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Summary

Cardiovascular disease (CVD) is a major cause of mortality and morbidity and an economic
burden for society, calling for an active preventive approach. The risk factors for CVD are
multifactorial, and the key risk factors include age, sex, family history, elevated cholesterol
and blood pressure, smoking, diabetes, physical inactivity, unhealthy diet, and obesity.
Several risk factors combined may lead to a high total CVD risk. Thus, primary prevention
guidelines recommend using multivariable risk assessment prediction tools to identify
individuals with a high total CVD risk to initiate measures through lifestyle modifications or

medication to lower CVD risk.

The overall aims of this thesis were to study risk assessment of CVD and total CVD risk by
the NORRISK 2 score, which estimates the 10-year risk of fatal and non-fatal myocardial
infarction and stroke, and the primary prevention of CVD in a general population. We used
data from the Tromse Study, an ongoing population-based study consisting of repeated health
surveys. The papers in this thesis used data from Tromseg6 (2007-2008) and Tromse7 (2015-
2016). In Paper 1, we observed a reduction in total CVD risk in a general population between
Tromse6 and Tromse7 and a change in distribution from higher to lower risk categories
between the surveys. Further, the main contributors of the risk factors included in the
NORRISK 2 score to the total score were age, total cholesterol, blood pressure, and smoking,
with some variation between sex and age groups. Furthermore, we found that total CVD risk
increased during follow-up in the longitudinal analysis. However, when we set the age to
baseline age (age held constant), the total CVD risk remained stable or decreased, confirming
the contribution of age to the NORRISK 2 score and the effect of reduction in several
modifiable risk factors. Paper 2 demonstrated how the NORRISK 2 score and the current
national primary prevention guidelines increase the population proportion at risk by 3.4
percentage points compared to the former risk assessment tool NORRISK and the 2009
prevention guidelines. Finally, in Paper 3, we followed individuals with a high CVD risk
between Tromse6 and Tromse7, finding several positive changes in CVD risk factors.
However, less than 10% of the study sample achieved all treatment targets of lipids, blood

pressure, and non-smoking. Further, we found that medication use was the strongest
XIII



characteristic associated with reaching treatment targets. Moreover, those with the highest
risk of CVD have the lowest probability of achieving the treatment targets and thus reducing
their risk of CVD.

In summary, we observed a reduction in total CVD risk and favourable changes in several risk
factors in the general population over time, as well as an increase in the population proportion
identified as high risk and eligible for intervention using NORRISK 2 score and the current
primary prevention guidelines compared to the previous risk score and guidelines. An
increased population proportion at risk could lead to a significant challenge for the primary
health care system but is also an opportunity to prevent more high-risk individuals from
developing CVD. We also found advantageous changes in several risk factors in those at high
risk. However, the proportion reaching treatment targets is suboptimal, demonstrating the

great potential for improvements in the primary prevention of CVD.
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Sammendrag

Hjerte- og karsykdommer er en vanlig arsak til dedelighet, sykelighet og er en gkonomisk
belastning for samfunnet, og det kreves en aktiv forebyggende tilneerming. Risikofaktorene er
multifaktorielle, og de viktigste risikofaktorene inkluderer alder, kjonn, familiehistorie,
forhayet kolesterol og blodtrykk, rayking, diabetes, fysisk inaktivitet, usunt kosthold og
fedme. Nivaet av en enkelt risikofaktor kan vere lav, men effekten av flere risikofaktorer kan
sammenlagt fore til en forheyet risiko for hjerte- og karsykdommer. P4 bakgrunn av dette
anbefaler retningslinjene for primarforebygging for hjerte- og karsykdommer at det brukes
risikoskéringsverktey for & identifisere individer med hoy totalrisiko for & igangsette tiltak
gjennom livsstils intervensjoner eller medisinsk behandling for & redusere risikoen for a

utvikle hjerte- og karsykdommer.

Formalet med denne avhandlingen var & undersoke risikoskaring for hjerte- og karsykdommer
ved hjelp av NORRISK 2 som estimerer 10-ars risiko for akutt hjerteinfarkt eller hjerneslag,
inkludert kardiovaskuler ded, og videre studere primarforebygging av hjerte- og
karsykdommer i befolkningen. Det ble benyttet data fra den befolkningsbaserte
Tromseundersokelsen bestaende av gjentatte og repeterte helseundersokelser. Artiklene 1
denne avhandlingen er basert pa data fra Tromse6 (2007-2008) og Tromse7 (2015-2016). 1
den forste artikkelen ble det observert en reduksjon 1 totalrisiko for hjerte- og karsykdommer 1
befolkningen mellom Tromse6 og Tromse7, hvor faerre ble identifisert til & vare i1 hoy risiko i
Tromseg7 sammenlignet med Tromse6. Blant risikofaktorene inkludert i NORRISK 2 skaren
er det alder, total kolesterol, systolisk blodtrykk og daglig reyking som bidrar mest 1 skaren,
med noen variasjoner mellom kjonn og aldersgrupper. I den longitudinelle analysen ekte den
totale risikoen i1 oppfelgingsperioden, men nér aldersvariabelen ble holdt konstant forble den
totale risikoen uendret eller lavere. Dette funnet bekrefter betydningen av alder i skéren, men
som ogsa belyser effekten av endringer 1 flere av de modifiserbare risikofaktorene. I den
andre artikkelen ble det demonstrert hvordan NORRISK 2 skéren og de gjeldende nasjonale
retningslinjene for primaerforebygging eker andelen som blir beregnet som hey risiko for
hjerte- og karsykdommer med 3.4 prosentpoeng sammenlignet med det tidligere

skaringsverktayet NORRISK og retningslinjene fra 2009. I den tredje artikkelen ble individer
XV



med hoy risiko for hjerte- og karsykdommer fulgt mellom Tromse6 og Tromse7 hvor det var
flere positive endringer i risikofaktorer. Midlertidig sa var det faerre enn 10% som oppnadde
alle behandlingsmalene for kolesterol, blodtrykk og reyking. Medisinbruk var den faktoren
som var sterkest assosiert med méloppnéelse. Videre var det slik at de med hoyest total risiko
var de som hadde lavest sannsynlighet for nd behandlingsmélene og redusere sin risiko for

hjerte- og karsykdom.

For & oppsummere, denne avhandlingen har demonstrert en reduksjon 1 totalrisiko for hjerte-
og karsykdommer og flere positive endringer i flere risikofaktorer i befolkningen over tid. I
tillegg ble det vist at NORRISK 2 skéren og de gjeldende retningslinjer for
primarforebygging gker populasjonsandelen som blir beregnet som hoy risiko sammenlignet
med den forrige risikoskaren og de tilherende retningslinjene. Dette er noe som forer til en
storre utfordring for helsevesenet, pa den andre siden kan man forebygge at flere i hoy risiko
utvikler hjerte- og karsykdom. Videre, blant individer med hey risiko var det flere gunstige
endringer 1 risikofaktorer over tid. Andelen som oppnar behandlingsmalene er ikke optimal,
noe som viser at det foreligger et stort potensiale for forbedring i primaerforebygging av

hjerte- og karsykdommer.
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1 Introduction

The main topic of this thesis is primary prevention and risk assessment of cardiovascular
disease (CVD), and centres around the current Norwegian risk assessment tool NORRISK 2,
which estimates the 10-year risk of fatal and non-fatal CVD (1). CVD is diseases of the
circulatory system, which includes the heart and the blood vessels, where coronary heart
disease (CHD) and cerebral stroke (stroke) are the two main types of diseases (2). Key risk
factors for CVD are age, sex, smoking, hypertension, hypercholesterolemia, diabetes, obesity,
and physical inactivity (2). Prevention of CVD focuses on identifying and managing the risk
factors, and prevention strategies can be directed both at the populational and individual level
(2). Strategies directed at the populational level can be where extensive changes in risk factors
are made through different measures, such as tobacco control laws. At an individual level, a
widely recognised approach is identifying high-risk individuals (3, 4). The level of a single
CVD risk factor might be low, but the contribution of several risk factors simultaneously can
lead to a high total CVD risk (5). Thus, primary prevention guidelines recommend using
multivariable risk assessment prediction tools to estimate the risk of identifying individuals at
high total risk of CVD and guide clinical decision-making on initiating or intensifying

measures through lifestyle interventions or medication to lower CVD risk (6).

CVD is a leading cause of mortality worldwide, with an estimation of 17.9 million deaths in
2019, representing 32% of all global deaths (7). In Europe, 3.9 million deaths are yearly
caused by CVD, which is 45% of all deaths in Europe, and CVD is thus a leading cause of
mortality and a major cause of morbidity (8). Despite that CVD mortality is now decreasing
in nearly all European countries (9), The World Health Organization (WHO) estimates that
80% of all premature CVD events in high-risk individuals is preventable (10). Surveillance of
risk factors and diseases, such as CVD, can provide important information needed for
policymakers to prioritise and establish health policies (11). Previous research with data from
Norwegian population-based studies has demonstrated favourable changes in single risk
factors such as blood pressure (12-14), cholesterol levels (15, 16), and smoking prevalence
(17, 18) in the Norwegian population. However, studies of trends in total CVD risk are

lacking.



The overall objective in the primary prevention of CVD is to prevent the manifestation or
postpone the onset of disease (19, 20). The CVD prevention guidelines aim to provide health
professionals with updated evidence in risk assessment and which measures to initiate to
reduce risk (19-21). The European primary prevention guidelines have been updated at
regular intervals since the first was presented in 1994 (19, 22-27). In Norway, the first
multifactorial guideline was presented in 2009 (28), and included the first Norwegian risk
assessment tool, the NORRISK score, which estimates the 10-year risk of fatal CVD (29). In
2017, the current Norwegian guideline was introduced (20). The updated guideline included
the NORRISK 2 score, which included the estimation of both fatal and non-fatal CVD (1).
The updates of the guidelines have led to new or revised risk assessment tools, new thresholds
for defining individuals at high risk of CVD, and changed treatment targets for primary
prevention. Modifications in the guidelines and changes in risk assessment tools have
contributed to some debate, given that this could lead to a larger proportion of individuals
being identified as high-risk. Hence, a more significant proportion needs lifestyle changes and
potentially medication therapy (30, 31). Prevention of disease and health promotion is an
essential task for the general practitioner (GP). The GP is a ground pillar in the healthcare
system providing primary and preventive healthcare for the patient and working as a link
between other parts of the healthcare system (32). Although NORRISK 2 and the updated
prevention guidelines are tools that influence a GPs workload and everyday life in clinical
practice that also affects many high-risk individuals, only a small amount of research on the
Norwegian risk assessment tools and primary prevention guidelines has been performed after

its implementation.

Primary prevention of CVD and management of cardiovascular risk factors are of interest to
those working with public health issues related to the burden of CVD. Furthermore, this is an
area affecting clinical practice. Therefore, the GP or other health personnel have to identify
high-risk individuals and initiate measures to manage risk factors. Measures to reduce risk
could include advice on smoking cessation, physical activity, and dietary lifestyle changes or
the initiation of medication therapy (20). For the individual identified at high risk of CVD,
this means addressing their habits and lifestyle and potentially being prescribed a lipid or
blood pressure lowering medication to reduce their risk of CVD. In addition, the GP is
recommended to initiate measures that aim to achieve the guideline-defined treatment targets

for the high-risk individual (19-21).



Previously performed studies have demonstrated that individuals with a high risk of CVD do
not reduce their risk as necessary (33-35), and studies on target achievement among those
with hypercholesterolemia shown that the proportion who achieve treatment targets is
suboptimal (36-38). The same applies to studies on target achievement among individuals
with hypertension (39-41). The common conclusion of these studies is that there is still a need
for improvements in the primary prevention of CVD. Despite the declining CVD mortality
rates in Europe (9) and Norway (42), the burden of CVD is still vast for the society,
healthcare workers, and individuals at high risk. Hence, CVD is one of the most demanding
public health issues. Consequently, this leads to a need to focus on the primary prevention of
CVD, monitor cardiovascular disease risk in the population, and for more research on this

topic.

1.1 Cardiovascular disease

CVD is an umbrella term for several diseases of the circulatory system, and this thesis
concerns descriptive epidemiology on the risk factors and the risk of fatal and non-fatal CVD
of two groups of diseases in particular; CHD and ischaemic stroke (2, 7). CHD is the most
common form of heart disease occurring when one or more of the coronary arteries are
blocked or narrowed. CHD can cause angina pectoris or myocardial infarctions (MI) (2, 7).
Stroke or cerebrovascular disease is an acute neurological injury leading to the sudden death
of brain cells. A stroke can be caused by ischemia by occlusion of the arteries due to
thrombosis, embolism, or systemic hypoperfusion (2, 7). Common to many of the CVDs is
the underlying pathophysiology process known as atherosclerosis (43), where several risk
factors contribute to the accumulation of this process. Atherosclerosis is a build-up of
fibrofatty lesions called plaque in the artery wall, in which the arteries are stiffened and
thickened, leading to impaired circulation and lack of oxygen supply to the heart muscle,
brain, or extremities, which may cause an ischemic condition in the tissue (43, 44).
Atherosclerosis is a chronic inflammatory condition, and the development is due to a gradual
accumulation of lipids and fibrous components. Low-density lipoprotein (LDL) is an
important factor in the process of atherosclerosis. The other risk factors such as elevated
blood pressure, dyslipidaemia, diabetes, smoking, obesity, and unhealthy diet also contributes

to the atherosclerosis process. (43, 44).



1.1.1 Epidemiology of cardiovascular disease in Norway

Mortality caused by CVD has declined in Norway since the peak in the 1970s (42). The
declining mortality rates by CVD is a reflection of the decline in mortality from CHD and
stroke. CVD has been the leading cause of death in Norway for several decades; however,
today cancer is an almost as frequent cause of death as CVD (45). The number of new CVD
cases is also declining in Norway. Between the years 2001 and 2014, the decline in the
incidence of acute M1 was 2.8% per year among women and 2.6% among men (46). In the
Tromse Study there was an overall 24% decrease in stroke incidence between 1995-2010 with
some age, sex, and time variation (47). Improved screening and prevention, improved medical
treatment including drug treatment and percutaneous intervention on the coronary arteries are
some of the explanations of the decline in the morbidity and mortality of CVD (42, 48). In the
Tromse Study, advantageous changes in modifiable risk factors accounted for 66% of the
decline in incident MI between 1994-2008, where a reduction in total cholesterol, blood
pressure and smoking and less physical inactivity were the risk factors contributing most to

the decline (48).

1.2 A historical throwback on risk factors, guidelines, and
risk assessment scoring

This chapter includes a brief historical throwback on the discovery of the conventional CVD
risk factors, primary prevention guidelines, and risk assessment tools for CVD. Further, an
overview of the concept of risk assessment scoring and its role in primary prevention is

introduced.

1.2.1 The history of the discovery of cardiovascular risk factors

Hypercholesterolemia, hypertension, smoking and diabetes are considered the four major
conventional risk factors for CVD. The role of cholesterol in the pathogenesis of
atherosclerosis was proposed in 1913 by the Russian experimental pathologist Nikolai

Anitschkow (49, 50). His work is considered the first significant step in identifying



cholesterol as a risk factor for CVD. Anitschkow and one of his medical students, Chalatow
fed rabbits purified cholesterol from egg yolks and dissolved it in sunflower oil. Within weeks
their arteries started to show signs of lesions rich in “lipoids.” (50, 51). In the 1950s, John
Gofman “the father of clinical lipidology” was responsible for a breakthrough in
ultracentrifuge research in lipoproteins. Gofman revealed the association between cholesterol
and MI, and that cholesterol contained LDL cholesterol, and observed that high levels of HDL
was inversely associated with MI (49, 50, 52).

The first measurement of blood pressure were performed already in 1733 by Stephen Hales, a
British physiologist and chemist (53). The invention of the cuff-made mercury
sphygmomanometer in 1896 by doctor Scipione Riva-Rocci, and the discovery of the heart
sounds by physician Nikolai Korotkoff was essential to define systolic and diastolic blood
pressure (54, 55). This knowledge led to a focus on blood pressure, and in 1928, the term
malignant hypertension was proposed by Keith et al. (56, 57)

The use of tobacco was common when Christopher Colombo arrived in North America in
1492, where tobacco was not only used for smoking, it was chewed, eaten, drunk like tea,
smeared over the body to kill lice and parasites, and used as analgetic and antiseptics (58).
Smoking was heavily marketed during the first world war, and advertising and massive
campaigns contributed to the widespread of cigarette smoking (59).The major evidence in the
modern history of the health effects of smoking came in the 1950s with the publication of

four retrospective studies of smoking habits and lung cancer (58, 60, 61).

Thomas Willis an English physician born in 1621 was the first European to describe the
sweetness of the urine in diabetes and attributed this to eating habits and psychological status
(62, 63). Claude Bernhard, a French physiologist, is known for his contribution to the study of
metabolism and diabetes, and in 1855 Bernhard isolated glycogen (64). In 1889 the two
German physicians, Minkowski and von Meering, discovered the role of the pancreas in
diabetes (65) this was an important finding leading the way for the work in the discovery of
insulin. The Canadian researchers Banting, Best, Macleod, and Collip executed several
experiments leading to the discovery, isolation, and structural classification of insulin. In
1922, the first experiment with insulin in humans were performed and found glucose levels to

drop significantly (63, 65). The impact of hypercholesterolemia, hypertension, smoking and



diabetes on CVD risk has been studied extensively after their discovery, but gained severe

momentum in research in the 1950s.

1.2.2 From concepts of risk factor to risk scoring and primary prevention
guidelines

After World War 2, CHD was recognised as an epidemic when CVD had become the leading
cause of death in western societies. In the United States, this led to the formation of the
National Heart, Lung, and Blood Institute, which initiated the Framingham Heart Study in
1948 (66). This population-based cohort study on the consequences of CVD led to its initial
publication in 1961 and introduced the concepts of risk factors for the development of CHD
(67). Further, the knowledge gained from the cohort study led to the development of the first
risk prediction tool: The Framingham Risk Score was developed and presented in 1976, the
risk score which included a general cardiovascular endpoint; CHD, stroke, claudication and

heart failure (68).

In America and Europe, different programs and recommendations in the management of
cardiovascular risk factors were presented, but in the beginning, they were single risk factor
centred (69). In Norway, the first guideline on hypertension was published in 1986 (70), and
revised in 1993 by the Norwegian College of General Practitioners (NSAM) (71). Nationally
there were large debates regarding the definition of hypertension and hypercholesterolemia,
about guidelines in general, and when to initiate treatment. Much of the criticism came from
the fact that many studies were initiated from drug companies and were therefore considered

not objective or independent (71).

The first European primary prevention guidelines from the European Society of Cardiology,
European Atherosclerosis Society, and European Society of Hypertension were presented in
1994 (22), and have been updated at regular intervals since then. In 1998, an updated version
of the guidelines was introduced (23), which included the most broadly used risk score; the
Framingham Risk Score for 10-year risk for coronary heart disease (72), and since then,

several other risk scores have been developed.



1.3 The risk factors for cardiovascular disease

CVD is a multifactorial disease, and several risk factors can increase the risk of developing
disease. A distinction is often made between non-modifiable and modifiable risk factors.
Non-modifiable and modifiable risk factors act both together and independently (19, 73).
Non-modifiable risk factors include age, sex, family history, and ethnicity, whereas
modifiable risk factors include (but are not limited to) hypertension, dyslipidaemias, diabetes,
smoking, excessive alcohol consumption, physical inactivity, unhealthy diet, and obesity (2,
73). Other risk factors are low socioeconomic status, psychological distress, and
environmental factors such as air pollution. In this chapter, a selection of the risk factors will

be described in more detail, while others will be mentioned only briefly.

1.3.1 Non-modifiable risk factors

Age and sex

Age is the most important determinant of cardiovascular health, and aging is associated with a
decline in several physiological processes where the circulatory system is affected, leading to
an increased risk of CVD (74). Age is an independent risk factor for CVD (75, 76). However,
increasing age also contributes to increased exposure time to other CVD risk factors. Stroke is
more likely to be the first manifestation of CVD in women (77, 78), whereas, in men, CHD is
more common (78, 79). The risk of MI increases with age in both sexes. Studies have found
that men overall have twice the risk of MI compared to women (80). On average, women
have their first MI 6-10 years later than men (81). Studies have also found sex differences in
risk of stroke, where the risk of stroke is higher in men than in women, but women experience
more severe strokes (82). At age 55, the overall lifetime risk of CVD were 66.4% in women
and 67.1% for men (78). The lifetime risk of first manifestations of CVD in women were
16.9% in women and 27.2% in men for CHD, and 29.8% and 22.8% for stroke, respectively
(78). The risk factors for CVD contribute to the overall risk differently between women and

men (81).



Family history

A family history of CHD is an independent risk factor for CVD (83). It has been questioned
whether a family history of CHD is due to a genetic component or the shared lifestyle
affecting modifiable risk factors. It is suggested that genes play an important role, but the

underlying genetic mechanisms are not completely understood (84, 85).

Ethnicity

Different ethnic groups are disproportionally at higher risk of CVD, including both CHD and
stroke (86). A systematic review found ethnic differences in several CVD risk factors, which
could be due to both biological, social and environmental determinants (87). The prevalence
of risk factors for CVD is found to explain to a large degree the difference in risk within
ethnic groups, but cannot entirely explain the distinctions in CVD risk between different

ethnic groups, and it is proposed that other explanations might exist (86).

1.3.2 Modifiable risk factors

Blood lipids

Dyslipidaemia occurs when there are abnormal levels of blood lipids. Total cholesterol is a
measure of the total amount of cholesterol in the blood and includes LDL cholesterol (Low-
Density Lipoprotein), HDL cholesterol (High-Density lipoproteins), and triglycerides.
Elevated levels of LDL are associated with increased CVD risk, and in contrast, high HDL is
inversely associated with CVD (88). Triglycerides' independent impact on CVD risk has been
more debated and is considered more uncertain (89, 90). Total cholesterol is positively
associated with CHD incidence and mortality in both sexes, and this association decreases
with age (91). Overall, total cholesterol levels are similar among both sexes, but women have
lower levels of LDL cholesterol and triglycerides, and higher levels of HDL cholesterol,
hence; a more favourable lipid profile compared to men (92). One study found for every one

mmol/L increment in total cholesterol, the risk of CHD increase by 20% in women and 24%



in men. The association between total cholesterol and stroke is generally weaker (93), but
several studies have found an association between dyslipidaemia and stroke (91, 94, 95).
Studies have demonstrated that a reduction in total cholesterol and LDL cholesterol is
associated with a decrease in the incidence of CVD (91, 96, 97), where lowering LDL
cholesterol by one mmol/L is associated with a 23% relative risk reduction of major vascular

events (98).

Blood pressure and hypertension

Elevated blood pressure is a leading preventable cause of CVD morbidity and mortality and is
a major global disease burden (99, 100). Hypertension is commonly defined as systolic blood
pressure (SBP) 140 mmHg and/or diastolic blood pressure (DBP) 90 mmHg (101). Studies
have indicated a continuous association between blood pressure and total mortality (102), and
the risk of death from CHD or stroke increases linearly in both SBP and DBP, and a there is
found to be a doubling in the risk of CHD and stroke with every 20 mmHg increase in SBP
and 10 mmHg in DBP, starting from as low as SBP 115 mmHg and DBP 75 mmHg (19, 103)
SBP and DBP are positively associated with CVD independently of age, but different age
thresholds have been observed for when blood pressure starts to be associated (102). Men
have higher blood pressure than women (104) but, during a life course, women experience a
steeper increase in blood pressure in the third decade of life which continues throughout life
(105). Overall, the prevalence of hypertension is similar among women and men, but at a
younger age, the prevalence is higher among men, whereas the prevalence is highest among
women at an older age (106, 107). Lowering systolic blood pressure is associated with a

reduced risk of CVD, where the lowest risk is found between 120-124 mmHg (108).

Smoking

Smoking is a major health hazard and impacts all phases of the atherosclerotic phase (109).
Many of the mechanisms involved are unknown, but smoking increases inflammation,
thrombosis, and oxidation of LDL cholesterol and impacts both lipid profile and blood
pressure levels. Both passive and active smoking predispose to cardiovascular events (109).

There seems to be a dose-dependent relationship in smoking, where a smoker's risk of CVD,



increases with the number of cigarettes (110). The risk of CVD is highest among current and
recent smokers compared to never smokers and those who stopped smoking in the more
distant past (60). However, one study found current smokers to have a doubled risk of
developing CVD compared to individuals who have never smoked, and the mortality from
CVD is almost tripled in current smokers versus never smokers (111). The relative risk from
current smoking is greater at younger ages, and the risk of CVD in smokers under 50 years is
fivefold higher than in non-smokers (112). Studies have found sex differences in the smoking
influence of CVD risk; Female smokers have a higher risk of CHD compared to male
smokers (113), an increase which is significant after adjusting for other known risk factors
(114). A sex difference is also present in the risk of stroke and stroke mortality, especially

high in women at older ages (115, 116).

Diabetes

Diabetes is a chronic metabolic disease (117). In Type 1 diabetes, the pancreas produces little
or no insulin leading to increased blood glucose levels. Type 2 diabetes is the most common
diabetes type. The pathogenesis of type 2 diabetes is complex and is characterised by
hyperglycaemia, relative insulin resistance and impaired secretion of insulin (118). Raised
blood (hyperglycaemia) glucose levels over time can lead to damage to the blood vessels, the
kidneys, nerves, and the heart (117). The risk of CVD in individuals with diabetes is about
two-threefold compared to those without diabetes (119). Individuals with diabetes tend to also
have higher systolic blood pressure, total cholesterol, BMI and waist circumference, and
lower HDL cholesterol (120). There are also found sex differences in the risk of CVD, where
women with diabetes have about 40% higher risk of CHD compared to men with diabetes
(120) and a 27% higher risk of stroke when adjusting for other cardiovascular risk factors

(121), consequently diabetes poses a greater relative risk for CVD in women than men.

Other modifiable risk factors

Several modifiable risk factors for CVD have over the years been identified, and several of
these risk factors influence the risk of CVD directly but also indirectly by affecting blood
pressure, lipids and diabetes (30). Obesity, defined by body mass index (BMI) >30 kg/m?
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(122), and abdominal obesity, defined by waist circumference of >88 cm in women and >102
cm in men (123) are linked to an increased risk of diabetes (124) and CVD (125). Physical
inactivity are associated with increased CVD risk (30, 126-128). A healthy diet with lower
amount of meat, more fish, fruit, and vegetables and food rich in fibres is associated with a
lower risk of CVD, (19, 30, 129). Excessive intake of alcohol is associated with increased risk
(130), Psychological distress is associated with increased CVD risk, but the association is
largely explained by behavioural factors (131). Low socioeconomic status is associated with

increased risk of CVD, and is to a large degree related to behavioural risk factors (132, 133).

1.4 Risk prediction tools in cardiovascular disease prevention

Assessment of total CVD risk is also referred to as global risk assessment, absolute risk
assessment, or risk scoring and is emphasised in CVD primary prevention guidelines (6, 19,
20). The most common method is risk models that incorporate risk factors that calculate the
total risk, often given as a 10-year risk in percent. However, other methods, like imaging
modalities such as computed tomography (CT) with coronary calcium scoring and CT
coronary angiography and ultrasound with measurements of the carotid-intima media
thickness, have an increasing role in preventive cardiology (21). In addition, biomarkers in
blood and urine have gained some attention (21). However, imaging and biomarkers will not

be further presented in the following sections.

CVD primary prevention guidelines aim to work as a guide for clinicians to identify
individuals at high risk and to initiate measures to reduce the risk of CVD through lifestyle
modification or pharmacological therapy in those with highest risk of CVD (134). Already in
the 1970s, when the first algorithm from the Framingham Heart Study was presented, the idea
was to identify those at the highest risk of CVD who would benefit the most from preventive
measures by estimating the combined effects of multiple risk factors (135). The justification
for using risk charts and prediction tools to estimate an individual's total CVD risk is that
traditionally a physician has qualitatively estimated an individual's risk by combining the
patients' characteristics, clinical signs such as blood pressure, and laboratory tests. Hence, a

physician's estimation relies on clinical judgment, previous experiences, personal beliefs, and

11



interpretation (6). Risk prediction tools are not developed to replace a physician's clinical
judgment but to provide an objective risk estimate and to work as a guide to initiate, intensify,
or discontinue preventive medication (6). The rationale for aiming to identify high-risk
individuals is on the basis of observations that treatment of high-risk individuals induces a

greater reduction in absolute risk (5, 6).

