011) (-0.05-0.10) (-0.053-0.103) (-0.13-0.28) (-0.007-0.008)
Ref Ref Ref Ref Ref Ref Ref Ref
0.14 0.013 -0.02 -0.0003 0.21 0.000 0.02 -0.005
(-0.12-0.39) (-0.019-0.030) (-0.28-0.23) (-0.025-0.024) (-0.01-0.42) (-0.02-0.02) (-0.20-0.23) (-0.026-0.015)
0.68 ¢ 0.026 0.39 ¢ 0.012 0.25 0.000 0.02 -0.003
(0.34-1.02) (-0.007-0.059) (0.05-0.73) (-0.021-0.046) (-0.05-0.51) (-0.03-0.03) (-0.27-0.32) (-0.033-0.026)

TPA, Total plague area. 3; regression coefficient. ClI; confidence interval.*Square root transformed.

b B and 95 % CI for difference in baseline TPA and yearly change in TPA (slope) per 1 standard-deviation increase in baseline CRP. CRP was log transformed in analyses.

“B and 95 % ClI for difference in baseline TPA and yearly change in TPA (slope) for higher baseline CRP-risk categories compared to CRP <1 mgl/l.

Age-adjusted: adjusted for baseline age and follow-up time. Multivariable-adjusted: adjusted for baseline age, total cholesterol, high density lipoprotein cholesterol, body mass
index, diabetes, systolic blood pressure, smoking, lipid-lowering drugs, antihypertensive drugs and follow-up time. Intercept for model with baseline CRP as continuous variable.
4 p-value for B-coefficient <0.05




Supplemental Table 7. Differences in baseline characteristics between attendants and non-attendants by follow-up surveys. The Tromsg

Study 1994-2008.

Age, years

Men, % ©

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Cholesterol, mmol/L
HDL-cholesterol, mmol/L

CRP 2 mg/L

Body mass index, kg/m?
Current smokers, % °

Diabetes mellitus, % °©
Lipid-lowering medication, % °
Antihypertensive medication, %
History of CVD %

Carotid plaque present, % °©

Total plaque area *°, mm?

Tromsg 5

Tromsg 6

Attendants Non-attendants p-value Attendants Non-attendants p-value

(n=4730) (n=1773) (n=2917) (n=3586)

59.5 (9.6) 62.1 (11.4) <0.0001 56.4 (9.5) 63.2 (9.7) <0.0001
48.4 (2290) 52.2 (925) 0.007 48.4 (1212) 50.3 (1803) ns
143.6 (21.6) 148.7 (24.5) <0.0001 139.6 (20.1) 149.4 (23.4) <0.0001
83.0 (12.5) 84.0 (14.0) 0.005 81.4 (12.0) 84.7 (12.0) <0.0001
6.74 (1.26) 6.76 (1.36) ns 6.63 (1.24) 6.84 (1.32) <0.0001
1.55 (0.43) 1.52 (0.44) 0.017 1.53 (0.44) 1.55 (0.42) ns

1.11 1.68 <0.0001° 1.04 1.44 <0.0001

(0.57-2.24) (0.81-3.58) (0.54-2.02) (0.71-3.08)

26.0 (3.7) 26.0 (4.5) ns 25.9 (3.5) 26.1(4.3) 0.013
30.2 (1429) 40.0 (709) <0.0001 28.0 (816) 36.9 (1322) <0.0001

3.0 (140) 6.8 (121) <0.0001 3.0 (140) 6.8 (121) <0.0001

2.3 (17) 2.1 (27) ns 1.7 (50) 2.4 (87) 0.047

6.3 (299) 18.1 (321) <0.0001 8.7 (255) 17.4 (625) <0.0001

8.4 (545) 13.9 (246) <0.0001 4.4 (127) 11.7 (418) <0.0001
33.5 (2180) 58.5 (1037) <0.0001 38.6 (1125) 58.3 (2092) <0.0001

14.3 19.2 <0.0001° 12.6 17.4 <0.0001

(8.4-24.8) (10.3-32.9) (7.5-21.6) (10.0-31.2)

HDL; high density lipoprotein. CVD; cardiovascular disease. Values are unadjusted means (standard deviations), or percentages (n). * Median
(interquartile range) due to skewed distribution. ®In subjects with prevalent plaque. p-value is for equality between groups tested by t-test, chi square
test. dWilcoxon-Mann-Whitney. Ns; non-significant with p-value > 0.05.
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Joint Effect of Carotid Plaque and C-Reactive Protein on First-Ever

Ischemic Stroke and Myocardial Infarction?

Agnethe Eltoft, MD; Kjell Arne Arntzen, MD, PhD; Tom Wilsgaard, PhD; John-Bjarne Hansen, MD, PhD; Ellisiv B. Mathiesen, MD, PhD;
Stein Harald Johnsen, MD, PhD

Background—The joint effect of atherosclerosis and CRP (C-reactive protein) on risk of ischemic stroke (IS) and myocardial
infarction (MI) has been sparsely studied. The aim of this study was to explore whether CRP mediates the risk of events in subjects
with prevalent carotid plaque, examine synergism, and test whether CRP and carotid plaque add to risk prediction beyond
traditional risk factors.

Methods and Results—CRP and carotid total plaque area (TPA) were measured in 10 109 participants in the Tromsg Study from
1994 to 2008. Incident IS (n=671) and MI (n=1079) were registered until December 31, 2013. We calculated hazard ratios (HRs) of
MI and IS according to categories of CRP (<1, 1-3, and >3 mg/L) and plaque status (no plaque and TPA below and above median)
in Cox proportional hazard models with time-varying covariates. Multivariable-adjusted CRP >3 versus <1 mg/L was associated
with risk of IS (HR, 1.84; 95% confidence interval, 1.49-2.26) and MI (HR, 1.46; 95% confidence interval, 1.23—1.73). TPA above
median versus no plaque was associated with risk for IS (HR, 1.65; 95% confidence interval, 1.36-2.01) and MI (HR, 1.64; 95%
confidence interval, 1.41-1.92). In participants with plaque, adjustment for CRP minimally attenuated the risk estimates. The
highest incidence rates for Ml and IS were seen in the group with both CRP >3 mg/L and TPA is above the median. TPA and CRP
combined added to risk prediction beyond traditional risk factors.

Conclusions—The simultaneous presence of subclinical atherosclerosis and elevated CRP was associated with increased risk of IS
and MI. The combined assessment of subclinical atherosclerosis and inflammatory biomarkers may improve cardiovascular disease
risk stratification. (J/ Am Heart Assoc. 2018;7:e008951. DOI: 10.1161/JAHA.118.008951.)

Key Words: atherosclerosis ¢ carotid ultrasound ¢ C-reactive protein * ischemic stroke  myocardial infarction

pproximately one third of individuals who experience a
first-time cardiovascular event are misclassified as being
at low risk on the basis of traditional risk factors (TRFs).'
Novel biomarkers that can improve cardiovascular disease
(CVD) risk prediction are long awaited. Serum levels of CRP
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(C-reactive protein)® and subclinical atherosclerosis assessed
by carotid ultrasound,” have both repeatedly been found to
predict future CVD independent of TRFs in large population-
based studies. However, the clinical utility of these factors in
determination of cardiovascular risk is not established.?*
The development and manifestation of CVD is a complex
process that encompasses several components, including
atherosclerotic plaque development, plaque rupture, and
thromboembolic events. Inflammation is recognized to play
a pivotal role in initiation and progression of atherosclerosis.
CRP is evidently linked to CVD risk, yet the underlying
mechanisms behind these associations are not fully under-
stood. Previous studies do not uniformly support CRP as a
causal agent in plaque formation and progression.”” It is
suggested that inflammatory active and rupture-prone
plagues may themselves be a source of CRP.® In this setting,
CRP would be expected to mediate the relationship between
carotid atherosclerosis and CVD risk because CRP and
atherosclerotic plaques would represent the same underlying
risk factor (ie, unstable plaques). In addition, experimental
studies have indicated that CRP may initiate mechanisms
involved in plague rupture and thrombus formation.” " Thus,
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Clinical Perspective

What Is New?

* Repeated measures of carotid total plaque area and CRP
(C-reactive protein) were individually associated with
increased risk of ischemic stroke and myocardial infarction.

* CRP only minimally attenuated the risks in subjects with
prevalent carotid plaque, contradictory to what would be
expected if CRP and plaques represent the same underlying
risk factor (ie, unstable plaques).

* The highest incidence rates of ischemic stroke and

myocardial infarction were found in subjects with both total

plaque area above the median and CRP >3 mg/L.

Inclusion of total plaque area and CRP combined added to

risk prediction models beyond traditional risk factors.

What Are the Clinical Implications?

The simultaneous presence of subclinical atherosclerosis
and elevated CRP was associated with increased risk of
ischemic stroke and myocardial infarction, indicating that
the combined assessment of subclinical atherosclerosis and
inflammatory biomarkers may improve cardiovascular dis-
ease risk stratification.

an interaction between higher serum levels of CRP and
inflammatory active plagues may increase the risk of plaque
rupture and explain the attributable risk of CRP in CVD. In this
scenario, we would expect the simultaneous presence of
elevated CRP and subclinical atherosclerosis to have a
synergistic effect on CVD risk.

Only a few studies have explored whether imaging measures
of atherosclerosis and markers of inflammation interact with
each other in determination of cardiovascular risk, and results
are diverging.'*"® In the Tromseg Study, carotid total plaque
area (TPA) and CRP have been repeatedly measured in a
general, middle-aged, white population. By taking repeated
measurements within individuals into account, we used Cox
proportional hazard models with time-varying covariates, to
investigate the associations between CRP and carotid
atherosclerosis, alone and in combination, with incident
ischemic stroke (IS) and myocardial infarction (MIl). We also
examined whether CRP mediated the risk of Ml and IS in
subjects with carotid atherosclerosis. Finally, we compared the
predictive performance of models including only TRFs with
models that included TPA, CRP, and TPA+CRP by calculating net
reclassification improvement (NRI) indexes.

Methods

The data, analytical methods, and study materials will not be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

Study Population

Participants were recruited from the fourth, fifth, and sixth
surveys of the Tromsg Study (conducted in 1994-1995,
2001-2002, and 2007-2008, respectively).'* The Tromse
Study is a population-based prospective study with repeated
health surveys of the inhabitants in the municipality of
Tromsg, Norway. Overall participation rates were high, ranging
from 77% in the fourth survey to 66% in the sixth survey.'*
Total birth cohorts and samples from other age groups were
invited to the carotid ultrasound examination,'*'® and 6727,
5454, and 7084 participants completed the fourth, fifth, and
sixth surveys, respectively. Participants who attended >1
carotid ultrasound examinations were eligible for the present
study. Participants without valid written consent (n=71),
participants with known prebaseline history of IS (n=121) and
MI (n=527), and participants who did not have information on
CRP, ultrasound measurements, and relevant covariates in at
least 1 of the completed surveys (n=467) were excluded. Our
population thus consisted of 10 109 unique individuals, of
whom 4932 completed 1, 2505 completed 2, and 2672
completed 3 surveys (Figure 1). Informed written consent was
obtained from all participants; the study protocol conforms to
the ethical guidelines of the 1975 Declaration of Helsinki and
was approved by the Regional Committee for Medical and
Health Research Ethics.

Carotid Ultrasound Examination

The baseline and follow-up measurements followed identical
scanning and reading procedures. In the fourth and fifth
survey, ultrasonography was performed with an Acuson Xp10
128 ART ultrasound scanner equipped with a 7.5-MHz linear-
array transducer. In the sixth survey, a GE Vivid 7 scanner
with a linear 12-MHz transducer was used. The far wall and
near wall of the right common carotid artery, the bifurcation

Tromse 4 Tromse 5 Tromse 6 End of follow-up
-95/-95 -01/-02 -07/-08 -13

L . . n=2672
L n=1378
L o n=1880
L L n= 186
L o0 n= 439
L n= 125
& n=-3429

Figure 1. Overview of study inclusion. Dots indicate participa-
tion at the survey, and lines indicate observation periods. A total
of 10 109 unique individuals were included in the study, of whom
4932 completed 1, 2505 completed 2, and 2672 completed 3
surveys.
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(bulb), and the internal carotid artery (6 locations) were
scanned for the presence of plaques. A plaque was defined as
a localized thickening of the vessel wall of >50% compared
with the adjacent intima-media thickness (IMT). TPA was
calculated as the sum of all plaque areas (mm?). To ensure
equal and standardized examination techniques and mea-
surement procedures, sonographers completed a 2-month
prestudy training protocol. Details about the interobserver
and intraobserver reproducibility and interequipment variabil-
ity have been published previously.'®~ '8

Cardiovascular Risk Factors

Information on TRFs was collected by physical examination,
nonfasting blood samples, and self-administered question-
naires. Blood pressure was recorded with an automatic device
(Dinamap Vital Signs Monitor 1846; Critikon Inc, Tampa, FL)
by trained personnel. Participants rested for 2 minutes in a
sitting position and then 3 readings were taken on the upper
right arm at 1-minute intervals. The average of the 2 last
readings was used in the analyses. Hypertension was defined
as systolic blood pressure >140 mm Hg and/or diastolic
blood pressure >90 mm Hg and/or use of antihypertensive
medication. Body mass index was calculated as weight in
kilograms divided by the square of height in meters (kg/m?).
Nonfasting blood samples were collected from an antecubital
vein. Serum was prepared by centrifugation after 1 hour
respite at room temperature and analyzed at the Department
of Clinical Biochemistry, University Hospital of North Norway.
Serum total cholesterol was analyzed by an enzymatic
colorimetric method using a commercially available kit
(CHOD-PAP; Boehringer-Mannheim, Mannheim, Germany).
Serum high-density lipoprotein cholesterol was measured
after precipitation of lower-density lipoproteins with heparin
and manganese chloride. Determination of glycosylated
hemoglobin in EDTA whole blood was based on an immuno-
turbidimetric assay (UNIMATES; F. Hoffmann-La Roche AG).
The glycosylated hemoglobin percentage value was calculated
from the glycosylated hemoglobin/hemoglobin ratio. Infor-
mation on former MI and stroke, prevalent diabetes mellitus,
current smoking, and use of antihypertensive and lipid-
lowering medication was collected from self-administered
questionnaires. Diabetes mellitus was defined as self-reported
diabetes mellitus, daily use of oral diabetic medication or
insulin, or glycosylated hemoglobin level >6.5%. CRP was
analyzed in thawed aliquots after storage at —70°C (fourth
survey) or —20°C (fifth and sixth surveys) with a particle-
enhanced immunoturbidimetric assay on a Modular P (fourth
and sixth surveys) or Hitachi 917 (fifth survey) autoanalyzer
(Roche Hitachi, Mannheim, Germany), with reagents from
Roche Diagnostics (Mannheim, Germany). Samples from the
fourth survey were analyzed after 12 years of storage, and

samples from the fifth and sixth surveys were analyzed at the
time of the surveys. The lower detection limit of the high-
sensitivity CRP assay was 0.03 mg/L, and measurements of
CRP <0.03 mg/L were set at this value. The analytical
coefficient of variation for CRP levels between 0.1 and
20 mg/L was <4%.

Outcome Assessment

On the basis of data from hospital and out-of-hospital records,
autopsy records, and death certificates, an independent end
point committee validated hospitalized and out-of-hospital
events of incident IS and MI. The national unique 11-digit
identification number was linked to national and local
diagnosis registries, including the National Causes of Death
Registry, the Population Registry of Norway, and the discharge
diagnosis registry (outpatient diagnoses included) at the
University Hospital of North Norway, which is the only
hospital in the municipality of Tromsg. Medical records, death
certificates, autopsy reports, and information from additional
sources, such as records from nursing homes, general
practitioners, and ambulance services, were used for valida-
tion. IS was defined as rapidly developing clinical signs of
focal or global disturbance of cerebral function, with symp-
toms lasting >24 hours or leading to death with no apparent
cause other than vascular origin, when computed tomogra-
phy, magnetic resonance imaging, or autopsy had ruled out
intracerebral or subarachnoid hemorrhage.

Cases of incident MI were identified by linkage to the
discharge diagnosis registry at University Hospital of North
Norway with search for International Classification of Diseases,
Ninth Revision (ICD-9) codes 410 to 414 in the period from
1994 to 1998, and thereafter International Classification of
Diseases, Tenth Revision (ICD-10) codes 120 to 125. The hospital
medical records were retrieved for case validation. Modified
World Health Organization MONICA/MORGRAM ' criteria for
Ml were used and included clinical symptoms and signs,
findings in ECG, values of cardiac biomarkers, and autopsy
reports, if applicable. Furthermore, linkage to the national
Causes of Death Registry at Statistics Norway allowed inclusion
of fatal cases of Ml that occurred out of hospital.

Statistical Analyses

We used the statistical software package SAS, 9.4 (SAS
Institute, Cary, NC) for all data analyses. Differences in
characteristics at time of study entrance between subjects
with and without incident IS and MI were estimated separately
for each outcome by analysis of covariance, adjusted for age
and sex. When treated as continuous variables, CRP was log
transformed and TPA was square root transformed to
approximate normal distribution.
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For each participant, person-years of follow-up were
counted from the first date of enroliment in the fourth, fifth,
or sixth survey to the date of event of interest (separately for
incident IS or MI), emigration from Tromsg, death, or end of
follow-up (December 31, 2013), whichever came first. Follow-
up time and risk estimates were calculated separately for IS
and MI.

In cohorts with long follow-up, temporary fluctuations in
exposure variables (CRP, TPA, and TRFs) over time may result
in underestimation of the true association between exposure
and outcome (regression dilution bias).?® An approach to
minimize the impact of such bias is to perform analyses with
time-varying covariates, and this method was applied in the
present study. Analysis with time-varying covariates uses
individual person data from repeated surveys and takes into
account changes in exposure status during follow-up, by
assigning new observation periods with updated values of
exposure variables at the time of subsequent study atten-
dance. Thus, subjects who completed >1 survey contributed
with 1 observation period per completed survey, and both
exposure (CRP and TPA) and confounder (TRFs) data were
updated at each completed survey. Because of differences in
event censoring, the 10 109 participants contributed with
17 668 observation periods for IS and 17 454 observation
periods for MI. If information on exposure or TRFs was
missing, values from previous assessments were carried
forward, when applicable.

To examine the association between CRP and TPA alone
and in combination with risk of IS and MI, we used Cox
proportional hazard models with time-varying covariates and
age as time scale.?’ Sensitivity analyses were performed by
regular Cox models with time-fixed covariates, using values of
exposure and confounder information at time of study
entrance and each individual contributing data only once.

CRP was categorized into low-risk (<1.0 mg/L), interme-
diate-risk (1.0-3.0 mg/L), and high-risk (>3.0 mg/L) groups
in accordance with American Heart Association and the
Centers for Disease Control and Prevention guidelines for
cardiovascular risk.?> We calculated incidence rates and
hazard ratios (HRs) with 95% confidence intervals (Cls) for IS
and MI using the low-risk group as reference, first in age-
adjusted models and second in models adjusted for TRFs. The
TRFs included were current smoking status, total cholesterol,
high-density lipoprotein cholesterol, systolic blood pressure,
diabetes mellitus, body mass index, and use of antihyperten-
sive and lipid-lowering medication, which were reliably
assessed in the Tromsg Study’ and have previously shown
associations both with exposure (TPA and CRP)**?3 and
outcome (IS and MI).

We defined 3 categories of plaque; categories of TPA were
defined separately for men and women at each survey and
divided below and above the median, whereas subjects with

no plaque constituted the reference category. We estimated
HRs with 95% Cls for IS and Ml across plaque categories. To
address the impact of CRP on the relationship between plaque
and the outcomes, we performed age- and sex-adjusted
analyses (model 1) and analyses with additional adjustment
for CRP (model 1+CRP) and calculated the percentage change
in HR when CRP (log transformed) was added to the model. In
the final model, we included the previously listed TRFs in
addition to CRP (model 2).

Multiplicative interactions between CRP and TPA were
assessed. To investigate synergistic effects of atherosclerosis
and CRP on the risk of IS and MI, we calculated incidence
rates and HRs for the other 8 constellations of atherosclerosis
and CRP, and these were compared with the no plaque group
with CRP <1 mg/L. Additive interaction and synergism was
evaluated using the Rothman synergy index?* to determine
whether the joint effects of CRP and atherosclerosis on the
risk of IS and Ml exceeded the sum of effects from each factor
alone in age- and sex-adjusted models. The synergy index,
with corresponding 95% Cls, was calculated according to
Andersson et al?® using an Excel sheet (epinet.se/res/xls/
epinetcalculation.xls) comparing the following 4 constella-
tions: no atherosclerosis and CRP <1 mg/L (reference), no
atherosclerosis and CRP >3 mg/L, TPA>median and CRP
<1 mg/L, TPA>median and CRP >3 mg/L. A synergy index
>1.0 suggests that the effect of the joint exposures of 2 risk
markers is greater than the sum of the separate effects.

The added value by TPA and CRP in risk prediction was
evaluated by comparing the discrimination power of a model
based on the Framingham risk factors (FRFs) with models that
additionally included TPA alone, CRP alone, and TPA+CRP
together. Original Framingham risk score coefficients were
not used because of possible issues of the applicability to
different populations.?® For each outcome, a baseline Cox
proportional hazard model with time-fixed covariates was
created, using values of FRFs (sex, age, systolic blood
pressure, high-density lipoprotein cholesterol, total choles-
terol, smoking, and antihypertensive medication) at time of
study entrance. The exposure variables (TPA and CRP), at time
of study entrance, were then subsequently included alone and
in combination to estimate individual 10 years’ risk for Ml and
IS. CRP and TPA were included both as continuous and
categorical variables. We calculated Harrell’s C-index,?” which
is an extension of the receiver operating characteristic curve
for survival data. Finally, we computed the relative integrative
discrimination improvement and NRI. We considered cate-
gories of predicted risk (0%—5%, 5%—10%, 10%—20%, and
>20%) and applied SAS macros available in the article by Cook
and Ridker.?%2° Bootstrapping methods (n=500 replications),
available at Cook’s web page,®® were used to compute 95%
Cls for Harrell’s C-index, integrative discrimination improve-
ment, and NRI and test for difference between models by
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evaluation of P values estimated by the bootstrapping
methods. We also considered improvements in discrimination
indexes separately for the groups classified to be at
intermediate risk (5%—20%) by the FRF-based models.

For all Cox proportional hazard regression models, the
proportional hazard assumption was verified by visual
inspection of log-log survival plots.

Results

Mean age at inclusion was 59.448.9 years (range, 25-84
years). Median observation time was 11.0 years (range, 0.01—
19.3 years). The study population consisted of 5704 women
and 4405 men with a total of 114 716 person-years for IS
and 112 817 person-years for MI. Table 1 shows crude
characteristics of the study population at each survey; sex-
stratified characteristics are presented in Table S1.

Table 2 shows age- and sex-adjusted population charac-
teristics at time of study entrance, according to incident IS
and MI. In general, levels of TRFs, CRP, plaque prevalence,
and TPA were higher in subjects who experienced incident IS
or MI during the study period. High-density lipoprotein
cholesterol was lower in subjects who experienced IS or MI.

TPA showed a significant weak correlation to CRP, with
Spearman correlation coefficient of 0.13 (P<0.001). CRP level
was >3 mg/L in 22.4% of all observations. Risk estimates for
IS and MI across CRP risk categories are shown in Table 3.

CRP level >3 mg/L compared with <1 mg/L was associated
with increased risk of IS (HR, 1.84; 95% Cl, 1.49-2.26) and MI
(HR, 1.46; 95% Cl, 1.23-1.73) in multivariable-adjusted
models. Sex-stratified analyses are displayed in Tables S2
and S3; however, there was no significant interaction with sex
for either outcome.

HRs for IS and MI across predefined plaque categories are
shown in Table 4. In age- and sex-adjusted models, both TPA
values below and above the median were associated with
higher risk of IS and MI compared with no plaque. Adding CRP
to these models led to minimal attenuation of the risk
estimates, with absolute attenuation varying from 1.7% to
8.6%. Additional adjustment for TRFs (model 2) led to further
attenuation of the risk estimates, but plaque still remained a
significant predictor of IS, with HRs (95% Cls) of 1.33 (1.08—
1.65) and 1.65 (1.36— 2.01), referring to TPA below and above
median, respectively. For MI, the corresponding HRs (95% Cls)
were 1.31 (1.11-1.55) and 1.64 (1.41-1.92). Sex-specific
estimates are presented in Tables S4 and S5. For Ml but not for
IS, there was a significant interaction between plaque category
and sex (P=0.02). A stronger association between TPA and risk
of Ml in women than in men was suggested (Table S5).

Age- and sex-adjusted HRs of IS and MI across the
different constellations of CRP and plaque categories are
displayed in Figure 2. Incidence rates and HRs for IS and MI
across these categories are listed in Table S6. Subjects with
the joint presence of CRP >3 mg/L and TPA above median

Table 1. Study Population Characteristics in the Different Surveys: The Tromsg Study

Fourth Survey Fifth Survey Sixth Survey
Variable (1994-1995) (2001-2002) (2007-2008)
No. of observations 6116 5116 6726
Men, % (n) 47.8 (2922) 42.4 (2168) 42.0 (2824)
Age, mean (SD), y 59.8 (10.3) 65.5 (9.6) 63.5 (9.2)
BMI, mean (SD), kg/m? 26.0 (3.9 26.8 (4.2) 27.0 4.2)
Carotid plaque, % (n) 47.4 (2896) 58.3 (2983) 44.9 (3020)
TPA, median (IQR), mm? 15.0 (8.7-26.2) 20.3 (11.3-35.8) 19.1 (11.0-31.5)
CRP, median (IQR), mg/L 1.21 (0.61-2.54) 1.55 (0.83-3.13) 1.37 (0.77-2.55)
Systolic blood pressure, mean (SD), mm Hg 145 (22) 143 (22) 141 (23)
Diastolic blood pressure, mean (SD), mm Hg 83 (13) 82 (13) 78 (11)
Hypertension, % (n) 56.3 (3446) 60.6 (3100) 58.4 (3931)
Antihypertensive medication, % (n) 11.6 (711) 23.4 (1197) 27.3 (1836)
HDL cholesterol, mean (SD), mmol/L 1.6 (0.4) 1.5 (0.4) 1.6 (0.4)
Total cholesterol, mean (SD), mmol/L 6.7 (1.3) 6.3 (1.2) 5.8 (1.1)
Lipid-lowering medication, % (n) 7 (101) 12.6 (643) 16.6 (1115)
Diabetes mellitus, % (n) 7 (227) 8.3 (426) 7.6 (514)
Smoking, % (n) 31.1 (2025) 25.0 (1276) 17.8 (1200)

BMI indicates body mass index; CRP, C-reactive protein; HDL, high-density lipoprotein; IOR, interquartile range; TPA, total plaque area.
*In subjects with prevalent carotid plaque. In total, 10 109 participants were included in the study; of these, 4932 completed 1, 2505 completed 2, and 2672 completed 3 surveys.

DOI: 10.1161/JAHA.118.008951

Journal of the American Heart Association 5

HDOYVIASHY TVYNIDIYO


http://jaha.ahajournals.org/

8T0Z ‘2T Ae|n uo 1senb Aq /Bio'sfeulno feyeeuel)/:dny wouy pspeojumoq

Carotid Plaque and CRP in Cardiovascular Disease

Eltoft et al

Table 2. Age- and Sex-Adjusted Baseline Characteristics of the Study Population, According to First-Ever IS and MI: The Tromseg
Study
Subjects With Subjects With

Characteristics Subjects Without IS | Incident IS P Value Subjects Without MI | Incident MI P Value
No. of participants 9438 671 9030 1079

Men, % (n)* 43.0 (4060) 51.4 (345) <0.0001 | 41.8 (3773) 58.7 (633) <0.0001
Age, mean (95% Cl), y 59.0 (58.8-59.2) | 64.9 (64.3-65.6) | <0.0001 | 58.9 (58.7-59.1) | 63.7 (63.2-64.2) | <0.0001
BMI, mean (95% Cl), kg/m? 26.3 (26.2-26.4) | 26.5 (26.2-26.8) | 0.438 26.3 (26.2-26.4) | 26.6 (26.4-26.9) | 0.034
Carotid plaque, % (n) 42.7 (4030) 55.2 (370) <0.0001 | 42.0 (3793) 55.9 (603) <0.0001
TPA, mean (95% Cl), mm?" 42 (4.2-4.3) 4.4 (4.3-4.6) 0.0028 42 (41-4.2) 4.4 (4.3-4.5) 0.0009
CRP, mean (95% CI), mg/L* 1.34 (1.31-1.37) | 1.59 (1.46-1.72) | <0.0001 | 1.34 (1.31-1.37) | 1.53 (1.44-1.63) | <0.0001
Systolic blood pressure, mean (95% Cl), mm Hg | 141 (140-141) 149 (148-151) | <0.0001 | 140 (140-141) 148 (147-150) | <0.0001
Diastolic blood pressure, mean (95% Cl), mm Hg | 81.3 (81.0-81.5) | 85.4 (84.5-86.3) | <0.0001 | 81.1 (80.9-81.3) | 85.3 (84.5-86.0) | <0.0001
Hypertension, % (n) 51.0 (4817) 63.8 (428) <0.0001 | 50.4 (4559) 63.7 (687) <0.0001
Antihypertensive medication, % (n) 14.7 (1387) 18.2 (122) 0.062 14.5 (1309) 17.9 (193) 0.019
Total cholesterol, mean (95% Cl), mmol/L 6.39 (6.36-6.41) | 6.62 (6.53-6.72) | <0.0001 | 6.35 (6.33-6.38) | 6.83 (6.76-6.91) | <0.0001
HDL cholesterol, mean (95% Cl), mmol/L 1.56 (1.55-1.57) | 1.52 (1.49-1.55) | 0.0092 1.57 (1.56-1.58) 1.47 (1.44-1.49) | <0.0001
Lipid-lowering medication, % (n) 5.1 (481) 3.3(22) 0.007 5.2 (470) 3.2 (35) 0.006
Diabetes mellitus, % (n) 4.3 (406) 7.4 (50) 0.002 4.2 (379) 6.6 (71) 0.003
Smoking, % (n) 28.1 (2652) 33.6 (225) 0.002 27.3 (2466) 40.4 (436) <0.0001

Each subject contributed with observations at time of study inclusion. P value for equality between subjects with incident events and subjects without events during follow-up. BMI
indicates body mass index; Cl, confidence interval; CRP, C-reactive protein; HDL, high-density lipoprotein; IS, ischemic stroke; MI, myocardial infarction; TPA, total plaque area.