Studies on the predictive value of using the high-risk strategy have been questioned since it
excludes individuals with low and moderate risk, who are found to ultimately make up for
over 80% of all strokes and MIs (136, 137). Further, some reviews on total CVD risk scoring
have been conducted. In 2006, Brindle et al (138) found no strong evidence supporting the
aim to reduce CVD-related outcomes. However, they found then only four randomized
controlled trials that had investigated the effectiveness of total CVD risk scoring. One
systematic review of systematic reviews on the impact of total CVD risk assessment found no
studies reporting the effectiveness of scoring on CVD-related outcomes and found little and
low-quality evidence for small reductions in SBP, lipids, and increased odds for smoking
cessation (139). A Cochrane review could not prove that CVD risk scoring reduces CVD
events, but found that using risk scores may increase the prescription of preventive
medication in high-risk individuals (140). A more recent review also supports these findings,
but an equal feature of all the articles is that they summarise that there is generally poor
evidence and that the studies have major limitations (141). Several prediction models have
been developed and included in clinical guidelines over the last two decades, and one study
found 125 papers describing the development of 363 different risk models (142). However,
many models were used several times with alterations. This review observed a considerable
variation in predicted outcomes and had a median of 7 predictors included in the models. For
27% of the models, both discrimination and calibration of the models were reported, and the
majority were never externally validated. The authors recommend improving evidence in this
field. Rather than developing new CVD risk prediction models, there should be more focus on

external validation of different models and comparing head-to-head the existing models (142).
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1.4.1 The Norwegian cardiovascular risk models

Risk models based on the American Framingham study were the foundation for the European
prevention guidelines. However, studies found that the Framingham risk score overestimated
the risk in European populations (143-146). The European SCORE project (Systematic
Coronary Risk Evaluation) was developed on this basis (147). The SCORE model used
mortality data based on European data, and the risk model was divided into a high-risk
function and a low-risk function (147). When the SCORE model was presented, Norway was
allocated the high-risk function. However, the Norwegian CVD mortality rates were rapidly
declining and when comparing the high-risk and low-risk functions of the SCORE model in a
general Norwegian population, the high-risk function overestimated risk among men. In
contrast, the low-risk function underestimated risk among men. Furthermore, the high-risk
and low-risk functions underestimated risk in young women and overestimated risk in older
women (148). Moreover, another study found that the SCORE high-risk function
overestimated CVD mortality in Norway (149). In addition, another study demonstrated how
European guidelines for CVD primary prevention and the SCORE model could imply a
doubling of the number of cardiovascular medications for primary prevention of CVD (150).
Therefore, a model that was adjusted adequately to national levels before implementing the
use of total CVD risk assessment in clinical practice were requested. Thus, a Norwegian risk

score was warranted.

1.4.2 NORRISK

NORRISK is a national calibrated version of the European SCORE algorithm and estimates
the 10-year risk of fatal CVD in individuals aged 40-69, and is based on age, sex, systolic
blood pressure, serum total cholesterol and daily smoking habits (29). A three-step procedure
was conducted in the development. Age and sex-specific national mortality rates from
Statistics Norway 1993-2003 were used in the calibration. In addition, age and sex-specific
mean risk factor levels were included with data from health surveys from five Norwegian
counties between 2000-2003. The estimated risk factor level was compared with the observed

values, and there was good agreement between the estimated and observed values (29).
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In the adjustment procedure, the calculation was as follows:

w = fchol (cholesterol — cholesterol) + fsyst (systolic — systolic) + fsmoke (smoke — smoke)
HR=e"

The relative hazard rate for individuals with the specified risk factor level compared with

individuals with a mean risk factor level.

For age (a) and sex (k) and given risk factor level, the calculation is: S(10 | a, k = S0 (10 | a,k))"™*

The estimated 10-year mortality risk is 7 - S (10|ak).

Additional risk factors such as HbAlc levels and first-degree family member with a history of
premature CHD can be used to recalculate risk with specific cut-offs. Age-specific thresholds
are set to determine need of lifestyle advice and/or therapy with antihypertensives and/or
lipid-lowering medication, where indication to initiate treatment is set to NORRISK score:

40-49 years score >1%, 50-59 years score >5%, 60-69 years score >10% (29).

1.4.3 NORRISK 2

The Norwegian health authorities decided to revise the national CVD prevention guidelines
and required a prediction model for acute CVD events and not only for CVD mortality (1,
20). Thus, the NORRISK 2 estimates the 10-year risk of incident MI and stroke combined,
including both non-fatal and fatal events of CHD and stroke in individuals aged 40-79 years.
The variables included in the model are age, sex, systolic blood pressure, serum total
cholesterol, daily smoking habits, a first-degree family member with a history of premature
MI (before the age of 60 years), low serum HDL-cholesterol based on sex-specific cut-off
values (1.0 mmol/L in men and 1.3 mmol/L in women) and use of antihypertensives (where

current use increases the score) (1).

NORRISK 2 is based on data from the Cohort of Norway (CONOR) study and linked through
the CVDNOR project (151), a database of CVD hospital discharge diagnoses and mortality in
Norway from 1994-2009. The CONOR study included data from several regional health
surveys in Norway (152). In the model development, CONOR surveys from 1994-1999 was
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included (the fourth Tromse Study, the second Nord-Trendelag Health Study, and the
Hordaland Health Study). In addition, CONOR surveys from 2000-2003 (The Oslo health
Study, the fifth Tromse Study, the Troms and Finnmark Health study) were included in the
model validation. Participants attending both the fourth and fifth Tromse Study were only

included in the validation population (1).

For the development of NORRISK 2, participants aged 40—79 years, free of angina pectoris,
MI, or stroke, were followed from 1994 to 2009 for the first occurrence of MI or stroke,
which included either hospitalization (non-fatal cases) or deaths (fatal cases). In total, 31,445
men and 35,267 women were included in the model population, whereas 19,980 men and
19,309 women were included in the external validation population. The Fine and Gray
regression model was used to estimate the 10-year risk, adjusting for competing risks, such as
deaths from other causes (153). The NORRISK 2 model was validated by the area under the
receiving operating characteristic (ROC) curves and calibration plots (predicted — observed

cumulative risk within deciles of predicted risk).
The NORRISK 2 score calculation;

Cumulative incidence function at time t:
1(tZ) = 1-exp(-exp(BZ) [ Ao(s)ds)
Z = vector of covariates, p'= vector of regression coefficients.

t_ j—
Jo Ao(s)ds = Ao cumulative sub distribution baseline hazard
The estimated baseline cumulative sub-distribution hazard refers to age 40, total cholesterol
4.0 mmol/L, systolic BP 120 (the regression coefficient is for 10 mmHg), HDL> 1.0 mmol/L
in men and >1.3 mmol/L in women, no family history of CHD and not on drug treatment for

hypertension.

The calculation for men is as follows: w = 0.11447*4ge -0.00043*Age’ + 0.22283* Systolic BP+

0.35625*Total cholesterol + 0.91727*Smoke-0.00896*Systolic BP*Age-0.00430*Systolic BP*Age-0.02051
*Smoke *Age+0.27824*BPmed+0.33162*lowHDL +0.29986*familyCHD 1 + 0.59692* familyCHD 2.
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The calculation for women is as follows: w= 0.13037* Age -0.00066 *Age® + 0.25241 * Systolic BP +

0.07235* total cholesterol + 1.26781%* Smoke -0.00500*S*Age-
0.02456*Smoke*Age+0.19200*BPmed+0.32377* lowHDL~+0.25361* familyCHD 1 +0.54909% familyCHD 2

hr=exp(w)
risk=1-exp(-hr * 0.00526) in men, risk=1I1-exp(-hr* 0.00232) in women

10-year risk as percentage: Risk percent= risk * 100

Selmer et al. (1) suggest age-specific thresholds in age groups 45-54, 55-64 and 65-74 years
to determine whether an individual is at low, medium, or high risk of CVD (1). Additional
risk factors (South Asian ethnicity risk*1.5, diagnosis of rheumatoid arthritis risk*1.4) can be
used to recalculate the risk score, with specific cut-offs. Abdominal obesity, mental strain and

stress are additional risk factors without a specific cut-off value.

1.4.4 Comparison of NORRISK 2 with other risk models

There is no gold standard in total CVD risk models, and perhaps the most crucial component
before applying a model is recalibrating the model to fit the population since risk will be
overestimated in populations where CVD is declining (21). Nonetheless, comparison of
different risk models can be useful, as Damen et al. (142) emphasised. Thus, in Table 1 (page
18), an overview of a selection of CVD risk assessment tools is presented with the
geographical region, prediction outcomes, and variables included in the risk score. The
presentation of the risk models is not a comparison of validity, predictive value, or
performance of the score. However, the chosen models are selected with the objective to show

some selected scores with their contents.

In total, including the Norwegian risk assessment tools NORRISK 2 and NORRISK, the table
presents 10 different risk models. The geographical areas of the risk scores are Norway,
Worldwide, United States, Europe, and some specific countries such as Italy, Scotland, and
United Kingdom. Globorisk (154) and SCORE (147) estimate the 10-year risk of fatal CVD,
whereas Reynolds Risk Score (155-157), ASCVD (158, 159), SCORE2 (160, 161), CUORE
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(162), ASSIGN (163, 164) and QRISK3 (165, 166) estimate a 10-year risk of CVD including

both fatal and non-fatal events.

The variation in age included in the risk models differs. However, most of the risk score is in
the age-group 40-70 years. All models include age, sex, systolic blood pressure, and smoking.
HDL cholesterol is included in several of the scores but is defined differently. Further, the
variables family history of CVD and use of antihypertensives varied. The majority of the
included risk models in this overview had additional variables. Ethnicity and diabetes were

variables in several risk scores, followed by rheumatoid arthritis.

The NORRISK model included the risk factors most common in other international risk
models, such as systolic blood pressure, total cholesterol, smoking, age, and sex. In the
development of the NORRISK 2 model, low HDL cholesterol and a family history of
premature CHD were included (1). In addition, the use of antihypertensives as a variable was
included in the model and increases the score; this is because patients treated for hypertension
have a higher risk of a CVD event compared to untreated individuals with the same blood
pressure level (1, 167). However, this is a variable not included in most risk models.
Furthermore, Selmer et al. (1) aimed to include participants using statins to make corrections
in the model, but this was not available in the data. A major strength in the NORRISK 2
score, in addition to the large sample size and the population-based design, is that the external
validity model found the NORRISK 2 score fits well in the Norwegian general population
without known CVD (1). Furthermore, a study with data from Oslo Ischemia Study found that
the NORRISK 2 performed well to predict CVD among men (168). In addition, a version of
the NORRISK 2 model that included South-Asian ethnicity and diabetes has improved
predictions of CVD in South-Asians substantially (169).
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Table 1: Comparison of a selection of CVD risk assessment models
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1.5 Primary prevention in clinical practice

1.5.1 Primary prevention guidelines

The guidelines provide health professionals with summarised, updated evidence and clinical,
practical recommendations and advice on assessing risk, treatment, and preventing CVD (19,
20). Still, as highlighted in the Norwegian and European guidelines, the treatment of patients
should be individually tailored, and the health care professional should manage the overall

assessment and decisions.

The Norwegian CVD primary prevention guidelines have graded recommendations: a strong
recommendation, a recommendation, and a weak recommendation (20). In the European
guidelines (19), the recommendations are classified by numbers from 1-3, where class 1 is a
recommended treatment or procedure, class 2 is conflicting evidence with variations of
recommendations ranging from should be considered too may be considered, and class 3, the
treatment or procedure is not recommended. In addition, in the European guidelines, the level
of evidence A-C is included. In the Norwegian guidelines a total CVD risk assessment is
graded as a strong recommendation (20). However, in the European guidelines (19) total
CVD risk assessment is graded class 1 in individuals with any major risk factor, with an
evidence level C, whereas systematic or opportunistic total CVD risk assessment in the
general population in men >40 years and women >50 years is a class 2b recommendation

(may be considered) with a C level of evidence (19) .

Individuals with a high total CVD risk estimated by NORRISK 2 score should receive non-
medical interventions such as advice on lifestyle advice for 3-12 months and treatment with
medications if the non-medical interventions do not result in sufficient improvement in risk
factor levels (20). Whether an individual should be initiated with medical treatment directly is
assessed by the levels of the risk factors and the total CVD risk score. Furthermore, according
to the guidelines, individuals with elevated values on single risk factors; SBP >160 mmHg or
DBP >100 mmHg, total cholesterol >7 mmol/L or LDL-cholesterol >5 mmol/L (not in
women over 50), or people with diabetes with BP >140/90 or LDL >2.5 mmol/L should be

considered for medical treatment regardless of their total CVD risk (20).
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Furthermore, in the guidelines (19, 20) and the ESC handbook of preventive cardiology (21),
a strong recommendation is to offer follow-up care to re-assess total CVD risk to determine
whether further interventions are needed. The national guideline treatment targets in primary
prevention 2017 guidelines are as follows: BP <140/90 mmHg (<135/85 if diabetes), total
cholesterol <5 mmol/L, LDL cholesterol <3 mmol/L (<2.5 if diabetes) and non-smoking (20).

1.5.2 Non-medical interventions

The risk of CVD relates to a large degree to modifiable risk factors. Thus, risk factor
management is a key element in the primary prevention of CVD. Lifestyle changes can
influence cardiovascular risk directly or through lipids, blood pressure, or plasma glucose
levels (30). Smoking cessation is potentially the most effective non-medical intervention to
reduce an individual’s risk of CVD (19, 170). Smoking cessation is associated with lower
CVD morbidity and mortality (30, 170). The impact of smoking cessation happens rapidly
after quitting smoking, and the risk of CVD can be 39% lower within five years after
cessation (171). Thus, in consultation between a health professional and an individual who
smokes, the importance of smoking cessation is a focus area in risk factor management.
Improving lipid profiles in high-risk individuals can reduce CVD risk. Studies have
demonstrated that a reduction in total cholesterol and LDL cholesterol is associated with a
decrease in the incidence of CVD (91, 96, 97), where lowering LDL cholesterol by one
mmol/L is associated with a 23% relative risk reduction of major events (98). Lowering
systolic blood pressure is associated with a reduced risk of CVD, where the lowest risk is
found between 120-124 mmHg (108). However, the use of medical treatment to improve lipid
profile and blood pressure levels is necessary for some high-risk individuals (19, 20). In both
the Norwegian and European prevention guidelines, physical activity and reducing sedentary
behaviour are recommended, and reviews of the literature have found that physical activity
reduces the risk of CVD (30, 126-128). A healthy diet is considered a cornerstone of CVD
prevention (19). However, diet advice is in the national guidelines graded as a weak
recommendation based on the poor evidence level of studies and the challenges in performing
studies on diet and CVD risk (20). The recommendations for a healthy diet are based on the
Mediterranean diet, which is associated with a lower risk of CVD (129). Some of the

characteristics of this diet are less animal-based food patterns with lower amounts of meat,
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more fish, <5 grams of salt per day, more fruit, vegetables, and food rich in fibre (19, 30,
129). Replacing saturated fats with unsaturated fats is essential to improve lipid profile, and
reduced salt intake is especially important among individuals with hypertension (19).
Research on alcohol intake and the risk of CVD has been divergent, but excessive intake is
associated with increased risk (130), and an alcohol consumption <100 g week is
recommended (19). Individuals that are overweight or obese should initiate measures to
improve lipid profile, blood pressure levels, and plasma glucose levels to reduce the risk of
CVD (19, 30, 172). The European guidelines emphasize a diet that can be managed over time
to reduce CVD risk. Many studies have shown that a healthy diet, smoking cessation,
maintaining a healthy weight, and regular physical activity reduces the risk of CVD.
However, incorporation of lifestyle changes is found difficult to achieve at an individual level

(134, 172, 173).

1.5.3 Interventions with medication therapy

Treatment with medications is recommended for individuals with high total CVD risk with
significantly increased values or unsatisfactory results from lifestyle changes in blood
pressure and/or cholesterol levels (19-21, 30). Antithrombotic treatment in primary
prevention is controversial, as it is associated with reduced risk of CVD but is also associated
with increased risk of major bleeding (174), Thus, antithrombotic therapy is not
recommended in the national guidelines (20). Treatment with medication to achieve
glycaemic control in patients with diabetes is not presented here. In the following section, a

brief introduction of lipid-lowering and blood pressure lowering medication is presented.

Lipid-lowering medication

The Norwegian guidelines (20) advise primary prevention treatment with statins to improve
lipid profile to individuals aged 45-74 years with high total CVD risk with total cholesterol
5,0-7,0 mmol/l (and LDL-cholesterol 3,0-5,0 mmol/l) and individuals <75 years in individuals
with total cholesterol levels >7,0 mmol/l and LDL-cholesterol >5,0 mmol/l. In individuals

with diabetes, statins should be initiated in LDL-cholesterol >2.5 mmol/L. Statins reduce the
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LDL cholesterol levels by reducing the cholesterol production in the liver, resulting in
increased LDL receptor expression in liver cells leading to increased uptake of the LDL by
the liver (21, 30, 175). Statins can also increase HDL cholesterol levels, reduce triglycerides,
and may reduce inflammation in the artery walls (21, 176, 177). Therefore, statins are the first
choice of medical treatment, and the recommendation is to titrate up to the highest tolerable
dose to achieve cholesterol treatment targets (19, 20). After the initiation of statins, a control
of lipid levels is recommended after 6-12 weeks and after one year to ensure adherence and
achievement of treatment targets (20). If the statin treatment is not tolerated or lipid levels
remain significantly high other medications can be considered, such as fibrates, bile acid
sequestrants, selective cholesterol absorption inhibitors (e.g., ezetimibe), or PCSK9 inhibitors
(19, 20). Treatment with statins reduces both fatal and non-fatal CVD endpoints and all-cause

mortality (175, 178, 179).

Blood pressure lowering medication

The national guidelines recommend treatment with medication among individuals with
elevated blood pressure, individuals with high total CVD risk or elevated values on single risk
factors: SBP >160 mmHg or DBP >100 mmHg, or people with diabetes with BP >140/90
mmHg, or other risk conditions such as kidney disease (20). However, the national guidelines
underscore the importance of non-medical interventions to lower blood pressure levels before
medical treatment in individuals with mild hypertension (SBP 140-159, DBP 90-99 mmHg)
and reassess in 3-12 months. The treatment target is to lower BP to <140/90 mmHg (<135/85
if diabetes), without introducing major side effects (20). Monotherapy is often insufficient to
treat hypertension. The recommendation is to initiate treatment with two antihypertensive
agents (19, 20, 180, 181) and titrate treatment to ensure BP is lowered sufficiently and if the
treatment is tolerable for the patient. There are several different groups of antihypertensive
agents shown effective in preventing CVD; angiotensin-converting enzyme (ACE) inhibitors,
angiotensin receptor blockers (ARBs), beta-blockers, calcium channel blockers (CCBs), and
thiazide or thiazide-like diuretics (19, 182). After initiating blood pressure-lowering
medication, the follow-up should be frequent until the levels are stabilised, and then 1-2 times
per year (20). The use of antihypertensive medications to lower blood pressure found that a 10
mmHg reduction in systolic blood pressure by using antihypertensive drugs reduces the risk

of CVD by 20% and gives a 13% reduction in all-cause mortality (183).
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1.5.4 Shared decision making and individually tailored treatment

Shared decision-making (SDM) is essential in patient-centred care, focusing on the patient's
view, experience, and needs (184). In a clinical setting, various interventions, treatments, and
options can be reasonable, and where patients arrive at crossroads with several options,
patient involvement in decision-making adds important value (184). SDM does not mean that
the individual is abandoned in the decision but that the clinician should recognize the patient's
autonomy (185). Clinicians and patients working together can produce the best outcome for
the patient. SDM is the opposite of clinicians making decisions on behalf of the patient (184,
185). An important step in SDM is providing information and investigating the patient's
existing knowledge. Thus, the first task of SDM is to ensure that individuals can make well-
informed decisions. Further, the clinician needs to explore the patient reaction to the
information and provide reasonable options, discuss these options with the patient, and then
decide and support the patient's choice (185). The importance of individually tailored
treatment is highlighted in the Norwegian and European prevention guidelines (19, 20), which
refer to non-medical inventions and medical interventions. When communicating the risk
status and proposed treatment, the clinician should include the benefits and the potential
disadvantages and, additionally, identify the patient's potential barriers that can affect the
patient's ability to make lifestyle changes, such as cognitive and emotional factors,
comorbidities, socioeconomic status, and educational level (19, 21). Furthermore, the
clinician needs to identify the individuals' thoughts, attitudes, and willingness to change
behaviour. Motivational interview, goal setting, and providing feedback are useful tools when
treatment is initiated. Investigating the likelihood of the patient adhering to the treatment is
essential in patients where treatment with medications is initiated (19-21). Non-adherence to
primary prevention medication is a challenge (186), and there is an association between non-
adherence and CVD events in patients prescribed blood pressure-lowering medications (187)
and statins (188). Therefore, it is recommended that clinicians use SDM when communicating
CVD risk to patients and that clinicians routinely follow up with patients in the discussion
about their CVD risk and the measures initiated to ensure adherence and patient's experience

and preferences (189).
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1.6 Rationale for the thesis

Primary prevention of CVD aims to prevent or delay the onset of disease, and the primary
prevention guidelines contribute to a compilation of the evidence on how to prevent and
manage risk for CVD. Assessing risk in clinical practice is recommended to identify those at
the highest risk by using a total CVD risk assessment tool. Surveillance of disease and risk
factors provides information about the populations' health. Norwegian population-based
surveys have shown declining trends in cardiovascular risk factors, but studies of trends in
total CVD risk in the Norwegian population are lacking. The different total CVD risk
assessment tools and thresholds to identify high-risk individuals have changed over time.
Despite the impact of change in risk factor level and risk factor thresholds, Norwegian risk
assessment tools and guidelines has been scarcely studied. The burden of CVD is one of the
most demanding public health issues, and most premature CVD's are preventable. However,
previously performed studies in high-risk individuals have demonstrated that most do not
reduce their risk and do not achieve the guideline-defined treatment targets. However, many
of these studies are cross-sectional patient studies. To our knowledge, no previously
performed study has used a total CVD risk assessment tool and guidelines to identify high-
risk individuals from a population-based study and followed over a long period individuals

free from CVD but with a high risk of CVD, who do not experience a CVD during follow up.

Assessing trends in total CVD risk in the general population, exploring the Norwegian
assessment tools and prevention guidelines, and following a cohort of individuals with a high
risk of CVD may provide valuable insights about the risk and primary prevention of CVD in

Norway.
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2 Aims of the thesis

The overall aim of this thesis is to contribute to new knowledge of primary prevention of

CVD and cardiovascular risk assessment. The objective is to provide new insights into CVD

risk and risk assessment by exploring aspects of the Norwegian national CVD risk assessment

tool NORRISK 2 applied on a Norwegian general population. More specifically, the research

questions addressed in the three papers are:

Paper I:

What are the secular and longitudinal trends in cardiovascular risk profile using the
risk assessment tool NORRISK 2 score in a general population?

What is the relative contribution of each single risk factor included in the NORRISK 2
score, and how does this impact the total score in NORRISK 27?

Paper II:

How does the NORRISK 2 score and the 2017 guidelines change the population
proportion at high risk of CVD and eligible for primary prevention, compared with
NORRISK and the 2009 guidelines?

To what extent do the risk scores and guidelines overlap regarding who is identified as

eligible for primary prevention?

Paper III:

Among individuals with high risk of CVD, to what extent do CVD risk factors and
medication use change over time?

Do individuals at high risk of CVD achieve the national guideline-defined treatment
targets and what characteristics are associated with achieving treatment targets in the

primary prevention of CVD?
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3 Material and methods

3.1 The Tromsg Study

The Tromse Study is an ongoing, longitudinal population-based cohort study consisting of
repeated health surveys conducted in the Tromse municipality (190). The city of Tromsg is
the largest urban area in Northern Norway and the Tromse municipality is the eighth-largest
municipality in Norway, with approximately 75.000 inhabitants. The University of Tromse
initiated the Tromsg study in 1974, then referred to as the “Tromse Heart Study,” and aimed
to investigate the high mortality rate of cardiovascular disease among men in Northern
Norway and develop methods to prevent CVD (190). Since then, the study has expanded to
cover many conditions and purposes. Since the initiation of the Tromse Study, seven surveys
have been conducted: Tromsel (1974), Tromse2 (1979-1980), Tromse3 (1986-1987),
Tromse4 (1994-1995), Tromse5 (2001), Tromse6 (2007-2008) and Tromse7 (2015-2016)
(190). Tromses8 is planned to be conducted in 2024-2025. The data collection includes a vast
amount of data on health, including questionnaires, biological samples and clinical
examinations. From Tromse4 and onwards, the surveys included a first visit (all invited) and a

second visit (pre-defined selected samples).

Table 2: Overview of the Tromso Study.

Survey Year Participants Age Attendance
Tromsel 1974 6595* 20-49 74%
Tromse?2 1979-80 16,621 20-54 78%
Tromse3 1986-87 21,826 12-67 75%
Tromse4 1994-95 27,158 25-97 72%
Tromse5  2001-02 8130 30-89 79%
Tromse6  2007-08 12,984 30-87 66%
Tromse7  2015-16 21,083 40-104 65%

*Men only
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The studies included in this thesis are based on data from Tromseg6 and Tromse7 (first visits).
We used several study designs: a cross-sectional design (data collected at a single time point),
repeated cross-sectional design and longitudinal designs (prospective cohort). Both cross-

sectional and longitudinal designs are considered observational studies (191).

3.1.1 Tromso6

Tromse6 (192, 193) was conducted during 2007-2008. In Tromse6, four groups were invited;
all residents aged 40-42 years and 60-97 years (n=12,578), a 10% random sample aged 30-39
(n=1056) and a 40% random sample aged 43-59 (n=5787), and previous participants that
attended the second visit of Tromsg4 in 1994-1995 (n=7965), if not already included in the
three other groups (n=341) (a total of N=19,762 invited). A total of 12,984 women and men

participated, i.e., an attendance of 65.7% of the invited.

Table 3: Attendance in Tromso6 according to age and sex. The Tromsa Study 2007-2008.

Women Men
Age Invited Participated Attendance Invited Participated Attendance
30-39 541 297 54.9% 544 212 38.9%
40-49 2969 1913 56.8% 2988 1663 55.7%
50-59 1705 1289 75.6% 1702 1147 67.4%
60-69 2635 2108 80.0% 2702 1995 73.8%
70-79 1456 988 67.9% 1197 841 70.3%
80-89 831 335 40.3% 492 196 39.8%
Total 10137 6930 68.4% 9625 6054 62.9%

All invited participants received a personal invitation by mail including an invitation letter, an
information brochure about the study, and a 4-page questionnaire two weeks before a
suggested appointment for the first visit. The questionnaire (Q1) covered topics about general
health such as diseases, use of health services, use of medication, alcohol, tobacco, physical
activity level, and diet. On the first visit at the examination site, the participants received an
additional (Q2) and more comprehensive questionnaire (28 pages) to complete at the

examination site or to bring home and send in return with a pre-stamped and addressed
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envelope. During the first visit, several examinations took place, such as anthropometric
measurements, blood pressure- and pulse measurements, pain sensitivity tests, and sampling
of blood, urine, hair, nose & throat swabs. The second visit was performed in a pre-defined
subsample of the total invited sample (attendance n=7307), and the data collection included
additional biological sampling, physical function tests, cognitive tests, 12 lead ECG,
echocardiography, carotid artery ultrasonography, echocardiography, lung function tests, eye

examinations, and DXA scans (193).

3.1.2 Tromso7

Tromse7 (194, 195) was conducted during 2015-2016. In Tromse7, all inhabitants 40 years
or older were invited to participate (a total of N=32,591 invited). A total of 21,083 women

and men participated, i.e., an attendance of 65% of the invited.

Table 4: Attendance in Tromso7 according to age and sex. The Tromso Study 2015-2016.