*Unadjusted.
Square root—transformed TPA in subjects with prevalent carotid plaque.
Geometric means.

had the highest incidence rates for both outcomes. For IS,
there was a significant excess additive risk when both TPA
was above median and CRP was >3 mg/L, with a synergy
index of 1.72 (95% Cl, 1.06—2.81). The attributable proportion
because of interaction was 31.6%. However, there was no
indication of synergistic effects between TPA and CRP on risk
of MI (Table S7).

There were no significant multiplicative interactions
between CRP and TPA category for either outcome. However,
there was a nonsignificant trend of increasing magnitude of
CRP risk estimates for IS by increasing TPA (Table S8).

In sensitivity analyses, considering values of exposure (CRP
and TPA) and TRFs at time of study entrance in regular time-
fixed Cox models (Tables S9 through S13), the risk estimates
were slightly weaker for both outcomes compared with time-
varying analyses, but significance remained unchanged.

When TPA was added as a continuous variable to FRF-
based models, the C-index improved for prediction of both IS
(P=0.040) and MI (P=0.013) (Table S14 and S15). When
considering NRI across risk categories (<5%, 5%—10%, 10%—
20%, and >20%), the overall NRI for IS was 2.8% (P=0.226),
and net improvement was 2.3% for cases and 0.6% for
noncases. Overall NRI for Ml when adding TPA to FRFs was
3.8% (P=0.030), with a net improvement of 2.5% for Ml cases

and 1.2% for noncases. The estimate of relative integrative
discrimination improvement was 0.16 (P=0.0023) for IS and
0.07 (P<0.0001) for MIl. When considering only the interme-
diate-risk group, overall NRI was 14.4% (P<0.001) for IS and
10.5% (P=0.035) for MI (Table S16 and S17).

There were no significant differences in C-index, integrative
discrimination improvement, or overall categorical NRI for
either outcome after addition of CRP as a continuous variable
to FRFs in the whole population. Categorical NRI was 3.6% for
IS and 3.7% for MI when CRP was included as a categorical
variable. In the intermediate-risk group, NRI was 12.6% for IS
and 8.2% for MI after addition of CRP. For IS, the highest
categorical NRIs were seen when including both variables
(CRP+TPA) as continuous variables, 6.6% (P=0.007) for the
population and 21.6% (P<0.001) for the intermediate-risk
group. For MI, the highest NRIs of 5.0% (P=0.01) for the
population and 12.0% (P=0.02) for the intermediate-risk group
were seen when both variables were included as categorical
variables.

Discussion

Serum CRP levels and carotid atherosclerosis were individu-
ally associated with increased risk of IS and MI, independent
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Table 3. Crude IRs and HRs With 95% Cls of First-Ever IS and MI From Time-Varying Cox Models Across Risk Categories of CRP:
The Tromsg Study (1994-2013)

HR (95% Cl)
CRP, mg/L i Events IR (95% CI) Model 1* Model 2%
1S
<1 6690 161 3.7 (3.2-4.3) Reference Reference
1-3 7024 261 5.7 (5.0-6.4) 1.27 (1.04-1.55) 1.15 (0.94-1.41)
>3 3954 249 10.0 (8.8-11.3) 2.18 (1.79-2.67) 1.84 (1.49-2.26)
M
<1 6605 262 6.1 (5.4-6.9) Reference Reference
1-3 6938 467 10.4 (9.5-11.3) 1.45 (1.25-1.69) 1.25 (1.07-1.46)
>3 3911 350 14.2 (12.8-15.7) 1.95 (1.66-2.29) 1.46 (1.23-1.73)

Cl indicates confidence interval; CRP, C-reactive protein; HR, hazard ratio; IR, incidence rate; IS, ischemic stroke; MI, myocardial infarction.

*Observations.
Crude IRs per 1000 person-years.
iAge as time scale, adjusted for sex.

SAge as time scale, adjusted for sex, total cholesterol, high-density lipoprotein cholesterol, diabetes mellitus, systolic blood pressure, smoking, body mass index, lipid-lowering medication,

and antihypertensive medication.

of TRFs. Risk estimates for subjects with atherosclerosis were
only slightly attenuated after adjustment for CRP. For both
outcomes, the joint presence of TPA above median and CRP
>3 mg/L was associated with the highest incidence rates.
However, a synergistic effect was evident for IS only. TPA
alone and the combination of CRP and TPA achieved small,
but significant, improvements in risk prediction beyond FRFs,
with most prominent effects in the group classified to be at
intermediate risk by FRFs.

TRFs have well-known limitations for accurate assessment
of individual cardiovascular risk."®" It is crucial to identify
biomarkers that may improve the identification of subjects at
risk and guide preventive treatment. Carotid ultrasound is
noninvasive and easily accessible, and it can provide direct
evidence for the presence and extent of subclinical atheroscle-
rosis with the potential for a more accurate personalized risk
assessment and treatment approach.®' Ultrasound assessed
measures of subclinical atherosclerosis in carotid arteries;

Table 4. Crude IRs and HRs With 95% Cls of First-Ever IS and Ml From Time-Varying Cox Models Across Categories of TPA Before

and After Adjustment for CRP: The Tromsg Study (1994-2013)

Absolute
Attenuation of
HR After
Inclusion of Attenuation of
Model 1 Model 1 +CRP CRP in the HR After Inclusion of | Model 2
TPA A Events | IR (95% CI)" HR (95% CI)* HR (95% CI)* Model® CRP in the Model, % | HR (95% ClI)'
IS
No plaque 8945 | 177 3.1 (2.6-3.5) Reference Reference Reference
TPA below median | 4362 | 177 6.2 (5.3-7.2) 1.37 (1.11-1.69) | 1.36 (1.10-1.68) | 0.01 1.7 1.33 (1.08-1.65)
TPA above median | 4361 | 317 11.2 (10.1-12.6) | 1.93 (1.31-1.77) | 1.85 (1.53-2.24) | 0.08 8.6 1.65 (1.36-2.01)
M
No plaque 8881 | 300 5.2 (4.7-5.9) Reference Reference . Reference
TPA below median | 4285 | 291 10.4 (9.3-11.7) | 1.47 (1.25-1.73) | 1.46 (1.24-1.72) | 0.01 2.1 1.31 (1.11-1.55)
TPA above median | 4288 | 488 17.7 (16.2-19.4) | 2.14 (1.84-2.49) | 2.07 (1.78-2.41) | 0.07 6.1 1.64 (1.41-1.92)

Cl indicates confidence interval; CRP, C-reactive protein; HR, hazard ratio; IR, incidence rate; IS, ischemic stroke; MI,

*Observations.

TCrude IRs per 1000 person-years.

iAge as time scale, adjusted for sex.

§Change in HR from model 1 to model 1+CRP. CRP was log transformed.
HAge as time scale, adjusted for sex, total cholesterol, high-density lipoprotein cholesterol, diabetes mellitus, systolic blood pressure, smoking, body mass index, lipid-lowering medication,
antihypertensive medication, and CRP (log transformed).

myocardial infarction; TPA, total plaque area.
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Figure 2. Age- and sex-adjusted hazard ratios of ischemic stroke (A) and myocardial infarction (B) across different constellations of C-reactive
protein (CRP) and total plaque area (TPA). Bottom panels show contributions from different exposure categories on risk for ischemic stroke (C)
and myocardial infarction (D). U indicates common reference category for each outcome.

plaque presence,®?  plaque echogenicity,?’s'34 plague

area,>>*® and IMT*” are reliable predictors of CVD, even
after adjustment for TRFs. The European Guidelines on CVD
prevention suggest that imaging methods for atherosclerotic
burden are relevant, especially in individuals at intermediate
risk based on TRFs, to improve cardiovascular risk stratifi-
cation and preventive strategy.*®° Methodological issues
about measurement of carotid IMT on the individual level
have been raised, and in the most recent guidelines,“o’“ IMT
screening is not recommended. On the other hand, carotid
artery plaque assessment, including thickness and TPA, has
been proposed as risk modifiers in CVD risk prediction, but
formal reclassification analyses have not yet been fully
evaluated.*® NRI added by plague measures in CVD risk
prediction has previously been reported by the ARIC
(Atherosclerosis Risk in Communities) Study and Three City
Study, with overall categorical NRI ranging from 7.7% to
13.1%.*#*% Differences in plaque assessment, outcome of
interest, definition of plaque categories, and incidence rates
exist. This may explain discrepancies in results and compli-
cates comparison between studies. For plaque area, the risk
estimates in our study were stronger in women than in men,
suggesting that assessment of carotid plaque may be a more
important tool in risk classification of women than in men. It
is suggested that <10% of the population who test positive
for atherosclerosis will experience a near-term event.'

Identification of reliable imaging and serological markers of
disease activity is therefore essential to improve the
selection of vulnerable patients and cost-effectiveness of
screening with carotid ultrasound in the primary prevention
setting.

Inflammation plays a pivotal role in the initiation, progres-
sion, and complications of atherosclerosis. Hence, the
prognostic value of circulating inflammatory markers in CVD
prediction has been assessed in numerous epidemiologic
studies. CRP is the marker of inflammation that has been
most extensively studied in relation to CVD.® Most epidemi-
ological studies have reported a moderate dose-responsive
relationship between CRP and clinically relevant CVD out-
comes after adjusting for TRFs. Increase in relative risk
estimates for CVD ranges from 1.45- to =2-fold when
comparing the highest with the lowest CRP tertile.** This is
comparable to the effect of TRFs, such as blood cholesterol
and blood pressure.** A meta-analysis comprising individual
participant records from 54 long-term prospective studies®
reported 1.37 (95% Cl, 1.27—1.48) relative risk increase for
coronary heart disease and 1.27 (95% Cl, 1.15— 1.40) relative
risk increase for IS per SD increase in log-transformed CRP
after adjustment for TRFs. These results concur with our risk
estimate for IS, but the risk estimate for Ml was weaker in our
study (1.13; 95% CI, 1.06—1.20) (Table S8). Our results are
concordant with the meta-analysis by Shah et al, which
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concludes that CRP does not perform better than the FRFs for
discrimination in coronary heart disease.*

Despite the evident association between CRP and CVD, the
pathogenic role of CRP in CVD remains unclear. Large
population-based cohort studies failed to demonstrate an
independent association between CRP and early stages and
progression of atherosclerosis measured by carotid IMT.*°
These findings are supported by recent results of genomic,®*®
epidemiological,”*®> and experimental studies on CRP, which
have not proved a causal role of CRP in the formation and
progression of atherosclerosis.>*” In addition, some contro-
versy about the prognostic value of CRP in CVD prediction still
remains,48 and few studies have explored whether CRP’s
ability to predict CVD is dependent on the presence of
atherosclerosis.'®"® Cao and colleagues concluded that CRP
>3 mg/L was a particularly useful predictor in the presence
of subclinical atherosclerosis, with a 72% increase in risk for
CVD and a 52% increase in total mortality.'? However, CRP
did not add predictive power in the absence of carotid
atherosclerosis, and an additive interaction for composite
CVD and all-cause mortality was suggested.'? Contradictory,
CRP was associated with CVD events with a similar magnitude
in the presence and absence of atherosclerosis in the ARIC
Study population, but additive interaction of these measures
was not assessed. '

In our study, adjustment for CRP led to only minimal
attenuation of the risk estimates in participants with plaque.
This questions the theory that inflammatory active rupture-
prone plaques secrete CRP.2 In this scenario, CRP and carotid
plaques should represent the same underlying risk factor (ie,
unstable plaques), and a more substantial attenuation of the
risk estimates would be expected on adjustment for CRP. In
line with these findings, it is not firmly established that CRP
correlates to vulnerable plaque characteristics.* ™'

Our study suggests synergistic effects of CRP and plaque
in determination of IS risk. Elevated CRP may be related to
mechanisms involved in plaque rupture in acute CVD
syndromes, such as production of proteolytic metallopro-
teinases (matrix metalloproteinases 2 and 9).° In addition,
CRP is closely correlated to obesity, diabetes mellitus,
hypercholesterolemia, and cigarette smoking."*® These are
all conditions that lead to a prothrombotic state.' CRP has
been shown to induce tissue factor expression by vascular
endothelial cells and smooth muscle cells and increase
plasminogen activator inhibitor-1 activity with concomitant
reduction in tissue type plasminogen activator activity,
resulting in overall impaired fibrinolysis.'® The role of the
coagulation system in the outcome of plaque complications is
essential. An interaction between CRP and inflammatory
active plaques may thus increase risk of plaque rupture and
thrombus formation.'' Because mendelian randomization
studies and animal studies have not supported a causal role

of CRP in CVD, it may be more likely that CRP as a nonspecific
marker of inflammation increases secondarily to upstream
processes, which are more directly linked to the pathogenesis
of CVD.% However, one limitation of mendelian randomization
studies is that the power to detect meaningful gene-
environment interaction is low.’? To our knowledge, it has
not been tested whether gene polymorphisms associated with
increased serum levels of CRP may have different effects in
determining CVD events in the presence and absence of
atherosclerosis. Although carotid atherosclerosis may be
considered a direct part taker in IS, it is more indirectly
correlated with coronary disease, and this may partly explain
the lack of synergistic effects on risk of Ml in the present
study. Assessment of atherosclerosis in coronary arteries may
provide evidence of synergistic effects in regard to MI.
Unfortunately, coronary computed tomographic scans were
not performed in the Tromsg Study.

The strengths of this study are the population-based
design, the large sample of repeated individual data,
standardized diagnostic criteria, rigorous validation of cases,
and high attendance rate. The unavailability for follow-up is
negligible because of use of the unique personal identity
number to search official health registries. One single
hospital provides all hospital care in the region, which
facilitates the completeness of our outcome registries.
However, case identification was retrospective, and some
nonhospitalized nonfatal cases may not have been identified.
Although we used a standardized protocol for TPA assess-
ment, these measurements are prone to measurement error.
The use of different ultrasonography equipment in the fourth
and the sixth survey and nonstandardized uptake angles are
likely to have increased the measurement error between
surveys. We aimed to diminish the effect of measurement
errors by defining TPA medians separately at each survey. A
limitation of our study is that our ultrasound protocol
included examination of only the right carotid artery, and
plaques in the left artery were not acknowledged. Our
classification of atherosclerosis was designated to study the
interaction of carotid atherosclerosis and CRP, and this limits
the comparability with other studies. If the stability of CRP is
affected by freezing, thawing, or storage, bias may be
introduced by the use of frozen blood samples. In the present
study, CRP was analyzed in thawed serum aliquots after
12 years (fourth survey) or consecutively during the course of
the study (fifth and sixth surveys). CRP stability in frozen
samples was previously reported to be acceptable, with high
correlations between CRP values obtained before and after
storage.”®

The use of updated exposure variables on subsequent
surveys may have diminished regression dilution effects and
survival bias related to subsequent study attendance.
Response bias may have distorted the validity of covariates,
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such as self-reported smoking, diabetes mellitus, and med-
ication use. Selection bias may have affected the estimates,
because attendance rates were lower in elderly people, who
are at higher risk of CVD. We did not perform competing risk
analyses, meaning that the occurrence of the event of interest
(IS and MI) could have been impeded by competing events.
Our study population consisted of middle-aged whites and our
results may not be generalizable to populations of other racial
and age compositions.

In conclusion, we found that repeated measurements of
CRP and plaque burden, assessed by TPA in carotid arteries,
individually were predictors of IS and MI, independent of TRFs.
The joint presence of elevated CRP and carotid atheroscle-
rosis was associated with the highest incidence rates of IS
and MI. Our results extend previous findings and indicate that
these measures may have synergistic effects in the determi-
nation of CVD risk. CRP has been linked to mechanisms
involved in plaque rupture and thrombus formation, which
may explain synergism. Future research should focus on
whether addition of emerging biomarkers, particularly indica-
tive of unstable plaque features, improves individualized risk
assessment and should evaluate cost-effectiveness of mea-
suring these biomarkers in primary and secondary CVD
prevention.

Sources of Funding

The Tromsg Study has been supported by the Research
Council of Norway, the Norwegian Council on Cardiovascular
Disease, the Northern Norway Regional Health Authority, UiT
The Arctic University of Norway, the Norwegian Foundation
for Health and Rehabilitation, the Odd Berg Research
Foundation, and the Simon Fougner Hartmann’s Family Fund.
Eltoft receives a research grant from the University Hospital of
North Norway (Tromsg, Norway). The publication charges for
this article have been funded by a grant from the publication
fund of UIiT The Arctic University of Norway.

Disclosures

None.

References

1. Naghavi M, Libby P, Falk E, Casscells SW, Litovsky S, Rumberger J, Badimon JJ,
Stefanadis C, Moreno P, Pasterkamp G, Fayad Z, Stone PH, Waxman S, Raggi
P, Madjid M, Zarrabi A, Burke A, Yuan C, Fitzgerald PJ, Siscovick DS, de Korte
CL, Aikawa M, Airaksinen KE, Assmann G, Becker CR, Chesebro JH, Farb A,
Galis ZS, Jackson C, Jang IK, Koenig W, Lodder RA, March K, Demirovic J,
Navab M, Priori SG, Rekhter MD, Bahr R, Grundy SM, Mehran R, Colombo A,
Boerwinkle E, Ballantyne C, Insull W Jr, Schwartz RS, Vogel R, Serruys PW,
Hansson GK, Faxon DP, Kaul S, Drexler H, Greenland P, Muller JE, Virmani R,
Ridker PM, Zipes DP, Shah PK, Willerson JT. From vulnerable plaque to
vulnerable patient: a call for new definitions and risk assessment strategies:
part Il. Circulation. 2003;108:1772-1778.

2. Naqvi TZ, Lee MS. Carotid intima-media thickness and plaque in cardiovascular
risk assessment. JACC Cardiovasc Imaging. 2014;7:1025-1038.

20.

21.

22.

23.

. Kaptoge S, Di Angelantonio E, Lowe G, Pepys MB, Thompson SG, Collins R,

Danesh J. C-reactive protein concentration and risk of coronary heart disease,
stroke, and mortality: an individual participant meta-analysis. Lancet.
2010;375:132-140.

. Shah T, Casas JP, Cooper JA, Tzoulaki I, Sofat R, McCormack V, Smeeth L,

Deanfield JE, Lowe GD, Rumley A, Fowkes FG, Humphries SE, Hingorani AD.
Critical appraisal of CRP measurement for the prediction of coronary heart
disease events: new data and systematic review of 31 prospective cohorts. /nt
J Epidemiol. 2009;38:217-231.

. Ridker PM. From C-reactive protein to interleukin-6 to interleukin-1: moving

upstream to identify novel targets for atheroprotection. Circ Res.
2016;118:145-156.

. Zacho J, Tybjaerg-Hansen A, Jensen JS, Grande P, Sillesen H, Nordestgaard BG.

Genetically elevated C-reactive protein and ischemic vascular disease. N Engl /
Med. 2008;359:1897—-1908.

. Eltoft A, Arntzen KA, Hansen JB, Wilsgaard T, Mathiesen EB, Johnsen SH. C-

reactive protein in atherosclerosis—a risk marker but not a causal factor? A
13-year population-based longitudinal study: the Tromso study. Atherosclero-
sis. 2017;263:293-300.

. Ben-Yehuda O. High-sensitivity C-reactive protein in every chart? The use of

biomarkers in individual patients. / Am Coll Cardiol. 2007;49:2139-2141.

. Cimmino G, Ragni M, Cirillo P, Petrillo G, Loffredo F, Chiariello M, Gresele P,

Falcinelli E, Golino P. C-reactive protein induces expression of matrix
metalloproteinase-9: a possible link between inflammation and plaque rupture.
Int ] Cardiol. 2013;168:981-986.

. Bisoendial RJ, Boekholdt SM, Vergeer M, Stroes ES, Kastelein JJ. C-reactive

protein is a mediator of cardiovascular disease. Eur Heart J. 2010;31:2087—
2091.

. Montero |, Orbe J, Varo N, Beloqui O, Monreal JI, Rodriguez JA, Diez J, Libby P,

Paramo JA. C-reactive protein induces matrix metalloproteinase-1 and -10 in
human endothelial cells: implications for clinical and subclinical atheroscle-
rosis. / Am Coll Cardiol. 2006;47:1369—1378.

. Cao JJ, Arnold AM, Manolio TA, Polak JF, Psaty BM, Hirsch CH, Kuller LH,

Cushman M. Association of carotid artery intima-media thickness, plaques,
and C-reactive protein with future cardiovascular disease and all-cause
mortality: the Cardiovascular Health Study. Circulation. 2007;116:32-38.

. Agarwala A, Virani S, Couper D, Chambless L, Boerwinkle E, Astor BC,

Hoogeveen RC, Coresh J, Sharrett AR, Folsom AR, Mosley T, Ballantyne CM,
Nambi V. Biomarkers and degree of atherosclerosis are independently
associated with incident atherosclerotic cardiovascular disease in a primary
prevention cohort: the ARIC study. Atherosclerosis. 2016;253:156—163.

. Jacobsen BK, Eggen AE, Mathiesen EB, Wilsgaard T, Njolstad |. Cohort profile:

the Tromso Study. Int J Epidemiol. 2012;41:961-967.

. Eggen AE, Mathiesen EB, Wilsgaard T, Jacobsen BK, Njolstad I. The sixth survey

of the Tromso Study (Tromso 6) in 2007—-08: collaborative research in the
interface between clinical medicine and epidemiology: study objectives,
design, data collection procedures, and attendance in a multipurpose
population-based health survey. Scand J Public Health. 2013;41:65-80.

. Joakimsen O, Bonaa KH, Stensland-Bugge E. Reproducibility of ultrasound

assessment of carotid plaque occurrence, thickness, and morphology: the
Tromso Study. Stroke. 1997;28:2201-2207.

. Fosse E, Johnsen SH, Stensland-Bugge E, Joakimsen O, Mathiesen EB, Arnesen

E, Njolstad I. Repeated visual and computer-assisted carotid plaque charac-
terization in a longitudinal population-based ultrasound study: the Tromso
study. Ultrasound Med Biol. 2006;32:3—11.

. 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 Tromso Study. Stroke. 2012;43:1818-1823.

. MORGAM project. MORGAM manual. 2001. http://www.thl.fi/publications/

morgam/manual/contents.htm. Accessed November 15, 2017.

Hutcheon JA, Chiolero A, Hanley JA. Random measurement error and
regression dilution bias. BM/. 2010;340:c2289.

Thiebaut AC, Benichou J. Choice of time-scale in Cox’s model analysis of
epidemiologic cohort data: a simulation study. Stat Med. 2004;23:3803-3820.

Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO lll, Criqui M,
Fadl YY, Fortmann SP, Hong Y, Myers GL, Rifai N, Smith SC Jr, Taubert K, Tracy
RP, Vinicor F. Markers of inflammation and cardiovascular disease: application
to clinical and public health practice: a statement for healthcare professionals
from the Centers for Disease Control and Prevention and the American Heart
Association. Circulation. 2003;107:499-511.

Ridker PM, Danielson E, Fonseca FA, Genest ], Gotto AM Jr, Kastelein JJ,
Koenig W, Libby P, Lorenzatti AJ, MacFadyen JG, Nordestgaard BG, Shepherd
J, Willerson JT, Glynn RJ. Rosuvastatin to prevent vascular events in men and
women with elevated C-reactive protein. N Engl / Med. 2008;359:2195—
2207.

DOI: 10.1161/JAHA.118.008951

Journal of the American Heart Association 10

HDOYVIASHY TVYNIDIYO


http://www.thl.fi/publications/morgam/manual/contents.htm
http://www.thl.fi/publications/morgam/manual/contents.htm
http://jaha.ahajournals.org/

8T0Z ‘2T Ae|A uo 1senb Aq /Bio'sfeulnofeyeedel)/:dny wouy pspeojumoq

Carotid Plaque and CRP in Cardiovascular Disease

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Eltoft et al

Rothman KJ. The estimation of synergy or antagonism. Am J Epidemiol.
1976;103:506-511.

Andersson T, Alfredsson L, Kallberg H, Zdravkovic S, Ahlbom A. Calculating
measures of biological interaction. Eur J Epidemiol. 2005;20:575-579.

Polak JF, Szklo M, Kronmal RA, Burke GL, Shea S, Zavodni AEH, O’Leary DH.
The value of carotid artery plaque and intima-media thickness for incident
cardiovascular disease: the multi-ethnic study of atherosclerosis. / Am Heart
Assoc. 2013;2:e000087. DOI: 10.1161/JAHA.113.000087.

Harrell FE Jr, Lee KL, Mark DB. Multivariable prognostic models: issues in
developing models, evaluating assumptions and adequacy, and measuring and
reducing errors. Stat Med. 1996;15:361-387.

Cook NR, Ridker PM. The use and magnitude of reclassification measures for
individual predictors of global cardiovascular risk. Ann Intern Med.
2009;150:795-802.

Pencina MJ, D’Agostino RB Sr, D’Agostino RB Jr, Vasan RS. Evaluating the added
predictive ability of a new marker: from area under the ROC curve to
reclassification and beyond. Stat Med. 2008;27:157—172; discussion 207-212

Cook N. Risk prediction modeling - SAS Macros. 2014. http://ncook.bwh.ha
rvard.edu/sas-macros.html. Accessed September 24, 2017.

Weber LA, Cheezum MK, Reese JM, Lane AB, Haley RD, Lutz MW, Villines TC.
Cardiovascular imaging for the primary prevention of atherosclerotic cardio-
vascular disease events. Curr Cardiovasc Imaging Rep. 2015;8:36.

Inaba Y, Chen JA, Bergmann SR. Carotid plaque, compared with carotid intima-
media thickness, more accurately predicts coronary artery disease events: a
meta-analysis. Atherosclerosis. 2012;220:128-133.

Mathiesen EB, Bonaa KH, Joakimsen O. Echolucent plaques are associated
with high risk of ischemic cerebrovascular events in carotid stenosis: the
Tromso study. Circulation. 2001;103:2171-2175.

Park TH. Evaluation of carotid plaque using ultrasound imaging. / Cardiovasc
Ultrasound. 2016;24:91-95.

Spence JD, Eliasziw M, DiCicco M, Hackam DG, Galil R, Lohmann T. Carotid
plaque area: a tool for targeting and evaluating vascular preventive therapy.
Stroke. 2002;33:2916-2922.

Johnsen SH, Mathiesen EB. Carotid plaque compared with intima-media
thickness as a predictor of coronary and cerebrovascular disease. Curr Cardiol
Rep. 2009;11:21-27.

Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. Prediction of clinical
cardiovascular events with carotid intima-media thickness: a systematic
review and meta-analysis. Circulation. 2007;115:459—-467.

Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren M, Albus C,
Benlian P, Boysen G, Cifkova R, Deaton C, Ebrahim S, Fisher M, Germano G,
Hobbs R, Hoes A, Karadeniz S, Mezzani A, Prescott E, Ryden L, Scherer M,
Syvanne M, Scholte op Reimer WJ, Vrints C, Wood D, Zamorano JL, Zannad F.
European Guidelines on cardiovascular disease prevention in clinical practice
(version 2012): the Fifth Joint Task Force of the European Society of
Cardiology and Other Societies on Cardiovascular Disease Prevention in
Clinical Practice (constituted by representatives of nine societies and by
invited experts). Eur Heart J. 2012;33:1635-1701

Peters SA, den Ruijter HM, Bots ML, Moons KG. Improvements in risk
stratification for the occurrence of cardiovascular disease by imaging
subclinical atherosclerosis: a systematic review. Heart. 2012;98:177-184.

Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, Cooney MT,
Corra U, Cosyns B, Deaton C, Graham I, Hall MS, Hobbs FD, Lochen ML,
Lollgen H, Marques-Vidal P, Perk J, Prescott E, Redon J, Richter DJ, Sattar N,
Smulders Y, Tiberi M, van der Worp HB, van Dis |, Verschuren WM, De Backer
G, Roffi M, Aboyans V, Bachl N, Bueno H, Carerj S, Cho L, Cox J, De Sutter J,
Egidi G, Fisher M, Fitzsimons D, Franco OH, Guenoun M, Jennings C, Jug B,
Kirchhof P, Kotseva K, Lip GY, Mach F, Mancia G, Bermudo FM, Mezzani A,
Niessner A, Ponikowski P, Rauch B, Ryden L, Stauder A, Turc G, Wiklund O,
Windecker S, Zamorano JL. 2016 European Guidelines on cardiovascular
disease prevention in clinical practice: the Sixth Joint Task Force of the
European Society of Cardiology and Other Societies on Cardiovascular Disease
Prevention in Clinical Practice (constituted by representatives of 10 societies
and by invited experts): developed with the special contribution of the

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52

53.

European Association for Cardiovascular Prevention & Rehabilitation (EACPR).
Eur ] Prev Cardiol. 2016;23:Np1-Np96.

Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D’Agostino RB, Gibbons R,
Greenland P, Lackland DT, Levy D, O’Donnell CJ, Robinson JG, Schwartz JS,
Shero ST, Smith SC Jr, Sorlie P, Stone NJ, Wilson PW, Jordan HS, Nevo L, Wnek
J, Anderson JL, Halperin JL, Albert NM, Bozkurt B, Brindis RG, Curtis LH,
DeMets D, Hochman JS, Kovacs R), Ohman EM, Pressler SJ, Sellke FW, Shen
WK, Smith SC Jr, Tomaselli GF. 2013 ACC/AHA guideline on the assessment
of cardiovascular risk: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines. Circulation.
2014;129:S49-S73.

Nambi V, Chambless L, Folsom AR, He M, Hu Y, Mosley T, Volcik K, Boerwinkle
E, Ballantyne CM. Carotid intima-media thickness and presence or absence of
plaque improves prediction of coronary heart disease risk: the ARIC
(Atherosclerosis Risk In Communities) study. / Am Coll Cardiol. 2010;55:
1600-1607.

Plichart M, Celermajer DS, Zureik M, Helmer C, Jouven X, Ritchie K, Tzourio C,
Ducimetiere P, Empana JP. Carotid intima-media thickness in plaque-free site,
carotid plaques and coronary heart disease risk prediction in older adults: the
Three-City Study. Atherosclerosis. 2011;219:917-924.

Danesh J, Wheeler ]G, Hirschfield GM, Eda S, Eiriksdottir G, Rumley A, Lowe
GD, Pepys MB, Gudnason V. C-reactive protein and other circulating markers
of inflammation in the prediction of coronary heart disease. N Engl /] Med.
2004;350:1387-1397.

Willeit P, Thompson SG, Agewall S, Bergstrom G, Bickel H, Catapano AL, Chien
KL, de Groot E, Empana JP, Etgen T, Franco OH, Iglseder B, Johnsen SH,
Kavousi M, Lind L, Liu J, Mathiesen EB, Norata GD, Olsen MH, Papagianni A,
Poppert H, Price JF, Sacco RL, Yanez DN, Zhao D, Schminke U, Bulbul A, Polak
JF, Sitzer M, Hofman A, Grigore L, Dorr M, Su TC, Ducimetiere P, Xie W,
Ronkainen K, Kiechl S, Rundek T, Robertson C, Fagerberg B, Bokemark L,
Steinmetz H, lkram MA, Volzke H, Lin HJ, Plichart M, Tuomainen TP,
Desvarieux M, McLachlan S, Schmidt C, Kauhanen J, Willeit J, Lorenz MW,
Sander D; PROG-IMT study group. Inflammatory markers and extent and
progression of early atherosclerosis: meta-analysis of individual-participant-
data from 20 prospective studies of the PROG-IMT collaboration. Eur J Prev
Cardiol. 2016;23:194-205.

Wensley F, Gao P, Burgess S, Kaptoge S, Di Angelantonio E, Shah T, Engert JC,
Clarke R, Davey-Smith G, Nordestgaard BG, Saleheen D, Samani NJ, Sandhu M,
Anand S, Pepys MB, Smeeth L, Whittaker J, Casas JP, Thompson SG, Hingorani
AD, Danesh J. Association between C reactive protein and coronary heart
disease: mendelian randomisation analysis based on individual participant
data. BMJ. 2011;342:d548.

Strang F, Schunkert H. C-reactive protein and coronary heart disease: all said
—is not it? Mediators Inflamm. 2014,2014:757123.

Blaha MJ, Budoff MJ, DeFilippis AP, Blankstein R, Rivera JJ, Agatston A, O’Leary
DH, Lima J, Blumenthal RS, Nasir K. Associations between C-reactive protein,
coronary artery calcium, and cardiovascular events: implications for the
JUPITER population from MESA, a population-based cohort study. Lancet.
2011;378:684-692.

Gronholdt ML, Sillesen H, Wiebe BM, Laursen H, Nordestgaard BG. Increased
acute phase reactants are associated with levels of lipoproteins and increased
carotid plaque volume. Eur J Vasc Endovasc Surg. 2001;21:227-234.

Halvorsen DS, Johnsen SH, Mathiesen EB, Njolstad I. The association between
inflammatory markers and carotid atherosclerosis is sex dependent: the
Tromso Study. Cerebrovasc Dis. 2009;27:392-397.

Noh TS, Moon SH, Cho YS, Hong SP, Lee EJ, Choi JY, Kim BT, Lee KH. Relation
of carotid artery 18F-FDG uptake to C-reactive protein and Framingham risk
score in a large cohort of asymptomatic adults. / Nuc/ Med. 2013;54:2070—
2076.

. Smith GD, Ebrahim S. “Mendelian randomization”: can genetic epidemiology

contribute to understanding environmental determinants of disease? Int J
Epidemiol. 2003;32:1-22.

Lewis MR, Callas PW, Jenny NS, Tracy RP. Longitudinal stability of coagulation,
fibrinolysis, and inflammation factors in stored plasma samples. Thromb
Haemost. 2001;86:1495—-1500.

DOI: 10.1161/JAHA.118.008951

Journal of the American Heart Association 1

HDOYVIASHY TVYNIDIYO


https://doi.org/10.1161/JAHA.113.000087
http://ncook.bwh.harvard.edu/sas-macros.html
http://ncook.bwh.harvard.edu/sas-macros.html
http://jaha.ahajournals.org/

8T0Z ‘2T Ae|A uo 1senb Aq /Bio'sfeulnofeyeedel)/:dny wouy pspeojumoq

- - - ‘
Journal of the American Heart Association
American American

= OPEN ACCESS a Heart | Stroke

Association | Association.

Joint Effect of Carotid Plaque and C—Reactive Protein on First—Ever Ischemic Stroke and
Myocardial Infarction?
Agnethe Eltoft, Kjell Arne Arntzen, Tom Wilsgaard, John-Bjarne Hansen, Ellisiv B. Mathiesen and
Stein Harald Johnsen

J Am Heart Assoc. 2018;7:e008951,; originally published May 17, 2018;

doi: 10.1161/JAHA.118.008951
The Journal of the American Heart Association is published by the American Heart Association, 7272 Greenville Avenue,
Dallas, TX 75231
Online ISSN: 2047-9980

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://jaha.ahajournal s.org/content/7/11/e008951

Subscriptions, Permissions, and Reprints: The Journal of the American Heart Association is an online only Open
Access publication. Visit the Journal at http://jaha.ahajournals.org for more information.



http://jaha.ahajournals.org/content/7/11/e008951
http://jaha.ahajournals.org
http://jaha.ahajournals.org/

Supplemental Material



Table S1. Distribution of risk factors in the different surveys stratified by sex. The Tromsg Study.

Number of observations
Age (years), mean (SD)
BMI (kg/m?), mean (SD)
Carotid plaque, %

TPA (mm?), median (IQR)*

CRP (mg/L), median (IQR)

Systolic blood pressure (mmHg), mean (SD)
Diastolic blood pressure (mmHg), mean (SD)
Hypertension (SD), %

Antihypertensive medication, %

Total cholesterol (mmol/L), mean (SD)

HDL cholesterol (mmol/L), mean (SD)
Lipid-lowering medication, %

Diabetes mellitus, %

Smoking, %

Women Men
(n=5704) (n =4405)
4t survey 5t survey 6t survey 4t survey 5t survey 6t survey
(1994-1995) (2001-2002) (2007-2008) (1994-1995) (2001-2002) (2007-2008)
3194 2948 3902 2922 2168 2824
60.3 (10.4) 65.4 (9.8) 63.6 (9.3) 59.1(10.2) 65.5 (9.4) 63.5(9.1)
25.9 (4.5) 26.8 (4.6) 26.8 (4.6) 26.0 (3.3) 26.7 (3.4) 27.3(3.7)
44.0 53.0 41.2 51.0 65.5 50.0
13.2 15.7 16.6 17.1 20.3 21.9
(7.7, 22.5) (8.7, 39.7) (10.0, 27.4) (9.8, 29.8) (11.3, 35.8) (12.9, 36.6)
1.13 1.53 1.36 1.27 1.59 1.37
(0.56, 2.41) (0.80, 3.14) (0.71, 2.70) (0.66, 2.67) (0.86, 3.12) (0.77, 2.55)
145 (24) 145 (23) 140 (25) 145 (20) 144 (20) 142 (20)
82 (13) 81 (13) 76 (10) 85 (12) 83 (12) 82 (10)
54.9 59.9 56.9 57.9 61.6 60.6
12.2 23.5 28.9 11.0 23.3 26.2
6.9 (1.3) 6.5(1.2) 5.9(1.1) 6.5(1.2) 6.1(1.1) 5.6 (1.1)
1.7 (0.4) 1.6 (0.4) 1.7 (0.4) 1.4 (0.4) 1.4 (0.4) 1.4 (0.4)
1.8 10.9 16.0 1.5 14.9 17.4
3.8 7.3 7.2 3.6 9.8 8.2
31.1 24.7 18.7 354 25.3 16.6

BMI, body mass index; TPA, total plaque area; CRP, C-reactive protein; HDL, high-density lipoprotein; n, number of participants; IQR, interquartile range; SD, standard deviation. *If

prevalent carotid plaque. In total 10 109 participants were included in the study, of these 4932 attended one, 2505 attended two and 2672 attended three surveys.



Table S2. Sex stratified incidence rates (IRs) and hazard ratios (HRs) with 95% confidence intervals (Cls) of first-ever ischemic stroke from time-varying Cox models across risk
categories of C-reactive protein (CRP). The Tromsg Study.

CRP n*  Events IR Model 1* Model 2°
(95% Cl) HR (95% ClI) HR (95% Cl)

Men

<1mg/L 2820 83 4.5(3.7,5.6) Reference Reference

1-3 mg/L 3209 130 6.3(5.3,7.5) 1.19(0.90, 1.57) 1.06 (0.80, 1.41)

>3 mg/L 1743 132 12.5(10.5, 14.8) 2.24 (1.70, 2.95) 1.84 (1.39, 2.45)

Women

<1mg/L 3870 78 3.1(2.5, 3.8) Reference Reference

1-3 mg/L 3815 131 5.2(4.3,6.1) 1.36 (1.02, 1.80) 1.23(0.92, 1.64)

>3 mg/L 2211 117 8.1(6.8,9.7) 2.14 (1.61, 2.86) 1.79 (1.32, 2.43)

"Observations. "Crude IRs per 1000 person-years. * Age as time-scale. $Age as time-scale, adjusted for total cholesterol, high-density lipoprotein cholesterol, diabetes mellitus,
systolic blood pressure, smoking, body mass index, lipid-lowering medication and antihypertensive medication.
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Table S3. Sex stratified incidence rates (IRs) and hazard ratios (HRs) with 95% confidence intervals (Cls) of first-ever myocardial infarction from time-varying Cox models across
risk categories of C-reactive protein (CRP). The Tromsg Study.

CRP n*  Events IR Model 1* Model 25
(95% Cl) HR (95% ClI) HR (95% ClI)

Men

<1mg/L 2758 149 8.4(7.1,9.8) Reference Reference

1-3 mg/L 3156 282 14.1 (12.5, 15.8) 1.52 (1.25, 1.86) 1.31(1.07, 1.61)

>3 mg/L 1708 202 19.6 (17.1, 22.5) 2.03 (1.64, 2.51) 1.56 (1.25, 1.94)

Women

<1mg/L 3847 113 4.5(3.7,5.4) Reference Reference

1-3 mg/L 3782 185 7.4 (6.4, 8.5) 1.35(1.07, 1.70) 1.14 (0.90, 1.46)

>3 mg/L 2203 148 10.3 (8.7, 12.1) 1.83 (1.43, 2.33) 1.36 (1.04, 1.76)

*Observations. "Crude IRs per 1000 person-years. * Age as time-scale. ¢ Age as time-scale, adjusted for total cholesterol, high-density lipoprotein cholesterol, diabetes mellitus,

systolic blood pressure, smoking, body mass index, lipid-lowering medication and antihypertensive medication.
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Table S4. Sex stratified incidence rates (IRs) and hazard ratios (HRs) with 95% confidence intervals (Cls) of first-ever ischemic stroke from time-varying Cox models across

categories of total plaque area (TPA) before and after adjustment for C-reactive protein (CRP). The Tromsg Study.

Absolute attenuation of HR

Percentage attenuation of HR

TPA n* Events IR"(95% Cl) H'::?:;Ll;) M::?g;;jcﬁ;w after inclusion of CRP in the after inclusion of CRP in the M?:;LZCHI;IR
model® model

Men

No plaque 3543 89 3.9(3.2,4.8) Reference Reference - - Reference

TPA<median 2115 93 6.9 (5.6,8.4) 1.27(0.94,1.70) 1.25(0.93, 1.68) 0.02 7.4 1.16 (0.87, 1.56)

TPA>median 2114 163 12.4(10.7,14.5) 1.81(1.38,2.37) 1.72(1.31,2.24) 0.09 11.1 1.45(1.11,1.91)

Women

No plaque 5402 88 2.5(2.0,3.1) Reference Reference - - Reference

TPA<median 2247 84 5.6(4.5,6.9) 1.46(1.08,1.98) 1.46(1.07,1.97) 0.00 - 1.41(1.04,1.91)

TPA>median 2247 154 10.2 (8.7,11.9) 2.03 (1.54,2.67) 1.96(1.49, 2.58) 0.07 6.8 1.72 (1.30, 2.28)

*Observations. 'Crude IRs per 1000 person-years. ¥ Age as time-scale. ¢ Change in HR from Model 1 to Model 1 + CRP. CRP was log-transformed. Il Age as time-scale, adjusted for
total cholesterol, high-density lipoprotein cholesterol, diabetes mellitus, systolic blood pressure, smoking, body mass index, lipid -lowering medication, antihypertensive medication
and CRP (log-transformed).
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Table S5. Sex stratified incidence rates (IRs) and hazard ratios (HRs) with 95% confidence intervals (Cls) of first-ever myocardial infarction from time-varying Cox models across
categories of total plaque area (TPA) before and after adjustment for C-reactive protein (CRP). The Tromsg Study.

Absolute attenuation of  Percentage attenuation of HR

TPA n’ Events IR (95% Cl) Hl\:(()::;l;) M::?g;;jcﬁ;w HR aft:er inclusion of CRP after inclusion of CRP in the M?:;LZEITR
in the model® model
Men
No plaque 3493 178 8.0(6.9,9.2) Reference Reference - - Reference
TPA<median 2043 173 13.2(11.4,15.3) 1.36(1.10, 1.68) 1.35(1.09, 1.67) 0.01 2.7 1.22(0.98, 1.51)
TPA>median 2065 282 22.2(19.7,24.9) 1.99(1.63,2.43) 1.91(1.56,2.32) 0.08 8.1 1.57 (1.29, 1.93)
Women
No plaque 5388 122 3.5(2.9,4.2) Reference Reference - - Reference
TPA<median 2221 118 7.9 (6.6,9.2) 1.61(1.25,2.08) 1.60(1.24,2.07) 0.01 1.6 1.46 (1.13, 1.89)
TPA>median 2223 206 13.9(12.1,15.9) 2.34(1.85, 2.95) 2.28 (1.81, 2.88) 0.06 4.5 1.75(1.38, 2.23)

*Observations. 'Crude IRs per 1000 person-years. * Age as time-scale. ¢ Change in HR from Model 1 to Model 1 + CRP. CRP was log-transformed. Il Age as time-scale, adjusted for
total cholesterol, high-density lipoprotein cholesterol, diabetes mellitus, systolic blood pressure, smoking, body mass index, lipid-lowering medication, antihypertensive medication
and CRP (log-transformed).
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Table S6. Incidence rates (IRs) and hazard ratios (HRs) with 95% confidence intervals (Cls) of first-ever ischemic stroke (IS) and myocardial infarction (Ml) from
time-varying Cox models across constellations of C-reactive protein (CRP) and categories of total plaque area (TPA). The Tromsg Study.

Ischemic stroke

Myocardial infraction

n' Incident IR HR? n' Incident IR HR?
IS (95% Cl) (95% Cl) mi (95% Cl) (95% Cl)

Both sexes®
No plaque & CRP <1 mg/L 3784 51 (1.6,2.7) Ref. 3762 72 2.9(2.3,3.7) Ref.
No plaque & CRP 1-3mg/L 3436 71 3.2(2.5,40)  1.25(0.87,1.79) 3409 140 6.4 (5.4,7.5) 1.86 (1.40, 2.48)
No plaque & CRP >3 mg/L 1725 55 0(3.8,6.5)  1.93(1.322.82) 1710 88 8.0 (6.5, 9.9) 2.36 (1.73, 3.22)
TPA<median & CRP <1 mg/L 1608 41 9(2.9,5.3) 1.22 (0.81, 1.84) 1581 82 8.0 (6.5, 10.0) 1.96 (1.43, 2.69)
TPA<median & CRP 1-3 mg/L 1756 79 6.8 (5.4, 8.4) 1.86 (1.30, 2.65) 1724 108 9.4(7.8,11.4) 2.10 (1.55, 2.83)
TPA<median & CRP >3 mg/L 997 57 9.0 (6.9, 11.6) 2.50(1.70, 3.65) 980 101 16.3 (13.4, 18.8) 3.72(2.74, 5.05)
TPA>median & CRP <1 mg/L 1298 69 8.0(6.3,10.1)  1.85(1.28,2.68) 1262 108 13.0(10.7,15.7)  2.67(1.97,3.62)
TPA>median & CRP 1-3 mg/L 1832 111 9.2(7.7,11.1) 2.04 (1.45, 2.86) 1805 219 18.8 (16.5, 21.5) 3.71(2.83, 4.88)
TPA>median & CRP >3 mg/L 1232 137 18.2 (15.4, 21.5) 4.07 (2.93, 5.66) 1219 161 21.2 (18.2, 24.8) 4.17 (3.14, 5.54)
Men
No plague & CRP <1 mg/L 1441 26 2.8(1.9,4.0) Ref. 1422 37 4.0(1.7, 3.2) Ref.
No plague & CRP 1-3mg/L 1444 34 3.7(2.6,5.1) 1.10 (0.66, 1.84) 1424 87 9.6 (7.8, 11.9) 2.20 (1.49, 3.23)
No plaque & CRP >3 mg/L 658 29 7.0(4.9,10.1)  2.08(1.22,3.53) 647 54 13.5(10.3,17.6)  3.01(1.98, 4.57)
TPA<median & CRP <1 mg/L 778 24 4.8(3.2,7.1) 1.19 (0.68, 2.08) 760 53 10.9 (8.3, 14.2) 2.20(1.44, 3.36)
TPA<median & CRP 1-3 mg/L 873 41 7.3(5.4,9.9)  1.64(1.00,2.69) 854 65 11.8(9.3,15.1)  2.27(1.51,3.42)
TPA<median & CRP >3 mg/L 463 28 9.8(6.8,14.2)  2.14(1.25, 3.66) 450 55 20.3(15.6,26.4  3.85(2.53,5.87)
TPA>median & CRP <1 mg/L 601 33 8.6(6.1,12.2)  1.62(0.96,2.73) 576 59 16.3(12.6,21.0)  2.82(1.86, 4.28)
TPA>median & CRP 1-3 mg/L 892 55 9.7 (7.4, 12.6) 1.78 (1.11, 2.86) 878 130 23.6 19.9, 28.1) 4.06 (2.80, 5.90)
TPA>median & CRP >3 mg/L 622 75 20.9 (16.7, 26.2) 3.81(2.42,6.01) 611 93 25.9(21.2, 31.8) 4.39 (2.98, 6.48)
Women
No plague & CRP <1 mg/L 2343 25 1.7 (1.1, 2.4) Ref. 2340 35 3(1.7,3.2) Ref.
No plague & CRP 1-3mg/L 1992 37 2.8(2.1,39)  1.42(0.86,2.37) 1985 53 1(3.1,5.3) 1.44 (0.94, 2.21)
No plaque & CRP >3 mg/L 1067 26 3.7(2.5,55)  1.81(1.04,3.14) 1063 34 9(3.5,6.9) 1.66 (1.04, 2.67)
TPA<median & CRP <1 mg/L 830 17 3.1(1.9,50)  1.21(0.65,2.25) 821 29 5(3.9,7.9) 1.59 (0.98, 2.60)
TPA<median & CRP 1-3 mg/L 883 38 6.3(4.6,87)  2.06(1.24,3.51) 870 43 7 2(5.4,9.7) 1.85 (1.18, 2.89)
TPA<median & CRP >3 mg/L 534 29 8.2(5.7,11.8) 2.92 (1.70, 5.01) 530 46 13.2 (9.9, 17.7) 3.41(2.19, 5.31)
TPA>median & CRP <1 mg/L 697 36 7.5(5.4,10.3) 2.09 (1.24, 3.51) 686 49 10.4 (7.9, 13.8) 2.41 (1.55, 3.74)
TPA>median & CRP 1-3 mg/L 940 56 8.9(6.8,11.5) 2.31(1.43,3.76) 927 89 14.5(11.8,17.9) 3.17(2.13,4.73)
TPA>median & CRP >3 mg/L 610 62 15.7(12.3,20.2)  4.28 (2.66, 6.89) 610 68 17.0(13.4,21.6)  3.80(2.51,5.76)

* Observations
*Crude incidence rates per 1000 person-years.
* Adjusted for age (*and sex).
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Table S7. Additive interaction of C-reactive protein (CRP) and categories of total plaque area (TPA) on risk of first-ever

ischemic stroke and myocardial infarction. The Tromsg Study.

Ischemic stroke

Myocardial infarction

Exposure

HR" (95% Cl)

HR* (95% Cl)

CRP >3 mg/L & no plaque
TPA >median & CRP <1 mg/L
CRP >3 mg/L & TPA>median

Measure

1.93 (1.32, 2.82)
1.85 (1.28, 2.68)
4.07 (2.93, 5.66)

Estimate (95% Cl)

2.36 (1.73, 3.22)
2.67 (1.97, 3.62)
4.17 (3.14, 5.54)

Estimate (95% Cl)

Relative excess risk due to interaction (RERI)
Attributable proportion (AP)
Synergy index

1.29 (0.32, 2.25)
0.32(0.10, 0.53)
1.72 (1.06, 2.81)

0.13 (-0.82, 1.08)
0.03 (-0.20, 0.26)
1.04 (0.77, 1.42)

HR, hazard ratio; Cl, confidence interval. “Age and sex adjusted.



Table S8. Hazard ratios (HRs) with 95% confidence intervals (Cls) per standard deviation increase in
C-reactive protein (CRP)" across categories of total plaque area (TPA). Assessment of multiplicative
interaction. The Tromsg Study.

Ischemic stroke

Myocardial infarction

HR' HR* HR' HR*
(95% Cl) (95% Cl) (95% Cl) (95% Cl)

Overall 1.32 1.25 1.25 1.13

(1.23,1.41) (1.16, 1.34) (1.18, 1.32) (1.06, 1.20)
TPA
No plaque 1.23 1.15 1.27 1.11

(1.08, 1.41) (0.99, 1.33) (1.15, 1.41) (0.99, 1.25)
TPA < median 1.27 1.22 1.23 1.13

(1.11, 1.56) (1.05, 1.41) (1.11, 1.37) (1.01, 1.28)
TPA > median 1.34 1.29 1.17 1.11

(1.22, 1.48) (1.17, 1.43) (1.08, 1.27) (1.02, 1.21)
Interaction 0.65 0.66 0.44 0.45
p-value

*Log-transformed.

* Adjusted for age and sex.

* Adjusted for age, sex, smoking, systolic blood pressure, total cholesterol, high-density lipoprotein
cholesterol, diabetes mellitus, body mass index, lipid lowering medication and antihypertensive
medication. Bold; p<0.05 for HR.
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Table S9. Crude incidence rates (IRs) and hazard ratios (HRs) with 95% confidence intervals (Cls) of first-ever ischemic stroke from time-fixed" Cox models across risk categories

of C-reactive protein (CRP). The Tromsg Study.

Ischemic stroke

CRP - IR Model 1* Model 2¢

" Events (95% Cl) HR (95% C1) HR (95% Cl)
Both sexes!!
<1mg/L 4158 211 4.2 (3.7-4.8) Reference Reference
1-3 mg/L 3898 258 5.9 (5.3-6.7) 1.25 (1.05-1.50) 1.14 (0.95-1.37)
>3 mg/L 2053 202 9.6 (8.4-11.1) 2.05 (1.69-2.50) 1.71 (1.40-2.09)
Men
<1mg/L 1738 103 4.9 (4.0-5.9) Reference Reference
1-3 mg/L 1769 138 7.1 (6.0-8.4) 1.32 (1.03-1.71) 1.21(0.93-1.57)
>3 mg/L 898 104 11.5 (9.5-14.0) 2.12 (1.61-2.78) 1.76 (1.33-2.35)
Women
<1mg/L 2420 108 3.7 (3.1-4.5) Reference Reference
1-3 mg/L 2129 120 5.0 (4.2-6.0) 1.18 (0.90-1.54) 1.08 (0.82-1.41)
>3 mg/L 1155 98 8.2 (6.7-10.0) 2.00 (1.52-2.63) 1.671.25-2.23)

*Values of exposure variables at time of study entrance.”*Participants. tCrude IRs per 1000 person-years. £ Adjusted for age (!! and sex). §Adjusted for age, smoking, total
cholesterol, high-density lipoprotein cholesterol, diabetes mellitus, systolic blood pressure, body mass index, lipid-lowering medication, antihypertensive medication (!! and sex).
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Table 10. Crude incidence rates (IRs) and hazard ratios (HRs) with 95% confidence intervals (Cls) of first-ever myocardial infarction from time-fixed* Cox models across risk

categories of C-reactive protein (CRP). The Tromsg Study.

Ischemic stroke

CRP . IR Model 1* Model 2°

" Events (95% CI) HR (95% CI) HR (95% CI)
Both sexes/!
<1mg/L 4158 339 6.8 (6.2-7.6) Reference Reference
1-3 mg/L 3898 452 10.6 (9.7-11.7) 1.38 (1.20-1.59) 1.16 (1.00-1.34)
>3 mg/L 2053 288 13.9 (12.4-15.6) 1.78 (1.53-2.09) 1.32 (1.12-1.56)
Men
<1mg/L 1738 194 9.4 (8.2-10.8) Reference Reference
1-3 mg/L 1769 272 14.6 (12.9-16.4) 1.41 (1.18-1.70) 1.22 (1.01-1.47)
>3 mg/L 898 167 18.9 (16.2-22.0) 1.80 (1.46-2.21) 1.37 (1.11-1.70)
Women
<1mg/L 2420 145 5.0 (4.3-5.9) Reference Reference
1-3 mg/L 2129 180 7.6 (6.5-8.8) 1.33 (1.07-1.65) 1.08 (0.86-1.36)
>3 mg/L 1155 121 10.2 (8.5-12.2) 1.79 (1.40-2.28) 1.28 (0.99-1.66)

*Values of exposure variables at time of study entrance.”*Participants. 'Crude IRs per 1000 person-years. * Adjusted for age (!! and sex). §Adjusted for age, smoking, total
cholesterol, high-density lipoprotein cholesterol, diabetes mellitus, systolic blood pressure, body mass index, lipid-lowering medication, antihypertensive medication (!! and sex).
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Table S11. Crude incidence rates (IRs) and hazard ratios (HRs) with 95% confidence intervals (Cls) of first-ever ischemic stroke from time-fixed” Cox models across categories of
total plaque area (TPA), before and after adjustment for C-reactive protein (CRP). The Tromsg Study.

Absolute attenuation of HR  Percentage attenuation of HR

TPA n™ Events IR"(95% Cl) Hll\kn?:;;,lctl) M::T;;Tg;zp after inclusion of CRP in the  after inclusion of CRP in the M‘():;LZCHI;IR
model® model

Both sexes”

No plaque 5711 233 3.5(3.1-4.0) Reference Reference - - Reference

TPA<median 2198 175 6.7 (5.8-7.8) 1.33 (1.09-1.62) 1.33 (1.09-1.62) 0 - 1.28 (1.05-1.56)

TPA>median 2200 263 11.5(10.2-13.0) 2.00(1.67-2.42) 1.92 (1.60-2.31) 0.08 8.0 1.69 (1.39-2.04)

Men

No plaque 2284 114 4.3(3.6-5.2) Reference Reference - - Reference

TPA<median 1060 96 6.9(6.2-9.3) 1.27(0.97-1.68) 1.27(0.96-1.67) 0.00 - 1.20 (0.91-1.59)

TPA>median 1061 135 12.8(10.8-15.1) 1.91(1.47-2.48) 1.79 (1.38-2.32) 0.12 13.2 1.57 (1.20-2.05)

Women

No plaque 3427 119 3.0 (2.5-3.6) Reference Reference - - Reference

TPA<median 1139 79 5.9 (4.7-7.3) 1.39 (1.04-1.85) 1.39 (1.05-1.86) 0.00 - 1.37 (1.03-1.83)

TPA>median 1138 128 10.4 (8.8-12.4) 2.10(1.62-2.73) 2.05 (1.57-2.66) 0.05 4.5 1.83 (1.40-2.40)

*Values of exposure variables at time of study entrance.*"Participants. "Crude IRs per 1000 person-years. *Adjusted for age (*and sex). $Absolute attenuation of HR after inclusion of
CRP in the model (i.e. change in HR from Model 1 to Model 1 + CRP). CRP was log-transformed. Il Adjusted for age, CRP (log-transformed), smoking, total cholesterol, high-density
lipoprotein cholesterol, diabetes mellitus, systolic blood pressure, body mass index, lipid-lowering medication, antihypertensive medication (*and sex).
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Table S12. Crude incidence rates (IRs) and hazard ratios (HRs) with 95% confidence intervals (Cls) of first-ever myocardial infarction from time-fixed* Cox models across
categories of total plaque area (TPA), before and after adjustment for C-reactive protein (CRP). The Tromsg Study.

Absolute attenuation of HR Percentage attenuation of HR

TPA n™" Events IR (95% Cl) HI:?:;LI;) M::T;;Tg;zp after inclusion of CRP in the  after inclusion of CRP in the M?:;LZCHI;IR
model® model

Both sexes”
No plaque 5711 385 5.9 (5.4-6.6) Reference Reference - - Reference
TPA<median 2200 394  11.8(10.5-13.2) 1.45(1.24-1.69) 1.44 (1.24-1.68) 0.01 2.2 1.31(1.12-1.52)
TPA>median 2198 300 17.6 (16.5-19.5) 1.97 (1.70-2.29) 1.90 (1.64-2.20) 0.07 7.2 1.49 (1.28-1.73)
Men
No plaque 2284 229 9.0 (7.9-10.2) Reference Reference - - Reference
TPA<median 1061 172 14.0 (12.1-16.3) 1.24(1.01-1.51) 1.23(1.00-1.50) 0.01 4.2 1.12(0.92-1.37)
TPA>median 1060 232  22.6(19.8-25.6) 1.80(1.49-2.18) 1.72 (1.41-2.08) 0.08 10.0 1.43 (1.17-1.74)
Women
No plaque 3427 156 4.0 (3.4-4.7) Reference Reference - - Reference
TPA<median 1139 128 14.0 (12.1-16.3) 1.81(1.43-2.30) 1.81(1.43-2.30) 0.00 - 1.64 (1.29-2.08)
TPA>median 1138 162 12.6 (19.8-25.6) 2.22(1.76-2.79) 2.17 (1.72-2.73) 0.05 4.1 1.63 (1.29-2.06)

*Values of exposure variables at time of study entrance.”Participants. "Crude IRs per 1000 person-years. *Adjusted for age (*and sex). $Absolute attenuation of HR after inclusion of
CRP in the model (i.e. change in HR from Model 1 to Model 1 + CRP). CRP was log-transformed. Il Adjusted for age, CRP (log-transformed), smoking, total cholesterol, high-density
lipoprotein cholesterol, diabetes mellitus, systolic blood pressure, body mass index, lipid-lowering medication, antihypertensive medication (*and sex).


http://onlinelibrary.wiley.com/doi/10.1111/jth.13369/full#jth13369-note-0006
http://onlinelibrary.wiley.com/doi/10.1111/jth.13369/full#jth13369-note-0006
http://onlinelibrary.wiley.com/doi/10.1111/jth.13369/full#jth13369-note-0006
http://onlinelibrary.wiley.com/doi/10.1111/jth.13369/full#jth13369-note-0006
http://onlinelibrary.wiley.com/doi/10.1111/jth.13369/full#jth13369-note-0006

Table S13. Incidence rates (IRs) and hazard ratios (HRs) with 95% confidence intervals (Cls) of first-ever ischemic stroke (I1S) and myocardial infarction (Ml) from
time-fixed” Cox models across constellations of C-reactive protein (CRP) and categories of total plaque area (TPA). The Tromsg Study.