Women Men

Age Invited Participated Attendance Invited Participated Attendance
40-49 5195 3378 65.0% 5562 3054 54.9%
50-59 4534 3245 71.6% 4327 2790 64.5%
60-69 3586 2677 74.7% 3543 2502 70.6%
70-79 2001 1361 68.0% 1897 1315 69.3%
80-89 981 389 39.7% 639 325 50.9%

>90 242 24 9.9% 84 23 27.4%
Total 16539 11074 67.0% 16052 10009 62.4%

All invited participants received a personal invitation by mail including an invitation letter, an
information brochure and a 4-page questionnaire (Q1) in paper format. The invitation letter
included a username and password for completion of questionnaires online. Online
questionnaires included the Q1 questionnaire more comprehensive questionnaire (Q2) and the
graphical index of pain (GRIP) questionnaire (thus, Q1 could be completed on paper or
online). Participants could complete the questionnaires before attendance, but also had the
opportunity to answer the questionnaires at the examination site during the first visit. During
the first visit, several examinations took place, such as anthropometric measurements, blood
pressure- and pulse measurements, pain sensitivity tests, sampling of blood, nasal and throat
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swabs, and dental examination (in a subsample). The second visit was from a pre-defined
subsample of the total invited sample (attendance n=8346), and the data collection included
additional biological sampling, 12-lead ECG, cognitive tests, carotid artery ultrasonography,
echocardiography, lung function tests, eye examinations, physical function tests, auscultation

of the heart and lungs, accelerometery and DXA scans (194).

3.1.3 Clinical examinations and blood samples

Both surveys had trained personnel that performed all clinical measurements and blood
sampling using similar procedures. Blood pressure was measured on the participant’s right
upper arm with a properly sized cuff based on arm circumference (by a Dinamap pro care 300
monitor, GE Healthcare, Norway). Blood pressure was measured three times at one-min
intervals after two minutes seated rest, and the mean of the two final readings was used in the
analysis. Non-fasting venous blood samples were collected with a brief venous stasis applied
to the upper arm released before venipuncture, with the participant sitting. The samples were
analysed for cholesterol, LDL and HDL cholesterol within 48 hours (with Roche diagnostics,
Mannheim, Germany) at the Department of Laboratory Medicine, University Hospital of
North Norway, Tromse. Weight and height were measured with light clothing and no shoes to
the nearest 0.1 kilograms (kg) and 0.1 centimetres (cm) using the Jenix DS102 height and
weight scale (Dong Sahn Jenix, Seoul, Korea). Waist and hip circumference were measured to
the nearest 0.1 cm with a Seca measurement tape at the level of the umbilicus and the greater

trochanter (193, 195, 196).
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3.2 Study samples

3.2.1 Paper |

We included participants attending Tromse6 (N=12,984) and/or Tromse7 (N=21,083) to
investigate secular trends, and participants attending both surveys (N=8906), to study
longitudinal trends. After exclusion of participants with prevalent CVD, aged <45 and >74
years, with missing values included in the NORRISK 2 score variables and those that had
withdrawn their consent, the final sample included n=7284 participants from Tromse6,

n=14,858 from Tromse7, and n=4534 attending both surveys.

Figure 1: Flowchart of the study population Paper I

Attending both surveys

| [ !

Withdrew consent Tromsg6 Tromsa? Tromsga6 & Tromsg7
n=3 N=12.984 N=21.083 N= 8906
Prevalent CVD Prevalent CVD L. Prevalent/incident CVD|
n=1949 n=1543 B n=1047
Age <45 & >74 years Age <45 & >74 years | _ Age <45 & >74 years
n=3563 n=4389 [ n=3170 B
Missing values in Missing values in Missing values in
NORRISK 2 variables NORRISK 2 variables |«— NORRISK 2 variables [a«——
n=185 n=293 n=155
¥ Y \J
n=7284 n=14.858 n=4534

Study sample for Secular
trend
Paper 1

Study sample for
lengitudinal trend
Paper 1

Note: In the published paper there is a typographical error in the flowchart, where the number
of participants <45 years should be n=2813, instead of n=750. The statistical analysis has
been re-performed to ensure that the total n=7284 is correct, and that this is in fact a

typographical error. An erratum will be sent to the journal.
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3.2.2 Paper Il

We included participants attending Tromse7 (N=21,083). After exclusion of participants >70
years, those with prevalent CVD, and participants with missing values in the NORRISK

scores variables, the final sample included 16,566 participants for analysis.

Figure 2: Flowchart of the study population Paper I1

Tromsg7
N=21.083

Age >70 years
n=3437

I

Prevalent CVD
n=704

- ——1

Missing values in
NORRISK variables |«
n=376

n=16.566

T
Y

Study sample
Paper 2
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3.2.3 Paper lll

We included participants aged 40-79 years attending Tromse6, and excluded participants who
emigrated (out of Norway) or moved (out of the municipality) after Tromse6 and before
Tromse7, with prevalent CVD, and missing variables in NORRISK 2 variables. Participants
calculated as low/medium risk of CVD (by NORRISK 2) were excluded. Participants that
died after Troms@6 and before Tromse7, or had an incident CVD between the two surveys, or
who were eligible but did not re-attend Tromse7 were included for supplementary analysis.
The final study sample for the main analysis was n=2524 participants with high risk of CVD
by; NORRISK 2 score, elevated values in single risk factors from the 2017 primary
prevention guidelines, or individuals treated with antihypertensives or lipid-lowering drugs

with levels above treatment targets in Tromsg6 who re-attended in Tromse?7.

Figure 3: Flowchart of the study population Paper II1

{ Withdrew consent

Tromsg6 ’

n=7 N=12.984
Age >79 years
n=1040
Moved/emigrated
n=746
Prevalent CVD
n=657
Missing values in
NORRISK 2 variables
n=291
Low/medium risk of
CVvD
n=6320
y
High risk of CVD in Died during before Tromsa7
Tromsg6 n=529
n=3923
Incident CVD before Tromsa7
Attend Tromsa7, missing n=259
values NORRISK 2 variables |«
n=52 ‘
Eligble did not attend Tromsa7
n=559
k.
n=2524 l

Lost to follow-up analysis
Paper 3

High-risk also
attending Tromsg7
Paper 3
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3.3 Variables

Demographics

A focus on differences by age and sex were included in all papers. In Paper I, analysis was
stratified by sex, and by age-groups 45-54, 55-64, and 65-74 years, and birth cohorts in
participants between 45-74 years at baseline (born 1941-1961) to study longitudinal trends. In
Paper 11, analysis was stratified by sex and by age groups 40-49, 50-59, 60-69 years. In Paper
III, analysis was stratified by sex, we presented mean age in the study population, and the
proportion <60 and >60 years, age-adjusted cardiovascular risk factors, and age and sex-
adjusted variables associated with reaching treatment targets in primary prevention.
Education was collected from questionnaire data, found to have good validity in the Tromsg
Study (197) with the question “What is the highest level of education you have completed ”.
In Tromse6 the answer alternatives were “Primary/secondary school, modern secondary
school,” “Technical school, vocational school, 1-2 years senior high school”, “High school
diploma,” “College/university less than four years and “College and university four years or
more”. In Tromsg7, the answer alternatives were “Primary/partly secondary education (Up to
10 years of schooling)”, “Upper secondary education: (a minimum of 3 years), “Tertiary
education, short: College/university less than four years”, and “Tertiary education long;
College/university four years or more”. In Paper I, education was not included in the analysis.
In paper 11, we categorised the educational variable into four categories: Primary school, High
school, College university <four years, and College/university >four years to describe the
study population. In Paper III, we dichotomised education into: “Lower education” (primary
school, technical school/vocational school/1-2 years senior high school and high school
diploma) and “Higher education” (college/university <four years and > four years). We used
education to describe the study population and the association of education with reaching
treatment targets (Paper III). Psychological distress was calculated by using the Hopkins
Symptom Checklist 10 (HSCL-10), a commonly used and validated instrument (198) that was
included in the questionnaire, a tool designed to measure symptoms of depression and anxiety
consisting of 10 questions with four response categories ranging from 1 “No complaint,” 2”
Little complaint,” 3 “Pretty much” and 4 “Very much.” The score is summarised based on all
items, and a mean score of >1.85 was categorised as psychological distress or no distress in
accordance with Strand et al (198). The ten questions included are: During the last week, have

you: “Experienced sudden fear without apparent reason,” Felt afraid or anxious,”
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“Experienced faintness or dizziness, “Felt tense or upset,” “Easily blamed yourself,” “Had
sleeping problems,” “Felt depressed or sad”, “Felt useless, worthless”, «Felt that everything is
a struggle” and “Felt hopelessness with regard to the future. «We presented the proportion
with psychological distress and its association with reaching treatment targets (Paper III).
Self-reported health is a phenomenon a holistic reflection of a person’s disease burden as well
as mental and social condition, and a widely used measure of self-reported health is the first
item in the well-known SF-36 instrument (199). This was included in the questionnaire
phrased as “How do you, in general, consider your own health to be,” with the answer
alternatives “Very bad,” Bad,” “Neither good nor bad,” “Good” and “Excellent”. We
dichotomised self-reported health into: “Poor health” (very bad, bad and neither good nor
bad) and “Good/very good health” (good and excellent). We used self-reported health to
describe the study population and the association of reaching treatment targets (Paper III).
Marital status was included from questionnaires with the response alternatives “Single”,
“Widow/widower,” “Divorced,” “Separated” and “Married/registered partner”. We
dichotomised marital status into: “Single” (Single, widow, widower, divorced and separated)
and “Married/partner” (married or registered partner). We used marital status to describe the

study population and the association with reaching treatment targets (Paper III).

CVD cases

CVD cases (participants with a previous history of or incidence of MI and/or stroke) were
excluded in all three papers. CVD cases were recorded and validated from study entry until 31
December 2014 by the Tromse Study CVD endpoint registry. Due to a lack of validated
endpoints after 2014 and among participants attending Tromse7 only, we also used self-
reported data on MI or stroke with the question “Have you had a heart attack?”” and “Have
you had a stroke,” with the answer alternatives “Yes” and “No”. In Paper III, we aimed to
discriminate between previous MI and/or stroke at baseline and incident MI and/or stroke
during follow-up. Thus, we used the date at the CVD event to identify participants with
incident CVD after participation in Tromse6 (2007-2008). CVD events after their
participation date were considered an incident CVD event. To identify participants with
incident CVD events after 2014, we included “Age at first heart attack” and “Age at first
stroke” from the Tromse7 questionnaire. We compared an individual’s age at participation in

Tromse7 with age at the CVD event. If an individual reported their age at their first CVD
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event to be a maximum of two years less than their age at participation, it would be
considered an incident CVD event. For example, an individual aged 55 years at participation
in Tromsea7, who reported 54 or 53 years on the variable age at a first heart attack or stroke,

would be considered an incident event.

Total CVD risk

We used the NORRISK 2 score as a measure for total CVD risk in all three papers, valid in a
general population without known CVD (1). In Paper I, we presented the mean NORRISK 2
score and the proportion at low, medium, and high risk. In Paper II, we calculated the
population proportion identified as high risk by NORRISK 2 score and in combination with
single risk factors. In Paper III, we used NORRISK 2 score to identify the study sample, study
the change in NORRISK 2 score between two time periods, and study its association with
reaching treatment targets. The original NORRISK score, found to fit in a Norwegian
population (29) was used in Paper II to calculate the proportion of high-risk individuals by the
original NORRISK score and in combination with single risk factors from the 2009
guidelines. We used the additional risk factors HbAlc levels, and a first-degree family
member with a history of premature CHD was used to recalculate NORRISK risk with

specific cut-offs.

Cardiovascular risk factors

We used information on ftotal cholesterol in all three papers. We presented mean values
(Paper I-11I), together with LDL-cholesterol. These variables were used to identify
participants at high risk of CVD (Paper II-III) and to calculate the proportion reaching
treatment targets for lipids and the association with baseline lipid levels on reaching treatment
targets (Paper III). HDL cholesterol was categorised as low HDL, with the cut-offs <1.3
mmol/L in women and < 1.0 mmol/L in men. We presented the proportion with low HDL
(Paper I and IIT) and mean levels (Paper II). Blood pressure was presented with means (Paper
[-1IT), to identify participants as high risk (Paper II-III) and to calculate the proportion
reaching the blood pressure treatment targets and the association with baseline blood pressure
levels with reaching treatment targets (Paper II1). Smoking status (Paper I-11I) was collected

by questionnaires with the question "Do you/did you smoke daily" with the answer
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alternatives "Yes now," "Yes, previously," or "Never". Smoking was dichotomised into:
“Smoker” (“Yes now”) and “Non-smoker” (“Yes, previously” and “Never”). Family history
of premature CHD was collected from questionnaires with the question "Have any family
members had an acute myocardial infarction before the age of 60 years" With the answer
alternatives: “Parents”, “Children”, and/or “Siblings”. In Tromsg7, the alternatives were
“Mother”, “Father”, “Children”, “Siblings, or “None”. The variable was constructed to
numeric and then categorised into one family member with premature CHD and two or more
relatives with premature CHD. Family history of CHD is included in the NORRISK 2 model
(Paper I-11T) and was used to re-calculate the original NORRISK score (Paper II). Diabetes
status was collected by questionnaires with the question "Do you have or have you had
diabetes” In Tromse6 the answer alternatives was: “Yes” and “No”. In Tromse7 the answer
alternatives were: “Yes”, “Yes, previously” and “No”. Diabetes was dichotomised into
“Diabetes” and “No diabetes” where “No” and “Yes previously” was set to “No diabetes” and
“Yes” to “Diabetes”. The prevalence of diabetes was used to describe study characteristics
(Paper II-11I) and to identify individuals eligible for primary prevention (Paper II-III) and the
association with diabetes status and reaching treatment targets (Paper I1I). HbAIc (glycated
haemoglobin) was used to describe participants' characteristics (Paper II) and as an additional
risk factor to recalculate risk the original NORRISK (Paper II). Obesity was defined by the
use of measurements of body mass index (BMI) and waist circumference (WC) General
(BMI) and abdominal (waist circumference) obesity was categorised with cut-offs in
accordance with WHO (122, 123). BMI was categorised as “Normal” BMI <25 kg/m?,
“Overweight”; BMI 25-29.9 kg/m?, and “Obese” BMI >30 kg/m?. Waist circumference was
categorised as obesity with >102 cm for men and >88 cm for women. We presented the
proportion with normal, overweight and obesity and abdominal obesity (Paper II). In Paper
ITI, BMI was dichotomised to “Normal/overweight” and “Obesity”, and we studied the
change in the proportion with obesity and abdominal obesity in the study sample and the
association of general and abdominal obesity with reaching treatment targets (Paper III).
Physical activity level was collected from questionnaires using the Saltin and Grimby leisure
time physical activity questionnaire (200) with the question "Enter exercise and physical
exertion in leisure time; if your activity varies much, then give an average, the question refers
only to the last twelve months”, with the answer alternatives "Reading, watching tv or other
sedentary activity," "Walking, cycling, or other forms of exercise at least 4 hours a week
(including walking, or cycling to the place of work, Sunday walking, etc.", "Participation in

recreational sports, heavy gardening (note duration of activity at least 4 hours a week",
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"Participation in hard training or sports competitions, regularly several times a week". The
variable was dichotomised into “Sedentary” ("reading, watching tv or other sedentary
activity") or “Active (all others answer alternatives). We presented the proportion of the study
sample with sedentary physical activity levels (Paper II-III), change in activity level and

studied the association of activity level with reaching treatment targets (Paper III).

Medication use

Information about medication use was collected from questionnaires with the question “Do
you use, or have you used blood pressure-lowering drugs”” and “Do you use, or have you used
cholesterol-lowering drugs ”, with the answer alternatives “Never used”, “Previously” and
“Currently”. We dichotomised the variable into “User” and “Non-user”’, where “Never used
and “previously were categorised as “Non user” and “Currently” as “User”. Information about
medication use was combined with data from a self-reported written list of brand names of
regularly used medications included as an open list in the questionnaire. This list was
Anatomical Therapeutic Control (ATC) coded. We included blood pressure-lowering drugs
ATC C02, C03, C07, C08, and C09, and for lipid-lowering drugs C10. We presented the
proportion of use of antihypertensives (Paper I-1II) and lipid-lowering drugs (Paper II-11I),
change in medication use, characteristics of users and non-users of medication and the
association between medication use and the association with medication use on reaching

treatment targets (Paper III).
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Table 5: Overview of the variables included in Paper I-111

Variables Paper I Paper 11 Paper 111
Demographics
Age Continuous Continuous Continuous
Cat: 45-54, 55-64, 65-74 Cat: 40-49, 50-59, 60-69
Birth cohorts: 1941-42, 1943-
52,1953-62
Sex Women, Men ‘Women, Men ‘Women, Men
Education - Cat: Primary, secondary, Cat: Primary/secondary, Tertiary
tertiary <4 years, tertiary >4 education
years
Marital status - - Cat: Married/partner
Self-reported health - - Cat: Good/very good
Psychological distress - - Cat: Yes/No
CVD cases Excluded Excluded Excluded
Cardiovascular risk
NORRISK 2 score Continuous Continuous Continuous
Cat: Low risk, medium risk, Cat: High risk Cat: High risk
high risk
NORRISK score - Cat: High risk -
Total cholesterol Continuous Continuous Continuous
High risk: >8 mmol/L High risk: >7 mmol/L
High risk: >7 mmol/L Uncontrolled dyslipidaemia:
treated & TC>5
LDL cholesterol - Continuous Continuous
High risk: >5 mmol/L High risk >5 mmol/L
High risk >2.5 mmol/L if Diabetes >2.5 mmol/L
diabetes Uncontrolled dyslipidaemia:
treated & LDL>3
HDL-cholesterol Cat: low HDL Continuous Cat: Low HDL
Systolic BP Continuous Continuous Continuous
High risk: >160 mmHg High risk : >140mmHg
High risk >140 mmHg High risk : >140mmHg if
diabetes
Uncontrolled hypertension: AHT
with BP >140
Diastolic BP - Continuous Continuous
High risk: >100 mmHg High risk >90 mmHg
High risk: >90 mmHg High risk >90 mmHg if diabetes
Uncontrolled hypertension: AHT
& BP >90
Family history of CHD Cat: 1 relative, >2 relatives - -
Daily smoking Yes/No Yes/No Yes/No
Diabetes - Yes/No Yes/No
HbAlc - Continuous -
Body mass Index - Cat: normal, overweight, Cat: Obesity
obesity
Abdominal obesity - Cat: Yes/No Cat: Yes/No
Physical activity level - Cat: Sedentary Cat: Sedentary
Medication use
Antihypertensives Yes/No Yes/No Yes/No
Lipid-lowering drugs - Yes/No Yes/No
Treatment targets - o
Blood pressure - - <140/90 mmHg
<135/85 if diabetes
Total cholesterol - - <5 mmol/L
LDL-cholesterol - - <3 mmol/L
<2.5 mmol/L if diabetes
Non-smoking - - Yes

Cat = category
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3.4 Statistical analysis

3.4.1 Paper |

In Paper I, we used descriptive statistics to examine cardiovascular risk, risk categories, and
single risk factors by sex, age groups, and survey for secular trends, and to present changes in
cardiovascular risk and single risk factors by birth cohorts and sex for longitudinal trends.
Means and standard deviations (SD) were presented for continuous variables and percentages
and numbers for categorical variables. We used a t-test and chi-square test to assess time, sex-
and age group differences. To calculate how each single risk factor included in the NORRISK
2 score contributed to the total score and the overall explained variation of the model, we used
the Shapley value technique. The Shapley Value was originally used in gaming theory to
determine the contribution of each player in a coalition or a cooperative game (201), and the
decomposition technique were further developed by Shorrocks (202). As presented by Kolker
(201); A group of k cooperating members is a coalition, s. The members form the grand
coalition S that consists of all n participants, k<=n. Each non-empty coalition has a value
V(s), which the value of this coalition. The Shapley value provides a ‘fair’ share in the sense
that all members are compensated proportionally to their merit, i.e., proportionally to their
marginal contributions, V(s)-V(s-k). These contributions are then averaged over all possible
different combinations in which the coalition can be formed. Thus, the Shapley value, Shk for

each participant k is calculated as

sh, =S =D =y s — k),

Scn n !

s 1s the number of participants in coalition S; summation is performed over all possible
coalitions, which participant k joins; (s-1)! is the number of arrangements for participants
before joining s; (n-s)! is the number of arrangements for participants after joining s; and n! is
the total number of all possible coalitions. Thus, the Shapley value is computed by calculating
the average marginal contribution that participant k brings to a coalition (group) s if this
participant joins any coalition, and all coalitions for this participant k are formed in random

order. Thus, the Shapley Value assesses the contribution of the coefficients of determination
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in a regression model, a measure of the overall goodness of fit. We performed the analysis
using the command rego in Stata 15 developed by Huettner and Sunder (203). Traditionally,
in a regression model the coefficients provide information about the correlation and the
significance between the variables. However, the regression model does not rank the
explanatory variables in order of importance, and it is not possible to quantify the actual
contribution of each variable to explain dependent variable (204). The Shapley Value
decomposition (202) calculates the exact contribution of the explanatory variables of a
regression to its R-square (R?), and in the rego command the contribution from all the

explanatory variables sums up to 100%.

We used the Shapley Value decomposition to assess how each variable included in the

NORRISK 2 score contributed to the total score in both Tromseg6 and Tromse7 (secular trend)

rego YNORR]SK 2 score = Page + Page? +ﬁsex + ﬁsmoke + ﬁsysmlic BP +ﬁBP medication +ﬁtotal cholesterol + ﬁ low HDL cholesterol +ﬂ one

family CHD + ﬁ two family CHD.

In addition, we used the Shapley Value decomposition to assess the relative importance of
change in each risk factor to the change in total risk between Tromse6 and Tromse7 in birth

cohorts (longitudinal trends).

rego YChange in NORRISK 2 between Tromso6 and Tromso7 = ﬁsex +ﬂChange in smoke +ﬂChange in systolic BP +ﬂChange in BP medication use +

ﬂchange in total cholesterol +ﬁ change in low HDL cholesterol + ﬂ change in one family CHD + ﬂ change in two family CHD.

Statistical analyses were performed using STATA version 15 (StataCorp. 14, College Station,
TX, USA, (StataCorp LP).
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3.4.2 Paper Il

In the second paper, we used descriptive statistics to present the study population's
characteristics, the proportion of participants eligible for primary prevention intervention
defined by the NORRISK score and single risk factors from the 2009 guidelines, and the
NORRISK 2 score and the 2017 guideline. Means and standard deviations (SD) were
presented for continuous variables and percentages and numbers for categorical variables. To
compare sex differences, we used t-tests for continuous variables and chi-square tests for
categorical variables, and the McNemar test for pairwise data, comparing the difference in a
proportion defined by high risk in women and men in risk scores. Results were considered
statistically significant when a p-value less than 5% was attained. To visualise the overlap of
high-risk participants defined by NORRISK and NORRISK 2 scores, as well as risk score
with additional risk factors from the concurrent guidelines. Area proportional Venn diagrams
were presented using the command "pvenn" in STATA." All the statistical analyses were
performed using STATA version 15 (StataCorp. 15, College Station, TX, USA, (StataCorp
LP).

3.4.3 Paper lll

In Paper III, we presented the means and proportions of the study population's baseline
characteristics. Further, we compared the study sample at high risk with participants at high
risk of CVD that was lost to follow-up, and then we used regression models with the margins
command. Regression models with the margins command were also used to present age-
adjusted characteristics among users and non-users of primary prevention at second screening,
stratified by sex, and to assess the difference between the two groups. We calculated the
proportion of the study population that achieved treatment targets for primary prevention, and
we used multivariable regression with odds ratios (OR) to identify variables associated with
treatment target achievement adjusted for age and sex in one model, and age, sex, education,
and current medication use in the second model. Results were considered statistically
significant with p-values <5%. All analyses were performed using STATA version 16

(StataCorp. 2019, Stata Statistical Software: College Station, TX, StataCorp LLC).
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3.5 Ethics and participant feedback

The Tromse Study was performed in accordance with the principles of the Helsinki
Declaration and the Health Research Act. Tromse6 was approved by the Data Inspectorate of
Norway (Datatilsynet) and the Regional Committee of Medical and Health Research Ethics,
North Norway (REC north) (reference 121/2006). Tromse7 was approved by the Data
Inspectorate of Norway and REC North (reference 2014/940). All participants gave written
informed consent, and participants were informed that they can withdraw their consent at any
time. Data from participants that had withdrawn their consent was not included in the

analyses. This PhD project was approved by REC North (reference 1778/2015).

The Tromse Study uses a feedback system for action and communication of pathological
findings in participants. As described in the method papers of Tromse6 (193) and Tromse7
(195) the pre-defined thresholds values and consecutive response (immediately at
examination, by phone, or through letters) was developed in collaboration with clinical
specialists. Within 2-4 weeks days after participation, all participants received information
containing screening values of blood pressure, height, weight, and serum high-density
lipoprotein, total cholesterol and Hbalc. Participants with values above pre-defined
thresholds levels were recommended to contact their own primary physician for a follow-up.
This information was not automatically transferred to the participant’s GP, thus relied on the
participant’s own initiative for follow-up. Participants with abnormal results from other
examinations received additional letters with specific recommendations. A small number of
participants was referred directly to the hospital due to findings from the clinical

examinations or were contacted by phone due to abnormal laboratory findings (193, 195).
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4 Results — summary of papers

4.1 Paper I: Secular and longitudinal trends in cardiovascular risk in a general
population using a national risk model: The Tromse Study

In paper 1, a total of 7284 participants from Tromse6 (2007-2008) and 14,858 from Tromse7
(2015-2016) free from CVD, aged 45-74 and with valid values on variables included in the
NORRISK 2 score was included for analyses on secular trend. For longitudinal trends, a total
of 4534 participants attending both Tromse6 and Tromse7, free from CVD, born between
1941-1962 and with valid values on NORRISK 2 variables was included. Analyses were
stratified by age and sex.

The analyses for secular trend showed that the distribution in risk categories moved from
higher to lower risk categories between the surveys. In both surveys mean NORRISK 2 was
higher among men than women. Between the two surveys there was a decrease in systolic
blood pressure, total cholesterol, and smoking for both sexes while the use of
antihypertensives increased, NORRISK 2 score decreased for both sexes (but men had a
greater decline). The main contributors to the total NORRISK 2 score measured by Shapley
value (% R?) was age, systolic blood pressure and smoking. We found some age and sex
differences in the contribution of risk factors, where in both surveys total cholesterol
explained more of the variation among the youngest age-groups and more for men than
women, whereas daily smoking explained more of the variation in the youngest age-groups
and more for women than men. Systolic blood pressure, low HDL cholesterol and family
history of CHD explained more of the variation in the oldest age groups, and with minor sex

differences.

In the longitudinal follow-up of we found that for both sexes and all birth cohorts NORRISK
2 score increased, and the increase was larger among men. However, when we used baseline
age in the NORRISK 2 calculations there was a decrease in NORRISK 2 score. Overall, the
use of antihypertensive drugs and family history of CHD increased, and daily smoking
decreased during follow up. Total cholesterol decreased between the two study periods,
except for the youngest women. The change in the proportion with low HDL cholesterol and

mean systolic blood pressure varied between sexes and birth cohorts. Overall, change in daily

44



smoking, systolic blood pressure and use of antihypertensives was the main contributors to

explain the total variation (%R?) in change in NORRISK 2 score during follow-up.

4.2 Paper II: Change in cardiovascular risk assessment tool and updated Norwegian
guidelines for cardiovascular disease in primary prevention increases the
population proportion at risk. The Tromse Study 2015-2016.

In paper 11, a total of 16,566 participants from Tromse7 free from CVD, aged 40-69 years and
with valid values variables included in the NORRISK scores were included. Mean age was 53
years for both women and men. When comparing the sexes, we found that men had higher
mean LDL cholesterol, blood pressure, prevalence of obesity, self-reported diabetes,
sedentary physical activity level, lower education and a higher proportion was users of lipid-
lowering drugs and antihypertensives. Women compared to men had higher mean HDL

cholesterol, prevalence of daily smoking and abdominal obesity.

The total proportion at high risk defined by risk score only was 12.0% using NORRISK and
9.8% for NORRISK 2. When NORRISK was calculated without additional risk factors
(HbAlc and family history) the proportion at high risk was 8.6%. Among women, both risk
scores defined a higher proportion as high risk in the oldest age groups, whereas among men
this was only found by NORRISK 2, but not NORRISK where men aged 40-49 and 60-69
years had a higher proportion at high risk compared to men aged 50-59 years. When including
risk factors from the Norwegian primary prevention guidelines the proportion eligible for
intervention increased by 3.4 percentage points, where the proportion was 15.5% in
NORRISK 1 combined with the 2009 guidelines, and 18.9% in NORRISK 2 combined with
the 2017 guidelines.