Ischemic stroke

Myocardial infraction

n" Incident IR HR? n" Incident IR HR?
IS (95% Cl) (95% Cl) MI (95% C1) (95% Cl)

Both sexes ||
No plague & CRP <1 mg/L 2565 88 (2.3,3.5) Ref. 2565 134 4.4(3.7,5.2) Ref.
No plaque & CRP 1-3mg/L 2149 84 3.5(2.8,43)  1.07(0.79, 1.44) 2149 159 6.7 (5.8,7.9) 1.36 (1.08, 1.71)
No plaque & CRP >3 mg/L 997 61 8(4.5,7.4)  1.90(1.37,2.64) 997 92 8.8 (7.2,10.8)  1.89 (1.45,2.47)
TPA<median & CRP <1 mg/L 912 55 7(36,6.2)  1.11(0.79, 1.56) 912 106 9.4(7.8,11.3) 1.52 (1.17, 1.96)
TPA<median & CRP 1-3 mg/L 825 73 7.7(6.1,9.6)  1.78(1.30,2.44) 825 117 12.4(10.4,149)  1.96(1.53,2.52)
TPA<median & CRP >3 mg/L 461 47 9.6 (7.2,12.8) 2.20(1.54, 3.15) 461 77 16.1(12.9, 20.1) 2.52(1.89, 3.34)
TPA>median & CRP <1 mg/L 681 68 9.1(6.3,10.1)  1.87(1.35,2.58) 681 99 13.5(11.1,16.4)  2.00 (1.54, 2.61)
TPA>median & CRP 1-3 mg/L 924 101 10.3 (8.4, 12.5) 2.10(1.57, 2.82) 924 176 18.6 (16.0, 21.5) 2.69 (2.14, 3.39)
TPA>median & CRP >3 mg/L 594 94 17.2 (14.0,21.0)  3.58 (2.66, 4.83) 595 119  21.6(18.0,25.8)  3.06(2.37,3.94)
Men
No plaque & CRP <1 mg/L 990 41 3.4 (2.5, 4.6) Ref. 990 77 6.4 (5.2, 8.1) Ref.
No plaque & CRP 1-3mg/L 912 44 4.4(3.3,5.9) 1.12(0.73, 1.72) 912 97 10.0(8.2,12.2)  1.29(1.01,1.88)
No plague & CRP >3 mg/L 382 29 7.1(4.9,10.2)  1.96(1.22,3.17) 383 55 14.1(10.8,18.4)  2.05 (1.45, 2.90)
TPA<median & CRP <1 mg/L 437 28 4.8(3.3,5.9) 0.98 (0.60, 1.59) 437 60 10.8 (8.4, 13.9) 1.28(0.91, 1.80)
TPA<median & CRP 1-3 mg/L 408 44 9.6 (7.2,12.9) 1.95(1.27, 3.00) 408 72 16.0 (12.7, 20.2) 1.85 (1.34, 2.56)
TPA<median & CRP >3 mg/L 215 24 10.6(7.1,15.8)  2.11(1.27, 3.51) 215 40 18.1(13.3,24.7)  2.09 (1.42, 3.07)
TPA>median & CRP <1 mg/L 311 34 10.7(7.6,15.0)  1.92 (1.21,3.51) 311 57 18.3(14.1,23.8)  1.95(1.38,2.77)
TPA>median & CRP 1-3 mg/L 449 50 10.6 (8.1, 14.0) 1.94 (1.28, 2.96) 449 103 23.219.1, 28.1) 2.49 (1.84, 3.38)
TPA>median & CRP >3 mg/L 301 51 19.0 (14.4,25.0)  3.43 (2.24,5.23) 301 72 26.3(20.9,33.1)  2.76 (1.98, 3.84)
Women
No plaque & CRP <1 mg/L 1575 47 5(1.8,3.3) Ref. 1575 57 3.0 (2.4, 3.6) Ref.
No plague & CRP 1-3mg/L 1237 40 9(2.1,3.9) 1.02 (0.67, 1.55) 1237 62 4.5 (3.5,5.7) 1.31(0.91, 1.87)
No plague & CRP >3 mg/L 615 32 9(3.5,6.9) 1.86(1.19, 2.92) 615 37 5.7 (4.1,7.8) 1.72 (1.14, 2.60)
TPA<median & CRP <1 mg/L 475 27 4 6(3.2,6.7)  1.30(0.81,2.09) 475 46 8.0 (6.0, 10.7) 1.94 (1.31, 2.86)
TPA<median & CRP 1-3 mg/L 417 29 58(4.1,84)  1.57(0.98,2.50) 417 45 9.2 (6.9, 12.3) 2.11(1.42, 3.12)
TPA<median & CRP >3 mg/L 246 23 8.8(5.8,13-1)  2.30(1.39, 3.81) 245 37 143(10.4,19.8)  3.17(2.09, 4.82)
TPA>median & CRP <1 mg/L 370 34 7.8(5.6,11.0)  1.81(1.16, 2.84) 370 42 9.9 (7.3, 13.4) 2.05 (1.37, 3.07)
TPA>median & CRP 1-3 mg/L 475 51 9.9(7.5,13.1) 2.27 (1.52,3.41) 475 73 14.5 (11.5, 18.2) 2.94 (2.06, 4.19)
TPA>median & CRP >3 mg/L 294 43 15.4 (11.4, 20.8) 3.78 (2.45,5.77) 294 47 16.9 (12.7, 22.5) 3.58 (2.41, 5.30)

*Values of exposure variables at time of study entrance.”"Participants. ¥ Crude incidence rates per 1000 person-years.* Adjusted for age (!! and sex).



Table S14. Performance of time-fixed" Cox regression models for ischemic stroke (IS) with addition of total plaque area (TPA), C-reactive protein (CRP) and both (TPA+CRP) compared to

Framingham risk factor based model. The Tromsg Study.

Performance measure Framingham risk +TPA" +CRP* +Both’ +TPA? +CRP* +Both¥
factor model

Harrels C-index 0.7523 0.7594 0.7552 0.7613 0.7586 0.7574 0.7630

(95% Cl) (0.7358, 0.7613) (0.7355, 0.7736) (0.7348, 0.7722) (0.7350, 0.7730) (0.7338,0.7663)  (0.7339,0.7687)  (0.7342, 0.7714)
p-value 0.040 0.394 0.010 0.045 0.104 0.002

NRI

Estimated incident IS at 10 years follow-up (n=490) §

% cases moved upll 12.3 10.8 19.3 11.7 13.5 17.8

% cases moved downll 10.0 8.1 12.6 9.5 5.4 13.2

NRI for IS cases, % (95% Cl) 2.3(-2.5,7.1) 2.8(-1.9,7.) 6.6 (1.9, 11.3) 2.2 (-1.7,6.1) 3.8 (-0.5, 8.0) 4.6 (0.3, 8.9)
p-value 0.226 0.214 0.005 0.280 0.069 0.036

Estimated non-events (controls) at 10 years follow-up (n=9619) ¢

% non-events moved upll 5.6 4.5 7.1 6.5 5.7 7.7

% non-events moved down!l 6.4 3.9 7.1 6.3 5.4 7.6

NRI for controls, % (95% Cl) 0.6 (-0.8, 2.0) -0.5(1.9, 1.4) -0.03 (-1.5, 1.2) -0.2 (-0.1, 1.6) -0.03(-1.8,1.2) -0.1(-1.5, 1.3)
p-value 0.369 0.400 0.956 0.773 0.675 0.849

Overall categorical NRIl, % (95% Cl) 2.8 (-2.0,7.6) 2.2 (-2.7,6.9) 6.6 (1.8,11.4) 2.1(-2.1,6.3) 3.6 (-0.8, 8.0) 4.5 (-0.1,9.1)
p-value 0.226 0.338 0.007 0.35 0.110 0.051

Continuous NRI, % (95% Cl) 19.8 (5.5,34.1) 20.1 (5.0, 35.2) 22.2(8.7,35.7) 22.8(11.2,34.4)  19.5(8.6,31.3)  31.1(16.6, 45.8)
p-value 0.002 0.002 <0.001 <0.001 <0.001 <0.001

Relative IDI, % (95% Cl) 0.16 (0.03, 0.29) 0.09 (-0.03, 0.21) 0.24 (0.09, 0.38) 0.09 (0.02, 0.17) 0.13 (0.06, 0.20) 0.22 (0.09, 0.35)
p-value 0.0023 0.075 <0.001 0.03 <0.001 <0.001

HL-X? 9.96 10.33 10.63 8.67 8.25 8.21 11.8
p-value 0.268 0.240 0.220 0.498 0.410 0.413 0.159

NRI, net reclassification improvement; IDI, integrated discrimination improvement; HL-X* Hosmer-Lemeshow chi? test; Cl, confidence interval. Framingham risk factor model includes sex, age,

systolic blood pressure, high-density lipoprotein cholesterol, total cholesterol, smoking and antihypertensive medication. "Values of exposure variables at time of study entrance. * Included as

continuous variables TPA (square root transformed), CRP (log transformed). * Included as categorical variables; TPA (no plaque, < median and > median, with no plaque as reference category);

CRP (<1 mg/L, 1-3 mg/L and >3 mg /L, with CRP <1 mg/L as reference category). § All observed risks have been interpolated to 10-year event rates by Kaplan Meier risk estimates using the

actual observed events over a median follow up of 11 years. | Considering risk-categories; <5%, 5-10%, 10-20% and >20%. p-values are for comparison with Framingham risk factor model.

Bold; p<0.05.
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Table S15. Performance of time-fixed” Cox regression models for myocardial infarction (MI) with addition total plaque area (TPA), C-reactive protein (CRP) and both (TPA+CRP) compared to

Framingham risk factor-based model. The Tromsg Study.

Performance measure Framingham risk +TPAY +CRP? +Both’ +TPA* +CRP* +Both?
factor model

Harrels C-index 0.7435 0.7501 0.7452 0.7514 0.7499 0.7458 0.7519

(95% Cl) (0.7251, 0.7606) (0.7321, 0.7655) (0.7318, 0.7648) (0.7369, 0.7672) (0.7318, 0.7648) (0.7317, 0.7644) (0.7344, 0.7643)
p-value 0.013 0.535 <0.001 0.016 0.386 0.003

NRI

Estimated incident Ml at 10 years follow-up (n=895) §

% cases moved upll 11.4 8.0 11.9 12.1 9.2 13.4

% cases moved down!! 8.8 4.3 9.3 8.9 5.5 9.1

NRI for Ml cases, % (95% Cl) 2.5(-0.5, 5.5) 3.7 (0.3-7.1) 2.6 (- 1.0, 6.2) 3.2 (-0.01, 6.6) 3.7(0.1,7.3) 4.3 (0.5, 8.0)
p-value 0.052 0.038 0.16 0.06 0.049 0.025

Estimated non-events (controls) at 10 years follow-up (n=9214)

% non-events moved up!! 6.2 3.3 6.6 7.0 4.6 7.8

% non-events moved down!! 7.4 3.3 7.6 8.0 4.6 8.5

NRI for controls, % (95% Cl) 1.2 (0.2,2.2) 0.02 (-1.3,1.7) 1.0 (-0.3, 2.3) 1.0 (0.2, 1.8) -0.02 (-0.5, 0.5) 0.7 (-0.6, 1.7)
p-value 0.049 0.973 0.10 0.015 0.974 0.240

Overall categorical NRIl, % (95% Cl) 3.8 (0.6, 7.0) 3.7(-0.1,7.5) 3.6 (-0.01, 7.3) 4.2(0.5,7.3) 3.7(-0.01, 7.1) 5.0(1.2,8.7)
p-value 0.03 0.051 0.062 0.029 0.055 0.011

Continuous NRI, % (95% Cl) 19.4 (12.6, 27.0) 22.0(13.6,30.4) 13.8 (3.3, 24.3) 26.7 (19.5, 33.9) 13.0(-0.02, 28.2) 20.6 (9.7, 31.5)
p-value <0.001 <0.001 0.007 <0.001 0.098 <0.001

Relative IDI, % (95% Cl) 0.07 (0.05, 0.10) 0.03 (-0.01,0.07)  0.09 (0.04, 0.15) 0.04 (0.02, 0.06) 0.04 (0.02, 0.05) 0.07 (0.02, 0.11)
p-value <0.001 0.174 0.002 0.030 0.041 0.012

HL-X2 40.7 29.4 44.6 29.0 29.9 40.65 29.6
p-value <0.0001 <0.0001 <0.0001 0.0003 <0.0001 <0.0001 <0.0001

NRI, net reclassification improvement; IDI, integrated discrimination improvement; HL-X*> Hosmer-Lemeshow chi? test; Cl, confidence interval. Framingham risk factor model includes sex, age,
systolic blood pressure, high-density lipoprotein cholesterol, total cholesterol, smoking and antihypertensive medication."Values of variables at time of study entrance. Included as
continuous variables TPA (square root transformed), CRP (log transformed). * Included as categorical variables; TPA (no plaque, < median and > median, with no plaque as reference category);
CRP (<1 mg/L, 1-3 mg/L and >3 mg /L, with CRP <1 mg/L as reference category). $ All observed risks have been interpolated to 10-year event rates by Kaplan Meier risk estimates using the
actual observed events over a median follow up of 11 years. | Considering risk-categories; <5%, 5-10%, 10-20% and >20%. p-values are for comparison with Framingham risk factor model.
Bold; p<0.05.
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Table S16. Performance of time-fixed” Cox regression models for ischemic stroke (IS) in subjects at intermediate risk (5-20%, n=2994) with addition of total plaque area (TPA), C-reactive protein
(CRP) and both (TPA+CRP) compared to Framingham risk factor-based model. The Tromsg Study.

Performance measure +TPAY +CRP? +Both’ +TPA* +CRP* +Both?

NRI

Estimated incident IS at 10 years follow-up (n=299) %

% cases moved upll 14.7 13.3 24.4 15.2 16.6 22.1

% cases moved down!l 13.5 9.9 16.5 12.9 12.8 18.3

NRI for IS cases, % (95% Cl) 1.2 (-6.0, 8.4) 3.5(-3.6, 10.6) 7.8 (-0.4, 16.0) 2.2 (-4.5, 8.9) 3.8(-3.3,10.9) 3.8(-3.3,10.9)
p-value 0.74 0.33 0.06 0.52 0.29 0.29

Estimated non-events (controls) at 10 years follow-up (n=2695) ¢

% non-events moved upll 8.8 6.4 10.4 9.5 9.1 11.3

% non-events moved downll 21.9 13.1 24.2 21.6 17.9 25.8

NRI for controls, % (95% Cl) 13.3(9.0,17.6) 6.7 (1.0, 12.4) 13.8 (8.1, 19.5) 12.1 (9.9, 14.3) 8.8(5.1,12.5) 14.5 (10.2, 18.8)
p-value <0.001 0.02 <0.001 <0.001 <0.001 <0.001

Overall categorical NRI', % (95% Cl) 14.4 (6.6, 22.2) 10.1 (2.3,17.9) 21.6(11.0, 32.2) 14.3 (7.1, 21.4) 12.6 (5.2, 20.1) 18.3 (10.3, 26.3)
p-value <0.001 0.016 <0.001 <0.001 0.001 <0.001

Continuous NRI, % (95% Cl) 21.0 (6.7, 35.3) 24.7 (10.4,39.0) 30.8 (15.3, 46.3) 24.8 (11.1, 38.5) 20.8(6.9,34.7)  30.5(16.0, 45.0)
p-value 0.004 <0.001 <0.001 <0.001 0.004 <0.001

Relative IDI, % (95% Cl) 0.46 (0.23, 0.69) 0.32 (0.09, 0.56) 0.78 (0.43, 1.13) 0.38(0.33,0.43) 0.48 (0.36, 0.60) 0.86 (0.59, 1.13)
p-value <0.001 0.007 <0.001 0.01 <0.001 <0.001

NRI, net reclassification improvement; IDI, integrated discrimination improvement; Cl, confidence interval. Framingham risk factor model includes sex, age, systolic blood pressure, high-

density lipoprotein cholesterol, total cholesterol, smoking and antihypertensive medication. "Values of variables at time of study entrance. " Included as continuous variables, TPA (square root

transformed), CRP (log transformed). * Included as categorical variables; TPA (no plaque, < median and > median, with no plaque as reference category); CRP (<1 mg/L, 1-3 mg/L and >3 mg /L,

with CRP <1 mg/L as reference category). $All observed risks have been interpolated to 10-year event rates by Kaplan Meier risk estimates using the actual observed events over a median

follow up of 11 years. !l Considering risk-categories; <5%, 5-10%, 10-20% and >20%. p-values are for comparison with Framingham risk factor model. Bold; p<0.05.
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Table S17. Performance of time-fixed” Cox regression models for myocardial infarction (M) in subjects at intermediate risk (5-20%, n=5250) with addition of total plaque area (TPA), C-reactive
protein (CRP) and both (TPA+CRP) compared to Framingham risk factor-based model. The Tromsg Study.

Performance measure +TPAY +CRP? +Both’ +TPA* +CRP* +Both?

NRI

Estimated incident Ml at 10 years follow-up (n=562) ¢

% cases moved up!! 15.4 10.3 15.0 16.4 11.5 17.3

% cases moved down!! 9.6 4.6 10.5 10.5 6.7 10.6

NRI for Ml cases, % (95% Cl) 5.7 (-1.6, 13.0) 5.7 (-1.4,12.8) 45(-2.4,11.4) 5.9 (-1.9, 13.7) 4.8(-2.6,12.2) 6.7 (-0.7, 14.1)
p-value 0.12 0.11 0.20 0.14 0.21 0.08

Estimated non-events (controls) at 10 years follow-up (n=4688) §

% non-events moved up!! 7.7 3.4 8.0 8.3 4.8 9.4

% non-events moved down!! 12.5 5.9 12.9 13.9 8.1 14.6

NRI for controls, % (95% Cl) 4.8(-2.8,12.4) 2.5(-5.5, 10.5) 4.8(-3.0,11.8) 5.6 (-0.8, 12.0) 3.3(-4.3,10.9) 5.3(2.3,12.9)
p-value 0.22 0.55 0.23 0.06 0.40 0.18

Overall categorical NRI', % (95% Cl) 10.5 (1.3, 19.7) 8.2 (-1.6, 18.0) 9.3 (-0.3, 18.9) 11.6 (1.4, 21.8) 8.1 (-2.3,18.5) 12.0 (2.0, 22.0)
p-value 0.04 0.10 0.06 0.03 0.13 0.02

Continuous NRI, % (95% Cl) 18.2 (0.4, 20.3) 18.2 (1.0, 35.4) 14.9 (-2.2, 32.0) 15.1 (-1.2, 31.4) 7.1(-11.9, 26.1) 17.0 (-1.4, 35.4)
p-value 0.05 0.04 0.09 0.07 0.463 0.07

Relative IDI, % (95% Cl) 0.24 (-0.15, 0.64) 0.06 (-0.35, 0.47) 0.28 (-0.11, 0.67) 0.22 (-0.15, 0.59) 0.09 (-0.34, 0.52) 0.30(-0.11, 0.71)
p-value 0.24 0.78 0.18 0.25 0.67 0.14

NRI, net reclassification improvement; IDI, integrated discrimination improvement; Cl, confidence interval. Framingham risk factor model includes sex, age, systolic blood pressure, high-
density lipoprotein cholesterol, total cholesterol, smoking and antihypertensive medication. *Values of variables at time of study entrance. * Included as continuous variables, TPA (square root
transformed), CRP (log transformed). * Included as categorical variables; TPA (no plaque, < median and > median, with no plaque as reference category); CRP (<1 mg/L, 1-3 mg/L and >3 mg /L,
with CRP <1 mg/L as reference category). $All observed risks have been interpolated to 10-year event rates by Kaplan Meier risk estimates using the actual observed events over a median
follow up of 11 years. !l Considering risk-categories; <5%, 5-10%, 10-20% and >20%. p-values are for comparison with Framingham risk factor model. Bold; p<0.05.
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Background and aims: Novel biomarkers are linked to cardiovascular disease (CVD). The aim of the
present study was to investigate the association between 28 blood biomarkers and the formation and
progression of carotid plaque.

Methods: In a nested case control study with 703 participants from the population based Tromsg Study, a
large biomarker panel was measured in blood obtained at baseline. Carotid ultrasound was assessed both
at baseline and at 6 years of follow-up. Four groups were defined: Group 1: no plaque at baseline or at
follow-up (reference group); Group 2: novel plaque at follow-up; Group 3: stable plaque at follow-up;
Group 4: progression of plaque at follow-up. By multinomial logistic regression analyses, we assessed
the risk of being in the different plaque groups with regard to traditional cardiovascular risk factors and
levels of biomarkers at baseline.

Results: Adjusted for traditional risk factors, interleukin-6 (IL-6) was an independent predictor of plaque
progression (OR 1.44, 95% CI 1.12—1.85 per SD increase in IL-6 level). This result remained significant after
inclusion of other novel biomarkers to the model, and when subjects with former CVD were excluded.
Neopterin was protective of novel plaque formation (OR 0.73, 95% CI 0.57—0.93). Myeloperoxidase and
Caspase-1 were independent predictors of plaque progression, but this effect disappeared when
excluding subjects with former CVD.

Conclusions: IL-6 is an independent predictor of plaque progression, suggesting that it may be a marker
of progressive atherosclerosis in the general population and that its central role in CVD may be related to
promotion of plaque growth.

Keywords:
Population study
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Atherosclerosis
Plaque progression
Biomarkers
Inflammation

© 2018 Elsevier B.V. All rights reserved.

1. Introduction inflammatory reaction at the site of the plaque [2], causing plaque

rupture and subsequent thrombosis.

Increasing evidence suggests that inflammation plays a pivotal
role in the formation, progression and rupture of atherosclerotic
plaques [1]. Clinical endpoints such as myocardial infarction (MI),
stroke or sudden death may be triggered by an extensive

Abbreviations: TRFs, traditional cardiovascular risk factors; TPA, total plaque
area; FDR, false discovery rates; WBC, white blood cells; DDM, D-dimer; PCT,
procalcitonin; MPO, myeloperoxidase; Cu/Zn SOD, copper/zinc superoxide dis-
mutase; BNP, brain natriuretic peptide; CtproAVP, copeptin; MRproADM, midre-
gional proadrenomedullin; MRproANP, midregional proatrial natriuretic peptide.

* Corresponding author. Department of Neurology, University Hospital of North
Norway, 9038, Tromsg, Norway.
E-mail address: agnethe.eltoft@unn.no (A. Eltoft).

https://doi.org/10.1016/j.atherosclerosis.2018.02.005
0021-9150/© 2018 Elsevier B.V. All rights reserved.

Progression of carotid atherosclerosis evaluated by total plaque
area (TPA) [3], plaque volume [4] and degree of stenosis [5] is
related to higher risk of vascular events compared to atheroscle-
rosis that remain stable over time. Unstable plaques share some
distinctive features, such as a thinner fibrous cap overlying a large
necrotic core, a strong intra-plaque inflammatory reaction, a more
rapidly progression and an echolucent appearance on ultrasonog-
raphy [6,7]. Thus, the pathogenesis and subsequent release of
certain biomarkers in the bloodstream might differ between stable
and unstable plaques. Identification of biomarkers associated with
the atherosclerotic process is of interest both for singling out in-
dividuals at risk, for understanding the pathophysiological mech-
anisms involved and subsequently for the development of
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preventive therapies [8]. Several markers of inflammation, meta-
bolism, hemodynamic stress, oxidative stress and vascular
remodeling circulating in the bloodstream have been associated to
atherosclerosis and cardiovascular events in experimental and
epidemiological studies [8,9].

The Tromse study, with its high participation rate and
comprehensiveness of clinical examinations including repeated
carotid ultrasound assessments, provides a unique opportunity for
assessing the association between potential blood based bio-
markers and atherosclerosis in a prospective population based
setting. The objective of the present study was to identify circu-
lating protein biomarkers associated with formation and progres-
sion of carotid plaque. At baseline, we examined 28 novel
biomarkers representing different pathophysiological pathways in
blood from 703 subjects nested from the large population based
Tromsg Study [10]. We studied the association between novel
biomarkers and plaque-status at follow-up 6 years later, and
assessed whether this association was independent of traditional
risk factors (TRFs).

2. Materials and methods
2.1. Subjects

The Tromse Study is a longitudinal population-based study with
repeated health surveys [10]. In the 4th survey in 1994/1995
(baseline), all subjects aged 55—74 years and random 5%—10%
samples in other age groups >24 years, were invited to ultrasound
scanning of the right carotid artery. Ultrasound assessment was
performed in 6727 subjects (76% of the eligible). Subjects who did
not consent to medical research (n = 40) were excluded. In the 5th
survey in 2000/2001 (follow-up), all subjects who were scanned in
1994 and who were still registered as inhabitants of Tromsg were
invited to a second ultrasound examination. 4858 subjects were
rescanned at follow-up. Of these, four groups were randomly
selected on the basis of carotid ultrasound findings at baseline and
follow-up. There were originally 200 subjects in each group,
matched on age and sex. A panel of 28 biomarkers was measured in
blood obtained at baseline. We excluded 95 subjects due to missing
baseline blood samples, and 2 subjects were excluded due to low
quality of the ultrasound measurements, leaving 703 subjects to be
included in four groups: 1) No plaque group: Study participants who
had no plaque at baseline nor follow-up (n = 126); 2) Novel plaque
group: Participants with no plaque at baseline and novel plaque at
follow-up (n=187); 3) Stable plaque group: Participants with
prevalent plaque at baseline and no increase in total plaque area
(TPA) between baseline and follow-up (n=194); 4) Plaque pro-
gression group: Subjects with plaque at baseline and increase in TPA
at follow-up (n=196). Written informed consent was obtained
from each participant included in the study, the study protocol
conforms to the ethical guidelines of the 1975 Declaration of Hel-
sinki and was approved by the Regional Committee for Medical
Health and Research Ethics.

2.2. Cardiovascular risk factors

Information about smoking, diabetes mellitus, MI, stroke, and
use of antihypertensive- and lipid-lowering medication was ob-
tained from self-administered questionnaires. At baseline, stan-
dardized measurements of height and weight were taken, non-
fasting blood samples for analyses of serum lipids and glucose
were collected. Serum total cholesterol was analyzed by an enzy-
matic colorimetric method using a commercially available kit
(CHOD-PAP, Boehringer-Mannheim, Mannheim, Germany). Serum
high density lipoprotein (HDL) cholesterol was measured after

precipitation of lower-density lipoproteins with heparin and
manganese chloride. Determination of glycosylated hemoglobin
(HbA1c) in EDTA whole blood was based on an immunoturbido-
metric assay (UNIMATES, F. Hoffmann-La Roche AG). The HbAlc
percent value was calculated from the HbA1c/Hb ratio. Specially
trained personnel recorded blood pressure with an automatic de-
vice (Dinamap Vital Signs Monitor, Tampa, Fla). Three readings
were recorded with 1-min intervals, and the average of the final 2
readings was used in the analyses. Hypertension was defined as
systolic blood pressure >140 mmHg and/or diastolic blood pressure
>90 mmHg and/or use of antihypertensive medication. Cardiovas-
cular disease (CVD) was defined as previous MI or stroke. Diabetes
mellitus was defined as self-reported diabetes and/or regular use of
insulin and/or oral antidiabetic medication and/or HbAlc > 6.5.

2.3. Biomarkers

A panel of 28 novel biomarkers that previously have shown
promising results on the association with CVD were selected and
analyzed in blood obtained at baseline. The selected biomarkers
have proposed links to atherosclerosis through different patho-
physiological mechanisms: inflammatory markers (C-reactive
protein (CRP), fibrinogen, white blood cells (WBC), monocyte
count, neopterin, interleukin-6 (IL-6), interleukin-18 (IL-18), solu-
ble intercellular adhesion molecule 1 (ICAM-1), soluble vascular
adhesion molecule 1 (VCAM-1), Caspase-1, matrix metal-
lopeptidase 9 (MMP-9), tissue inhibitor of metalloproteinase 1
(TIMP-1), D-dimer (DDM), procalcitonin (PCT), protein S-100);
markers of oxidative stress (myeloperoxidase (MPO), copper/zinc
superoxide dismutase (Cu/Zn SOD); metabolic markers (adipo-
nectin, leptin, apolipoprotein A1 (ApoA1), apolipoprotein B100
(ApoB100), ApoB100/ApoAT1 ratio); markers of hemodynamic stress
(brain natriuretic peptide (BNP), copeptin (CtproAVP), midregional
proadrenomedullin (MRproADM), midregional proatrial natriuretic
peptide (MRproANP); and markers of renal function (creatinine,
cystatin-C). The study blood samples underwent no more than
three freeze/thaw cycles from time of receipt to protein data pro-
duction. All samples were kept at 4 °C between sample dilutions,
and were otherwise stored at —70°C until assay production.
Fibrinogen, creatinine, and WBC were measured at the Department
of Clinical Chemistry, University Hospital of North Norway, Tromse.
Fibrinogen was measured using the PT-Fibrinogen reagent
(Instrumentation Laboratory), plasma creatinine was analyzed by a
modified Jaffe reaction and WBC counts with automated cell
counters by standard techniques. All other biochemical analyses
were performed at the Mainz Biomarker Laboratory, Johannes
Gutenberg University, Mainz by Biosite stroke panel (protein S-100,
DDM, BNP), Biosite MPO panel (MPO), ELISA R&D (IL-6, ICAM-1,
VCAM-1, leptin, adiponectin, Caspase-1, MMP-9, TIMP-1), ELISA
MBL (IL-18), Bnprospects nephelometry Dade Behring (ApoAl,
ApoB100, CRP, cystatin-C) and B.R.AH.M.S. Cryptor (CtproAVP,
MRproADM, MRproANP), ELISA B.RAHM.S. (neopterin),
B.R.AA.H.M.S. PCT sensitive LIA (PCT) and Ransod test kit, Randox
(Cu/Zn SOD). According to manufacturers all inter- and intra-assay
coefficients of variation were below 10%, except inter assay co-
efficients for Adiponectin, IL-18 and PCT which ranged between 10
and 20%.

2.4. Ultrasonography

High-resolution B-mode ultrasonography of the right carotid
artery was performed at baseline and follow-up with a duplex
scanner (Acuson Xp10 128, ART-upgraded) equipped with a 7.5-
MHz linear array transducer and followed the same scanning,
reading procedures and reproducibility as published previously
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[11,12].

A plaque was defined as a localized protrusion of the vessel wall
into the lumen of at least 50% compared with the adjacent intima
media thickness (IMT). Six locations of the carotid artery were
examined for plaque presence: the far walls and near walls of the
common carotid artery, 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.

Progression of plaque was defined as an increase in TPA >1.96
standard deviations (SD) of the mean arithmetic difference be-
tween 2 independent measurements performed by 2 independent
sonographers i.e. measurement error due to random variation.
Based on results from the previous reliability study, the definition
of plaque progression was set to an increase in TPA >7.8 mm? [11].

2.5. Statistical analyses

All statistical analyses were performed using SAS software 9.4
(SAS Institute Inc., Cary, NC, USA). Skewed numeric variables were
natural log transformed to approximate a normal distribution and
geometric means of the baseline levels are presented. Baseline
characteristics were reported as mean (standard deviation, SD) or
percent within each plaque group. Analyses of variance or Pearson's
chi-square test were used to test for differences between groups.

Less than 5% of values were missing for all but 6 biomarkers.
There was no more than 11% missing values for any biomarker. Data
were assumed to be missing at random, and the FCS command in
SAS was used to impute 20 data sets. Rubin's rule was used to
combine the results for the imputed data sets. Results from the
imputed data sets were compared to complete case analyses and
the results did not differ substantially.

To explore biomarker interdependence, we calculated pairwise
Spearman correlation coefficients between all variables (bio-
markers and continuous TRFs). The resulting correlation matrix
was plotted as a heat map (Supplemental Fig. 1).

We used general linear models to assess differences in
biomarker levels across plaque groups. Significance level was set to
p <0.05. False discovery rates (FDR) were calculated to adjust for
multiple comparisons [13]. The FDR was estimated based on the
test for main effect for all 28 assessed proteins.

For each biomarker that significantly differed between groups,
multinomial logistic regression models were used to assess the
association between baseline biomarker level and plaque group,
adjusted age and sex and further adjusted for TRFs (hypertension,
total cholesterol, HDL cholesterol, current smoking, diabetes mel-
litus and lipid lowering drugs). “No plaque group” was defined as
reference category. Analyses were carried out for the whole study
sample, and separately for subjects without former history of CVD
to assess the predictive value of biomarkers in a primary inter-
vention setting. Odds ratios (OR) for outcome were reported per 1
SD change in continuous variables or for presence vs. absence of
binary variables.

All significant markers in the univariable models and the TRFs
were candidates for a final multivariable analysis using a backward
selection procedure with a retention p-value of 0.05.

As previous studies have suggested a joint effect of multiple
biomarkers in the upper tertile on CVD events, we performed an-
alyses to evaluate the composite measure of the aggregate number
of biomarkers in the highest third with respect to plaque progres-
sion [14]. We considered the biomarkers which were significantly
associated with plaque progression after adjustment for TRFs and
used a logistic regression model to estimate OR for being in the
plaque progression group versus the no plaque group according to
number of biomarkers in the upper tertile [15—17].

3. Results

Baseline characteristics are displayed in Table 1. Mean age was
63.6 years and 66% were men. Prevalence of smoking was higher
in all plaque groups compared to the no plaque group, and highest
in the plaque progression group. Systolic blood pressure was
highest in the novel plaque and the plaque progression groups.
Hypertension was more prevalent among subjects with plaque
progression than in subjects with no plaque and stable plaques.
History of CVD was present in 66 individuals (9.4%). Former CVD
was most frequent in the stable plaque and the plaque progression
group. The prevalence of diabetes mellitus was U-shaped with
highest proportions in the no plaque group and plaque progres-
sion group.

A weak to moderate interdependence between several bio-
markers was observed (Supplemental Fig. 1). The factors most
strongly correlated with age at baseline were cystatin-C, VCAM-1,
DDM, BNP and mean systolic blood pressure, with Spearman cor-
relations (rs) ranging from 0.2 to 0.3. IL-6 was most strongly asso-
ciated with CRP (r;=0.44) and fibrinogen (rs=0.31).
Interdependence was also observed between fibrinogen and CRP
(rs=0.36). IL-6 was weakly correlated (rs = 0.2—0.3) with mono-
cyte count, WBC, DDM, ICAM-1, caspase-1 and IL-18. Caspase-1
showed correlations with WBC (rs=0.45), monocyte count
(rs=0.39), MPO, CRP, ICAM-1 and MMP-9 (rs=0.2—0.3).

The crude baseline level of 12 biomarkers differed significantly
between the four plaque groups (Table 2). These markers were CRP,
fibrinogen, WBC, neopterin, DDM, IL-6, caspase-1, ICAM-1, ApoAl,
ApoB100, ApoB100/ApoA1 ratio and MPO. Adjustment for multiple
comparisons revealed FDR <0.05 for seven biomarkers (fibrinogen,
WBC, IL-6, caspase-1, ICAM-1, MPO and ApoB100/ApoA1 ratio). The
mean baseline levels of these biomarkers were, except for two,
highest in the plaque progression group and lowest in the no pla-
que group. The exceptions were neopterin and ApoAl. The highest
baseline level of neopterin was observed in the no plaque group.
The highest level for ApoAl was observed in the novel plaque
group.

Age- and sex-adjusted levels of fibrinogen, Apo B100,
ApoB100/ApoAT1 ratio, WBC, CRP, MPO, DDM, caspase-1, and IL-6
were significantly associated with plaque progression (Table 3).
In addition, an increase in caspase-1 increased the corresponding
odds of novel plaque formation, while higher neopterin level
decreased the odds for novel plaque formation. The associations
between MPO, caspase-1 and IL-6 and plaque progression and
between neopterin and novel plaque formation remained signif-
icant after adjustment for TRFs (Table 3). When subjects with
former CVD were excluded, IL-6 and neopterin remained the only
significant biomarkers with OR (95% CI) 1.36 (1.05—1.77) for pla-
que progression and 0.73 (0.57—0.94) novel plaque formation,
respectively.

In the final regression analysis, which included TRFs and the 12
significant biomarkers from the univariable models, IL-6, diabetes,
hypertension and smoking remained significant predictors of pla-
que status at follow-up. One standard deviation increase in IL-6 was
associated with OR 1.45 (95% CI 1.14—1.85) for plaque progression
(Table 4). The results did not change when subjects with former
CVD were excluded.

As shown in Table 5, OR of plaque progression increased with
increasing number of biomarkers in the upper tertile (considering
IL-6, caspase-1, and MPO). After adjustment for TRFs, individuals
with 2 biomarkers in the upper tertile had a 2.2-fold higher odds,
and individuals with 3 biomarkers in the upper tertile a 4.4-fold
higher odds of plaque progression at follow-up compared to sub-
jects with none of the selected biomarkers in the upper tertile.
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Table 1
Baseline characteristics according to plaque groups. The Tromsg Study.
Cardiovascular risk factors at baseline No plaque (n=126) Novel plaque (n = 187) Stable plaque (n = 194) Progression of plaque (n = 196) p-value ?
Age,y 63.1(6.7) 63.8 (6.4) 63.8 (6.5) 63.7 (6.5) 0.75
Sex, % males 65.1 65.2 66.0 66.3 0.99
BMI, kg/m? 26.5(3.2) 26.2 (3.4) 25.90 (3.3) 26.5 (3.5) 0.30
Serum lipids, mmol/L
Total cholesterol 6.64 (1.09) 6.79 (1.20) 6.81 (1.12) 6.93 (1.34) 0.22
HDL cholesterol 1.49 (0.36) 1.52 (0.49) 1.50 (0.43) 1.41 (0.38) 0.07
Triglycerides 1.82 (1.10) 1.69 (1.03) 1.76 (0.99) 1.87 (1.08) 0.20"
Current smokers, % 143 28.349 299° 45.4 ceg 0.00
Blood pressure, mmHg
Systolic 143.2 (19.7) 148.6 (19.5) ¢ 147.7 (20.7) 151.2 (21.0) € 0.01
Diastolic 83.2(114) 85.9 (10.9) 84.1(12.1) 86.0 (13.2) 0.10
Selfreported disease/medications,%
History of MI 24 7.0 7.7 11.3°€ 0.03
History of CVD 3.2 7.0 1041 149 < 0.00
History of DM 6.5 1.14 26° 7.7 ¢ 0.00
Hypertension 50.0 67.49 634°f 75.0 < 0.00
Lipid lowering drugs 24 1.6 3.1 5.6 0.15
Antihypertensive medications 10.3 11.9 134 21.4 ¢ 0.02

Values are unadjusted means (standard deviations) and percentages.
2 p-value for equality between groups main effect assessed by GLM or X?; ® analysis performed on log transformed values; € p < 0.05 for equality between plaque progression
and no plaque; ¢ p < 0.05 for equality between novel plaque and no plaque; ¢ p <0.05 for equality between plaque progression and stable plaque; f p <0.05 for equality
between stable plaque and no plaque; ® p < 0.05 for equality between plaque progression and novel plaque.

Table 2
Biomarker levels at baseline according to plaque groups. The Tromsg Study.
Biomarkers No plaque (n = 126) Novel plaque (n=187) Stable plaque (n=194) Progression of plaque (n=196) p-value ® FDR
CRP, mg/L? 1.25 (1.06—1.48) 1.43 (1.24—-1.68) 1.44 (1.22-1.67) 1.76 (1.51-2.04) © 0.04 0.09
Fibrinogen, g/L* 3.18 (3.05—-3.32) 3.29 (3.18—-3.40) 3.38(3.28—3.49) 3.51(3.40—3.63) 0.00 0.01
WBC x 10°/L 6.53 (6.21-6.85) 6.88 (6.61—7.14) 6.87 (6.60—7.14) 7.41 (7.14—7.68) <8 0.00 0.00
Monocyte x 10°/L 0.57 (0.54—0.61) 0.61 (0.58—0.63) 0.59 (0.56—0.61) 0.62 (0.60—0.65) 0.07
IL-6, pg/mL? 2.66 (2.41-2.95) 2.84(2.59-3.12) 2.80 (2.54—3.08) 3.58 (3.31-3.87) < 0.00 0.00
IL-18, pg/mL? 246.13 (230.25—-263.10) 253.49 (239.38—268.43) 252.93 (238.79—-267.91) 253.31 (239.34—268.08) 0.91
Neopterin, nmol/L* 7.77 (7.15—8.46) 6.76 (6.32—7.23) ¢ 7.19 (6.72—7.70) 7.60 (7.07—8.16) 0.03 0.09
Caspase-1, pg/mL? 90.34 (83.84—97.33) 99.72 (93.62—106.20) ¢ 94.96 (89.51-100.75) 108.90 (102.22—116.01) <& 0.00 0.01
ICAM-1, ng/mL? 246.96 (236.70—257.66) 256.66 (244.95—268.94) 255.68 (245.85—265.92) 278.66 (267.06-290-77) & 0.00 0.01
VCAM-1, ng/mL? 696.31 (660.02—734.58) 730.10 (700.77—760.65) 731.00 (702.09—761.09) 711.83 (684.18—740.60) 039
Protein S-100, pg/mL? 110.17 (103.55-117.23) 108.18 (104.37-112.13) 112.58 (105.95—-119.62) 112.56 (106.41-119.07) 033
MMP-9, ng/mL? 76.62 (67.20—87.36) 74.27 (66.86—82.51) 82.03 (72.93-92.27) 89.37 (80.20—99.59) 0.10
DDM, ng/mL*? 224.63 (201.43—250.50) 260.22 (232.77—290.90) 270.82 (240.52—304.93) f 293.21 (258.88—332.08) © 0.02 0.07
PCT, ng/mL 0.017 (0.015—0.019) 0.016 (0.015—-0.018) 0.017 (0.016—0.018) 0.017 (0.015—0.018) 0.75
Adiponectin, ng/mL? 9018.50 8617.55 8545.25 8058.46 043
(8167.62—9958.03) (7829.00—9485.53) (7809.18—9350.70) (7428.35—8742.03)
Leptin, pg/mL* 6385.11 5804.73 5978.15 5669.16 0.68
(5436.60—7499.12) (5080.80—6631.81) (5321.67—-6715.61) (4996.26—6432.69
ApoA1 g/L 1.55 (1.50—1.59) 1.59 (1.55-1.64) 1.58 (1.54—1.62) 1.51 (1.48—1.55) & 0.03 0.07
ApoB100 g/L 1.14 (1.10-1.18) 1.18 (1.14—-1.21) 1.19 (1.16—1.22) 1.23(1.19-1.27) ¢ 0.02 0.07
ApoB100/ApoA1l 0.76 (0.18) 0.76 (0.20) 0.78 (0.20) 0.83 (0.22) <& 0.00 0.01
BNP, pg/mL? 12.30 (11.35—-13.32) 14.03 (12.74—15.45) 13.92 (12.80—15.14) 14.82 (13.29-16.53) 0.12
CTproAVP, pmol/L? 6.82 (6.09—7.64) 6.22 (5.66—6.83) 6.05 (5.55—6.59) 5.89 (5.43—6.40) 023
MRproADM, nmol/L? 0.42 (0.40—0.45) 0.42 (0.41—0.44) 0.41 (0.40—0.43) 0.41 (0.39—-0.42) 0.39
MRproANP, pmol/L? 62.56 (56.86—68.84) 58.36 (54.69—62.27) 57.87 (54.26—61.71) 58.39 (54.46—62.60) 0.41
TIMP-1, ng/mL? 197.53 (190.14—205.22) 211.08 (202.84—219.66) 205.87 (197.67—214.42) 208.57 (200.65—216.81) 0.18
MPO, pmol/L ? 347.36 (302.68—398.63) 407.22 (360.67—459.78) 397.19 (355.82—443.37) 467.80 (420.16—520.84) © 0.00 0.02
Cu/Zn SOD, U/L* 5.54 (4.94-6.21) 6.06 (5.51—-6.67) 5.80 (5.40—6.24) 6.28 (5.70—6.91) 0.37
Cystatin-C, mg/L 0.72 (0.70—0.74) 0.73 (0.71-0.75) 0.75 (0.73-0.77) 0.75 (0.73-0.77) 0.20
Creatinine, pmol/L 81.83 (79.4—84.34) 79.94 (77.48—82.47) 82.22 (79.55—-84.97) 79.93 (77.53-82.41) 0.44

Numbers are unadjusted means (95% confidence intervals).

2 geometric means, with statistical tests performed on log transformed values; ® p-value for equality between groups main effect assessed by GLM; FDR: false discovery rate. ©
p <0.05 for equality between plaque progression and no plaque; ¢ p < 0.05 for equality between novel plaque and no plaque; € p < 0.05 for equality between plaque pro-
gression and stable plaque; fp < 0.05 for equality between stable plaque and no plaque; & p < 0.05 for equality between plaque progression and novel plaque. Bold: p-value or

FDR for equality between groups main effect <0.05.

4. Discussion

In a model which included TRFs and 12 biomarkers individually
associated with atherosclerosis, IL-6 was the only novel biomarker
that remained a significant predictor of plaque progression. To our
knowledge, this is the first population based study to demonstrate

IL-6 as a predictor of progressive atherosclerotic disease. IL-6 is a
master proinflammatory cytokine. It is produced by different cell-
types including activated monocytes, macrophages, endothelial
cells, adipocytes and Th2-cells. IL-6 production is initiated by in-
fections and raised levels are found in chronic inflammatory con-
ditions which are associated with increased CVD-risk. IL-6
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Table 3
0Odds ratios of novel plaque, stable plaque and progression of plaque with “no plaque” as reference group, according to baseline levels of biomarkers. The Tromsg Study.
Biomarker Adjusted for age and sex Adjusted for age, sex and traditional risk factors
Novel plaque  Stable plaque Progression of plaque vs. no  Novel plaque vs. no Stable plaque vs. no Progression of plaque vs. no
vs. no plaque  vs. no plaque plaque plaque plaque plaque
Fibrinogen *  OR(CI) 1.15 (0.90 1.30 (1.03 1.54 (1.21-1.95) 1.02 (0.79-1.32) 1.15 (0.89—1.49) 1.17 (1.90—-1.52)
p- —1.45) —1.65) 0.0004 0.869 0.275 0.24
value 0.26 0.029
ApoB100 OR(CI) 1.17 (0.93 1.23 (0.98 1.46 (1.16—1.84) 1.28 (0.79-2.05) 1.40 (0.87—-2.25) 1.39 (0.86—2.25)
p- —1.50) —1.56) 0.0015 0317 0.1652 0.17
value 0.191 0.076
ApoA1l OR(CI) 1.18 (0.93 1.11 (0.88 0.86 (0.67—1.10) 1.49 (0.99-2.25) 1.42 (0.95-2.13) 1.09 (0.72—-1.67)
p- —1.50) -1.42) 0.218 0.054 0.088 0.68
value 0.171 0.354
ApoB100/ OR(CI) 1.040 (0.82 1.21 (0.88 1.47 (1.16—1.86) 1.02 (0.67—1.58) 1.14 (0.74—-1.75) 1.33 (0.86—2.05)
ApoA1l p- -1.32) —1.42) 0.0014 0.937 0.559 0.20
value 0.750 0.345
WBC OR(CI) 1.27 (0.99 1.28 (1.01 1.71 (1.34-2.18) 1.13 (0.87—1.48) 1.12 (0.86—1.46) 1.31 (0.99-1.71)
p- -1.62) -1.63) <0.0001 0.3495 0.402 0.052
value 0.052 0.044
CRP ? OR(CI) 1.15(0.91 1.13 (0.90 1.37 (1.09-1.73) 1.10 (0.86—1.39) 1.06 (0.83—1.35) 1.14 (0.89-1.47)
p- —1.45) —1.42) 0.0075 0474 0.649 0.295
value 0.259 0.313
MPO ¢ OR(CI) 1.23 (0.96 1.24 (0.97 1.52 (1.20-1.93) 1.14 (0.87—-1.48) 1.14 (0.89—-1.48) 1.29 (1.01-1.66)
p- —1.59) —1.58) 0.0005 0.340 0.302 0.045
value 0.108 0.093
ICAM-1 ° OR(CI) 1.15(0.91 1.14 (0.90 1.54 (1.22—-1.94) 1.01 (0.78—1.31) 0.98 (0.76—1.26) 1.14 (0.88—1.49)
p- —1.45) —1.43) 0.0003 0.948 0.859 0328
value 0.243 0.284
DDM * OR(CI) 1.21 (0.92 1.31 (1.00 1.42 (1.09-1.72) 1.14 (0.86—1.52) 1.24 (0.93—-1.64) 1.24 (0.93—-1.63)
p- —1.59) -1.72) 0.009 0.360 0.140 0.140
value 0.200 0.052
Caspase-1“  OR(CI) 1.29 (1.02 1.14 (091 1.60 (1.26—2.03) 1.21 (0.94—1.56) 1.04 (0.81-1.34) 1.36 (1.05—-1.76)
p- —1.63) —1.43) 0.0001 0.140 0.742 0.020
value 0.0337 0.266
Neopterin *  OR(CI) 0.73 (0.58 0.84 (0.67 0.95 (0.76—1.19) 0.73 (0.57—0.93) 0.84 (0.66—1.06) 0.95(0.75—-1.21)
p- —0.93) —1.06) 0.648 0.010 0.149 0.694
value 0.010 0.145
IL-6 ¢ OR(CI) 1.092 (0.86 1.06 (0.84 1.60 (1.26—2.03) 1.06 (0.83—1.35) 1.02 (0.80—1.29) 144 (1.12-1.85)
p- —1.38) —1.34) 0.0001 0.630 0.887 0.004
value 0.466 0.629
Values are odds ratio per 1 standard deviation increase in biomarker level (95% confidence interval).
Traditional risk factors; sex, age, diabetes, hypertension, smoking, total cholesterol, HDL-cholesterol, and lipid-lowering drugs.
@ Statistical tests performed on log transformed values. Bold: p-value for OR <0.05.
Table 4
Predictors of plaque status at follow-up. The Tromsg Study.
Novel plaque vs. no plaque Stable plaque vs. no plaque Plaque progression vs. no plaque
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
Diabetes 0.37 (0.17—0.81) 0.01 - ns - ns
Hypertension 1.49 (1.17-1.89) <0.001 1.36 (1.08—1.72) 0.01 1.78 (1.39-2.28) <0.001
Smoking 1.56 (1.16—2.12) <0.001 1.62 (1.20-2.18) <0.001 2.20 (1.64—2.96) <0.001
IL-6 ¢ - ns — ns 1.45 (1.14—1.85) <0.001

Values are odds ratio per 1 standard deviation increase in continuous variables (95% confidence interval) or for presence of categorical variables. Variables presented are those
selected by backward selection procedure in a model which originally included traditional risk factors (sex, age, diabetes, hypertension, smoking, total cholesterol, HDL-
cholesterol, and lipid-lowering drugs) and 12 biomarkers which individually were associated with plaque status at follow-up (Fibrinogen, WBC, ApoB100, ApoAl,
ApoB100/ApoAT1 ratio, CRP, DDM, MPO, ICAM-1, Caspase-1, Neopterin and IL-6). Age and sex not evaluated due to matched design.

@ Statistical test performed on log transformed values. ns; not significant (p-value > 0.05).

amplifies the inflammatory cascade by stimulating hepatic syn-
thesis of acute phase reactants such as CRP and fibrinogen and is
also a pro-coagulant cytokine [18]. IL-6 has a variety of other
functions including activation of endothelial cells, activation of the
hypothalamic-pituitarity-adrenal axis, promotion of lymphocyte
proliferation, differentiation and oxidation of lipoproteins [19].
Through these various effects IL-6 may play a central role in initi-
ation and progression of atherosclerotic plaques [20]. IL-6 is more
consistently correlated with CVD than down-stream acute phase
reactants such as fibrinogen and CRP [20,21]. The associations be-
tween IL-6 and plaque presence [22], plaque size, unstable plaque

features including hypodensity and ulceration [22—24] as well as
carotid stenosis [25,26], have been documented in previous reports.
IL-6 has also been associated with progression of carotid artery
stenosis [27] and IMT [28] in high risk populations. In murine ex-
periments, exogenous administrated IL-6 enhanced the develop-
ment of fatty streaks [29]. Mendelian randomization studies also
suggest that IL-6 signaling pathways play a causal role in CVD [30].
Our findings are in line with previous studies underlining the
central role of IL-6 in the pathogenesis of atherosclerosis, and
suggest an effect through promotion of plaque growth. Further
studies should determine if IL-6 also may add incremental value in
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Table 5

0dds ratios for plaque progression vs. no plaque at follow-up according to number of biomarkers? in the upper tertile at baseline. The Tromsg Study.

Number of biomarkers “ in the upper tertile

0 (Referent) 1 2 3
% of participants in no plaque group (n=126) 44.4% 35.7% 16.7 3.2%
(n=56) (n=45) (n=21) (n=4)
% of participants in plaque progression group (n = 196) 23.0% 39.3% 27.0% 10.7%
(n=45) (n=77) (n=53) (n=21)
Age and sex adjusted
OR 1 2.19 3.29 7.18
95% Cl - 1.25—-3.82 1.69-6.39 2.12-243
p-value — 0.0061 0.0005 0.0015
Fully adjusted
OR 1 1.84 2.20 4.39
95% Cl — 2.02-3.31 1.08—4.44 1.22—-15.7
p-value — 0.041 0.030 0.023

2 Biomarkers considered were IL-6, Caspase-1 and MPO which were significantly associated with plaque progression in multivariable adjusted models. Fully adjusted
models included sex, age, diabetes, hypertension, smoking, total cholesterol, HDL-cholesterol, and lipid-lowering drugs.

risk estimation tools and serve as a target for preventive therapy.
The current available IL-6 antagonist (tocilizumab) has so far shown
conflicting results regarding CVD prevention [20,21].

Adjusted for TRFs, MPO and caspase-1 were associated with
plaque progression, while neopterin was inversely associated with
the risk of novel plaque formation. MPO is an enzyme secreted by
activated macrophages and is linked to both oxidative stress and
inflammation. MPO may reduce the bioavailability of nitric oxide,
resulting in endothelial dysfunction, in particular endothelium
dependent vasorelaxation [31]. MPO is involved in the oxidation
process of LDL, promoting foam cell formation in the vascular wall
[32]. Finally, MPO may play a role in plaque destabilization by
activating metalloproteinases, thereby weakening the fibrous cap
[31]. Exner et al. found that MPO was significantly associated with
progression of carotid artery stenosis and especially in participants
with low levels of HDL [31]. Sugiyama et al. found increased
numbers of MPO-expressing macrophages in eroded or ruptured
plaques [33]. Plaque inflammation detected as high metabolic ac-
tivity on FDG PET was recently shown to correlate with blood levels
of MPO [34]. In a review article from 2009, Schindhelm et al.
conclude that a causative role of MPO in initiating CVD is supported
by in vitro experiments and pathophysiological observations,
indicating that MPO is involved in all stages of atherogenesis from
endothelial dysfunction to plaque rupture [35]. Our results support
previous studies, suggesting that MPO is a marker of plaque pro-
gression, possibly independent of TRFs.

Caspase-1 induces cell death via the pyroptotic pathway and is
involved in regulation of inflammatory processes by activation of
IL-1B through the NLRP3 inflammasome. Recent results from the
CANTOS-trial indicate that IL-1B may be a target for CVD preven-
tion [36]. Pyroptosis serves to eject intracellular pathogens, but
may also be initiated in macrophages upon engulfment of oxidized
lipoproteins in atherosclerosis [37,38]. Autopsy studies have
revealed a high prevalence of dead cells in vulnerable and ruptured
atherosclerotic plaques [39]. Death of smooth muscle cells leads to
attenuation of the fibrous cap, and death of foam cells results in
enlargement of the necrotic core; both thin caps and large cores are
important determinants of plaque vulnerability [40]. In our study
the effect of both caspase-1 and MPO disappeared when subjects
with former CVD were excluded, suggesting that these markers
may be features of more advanced stages of atherosclerosis related
to prevalent CVD.

Surprisingly, we found the highest levels of neopterin in patients
without plaque. Neopterin is a product of the catabolism of

guanosine triphosphate and is secreted by macrophages upon
activation. Neopterin has been suggested as a potential marker for
disease activity in patients with cardiovascular disease [41].
Sugioaka et al. have recently shown that s-levels of neopterin
correlated with the presence of highly complex carotid and coro-
nary lesions, suggestive of vulnerable plaques in patients with
coronary artery disease [42]. The relationship between neopterin
and development of atherosclerosis may be complex as our results
suggest that high levels of neopterin may be protective against
plaque formation in the absence of established atherosclerotic
disease. However, as the FDR of neopterin was 0.09 a spurious as-
sociation between neopterin and plaque formation due to multiple
testing may be suspected.

The most widely used serum marker in clinical practice is high
sensitive CRP which has shown reproducibility to predict CVD in
several large epidemiological studies [43]. In our study, baseline
level of CRP was significantly higher in subjects with plaque pro-
gression compared to subjects who remained plaque free, but this
effect was lost upon adjustment for TRFs. Many of the biomarkers
were correlated with each other and with TRFs. This may explain
why they did not remain significantly associated with outcome in
the multivariable models. The correlation between markers may
result from the fact that several markers reflect aspects of the same
biological processes and also suggest that inflammatory markers
may raise as a response to the presence of TRFs.

Blood-derived biomarkers reflecting progressive subclinical
atherosclerosis that can be easily integrated into patient manage-
ment in a primary care setting are desirable. Several of the exam-
ined biomarkers are unspecific markers of inflammation and may
be upregulated due to different biological processes. The assess-
ment of multiple markers simultaneously may increase the speci-
ficity in regard to atherosclerotic burden and assessment of
cardiovascular risk. In our study, evaluation of a multimarker score
suggested that the combination of several markers in the upper
tertile may increase the risk for plaque progression. These analyses
must, however, be considered exploratory and the confidence in-
tervals were wide due to low number of subjects in each category.
Future studies should be designed to determine the combination of
biomarkers that offers the highest sensitivity and specificity for
progressive atherosclerotic disease. It should also be evaluated if
implementation of such a multimarker score may add incremental
value beyond that obtained from TRFs in CVD risk prediction
models.

The majority of former epidemiologic studies have focused on
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the association between blood biomarkers and carotid intima
media thickness (IMT). However, carotid atherosclerotic plaque is a
stronger predictor of cardiovascular events [44,45], and IMT pro-
gression did not predict CVD events in large population-based
studies [46]. Plaque progression has been found to predict CVD
[3—5], can reliably be evaluated in individuals over time [4] and has
also been linked to cognitive decline [47,48]. Strengths of the pre-
sent study are related to its population based, prospective design
and large biomarker panel. Our study has several limitations.
Serum levels of biomarkers were obtained from frozen plasma
samples. This may have influenced the reliability although it should
have affected the four groups equally. Biomarkers were measured
only once. Substantial day-to day intra-variability may have led to
indifferential misclassification, which tends to underestimate true
associations. TRFs and biomarkers were assessed at baseline.
Therefore, we could not assess the variability of inflammatory
markers during the course of the study. Additionally, we cannot
rule out the possibility of spurious associations due to sampling or
experimental bias. Statistical power to detect associations was
reduced due to missing blood samples. Residual confounding is
likely to exist and regression to the mean may have affected our
outcome categories.

In this nested case control study, baseline interleukin-6 was an
independent predictor of plaque progression at 6 years follow-up.
This suggests that IL-6 may have a clinical relevant role in the
detection of progressive atherosclerotic disease that adds to TRFs.
The central role of IL-6 in cardiovascular disease may be related to
mechanisms involved in promotion of atherosclerosis. In addition,
caspase-1 and MPO were associated with plaque progression after
adjustment for TRFs. Elevated levels of multiple biomarkers may
increase specificity in the detection of progressive atherosclerosis
and future studies aimed at establishing a meaningful molecular
signature for prevalent unstable atherosclerosis should be
designed.
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Supplemental figure 1.

Correlation matrix for Biomarkers
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Figure legend.