Overall, participants defined as being at low risk by risk score were to a greater extent
identified as eligible for intervention by single risk factors when using the 2017 guidelines
compared to the 2009 guidelines. This was due to change in the cut-off value for serum total
cholesterol and the introduction of a specified value for LDL cholesterol, and diabetes
specific thresholds. Among individuals identified as high risk by risk score only, NORRISK
identified in total 12.0% (2.2% of women and 23.3% of men) as high risk, while NORRISK 2
identified in total 9.8% (2.4% of women and 18.3% of men) as high risk. The overlapping
proportion identified as high risk in both risk scores was in total 5.4% (0.9% of women and

10.7% of men). Combining NORRISK and the 2009 guidelines, 15.5% in total (6.8% women
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and 25.6% men) was identified as eligible for intervention, while in NORRISK 2 and the
2017 guidelines the proportion was 18.9% in total (9.8 % women and 29.4% men). Overall,
the overlapping proportion of 10.7 %, (5.1% women and 17.3% men) was identified as

eligible for intervention in both risk scores with their respective guidelines.

4.3 Paper III: Achievements of primary prevention targets in individuals with high risk
of cardiovascular disease. An 8-year follow-up of the Tromse Study.

In paper 3, a total of 2524 participants with a high risk of CVD aged 40-79, free from CVD,
with valid values in the NORRISK 2 score attending both Tromseg6 and Tromseg7 were
included to study the change in risk factors and achievement of treatment targets in primary
prevention. The mean baseline age was 61 years, and women were 2.7 years older than men at
baseline. To compare the study sample with individuals at high risk who were excluded or did
not re-attending Tromse7, we found those not included were older, had higher mean total
CVD risk, a larger proportion had diabetes, low HDL cholesterol, were daily smokers, lower
physical activity level and lower educational level. All CVD risk factors except for total
CVD risk and obesity improved during follow-up. When comparing sexes, change in risk
factors was similar among the sexes, except for a greater change in SBP among women
compared to men. The proportion using blood pressure-lowering drugs and/or lipid-lowering
drugs increased during follow-up from 48 % to 71 %. Second screening medication users
differed in characteristics at both time points. Users were older, a larger proportion were
women, had a higher educational level, reported poorer self-reported distress and more
psychological distress, and had less favourable levels at baseline except for total CVD risk
and lipid levels, and a lower proportion were smokers. During follow-up, total CVD risk
increased less in medication users. SBP and LDL cholesterol decreased in medication users

and increased in non-users. Total cholesterol and DBP decreased in both users and non-users.

Overall, 31% achieved the treatment target for total cholesterol, 27% for LDL cholesterol, and
24% achieved both lipid targets. About 40% achieved the treatment targets for blood pressure,
85% the non-smoking target, and 10% achieved all treatment targets combined. Higher levels
of total CVD risk, lipid, and baseline BP levels were associated with lower odds of achieving
treatment targets. Medication use was the characteristic with the strongest association of

achieving treatment targets in lipids, smoking cessation and all targets combined.
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5 Discussion of methodology

5.1 Study design

In Paper I, the aim was to study secular and longitudinal trends in CVD risk profile. A
definition of a secular trend, which is changes over a long period of time (205), where it is not
required to follow the same participants; thus, it was suitable to use repeated cross-sectional
data from both Tromse6 and Tromse7 for this study. In addition, the use of a longitudinal
design allowed us to describe the change in CVD risk profile over time with repeated
measurements in the same individuals. Furthermore, to study how the change in each risk
factor included in the NORRISK 2 score influenced the change in total CVD risk between
birth cohorts and sex between the two surveys. In Paper II, the aim was to compare the
current risk assessment tool NORRISK 2 and primary prevention guidelines from 2017 with
the previous and original tool; NORRISK and the guideline from 2009 to estimate the
population proportion identified as high-risk CVD, thus eligible for intervention. In this study,
we used data from Tromse7 with a cross-sectional design. A weakness in cross-sectional
designs is that they cannot be used to show the directions of associations. However, it is
suited to provide insights into the prevalence of risk factors and diseases and multiple
outcomes and exposures (191, 206). Thus, it allowed us to answer the aim of the study. In
addition, it was important to use the most recent survey since population characteristics, and
prevalence of risk factors are changing over time. In Paper III, we aimed to follow individuals
with high risk of CVD over a period of time. Thus, using a longitudinal prospective cohort
allowed us to follow the same individuals and change in CVD risk and medication use,
investigate differences between users and non-users of medication between the surveys, and
calculate the proportion of individuals reaching treatment targets and characteristics
associated with reaching targets. In addition, this study design allowed us to study how
characteristics at baseline in Tromsg6 influenced the achievements of treatment targets in

primary prevention at the second screening in Tromse7.
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5.2 Internal validity

In epidemiological studies, there are two main types of error; random and systematic error
(191). Errors in epidemiological research can be challenging to avoid, and how these potential
errors have been handled impacts the validity of a study. Internal validity refers to the degree
a study is influenced by errors and how these potentially impact the trustworthiness of the
results. Whereas, external validity refers to the generalisability of the results to other
populations (205). Another term for systematic error is bias, they are often classified into
three broad categories; selection bias, information bias and confounding (191). These biases
together with statistical considerations will be discussed in the following sections. External

validity will be further discussed in chapter 5.3.

5.2.1 Selection bias

Selection bias is a distortion in the measure of the association occurring when the sample
selection does not accurately reflect the target population (206). Potential selection bias in this
thesis could be related to sampling and choice of the study population, and non-response bias
which refers to when non-responders (non-attendees) differ from responders (attendees)
(207). The Tromsg Study is a population-based study, where both whole birth cohorts and
random samples of the population were invited (190). Participation in the Tromsg Study is
voluntarily, and there is risk of selection bias, considered to be the major potential bias in this
thesis. Although the total number of participants and (more importantly for the risk of
selection bias) the proportion of invited attending the Tromse Study is high, the general trend
in declining attendance in health surveys in Norway (208) and in international studies is also
observed in The Tromse Study (209-211). In Tromse@6, the overall attendance was 66% and in
Tromse7 65%. In this study, we included participants within the age-range 40-80 years,
specifically for each paper:45-74 in Paper I, 40-69 in Paper II, and 40-80 in Paper III, which
also is the age groups with highest proportion of attendance in both surveys (see Table 3 and
Table 4 in the material and methods section). This lowers the risk of participation proportion

induced selection bias in this thesis.
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Differences between attendees and non-attendees may lead to selection bias. Participants
attending population studies tend to be different from non-attendees, with more favourable
health status in those participating (208, 212). However, non-response bias is difficult to
quantify due to limited information. Analyses on morbidity and mortality among non-
participants in the Tromse Study have previously been precluded due to legal restrictions by
the Norwegian Data Inspectorate (196). A publication from the Norwegian population-based
HUNT study showed no clear evidence of bias in the association and causal studies due to
non-attenders (208). Nonetheless, non-participants in the HUNT study had a higher
prevalence of several chronic diseases, and lower socioeconomic status had lower
socioeconomic status and higher prevalence of chronic diseases compared with those
attending the study (208), also found in other studies (209, 212). In the Tromse Study, several
participants have participated in more than one survey; thus, there is the risk that those
attending the study are healthier than non-attendees. To provide some insights, we have
performed age and sex adjusted regression analysis to compare participants who attended

Tromseb6 eligible for re-attendance in Tromsg7 to compare demographics and risk factors.

Figure 4: Flowchart of participants attending Tromso6 eligible for attendance in Tromso7

Participants attending Tromsg6
n=12,984

Withdrew consent n=7

Y

Age <40 before Tromsg7 study n=85

Moved/emigrated n= 971

Died between Tromsg6 and Tromsg7 n=1443

A\

Tromsg6 participants eligble for attendance in Tromsg7
n=10,478

J
\] ¥

‘ Eligble but did not re-attend Tromsg7 | ‘ Eligble and dit re-attend in Tromsg7 |

n=1753 n=8725
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A total of n=10,478 participants in Tromse6 were eligible to re-attend in Tromse7. Of these
n=8725 attended, and n=1753 did not attend. In Tromsg7, a total of 32,591 were invited; in
total, 21,083 participated, and as shown in Figure 4, a large proportion participants ( 41%)
had previously participated in Tromse6. It is generally a strength to be able to follow
participants over time. However, this could introduce selection bias if taking part in the
Tromse Study is believed to influence health awareness, attitudes and behaviour change. In
addition, as described in the method section, participants received standardised feedback of
several CVD risk factors. Those with values above pre-defined thresholds in blood pressure,
cholesterol, and blood sugar levels in Tromsg6 were recommended to contact their GP for

further examination.

Table 6: Demographics and cardiovascular risk factors in participants attending Tromso6
2007-2008, stratified by participants eligible for invitation to Tromse7 but lost to follow-up
(non-re-attenders) and participants attending both Tromso6 and Tromso7 (re-attenders).

Eligible to attend Attenders
Tromse6 and

Tromse7. Lost to Tromso7

follow-up n=1753 1=8725 D
Demographics
Age!, mean 56.9 (13.2) 55.9 (11.3) <0.001
Age >60 years!, % 48.0 (842) 45.0 (3923) <0.05
Women?, % 57.3 (1004) 53.5 (4669) <0.05
Higher education®*,% 31.3 (548) 40.9 (3569) <0.001
Married/partner?, % 51.9 (909) 63.0 (5496) <0.001
Self-reported good/very good health?, % 60.9 (1068) 70.5 (6151) <0.001
Psychological distress®, % 14.0 (245) 9.9 (864) <0.001
Cardiovascular risk factors
NORRISK 2 score? 7.4(7.2) 6.3 (6.0) <0.001
Diabetes?, % 6.2 (109) 3.8 (331) <0.001
Total cholesterol mmol/L? 5.6 (1.1) 5.6 (1.1) 0.745
LDL-cholesterol mmol/L? 3.6(0.9) 3.5(0.9) 0.566
Low HDL-cholesterol?# 16.7 (293) 13.7 (1195) <0.05
Systolic blood pressure mmHg? 137.2(24.4) 133.9(21.8) <0.001
Diastolic blood pressure mmHg? 78.5(10.9) 77.6 (10.5) <0.05
Daily smoking?, % 28.7 (503) 17.9 (1561) <0.001
General obesity >° % 23.7 (415) 19.7 (1719) <0.001
Abdominal obesity>® % 54.8 (961) 50.7 (4423) <0.05
Sedentary activity level?, % 25.4 (445) 17.7 (1544) <0.001

Numbers are means (standard deviations) or proportions (numbers). P= difference between individuals lost to follow-up and

attenders Tromsg6 and Tromsg7.

! Adjusted for sex, > Adjusted for age 3 Adjusted for age and sex * Higher education: College/university < & > 4 years °. Low

HDL cholesterol <1.3 mmol/L women, <1.0 mmol/L men ¢ Body mass index >30 kg/m? 7 Waist circumference men >102

cm, women >88 cm.
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Tromse6 participants that did not re-attend in Tromse7 differed from those participating in
both surveys (Table 6). Participants that attended both surveys had lower mean age, and a
lower proportion was >60 years; a larger proportion had higher education, was
married/partner, reported good/very good health, and a lower proportion had psychological
distress. In addition, most cardiovascular risk factors were more favorable among re-attenders

than among non-re-attenders, except for total and LDL cholesterol levels.

Since the first survey in the Tromse Study, 45,473 people have participated in one or more of
the seven surveys, 18,510 have participated three or more times (190), and participants in
Tromse6 and Tromse7 consist of both first-time attenders and individuals that have
participated in previous surveys. Potential bias due to differences in attendees versus non-
attenders is difficult to avoid but is a subject to consider when interpreting the results. In the
three papers included in this thesis, there is reason to believe that the observed secular and
longitudinal trends in risk factors levels were more favorable than in the total population
(Paper I), that a lower population proportion is calculated to be at high risk and eligible for
primary prevention (Paper II), and a more healthy cohort of high-risk individuals is followed
(Paper III) than in the total population. In Paper I, we studied both secular and longitudinal
trends in cardiovascular risk profile, In the longitudinal analysis, we included all participants
attending both Tromse6 and Tromse7, except those with prevalent or incident CVD during
follow-up. Thus, we included all eligible participants motivated and/or healthy enough to
attend both surveys, which could influence prevalence of CVD risk factors. For instance, the
proportion of women aged 45-54 years being daily smokers was 28.8% in Tromsg6, while the
proportion in the same age group was 25.2% in women also attending Tromse7; in men, this
was 21.4% versus 18.3% respectively. Thus, the findings of favourable changes over time in
total cardiovascular risk profile and single risk factors could in part be due to survivor bias,
which is a form of selection bias (206). Survivor bias is also a potential limitation in Paper III,
where we followed high-risk individuals between Tromseg6 and Tromse7. One way to address
this potential selection bias is to compare differences between those who are lost to follow-up
with re-attenders (206). Hence, we compared demographics and risk factor levels in re-
attenders with those lost to follow-up due to incident CVD, death, or eligible but did not re-
attend Tromse7, and found those lost to follow-up to be older, have higher total CVD risk and
a larger proportion had lower educational level. Consequently, when interpreting the results,
this could lead to an overoptimistic interpretation of the change of CVD risk factors and the

proportion reaching treatment targets.
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5.2.2 Information bias and misclassification

Information bias arises if there is a systematic difference in the definition, collection, recall,
recording, analysis, or interpretation of study data (191, 213). Epidemiological research,
including population-based studies such as the Tromse Study, includes self-reported measures
from interviews and questionnaires and objective measures. Hence, there are several different
types of information biases potentially affecting the internal validity of this thesis (206, 207).
These errors in measurements can lead to misclassification, which means that an value or
individual is put wrongfully into a category (205). Misclassification can be categorised into
differential, and non-differential. Non-differential misclassification occurs when the
probability of individuals being misclassified is similar across all groups in the study.
Differential misclassification occurs when the probability of being misclassified differs

between groups in a study (205, 206).

Error in self-reported data measurements

Self-report bias is a measurement error that arises when there is a deviation between the self-
reported and the actual values of a measure (214, 215), and can occur in different contexts,
both at random or systematically; for instance, if responders do not comprehend the question,
do not correctly remember an event, or selectively choose to modify information (216).
Several self-reported measures have been used in this thesis. Thus, presented below is a
selection of these variables and the potential implications of errors. CVD cases were intended
to be excluded in all three papers. Due to the lack of validated endpoints in the Tromse Study
CVD end point registry after 2014, we used self-reported data on the history of MI or stroke
Therefore, we had to rely on a participant's ability to report an event correctly. The variable
self-reported family history of premature MI is included in calculating the NORRISK 2 score
(1) total CVD risk. Information bias could occur if a participant does not comprehend what an
Ml is (phrased in the questionnaire as “hjerteinfarkt” in Norwegian, where the common
medical term and lay people term is the same) or incorrectly remember whether a family
member had experienced a MI before the age of 60 years, and can introduce bias and
erroneous mean total CVD risk, which further could lead to misclassification of risk category

low, medium, high (Paper I), the proportion identified as high risk of CVD (Paper II) and an
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erroneous study sample (Paper I1I). Selective response and social desirability are potential
errors in this study. Study participants usually better recall some events, such as diseases and
factors recognised as risk factors by the individual. However, unhealthy behaviour is more
often underreported and healthy behaviours more often overreported. Social desirability
responding can lead to reporting incorrect information, omitting information, or altering the
magnitude of the reported information (214-216). Self-reported variables included in this
thesis prone to selective response and social desirability bias are smoking status and physical
activity level. Suppose many smokers report to be a non-smoker and thereby misclassified;
this would lead to a lower mean total CVD risk and a lower proportion identified as high risk
of CVD (Paper I-1II). In that case, this could also lead to a larger proportion achieving the
non-smoking primary prevention target, and an incorrect estimate of the OR of daily smoking
association with achieving treatment targets (Paper III). Despite that we have used several
variables that are self-reported, we do believe that the potential misclassification unlikely is

differential.

Errors in objective measures

Information bias could also arise in measurement errors in objectively measured variables
included in this thesis; blood pressure, blood samples, height, weight, and waist
circumference. For example, suppose blood samples were performed inaccurately with
prolonged venostasis. In that case, this can increase the concentration of total cholesterol and
HDL cholesterol (not triglycerides and LDL cholesterol in the referred study) (217); this
could influence the mean level of the variable but also the prevalence of low HDL cholesterol.
Since total and HDL cholesterol are variables included in the NORRISK 2 calculations, this
could affect the proportion at high risk. Another example is if technicians differ in how they
consider proper cuff size before measuring the blood pressure, which is important for correct
measurement and a valid blood pressure result (218). Another kind of information bias is
apprehension bias. This is a bias occurring when a study participant responds differently due
to being observed (219). Blood pressure is a measurement prone to apprehension bias. White-
Coat hypertension is a well-known example of this (220), potentially leading to an
overestimation of participants being calculated as high risk of CVD (Paper I-1II), elevated
mean blood pressure levels (Paper I-111), and underestimated proportion reaching treatment

targets (Paper III). Overall, the potential measurement errors are likely to go in both directions
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in the participants attending the Tromse Study; it is likely non-differential. The errors could
lead to uncertainty of the results and thereby threaten the internal validity of this thesis.
However, to minimise the risk of measurement error the Tromse Study have included
standardised procedures for all performed measurements, and the technicians are trained
personnel. Thus, measures are taken to limit risk of measurement error. Nevertheless,

measurements error could still occur.

Misclassification by choice of definition of high-risk of CVD

Another potential misclassification is the choices made regarding how to define participants
as high-risk of CVD, and arises when a study participants is categorised into an incorrect
category (221). In Paper I, we used NORRISK 2 score to present the proportion with a low,
medium, and high risk of CVD and present secular and longitudinal trends. However, as
demonstrated in Paper II, including individuals with low risk, but elevated values on single
risk factors, and further, re-calculating total CVD risk with and without additional risk factors
impact the total proportion identified as high risk. In Paper III, we followed high-risk
individuals of CVD identified by NORRISK 2, the 2017 guidelines or individuals with treated
but uncontrolled hypertension or dyslipidaemia. One could argue that those treated but with
controlled hypertension or dyslipidaemia also are at high risk of CVD and could be included
in the study population. The same applies to those with diabetes, which is a well-known risk
factor for CVD (222, 223). If we included all participants using antihypertensives, lipid-
lowering drugs, or those with diabetes, we would get a larger study sample to study, but this
could also lead to a more favourable result in the proportion reaching targets in primary
prevention, whereas the chosen study sample could lead to a lower proportion reaching target
than it actually is in a real-world setting, this supports that the choice of definition of high-risk

individuals could lead to misclassification.

Handling of missing data

Information bias can also be introduced depending on the handling of missing data (213).

Whether missing data will create a significant bias largely depends on its magnitude or the
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pattern of missingness (224). Missing can be classified into missing completely at random,
missing at random, and missing not at random (205). Missing completely at random means
that the missing data is independent of the observed and unobserved data (205). Missing at
random is when data is missing systematically related to the observed but not the observed
data (205), meaning that the missingness is to do with the study subject but can be predicted
from other information about the person. Missing not at random is when data is systematically
missing related to the unobserved data, and the missingness is related to events or factors not
measured by the researcher (205). Analysing datasets with missing data can be handled by
imputation or by excluding participants with missing data (206, 225). In this study, since total
CVD risk calculations are performed in all three papers, participants with missing values
included in total CVD risk calculations were excluded. In Paper I, the proportion missing
values in NORRISK 2 variables was for secular trend analysis 1.8% and also 1.8% in
Tromse7. In the longitudinal analysis, 3.3% had missing values in variables in the NORRISK
2 variables. In Paper II, the proportion of missing variables in the NORRISK calculations was
2.2%. In Paper 111, the proportion with missing variables was 2.8%, and among those
identified as high risk in Troms@6 who not was lost to follow-up the proportion with missing
variables was 2.0%. Excluding participants could induce bias if the participants with missing
data were different from those with complete data; it also leaves us with a smaller study
population and could lower the statistical power. However, the proportion of participants with
missing data/values is overall low and should not reduce the validity of the study to a great

extent.

5.2.3 Confounding

In epidemiological studies one aim is to study associations (191) between an independent
variable and a dependent variable. Confounding occurs when the association of the variables
under study is influenced by other one or several other variables (205). Confounders should
be controlled for to attain valid results (206, 207) and could be handled in the design of a
study or in the statistical analysis by stratification or adjustment (206). Age and sex were
considered potential confounders in our study. In Paper I, we stratified by 10-year age groups
for the secular trend analysis and by birth cohorts for the longitudinal analysis, and all

analysis was presented separately for women and men. In this paper, we studied the
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contribution of each variable included in the NORRISK 2 score by using linear regression and
the Shapley Value technique, and we studied the relative importance of change in each
variable and how this impacted change in the NORRISK 2 score. A limitation here is that
there are several other potential explanations and confounders that we did not control for that
also could impact change in risk factors and thereby change in NORRISK 2 score, however,
the aim was study change in risk factors included in the score, and not to establish predictors
or causality, and was therefore considered appropriate. In Paper II, age and sex as
confounders were also handled by stratification. We did not adjust for other potential
confounders since the main aim was only to describe and estimate the difference in the
proportion of high-risk individuals by comparing risk assessment tools and primary
prevention guidelines. In Paper II1, we handled confounders by stratification and adjustment
using regression models. We presented age-adjusted characteristics of medication users
versus non-users overall and stratified by sex, and when analysing variables associated with
reaching the treatment target, we adjusted for age and sex in one model and for age, sex,
education, and current treatment with primary prevention medication in model two. There is,
however, always a potential of not including all possible confounders, and some confounders
could be unmeasured and therefore not accounted for. However, in this paper the aim was to
describe the associations with a selection of risk factors and characteristics associated with
achieving treatment targets without the aim to establish causal pathways or identify

predictors.

5.2.4 Statistical considerations

Decisions made about the research design, statistical methods, and tests performed may
impact the validity of statistical conclusions. Type 1 error is defined as “The error of wrongly
rejecting a test hypothesis, e.g., in null testing, declaring that a difference exists when it does
not” (205, p. 99). The probability of making a type I error depends on the alpha level (206) a
two-tailed p-value of <0.05 was considered statistically significant in the papers included in
this thesis, meaning that the probability of type 1 error in a single test was 5%. To reduce the
risk of a type I error, the p-value could be lowered. However, this increases the risk of a type
IT error. A type Il error is “The error of failing to reject a false test hypothesis; e.g., in null
testing, declaring that a difference does not exist when in fact it does” (205, p. 99), meaning
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that a conclusion is that there is no a significant finding when there actually is. To reduce the
risk of a type II error, large sample size will increase power and leads to smaller standard
errors (206). In all three papers, we performed several statistics tests, and when doing several
tests, there is an increased risk of a type I error (206, 207), and small differences between
groups may be statistically significant simply because of the large sample size, and may not
be biological or clinically meaningful; interpreting results should therefore not only be done
by relying on p-values from statistical tests. Thus, we chose to perform the statistical tests
when appropriate and to answer the research questions. In Paper I, we tested for a difference
between sexes but chose not to test for each single risk factor to avoid random significant
findings. In Paper I, we used the Shapley Value decomposition to study the contribution of
each single risk factor included in the NORRISK 2 score to the total score. The Shapley
Value method is primarily used in gaming theory and economics (202). Although considered
a stable method in other research areas (201, 202), the little use in health research leads to the
need for more research on the suitability of the method. A limitation is that highly correlated
data can lead to inclusive results and the Shapley Value can be misinterpreted (226). A study
of the method in strategy research concluded that the Shapley Value approach provides more
accurate measures of effect importance compared to an ANOV A approach, Hierarchical
Linear Modelling (HLM), and Variance Component Analysis (VCA) (227). The method's
strength is that the values are always positive and treats all factors in a symmetric manner,
and the ability to rank the variables in order of importance (201, 204, 226). In Paper II, we
presented characteristics of study participants overall, by sex and age groups. In this study,
the study sample included over 16,000 participants. An example where we found a significant
association by statistical tests that may not be clinically meaningful is that the LDL
cholesterol was 3.6 mmol/L among women and 3.7 mmol/LL among men, and by using a t-test,
a p-value <0.001 was found. However, in a clinical setting, this may not be relevant, and due
to this, we did not perform the statistical test on all variables included in this paper. In Paper
111, we had a smaller study sample, and in the regression analysis of characteristics associated
with reaching the treatment target, the OR and 95% confidence interval (CI) could imply that
there was not an association in some characteristics of reaching the target. For instance, the
educational level which is known in other studies to be associated with more favourable risk
factor levels, was not associated with reaching treatment targets (except for non-smoking) in
Paper III, with a p-value >0.05, meaning that it was not statistically significant, but it could
still be relevant in a clinical setting. Judging whether a difference is clinically relevant is

evaluated on the basis of expert knowledge in the field. The level of statistical significance
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and the large sample size in this study increases the chances of finding a true difference in
statistical tests, and we consider that there is a good balance in the probabilities of committing
a type I and type II error. Further, in this study, we have used both simple descriptive
statistics and slightly more sophisticated analysis, but we consider our statistical approaches

to be suitable for the aims presented in the three papers.

5.2.5 Summary of internal validity

We acknowledge that there are some weaknesses and potential biases in our study. Selection
bias could occur concerning the study population and non-response bias since individuals
attending health surveys differ from non-attendees; this could lead to an erroneous
distribution of low, medium, and high risk of CVD (Paper I), a lower estimated population
proportion at risk (Paper II) and a lower study sample and more favourable changes in risk
factors and proportion reaching treatment targets (Paper I1I), compared to if all invited
participants attended the survey. In addition, information bias from measurement error of the
self-reported variables, the objective measures, and the handling of missing data could lead to
misclassification. However, these errors and information biases are likely random and can
lead to misclassification in either direction. Thus, an equally erroneous distribution of
misclassified participants. Not proper handling of potential confounders could also influence
the results. However, we have adjusted and stratified for the two main potential confounders,
age and sex. Confounding could lead to misclassification, which could influence the estimates
and results of the papers included in this thesis. To minimise the risk of errors, the Tromso
Study has included standard operating procedures for all measures performed. The technicians
at the clinical examinations were trained to follow protocols, and the questions in the self-
administered questionnaires were thoughtfully selected. The choices made in this study were
thought out, and measures were to limit the risk. Despite these limitations and measures
taken, we believe that this thesis’s internal validity was not compromised. Nonetheless, there

is always a potential that errors might still occur.
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5.3 External validity

External validity refers to whether the results from the study sample can be generalised to
populations that did not participate in the study. In order to achieve external validity, the
study is dependent on internal validity (206, 207). This thesis used a nationally calibrated risk
assessment tool and the national primary prevention guidelines, which differ from other
countries. Therefore, directly comparing different risk assessment tools or proportions at high
risk is challenging. A threat to external validity is the representativeness of the study
participants. The Tromse Study is based on data from registered inhabitants living Tromse
municipality which include the seventh-largest Norwegian city Tromse. Tromseg municipality
include both urban (80%) and rural (20%) settled inhabitants. Tromse has a university and a
university hospital. With relatively few immigrants, a limitation in generalisability concerns
ethnic diversity since the vast majority of the participants are Caucasian subjects. Residents in
Tromse are mainly employed in tertiary (trade, health service, education, public
administration) and a lesser proportion in secondary and primary industry (195, 196).
Numbers from Statistics Norway (228) show considerable variation in educational levels in
the Norwegian population; for example, In 2016, among individuals aged 40-66 years, the
proportion with higher education was 35.0% in Norway, 28.0% in the @Qstfold county and
50.2% in Oslo county. In the seventh Tromse Study, the proportion with higher education in
individuals aged 40-69 years was 51.8% (195). Thus, the educational level in the Tromse
Study may not represent the Norwegian population. Statistics Norway conducts regular living
conditions survey with interviews of randomized population samples, covering data on self-
rated health, disease prevalence, and disability. In the 2015 survey (229), the total proportion
of daily smokers was 10% among those 67 years and older , and 12% when restricting to
Northern Norway. In comparison, in the study sample of Paper II (Tromseo7 conducted in
2015-2016), 14.5% were smokers. Attendance is declining in the Tromse Study, with 66%
attendance in Tromsg6 (2007-2008) (193) and 65% attendance in Tromseg7 (2015-2016) (195)
compared to the earliest surveys with close to 80% attendance (190). However, the attendance
is slightly higher than the comparable population-based study in Trendelag, the HUNT study.
Here, the attendance has also declined over time, HUNT4 (2017-2019) had an attendance of
54% compared to 89%% in HUNT1 (1984-1986) (230). The declining attendance in
epidemiological surveys and research studies is also found internationally (209, 210) and the

attendance proportion in The Tromseg Study is considered fair. However, about 35% of the
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invited did not attend, which is can increase the risk of selection as described above.
Nonetheless, in the papers included in this thesis, we used participants aged 45-74 (Paper 1),
46-69 (Paper I1), and 40-79 (Paper III), which is the age-groups with the highest attendance in
the Tromse Study (see Table 3 and Table 4 in the materials and methods section). As
discussed in chapter 5.2.1 Selection bias, attenders are believed to be healthier and have a
more favourable risk factor profile compared to non-attenders (208). The Tromse Study is
considered to be representative of a Northern European urban Caucasian population (193).
Although we acknowledge the potential limitations, we believe that our results are
generalisable for the general population aged 40-80 years and potentially other Northern

European populations.
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6 Discussion of main results

The overall aim of this thesis was to provide new knowledge on total CVD risk assessment
and primary prevention of CVD in a general population. The results of the three papers
included in this thesis are already discussed in detail in the papers. However, to provide a

broader understanding, our results will be discussed from several perspectives.

6.1 The NORRISK 2 model

This thesis centres around the NORRISK 2 score, the current national total CVD risk
assessment tool implemented in clinical practice. The NORRISK 2 score identifies high-risk
individuals and guides clinicians in initiating measures to reduce CVD risk by providing non-
medical interventions such as lifestyle modification or in combination with medical
interventions such as lipid-lowering drugs and/or antihypertensives (1, 6, 20). Although this
thesis has focused on NORRISK 2, we cannot contribute with a clear answer to whether
NORRISK 2 is the gold standard in total CVD risk assessment since this is beyond the scope
of the thesis. However, with a throwback into the history of total CVD risk assessment, and
findings from other studies discussed with results from the papers included in this thesis, we
can still provide some insights. The idea of the first and most broadly used CVD risk
assessment tool from the American Framingham study was brilliant — to integrate several
well-known risk factors to identify individuals with a high risk of CVD (68). However, the
Framingham risk score overestimated the risk in European populations (143-146), leading to
the European SCORE's development (147). However, SCORE also overestimated the
Norwegian population's risk and was considered unsuitable for national conditions (148-150).
Hence, a national assessment tool was warranted before including total CVD risk assessment
tools in clinical guidelines. The NORRISK score (29) was a nationally calibrated variant of
the SCORE model using national risk data and was implemented in the 2009 guidelines. Ever
since the 1970s, there has been a substantial decline in CVD mortality and morbidity in
Norway (42), and between 2001 and 2014, the reduction in the incidence of acute MI was
2.8% per year among women and 2.6% among men (46). In the Tromse Study, there was an
overall 24% decrease in stroke incidence between 1995-2010 (47). Studies have also shown

positive changes in blood pressure (12-14), cholesterol levels (15, 16) and smoking
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prevalence (17, 18) and Paper I in this thesis demonstrated the general population's decline in
total CVD risk between 2007 and 2016. Furthermore, another publication from the Tromsg
Study showed that the positive changes in modifiable risk factors accounted for a substantial
part of the observed decline in incident MI (48). Despite the positive changes in CVD
incidence, mortality, and risk factor levels, it was requested by the Norwegian Health
Authorities (1) that when the CVD guidelines were to be revised, a model should include both
fatal and non-fatal CVD events, leading to the development of the NORRISK 2 score.

There is a large selection of total CVD risk models, and in a review by Damen et al., (142)
over 300 different models were identified. In addition, as demonstrated in Table 1 (page 18)
in this thesis, there is a considerable variation in which variables are included in various total
CVD risk assessment tools. Hence, one could argue that there is no clear evidence for a gold
standard of risk models. Age, sex, total cholesterol, smoking, and systolic blood pressure are
the most traditionally used variables. In addition, various additional risk factors are included
in different models to re-calculate risks, such as a family history of premature CHD, diabetes,
and rheumatoid arthritis. The NORRISK 2 model included, in addition to the traditional risk
factors, low HDL cholesterol, and a family history of premature CHD. In contrast, family
history in the original NORRISK was an additional risk factor and not included in the
standard model (1, 29). In contrast to most risk scores, in the NORRISK 2 model the use of
antihypertensives was included and where use increases the score (1). The rationale behind
this choice is that patients treated for hypertension have a higher risk of CVD than individuals
with the same blood pressure level not treated with antihypertensives (167) so the idea is
scientifically justified. When the NORRISK 2 model was presented with the updated primary
prevention guidelines, this led to some debate where clinicians raised questions about the
scientific rationale for these changes and were critical about the potentially increasing
workload and overtreatment of healthy individuals. Interestingly, in Paper II, we did not find
a large increase in the population proportion eligible for primary prevention intervention by
NORRISK 2 score compared to the original NORRISK score. The main reason for the
increased population proportion at risk was lowering the threshold in total cholesterol and
defined levels for LDL-cholesterol. In Paper II, we also re-calculated the NORRISK score
without the additional risk factors HbAlc and family history of CHD, leading to a lower
proportion of high risk than the NORRISK 2 score. However, perhaps the most important
explanation why we did not observe a larger population proportion at risk in NORRISK 2
compared to NORRISK is because NORRISK 2 is calibrated using newer data on morbidity,
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mortality, and risk factor levels. Another interesting finding in Paper II was the overlap
between risk scores demonstrated by Venn diagrams. By risk score only, a total of n=898
would be considered eligible for intervention by both risk scores, while the total number was
n=1987 by NORRISK and n=1621 by NORRISK 2. In other words, NORRISK 2 is not just
an extension of the original NORRISK, the different models identify different subjects.
However, the risk score is different as they measure different endpoints and are thus not

directly comparable.

During the last decades, several publications have emphasised the impact of the conventional
risk factors and these are included in many of the total CVD risk models. In our study sample
of high-risk individuals in Paper 111, the study sample had higher mean total CVD risk than
the general population in Paper I and Paper II, higher cholesterol levels and blood pressure,
and a more significant proportion were smokers. Close to 30% were obese, about 60% had
abdominal obesity, and about 20% had a sedentary physical activity level compared to 14% in
the Tromse7 general population presented in Paper II. Obesity and sedentary physical activity
level are associated with an increased risk of CVD (124, 125, 127, 128), however these risk
factors are not included in most total CVD risk models. There was scientific rationale behind
the inclusion of the use of antihypertensive in the NORRISK 2 model, so one could question
why several other risk factors have not been included. However, as discussed in the review by
Damen et.al (142), creating new models and adding more variables is possibly not the
solution. However, a focus should instead be on improving existing models. The external
validity of the NORRISK 2 model found that it suited the general population (1), and a study
from Oslo Ischemia Study found that NORRISK 2 performed satisfactorily (168). A version
of the NORRISK 2 model that included South-Asian ethnicity improved the CVD predictions
in South Asians (169). Adding more well-known risk factors to total CVD risk models may
improve the predictive value of the models. However, this could also lead to a less user-
friendly tool for clinicians. Total CVD risk models will not perform well if they do not fit the
population (21, 142). Hence, the fact that the NORRISK 2 model used newer data on risk

factor levels and mortality data in the model development is perhaps the most essential factor.
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6.2 Secular changes in cardiovascular risk

The level of a single CVD risk factor might be low, but the contribution of several risk factors
can lead to a high total CVD risk (5). Thus, in Paper I, we used the current national risk
assessment tool NORRISK 2, which estimates the 10-year risk of fatal and non-fatal MI or
stroke (1), to investigate secular and longitudinal trends in total CVD risk between Tromse6
(2007-2008) and Tromse7 (2015-2016). To better understand the NORRISK 2 score, we used
The Shapley Value technique to “deconstruct” the NORRISK 2 score to investigate how each

risk factor contributed to the score.

In Paper I, we observed a significant decline in total CVD risk between the two time periods
in both women and men aged 45-74 years, resulting in a reduction in the proportion at high
risk of CVD from 8.4% among women in Tromse6 to 4.7% in Tromse7, whereas the
proportion at high risk changed from 33.4% to 25.5% among men. Furthermore, we found
advantageous changes in the modifiable risk factors total cholesterol, blood pressure, and
daily smoking, which are the main contributors to the mean NORRISK 2 score, with some
differences between women and men. Few other studies have applied a risk assessment tool to
study trends in CVD risk in a general population. However, some studies from Europe and the
US have also demonstrated a decline in total CVD risk and a lower proportion at high risk of

CVD (231-234)

The reduction in total CVD risk can be a reflection of the favourable changes in blood lipids,
blood pressure, and smoking. Overall, there has been a decrease in total cholesterol in most
parts of the world, but there has been an increase in the east and southeast Asia. The decrease
in cholesterol has been most prominent in high-income western regions (235, 236), also
demonstrated by findings from the Tromse Study (15). The use of lipid-lowering drugs has
increased substantially both globally and nationally. From 2008 to 2018, the global use of
lipid-lowering drugs increased yearly by 4.13%, but with significant differences between
countries (237). Also, in Norway, the use of lipid-lowering drugs has increased over time
(15). This can explain a large proportion of the decrease in cholesterol levels. However, there
is also a decrease among individuals not treated with medication, which can be explained by
the favourable trends with decrease in the consumption of trans fatty acids or other unhealthy

lifestyles such as physical inactivity and smoking (238-240).
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Divergent changes in blood pressure are found at a global level (241). However, there has
been a decline in blood pressure in the last decades in Norway, as demonstrated by the HUNT
study in HUNT1-HUNT3 1984-2008 (12) and the Tromse Study during Tromse2-Tromsg6
1979-2008 (13). A continued decrease in blood pressure was demonstrated in Paper I, where
systolic blood pressure further decreased between Tromseg6 and Tromseg7 for all ages and both
sexes. Furthermore, the use of antihypertensives has increased worldwide (242) as well as in
Norway (12, 13). However, the use of antihypertensive medication remained stable or were

lower in Tromse7 compared to Tromseb6, except among men in the oldest age group.

The prevalence of smoking in high-income countries was overall 17.6% among women and
26.9% among men in 2019, with an overall percentage change from 1990 to 2019 by -28.8%
in women and -32.2% among men (243, 244). Norway was one of the first countries to
introduce a comprehensive tobacco control law, resulting in a significant decline in smoking
prevalence (17, 18, 245), also observed in the Tromse Study with findings in the first paper of
this thesis, as well as by Lavsletten et al who demonstrated a 22 percentage point reduction

between 1994 and 2016 (246).

Despite the favourable changes in total CVD risk in the general population, we observed an
increased proportion with a family history of premature CHD between 2007-2016 in both
sexes and all ages, with the exception of women in the youngest age group. Several factors
could explain this finding. The incidence of acute MI in Norway has decreased considerably
(42). Thus, our results, with an increasing proportion of family members with premature
CHD, are somewhat contradictory. However, there has been a significant decrease in
mortality from MlIs, and the mortality rate from MIs has shifted to higher age groups in the
population. Half of all deaths occur after the age of 83 among men and after 89 years among
women (42), meaning that a larger proportion individuals survive an acute MI. Hence, our
finding of an increasing proportion with a family history should not be interpreted as an
increasing trend in incident MIs at a young age, but rather that it may be due to increasing
survival in the population. Furthermore, one should remember that this question is prone to
information bias. Answering with certainty about the age of a relative with a heart attack of a
specific age can be challenging. In addition, a large proportion of those who participated in
Tromse7 also participated in Tromse6, which can lead to increased awareness of this
question, which means that they are more prepared to answer this question when attending the
Tromse7 study. Since family history is part of the NORRISK 2 algorithm, one could also
think that this finding might mask some of the decreases in total CVD risk. However, as the
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Shapley Value regression showed, family history contributes less to the overall score than the

other variables included in the score.

The favourable changes in total CVD risk and the risk factors have been of great importance
for the declining incidence of CVD in Norway (48, 247), demonstrating the importance to

continue a focus on modifiable risk factors.

6.3 Longitudinal changes in cardiovascular risk

In Paper 1, we also examined the longitudinal change in total CVD risk, risk factors, and how
the change in the risk factors contributed to the change in total CVD risk over time. However,
age is an independent and major risk factor for CVD development (75, 76), and the increase
in total CVD risk over time in both sexes and all age groups was expected. This finding was
also shown in a study using data from the Whitehall II longitudinal, prospective cohort study
finding increased total CVD risk over time by the SCORE and ASCVD risk calculation (248).
However, in our study at a single risk factor level, several factors remained stable over time,
decreased, or slightly increased, similar to the findings from the Whitehall II prospective
cohort. Thus, we analysed the change in total CVD risk by keeping the age variable constant
(using baseline age), resulting in a stable or reduced total CVD risk. This finding
demonstrated two important aspects; the contribution of age in calculating total CVD risk and
the effect of reduction in modifiable risk factors on total CVD risk. In a clinical setting, the
rationale for the general practitioner (GP) to use a total CVD risk assessment is to objectively
calculate the total CVD risk to identify those at the highest risk of CVD to initiate measures
(6). Therefore, something important to reflect upon is that if the GP estimates total CVD risk
over time in a clinical setting, the risk will increase merely due to the impact of age, and the
favorable changes in single risk factors might be camouflaged. Thus, one could argue that
calculating total CVD risk alone should not be performed without reflecting upon change in
the risk factors included in the score. Similar to the analysis of secular trends, total
cholesterol, SBP and daily smoking were the main contributors to change in NORRISK 2

score over time, together with the use of antihypertensive medication.
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6.4 Population proportion at risk of cardiovascular disease

CVD prevention is a central mission from a public health perspective, although resource-
demanding (20). Thus, a highly adopted approach is the "high-risk" strategy, where the aim is
to identify those at the highest risk of CVD to initiate measures to reduce CVD risk. In 2017,
the updated primary prevention guidelines were presented with the new risk assessment tool
NORRISK 2 and changed thresholds of cholesterol levels in the guidelines (1, 20). Although
in line with the highly adopted high-risk strategy, the idea was brilliant in nature, but the

NORRISK 2 score and the updated primary prevention guidelines met some resistance;

"New guidelines create tens of thousands of patients, The new professional guidelines for
gestational diabetes and the prevention of cardiovascular disease, respectively, pose a
serious threat to the quality of the health service - and should be withdrawn" Hjorleifsson S,

Meland E, Mildestvedt T. (249, paragraph 1).

"The intention to prevent cardiovascular disease and birth complications is commendable,
but the price is high. It will cost hundreds of man-years to identify patients and give them
treatment. The authorities have not given signals to add new resources for this purpose, but
have not explained which other tasks are to be downgraded. In addition, the actual screening,
'

disease diagnosis, and treatment will entail inconveniences for those who are exposed to this'

Hjorleifsson S, Meland E, Mildestvedt T. (249, paragraph 3).

Therefore, in Paper II, we aimed to compare NORRISK and the 2009 primary prevention
guideline with the NORRISK 2 score and the current guideline from 2017 to estimate the
population proportion identified as high risk of CVD among individuals aged 40-69 years.
Overall, the current guideline and NORRISK 2 score increased the population proportion at
risk by 3.4 percentage points. One of the main findings was that the proportion identified as
high risk by NORRISK 2 score alone was 9.8% versus 12.0% by NORRISK. However, when
the NORRISK score was calculated without the additional risk factors of family history of
CVD, the proportion identified by NORRISK was 8.6%. However, a direct comparison of

risk assessment tools must be made with caution since they are fundamentally different. It is
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highlighted that risk assessment tools should be calibrated (6). One study found that not
modelling the secular trend in risk factors and CVD incidence can cause over-prediction,
concluding that risk scores should be based on current national data (250). Furthermore, the
change in threshold in total cholesterol from >8 mmol/L to >7 mmol/L and the specified
threshold in LDL cholesterol of >5 mmol/L were the main factors increasing the population
proportion at risk of CVD. The NORRISK 2 score and the current national guidelines would
cause almost 70.000 more individuals aged 40-69 years to be eligible for primary prevention.
The use of total CVD risk assessment and the increased proportion demonstrated in Paper 11
and the impact could be viewed from several perspectives; the increased population
proportion will affect the individual identified as high risk, the primary health care workers,

and the system, this will be discussed further in the next sections.

6.5 High risk of CVD - implications for the individual

The papers included in this thesis have not provided any directly updated knowledge about
the primary prevention of CVD from the patient's perspective. It is nevertheless highly
relevant to reflect upon, given the focus of the thesis, since many results could affect the
individual at high risk of CVD. From the patient's perspective, an increased population
proportion at risk means more individuals informed about being at risk of CVD, more
individuals in need of lifestyle modifications, and a more significant proportion of individuals
eligible for medication therapy interventions such as lipid-lowering and antihypertensive
medications. There is a saying, "It is better to prevent than to treat". In many cases, it is
undoubtedly best to prevent than to treat. However, being at high risk of CVD does not equal
100% certainty that a CVD will occur in the future. Thus, the measures to reduce risk have to
be acceptable regarding consequences for the individual involved. Shared-decision making is
considered an important area in patient-centred care (184, 185) and highly relevant in the
primary prevention of CVD. The clinician and the individual must work together to produce
the best outcome of the measures initiated. Therefore, it is recommended that clinicians use
SDM when communicating CVD risk to their patients (189). The effect of being informed
about being at high risk of CVD is not something to take lightly. One qualitative study among
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individuals with high cholesterol levels informed about their risk of CVD led to anxiety and
self-centredness (251). A qualitative study by Farrimond et al. (252) of individuals'
experiences of being identified as high risk of CVD found that the identification as high-risk
came as a shock for many, particularly among those who considered themselves reasonably
healthy. Moreover, some of the study participants, the concretised percentage, raised concerns
about risk factors and lifestyles in their minds. In contrast, others found their GPs message
about being at high risk of CVD to be more confirmatory (252). Furthermore, a study from
the UK examining the patient's perspective of being identified as high-risk also found
divergent reactions from the patients; participants reported that being informed about being at
risk felt problematic. One participant reported that he "nearly died" when he received a letter
about being at high risk of a stroke or an attack (253). In addition, some participants reported
that being informed led to a decision to change their behaviour, while others did not agree to
be at high risk and did not plan any measures to reduce their risk (253). Lifestyle changes are
a cornerstone for reducing risk (19), but adherence to lifestyle changes remains challenging
(172). A study of participants at high risk of CVD participating in a lifestyle counselling
program in Sweden reported several barriers to lifestyle changes, such as bad weather (to be
physically active), stress, and lack of time. Another barrier was that the participants were
asymptomatic and did not feel sick (254). In a study by Jarbel et al. (255), a sample of Danish
inhabitants aged 40-60 years was invited to a survey and asked to imagine being diagnosed
with an increased risk of heart disease; the majority preferred the idea of lifestyle changes
compared to medical treatment, but also expressed doubts about maintaining the changed

lifestyle over time.

Among high-risk individuals, where lifestyle modifications are insufficient to significantly
reduce blood pressure or cholesterol levels toward the defined treatment targets for primary
prevention, treatment with medication could be the next step (19, 20). Whether the health
personnel recommend lifestyle changes before medication therapy must be assessed
individually. However, according to the guidelines (19, 20), medication therapy should be
initiated if the lifestyle measures have not produced the desired effect and immediately if the
levels are exceptionally high. An increased population proportion at risk means a larger
proportion potentially being treated with medications to lower cholesterol and/or blood
pressure levels. In statins, the first choice of medication therapy to lower cholesterol levels
(19, 20), severe side effects are rare, the most common is myopathy, but increased liver

values can occur, especially in high doses (256, 257). In addition, more common subjective
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symptoms and troubles are gastrointestinal trouble, muscle and joint aches, and tiredness
(175). However, many individuals tolerate statins when they believe they are receiving a
placebo (257). Nevertheless, symptoms that trouble the patient must be taken seriously. In
treatment with antihypertensive medication, although generally well tolerated, side effects
such as dizziness, drowsiness, light-headedness, or tiredness can occur (258). The side effects
usually subside after a few weeks when the body has adapted to the lower blood pressure
(258). A meta-analysis of randomized trials found that most types of antihypertensive agents
significantly increased the risk of an individual discontinuing the treatment due to side effects
compared to those side effects in individuals taking a placebo experienced (259). Some side
effects result from lowering blood pressure, usually, if the blood pressure lowering is rapid,
and therefore can be caused by any antihypertensive agent (258, 259). To summarize,
treatment with medication therapy with lipid-lowering drugs and antihypertensives is
generally well tolerated, but it can still cause problems for the individual. Despite the vast
number of publications that have shown significant effect on risk reduction with lipid-
lowering and antihypertensive medication, the individual's views, experiences, and needs
have to be an area of focus in the choice of measures to reduce risk in primary prevention of

CVD as described in shared decision-making (184, 185) .

6.6 Increased population at high risk of CVD - implications
for the healthcare service

The favourable developments in mean total CVD risk and modifiable risk factors presented in
Paper I could indicate that these changes would entail a lower proportion of individuals at risk
of CVD and thus in need of primary prevention interventions. l.e., a lower proportion of
individuals for the primary GP to initiate measures to reduce CVD risk. Nevertheless, as
demonstrated in Paper II, the different risk models and thresholds in single cardiovascular risk
factors defined in the primary prevention guidelines play an essential role in defining an
individual at high risk of CVD. In Norway, there are about 2.1 million individuals aged 40-69
years (260). Thus, NORRISK and the 2009 guidelines identify 15.5% at high risk and eligible
for intervention, approximately 320 000 individuals. Moreover, 18.9% at high risk of CVD by
NORRISK 2 and the guidelines result in a roughly 396,000 individuals eligible for primary
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prevention. Therefore, a 3.4 percentage point increase in population proportion at risk is a
substantial increase in workload for the healthcare service. On one side, this could mean that
about 70.000 more individuals could reduce their CVD risk, but this also means that the
health personnel have to spend precious time during the workday to initiate measures to
reduce CVD risk in apparently healthy individuals. It is important to reflect upon this because
70.000 more individuals mean not only one more consultation. It means a consultation to
identify an individual at risk, attempting to initiate lifestyle modifications such as encouraging
smoking cessation and counselling in diet and physical activity (19-21). In addition, follow-
up consultations to evaluate the effect of these modifications. In high-risk individuals where
medication therapy are initiated, the up-titrating can take time; if an individual experiences
side effects, this also requires follow-up. Thus, the results from Paper II implies a
considerable increment in workload for health personnel in health care services, and one
could understand the reactions from some GPs when the NORRISK 2 model and the new

guidelines were presented in 2017 (249).

In Norway, another critical factor that should not be ignored is the current “primary GP
crisis”, covered in media for some time (261). Due to this, many individuals are currently
without a primary GP and more are at risk of being without a primary GP in the near future
according to a report from Oslo Economics (262). Studies have demonstrated that in Europe
and Norway GPs experience an increasing workload that influences the GP's work
satisfaction and professional recruitment (263-265). The current situation with the increased
workload, and the influence on work satisfaction and recruitment are worrisome as the GP
plays an essential role in primary care (264). A recently published paper where the study
sample was created by linking individuals ID-number with information from four nationwide
registries demonstrated that having a primary GP that follows an individual for an extended
period is associated with reduced acute hospital admissions and mortality (266). Furthermore,
in the beforementioned qualitative study of GPs in Norway (265) GPs expressed their worries
about being able to provide health care services expected from the population. Moreover, GPs
were worried that time pressure affected how they interacted with the patients and increased
their tendency to take resource-demanding shortcuts in medical investigations. Another
interesting finding was that GPs experienced that preventive care was given less priority due
to lack of time (265). Primary prevention of CVD aims to prevent or delay the onset of CVDs
and the effort put into primary prevention can result in fewer individuals with CVD (19). On

the other hand, individuals who experience CVD are at risk of complications such as heart
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failure (267) and atrial fibrillation (268), which also could lead to a higher workload health
personnel and the healthcare service. Hence, a greater proportion eligible for primary
prevention increases the workload for the health care service, but not preventing CVD could

also result in more multimorbid patients that require substantial resources.

Another factor to reflect upon is whether clinicians find risk assessment tool and primary
prevention guidelines useful in clinical practice. A European study of physicians mainly
working as GPs found the use of total CVD risk assessment was high, but among the 30% not
using total CVD risk assessment, time constraints and the perception of it being useful were
the main reasons for not using the tools (269). One study exploring the attitudes of both
patients and GPs towards medication for CVD primary prevention (270) found both GPs and
patients would rather try lifestyle changes before initiating medication to reduce CVD risk.
Many patients expressed concerns about taking medication. However, many patients said that
they would only accept treatment if they were at the highest risk levels, but at the same time,
many stated that they also would do what the doctor recommended (270). In addition, some of
the patients in this study were critical of the justification of initiating medication and did not
want to trust the doctor blindly. Concerns from the GPs on medication were about the side
effects and the value of preventive medication (270). Risk assessment tools to identify those
at risk and reduced thresholds to initiate measures also increase the proportion eligible for
medical treatment to lower lipid levels and blood pressure levels. A larger proportion of
prescribed medication could also produce a more considerable number of patients with poor
compliance and adherence to medical treatment. One qualitative study of GPs' views on
cardiovascular risk and patient compliance (271) found various strategies to manage patient
compliance. Some accepted the patient's decision, while others actively tried to improve
compliance. Many GPs felt irritated and frustrated about the time wasted on consultations
with patients not complying with the prescribed treatment (271). These examples demonstrate
some of the complexity and importance of acknowledging that the increased population
proportion at risk will affect the patient identified as high risk and who needs to make

changes in their lives, the GP, and the primary health care system.
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6.7 High-risk individuals do not achieve treatment targets,
and potential explanations of why

The first European multifactorial guidelines in the primary prevention of CVD were presented
in 1994 (22) and have been updated at regular intervals since then, and in 2009 the first
national guideline was presented (28). The aim of these guidelines was then, and still is, to
summarise the considerable amount of research in the field and provide recommendations and
work as a guide for the health care professional to identify those at high risk of CVD and how
to start preventive measures (30). Even though total CVD risk assessment and identification
of high-risk individuals is a matter of clinical practice, the third paper included in this thesis
sought to follow individuals with a high risk of CVD over a period of time to study the
change in risk factors, medication use, target achievement and characteristics associated with
attaining the targets. In Paper I, we found improvements in several modifiable risk factors at
secular and longitudinal trends, in line with findings among high-risk individuals in the same
period as presented in Paper III. However, as expected, total CVD risk and most modifiable
risk factors was significantly more elevated in the high-risk cohort compared with the general
population. Between 2007 and 2016, high-risk individuals increased their total CVD risk, but
several modifiable risk factors improved, which can be explained by the impact of age on the
NORRISK 2 score demonstrated in Paper . High-risk individuals improved lipids, blood
pressure levels, smoking, and physical activity levels, while the proportion with general and
abdominal obesity aggravated. Despite several beneficial changes in risk factor levels, the
proportion who achieved the guideline-defined treatment targets was about 30% for lipids,
40% reached the BP target, and 10% achieved all targets combined. These findings add to the
series of other studies that have shown that the proportion of achieving treatment targets in
the primary prevention of CVD is suboptimal (33-35, 272, 273). However, a direct
comparison with other studies must be made with caution since these are mainly cross-
sectional studies where the study sample includes participants due to their patient status.
Nevertheless, a strength of these studies is that the participants are identified as at high risk of
CVD. Thus, one knows that measures to reduce CVD risk are initiated. In contrast, in Paper
111, we used total CVD risk assessment and guidelines to identify high-risk individuals in a
general population. Thus, we are studying participants who may not even know they are at
high risk and where no measures to reduce risk are initiated. On the other hand, 48% of the
study sample was already treated with antihypertensives and/or lipid-lowering medication.

Furthermore, individuals with elevated values in blood pressure or lipids attending Tromse@6
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would receive a letter after participating with encouragement to see their primary GP due to
elevated values. Thus, a substantial proportion of the study sample in Paper 111 is potentially
identified as a high risk after participation in Tromsg6. A strength in this paper is the long
follow-up period. Still, many factors that we cannot take into account can influence an

individual.