Pairwise Spearman correlations between biomarkers and continuous traditional risk factors at baseline.

Spearman Correlation



Erratum to “Interleukin-6 is an independent predictor of progressive

atherosclerosis in the carotid artery: The Tromse Study.” [Atherosclerosis 271
(April 2018) 1-8]

Agnethe Eltoft *°, Kjell Arne Arntzen *°, Tom Wilsgaard ¢, Ellisiv B. Mathiesen *°, Stein
Harald Johnsen P

® Department of Clinical Medicine, The Arctic University of Norway, Tromsg, Norway
b Department of Neurology, University Hospital of North Norway, Tromsg, Norway
° Department of Community Medicine, The Arctic University of Norway, Tromsg, Norway

The authors realized that an error had occurred in the methods section on page 3, second paragraph
(2.4. Ultrasonography). The paragraph is now printed correctly below. Furthermore, the years for the

5" survey should read 2001/2002 (page 2, 2.1. Subjects). The authors would like to apologize for any
inconvenience caused.

Progression of plague was defined as an increase in TPA above the mean absolute difference (2.9
mm2) between 2 independent measurements performed by 2 independent sonographers, as a
measure of the typical magnitude of the measurement error [11]. Stable plaque size was defined as
change in TPA of less than +2.9 mm?. To reduce risk of misclassification in the plague progression
group, we included subjects with the largest TPA progression.
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Letter of Invitation to The Tromsg Study

4™ 5™ and 6" surveys



Invitation 4th Survey, 1st visit

You are invited to the large health survey

in the municipality of Tromse 1994 - 95

We will reach everyone

We will start in the outskirts of
the municipality. Here, the
examination will take place in
schools and other premises —
see the information in the
invitation accompanying this
letter.

From late October 1994 until
summer 1995, the examination
will take place in Mellomveien e
50 (the Elisabeth centre; the old maternity hospital).
We prefer that you attend at the location specified in
the invitation letter.

gained through the previous
surveys, made the
University of Tromse to one ¢
of the renowned research ;
centres in the world with
regard to cardiovascular
diseases. Again, we aim to
detect hitherto undiscovered
cardiovascular disease. We
also hope to reach those at
particular high risk, so that
they may get the possibility
of prevention and other Al ARt
measures to stop the development of disease.
Cardiovascular diseases are still one of our largest
health problems.

Why did you receive this offer?

Because we offer this examination to everyone born

1969 or earlier. Not only for your own sake ...

What is the purpose?

The survey is first and foremost aimed at cardiovascular
diseases, but is also important to gather new knowledge
about other serious chronic diseases (amongst them
cancer).

This time we will also study musculo-skeletal pain
conditions, for instance fibromyalgia. Therefore, some
people will be invited to a separate examination in the fall
of 1995.

Large cardiovascular surveys were carried out in Tromse
in 1974, 1979-80, and 1986-87. The attendance rate was
high, and several cases of cardiovascular disease were
detected — who are now being treated.

The surveys have also contributed with important
knowledge to combat these diseases. The knowledge we

research, for instance by using them together with

Invitation 4th Survey, 1st visit

The examination not only is important for you personally.
It is also important that the results may be used in medical

information about disease that occur in the future. Thereby

we will learn more about how cardiovascular
diseases, cancer, and other population diseases
develop, and how they may be prevented. By
attending the survey, you are helping to fight these
diseases.

The examination includes

* Measurement of height and weight

* Measurement of blood pressure

* Blood sample. In this sample, we will measure
the content of lipids (e.g. cholesterol), calcium and a
liver enzyme. The result of these measurements will
be forwarded to your doctor if you consent. The
result of other analyses will be used for medical
research only. The blood sample will be frozen to
make it possible to perform other blood analyses in
order to study disease development. Before such
analyses are performed, the study will be presented
to the Regional Ethical Committee of North Norway.

ECG is a test that registers the heart

activity. We will use . . ‘

a simplified version,
W
¥ )<
A

d th Its will
lE;re1 use?i rfi)sruress;;;ch ‘
H
.

purposes only.
I



» Questionnaire

= Special examination. Everybody born between 1920
—1939 and a sample of the others, will be offered a more
extensive examination for free. The content of the
examination varies somewhat, but will provide a better

examination of the heart, the aortic artery, atherosclerosis,

and the tendency to osteoporosis. You will get an
appointment for the examination when you attend.

Questionnaire

This you will find on the reverse side of the invitation
letter. Please fill in the questionnaire beforehand and
bring it to the examination site. If some questions are
difficult to answer, you may get some help when you
attend.

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 the Regional Ethical Committee of
North Norway. For the information to be used in
medical research, you have to consent. Your consent
is also necessary if your doctor shall have the results
of the analyses (and which you will be mailed the
results of) and of your answers to the questionnaire
enclosed with this letter. When attending, we

therefore ask you to give your consent that:
- a letter with your results is sent to your family doctor,

and will be stored in your medical record

- that your blood sample may be used for medical
research. The purpose of such research is to learn about
causes of diseases.

- that your results may be used for medical research, by
linking that information with other health- and disease
registries (for instance cancer registry and causes of
death registry) and with information form the previous
health surveys in Tromso. Before the information is
used for analyses, your name and personal identification
number will be removed. Even if you give your consent
now, you may withdraw your consent later.

Invitation 4th Survey, 1st visit

Follow-up examination
Some of those who are examined may later be referred
to their own doctor for a more thorough control. If you
are in need of treatment, you will be offered such
treatment.

What does it cost?

A small fee is necessary for this examination. It is very
modest compared to the actual cost. You will find the
amount in the letter you have received now. The
special examination is free of charge. If you will need
an examination by your own doctor or at the Regional
hospital, you will have to pay the ordinary fee.

Clothing

Because of the blood pressure measuring, we ask you
to wear clothes that are sleeveless or with short sleeves
that are not tight. It is not necessary to take the clothes
off.

Places that will be visited by the health

survey

+ Kaldfjord

* Tromvik

* Lakselvbukt
* Sjursnes

* Breivikeidet

* Fagernes

« Skittenelv

* Ersfjordbotn
+ Straumsbukta
* Brensholmen
* Vikran

* Trondjord

« Sjotun

* Tromse sentrum

Welcome!

Sincerely

* The municipality health service
* The Faculty of medicine, University of Tromse

“" Statens
3 & @ helseundersokelser

’ . (The National Health Screening Service)
o8
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(Heartily welcome,
dear Tromso inhabitant)

Hyertelig
velkommen,
lqare




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
urine samples, as well as
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.

Invitation 4th Survey, 2nd visit

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. ~
w
A
A- A
7
o

N
A JH
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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@ ¢
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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.

Invitation 4th Survey, 2nd visit
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Invitation 6th.-Survey,

-a collaboration between:

}y iz, Department of Community Medicine,

# ,\?% = University of Tromse

[Ufs 77 64 48 1o (KL 2- 11) Tromsous@ism.uli.no

National Health Screening Service
(G 22 24 20 D0 (k1.9 - 15) poest@shus.ne

You will find more information about the health survey on

the homepage of the National Health Screening Service

WWW .Shus.no

INVITATION TO
I A HEALTH STUDY

5th Survey, 1st visit
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Would you like to participate in
the fifth survey of the Tromsg study?

Why a new round of

the Tromsg study?

Large health studies were
conducted in Tromsg in 1974,
1979-80, 1986-87, and 1994-95.
These surveys have given us
important knowledge concerning
cardiovascular epidemiology and
other serious diseases, such as
cancer.

The main purpose of another
Tromse study is to monitor any
changes in the health of the population since last survey. We will
analyze the information we have about a person, both personal data
and results from analysis of frozen blood, and see if there are
relationships to diseases that occur. This way we learn more on how
cardiovascular diseases, cancer and other major diseases develop
and how they can be prevented.

Why are we asking you to participate?
We ask everyone who participated in the Special Study in the Tromse
study in 1994-95 and a selection of others older than 29 years.

Invitation 5th Survey, 1st visit
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Where are you going to meet?

The survey will for the vast majority take
place in Elizabeth Center in Tromse. For some
of the outer places in the municipality, the
survey will take place locally. Those
concerned are notified in this letter.

On the front page of the questionnaire that you
receive with this letter are the opening hours
for the health survey and when you have to
attend the survey. If you cannot attend at that
time, you are welcome any another time
during the opening hours of the survey. There
is no need to tell us about this — just show up
when we are open.

What does the study include?

The Tromse study is first and foremost a
research project. Through following up
as many as possible from the study of
1994-95, we gain valuable information of
health and disease in the population of
Tromse.

Participants’ general health status will be examined with regard to
certain diseases and risk conditions. If you have a high risk of
developing cardiovascular diseases you will be notified of this.

On the day of the examination you will be guided through the survey
and there will be an opportunity to ask questions. Your height, weight
and waist circumference is measured, as well as blood pressure, and a
blood sample is taken. Your lung capacity is determined, in addition
to simple tests of vision and strength. Tests to determine osteoporosis
is are also conducted.

The blood sample may later be analyzed for fatty substances, blood
sugar, indicators of infections, diet, hormones, liver- and kidney
function, and bone markers.

Everyone who participated in the Special Study in 1994-95 is also
offered to take part in another Special Study. This study provides
information on the heart and the main arteries in neck and abdomen,
and offers a more detailed analysis on tendency of osteoporosis.
This survey is also located at the Elisabeth-center in Tromse. A time
will be scheduled for you and information is provided upon arrival.

The Questionnaires

With this letter a questionnaire is attached. We kindly ask you to
complete this form at home and bring it on the day of the
examination.

If you are unsure of how to answer a question, leave it blank. You
will be aided at the examination.

Everyone who participates in the study will be given an additional
questionnaire of other factors which might affect your health. The
questionnaire is to be completed at home and sent to the National

Health Screening Service in the enclosed envelope.

Future analysis of blood

The blood which is frozen will be used for medical research only, in
order to find factors influencing disease. In most cases this means
that data from people with a disease is compared to data from those
without it. The comparison is done on already collected data and the
new analysis from the frozen blood.

We might want to analyze parts of the DNA from the frozen blood
cells. Because DNA is important for the regulating and development
in human being, we need knowledge on DNA to understand why
diseases evolve. Analysis of this kind are only conducted after the
Data Inspectorate has given a permission and if The Regional
Committee for Research Ethics has no objections to the analysis.

Invitation 5th Survey, 1st visit
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e need your consent

When you attend the study, you will be asked to sign a consent form
where you agree to the following six points:

@ That we may contact you with recommendations of follow ups,
treatment or prevention of disease.

e That we may ask you to participate in similar studies in the future.

® That we may use the results for medical research.

@ That the results, after legal approval from the Data Inspectorate, may
be linked with information about you in other registries, to be used for
research purposes. This might be registries including information on
health, pension and disease, and also data on income, education and
occupation, in addition to information from previous health studies in
Tromse. Examples of such registries are the Cancer Registry, the
Cause of Death registry and population censuses. In these cases your
name and social security number are removed when data is analyzed.

® That the blood sample may be stored and used for medical
research. All use of this sample will only take place after approval
from the Data Inspectorate and if The Regional Committees for
Research Ethics has no objections.

® That the blood sample may also be used for analysis of DNA.

Even if you approve to this now, you are entitled to change your
opinion later and also ask to have your profile deleted from the
registry. You may also decline to consent to one or more of the points
above. The Data Inspectorate has given consent to this fifth survey of
the Tromsa Study, and the Regional Committee for Research Ethics
has no objections. We keep your results confidential and safe.
Everyone employed in the Tromso Study has signed a confidentiality
agreement.

When will you receive your results?

About four weeks after you participated in the study you will receive
a letter wherein your recorded values for cholesterol, blood pressure
and blood sugar are stated. You will also receive more information
on the different risk factors.

People who are found to be at particularly high risk of developing
cardiovascular diseases and diabetes will be recommended to seek
further examination from their own doctor.

Invitation 5th Survey, 1st visit



YOU ARE INVITED TO
THE SPECIAL STUDY

The Special Study

The Special Study uses advanced technology which
makes images of blood vessels and the heart, and
provides information on fatty tissue content and skeletal
structure. The latter requires x-ray equipment, although
in very low doses. The three former is done with
ultrasound, reflecting it against a small device held to the
skin (pictured). These tests do not penetrate the skin
and are not painful. The Special Study also involves
blood-, urine-, and respiratory tests, as well as
registering heart activity (EKG). Moreover, basic memory
tests and word recognition tests are conducted, as well
as the degree of finger mobility.

Why are we asking you?

We invite everyone who participated in the Special
Study in 1994-95 to take part now.

What is the purpose?

Many diseases evolve over a long period of time, 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.
We are especially interested in studying the changes
since 1994-95 and their implication towards disease
developing later. This way we hope to increase
knowledge on how diseases initiate and how they can
be prevented and treated.

Invitation 5th Survey, 2nd visit

THE SPECIAL STUDY INVOLVES

PRACTICAL INFORMATION

Ultrasound of blood vessels and the heart

[] The arteries in the neck and stomach are
studied. We then see if the arteries are clogged
or if they are diluted/contracted. The shape of
the heart and its functionality is looked at in 50
per cent of the participants.

Study of bone density and

amount of fat

[ The measurements determine risk of
osteoporosis and fractures, and if there is a
correlation between body fat and disease.

ECG and blood pressure

[] ECG is registering heart activity which provides
information on heart diseases. An ECG is done
by attaching sensors to arms, legs and chest.
Blood pressure is checked on both the upper
arm and the ankle.

Respiratory test

[J Through breathing into a machine, lung function
is determined.

Blood sample

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

Further follow up 2001
« If more examinations or
treatment are required
it will be offered to
you.
. Some participants
may be asked to
take part in later
studies for further
research.

Invitation 5th Survey, 2nd visit

Place and time

The examination will take place in the 2nd floor of
the Elizabeth Center - the old maternity hospital
(Mellom-veien 50) on the floor below the Troms@
study. The examination takes about 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 48 16 or e-mail: Tromsous@ism.uit.no

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. Follow the instructions provided with
glasses.

Fall

You are asked to register falls until the Special
Study.

Clothing

Because of the blood pressure measuring and
sampling of the ECG, , we ask you to wear clothes
that are not tight on the arm and the leg. 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. At the examination of bone
density, you will not undress yourself, but it is
important not to have metal objects in the clothes.
such as zipper lock, buttons, loops, or spikes of
metal.
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Tromse (@)

- en del av Tromsgundersokelsen

Vil du veere med i den 6. Tromsgundersokelsen?

» viktig forskning
» undersgkelse av egen helse
» forebygging av helseproblemer
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Hva er Tromsgundersgkelsen?
Tromsgundersgkelsen er et stort forskningspro-
sjekt. Opplysninger som samles inn skal brukes
til & gi oss kunnskap som kan bedre menneskers
helse.

Den forste Tromsgundersgkelsen ble gjennom-
fort allerede i 1974, og dette er den sjette i rekken.
Et viktig mal med undersgkelsen er & fa kunnskap
om hvorfor noen blir syke mens andre beholder
god helse gjennom livet.

Visste du at ..?
Den som deltar pa Tromsgundersgkelsen far ogsa
en enkel undersgkelse av sin egen helse.

Hva forskes det pd i
Tromsgundersgkelsen?
Tromsgundersgkelsen gjennomfgres ferst og
fremst for & kunne o@ke kunnskapen om de store
folkehelseproblemene og forhold som pavirker
disse, blant annet:

» Hjerte- og karsykdommer

~

» Lungesykdommer (f.eks. KOLS)

» Diabetes

~

» Stoffskiftesykdommer

M

Kreftsykdommer

~

» Psykiske plager
» Demens
» Muskel- og skjelettplager

Undersgkelsenvil ogsa blibenyttettil forskningom
bruk og effekter av legemidler, trivsel, livskvalitet,
livsstil, dagnrytme, smerter, sosial ulikhet, fysisk
aktivitet, kosthold, bruk av helsetjenester og alter-
nativ behandling. Det vil ogsa bli undersgkt om
miljagifter kan pavises i blodet og om disse inn-
virker pa helsa.

Videre vil det bli gjort forskning pa kvinnesyk-
dommer, sykdommer i fordgyelsesorganer, allergi,
nyrer og urinveier, nervesystemet, sanseorganer
og hud. Det vil 0ogsa bli forsket pa arbeidsuferhet

som fglge av disse sykdommene eller tilstandene.
En del av prosjektene vil spesielt undersgke sam-
spillet mellom arv, miljg, sykdom og helse.Til slike
prosjekter vil det bli hentet ut DNA (arvestoff) fra
blodprgvene.

Det er allerede planlagt mange forskningspro-
sjekter som skal benytte data fra Tromsgunder-
sokelsen. Du vil finne en liste over disse pa var
internettside:

http://www.tromso6.no

Vil du delta?

Ved 3 delta pa Tromsgundersgkelsen er du med
pa a bidra til forskning om hvordan sykdom kan
forebygges og behandles, hva som fremmer god
helse, og hva som er arsak til helseproblemer.

Hvorfor sper vi deg?

Alle som mgtte til spesialundersgkelsene i
Tromsgundersgkelsen i 1994 og 2001, og et tilfel-
dig uttrukket utvalg av personer som er over 30
ar og som er innbyggere i Tromsg kommune, blir
spurt om a delta.

Alle er viktige!

Hver deltaker er like viktig, enten du er ung eller
gammel, frisk eller syk. Det har veert stort fram-
mgte til de tidligere Tromsgundersgkelsene. Godt
oppmegte er viktig for gode forskningsresultater.
Det er en styrke for forskningen at de som har
veert med i tidligere Tromsgundersgkelser mater
fram pa nytt.

Frivillig

Det er frivillig & delta. Det vil ikke fa noen
konsekvenser for deg dersom du ikke deltar
eller velger a trekke deg fra undersgkelsen pa et
senere tidspunkt.Du ma ikke gi noen begrunnelse
dersom du gnsker a trekke deg fra undersgkelsen.

Invitation 6th Survey (Norwegian)
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Visste du at ..?

Du kan delta pa Tromsgundersgkelsen selv om
det er deler av undersgkelsen du ikke gnsker a
vaere med pa.

Din helse

Cirka fire uker etter undersgkelsen vil du fa et brev
med resultatene fra malinger av kolesterol og
blodtrykk. Dersom det er ngdvendig, vil du bli an-
befalt & ta kontakt med din fastlege. Det blir ikke
gitt rutinemessig tilbakemelding om resultater av
andre blodprgver eller malinger.

Dersom resultatet av pr@vene viser at det er ngd-
vendig med oppfalging av lege eller henvisning
til spesialist, vil du bli orientert om det.Ved behov
for henvisning til spesialist, vi vil sgrge for at slik
henvisning blir sendt.

Du kan reservere deg mot a fa vite resultatene av
prgvene dine. Men hvis et prgveresultat er slik at
det er ngdvendig med rask legebehandling, vil du
uansett bli kontaktet.

Troms@undersgkelsen er gratis. Trenger du videre
undersgkelse / oppfelging av fastlegen eller i
spesialisthelsetjenesten, betaler du vanlig egen-
andel.

Slik foregar undersgkelsen

Sammen med dette informasjonsskrivet ligger
det et ark med praktiske opplysninger og beskjed
om hvor og nar du kan mgte fram. Her star ogsa

apningstidene for undersgkelsen. Hvis du vil delta
og den foreslatte tiden ikke passer, kan du komme
en annen dag. Du trenger ikke melde fra om dette
pa forhand.

Unnga fgr undersgkelsen

For at resultatene skal bli mest mulig korrekt, er
det en fordel om du avstar fra alkohol og smerte-
stillende medisiner 12 timer for undersgkelsen.

Pakledning

Vekt og hayde, liv- og hoftevidde males med lett
pakledning, men uten sko. For at det skal ga raskt
a male blodtrykk, er det en fordel om du har plagg
som ikke strammer over armen og benet. Ha
gjerne et kortermet plagg innerst.

Sparreskjema

Sammen med denne brosjyren har du fatt et
sperreskjema som du skal fylle ut og ta med til
undersgkelsen.Hvis du er i tvil om hvordan du skal
svare pa et eller flere av spgrsmalene, lar du det
std dpent. Personalet pa undersgkelsen hjelper
deg da med utfyllingen om du gnsker det.

Utfylte svar i sparreskjema er like viktig for forsk-
ningen som resultater fra blodprgver og under-
sokelser.

‘

0
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Regelmessig bruk av legemidler

Ved frammete tilundersgkelsen vildubliintervjuet
om hva slags legemidler du har brukt regelmessig
de siste fire ukene, og om noen av de legemidlene
du har brukt siste 24 timer.Navn pa legemidler du
bruker fast kan besvares i skjiemaet pa forhand.Ta
gjerne med deg legemidlene du bruker ved fram-
mgate til undersgkelsen.

Undersokelser

Nar du mater fram, vil kvalifisert helsepersonell
veilede deg gjennom undersgkelsen og svare pa
sporsmal. Du vil bli intervjuet og fa utlevert et
nytt sperreskjema med en frankert svarkonvolutt.
Sperreskjemaet kan ogsa besvares mens du er til-
stede pa undersgkelsen, og du vil kunne fa hjelp
underveis. Hver enkelt undersgkelse varer bare
noen minutter. Totalt vil undersgkelsen vare cirka
en time.

De maler hgyde, vekt, hoftevidde og livvidde,
de maler blodtrykket og tar blodprgve av deg. |
tillegg vil falgende undersgkelser bli gjort:

» Beintetthetsmaling (maling av beinmasse)
i den ene armen med svake rgntgenstraler.
Malingene brukes til & undersgke risiko for
beinskjerhet og brudd.

» Bakterieprgve fra nese og hals fra om lag
halvparten av deltagerne, for a se etter gule
stafylokokker, en bakterie som normalt finnes
pa hud og slimhinner hos mennesker, men
som i enkelte tilfeller kan fordrsake alvor-
lige infeksjoner. Preven gjeres med fuktet
vattpensel.

» Smertefglsomhet som maler hvordan kropp-
en reagerer pa smerte. Du blir bedt om
a holde handen i isvann i opptil 1 minutt.
Underveis registreres blodtrykk og du angir
hvor mye smerte du kjenner.Du kan ta hand-
en ut av vannet fgr tiden er ute hvis det blir
for ubehagelig.

» Harprgve. Vi vil be om & fa noen harstra for a
undersgke forekomsten av spormetaller som
kvikksalv.

» Fysisk aktivitet og kosthold. Vi planlegger at
utvalgte deltakere vil bli bedt om 3 registrere
fysisk aktivitet (aktivitetsmalere som skritt-
tellere og lignende) og kosthold i en periode.

Blodpraver

Blodet fordeles pa fem glass, men til sammen ut-
gjor det ikke mer enn 45 milliliter, som er mindre
enn en tidel av det en blodgiver gir. For de aller
fleste vil det veere tilstrekkelig med ett stikk. Disse
analysene blir gjort:

» Madling av kolesterol og andre fettstoffer,
blodsukker, blodlegemer, stoffskifteprgver,
hormoner, markgrer for betennelsesreaksjon-
er, allergi, mage- og tarmfunksjon, lever- og
nyrefunksjon samt muskel- og beinmarkgarer.

» DNA (arvestoff) vil bli lagret til bruk i forsk-
ningsprosjekter som er omtalt i denne bro-
sjyren og som kartlegger sammenhengen
mellom arv og miljg, sykdom og helse.DNA vil
ikke bli brukt til andre formal enn forskning.

» Miljggifter, blant annet sporstoffer, spor-
metaller og organiske stoffer. Forekomsten i
blodet skal sammenlignes med tilsvarende
malinger i andre befolkninger. Forskere vil
studere om miljggifter kan pavirke helsa var.

Spesialundersakelsen

Nar forste del av Tromsgundersgkelsen er
gjennomfeart, kan du bli forespurt om a delta i en
eller flere deler av Spesialundersakelsen noen uker
senere.Over halvparten vil bli spurt om dette.Hele
Spesialundersgkelsen vil vare cirka en time, og
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varigheten vil vaere avhengig av hvor mange deler
du blir spurt om a vaere med pa. Ved oppmate til
Spesialundersgkelsen vil det bli tatt ny blodprgve
som skal brukes til samme formdl som beskrevet
for forste del av undersgkelsen. Deler av blod-
proven blir frosset ned for senere bruk i forskning
som er beskrevet i denne brosjyren.

Hvilke undersakelser gjores i
Spesialundersgkelsen?

» Ultralyd av blodarene (arteriene) pa halsen.
Undersgkelsen gjores for a se etter for-
kalkninger og innsnevringer
Undersgkelsen kartlegger ogsa blodforsyn-
ingen til hjernen.

av arene.

» Ultralyd av hjertet gjeres for & undersgke
hjertets form og funksjon.

» Maling av beintetthet i rygg/hofte og
kroppens fettmengde. Malingene brukes til
a undersgke risiko for beinskjerhet og brudd,
og for studier om sammenhengen mellom
kroppsfett, beinmasse og brudd.

» Fotografering av @yebunn. Fotografiet vil
vise tilstanden for blodkarene i gyet som
ogsa sier noe om blodkarene i kroppen. Ved
gyestasjonen tas fotografi av gyebunnen din.
Deltagerne far en gyedrdpe i hvert gye en
tid for fotografering for at pupillene skal ut-
vide seg. Dette kan svi noe og synet kan for-
bigaende bli noe uklart. Effekten gar gradvis
over, og etter en time er den borte. | tillegg vil
det gjores en enkel synstest som du vil fa svar
pa umiddelbart.

» Tester av hukommelse gjores ved hjelp av
enkle spgrsmal og omfatter ogsa evne til
gjenkjenning av ord og grad av fingerbeve-
gelighet.

» EKG og blodtrykk. EKG er en registrering av
hjerterytmen som ogsa kan gi informasjon
om hjertesykdom.Ved registrering festes led-
ninger til kroppen.Blodtrykket males bade pa
overarmen og ved ankelen.

» Pusteprgve. Dette er en enkel undersgkelse
av lungefunksjonen.Du skal puste sa hardt du
klarer gjennom et munnstykke. Hvor mye luft
som bldses ut pr. sekund, er et mal pa lunge-
funksjonen din.

» Ny bakterieprgve fra nese og hals. Prgven
utferes pa samme mate som i farste del av
undersgkelsen.

» Urinprgve. Du vil bli bedt om a avlevere
urinprgver fra de tre siste dagene for
spesialundersgkelsen. Du gis alt nedvendig
utstyr. Urinen blir lagret til bruk i forskning
som er beskrevet i denne brosjyren.

For & sikre hay kvalitet pa forskningsdata @nsker
vi & undersgke et lite utvalg som meater til under-
sokelsen to ganger med circa en ukes mellomrom.
De som er aktuelle vil bli forespurt om dette ved
frammote.

Nye prosjekter

Noen deltakere vil i ettertid bli spurt om a delta
i videre undersgkelser. Hvis dette gjelder deg, vil
du fa en forespersel i posten. Du er ikke forpliktet
til 4 delta selv om du har deltatt i andre deler av
Tromsgundersgkelsen. Omtale av alle delprosjek-
tene finner du pa nettsiden var:

http://www.tromso6.no
Forsikring og finansiering

Deltakere i Tromsgundersokelsen er forsikret
gjennom Norsk Pasientskadeerstatning.

finansiert av Uni-

Tromseundersgkelsen er
versitetet i Tromso, Helse Nord HF samt ulike
forskningsfond.
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Etikk, personvern og sikkerhet

Du kan vaere trygg pa at informasjon som gis til
Tromsgundersgkelsen vil bli behandlet med res-
pekt for personvern og privatliv,0og i samsvar med
lover og forskrifter. Alle medarbeidere som jobber
med undersgkelsen har taushetsplikt. Opplysnin-
gene som samles inn vil bare bli brukt til godkjen-
te forskningsformal.

Alle opplysninger om deltakere vil bli lagret pa
datamaskin. Navn og personnummer blir fjernet
og erstattet med en kode. Kodengkkelen oppbe-
vares separat og kun noen f3, autoriserte medar-
beidere har tilgang til denne.

Den enkelte forsker far ikke tilgang til opplys-
ninger som gjor det mulig a identifisere enkelt-
personer. Hver enkelt deltaker har en rett til d vite
hvilke opplysninger som er lagret om en selv.

For alle prosjekter kreves det at prosjektlederen
tilhgrer en kompetent forskningsinstitusjon.

Tromsgundersgkelsen har konsesjon fra Data-
tilsynet og er godkjent av Regional komité for
medisinsk forskningsetikk, Nord-Norge.

Sammenstilling med andre registre
Opplysninger om deg fra den sjette Tromsgunder-
sokelsen kan bli knyttet sammen med opplys-
ninger fra tidligere Tromsgundersgkelser. For
enkelte prosjekter kan det vaere aktuelt d sammen-
stille opplysninger om deg med opplysninger fra
barn, sasken, foreldre og besteforeldre hvis disse
har deltatt i Tromsgundersgkelsen.

For spesielle forskningsprosjekter kan det vaere
aktuelt 8 sammenstille informasjon fra Tromsg-
undersgkelsen med nasjonale helseregistre som
Reseptregisteret, Medisinsk  fadselsregistrer,
Kreftregisteret, Norsk pasientregister og Dgds-
arsaksregisteret, og andre nasjonale registre over
sykdommer som det forskes pa i Tromsgunder-
sokelsen.

| tillegg kan det vaere aktuelt d innhente helseopp-
lysninger fra primaer- og spesialisthelsetjenesten
til bruk i forskning pa sykdommer og helsepro-
blemer som er nevnt i denne brosjyren, for

eksempel hjerte-karsykdom, diabetes og bein-
brudd. I slike tilfeller innhentes nytt samtykke,
eller annen type godkjenning (dispensasjon fra
taushetsplikten).

Informasjon fra Tromsgundersgkelsen kan ogsa
bli sammenstilt med registre ved Statistisk sen-
tralbyra, for eksempel om miljg, befolkning, utdan-
ning, inntekt, offentlige ytelser, yrkesdeltakelse og
andre forhold som kan ha betydning for helsa.

Slike sammenstillinger krever noen ganger
forhandsgodkjenning av offentlige instanser,
for eksempel Regional komité for medisinsk for-
skningsetikk, Datatilsynet eller NAV.

Bruk av innsamlede data i framtiden

Data fra Tromsgundersgkelsen vil kun bli brukt til
forskning og vil ikke kunne brukes til andre for-
mal.