Except for the non-smoking target, a low proportion of our study sample achieved the
guideline-defined treatment targets of lipids and blood pressure. However, we identified
several characteristics associated with achieving treatment targets, where medication use was
the strongest overall. In addition, individuals treated with medications at the second screening
experience more favourable lipids and blood pressure improvements. When to initiate
treatment and the thresholds for treatment targets are debated, and adverse effects of
medication can occur (31), but our study demonstrated the impact of medication use.
Nevertheless, this must not be interpreted as all individuals should be treated with
medications. Potentially, among those individuals where treatment with medication is
initiated, other non-medical interventions are initiated as well. However, these are factors we
cannot include in our analysis. We have included treatment with lipid-lowering drugs and
antihypertensives in general, but not included any adjustments regarding dosage and types of
medications, which can influence the change in lipids (274) and blood pressure (181) and thus
the probability of achieving treatment targets. In Paper 111, our analysis also showed that the
baseline levels of medication users compared to non-users at the second screening differed;
non-users were younger, and a more significant proportion had higher education and lower
blood pressure. In contrast, the non-users had higher total CVD risk and lipid levels, and a
more significant proportion were daily smokers. In addition, a lower proportion had general
and abdominal obesity than users, and this could be interpreted as if this was in a clinical
setting; potentially, the GP would focus on smoking cessation since smoking is a major CVD
risk factor and one of the most important to reduce (171, 275). This finding can explain why
using antihypertensives was associated with achieving the non-smoking target; possibly in
individuals that smoke, the GP starts with medications earlier than among non-smokers. In
addition, the GP initiates medical treatment in individuals with combined risk factors such as
general and abdominal obesity and other characteristics such as psychological distress, which

can potentially reduce the probability of successful lifestyle modifications.
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We found that between baseline and second screening, the use of primary prevention
medication increased to 70% (Paper III). Using data from a population-based study, it is
impossible to conclude whether this is optimal or suboptimal use. Our findings, with 30% of
the high-risk study sample not using primary prevention medication and the low proportion
reaching treatment targets in primary prevention, contribute to highlighting the great potential
in primary prevention of CVD. As mentioned previously, this does not mean that all should
be treated with medication. However, the primary prevention guidelines and the developers of
NORRISK 2 aim to identify individuals at the highest risk of CVD and initiate interventions
to reduce risk. For many, that could result in the need for medication therapy in combination
with non-medical interventions. Potential explanations for not reaching treatment targets can
be "clinical inertia" (276), described as the failure of clinicians to initiate or intensify therapy
when therapeutic targets are not reached, low dose prescriptions, not up-titrating doses, or
poor patient adherence. However, the term "clinical inertia" is negatively charged, bordering
on arrogance. Because it is unlikely that the health personnel makes choices that are in
conflict with the patient or the patient's best interests, there could also be barriers within the
healthcare system to following up on high-risk individuals (269). We cannot provide analysis,
tables, or figures to show the complexity of each individual at high risk of CVD. Moreover,
there could be important reasons for the health personnel not to start treatment with
medications in clinical practice. For example, one study found that if patients had
comorbidities such as diabetes or mental illness, the doctor could delay the prescription of
medication to minimise the stress for the patient and that the doctor was concerned that the
patients with multiple treatments could introduce more complexity and reduce adherence
(277). However, European and national guidelines highlight that treatment to reduce CVD
risk should be individually tailored (19, 20). Shared-decision making is a crucial element in
primary prevention. Thus, although we found an overall low proportion that achieved
guideline-defined treatment targets, this does not necessarily match the individually set
treatment targets. In the meeting between health personnel the patient, the health personnel
has to identify the patient's needs and attitudes towards changing behaviour, and investigate
the likelihood that a patient will adhere to the medication therapy (19-21). Furthermore, it is
not the case that only achieving treatment goals matters regarding risk reduction. In Paper III,
we found positive changes in several risk factors. Individuals with the highest blood pressure
and lipids values would experience a substantial risk reduction despite exceeding the defined

targets.
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6.8 Primary prevention of CVD - what to do next?

The high-risk strategy is well-known and highly adopted in the primary prevention of CVD.
However, in the field of prevention, one cannot avoid Rose's (3, 4) conclusion that the high-
risk strategy is only needed if the underlying cause of the disease is unknown and not able to
control. A vast amount of research has identified the causes and risk factors associated with
CVD. Hence, from Roses' point of view, there is no need for a high-risk strategy in the
primary prevention of CVD. But then, one must remember there could be risk factors not yet
discovered, or that more research contributes to more understanding of the already known risk
factors. The most beneficial to the population's health is the shifting of the distribution of risk
factors overall. Emberson et al., (278) concluded that the most effective is to initiate measures
at a populational level compared to a high-risk strategy. Even though the incidence of CVD is
declining, and the survival of an acute CVD event is high (42) the burden of developing a
CVD is high with the risk of complications such as heart failure (267) and atrial fibrillation
(268). Furthermore, individuals surviving a CVD event report lower health-related quality of
life than the general population (279, 280). Thus, preventing CVD is important for the
individual. In contrast with the study by Emberson et al., (278), Cooney et al. (281) compared
the population strategy with the high-risk strategy and found that both strategies matter in risk
reduction. For example, a reduction of 0.5 mmol/L in LDL cholesterol can significantly
reduce the risk for the population, whereas a 0.5 mmol/L reduction is perhaps not enough for
an individual with elevated values to substantially reduce the risk for CVD. In Paper I, we
demonstrated several positive changes in risk factors in a general population. In contrast, in
Paper 111, we found that most high-risk individuals do not achieve the guideline-defined
treatment targets. The main objective and purpose of CVD risk assessment is not to increase
the population proportion at risk as such but to identify the right individuals to keep the
balance between overtreatment and undertreatment (6). Do the findings in Paper III mean that
primary prevention in clinical practice does not work? No. As demonstrated in Paper II, the
total CVD risk assessment tool and thresholds in single risk factors influence who is
calculated as being a high-risk individual. In addition, the increased workload on health
personnel in the healthcare services (265) and primary healthcare services requires
innovation. One finding from a review of doctors experiences of primary prevention was that
GPs wanted more interdisciplinary cooperation (277). A systematic review of the usefulness
of interventions to improve risk factors found that multifactorial interventions can reduce risk

and is especially effective among those at high risk of CVD (282). One study from Sweden
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used a lifestyle program focusing on lifestyle habits that reduced the 10-year risk by 14%
within a year among high-risk individuals (283). However, interventions that last longer and
seem more effective usually are not feasible in clinical practice (282). Total CVD risk
assessment and initiating preventive measures is one of many other tasks in a GPs and other
health personnel workday, and in the beforementioned review of GPs' experiences of CVD
prevention (277), many of the GPs felt frustrated about the pressure to calculate total CVD
risk assessment and follow-up these individuals due to lack of finances and resources. The
responsibility to prevent CVD cannot be attributed alone to clinical practice. There is still a
need to improve total CVD risk assessment tools that identify those at the absolute highest
risk and implement valuable tools and guidelines in clinical practice. Thus, the population and

high-risk strategy have to complement each other.
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7 Conclusion and future perspectives

This thesis has studied total CVD risk assessment by the NORRISK 2 score and the primary
prevention of CVD in a general population using data from a large Norwegian population-

based study.

To conclude, we found a reduction in total CVD risk in a general population between
Tromse6 (2007-2008) and Tromse7 (2015-2016) and a change in distribution from higher to
lower risk categories between the surveys. Furthermore, we demonstrated the contribution of
the risk factors included in the NORRISK 2 score, where age, total cholesterol, blood
pressure, and smoking are the main contributors to the score. We also showed how the
contribution of these risk factors varied by sex and age group. Another important finding was
the reduction in several modifiable risk factors in the longitudinal analysis; the total CVD risk
increased during follow-up; although by calculating NORRISK 2 using baseline age, we
demonstrated that total CVD remained stable or decreased during follow-up, proving the
contribution of age in the score and simultaneously the effect of reduction in modifiable risk
factors on total CVD risk. Moreover, we showed how the NORRISK 2 score and the current
primary prevention guidelines increase the population proportion at risk of CVD compared to
the original NORRSISK score and the 2009 primary prevention guidelines. However, the
main reason for the increased population proportion at risk was not mainly the NORRISK 2
score but the reduction in threshold in total cholesterol from >8 mmol/L to >7 mmol/L and the
defined threshold in LDL cholesterol at >5 mmol/L to identify those at high risk of CVD who
has a low total CVD risk by NORRISK 2 score. Moreover, this thesis has demonstrated the
great potential for improvements in the primary prevention of CVD. Despite several
advantageous changes in risk factors among individuals with a high risk of CVD, less than
10% achieved the targets of lipids, blood pressure, and non-smoking, where medication use
was the strongest characteristic associated with achieving treatment targets. Furthermore,
higher baseline total CVD risk, lipid levels, and blood pressure levels are associated with
reduced odds of reaching targets, meaning those with the highest risk of CVD have the lowest
probability of achieving treatment targets and reducing their risk of CVD.
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In the future, there are several potential studies and perspectives to consider. Tromsg8 is
planned to be completed in 2024-2025. Hence, it would be possible and interesting to study
secular and longitudinal trends with an additional time-point measurement to study whether
the positive reduction in mean total CVD risk and distribution from higher to lower risk
categories continues. Furthermore, studying the NORRISK 2 score's performance and ability
to predict a CVD event would be useful, and study whether using newer secular trend data on
risk factors would improve the estimates and the prediction of the NORRISK 2 score. In line
with other studies, we also demonstrated a low proportion of high-risk individuals achieving
treatment targets and the potential for improvements in the primary prevention of CVD. Thus,
investigating to which extent the GPs use the NORRISK 2 score and how the use of
NORRISK 2 influences decision-making in primary care could be relevant. In addition, we
have demonstrated several characteristics at an individual level associated with treatment
target achievement. However, exploring and identifying barriers and success factors
associated with achieving targets both at an individual level and in the primary health care
system can contribute valuable knowledge beneficial to improving the primary prevention of

CVD.
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8 Final thoughts and reflections

Since I qualified as a nurse in 2010, I have found the field of cardiology fascinating. Most of
my experience as a nurse is from care of the patient in the acute phase after experiencing an
ML, of patients being hospitalised after a CVD event, and of patients living with the
complications of MI such as heart failure or arrhythmias. I also worked with the educational
program after an acute MI. Meeting with these patients, I became interested in the primary
prevention of CVD. Many patients expressed that they could not believe that a MI could
happen to them, as they had been treated with antihypertensives and lipid-lowering
medications for a long time. Many of the patients had not realised that they were at high risk
of CVD. I have reflected about the work conducted and how this can contribute to the clinical
field. My contribution to the area of preventive cardiology in Norway is unlikely to win
Nobel Prize, but a small contribution is still a contribution. In this thesis, we have
demonstrated favourable changes in cardiovascular risk in the population. Furthermore, we
have shown that the choice of a risk assessment tool and the thresholds to identify individuals
at risk of CVD play an essential role, for the health care service, the health personnel and for
the patient. In addition, despite several positive changes in risk factors control in high-risk
individuals, a large proportion do not achieve the guidelines-defined treatment targets. Thus,
there is a need for innovative thinking and policy efforts to introduce innovative tools health,

and guidelines in clinical practice, to improve the primary prevention of CVD in Norway.
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Abstract

Background: Primary prevention guidelines promote the use of risk assessment tools to estimate total cardiovascular
risk. Ve aimed to study trends in cardiovascular risk and contribution of single risk factors, using the newly developed
NORRISK 2 risk score, which estimates 10-year risk of fatal and non-fatal cardiovascular events.

Design: Prospective population-based study.

Methods: We included women and men aged 45—74 years attending the sixth and seventh survey of the Tromsg Study
(Tromse 6, 2007-2008, n = 7284 and Tromse 7, 2015-2016, n=14,858) to study secular trends in NORRISK 2 score.
To study longitudinal trends, we followed participants born 1941-1962 attending both surveys (n =4534). We calculated
NORRISK 2 score and used linear regression models to study the relative contribution (%R?) of each single risk factor to
the total score.

Results: Mean NORRISK 2 score decreased and distribution in risk categories moved from higher to lower risk in both
sexes and all age-groups between the first and second surveys (p < 0.001). In birth cohorts, when age was set to baseline
in NORRISK 2 calculations, risk score decreased during follow-up. Main contributors to NORRISK 2 were systolic blood
pressure, smoking and total cholesterol, with some sex, age and birth cohort differences.

Conclusion: We found significant favourable secular and longitudinal trends in total cardiovascular risk and single risk
factors during the last decade. Change in systolic blood pressure, smoking and cholesterol were the main contributors to
risk score change; however, the impact of single risk factors on the total score differed by sex, age and birth cohort.
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broadly used, risk score.’ Several CVD risk prediction
models have been developed since, such as the German
Prospective Cardiovascular Munster model,’ the
European Systematic Coronary Risk evaluation
(SCORE) algorithm,” the World Health Organization
(WHO) risk chart® and the UK QRISK equations.’

The NORRISK 2 score model is developed from
NORRISK,'® a Norwegian adaptation of the SCORE
model,” validated using Norwegian population sam-
ples. The NORRISK 2 score estimates the 10-year
risk (%) of incident myocardial infarction (MI) and
stroke combined, including non-fatal events and death
from coronary heart disease (CHD) and stroke, for use
in primary CVD prevention.'® The risk estimation is
based on age, sex, systolic blood pressure, serum total
cholesterol, daily smoking, family history of premature
CHD, low high-density lipoprotein (HDL)-cholesterol
and use of antihypertensives,'® with age-specific thresh-
olds to determine whether an individual is at low,
medium or high risk.'” We aimed to assess secular
and longitudinal change in NORRISK 2, and the rela-
tive contribution of each single risk factor to the total
score, in a general population.

Methods
Study population

The Tromse Study is an ongoing population-based
cohort study in the municipality of Tromse, North
Norway. Seven surveys have been conducted between
1974 and 2016, to which total birth cohorts and repre-
sentative population samples have been invited
(response rates 65-79%).'" A total of 45,473 women
and men participated in at least one survey. The present
analysis includes secular and longitudinal follow-up of
participants from Tromse 6 (2007-2008) and Tromse 7
(2015-2016). After exclusion (Figure 1), we were left
with 7284 Tromse 6 and 14,858 Tromse 7 participants
(4574 years) for secular trend analysis and followed
4534 participants (born 1941-1962) attending both sur-
veys for longitudinal trend analysis. The Tromse Study
has been approved by the Regional Committee of
Medical and Health Research Ethics and the
Norwegian Data Protection Authority. The partici-
pants provided written consent.

Measurements

Self-reported data on smoking, family history of CHD
and antihypertensive medication use were collected by
questionnaires. For medication use, a combination of a
question (‘Do you use antihypertensive medication?’)
and information from a written list of brand names

of regularly used medication (blood pressure lowering
drugs ATC C02, C03, C07, C08 and C09) was used.
Blood pressure was measured on the right arm of all
participants (unless in circumstances where this was not
possible), three times at 1-min intervals after 2min
seated rest by a Dinamap ProCare 300 monitor (GE
Healthcare, Norway), and the mean of the two final
readings was used in the analysis. Non-fasting venous
blood samples were collected with standard methods,
and the samples were analysed for total and HDL chol-
esterol within 48 h (with Roche diagnostics, Mannheim,
Germany) at the Department of Laboratory Medicine,
University Hospital of North Norway. Trained person-
nel performed all measurements. CVD cases were
recorded from study entry until 31 December 2013 by
the Tromse Study CVD registry. Adjudication of hos-
pitalized and out-of-hospital incident MI and stroke
was based on information from medical records from
hospitals, ambulance services, general practitioners,
nursing homes, autopsy reports and death certificates.
Validation of each event was based on modified WHO
MONICA (Multinational MONItoring of trends and
determinants in cardiovascular disease) MORGAM
(Monica Risk, Genetics, Archiving and Monograph)
criteria,'” previously described elsewhere.'> Due to
lack of validated endpoints after 2013, we used ques-
tionnaire data (‘Have you had a heart attack?’, “Have
you had a stroke?’) for events between 2014 and 2016.

We used age-specific thresholds defined by Selmer
et al.'” with the following risk categories; age 45-54
years: low risk <4.0 %, medium risk 4.0-4.9%, high
risk >5.0%; age 5564 years: low risk <8.0%,
medium risk 8.0-9.9%, high risk > 10.0%; age 65-74
years: low risk <12.0%, medium risk 12.0-14.9%,
high risk > 15.0%.

Statistics

Tables 1 and 2 show the analyses stratified by sex,
NORRISK 2 age-groups, and survey for secular
trends, and Table 3 shows analyses of birth cohorts for
longitudinal trends (follow-up of repeated individual
measurements). Means and standard deviations (SDs)
are presented for continuous variables, and numbers
and percentages for categorical variables. We used -
tests and chi square tests to assess time-, sex- and age-
group differences in secular trends in mean NORRISK 2
and distributions in the categories low, medium and high
risk (Table 1). To assess how each single risk factor
included in NORRISK 2 score contributed to the total
score and the overall explained variation of the model, we
used the Shapley value technique, which assesses the con-
tribution of the coefficient of determination (R?) in a
regression model, a measure of the overall goodness of
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Figure |. Flowchart of the study sample. The Tromsg Study.

fit'* (Table 2). The Shapley value regression is a reliable
and stable method for estimating predictor importance,
even in the presence of high multicollinearity, and guar-
antees that the marginal contribution of each predictor
sums to R*.'* Change in NORRISK 2 score was defined
as the difference in mean risk score between Tromso 6
and Tromse 7 (Table 3). Further, we used the Shapley
value to assess the relative importance of change in each
risk factor to change in total risk between baseline and
the second screening, by birth cohorts (Table 3). The
single risk factor age was omitted from the linear regres-
sion model, due to almost identical increase in age among
all participants between baseline and second screening.
Statistical analyses were performed using STATA ver-
sion 15 (StataCorp. 14, College Station, TX, USA,
StataCorp LP).

Results
Secular trends by sex- and age-groups

Table 1 shows NORRISK 2 score and prevalence of
NORRISK 2 score categories by time-, sex- and age-
groups. Mean NORRISK 2 score was higher in the first
compared with the second survey, in both sexes and all
age-groups (p <0.001). The distribution in risk cate-
gories moved from higher to lower risk categories
between the first and second survey. In both surveys,
mean NORRISK 2 score was consistently higher in
men than in women, and higher in the older than in
the younger age-groups (p <0.001 for sex and age dif-
ference). Table 1 also shows the contribution of each
single risk factor included in the NORRISK 2 score.
There is a decrease in systolic blood pressure, total
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Table I. NORRISK 2 score, risk categories and single risk factors by sex, age-group and survey. The Tromsg Study 2007-2008 and

2015-2016.
Tromse 6 Tromsg 7 Tromsg 6 Tromse 7 Tromsg 6 Tromse 7
n=1218 n=3312 n=1715 n=2807 n=1077 n—=1888
Women Age-group 45-54 Age-group 55-64 Age-group 65-74
Age, years 49.6 (2.9) 49.5 (2.9) 60.2 (2.7) 59.3 (2.8) 68.7 (2.8) 68.8 (2.8)
NORRISK-2 score 1.7 (1.4) 1.4 (1.2) 5.1 3.1) 4.1 (2.7) 10.2 (4.5) 9.2 (4.0)
Prevalence by risk categories
Low risk 93.1 (1134) 96.0 (3180) 85.3 (1463) 91.8 (2576) 71.5 (770) 81.4 (1536)
Medium risk 3.3 (40) 1.9 (63) 6.7 (114) 4.7 (132) 15.0 (162) 10.0 (189)
High risk 3.6 (44) 2.1 (69) 8.1 (138) 3.5 (99) 13.5 (145) 8.6 (163)
NORRISK 2 risk factors
Total cholesterol, mmol/L 5.6 (1.0) 5.4 (1.0) 6.0 (1.0) 5.9 (1.0) 6.1 (1.1) 5.9 (1.1)
Low HDL cholesterol® 17.7 (216) 17.6 (583) 14.7 (252) 14.6 (409) 13.0 (140) 12.5 (236)
Systolic blood pressure, mmHg 123.1 (18.3) 119.3 (16.1) 136.2 (21.2) 127.9 (19.2) 147.8 (23.6)  137.4 (20.8)
Antihypertensives 10.3 (126) 10.2 (338) 23.9 (410) 21.8 (613) 37.9 (408) 38.6 (729)
One relative with CHD 19.7 (240) 18.8 (624) 18.2 (312) 21.2 (594) 18.8 (202) 23.3 (439)
Two or more relatives with CHD 1.7 (21) 34 (112) 2.6 (45) 3.7 (104) 1.9 (20) 4.0 (76)
Daily smoking 28.5 (347) 16.1 (533) 20.9 (358) 17.3 (485) 15.0 (161) 13.1 (248)
Tromsg 6 Tromsg 7 Tromsg 6 Tromse 7 Tromse 6 Tromse 7
n=1022 n=2870 n=1395 n=2371 n=2857 n=1610
Men Age-group 45-54 Age-group 55-64 Age-group 65-74
Age, years 494 (2.8) 49.4 (2.9) 60.0 (2.7) 594 (2.9) 68.5 (2.8) 68.8 (2.8)
NORRISK-2 score 4.3 (2.9) 3.7 2.7) 9.1 (4.3) 7.9 (3.8) 14.6 (5.0) 13.6 (4.8)
Prevalence by risk categories
Low risk 56.6 (578) 67.8 (1945) 48.2 (673) 60.1 (1425) 32.7 (280) 42.2 (679)
Medium risk 14.3 (146) 11.5 (329) 19.4 (271) 16.8 (399) 28.7 (246) 25.2 (406)
High Risk 29.2 (298) 20.8 (596) 32.3 (451) 23.1 (547) 38.6 (331) 32.6 (525)
NORRISK 2 risk factors
Total cholesterol, mmol/L 5.8 (1.0) 5.6 (1.0) 5.7 (1.0 5.6 (1.0) 5.5 (1.0) 5.4 (1.0)
Low HDL cholesterol® 12.8 (131) 12.7 (363) 7.9 (110) 9.4 (223) 7.1 (61) 7.8 (126)
Systolic blood pressure, mmHg 131.9 (16.7) 128.2 (15.8) 139.5 (19.7) 133.9 (17.6) 145.7 (21.1)  139.0 (18.8)
Antihypertensives 1.6 (115) 10.7 (307) 22.6 (315) 24.6 (583) 31.7 (272) 42.8 (689)
One relative with CHD 17.1 (175) 18.2 (523) 16.1 (225) 18.6 (440) 13.0 (1'11) 18.6 (299)
Two or more relatives with CHD 1.5 (15) 2.3 (65) 1.2 (16) 3.4 (80) 0.6 (5) 2.4 (39)
Daily smoking 214 (216) 14.5 (417) 19.1 (267) 15.7 (372) 14.9 (128) 10.9 (176)

Values are mean (SD), or per cent (number).

?Cut-off value for low HDL cholesterol for women: < 1.3 mmol/L.
PCut-off value for low HDL cholesterol for men: < 1.0 mmol/L.
CHD: coronary heart disease; HDL: high-density lipoprotein

cholesterol and smoking. Use of antihypertensives
increased between surveys among the oldest age-
groups. Men had a greater decline in NORRISK 2
score between surveys, where the risk score was 0.3—
1% lower in the second survey compared with the

first for women, while as for men the risk score
was 0.6-1.2% lower, respectively. In systolic blood
pressure, women had a decline of 4-10mmHg from
the youngest to the oldest age-group, whereas the
decline among men was 3.7-6.7mmHg. The reduced
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prevalence of daily smoking was greater among men
than women. Overall, there was no sex difference in
change in total cholesterol.

Table 2 shows the relative contribution of each
risk factor to the total NORRISK 2 score (as %R?).
In both surveys age, systolic blood pressure, smoking
and total cholesterol were the main contributors to the
score in both surveys; however, age contributed more
in the first survey compared with the second survey. We
found some age and sex differences in the contribution
of risk factors, where in both surveys total cholesterol
explained more of the variation among the youngest
age-groups and more for men than women, where in
the youngest age-group total cholesterol explained
about 5% for women and 25% for men. Daily smoking
explained more of the variation in the youngest age-
groups, but more for women than men, where daily
smoking explained about 35% of the score for
women and 20% for men. Overall, we found that sys-
tolic blood pressure explained more in the oldest age-
groups compared with the youngest, with only minor
sex differences. Use of antihypertensives, low HDL
cholesterol and family history of CHD explained
more of the variation in the score in the oldest age-
group, with only minor sex differences.

Longitudinal trends by sex and birth cohorts

Table 3 shows mean NORRISK 2 score and single risk
factors included in the score between baseline and
second screening, together with the relative importance
of change in each risk factor (as % R?) to the variation
of change in NORRISK 2 score, by sex and birth
cohorts. For all birth cohorts, the mean NORRISK 2
score increased between baseline and second screening,
and the increase was larger in men. When age at base-
line was used in NORRISK 2 calculations at second
screening, we found a decrease in NORRISK 2 score
in both sexes and all birth cohorts. Overall, use of anti-
hypertensive and family history of CHD increased and
daily smoking decreased during follow-up in all sub-
groups, both sexes and all birth cohorts. Total choles-
terol decreased during follow-up for all, except for the
youngest women. The change in proportion of low
HDL cholesterol and mean systolic blood pressure
varied between the sexes and birth cohorts.

Overall, change in daily smoking, systolic blood
pressure, total cholesterol and use of antihypertensives
were the main contributors to explain the total vari-
ation in change in NORRISK 2 score during follow-
up. We found that daily smoking explained more of the
total variation for the youngest birth cohort and for
women, where daily smoking contributed 44% for
change in NORRISK 2 score for women, and 18%
for men. Change in systolic blood pressure contributed

more to the change in score in the oldest birth cohorts,
and explained 10% more among women in the oldest
birth cohort compared with men. Change in total chol-
esterol contributed more to the change in risk score for
the oldest birth cohorts among women, while this was
the opposite in men. In the youngest birth cohort
change in total cholesterol explained 6% for women,
and 25% for men. Use of antihypertensives contributed
more to change in NORRISK 2 score during follow-up
for the oldest than for the youngest birth cohorts, and
more for men than women.

Discussion

In this study of secular and longitudinal trends in total
CVD risk as well as single CVD risk factors, we found a
significant decrease in risk over time in both sexes, all
age-groups and birth cohorts. The impact of single risk
factor to the total score differed by sex, age and birth
cohorts.

Change in cardiovascular risk — secular trends

The proportion of participants at high risk at the latest
survey was lower than reported in other recent
European studies.'>'® A study using SCORE to predict
10-year risk of CVD in a general population in
Germany aged 40-69 years, 22% of the women and
67% of the men in age-group 65-69 years were at
high risk of CVD," as compared with 9% of the
women and 33% of the men in our analyses.
However, in the German study,' participants with
additional comorbidities were defined as high risk sub-
jects regardless of the SCORE value, which makes com-
parison with NORRISK 2 challenging. In an Italian
study using the CUORE equation (an Italian multivari-
ate risk assessment tool), 10-year risk showed an overall
prevalence of high risk of 16%, where 32% of men and
2% of women were at high risk,'® a gender difference
similar to our findings.

The observed decline in mean NORRISK 2 scores
between 2007-2008 and 2015-2016, and a change from
high to lower risk, is in line with findings from the USA
and Europe using various risk assessment tools.'”'® A
US study using the Framingham Risk Score found a
reduction in mean 10-year risk of CVD from 9.2% to
8.7% between 1999 and 2010, among those of 30-74
years,'” with a larger decline in risk score and propor-
tion of change from high to low risk in men than
women. Similarly, a study from England reported a
decrease in high risk (QRISK2>20%) of 2.4% and
6.8%, and medium risk (QRISK2>10%) of 3.2%
and 5.3%, in 10-year risk of CVD per decade during
19942013, for women and men, respectively.'® We
found increasing age and male sex to be persistently
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associated with higher risk. A previous analysis from
the Tromse Study showed that men had twice the risk
of MI compared with women after adjustment for trad-
itional risk factors, a gender gap that persisted through-
out life, although women’s risk also increased steadily
with age."”

The reduction in total cholesterol, blood pressure
and smoking are consistent with findings from inter-
national studies.’™?! There has been a substantial
decline in systolic blood pressure®> and total choles-
terol” in both sexes, all age-groups and birth cohorts
in the Tromse Study during the last 40 years, partially
explained by an increased use of antihypertensive medi-
cation®” and lipid-lowering drugs,” or the latter par-
ticularly important for the decrease in the older birth
cohorts.”® Further, there has been a substantial reduc-
tion in smoking,'® driven by the Norwegian national
strategy for tobacco control.”* The decline in these
major risk factors is the major contributor to the
observed decline in CHD in this population.'?

Overall, systolic blood pressure, total cholesterol
and smoking status were the most important contribu-
tors to the NORRISK 2 score. The observed sex differ-
ences of total cholesterol contributing more to the score
for men, and smoking more to the score for women,
can be explained by the difference in how each risk
factor is weighted in the algorithm, which is based on
an analysis of a large population-based study (Cohort
of Norway; CONOR) linked to ‘Cardiovascular disease
in Norway’ (CVDNOR).'” Further, more women than
men were smokers, which also contributes to explaining
the observed sex differences in contribution to change
in NORRISK 2 score.

Change in cardiovascular risk — longitudinal trends

In the longitudinal analysis, we found that mean
NORRISK 2 increased between the screenings for
both sexes and all birth cohorts, as older compared
with younger and men compared with women had
higher baseline risk and larger increase in risk score
over time. A follow-up of EPIC Norfolk Study partici-
pants using the Framingham Risk Score reported a 2%
increase in 10-year risk of CVD in a median of four
years.”> A Dutch cohort study with baseline measure-
ments in 1987-1991 and follow-up in 1998-2002 found
that 42% stayed at high risk or worsened their risk
during follow-up.?® An increase in risk can be explained
by increasing age during follow-up. In our study when
age was set to baseline, we found a decrease in risk of
CVD in both sexes and all birth cohorts, demonstrating
the effect of reduction in modifiable risk factors.
Similar to the analysis of secular trends, we found
total cholesterol, systolic blood pressure, use of antihy-
pertensives and smoking to be the major contributors

to the change in risk score. Total cholesterol decreased
during follow-up in birth cohorts except among the
youngest women, which could be explained by use of
lipid lowering drugs among men and older age-groups.
We found variation in change in systolic blood pressure
between the sexes, where men had a more favourable
overall change during follow-up. In an English cohort
study with a 10-year follow-up from 1989 to 1999, simi-
lar to our findings, total cholesterol decreased among
men in both low and high risk groups, while in women
total cholesterol decreased only in the high risk group
and increased for women at low risk.?’” Similar to our
findings, where we found that more women than men
stopped smoking during follow-up, the prevalence of
being a daily smoker was, however, higher among
women than men.

Cardiovascular risk scoring

A Cochrane review found that using CVD risk scoring
in primary prevention care increased the use of antihy-
pertensives and lipid-lowering drugs, and contributed
to favourable changes in modifiable risk factors, but
also highlighted the need for high-quality evidence to
determine whether this improves CVD outcomes.?® The
use of risk assessment tools in primary prevention is,
however, not without limitations. Using scores without
age-differentiation can be misleading, as a limitation of
risk assessment tools are that they assume the effect of
risk factors to be constant, despite increase in age.”
European guidelines for CVD prevention are based
on the 10-year risk of death of CVD with the same
threshold for high risk in all age-groups.* Age is an
independent risk factor for CVD; however, it has
been argued that the contribution of age reflects the
effect of duration of other major CVD risk factors,
emphasizing the importance of starting interventions
and treatment earlier for younger individuals at high
risk. This issue has been addressed in the development
of the NORRISK 2 score by using age-specific thresh-
olds for high, medium and low CVD risk.'°

Strengths and limitations

A major strength of this study is the possibility to inves-
tigate both secular and longitudinal trends in the same
individuals in a population-based sample. Data sources
include validated endpoints, all measurements were
performed by trained personnel using standardized
protocols and instruments, and brand names of medi-
cation used reported by participants were validated
against the Norwegian prescription database. Further,
the NORRISK 2 scoring tool has been validated by
using a Norwegian population sample and can accur-
ately be used in estimating risk in this population.
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A strength of the NORRISK 2 score is the age-specific
thresholds to determine whether participants are at low,
medium or high CVD risk. A limitation is that several
well-known CVD risk factors, such as lipid-lowering
drugs and diabetes diagnosis, are not included in the
score. A limitation of the present study is the challenge
to compare the results with previous studies, as various
scoring tools use different cut-off values, thus, compari-
son of results should be done with caution. A general
limitation is that individuals who participate in cohort
studies are generally healthier than non-participants,
thus there is a potential selection bias.

Conclusion

Risk assessment tools are meant to be used to identify
high risk individuals in primary care. We used a newly
developed risk score to study secular and longitudinal
trends in CVD risk in a Norwegian general population.
We found a decline in overall risk score and a reduced
proportion of individuals being in high risk during the
last decade, explained by favourable changes in modi-
fiable risk factors. Total cholesterol had a larger impact
on the total score in men than in women, whereas
smoking was the major single risk factor in women.
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ABSTRACT

Aims To compare the population proportion at high risk
of cardiovascular disease (CVD) using the Norwegian
NORRISK 1 that predicts 10-year risk of CVD mortality
and the Norwegian national guidelines from 2009, with
the updated NORRISK 2 that predicts 10-year risk of both
fatal and non-fatal risk of CVD and the Norwegian national
guidelines from 2017.

Methods We included participants from the Norwegian
population-based Tromsg Study (2015-2016) aged

40-69 years without a history of CVD (n=16566). The
total proportion eligible for intervention was identified

by NORRISK 1 and the 2009 guidelines (serum total
cholesterol >8 mmol/L, systolic blood pressure >160 mm
Hg or diastolic blood pressure >100 mm Hg) and

NORRISK 2 and the 2017 guidelines (serum total
cholesterol >7 mmol/L, low density lipoprotein (LDL)
cholesterol >5mmol/L, systolic blood pressure >160 mm
Hg or diastolic blood pressure >100 mm Hg).

Results The total proportion at high risk as defined by a
risk score was 12.0% using NORRISK 1 and 9.8% using
NORRISK 2. When including single risk factors specified by
the guidelines, the total proportion eligible for intervention
was 15.5% using NORRISK 1 and the 2009 guidelines and
18.9% using NORRISK 2 and the 2017 guidelines. The
lowered threshold for total cholesterol and specified cut-
off for LDL cholesterol stand for a large proportion of the
increase in population at risk.

Conclusion The population proportion eligible for
intervention increased by 3.4 percentage points from 2009
to 2017 using the revised NORRISK 2 score and guidelines.

INTRODUCTION

Cardiovascular disease (CVD) is a leading
cause of death and disability worldwide and
an economic burden for the society, thereby
calling for an active preventive approach.'
Cardiovascular risk prediction tools have been

,"2 Tove Aminda Hanssen,** Knut Tore Lappegard,*®
,'® Randi Marie Selmer,°® Inger Njglstad,’

Key questions

What is already known about this subject?

» Risk assessmenttools and primary prevention guide-
lines for cardiovascular disease are used to identify
individuals eligible for preventive interventions.

» There is a need to balance risk of overtreatment,
healthcare cost and potential side effects versus
undertreatment.

What does this study add?

» We demonstrate how change of cardiovascular risk
assessment tool and updated guidelines increase
the population proportion eligible for preventive
interventions.

How might this impact on clinical practice?

» New insights into the impact of risk assessment
scoring to identify individuals at risk and accurate
estimates of the proportion of the total population
at risk are essential for health authorities to target
interventions.

developed to objectively estimate risk and to
guide clinical decision-making on initiating,
intensifying or discontinuing medical treat-
ment for CVD primary prevention.2 The Fram-
ingham Risk Score, developed from the Fram-
ingham Heart Study in the USA, was the first
and most broadly used risk score, and several
other risk scores have been developed later.”
The European guidelines for CVD primary
prevention included the Framingham Risk
Score in 1994 and 1998,4 % but studies found
the risk score to overestimate risk in European
populations.® ” The Systematic Coronary Risk
Evaluation (SCORE) risk chart was developed
from European cohort studies, and separate

BM]

Nilsen A, et al. Open Heart 2021;8:€001777. doi:10.1136/openhrt-2021-001777

Ot 1

1ybuAdoo Aq paroaloid
"cING 1 Buebin Bap 116 18x8101q1g8S[eH e Z20g ‘9 sunr uo jwod fwg-esyuado//.dny woly papeojumoq TZ0z Isnbny Og uo £/ /T00-TZ0Z-Hyuado/9eTT 0T St paysiignd 1s1y :wesH uado


http://www.bcs.com
http://openheart.bmj.com/
http://dx.doi.org/10.1136/openhrt-2021-001777
http://dx.doi.org/10.1136/openhrt-2021-001777
http://orcid.org/0000-0002-7462-4778
http://orcid.org/0000-0002-8532-6573
http://crossmark.crossref.org/dialog/?doi=10.1136/openhrt-2021-001777&domain=pdf&date_stamp=2021-08-30
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/

Open Heart 8

risk charts have been developed for low-risk and high-risk
regions in Europe.8 CVD primary prevention guidelines
highlight the use of cardiovascular risk assessment tools to
identify high-risk individuals and to indicate when to start
treatment, through risk assessment scoring and treatment
guidelines for single risk factors.” ' In Norway, the 2009
guidelines for CVD primary prevention'' recommended
the use of a risk assessment tool to identify high-risk indi-
viduals and proposed NORRISK 1, a national calibrated
variant of the SCORE prediction model to predict 10-year
risk of fatal CVD." The guideline revision in 2017" recom-
mended the updated risk assessment tool NORRISK 2 to
predict 10year risk of both fatal and non-fatal CVD."*

Guideline updates will change the definition of the
population at risk. Lowering the threshold for defining
individuals at high risk and eligible for primary preven-
tion of CVD causes a larger proportion of individuals in
need of lifestyle changes and potentially drug treatment
with antihypertensives and/or lipid-lowering drugs.
However, a change in threshold can also result in the
potential of preventing more fatal and non-fatal events
of CVD. There is a need for balancing between the risk
of undertreatment with risk of disease or death and over-
treatment, medication-related side effects, financial cost
and healthcare priorities.""™” The aim of this study was
to compare the population proportion at risk and eligi-
bility for intervention as defined by NORRISK 1 and the
Norwegian national guidelines from 2009 with NORRISK
2 and the national guidelines from 2017 using a Norwe-
gian population-based sample.

METHODS

Study population

The Tromsg Study is an ongoing population-based cohort
study in the municipality of Tromsg, Northern Norway. The
study includes seven surveys conducted between 1974 and
2016 (Tromsg 1-7). Both total birth cohorts and representa-
tive samples of the population have been invited, and a total
of 45473 women and men have participated in one or more
surveys (attendance 65%-79%)."® Data collection includes
questionnaires, interviews, biological sampling and clinical
examinations. In this study, we included participants from
Tromsg 7 (2015-2016), to which all inhabitants aged 40
years or older (n=32591) were invited, and 21083women
and men participated (65%). We excluded participants
70 years and older (n=3437), those with previous myocar-
dial infarction (MI) or stroke (n=704) and those without
valid data for NORRISK 1 and NORRISK 2 risk calculation
(n=376), leaving 16566 participants for the current analysis.
All participants gave written informed consent. The study
was approved by the Regional Committee for Medical and
Health Research Ethics North (reference 1778/2015).

Case validation

Cases of MI and stroke were recorded and validated
from study entry until 31 December 2014 by the Tromsg
Study CVD registry and were available for all participants

attending Tromsg 7 and one or more of the previous six
surveys. Adjudication of hospitalised and out-of-hospital
events was performed by an independent end-point
committee reviewing medical records and medical notes,
autopsy records and death certificates. The national
unique 11-digit identification number allowed linkage to
national and local diagnosis registries. Cases of MI and
stroke were identified by linkage to the discharge diag-
nosis registry at the University Hospital of North Norway,
the only hospital in the area, with search for Interna-
tional Classification of Diseases described in detail else-
where." Due to the lack of validated endpoints after 2014
and among participants attending Tromsg 7 only, we also
used self-reported MI or stroke (‘Have you had a heart
attack?’ and ‘Have you had a stroke?’) to exclude individ-
uals with previous MI or stroke.

Measurements

Self-reported data on smoking, diabetes, family history of
coronary heart disease (CHD) and use of lipid-lowering
and antihypertensive medication were collected via ques-
tionnaires. For medication use, a combination of a ques-
tion (‘Do you use blood pressure lowering drugs?’ and
‘Do you use lipid-lowering drugs?’) and information from
a self-reported written list of brand names of regularly
used medication (antihypertensives (ATC codes C02,
C03, C07, CO8 and C09) and lipid-lowering drugs (ATC
code C10) was used. Blood pressure was measured on
the right arm of all participants (unless in circumstances
where this was not possible) three times at 1 min intervals
after 2min seated rest by a Dinamap ProCare 300 monitor
(GE Healthcare, Norway), and the mean of the two final
readings was used in the analysis. Non-fasting venous
blood samples were collected with standard methods,
and the samples were analysed within 48 hours for total,
LDL and high density lipoprotein (HDL) cholesterol by
enzymatic colorimetric methods (with Roche Diagnos-
tics, Mannheim, Germany) and glycated haemoglobin
(HbAlc) by high-performance liquid chromatography
(with Tosoh G8, Tosoh Bioscience, San Francisco, USA)
at the department of laboratory medicine, University
Hospital of North Norway. Trained personnel performed
all measurements.

NORRISK 1 and the 2009 guidelines

The multivariable CVD risk assessment tool NORRISK 1 is
aNorwegian adaption of the European SCORE model and
predicts 10-year risk (%) of death due to atherosclerotic
CVD in individuals aged 40-69 years.'” Together with the
Norwegian guidelines from 2009, NORRISK intended to
identify high-risk individuals and guide decision-making
in CVD primary prevention. The 10-year risk estimation
is based on age, sex, systolic blood pressure, serum total
cholesterol and daily smoking habits. Additional risk
factors HbAlc levels and first-degree family member with
a history of premature CHD were used to recalculate risk
with specific cut-offs.'" '* Age-specific thresholds are set
to determine need of lifestyle advice and/or therapy with
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antihypertensives and/or lipid-lowering drugs, where
indication to initiate treatment is set to NORRISK 1 score:
40-49 years score 1%, 50-59 years score 25% and 60-69
years score 210%. The 2009 guideline defined individ-
uals with elevated values of total cholesterol 28 mmol/L,
systolic blood pressure 2160mm Hg or diastolic blood
pressure 2100mm Hg to be eligible for intervention
regardless of their NORRISK 1 score. In this study, we
also calculated the proportion eligible for intervention
based on the international definition of hypertension:
blood pressure =140/90 mm Hg.

NORRISK 2 and the 2017 guidelines

In 2017, the revised national guidelines for CVD preven-
tion were introduced, and an updated and revised risk
assessment tool, NORRISK 2, was presented to identify
high-risk individuals eligible for intervention."” NORRISK
2 predicts the 10-year risk (%) of incident MI and stroke
combined, including both non-fatal and fatal events of
CHD and stroke. The 10-year risk estimation is based
on age, sex, systolic blood pressure, serum total choles-
terol, daily smoking habits, first-degree family member
with a history of premature MI (before the age of 60
years), low serum HDL cholesterol based on sex specific
cut-off values (1.0mmol/L in men and 1.3mmol/L in
women) and use of antihypertensives (where current use
increases the score). Selmer et al'* suggest age-specific
thresholds in age groups 45-54, 55-64 and 65-74 years
to determine whether an individual is at low, medium or
high risk of CVD. Elevated values on single risk factors,
that is, serum total cholesterol >7mmol/L, LDL choles-
terol 2bmmol/L (does not apply for women over 50
years), systolic blood pressure 2160mm Hg or diastolic
blood pressure 2100 mm Hg, identify individuals eligible
for intervention regardless of the NORRISK 2 score.
In addition, in individuals with diabetes, LDL choles-
terol 22.5mmol/L and blood pressure 2140/90mm Hg
indicate eligibility for intervention.'® In this study, we
also calculated the proportion eligible for intervention
by the international definition of hypertension: blood
pressure =140/90mm Hg. Additional risk factors (South
Asian ethnicity and diagnosis of rheumatoid arthritis)
can be used to recalculate the risk score, with specific cut-
offs. Abdominal obesity, mental strain and stress are addi-
tional risk factors without a specific cut-off value." In this
study, we did not use the proposed additional risk factors
to recalculate the NORRISK 2 score.

Statistics

We calculated means and proportions of cardiovascular
risk factors and sociodemographic factors including self-
reported education and cardiovascular risk including
measured body mass index (BMI) (normal, overweight
and obesity defined as <25, 25-29.9 and 30kg/m?
respectively) and waist circumference (obesity defined
as 288and=102 cm in women and men, respectively) and
self-reported current diabetes and physical activity level
to present study population characteristics (table 1).

We calculated the proportion of participants eligible
for intervention according to NORRISK 1 and the 2009
guidelines and NORRISK 2 and the 2017 guidelines
(table 2), overall and stratified by sex and age groups.
In addition, we calculated the proportion eligible for
intervention using NORRISK 1 without the additional
risk factors HbAlc level and family history of premature
CHD (online supplemental table 1). We also recalcu-
lated the proportion in need of intervention with systolic
blood pressure >2140mm Hg and diastolic blood pres-
sure 290mm Hg as cut-off (online supplemental table
2). To compare sex differences, we used t-tests for contin-
uous variables and % tests for categorical variables and
McNemar test for pairwise data comparing differences in
risk score. Results were considered statistically significant
when a p value less than 5% was attained. To visualise the
overlap of high-risk participants defined by NORRISK 1
and NORRISK 2 scores, as well as risk score with addi-
tional risk factors from the concurrent guidelines, we
present area-proportional Venn diagrams (figure 1),
overall and by sex. All analyses were performed using
Stata V.16 (StataCorp, 2019; Stata Statistical Software).

RESULTS

Study population and GVD risk factors

Study population characteristics are presented in table 1.
Mean age was 53 years for both sexes. Compared with
women, men had higher LDL cholesterol, blood pres-
sure, prevalence of obesity (BMI >30kg/m?), diabetes,
sedentary lifestyle and use of lipid-lowering drugs and
antihypertensives but lower HDL cholesterol, prevalence
of smoking, abdominal obesity and a lower proportion
with higher education.

NORRISK 1 versus NORRISK 2

The total proportion at high risk (ie, eligible for interven-
tion) defined by risk score only was 12.0% for NORRISK
1 and 9.8% for NORRISK 2 (table 2). The proportion of
high-risk individuals using NORRISK 1 was 8.6% calcu-
lated without the additional risk factors HbAlc and family
history (online supplemental table 1). In all age groups,
a higher proportion of men than women was defined as
high-risk individuals (p<0.001) (table 2). Among men
aged 40-49 years, a larger proportion was identified as
high risk using NORRISK 1 compared with NORRISK 2
(p<0.001), whereas in men aged 50-59 years, more men
were identified as high risk using NORRISK 2 (p<0.001).

Total proportion eligible for intervention

The total proportion eligible for intervention identified
by risk score or elevated values for single CVD risk factors
was 3.4percentage points higher using NORRISK 2 and the
2017 guidelines compared with NORRISK 1 and the 2009
guidelines (18.9% vs 15.5%). The total proportion eligible
for intervention was higher using NORRISK 2 and the 2017
guidelines in both sexes and all age groups, except among
men aged 40—49 years (table 2). In women, the propor-
tion eligible for intervention increased by 3.0percentage
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Figure 1 Venn diagram presenting the overlap of identification of high-risk participants defined by NORRISK 1 (red circle) and
NORRISK 2 (green circle) in the total sample (purple square) (panel A) and NORRISK 1 and NORRISK 2 combined with single
risk factors in 2009 (red circle) and 2017 (green circle) guidelines in the sample (purple square) (panel B) by sex. The Tromsg

Study 2015-2016.

points from 6.8% to 9.8%, and the increase among men was
3.8 percentage points from 25.6% to 29.4% by NORRISK
1 and the 2009 guidelines, compared with NORRISK 2
and the 2017 guidelines, respectively. Overall, participants
defined as being at low risk by risk score were to a greater
extent identified as eligible for intervention by single risk
factors when using the 2017 guidelines compared with the
2009 guidelines. This was due to change in the cut-off value
for serum total cholesterol and the introduction of a spec-
ified value for LDL cholesterol. One percent of the partic-
ipants with low risk by NORRISK 1 had total cholesterol
above the threshold of 28mmol/L, whereas the lowering
of the threshold in the 2017 guideline to =7mmol/L
increased the proportion to 2.8% in individuals with low risk
by NORRISK 2. Specifying a threshold for LDL cholesterol

to 25mmol/L in the 2017 guideline identified 3.6% indi-
viduals above threshold among individuals identified as low
risk by NORRISK 2. Among participants defined as being
at low risk by NORRISK 1, systolic blood pressure identified
an additional 2.7% of the study population as high risk with
the 2009 guideline, and 3.1% of participants defined as low
risk by NORRISK 2 were identified as being at high risk by
the 2017 guidelines. When including the diabetes-specific
threshold in the 2017 guidelines for those with self-reported
diabetes, 2.7% had LDL cholesterol 2.5 mmol/L, and 0.9%
had blood pressure 2140/90mm Hg but were defined as low
risk by NORRISK 2. A larger proportion of women compared
with men was identified as eligible for intervention by single
risk factors only using the 2009 guidelines, while applying
single risk factors only to the 2017 guidelines identified a
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higher proportion of men than women eligible for interven-
tion. When we recalculated the total proportion eligible for
intervention based on systolic blood pressure 2140mm Hg
and diastolic blood pressure 290mm Hg, we found 29.3%
based on NORRISK 1 and the 2009 guidelines and 32.4%
using NORRISK 2 and the 2017 guidelines (online supple-
mental table 2).

Overlap between risk scores only and risk scores and the
guidelines combined

Among individuals identified as high risk by risk score only,
NORRISK 1 identified in total 12.0% (2.2% of women and
23.3% of men) as high risk, while NORRISK 2 identified in
total 9.8% (2.4% of women and 18.3% of men) as high risk.
The overlapping proportion identified as high risk in both
risk scores was in total 5.4% (0.9% of women and 10.7% of
men). Combining NORRISK 1 and the 2009 guidelines,
15.5% in total (6.8% women and 25.6% men) was identified
as eligible for intervention, while when using NORRISK 2
and the 2017 guidelines, the proportion was 18.9% in total
(9.8% women and 29.4% men). Overall, the overlapping
proportion of 10.7% (5.1%women and 17.3% men) was
identified as eligible for intervention in both risk scores with
their respective guidelines (figure 1).

DISCUSSION

In this study, we compared the proportion at high CVD risk
and eligible for intervention using two consecutive versions
of guidelines and risk assessment tools in a Norwegian
general population of women and men aged 40-69 years.
The main finding is that the proportion eligible for inter-
vention increased from 15.5% using the risk assessment tool
NORRISK 1 and the 2009 guidelines to 18.9% using the
revised NORRISK 2 and the 2017 guidelines.

Change in cardiovascular risk assessment tool

The proportion of high-risk individuals defined by risk score
only was lower using the updated NORRISK 2 compared
with the previous NORRISK 1. This can be explained by the
fundamental differences in the risk scores, as they measure
different endpoints and thus are not directly comparable.
NORRISK 1 predicts 10-year risk of fatal CVD, whereas
NORRISK 2 predicts the 10-year risk of MI, stroke and fatal
CVD." ' The European guidelines for CVD primary preven-
tion encourage the calibration of risk assessment tools to the
target population by adjusting for secular changes in risk
factor levelsand CVD mortality.* A reduction over time in the
major CVD risk factors serum total cholesterol, blood pres-
sure and smoking in the general population has been shown
both in large international studies” ** and in the Tromsg
Study population,'” * ** and we have previously demon-
strated a decline in total CVD risk in the Tromsg Study®
similar to findings from the UK® and the USA.*” Further,
there has been a major decline in mortality and morbidity
of CVD in Norway.” The reduction in risk factors, morbidity
and mortality over time can explain the lower proportion
eligible for intervention by the updated risk assessment tool
NORRISK 2. NORRISK 1 is a national calibrated version

of the European SCORE algorithm, based on national
mortality rates from 1993 to 2003, and mean level risk
factors from Norwegian Health Surveys from 2000 to 2003,
while NORRISK 2 is based on the 10-year follow-up of a large
population-based cohort (Cohort of Norway (CONOR))
through linkage to the Cardiovascular Disease in Norway
(CVDNOR) project, a database of CVD hospital discharge
diagnoses and mortality in Norway in 1994-2009."* Another
explanation of this finding can be the use of additional risk
factors in our analysis, where we included additional risk
factors in the calculation of NORRISK 1 (HbAlc levels and
family history of CHD) and did not include the additional
risk factors (rheumatoid arthritis, South Asian ethnicity,
abdominal obesity and/or mental stress) in the calculation
of NORRISK 2. A recent study found NORRISK 2 to under-
estimate CVD risk in South Asians and proposed an update
(NORRISK 2-SADia) improving the predictions of 10-year
risk in this population.” In our study, valid data regarding
the proposed additional risk factors with specified cut-offs
(ethnicity and diagnosis of rheumatoid arteritis) were not
available.” Almost half of the study population had abdom-
inal obesity, and in real patient consultations, this could
lead to a higher proportion at high risk using NORRISK 2.
However, this risk factor is without a multiplication factor
and hence not used to calculate the proportion eligible for
intervention in this study.

Single risk factors defined in treatment guidelines

In this study, we found that the updated risk score with addi-
tional guidelines increased the proportion of participants
eligible for intervention, where the decrease in threshold for
total cholesterol levels and a defined value of LDL choles-
terol stand for alarge proportion of this increase. The impact
on the risk of CVD by lowering cholesterol levels is well
known. A lowering of LDL cholesterol levels by 1 mmol/L
corresponds to a 20%—25% reduction in non-fatal MI and
death due to CVD."” Our findings are in line with a study
from Denmark where the authors found that the updated
2019 European Society of Cardiology/European Athero-
sclerosis Society (ESC/EAS) guidelines doubled the propor-
tion of individuals eligible for statin therapy compared with
the previous guidelines,” findings that are similar to other
studies.”

For blood pressure, there was no difference in threshold
between the 2009 and 2017 guidelines where systolic blood
pressure =160 mm Hg and diastolic blood pressure =100 mm
Hg urge immediate start of pharmacological treatment
(regardless of NORRISK score), in line with the European
ESC/FEAS guidelines.” In the American College of Cardi-
ology/American Heart Association (ACC/AHA) guidelines,
the recommendation is that blood pressure >2140,/90 mm Hg
should lead to direct initiation of antihypertensive drugs.”
Hypertension is defined as blood pressure 2140/90mm Hg;
however, in Norway, lifestyle modification is encouraged
before starting medical treatment. By replacement of blood
pressure cutoff from >2160/100mm Hg to =140/90mm
Hg, we found that the proportion eligible for interven-
tion by NORRISK 1 and the 2009 guidelines increased by
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13.8 percentage points, and when using NORRISK 2 and
the 2017 guidelines, the proportion eligible for interven-
tion increased by 13.4percentage points. However, in the
important debate regarding treatment target in blood pres-
sure levels in primary prevention, it has been suggested
that lifestyle modification should be emphasised to a larger
degree before initiating pharmacological treatment.*

Gombining risk score and additional risk factors

To the best of our knowledge, there have been few previous
studies combining both risk score assessment tools and
additional guidelines to compare the proportion at risk
of CVD and eligibility of intervention in a general popula-
tion. A study from Germany used the risk assessment tool
SCORE Deutschland with additional risk factors (diabetes,
total cholesterol 28 mmol/L, renal insufficiency and stage
3 hypertension (blood pressure >180/110mm Hg)) and
found 13.4% of the study population to be at high risk of
10-year CVD mortality.”” Interestingly, the authors found
that among men, the majority of high-risk individuals were
eligible for intervention because of SCORE >5%, contrary
to women where the majority of women were classified as
high risk based on additional risk factors,”” which is in line
with our findings. Other studies have also found that adding
comorbidities and single risk factors increases the propor-
tion of individuals at high risk, demonstrating the challenge
of comparing our findings with other studies.” *

In conclusion, we found that updated CVD primary
prevention guidelines increased the proportion at risk and
eligible for intervention by 3.4 percentage points in individ-
uals aged 40-69 years, where the increase was 3.0 percentage
points in women and 3.8percentage points in men. In
Norway, there are about 2.1million inhabitants aged 40-69
years.”’ Therefore, this increase causes almost 70 000 more
individuals eligible for intervention using NORRISK 2 and
the 2017 guidelines in this age group. Individuals identified
to be at high risk and eligible for intervention may be given
the opportunity from their primary physician to make neces-
sary lifestyle changes. The guideline' suggests that individ-
uals at high risk are given 3-12 months to make changes
such as smoking cessation, increased physical activity and
dietary changes to lower blood pressure and cholesterol
levels before considering initiating drug treatment with anti-
hypertensives and/or lipid-lowering drugs. However, among
individuals with very high blood pressure, cholesterol levels
or high total risk, drug treatment may be initiated directly.
An increase of 3.4 percentage points means a higher number
of individuals in need of time from their primary physician
to give lifestyle advice, follow up the effect of this advice and
assess whether to start drug treatment. Among individuals
that start drug treatment, there is a need for follow-up to
evaluate drug efficacy and whether treatment targets are
achieved, as well as side effects. Change in the guidelines of
CVD prevention may lead to a higher burden of the health-
care system, but this also translates into a higher number
of individuals who can avoid a fatal or non-fatal event of
CVD. The main goal in the use of risk assessment tools is to
identify the right individuals to keep the balance between

avoiding the potential negative effects such as side effects,
overtreatment, undertreatment and a higher cost for the
healthcare system on one side and preventing high-risk indi-
viduals from developing CVD on the other.”