Opplysninger og praver som du gir, blir oppbevart
pa ubestemt tid til bruk i forskning til formal som
nevnt i denne brosjyren.| noen tilfeller kan det bli
aktuelt a gjgre analyser av blodprever ved forsk-
ningsinstitusjoner i utlandet. Hvis dette gjares, vil
det skje i en slik form at vare utenlandske sam-
arbeidspartnere ikke kan knytte prgvene opp mot
deg som person.

Hva som er aktuelle problemstillinger i medisinsk
forskning forandrer seg hele tiden.| framtiden kan
data bli brukt i forskningsprosjekter som i dag
ikke er planlagt, forutsatt at det er i samsvar med
gjeldende lover og forskrifter. For alle slike nye
prosjekter kreves det at prosjektet er godkjent av
Regional komité for medisinsk forskningsetikk og
Datatilsynet.

Tromsgundersgkelsen informerer om nye forsk-
ningsprosjekter pa: http://www.tromso6.no

Her kan du ogsa lese om forskningsresultatene
fra Tromsgundersgkelsen. Forskningsresultater vil
ellers bli publisert i internasjonale og nasjonale
tidsskrifter, pa faglige konferanser og meter. Det
vil ikke vaere mulig a identifisere enkeltpersoner
nar forskningsresultatene offentliggjeres.

Invitation 6th Survey (Norwegian)
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Samtykke

Hvis du vil delta i den sjette Tromsgundersgkelsen,
ma du gi skriftlig samtykke til dette. Personalet pa
Tromsgundersgkelsen vil kunne gi mer informa-
sjon om undersgkelsen, og kan svare deg dersom
du har spgrsmal i forbindelse med samtykket.

Det er viktig a vite at selv om du sier ja til dette n3,
kan du senere ombestemme deg.Du kan nar som
helst etter undersgkelsen trekke ditt samtykke til-
bake. Allerede innsamlede data blir lagret videre,
men kan ikke lenger knyttes til deg som person,og
dine data vil ikke bli brukt i nye forskningsprosjek-
ter.Du kan be om at blodprgven din blir gdelagt.

Vil du delta?

Hvis du vil trekke tilbake ditt samtykke, henvend
deg til:

Tromsgundersakelsen, Inst. for samfunnsmedisin
Universitetet i Tromso

9037 Tromsg

telefon: 77 6448 16

telefaks: 77 64 48 31

e-post: tromsous@ism.uit.no

internett: www.tromso6.no

Hvis vi i framtiden gnsker a forske pa nye sparsmal

som ikke er beskrevet i denne brosjyren, kan det
bli nedvendig a be deg om et nytt samtykke.

Folgende tekst er en kopi av dokumentet du blir bedt om & signere nar du meter fram til undersgkelsen:

Samtykke til bruk av helseopplysninger i forskning - den 6. Tromsgundersgkelsen

| brosjyren jeg har fatt tilsendt, har jeg lest om undersgkelsens innhold og formal, og jeg har hatt
mulighet til 4 stille sparsmal. Jeg samtykker herved i a delta i undersgkelsen [dato/signatur].

Invitation 6th Survey (Norwegian)
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Questionnaire 1, 4th Tromsg Survey

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, A
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 -3

National Health Screening Service

THIS IS 4 REAL
0 OPPORTONITY- TAKE 117"

o, ;

b e o i, : . e e |

Quesionnaire 1, 4 rorﬁsz urvey B — e




Questionnaire 1, 4th Tromsg Survey
YOUR OWN HEALTH EXERCISE

What is your current state of health? Tick one box only. How has your physical activity in leisure time been during this
Poor. | o el il i last year? Think of your weekly average for the year.

Not so good Time spent going fo work counts as leisure time.
GOOd e e s Hours per week
VEry good). .. i it s e rsarass Light activity (ot None Lessthan1 1-2 3 or more

sweating/out of breath) s6 [ | i 3 u .

Hard activitv [sweating/
A heart attack... g 18 out of breath) Sl | [ ] ] ]
2 3 4

Angina pectoris (heart cramp) sosiaviais B
A cerebral stroke/ brain haemorrhage 12 COFFEE

Asthma sl aa il 22 How many cups of coffee do you drink daily?
DIADEIES ......covestasasesens st R Put 0 if you do not drink coffee daily.

Coarsely ground coffee for brewing.... 58
Other coffee

Do you have, or have you had:

Do you use blood pressure lowering drugs?
Cumently i iR
Previously, but not now.. ALCOHOL
Never used Are you a teetotaller?

How many times a month do you normally drink

Have you during the last year suffered from pains GER i | oty s g S

and/or stiffness in muscles and joints that have |
lasted continuously for at least 3 months? 20 | Put 0 if less than once a month. ... ......... 63

How many glasses of beer, wine or spirits do you
Have you in the last two weeks felt: normally drink in a fortnight? g5 Beer ~ Wine  spirits
Do not count low-alcohol beer. | G Gl Gl
Put 0 if less than once a month.

2
>
3

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

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

SMOKING EDUCATION/WORK

Did any of the gdults g’r home smoke while What is the highest level of education you have completed?
YOUIWEIEIOTOWINGILR -47 7-10 years primary/secondary school,

modern secondary school 2
Technical school, middle school, vocational

-Joooodd
-Juooddd
-0000000 &4

Do you currently, or did you previously, live together Yes
with daily smokers after your 20™ birthday? 38 | school, 1-2 years senior high school

Years High school diploma
If "YES", for how many years in all? ............. 39 (3-4 years)....

College/unlversny, Iess than 4 years ..

How many hours a day do you normally spend Collage/universily, 4 of more years

in smoke-filled rooms?

What is your current work situation?
Paid'work ... st G s, 78

Do you yourself smoke: Yes FUll-time hOUSEWOK.............ooooerceeecriceciinnn 74
Cigarettes daily? ..........cccccvvvrinciininne Education, military service.. o e
Cigars/ cigarillos daily? Unemployed, on leave wn‘hou'r payment ......... 76

A plpe dOllY” uz\gk[’nany hours ot paid work do you have per

!f you previously .smoked daily, how long Do you receive any of the following benefits?
is it since you qUIt?.........c.ccoeceeeeriinercrcecnennne 46 Sickness benefit (sick leave)

If you currently smoke, or have smoked Rehabilitation benefit..............ccccvviviiiiininnnn, 80
previously:

How many cigarettes do you or did you
usually smoke per day? oo 48

How old were you when you began ILLNESS IN THE FAMILY
daily smoking?.--

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

ST

cigarettes’

Lo

Have one or more of your parents or
How many years in all have you smoked siblings had a heart attack or had
daily? o angina (heart cramp)? ..........coc..eeeuueessvenns 8

Questionnaire 1, 4th Tromsg Survey EE



Questionnaire 2 (=70 years), 4th Tromsg Survey

Tromsg Health Survey
for the over 70s

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. Finally, the
survey should give knowledge about the older part of the
population. We would therefore like you to answer the
questions below.

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 Tromsg

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

I do not wish to answer the qUeStionNaire ..........cceuenecrsnssennens 7 [

Day Month Year

Date for filling in this form: ........ccccocorennnnnnee 18 ceeereedd veeeead e

CHILDHOOD/YOUTH

In which Norwegian municipality did you live at the age of 1year?

If you did not live in Norway, give country instead of municipality
How was your family's financial situation during your
childhood?
Very GO0 ........coueveeeereecreeeieeeseeee e 20 (1
GOOM ..o . P
DIffiCult ..o 3
Very difficult ..........cccoveeveererecieec e (ds
How old were your parents when they died?
MOLhEr ... 30 Years
Father ... 32 Years

Who do you live with?

Tick once for each item and give the number. Yes No Number
SPOUSE/PANNEr ..........ccouceceerereceeeee e ald
Other people over 18 years .............cccccccueees s
People under 18 years ..........ccccooveeereurerrennes i [

What type of house do you live in? _
Villa/ detached house ............ccoceemrmrerrrnnnen: R
[T | 2
Flat/apartment ..o s
Terraced /semi-detached house ...................... s
OthEr ... s
How long have you lived in your present home? ............. 42 years
Yes No
Is your home adapted to your needs? ............. «d
If "No", do you have problems with:
LiViNg SPACE ......cvvvevrreevveeeeerieeeeeessseeeennans P |
Variable temperature, -
t00 cold/too Warm ...........c.ccoeeeeeereereeeirenn. P |
SHAIS oo g 3
TOMet ... [T |
Bath/ShOWET ... wld
MainteNaNCe ......c.ovueeeeeeeeeeeeeeee e O |
Other (please SPecify) ............cccoeervrererrrerenne: st O
Would you like to move into a retirement home? .52 (4 [

PREVIOUS WORK AND FINANCIAL SITUATION

How will you describe the type of work you had for the last 5-10
years before you retired?

Mostly sedentary Work? ............cccccoeveueeucrrreenneene. sa [+
(e.g. office work, mounting)

Work that requires a lot of walking? .........................
(e.g. shop assistant, housewife, teaching)

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

o

Heavy manual WOrK .....................coormeeveeevomossseeenseennns Q.
(e.g. forestry, heavy farm-work, heavy construction)
Did you do any of the following jobs
(full-time or part-time)?
Tick one box only for each item. Yes No
D] 117 U «d O
[T N Y |
Fisherman ..........cccooouvermvevecccecccccecrceecs s6
How old were you when you retired? ..., 57 Years
What kind of pension do you have?
Basic state pension .............cccooeuorreerecenresenieneeni s [
An additional Pension .............c..coccevveueerenerssessennns 60 [
How is your current financial situation?
VEIY 0000 ......oovevcecreeieecscsees s ssssssane, 61 (1
L1010 [ o
DIffiCUlt ..o s
Very diffieult ...........ooovveveveeeeeeeeeeeeeeeee e 4

Questionnaire 2 (=70 years), 4th Tromsg Survey



Questionnaire 2 (=70 years), 4th Tromsg Survey

ILLNESS IN THE FAMILY

HEALTH AND ILLNESS

Has your state of health changed in the last year?

Yes, it has gOt WOISE ...........cooovvuureuveenerrssnessaenens, 62 [ 1
No, unchanged ...........cccocveecrierieinrinrncieessssse s N P}
Yes, it has got better ............cccocooeerereerceversceiresncrennns (N

How do you feel your health is now compared to
others of your age?

MUCh WOTSE .......covvvvvinnnccssinissssssssesssnnns 63 [ 1
A TIHIE WOTSE ..o o P
ADOUL the SAME ... s

A little better
Much better ..o

YOUR OWN ILLNESSES

Have vou 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

Hip fracture .........ccoocvveeveerrneersnssensssessnssoens YR
Wrist fforearm fracture .............ccccoccccvvcecccce. o d
L 170] =] OO nd O
Injury requiring hospital admission ............ nd O
Gastric UICEr ..o s« O
Duodenal UICer ...........ccccvverreeereeerrneerirennnn: A O
Gastric/duodenal ulcer surgery ................... el O
NECK SUIGETY .....cooovvvrerecrisssssseesssesisessas s ld

Have you ever had, or do you have:

Yes

Tick one box only for each item.

CaANCEI ...
Epilepsy
Migraine
Parkinson's diS€ase ...............occowweervvvemmeneessssssssnens 4
Chronic bronchitis ... 4
PSOI@Sis .......cccoeoiuiiiiiciiicceec e 3
Osteoporosis
Fibromyalgialfibrositis/chronic pain syndrome ...... J
Psychological problems for which you have sought help [
Thyroid diSEaSe ...........covevvueererrieerreriiseeeessissennenns Q
Liver diSEaSe ...........cccocumeermerruerersensseesassssaseessnens o [
Recurrent urinary incontinence .............cccceeevvccnnnn. d
GlaUCOMA ... A
Cataract ............oovvvueerueeereecrese e 4
Arthrosis (0Ste0arthritis) .............ccc..ocrmmeeervvinnnnenns g
Rheumatoid arthritis ................cocooviiiniiincnininenne 103 [
Kidney StONES ..........cocovrermmreieiesesssssesssssessssesessss a
APPENECLOMY .........oovevvveecreriseseecsisesseess s Q
Allergy and hypersensitivity

Atopic eczema (e.g. childhood eczema) ............. a

Hand eczema

Hey fever .........ccccocvvnenne.

Food allergy ..., '

Other hypersensitivity (not allergy) ..................... 4

>
«Q
[

il

0000 dodoododoodooopoooo®

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

diarrhoealvomiting or similar in the last 6 months? 111 ____ times

Yes No
Have you had this in the last 14 days? ................. wd O

Tick for the relatives who have or have ever had
any of the following diseases:

Tick "None" if none of yoilr relatives have had the disease.

Mother Father Brother Sister_(ihild None

Cerebral stroke or brain haemorrhage 1« [ (1 (1 1 [
Heart attack before age 60 ........... wd A0 O O
Cancer ... A d 3 O 0
Hypertension wd A O 4
Asthma .................. wd Q0 O 0
OStEOPOrOSIS ......ccvvverererrcecraennes w0 O 0
Arthrosis (osteoarthritis) ............... s DO O Q
Psychological problems ................ e O O O
Dementia ........ccccoceverenireecrsiirirnn, el d O O O
Diabetes ...........coovvemeerererrserereseeranne weld O O O
- age when they got

diabetes .........cccovrieiciiiiriiieccceenn, mw__

cooooooooo

SYMPTOMS

Do you cough about daily for some periods Yes No
OF the Yar? ...........ccocuuimmvvcviiieseesiisssssessssseseessssssnnees wd O
If “Yes”:
Is your cough productive? ............ccccc.ermeervrnnen ws
Have you had this kind of cough for as long
as 3 months in each of the last two years? ......1% a Q4
Have you had episodes with wheezing in your chest?is7 (1 [
If "Yes", has this occurred:
Tick one box only for each item.
ALNIGAL ..ot e
In connection with respiratory infections ................ a Q4
In connection with physical exertion ....................... Q
In connection with very cold weather ................... a1 QO
Have you noticed sudden changes in your pulse
or heart rhythm in the last year? ..................cccoouerueeee. e [
Have you lost weight in the last year? ...................... w3
If “Yes”:
How many kilograms? ............ccccoconinininnisininnns 194
How often do you suffer from sleeplessness?
Never, or just a few times a vear ....................... 196 [ 1
1-2 times @ MONE ....evvveveececeeeec et ssaens W P
Approximately once a week ...........cccoevriiiicicicinienne s
More than once a Week ................cooovueeevererreverereesennas s

If you suffer from sleeplessness, what time of
the year does it affect you most?

No particular time of year ................ccoccomeurrrcrnnns 197 (1

Especially during the polar night ..............ccccccco..c... i

Especially during the midnight sun season ............ Qs

Especially in spring and autumn ...............ccccoocceee. Q.
Yes No
Do you usually take a nap during the day? ....1ss (1 [
Do you feel that you usually get enough sleep? d [
No A

Do you suffer from: little
DizZINESS ........coovvurririniiiississsissiinns -
Poor memory ..........ccoocenniiuun 4
Lack Of NErgy .........ccococurmrerrumnseremenssessessennns Q
CONSHPALION ..ovoovoeeeeeeveecevsre s Q0

Questionnaire 2 (=70 years), 4th Tromsg Survey
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Questionnaire 2 (=70 years), 4th Tromsg Survey

Does the thought of getting a serious illness ever

worry you?
NOt At @ll ....oocvecreercreciecrr b 204 [
ONIY @ BEHE ...t J
701 1T U J
VEIY MUCK <...covvecevvesecsseseesssseseesssssssesesssssessess Q

BODILY FUNCTIONS 5

Can you manage the following everyday

activities on your own without help from Yes  With No
others? some help
Walking indoors on one level ....................... 0 A O
Walking up/down stairs ............ccccccoecrerrrrrnnnne :l |
Walking outdoors ..............ccco.ue.. J J
Walking approx. 500 metres O O
Going to the toilet ..........cccooverrvererrcrrenrreerennns [ | |
Washing yourself ..............cccocoveruimrrirrcinenes Q J
Taking a bath/ShOWer ............cccccvevveereureevicnr: Q |
Dressing and undressing ................ccccc.oorevunnes | d
Getting in and out of bed ............cc..cccovvrrernnee. I | .
=TT PPN : a d
COOKING ...covovvrerereerieseseeesesssesesssesesaseseseas J a
Doing light housework (e.g. washing up) .......... g -0 |
Doing heavier housework (e.g. cleaning fioor) . .1 [ M|
GO SNOPPING ..covvveeeecreeeeee s a 1
Take the BUS .........cocovecrivirivnerieereessessesesseseens o O a
Yes difvf\ilétglty No
Can you hear normal speech
(if necessary with hearing aid)? ..................... 20 O a
Can you read (if necessary with glasses)? ....2zn 4 [d
Are you dependent on any of the following aids? ?
Yes No
Walking Stick ..o, Prr L |
CrUCRES ......cveoevcrcsseeesesseeseesssessaeens a
Walking frame/zimmer frame .............c..c......... Q Q
WhEEIChAIF .......ovevvvveeeeesecesveesessesssseeee Q Q
Hearing aid ..o Q Q
Safety alarm device.............c..cooocrrerrrrrnnnne. o (1

USE OF HEALTH SERVICES

How many visits have you made during the past year
due to vour own health or illness: Number of times
Put 0 if you have not had such contact the past year

To a general practitioner (GP)/lemergency GP 228
To a psychologist or psychiatrist ...
To an other medical specialist (not at a hospital) .......
To a hospital out-patient clinic ..............cocecvvevivrnnne. 234
Admitted to a hospital ..............cccooovrrncccicscscciieecnes

To a physiotherapist ...

To a chiropractor ... 240

To aacupuncturist ... -
Toadentist ..o _ =
To a chiropodist ....

To an alternative practitioner (homoeopath, foot zone therapist, efc.)

To a healer, faith healer, clairvoyant ..................cc....... e
Do you have home aid? Yes No
PRVALE ..vooocevveceveesessesesissssssesssssessssaenens 7 |
Municipal ... a Qa
Do you receive home nursing care? ................... o Q0

Are you pleased with the health care and home

" ] " .. . 7 Donlt

assistance services in the municipality? Yes No  know
Assigned family GP ..................... J J
Home nursing care ...................... a J
Home assistance services [ J

Do you feel confident that you will receive health
care and home assistance services if you need it?

(00T Ts 1)L 28 1
NOt CONFIARNT ... -
VEIY UNSUIE ... sesss s s
DON't KNOW ..ottt sessssessessesssssees P

MEDICATION AND DIETARY SUPPLEMENTS

Have you for any length of time in the last 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 ..........ccccoviinmnciciciiieirscscsssse e 259 months
Sleeping Pills ... months
Tranquillizers ........ months
Antidepressants months
ATIRrgy Arugs ......coooevecereerieessseessseessessssesesseeees months
Asthma drugs ... months
Heart medicines (not blood pressure) ............... 271 months
INSUNIN (. months
Diabetes tablets ...........ccocoovvvvieiirciccccrecie months
Drugs for hypothyroidism (Thyroxine) ............. 277 months
Cortisone tablets .............cocoorniiinniinciiscciins months
Remedies for constipation .............cccccovveicrercnnnnes months
Dietary supplements:
Iron tablets ... 283 months
Vitamin D supplements ...........cccocouvennrninnescnenns months
Other vitamin supplements months
Calcium tablets or bone meal ............................ 289 months
Cod liver oil or fish oil capsules ............c.cccecueune. months
Do you have close relatives who can give Yes No
you help and support when you need it? ....... N R
If "Yes", who can give you help? .
SPOUSEIPAINET .....oooveveveeeeeereseeeeeseseeeseeeeeseeeeeee 204 [
ChILAIEN ...oocvveeeeeensssesssesssesssssnnees Jd
Others ... J
How many good friends do you have whom you
can talk confidentially with and who give you good
help when you need it? ..., 207 friends
Do not count people you live with, but do include
other relatives!
Yes No
Do you feel you have enough good friends?...2ee ‘A~

Do you feel that you belong to a community (group of people)
who can depend on each other and who feel committed to each
other (e.g. a political party, religious group, relatives, neighbours,
work place, or organisation)?

Strong sense of belonging ..............cccocvvinincnnne a0
Some sense of beloNging ............ccccooocoveeeessecervccie. Qe
NOt SUIE ... s s
Little or no sense of belonging ............cccccooereerrer. 4
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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 ..............cccvcvuce. at (A
1-2 imes @ MONN ........oovvevveieiieiiieiiiieiiieeeeeeeneeneeneeeee . P
Approximately once a Week ............ccocoeecvenrrinnnnnnan s
More than once a Week .......................ceeereersressnen 24
FOOD HABITS
Number
How many meals a day do you normally eat
(dinner and bread meals)? ...........cccocvnnnnininsinisninenes 302
How many times a week do you eat warm dinner? ........ 304
What kind of bread (bought or home-made) do you
usually eat?
Tick one or two boxes. White Light Ordinary Coarse Crisp
Bread textured brown brown  bread

The bread type is most similar to: _] | a a a
306 310

What kind of fat is normally used in cooking
(not on the bread) in your home?
Butter ...
Hard margarine .........cc.cccocvuvnnnnne
Soft margarine ............cccoerinnnne
Butter/margarine blend ..............cccoooiiiiniiiiiiiinnnn.
OIS ..ottt '

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

WELL BEING

How content do you generally feel with growing old?

GOOd ... s T
QUItE GOOD ..o . P
Up and down ............ooouuecureeecisenrseeiseeeseeeseees s
2 OO Q.

What is your view of the future?
Bright ...
NO £00 DA ... [
Quite worried
DArK ... s

TO BE ANSWERED BY WOMEN ONLY

MENSTRUATION

How old were you when you started

MeNStruating? ... 336 years

How old were you when you stopped menstruating? ......z3s

PREGNANCY

Children

years

How many children have you given birth to? ......... 340

If you have given birth, fill in for each child the year of birth
and approximately how many months you breastfed the child.
If you have given birth to more than 6 children, note their birth

Tick one box for each foodstuff. None Less 12 3or year and number of months you breastfed at the space provided
= than 1 more below for comments.
Milk of all types (glasses) .................. w4 O O O Child Year of birth: Numz‘:g:sft;zgf‘ths
Orange juice (glasses) ............cccooeeuunnee. a o O O 1 :
POtatoes ...........coovuvveerrerrieeesessseereessanas e o
Slices of bread in total (incl. crispbread) Qg O o0 2 Mg _
Slices of bread with B B 3
~fish (e.g. mackerel intomatosauce) 1 3 O 2 | 4
— cheese (e.g. Gouda/NONegia) .......cceveeenes o O 0O Q 5 358
— smoked cod caviare ..............c....... w2l QO [ (6
1 3 3 4
How many times per week do you normally Have you during pregnancy
eat the following foodstuffs? had high blood pressure and/or Yes No
Tick for all foodstuffs listed. proteinuria? ..o e ([
Less 20r
Never  than1 1 more If "Yes", during which pregnancy? Pregnancy
] First Later
Yoghurt T ——" ol I:I = FI High blood pressure ..........cc.ccoeueneenneennens a7 [ J
Boiled or fried gg ..........cccooovvvrmnnnns .a Qa a 0 Proteinuria % O 0
Breakfast cerealloatmeal’ etc' ......... 'j _J D D --------------------------------------------------
e B - coamuelip sy SHESTROGEN) S 5 e o0 8
- unprocessed meat ........................ o 0 B - L ESTROCEN
- fatty fish (e.g. salmon/red-fish)... ' J O | poyou use, or have you ever used estrogen:
—lean fish (e.g. cod) .........cccoouvnene ld 5 | Now Previously Never
- vegetables (fresh or cooked) ...... 4 'J d 1| Tablets or patches ............cccccoovovcccceeereessies w3 3 0
Carrots (fresh or cooked) ................ o J O d Cream or SUPPOSILOIES ..........ccceveeeveerereesnnnes wed J
Cauliflower/cabbage/broccoli ......... - J O a i ) hat brand d i ”
Apples/pears .............ccooocunereerinneen (W J Q D you use estrogen, what brand do you currently use«
Oranges, mandarins, etc. ............ 323 [ W [ [
1 2 3 4 PR 7
Your comments:

Thank you for the help! Remember to mail the form today!
Troms@ Health Survey
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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.ccoeuveveeuernees 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 -ovvvvvvvveeeeee e d
Very diffiCUlt ... Q

How many of the first three years of your life
- did you live in @ town/City? .........ccceveveceieiiiein 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? .....c.cveeeeeeee e, 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 ........cccccevvieiveeieeicecsiee, 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

Questionnaire 2 (<70 years), 4th Tromsg Survey
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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 .........cccoocovvvcvvvnez 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.ccceveeevereeeecieeiereeeereen. & &
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 .....cuvvieeiieieieieerereseee e .
LIVEr dISEASE ......cvvvvvrcieiciiereieie 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 haemorrhageris 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?..i77 '
If"Yes":

Is your cough productive ? .........cc.coovevevernrenee 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

Questionnaire 2 (<70 years), 4th Tromsg Survey
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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 .........cooovvieiiciiccce 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 ...veeeceee 0 227 months
Calcium tablets or bonemeal ...........cccooevvevviiciiiins ___months
Vitamin D supplements .........ccccoeevveeniiceisienenns months
Other vitamin supplements ............cccoeecverireenee, 233 months
Cod liver oil or fish oil capsules ..........c.cccceveeverennnee 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) ........ccovvvvnenee a
MiIgraing Arugs ........ceeevereerienieneeeee e B k)
Eczema cream/ointment .............ccocoeeeeeveerereresnennes 0 i
Heart medicines (not blood pressure) ...................... a3 3
Cholesterol lowering drugs ........cccoceneeeneerreeneeenens o L
SIEEPING PIllS ..o - O
TranQUIIlIZEIS .....c.cvvveeeeeeeeeeeeeee e a 0
ANtIAEPreSSants ........cooeerureereereieeeeeeeeeeeeeens a a
Other drugs for nervous conditions .............cccuv..... a
ANLACIAS ..o o A
Gastric UICET drUGS .........vveerreerrerieerieeieersnines g o
INSUNN oo g a
Diabetes tablets ...........cccovvereereeeeeree e - &
Drugs for hypothyroidism (Thyroxing) ..................... 3 &
Cortisone tablets ..o, s
Other MediCiNg(S) .......cvvvvevereeeeieiereee e - &

Dietary supplements E—_—
[FON ADIBLS ... A=
Calcium tablets or bonemeal ............ccccoooevvveeevennne. o o
Vitamin D SUPPIEMENLS ......cvevveveveeieieiere e 3
Other vitamin supplements ..........ccccoovvvriirnnnnn. s 1
Cod liver oil or fish oil CapSUIES .......ccuverrirceririirirines 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? ............ccccce. %1
Yes No

Do you feel you have enough good friends? ............ o

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 .........ccceevvvenene, 264 [ 1
1-2times amonth ......c.ceveeeceieeceeceeee e W )
Approximately once a Week ...........ccceeveevieererennnnn. s
More than once a WeeK .............ccccovvveciicvcrerenna, I

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: [_} | J B |

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 1 1 1 O [

T (CUDS) vvvveevereeresreeeseeeresneeeen 2 50 8 5 0

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 B e

- cheese (e.g. 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 - < < Ebl

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 ... . 4 1 1 1
-vegetables ..., o & &3 8 9 6
Mayonnaise, remoulade ............... g 3 9 8 8 0
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 o O Q Q
Sugar-free ("Light") soft drinks ... = 9 [
ChOCOIAtE ... 4 4 4d9 J 3 4
Waffles, cakes, €tc. .................. wd Wl
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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
ATEWHIMES ..o 2
1-2times @ MONtN ... s
1-2 tiMES @ WEEK ... 4
3 0ormore times @ Week .........cceeverereverieeieiniennn, J

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.ceverrerreeere e 822 kg

URINARY INCONTINENCE

How often do you suffer from urinary incontinence?

NEVET ..o s e 325 [
Not more than once @ MoNth .........oevveeeeeeveeeeeeereeean, N P
Two or more times a month .........cccovveevveevveeeeen, 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? .............cccocevnnen. 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 e R S R A BN SRR T A P T 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? .........ccovvvviviiniiinien. 386 years

Thank you for the help! Remember to mail the form today!
The Troms@ Health Survey
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Do not write here:
E13 (Municipdity)  (County) (Country) E15 (Mark)
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E1l. YOUR OWN HEALTH

What is your current state of health? (Tick only once)

Poor Not so good Good Very good
(11 HE: [1s [a
T
Do you have, or have you had?: Agtierrf]iést
Yes No
AStMA. ... OO
Chronic bronchitis/femphysema............... ] [
Diabetes ..o OO
OStEOPOTOSIS .ooovviiiiie e 1O
Fibromyalgia/chronic pain syndrome ..... ] [
Psychological problems for which you
have sought help .....cccoooveeiiiiiiiiee HpN
Aheart attack ..........cccceeeiiiiiiii e ] [
Angina pectoris (heart cramp) ................ 1O
Cerebral stroke/brain haemorrhage ........ ] [

Do you get pain or discomfort in the chest when: Yes No

Walking up hills, stairs, or walking fast on level ground? 0O

If you get such pain, do you usually:

Stop? Slow down?  Carry on at the same pace?
(s (]2 [Js
Yes No
If you stop, does the pain disappear 0 [0
Within 10 MIiNUEES? ..o
Yes No
Can such pain occur even if you are at rest?.... OO
E2. ILLNESS IN THE FAMILY
Have one or more of your parents or siblings had: T
Don't
A heart attack (heart wounds) or Yes  No know
angina pectoris (heart cramp) .........cccceeueee [] ] ]

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 ...

Heart attack

before age of 60 years [] L [ [ [] [
Asthma ..., [] [] [ [] [] []
cancer .....ccceeveeeecnnn [ [] [] [] [] ]
Diabetes .........cccce.... N [ [] [] [ [
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) Brother's  Sister's
Don't know, Mother's age Father'sage — 29¢ age Child's age
not applicable
[]

E3. COMPLAINTS

Below is alist of various problems.
Have you experienced any of this during the last week
(including today)?

! , No Little  Prett
(Tick once for each line) Y

complaint complaint much

Very
much

Sudden fear without reason ..........
Felt afraid or anxious ....................
Faintness or dizziness ..................
Felt tense or upset .........cccceevvveen.
Tend to blame yourself .................

Sleeping problems............cccccceeee.

N I Y o A O

Depressed, sad .........cccocvvereeennnns
Feeling of being useless, worthless .. | |

Feeling that everything is a struggle ||

Feeling of hopelessness with regard ]
to the future.

A I I O I B A
2 I I O
TS o I R

1

E4. TEETH, MUSCLE AND SKELETON

How many teeth have you lost/extracted? Numberofteeth
(disregard milk-teeth and wisdom teeth)

Have you been bothered by pain and/or stiffness in
muscles and joints during the last 4 weeks?

No Little Severe
complaint complaint complaint

Neck / shoulders .................... [ [] []
Arms, hands...........ccoeeeviennnns D D D
Upper part of the back .......... ] [] []
Lumbar regions .................... [ ] ]
Hips, legs, feet ......ccceevvnneen. D D D
Other places.........cccccovvernnnn. [ ] ]

€

Age

Have you ever had: last time

Yes No
Fracture in wrist/forearm? ...........ccccceee... 0O
Hip fracture?........ccceeviiviiiiiiec e Nl

Have you fallen down during the last year? (Tick once only)
No Yes, 1-2 times  Yes, more than 2 times

[]s 12 [1s

ES. EXERCISE AND PHYSICAL ACTIVITY

How has your physical activity been during this last year?
Think of a weekly average for the year.
Answer both questions.
Hours per week
None Lessthan1l 1-2 3 ormore
Light activity
(not sweating/out of breath)..... ] [] [] ]

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

1 2 3 4

E6. BODY WEIGHT

Estimate your body weight when you
were 25 years old: kg.

Questionnaire 1 (=70 years), 5th Tromsg Survey



Questionnaire 1 (=70 years), 5th Tromsg@ Survey

E7. EDUCATION

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

E8. FOOD AND BEVERAGES

Number of years

How often do you usually eat these foods?
(Tick once for each line)

E9. SMOKING

How many hours a day do you normally spend

in smoke-filled rooms? Number of total hours

Did any of the adults smoke at home YeDS NDO
while you were growing up? ......cccceeeeviineeenne

Do you currently, or did you previously live Yes  No
together with a daily smoker after your 20" [ [

Rarely 1-3times 1-3times 4-6times 1-2times 3 timesor phirthday?

/never  /month  /week /week /day  more /day
Fruit, berries ........... L [ L L N N
Cheese (all types) ... L [ [ L L L
Potatoes ................. L [ L L L N
Boiled vegetables .. L [] [ [ [ [
Fresh vegetralbles/saladD [] [] [ [ [
Fat fish (e.g. salmon, [] [] ] ] [] []
trout, mackerel, herring) 2 3 4 5 6
Do you use dietary supplements:  Yes,daily Sometimes No
Coad liver all, fish oil capsules ................ [ [ [
Vitamins and/or mineral supplements ... L L L
How much of the following do you usually drink?
(Tick once for each line)
Rarely 1-6 1 glass 2-3 4 glasses
] Inever glasses /day glasses or more
Full milk, full-fat curdled Iweek /day /day
milk, Yoghurt «......oveveveevrree.. [] [] [] [] []
Semi-skimmed milk, semi-skimmed
curdled milk, low-fat yoghurt ....... D D D D D
Skimmed milk, skimmed
curdled milk .........ccccceeeeee U U U U U
Extra semi-skimmed milk .... [ [] [] [] []
JUICE it [ [ [] [] []
Water ......ooeveeiiiiiiiiieiieeiis [ [ [] [] []
Soft drink, mineral water ..... [ [ [ [] []
1 2 3 4 5
How many cups of coffee and tea do you drink daily?
(Put 0 for the types you do not drink daily) Number of cups
T

Filtered coffee

Boiled coffee/coarsely ground coffee for brewing

Other type of coffee

Approximately, how often have you during the last year
consumed alcohol? (Do not count low-alcohol and alcohol-free beer)

Never Have not consumed A few times About 1 time
consumed alcohol alcohol last year Iaﬁyear a month
1 2 3 4
2-3 times About 1 time 2-3 times 4-7 times
per month a week a week a week
[s e [ 8
To those who have consumed the last year:
When you drink alcohol, how many
glasses or drinks do you normally drink? ~ Number

Approximately how many times during the last
year have you consumed alcohol equivalent to
5 glasses or drinks within 24 hours? Number of times

Yes, Yes,
now  previously Never
Do you/did you smoke daily? ................. [] [] []
If you have NEVER smoked daily;
Go to question E11 (BODILY FUNCTIONS AND SAFETY)
If you smoke daily now, do you smoke: Yes  No
CigarettesS?...cuuerieei e [ [
Cigars/CigarillosS? ........ccoviiiiiiiiiieiieee e O
A PIPE?. e [ [
If you previously smoked daily, how
long is it since you quit? Number of years
If you currently smoke, or have smoked
previously:
How many cigarettes do you or did you
normally smoke per day? Number of cigarettes
How old were you when you began
daily smoking? Age in years
How many years in all have
you smoked daily? Number of years
E10. BODILY FUNCTIONS AND SAFETY
Would you feel safe by walking alone in the evening
in the area where you live?
Yes A little unsafe Very unsafe
[ 123 ] []

When it comes to mobility, sight and hearing, can you:
(Tick once for each line)

Without ~ With some With great No

. problems  problems  problems
Take a 5 minute walk
in fairly high pace? ............... N N N N
Read ordinary text in newspaper,
if necessary with glasses? ......... L L L L
Hear what is said in a
normal conversation? ............ [] [] ] []
1 2 3 4

Do you because of chronic health problems have
difficulties with: (Tick once for each line) No Some  Great

difficulties difficulties difficulties

Move around in your home? ................. ] ]

Get out of your home by yourself? ....... ] ]

Participate in organization or other

leisure time activitiesS? .........ccccceecveennn L [

Use public transport? .........cccccevcvvennnnen. [ [
[] []

Perform necessary daily shopping? ......

Questionnaire 1 (=70 years), 5th Tromsg Survey
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Questionnaire 1 (=70 years), 5th Tromsg@ Survey

E1l. USE OF HEALTH SERVICES

How many times in the last 12 months
have you been to/used:

. : None 1-3 4 or
(Tick once for each line) times  more

A general practitioner (GP) .............. [
Specialist (private or out-patient clinic) [
Emergency GP (private or public).....
Hospital admission ............ccceeevvneee.
Home nursing care .........ccccecvveennnen.
Physiotherapist .........ccccoocveiieeennns
Chiropractor ........cccceeveiiiiiiiieieeers
Municipal home care ...........cccceee...

DENLiSt .vvvvvvvviiiiviiiiiieririeirrervreiieaeaas

OO
R O A O
OO0 nD o

Alternative practitioner .....................

Are you confident that you Don't know
will receive health care and [] ] []
home assistance if you need it? 1 2 3

E12. FAMILY AND FRIENDS

Do you live:  Athome? [] 1 In an institution/shared apartment?| | 5

Do you live with:

YES NO
Spouse/ partner?..........cccceeeeueee 0
Other people? ......ccccceeeviiiiinennn. 0

How many good friends do you have?

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
your children and other relatives........................

Number of
friends

How much interest do people show for what you do?

(Tick only once)
Great Some Little No Uncertain
interest interest interest interest

Dl Dz Da D4 Ds

How many associations, sport clubs,
groups, religious communities,

or similar do you take part in?

(write 0 if none)

Number

E13. CHILDHOOD/YOUTH AND AFFILIATION

How long altogether have you lived in the county? years
How long altogether have you lived in
the municipality? years

Where did you live most of the time before the age of 16?
(Tick one option and specify)

Same municipality......... [1a

Another municipality
in the county.................. [ 1> which one:

Another county in NorwayD 3 Which one:

Outside Norway ........... (14 Country:

Have you moved during the last five years? -

No Yes, once Yes, more than once

(s [ (s

E1l4. USE OF MEDICINES

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

Do you use?
(Tick once for each line)

Now previously, Never
but not now used

Blood pressure lowering drugs ............. [] N []
Cholesterol-lowering drugs ................... [ L [
Drugs for 0Steoporosis ........ccoccevvveeeennn. [] [] []
INSUIIN. ..o [] ] []
Tablets for diabetes ............cccoveiiiiinnns [] ] []
How often have you during the last 4 weeks used the 1
foI'Iowing medicine;? Notused Less Every week,
(Tick once for each line) irll tvr\]/g elizt th%\r;eleiery bL(tha ﬂ)?t Daily
Painkillers non-prescription........ N [] [] []
Painkillers on prescription ......... N [] [] []
Sleeping PillS.......ccoveeviiiieiiinnn, N [] [] []
Tranquillizers .........ccccccvvvvveeenen. L [ [ [
Antidepressants ........c.ccceee vveeen. N [] [] []
Other prescription medicines .... ? Dz D3 D4

State the name of the medicines you are using now and the
reason you are taking the medicines (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 Up to [One year
(one name per line): the medicine: 1year |or more

0 O O R I R
0 O O R I R

] O

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

E15. THE REST OF THE FORM IS TO
BE ANSWERED BY WOMEN ONLY

How old were you when you

started menstruating? Age in years

-
Q
How old were you when you S
stopped menstruating? Age in years 8
(3]
How many children have you Number of T
given birth to? children =y
m
Total number
Do you use, or have you ever used estrogen? of years =
Never Previously Now m
Tablets or patches ..................... ] g
3
Cream or suppositories ............. o o 8
If you use estrogen, which brand you use now? w
Yes No
Have you ever used contraceptives pills? ...... [] ]

Questionnaire 1 (=70 years), 5th Tromsg Survey
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Health
survey

Per sonal | nvitation

Don't write here J_

5.3 (Municipality) (County) (Country)
9.3 (Business) 9.4 (Occupation) 14.7 (Mark)
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Questionnaire 1 (<70 years), 5th Tromsg Survey

1. YOUR OWN HEALTH 3. OTHER COMPLAINTS

1.1 What is your current state of health? (Tick one only) 3.1 Below is alist of various problems. Have you exg)erienced
?

Poor Not 50 good Good Very good any of this during the last week (including today

(Tick once for each complaint) N Litt Pretty Vi
D ! D 2 D 8 D 4 complgint corlonaint nr1?1c>r/1 ne1[1¥:h
Sudden fear without reason .................... D D D D
12D have, or h had?: i . )
© you have, or have you ha Ag%,ﬁ{sl Felt afraid or anxious ...............cevvvvveveeens D D D D
Yes No T D D D D
ASTIMA. ..o D D FRINNESS OF dIZZINESS ..vvvssivvvsssnen
Felt tense or UpSet .......ccceeveeeeiiiiiiineennnne D D D D
Hay fever ... ] [ Tend to blame yourself .................ccoe. [] ] [] ]
D D Sleeping problems ..........ccccceeeeiiiiiiienenn. D D D D
Chronic bronchitis/lemphysema ...............
Py Depressed, sad ........ccccoveviviieieniiiiinneenn. D D D D
Diabetes ... D D Feeling of being useless, worthless ........
Feeling that everything is a struggle ...... D D D D
OSLEOPOIOSIS .....ococvveecevereseeeeeereren 1 ;%em%g hopelessness withregardto [ | [] [ []
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 SOUGNENEIP ...cvvvsvvrss s (Tick once for each line) None 1-3  4or
times  more
A heart attack ..........cccooeverveererenennnn, 1 General practitioner (GP) ..............c....... 00 0
Medical officer at work ............ccccceeueene D D
Angina pectoris (heart cramp) ................ NN Psychologist or psychiatrist ................... 0 0O O
(private or out-patient clinic)
Cerebral stroke/brain haemorrhage ......... 0O Other specialist (private or out-patient clinic) 0O O
Emergency GP (private or public) .............. D D D
1.3 Have you noticed attacks of sudden changes in Yes No Hospital admiSSion ...............ccocoovceenenn.. O O
your pulse or heart rhythm in the last year? .......... (][]
Home nursing care ..........ccccccevvcvvveeciinnn. D D D
1.4 Do you get pain or discomfort in the chest when: > N° T Physiotherapist 0 0O 0O
Walking up hills, stairs or walking fast on level ground? D D """"""""""""""""""""
Chiropractor ..........coccvvveeeeeiiiiiieee e D D D
1.5 If you get such pain, do you usually:
Stop? Slow down? Carry on at the same pace? DENMUST oo D D D
D 1 D 2 D 3 Alternative practitioner ................cccvveee... D D D
Yes No
1.6 If you stop, does the pain disappear within 0 [ 5. CHILDHOOD/YOUTH AND AFFILIATION
1O MINUEES? oottt
Yes No
5.1 How long altogether have you lived in the county? year
1.7 Can such pain occur even if you are at rest?........ D D (Put 0 if less than half a year)

2. MUSCULAR AND SKELETAL COMPLAINTS -

How long altogether have you lived in the municipality? year
2.1 Have you 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 ... Dl
Another municipality

AIMS, NaNGS oo D in the county .............. Dz Which one:

Upper part of your back... D

[]
[]
[]
Lumbar region ................. D D
[]
g

Another county in NorwayD3 Which one:

<) O 00 O
- OO0
SO0 O O O O

D Outside Norway ........ D4 Country::
HIPS, legs, feet .............. D 5.4 Have you moved within the last five years? 1
Other places ... 1 No Yes, onetime Yes, more than once
A
last ?i?ne D 1 D 2 D 3
2.2 Have you ever had: Yes No
Fracture in the wrist/forearm .................. D D 6. BODY WEIGHT
) D D 6.1 Estimate your body weight when you
Hip fracture?........ccccovvviiiiiiiiiicce, were 25 years old: kg

Questionnaire 1 (<70 years), 5th Tromsg Survey



7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

Questionnaire 1 (<70 years), 5th Tromsg Survey

7. FOOD AND BEVERAGES 8. SMOKING

How often do you usually eat these foods?
(Tick once per Iine) Rarely 1-3times 1-3times 4-6 times 1-2times 3times or
/never /month  /week /week /day  more /day

Fruit, berries ..............

1 O]

[
[
[

Fresh vegetables/salad D

Fatty fish (e.g. salmon, D
trout, mackerel, herring) |

Cheese (all types)......
Potatoes ...........ccceee.

Boiled vegetables ......

oo
NN
o 1000000 U
o [0

[
[
[
[

3 4
What type of fat do you usually use? (Tick once per line)
Don't Hard  Soft/light .
use Butter margarine margarine Oils  Other
On bread ...............
For cooking ........... D D D D D D

Do you use the following dietary
supplements:

Cod liver olil, fish oil capsules ..............

Yes, daily Sometimes No

[

I

How much of the following do you usually drink?

Vitamins and/or mineral supplements?

(Tick once per line) Rarely 1-6 1lglass 2-3 4 glasses
Inever gl /day gl or more
Full milk, full-fat curdled milk, Iweek /[day  [day

YOGNUIt ..o

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

Skimmed milk, skimmed
curdled milk ........c.cceeveveeienen.

Mineral water (e.g. Farris,
Ramlgsa etc)

Cola-containing soft drink .....

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

ST I I A Y O R O O
S I A O B R O O O
SO
S Y A A O I O O O

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

How many cups of coffee and tea do you drink daily? Number of cups
(Put 0 for the types you don't drink daily)

Filtered coffee .....uvviiiiii e
Boiled coffee/coarsely ground coffee for brewing .....

Other type of COffee ......cvvviiiiiiiiiiiie e,

Approximately how often have you during the last year
consumed alcohol? (Do not count low-alcohol and alcohol-free beer)

Never Have not consumed A few times About 1 time
consumed alcohol alcohol last year Iaﬁvear a month
1 2 3 D 4
2-3 times Aboutl time 2-3times 4-7 times
per month a week a week a week

s e [~

To those who have consumed the last year:

When you drink alcohol, how many
glasses or drinks do you normally drink?

s

number

Approximately how many times during the last
year have you consumed alcohol equivalent to
5 glasses or drinks within 24 hours?  Number of times

7.10 When you drink, do you normally drink: (Tick one or more)

Wine

]

Beer

[

Spirits

8.1

8.2

8.3

8.4

8.5

8.6

How many hours a day do you normally spend
in smoke-filled rooms? Number of total hours
Did any of the adults smoke at home Yes No
while you were growing up? ......cccoeeevvveeeniinnennne. [ [
Do you currently, or did you previously live
together with a daily smoker after your []
20" birthday?

Yes, now Yes, previously Never
Do you/did you smoke daily? ................. [] [] []
If NEVER: Go to question 9 : (EDUCATION AND WORK)
If you smoke daily now, do you smoke: Yes No
CIgAretteS?. ..o D D
Cigars/cigarillos?..........coooiiiiiiieiiiii e D D
A PIPE?. e D D
If you previously smoked daily, how
long is it since you quit? Number of years
If you currently smoke, or have smoked

previously:

How many cigarettes do you or did you
normally smoke per day? Number of cigarettes

How old were you when you began

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

9. EDUCATION AND WORK

9.1

9.2

9.3

9.4

9.5

9.6

Yes, ful-ime D 1 Yes, pattime D 2

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

Do you currently have paid work?

No Ds T

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.)

Business:
If retired, enter the former business and occupation.
Also applies to 9.4

Which occupation/title have or had you at this workplace?
(e.g. Secretary, teacher, industrial worker, nurse,
carpenter, manager, salesman, driver, etc.)

Occupation:

In your main occupation, do you work as self-employed,
as an employee or family member without regular salary?

Self-employed Employee Family member

Yes

[l

Do you believe that you are in danger of losing
your current work or income within the next
WO YEAIS? ..o

Do you receive any of the following benefits?

Sickness benefit (are on sick leave) ..........cccceeeennn.

Old age pension, early retirement (AFP) or
SUNVIVOT PENSION ...uiiiiiiieiiiiiiiee e

Rehabilitation/reintegration benefit .........................
Disability pension (full or partial) ...........ccoceeeriiiinnns
Unemployment benefits during unemployment .......

Social welfare benefits ............coeeeeeiii

OO on
I R R B -

Transition benefit for single parents ..............c.cce...

Questionnaire 1 (<70 years), 5th Tromsg Survey



Questionnaire 1 (<70 years), 5th Tromsg Survey

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 Lessthanl 1-2

I I N
I I

1 2 3 4

Light activity 3 or more

(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? ...........occovvviieeiiiiiiiiiee s e

(s
[ ]2

Walking, cycling or other forms of

exercise at least 4 hours a Week? ........cccceeeviiiiiiiiieiiinenns
(Include walking or cycling

to work, Sunday walk/stroll,etc.)

Participation in recreational sports, heavy gardening, etc.? D 3
(Note: duration of activity at least 4 hours a week)

Participation in hard training or sports competitions,
regularly several times a Week? ........cccceeviiiiiiieieniiiiiienn.

11. FAMILY AND FRIENDS

[ a

11.1 Do you live with: Yes No
SPOUSE/PANEI?......ceiiiiieiiiiiieiiieeiee 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
interest

1 DZ D3 D4

Little
interest

No
interest

Uncertain

HE

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

Some
interest

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

Yes, a lot Yes, some Yes, a little No l\tlﬁggr

L. Ll HE By 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)? ......ccoccveeiiiiinnn. 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..........cccoceeeen. D D D D D D
cancer .........ccceeeennn. D D D D D D
Diabetes ............cc...... D D D 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 Brothersage Sistersage Child's age

Don't know,
not applicable

[l

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

—|— Now Previously, Never

13.1 Do you use: but not now used
Blood pressure lowering drugs ............cce....

O o 0

Cholesterol-lowering drugs ........ccccceeevvveeen..

13.2 How often have you during the last 4 weeks used

the following medicines?  pnotused  Less Every week  Daily
. . i than every but not
(Tick once for each line) 'T‘E‘V‘;e'iit oot daily

Painkillers non-prescription ...

Painkillers on prescription

Sleeping pills

Tranquillizers

Antidepressants

Other prescription medicines ...

~ OO OO
~ OO
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

Reason for use of
the medicine

Name of the medicine:

Up to
(one name per line)

1year

[

1 year
or more|

[]

(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
P 1. [s [
14.4 How many children have you
given birth to? é\lﬁ;;gﬁ)e%rof
14.5 Do you use, or have you ever used?
(Tick once for each line) Before,
Now  but not now Never

Oral contraceptive pills/mini pill/
contraceptive injection

Hormonal intrauterine device (IUD)
(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

[
[

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?

Questionnaire 1 (<70 years), 5th Tromsg Survey
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Questionnaire 1, 6th Tromsga Survey

Tromso-
undersokelsen

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

Heart attack ............rvoeoorrrennenen N
Angina pectoris ...,
Stroke/brain hemorrhage.....................
Atrial fibrillation ...,

Chronic bronchitis/Emphysyma/COPD ....
Diabetes mellitus ...

Psychological problems (for which you
Y g P have sought help )
Low metabolism...........cccccooevevririnnnnn.
; ; 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

Questionnaire 1, 6th Tromsg Survey

Below you find a list of different situations.
Have you experienced some of them in the last week
(including today)? (Tick once for each complaint)

_|_ No Little Pretty Very

complaint complaint much  much
Sudden fear without reason (1 [ O [O

You felt afraid or

Feeling that life is a struggle [

Feeling of hopelessness with
regard to the future ... 0 O O

WOITI€A oo o O 0O O
Faintness or dizziness ........ O 0O 0O O
You felt tense or
UPSEL oo o O O 0O
Easily blamed yourself ......... O O 0O 0O
Sleeping problems ................ O O 0O 0O
Depressed, sad .........cccc.......... O O 0O O
You felt useless,
WOTthLESS .......cooovvveoeereveeeeerren, O O O 0O
O O O
O

USE OF HEALTH SERVICES

Have you during the past year 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 medical practitioner

(homeopath, acupuncturist, foot zone therapist,

herbal medical 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 ..................... OO |:|
Had consultation in a hospital without admission;

At psychiatric out-patient clinic L] [] |_|—_|

[ ]

Have you undergone any surgery during the last 3 years?

[] Yes [] No
_|_

At another out-patient clinic ... [1 [

]
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Do you take, or have you taken some of the
following medications? (Tick once for each line)

Age
Never . first
_|_ used Now Earlier ime
Drugs for high blood pressure (1 [ [ |_|—_|
Lipid lowering drugs ................ O O o |_|—_|
Drugs for heart disease ......... O O O |_|—_|
DIUretics ..o O O O |_|—_|
Medications for
0StEOPOroSiS ......ovvvas O o O |
INSULIN e O O O |
Tablets for diabetes ... O O O |_|—_|
Drugs for metabolism
Thyroxine/levaxin ................... O O O |_|—_|

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

Not used Less than  Every
the last every  week, but
4weeks  week ot gaily Daily

Painkillers on

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

prescription ... O [] []

L]
Sleeping pills....... O O ] ]
L]

Tranquillizers ... [] ] []

Antidepressants ..[] ] O L]

State the names of all medications -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 the space is not enough for all medications, use an additional
paper of your own.

When attending the survey centre 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/cohabitant ... O O
Other persons older than 18 years.. [1 [ |_|—_|
Persons younger than 18 years ........ N |:|

Tick for relatives who have or have had
Parents Children Siblings

Myocardial infarction ................... ] O
Myocardial infarction before 60 years [] ] ]
Angina pectoris ... Ll O 0O
Stroke/brain haemorrhage .......... L] [] []
OStEOPOrOSiS ........oooeeeeee L] O
Stomach/duodenal ulcer ... Ol L] L]
AStAMA oo O] [] []
Diabetes mellitus ............................ ] O O
Dementia ..., O O O
Psychological problems ............... | O] []
Drugs/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. sports 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 one)

Primary, 1-2 years secondary school

Vocational school
High secondary school (A-level)
College/university less than 4 years

Oo0odgog

College/university 4 years or more

What is your main occupation/activity? (Tick one)

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

] Unemployed [] Student/military service

|

Questionnaire 1, 6th Tromsg Survey
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Do you receive any of the following benefits?
Old-age, early retirement or survivor pension
Sickness benefit (are in a 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 households total taxable income last
year? Include income from work, social 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 outdoors 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 you activity varies much, for
example between summer and winter, then give
an average. The question refers only to the last
year. (Tick the one that fits best)

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

at least 4 hours a week (here including walking or
cycling to place of work, Sunday-walking, 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 more infrequently
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
since you stopped?

Number of

Numt [ ]

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

smoke per day?

Number of

cigarettes |_I—_|

How old were you when you began smoking daily?
Number of

Numt [ ]

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

Questionnaire 1, 6th Tromsg Survey
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Do you usually eat breakfast every day?

[] Yes [] No

How many units of fruits 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 per week do you eat hot dinner?

[ ]

How often do you usually eat these products?

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

Number

mth mth  week week day

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

(sausages/meatloaf/ meatballs) L] L] L] L] L]
Fruits, vegetables, berries[ ] O O O O
Lean fish ........cccccooovrvvnene. L] O O 0O O
Fat fish ..o, [] O O O O

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

How much do you normally 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

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 supplements?

Daily Sometimes No
Cod liver oil or fish oil capsules........ I N
Omega 3 capsules (fish oil, seal oil) ........ O O O
Vitamins and/or mineral supplements[] [ U

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

Are you currently pregnant?
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

During pregnancy, have you had high blood
pressure?

(] yes [ No

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

During pregnancy, have you had proteinuria?

[] Yes [] No
If yes, 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

IUD or Similar ..o, [] Yes [] No
Hormone treatment for
menopausal problems........................... L] Yes L1 No

When attending the survey centre you will get a
questionnaire about menstruation and possible use
of hormones. Write down on a paper the names of
all the hormones you have used and bring the paper
with you. You will also be asked whether your
mﬁnstruation have ceased and possibly when and
why.

Questionnaire 1, 6th Tromsg Survey



Appendix 11

Ultrasound protocol in The Tromsg Study

4™ 5" and 6 surveys



Ultrasound procedure, 4th and 5th Tromsg Surveys

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

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

. 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.

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

. 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.).

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

. 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.

. 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.

Ultrasound procedure, 4th and 5th Tromsg@ Surveys
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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

Ultrasound procedure, 4th and 5th Tromsg@ Surveys



11.

Ultrasound procedure, 4th and 5th Tromsg Surveys

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.c.,
“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.
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12. Scoring of plaque-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.
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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
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Procedure for measurements of intima-media thickness and plaques in the
right carotid artery. The Tromsg Study 2007-8.

10.

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.
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”.
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.
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.
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).
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. For optimization of uptakes, adjust
gain by turning knob marked 2D.
Plaque detection: Plaques are defined as an atherosclerotic lesion in the intima with focal
protrusion into the lumen of the artery comprising more than 50% of the adjacent intima
media thickness.
Plaques are registered in the following locations:

Far wall of common carotid artery

Near wall of common carotid artery

Far wall of bifurcation (bulb)

Near wall of bifurcation (bulb)

Far wall of internal carotid artery

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

Ultrasound procedure, 6thTromsg Survey
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Save images of plaques in every location. If there is more than one plaque in each segment,
choose the greater one for the image. When good, representative images are depicted on
the screen, select Freeze. Select the best image by turning the trackball. Name image with
correct label (i.e. PLAQUE_CCA_FAR_WALL) by selecting HOME at keyboard, hit select
several times to choose right label. Save image by selecting IMG store. Select Freeze once
more to remove freeze of cine loop.

Plaque images should be used for detection of plaque thickness, plaque area and plaque
echogenicity (GSM). As a main rule, one representative image from each location should be
used for both size and echogenicity 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 images of the same plaque. Label plaque to
show localization and purpose of measurement, eg: PLAQUE_CCA_FAR_WALL AREA for area
measurement, PLAQUE_CCA_FAR_WALL ECHO for echogenicity measurements. If there are
no plaques in in any part of the artery, capture one representative image of the artery and
label as NO_PLAQUES.

Continue with R-triggered uptakes of the intima-media thickness in the distal part of
common carotid artery (far wall and near wall) and in the bifurcation (far wall). It is
important to depict each segment of the artery (CCA, bulb) so that the ultrasound beam is
perpendicular on the longitudinal axis of the artery. Furthermore, IMT should be measured
in a full diameter of the artery. Ideally, the artery should be depicted horizontally on the
screen with visualization of the typical “double line” contour of the intima media complex in
both near and far wall.

Start with CCA. 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 images. Select Freeze
and choose the three most representative images, which should be at least 10 images apart
and save. Each image 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 (divergence of parallel walls). It is important to place the
+ as precisely as possible. To end ECG trigging, select ECG TRIG once more (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 images not good enough for measuring 1 cm, but is of sufficient quality in a shorter
segment, this segment 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 the 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 images should be labeled IMT_CCA_MISSING and/or
IMT_BULB_MISSING.

Ultrasound procedure, 6thTromsg Survey
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Participants who fulfill one of the following criteria should be referred to the Department of
Neurology’s outpatient clinic:
a. Plaque in the CCA, bifurcation or ICA with s possible or definite maximum
thickness of 250% of the original lumen diameter (stenosis).
b. Possible or definite occlusion of the CCA, bifurcation or ICA.
Technical difficulties which arises any doubt as to whether the above mentioned
criteria are fulfilled.

The participant should be informed about the 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. The referral will for most persons
act as a safety precaution, ensuring that preventive measures can be installed.

Save 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 deliver to mail administrators 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 images (Save all), select images for
saving (Select) or not to save images (None). Normally select Save All, or Select if there are
images 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.

Ultrasound procedure, 6thTromsg Survey



	Thesis -endelig versjon3
	Papers
	Forside Paper I
	Paper 1-Supplememental Material-2
	Forside Paper II
	Paper 2
	Paper 2-Supplememental Material-2
	Forside Paper III
	Paper 3--Supplememental Material
	Erratum til paper 3

	Forslag til erratum
	Appendix
	Forside Appendix 1b
	Appendix
	Appendix 1 Invitation T4 1st visit
	Slide 1
	Slide 2

	Appendix 1 Invitation T4 2nd visit
	Slide 1
	Slide 2

	Appendix 1 Invitation T5 1st visit
	Slide 1
	Slide 2
	Slide 3
	Slide 4

	Appendix 1 Invitation T5 2nd visit
	Slide 1

	Appendix 1 Invitation T6
	Forside Appendix 2
	T4_Q1
	Slide 1
	Slide 2

	Appendix 2Questionnaire T4 for subjects over 70
	Slide 1
	Slide 2
	Slide 3
	Slide 4

	Appendix 2Questionnaire T4 for subjects under 70
	Slide 1
	Slide 2
	Slide 3
	Slide 4

	Appendix 2Questionnaire T5 for subjects over 70
	Slide 1
	Slide 2
	Slide 3
	Slide 4

	Appendix 2Questionnaire T5 for subjects under 70
	Slide 1
	Slide 2
	Slide 3
	Slide 4

	Questionnauire 6
	Q6 side 1
	Q6 side 2
	T6 side3
	T6 side-4

	Forside Appendix 3
	Appendix 3 Procedures for carotid ultrasound measurements T4 and T5
	Appendix 3 Procedures for carotid ultrasound measurements Tromsø 6