CONCLUSION

The population proportion eligible for intervention
increased by 3.4percentage points from 2009 to 2017 using
the revised NORRISK 2 score and guidelines, where the
lowering of threshold in total cholesterol and specified cut-
off for LDL cholesterol stand for a large proportion of the
increase in population at risk.

Strengths and limitations

A strength of this study is the use of a sample from a large
population-based study, with validated endpoints for
exclusion of prevalent cases and risk factor measurements
performed by trained personnel using standardised proto-
cols and instruments. A limitation is that participants in
population-based studies in general tend to be healthier
than non-attenders. This potential selection bias might
cause underestimation of the true population proportion in
need of intervention.
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Aims To study change over 8 years in cardiovascular risk, achievement of national guideline-based treatment targets of lipids,
blood pressure (BP) and smoking in primary prevention of cardiovascular disease (CVD), medication use, and characteristics
associated with target achievement among individuals with high CVD risk in a general population.

Methods We followed 2524 women and men aged 40—79 years with high risk of CVD attending the population-based Tromsg study
and results in 2007-08 (Troms@6) to their participation in the next survey in 2015-16 (Tromsa7). We used descriptive statistics and
regression models to study change in CVD risk and medication use, and characteristics associated with treatment target
achievement. In total, 71.4% reported use of BP- and/or lipid-lowering medication at second screening. Overall, CVD
risk decreased during follow-up, with a larger decrease among medication users compared with non-users. Treatment target
achievement was 31.0% for total cholesterol <5 mmol/L, 27.3% for LDL cholesterol <3 mmol/L, 43.4% for BP <140/90
(<135/85 if diabetes) mmHg, and 85.4% for non-smoking. A total of 9.8% reached all treatment targets combined.

Baseline risk factor levels and current medication use had the strongest associations with treatment target achievement.

Conclusion We found an overall improvement in CVD risk factors among high-risk individuals over 8 years. However, guideline-based
treatment target achievement was relatively low for all risk factors except smoking. Medication use was the strongest char-
acteristic associated with achieving treatment targets. This study has demonstrated that primary prevention of CVD con-
tinues to remain a major challenge.

* Corresponding author. Tel: +47 92668661, Email: amalie.nilsen@uit.no
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Graphical Abstract
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Introduction

Cardiovascular disease (CVD) incidence and mortality rates are declin-
ing in many European countries." However, CVD is still a major cause of
death and disability and an economic burden for the society, calling for
an active preventive approach."? The main goals of CVD prevention are
to delay or prevent the onset of CVD and reduce morbidity and prema-
ture mortality.? Cardiovascular disease primary prevention guidelines
are designed to identify high-risk individuals and highlight the use of car-
diovascular risk assessment tools to estimate risk and to guide clinical
decision-making on lifestyle interventions and initiating or adjusting
medical treatment.>* In Europe, a large proportion of individuals with
high CVD risk has an unhealthy lifestyle and there is a discrepancy be-
tween evidence-based guidelines and clinical practice.>® We aimed to
follow individuals with high risk of CVD from a general population
over 8 years to investigate: (i) primary prevention treatment target
achievement in lipids, blood pressure (BP), and smoking; (ii) change in
cardiovascular risk factors and medication use; and (jii) characteristics
associated with achieving primary prevention treatment targets.

Methods

Study design and oversight

The present study followed participants with high risk of CVD attending
Tromse6’ 200708 (attendance 66%) and Tromse7® 2015-16 (attendance
65%). The Tromsg study is a population-based study in the municipality of
Tromsg, Norway, and comprising seven surveys conducted between 1974
and 2016 (Tromsg1-Tromsg7). Total birth cohorts and representative
population samples have been invited; a total of 45473 women and men
participated in one or more surveys (attendance 65-79%). This study

90%

includes data from questionnaires, biological samples, and clinical examina-
tions. We followed high-risk individuals and studied change in CVD risk fac-
tors, medication use, treatment targets of lipids, BP, and smoking. Further,
we assessed patient characteristics associated with achieving treatment tar-
gets in the primary prevention of CVD. The study was approved by the
Regional Committee for Medical and Health Research Ethics North (refer-
ence 1778/2015).

Methods of data collection

We used questionnaire data to assess diabetes (Do you have, or have you had
diabetes? yes/no), educational level (What is the highest level of education you
have completed? primary/secondary school, modern secondary school, tech-
nical school, vocational school, senior high school or high school diploma
dichotomized to ‘lower education’ and college/university as ‘higher educa-
tion’), marital status (single, widow/widower, divorced/separated dichoto-
mized to ‘single’ and married/registered partner as ‘married/partner’),
smoking status (Do you/did you smoke daily? yes now dichotomized to ‘smok-
ing’, yes previously or never as ‘non-smoking’), physical activity level
(Exercise and physical exertion in leisure time the last 12 months? reading,
watching TV or other sedentary activity dichotomized to ‘sedentary’ and
walking, cycling, or other forms of exercise at least 4 h a week, participation
in recreational sports, heavy gardening at least 4 h a week, hard training or
sports competitions regularly several times a week as ‘not sedentary’), psy-
chological distress (Hopkins’s symptom checklist-10 summarized with a
mean score of >1.85 previously validated as the cut-off value for psycho-
logical distress), self-perceived health (How do you in general consider your
own health to be? bad, or neither good nor bad dichotomized to ‘poor’,
and good or excellent as ‘good’), and family history of coronary heart dis-
ease (CHD) (Have any family members had a heart attack before the age of
60 years? with alternatives parents, siblings, and/or children). Non-fasting
venous blood samples were analysed for total, LDL- and HDL cholesterol
within 48 h by enzymatic colorimetric methods (Roche Diagnostics,
Mannheim, Germany) at the Department of Laboratory Medicine,
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Achievements of primary prevention targets in individuals

Participants aged 40-79 years attending Tromsg6

n=11,937

Emigrated/moved during follow-up n=746
——| Prevalent CVD before attending Tromsg6 n=657
Missing values in variables in NORRISK 2 risk model n=291

A

n=10,243

Participants avaliable for CVD risk calculations

____»|Low/intermediate CVD risk or controlled hypertension/dyslipidaemia n=6320

Y

n=3293

Participants identified as high risk of CVD in Tromsg6

Died during follow-up n=529
—=| Alive but incident CVD during follow-up n=259
Eligble but not attending Tromsg7 n=559

H{Missing variables in NORRISK 2 risk model in Tromsg7 n=52 }

Y

Participants identified as high risk of CVD in Tromsg@6 also attending Tromsg7

n=2524

Figure 1 Flowchart of the study. Created in Lucidchart (www.lucidchart.com).

Table 1 Baseline characteristics of the study
participants, overall and stratified by sex, the Tromsg
Study 2007-08

Overall Women Men

(n=2524) (n=1094) (n=1430)
Age, years, mean, SD 60.6 (9.1) 621 (89) 59.4 (9.1)
Age >60 years, % (n) 63.7 (1608) 703 (769) 58.7 (839)
Diabetes, % (n) 8.9 (227) 9.8 (107) 8.4 (120)
Higher education®, % (n) 314 (783) 248 (268)  36.5 (515)
Married/partner, % (n) 66.0 (1666) 60.5 (662) 70.2 (1004)
Psychological distress, % (n) 9.9 (251) 15.2 (166) 5.9 (85)
Self-reported health good/very  65.1 (1627)  60.2 (652)  68.9 (975)

good, % (n)

SD, standard deviation.
Higher education; college/university < and >4 years.

University Hospital of North Norway. Blood pressure was measured on the
right arm of all participants three times at 1 min intervals after 2 min’ seated
rest by a Dinamap ProCare 300 monitor (GE Healthcare, Norway), and the
mean of the two final readings was used in the analysis. General obesity was
defined as body mass index (BMI) >30 kg/m?, calculated as bodyweight in
kilograms divided by body height in metres squared. Abdominal obesity
was defined as waist circumference >88 and >102 cm in women and
men, respectively, measured to the nearest 0.1 cm with a Seca measure-
ment tape at the level of the umbilicus. Trained personnel performed all
measurements. Medication use was defined by a combination of a question-
naire questions (Do you use blood pressure lowering drugs, Do you use
lipid-lowering drugs? yes now, yes previously, no), and a self-reported written
list of brand names of regularly used medication; BP-lowering drugs:

ATC-codes C02, CO03, CO7, CO08, C09 and lipid-lowering drugs:
ATC-code C10. Current medication use was defined by ‘yes now’ and/or
the ATC-codes.

Study population

We included participants aged 40—79 years identified with high risk of CVD
by the risk assessment tool NORRISK 2, elevated single risk factors from
the 2017 Norwegian CVD prevention guidelines,'® or treated but uncon-
trolled hypertension and/or dyslipidaemia.

We excluded participants with prevalent and incident CVD during
follow-up. Cases of first ever myocardial infarction (MI) and cerebral stroke
were recorded from the first study entry until 31 December 2014 by the
Tromsg Study CVD registry. The national unique 11-digit identification
number allowed register-linkage. Cases of Ml and ischaemic stroke were
identified by linkage to the University Hospital of North Norway'’s discharge
diagnosis registry, the only hospital in the area, with search for International
Classification of Diseases, 10th Revision codes. Adjudication of hospitalized
and out-of-hospital events was performed by an independent endpoint
committee examining medical records, described in detail elsewhere."’
Due to lack of validated endpoints after 2014, we also used self-reported
Ml or stroke (yes/no) to exclude participants with CVD after 2014 and be-
fore participation in Tromsg7. Emigration from the municipality and/or
Norway was identified by linkage to the National Population Register.
Death before Tromsg7 was identified by linkage to the Norwegian Cause
of Death Registry.

After exclusions (Figure 1), the present study included 2524 participants
attending both surveys. All participants gave written informed consent.

Risk calculations and identification of high-risk
individuals

In 2017, the current Norwegian national guidelines for CVD prevention and
the NORRISK 2 score were introduced to identify individuals with high total
CVD risk eligible for intervention.'®'? NORRISK 2 predicts the 10-year risk
(%) of incident non-fatal/fatal Ml and stroke combined. The risk estimation is
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Table 2 Changes in cardiovascular disease risk factors and medication use among individuals with high risk of
cardiovascular disease, overall and stratified by sex, the Tromsg Study 2007-16

Overall (n =2524)

Baseline Second screening

Age, years 60.6 (9.2) 68.6 (9.2)
Cardiovascular risk factors
Total CVD risk? mean 9.9 (6.1) 13.2 (7.5)
Total cholesterol, mmol/L 6.0 (1.1) 56 (1.2)
LDL cholesterol, mmol/L 3.9 (0.9) 3.7 (1.1)
Low HDL cholesterol®, % 15.5 (390) 13.6 (343)
Systolic blood pressure, mmHg 150.3 (21.3) 1437 (21.2)
Diastolic blood pressure, mmHg 83.4 (11.0) 77.6 (10.5)
Smoking, % 214 (539) 14.6 (368)
General obesity, % 27.0 (682) 29.8 (749)
Abdominal obesity?, % 58.8 (1484) 59.6 (1505)
Sedentary physical activity level, % 20.6 (481) 18.1 (432)
Primary prevention medication use
Antihypertensives and/or 48.1 (1214) 71.4 (1803)

lipid-lowering drugs, %
Antihypertensives only, % 26.2 (660) 35.5 (895)
Lipid-lowering drugs only, % 8.2 (207) 10.2 (258)
Antihypertensives and lipid-lowering 13.8 (347) 25.8 (650)

drugs, %

Women (n=1094)

Men (n=1430)

Baseline Second screening Baseline Second screening
62.1 (8.9) 70.1 (8.9) 594 (9.1) 67.4 (9.1)
8.3 (5.6) 11.6 (7.1) 11.0 (6.1) 14.2 (7.6)
6.1 (1.0) 57(1.2) 6.0 (1.1) 55(1.2)
3.9 (0.9) 3.7 (1.1) 4.0 (1.0 3.7 (1.1)
20.4 (234) 17.6 (192) 11.7 (167) 10.6 (151)
153.5(23.3) 145.6 (23.0) 1479 (19.4) 142.3 (19.6)
80.4 (10.8) 753 (10.3) 85.8 (10.7) 79.3 (10.3)
20.8 (227) 14.2 (155) 21.8 (312) 149 (213)
28.3 (309) 31.0 (338) 26.1 (373) 28.8 (411)
70.6 (772) 71.0 (777) 49.8 (712) 50.9 (728)
20.4 (199) 19.6 (196) 20.7 (282) 17.0 (236)
62.0 (678) 80.1 (876) 37.5 (503) 64.8 (927)
32.9 (360) 38.3 (419) 21.0 (300) 33.3 (476)
11.7 (128) 11.0 (120) 5.5(79) 9.7 (138)
17.4 (190) 30.8 (337) 11.0 (157) 21.9 (313)

Numbers are means (SDs) or proportions (numbers).

*Total cardiovascular risk: NORRISK 2 score; 10-year risk of fatal and non-fatal Ml or stroke.

®Low HDL cholesterol, <1.3 mmol/L women, <1.0 mmol/L men.
“Body mass index >30 kg/m”.
YWaist circumference men >102 cm, women >88 cm.

based on age, sex, systolic BP (SBP), total cholesterol, smoking, first-degree
family member with premature Ml (aged <60 years), low HDL cholesterol
(men <1.0 mmol/L, women <1.3 mmol/L), and use of antihypertensive
medication (current use increases the score). Selmer et al.'? suggested age-
specific thresholds in age groups 45—-54, 55-64, and 65—74 years to deter-
mine low, medium, or high risk of CVD. Elevated values of single risk factors,
i.e. total cholesterol >7 mmol/L, LDL cholesterol >5 mmol/L (does not ap-
ply for women >50 years and men >74 years), SBP >160 mmHg or diastol-
ic BP (DBP) >100 mmHg identifies individuals eligible for intervention
regardless of their NORRISK 2 score.'® In individuals with diabetes, LDL
cholesterol >2.5 mmol/L and BP >140/90 mmHyg indicate intervention.'
We also identified and included participants with treated but uncontrolled
hypertension (BP >140/90 mmHg) and/or dyslipidaemia (total cholesterol
>5 mmol/L and/or LDL cholesterol >3 mmol/L).

Outcomes

The outcomes of this study were change in CVD risk factors and primary
prevention medication use (antihypertensives and lipid-lowering drugs).
Furthermore, the proportion achieving treatment targets for primary pre-
vention defined by the national guidelines: BP <140/90 (<135/85 if diabetes)
mmHg, total cholesterol <5 mmol/L, LDL cholesterol <3 (<2.5 if diabetes)
mmol/L, and non-smoking. In addition, baseline characteristics, risk factors,
and current medication use associated with achieving treatment targets.

Statistics

Means and standard deviations (SDs) were presented for continuous vari-
ables, and categorical variables were described as percentages (%).
Characteristics at baseline and second screening were presented as appro-
priate (Tables 1 and 2). In separate analyses, we used regression models to
compare the study sample with participants lost to follow-up in Tromsa7

due to non-attendance, incident CVD, or death before Tromsg7 (see
Supplementary material online, Table ST). Regression models were used
to present age-adjusted characteristics among non-users and users of medi-
cation at second screening, overall and stratified by sex (Table 3). We calcu-
lated the proportion that achieved the treatment targets at second
screening (Figure 2), and used multivariable logistic regression with odds ra-
tios (ORs) and 95% confidence intervals (Cls) to identify characteristics as-
sociated with treatment target achievement adjusted for age and sex
(Table 4), adjusted for age, sex, education, and medication use (see
Supplementary material online, Table S2). P-values of <5% were considered
statistically significant. Analyses were performed using Stata version 16
(StataCorp. 2019, Stata Statistical Software: StataCorp LLC, College
Station, TX, USA).

Results

Study sample

At baseline, the mean age was 60.5 years, 63.7% was older than 60 years,
31.4% had higher education, and 8.9% had diabetes (Table 7). High-risk
individuals not re-attending in Tromsg7 (regardless of cause) were old-
er, had higher mean total CVD risk, a larger proportion had diabetes,
low HDL cholesterol, were daily smokers, were sedentary, and had low-
er educational (see Supplementary material online, Table S7).

Change in cardiovascular risk factors and

medication use

All CVD risk factors except total CVD risk and obesity improved during
follow-up. Change in CVD risk factors was similar among the sexes,
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except for a greater decrease in SBP among women compared with
men (Table 2). The proportion of participants on medication increased
from 48.1 to 71.4%. At both time points, a larger proportion of the
study participants used antihypertensives only, followed by antihyper-
tensives and lipid-lowering drugs combined, while the lowest propor-
tion used lipid-lowering drugs only. At both time points, more
women than men used medication while men had a higher increase
in medication use than women (Table 2).

Second screening medication users vs.
non-users: characteristics at baseline and

follow-up

Users and non-users of medication at second screening differed in char-
acteristics at both time points (Table 3). Users were older, had higher
educational level, reported poorer self-reported health and more psy-
chological distress, and had less favourable levels at baseline of some of
the risk factors, except for total CVD risk and lipid levels, a larger pro-
portion were women, and a lower proportion were daily smokers
compared with non-users. Among medication users at second screen-
ing, total CVD risk increased less from baseline compared with
non-users (Table 3). Total cholesterol and DBP decreased in both
groups, but users had a larger decrease. Systolic BP and LDL cholesterol
decreased in users and increased in non-users.

Treatment target achievement and
characteristics associated with reaching
targets

At second screening, 31.0% achieved the treatment target for total
cholesterol and 27.3% for LDL cholesterol (Figure 2). Medication use
was the strongest characteristic associated with achieving targets
(Table 4). Higher values of total CVD risk at baseline were associated
with lower odds of reaching the lipid targets, 7 and 6% lower odds
per 1% increase in CVD risk, respectively. Higher baseline values of to-
tal cholesterol were associated with lower odds of reaching the lipid
targets, 54 and 46% reduced odds per 1 mmol/L increase, respectively.
Higher baseline values of LDL cholesterol were associated with lower
odds of reaching the lipid targets, 52 and 55% reduced odds per
1 mmol/L increase, respectively. Other characteristics associated with
reaching lipid targets were male sex (total cholesterol only), age >60
years, having diabetes, and poor self-perceived health (Table 4).
General and abdominal obesity were associated with reaching target
for total cholesterol (Table 4), but adjusted for education and medica-
tion use, the association was no longer statistically significant (see
Supplementary material online, Table S2).

Overall, 43.4% achieved treatment target for BP (Figure 2). Higher
baseline total CVD risk were associated with 6% lower odds for reach-
ing target. Higher baseline SBP and DBP were associated with lower
odds for reaching the BP target, 32 and 30% reduced odds per
10 mmHg increase, respectively. Further, age <60 years and baseline
daily smoking was also associated with reaching BP target.
Antihypertensive medication alone was associated with reduced odds
of reaching the BP target (Table 4), and this was persistent when adjust-
ing for education (see Supplementary material online, Table S2).
Concomitant use of antihypertensives and lipid-lowering drugs was as-
sociated with increased odds of reaching the BP target.

Non-smoking was achieved by 85.4% of the study population
(Figure 2), and age >60 years, having higher education, being married/
partner, having obesity, and using medication were all individually asso-
ciated with reaching the non-smoking target (Table 4).

A total of 9.8% reached all treatment targets, where medication use
was the strongest characteristic associated with achieving all targets
combined. Other significant characteristics were male sex, lower

baseline total CVD risk, lipid, and BP levels, having diabetes, and poor
self-perceived health. General and abdominal obesity were associated
with increased odds of reaching all target (Table 4), but when adjusted
for education and medication use, this association was no longer signifi-
cant (see Supplementary material online, Table S2).

Discussion

We followed 2524 individuals with high risk of CVD. Despite improve-
ments in risk factor levels, <10% achieved all CVD primary prevention
treatment targets combined (i.e. lipids, BP, and smoking status).

Change in cardiovascular risk factors

The observed decrease in single risk factors but increase in total CVD
risk could be explained by the impact of age in the NORRISK 2 score, as
previously demonstrated."® During follow-up, favourable changes were
found in lipid and BP levels and smoking status, which are modifiable risk
factors with major impact on reducing CVD risk. Previous studies have
shown that a reduction of 1 mmol/L in LDL cholesterol is associated
with a 22% reduction in CVD events,14 a 10 mmHg decrease in SBP
can reduce risk by 20%," and smoking cessation is associated with
50% risk reduction within 1 year, making smoking cessation the most
effective intervention to reduce CVD risk.'®"” We observed a reduc-
tion in the proportion of participants reporting a sedentary physical ac-
tivity level, but at the same time we observed an increase in both
general and abdominal obesity, in line with findings from the general
population in Norway'® as well as worldwide.'” This is of worry as
obesity is associated with development of Type 2 diabetes and CVD.?°

Medication use in primary prevention

At the second screening, the proportion using primary prevention
medication increased from baseline by 23.3% age points to 71.4%.
This is lower compared with other studies.>>® Although medication
use increased more in men over time, we found that more women
were medication users at baseline as well as at follow-up. A systematic
review?' and meta-analysis of sex differences in medication prescrip-
tion found statin use was slightly higher among women than men, while
the opposite was found for the use of antihypertensives among indivi-
duals with a high risk of CVD.

In the present study, users and non-users of medication at second
screening differed in several characteristics that may have impacted
decision-making in initiation of medical treatment. Compared with
medication users at second screening, non-users had lower baseline
BP levels, and a significantly larger proportion were daily smokers. In
the clinical setting, smoking cessation could be prioritized since it is con-
sidered the most cost-effective and important intervention to reduce
CVD risk.?? The decrease in CVD risk factors over time was larger in
medication users at second screening compared with non-users. Still,
among non-users, the observed decline in total cholesterol, slight in-
crease in LDL cholesterol and SBP, and decrease in DBP may have sev-
eral explanations. Lifestyle change is key in primary prevention® and the
relatively stable levels in risk factors could be due to positive lifestyle
changes. A substantial decline in lipid and BP levels over time in the gen-
eral population has been found both in Norway**** and world-
wide”®* This has also been shown in the Tromss study
population*”*® among both medication users and non-users, although
more pronounced among users. However, the larger decline in lipid and
BP levels among medication users vs. non-users demonstrates the im-
pact of medication treatment.

Treatment target achievement

In our study, 31% achieved the target of total cholesterol <5 mmol/L
and 27% for LDL cholesterol <3 mmol/L, while 24% achieved both
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Figure 2 Attained cardiovascular disease primary prevention treatment targets in high-risk individuals, overall and stratified by sex. The Tromsg

study 2007-16.

targets. The proportion in our study reaching the lipid targets is lower
than in the EURIKA 2009 study, where 43% treated for dyslipidaemia
achieved the total cholesterol target, and 41% achieved targets for
both total- and LDL cholesterol.” In the primary care arm of the
EUROASPIRE IV 2014-15 study, 33% of the users of lipid-lowering
drugs and 11% of the non-users achieved the LDL target of
<2.5 mmol/L.? In the more recent EUROASPIRE V 201 7-18, 47% of
users of lipid-lowering drugs and only 19% of the non-users achieved
the LDL target of <2.6 mmol/L.

For BP, we found ~40% achieved the BP target of <140/90 (<135/85
if diabetes) mmHg, comparable to the findings from the EURIKA study,
where 39% achieved the BP target,® but lower than EUROASPIRE
IV where 43% achieved the target,® and lower than EUROASPIRE V*
where 47% achieved the BP target.

Our finding of a smoking prevalence of 15% at second screening in
2015-16 is similar to or slightly lower than findings from EURIKA
and the EUROASPIRE studies, ranging from 17 to 22%2>°°
Differences could be explained by the variation in smoking prevalence
over time in European countries included in these studies, as reduction
in smoking has occurred at different rates in European populations.?’

Direct comparisons of target achievement in various studies should
be interpreted cautiously due to variation in study populations and time
points as well as different thresholds in treatment target. Our result of
only 1 in 10 high-risk individuals achieving all targets is worrisome.
Achieving treatment targets of lipids and BP is associated with reduced
risk of CVD,***" and modifying lipids, BP, and smoking reduces the risk
of future CVD events substantially,"*~"7 highlighting the importance of
efforts in primary prevention of CVD.

Characteristics associated with achieving
target

We identified several baseline characteristics associated with achieving
primary CVD prevention treatment targets. First, higher levels of total
CVD risk were associated with lower odds of reaching targets for lipids,
BP, smoking, and all targets combined. Further, we found that higher
baseline lipid levels were associated with lower odds of achieving lipid
targets and all targets combined, and higher baseline BP was associated
with lower odds of achieving treatment goals for BP and all targets com-
bined. This is in line with findings from a study finding total CVD risk as
an independent predictor of poor target achievement.>? Thus, indivi-
duals with highest risk of CVD, who will benefit significantly from risk
reduction, have the lowest probability of achieving treatment goals.

We found that medication use was the characteristic with the stron-
gest association of achieving lipid targets, smoking cessation, and all tar-
gets combined. Previous studies have found that greater proportion of
medication users achieve targets compared with non-users.*> In our
study, antihypertensive medication alone was associated with lower
odds of reaching the BP target, while concomitant use of antihyperten-
sives and lipid-lowering drugs was associated with increased odds of
reaching the BP target. Although not controlled for in this study, other
studies have highlighted the importance of medication non-adherence
as a key contributor to uncontrolled hypertension.®® Further, hyper-
tension control may require use of two or more BP-lowering agents
to reach targets, as emphasized in the current European guidelines
for primary prevention,3 making this a complex matter in clinical
practice.
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Achievements of primary prevention targets in individuals

Male sex and age >60 years were associated with reaching target of
total cholesterol, in line with findings from other studies.”>® These
studies also found women had higher odds of achieving the BP tar-
get,z"r"6 contrary to our findings. Diabetes was positively associated
with achieving target for lipids, and all targets combined; in line with
findings from another study demonstrating diabetes to be predictor
for reaching lipid targets.34 This could be explained by the slight differ-
ence in cut-off values to be identified as high risk, and the lipid target.
Further, diabetics should receive regular follow-up including monitoring
of lipid and BP levels. This is an opportunity to initiate or adjust medical
treatment and to provide lifestyle advice that could lead to increased
risk awareness. Age <60 years, lower education, and being single
were associated with lower odds of being a non-smoker, in line with
findings from other studies.>®3*

Potential explanations for not achieving

treatment targets

The low proportion of reaching treatment targets in our study can be
explained by several factors such as ‘clinical inertia’ (i.e. the failure of
clinicians to initiate or intensify therapy when therapeutic targets are
not reached)*® dose prescriptions, not up-titrated doses, poor patient
adherence, and barriers within the healthcare system to follow up high-
risk individuals.>” Another study found that high-risk individuals without
previous CVD had lower adherence to medication and more uncon-
trolled risk factors than those with established CHD.?> Therefore, clin-
ically oriented counselling is suggested as a key component. Counselling
should not only focus on biomedical risk factors, but also address psy-
chosocial and economic factors as underlying causes of risk.>®

Strengths and limitations

A strength of this study is the use of data from a population-based lon-
gitudinal study allowing follow-up of high-risk individuals from the gen-
eral population, as previous studies were based on cross-sectional
analyses of patients from clinical settings.2'5‘6 Another strength is the
use of validated measurements by trained personnel using standardized
protocols, and self-reported medication use which has shown high val-
idity compared with dispensing data.®® A study limitation is survivor
bias, a form of selection bias,*” as we included high-risk participants
in Tromsg6 who met for second screening in Tromsg7. This means
that those who died, experienced Ml/stroke during follow-up or did
not re-attend due to other causes were lost to-follow-up. In addition,
all participants received standardized letters with information about se-
lected measurements. Additional feedback was given to participants
(<80 years) above thresholds with a recommendation to see their gen-
eral practitioner. The thresholds were SBP 145.8+0.68 X age or
>170 mmHg. DBP 94.2 +0.32 X age or >100 mmHg. Total cholesterol
(mmol/L) in women >6.78-8, in men >6.26-8.00, and all >8.00. Thus,
attendance in the Tromsg study could influence attitudes and beha-
viours. Survivor bias and attendance can lead to overly optimistic inter-
pretation and overestimation of change in risk factors and treatment
target achievement. Another limitation is the application of
NORRISK 2 and 2017 guidelines in a time-period when this tool and
guidelines did not exist, which can introduce bias in the study sample.

Conclusions

We found favourable changes in most CVD risk factors. However, the
majority of high-risk individuals did not achieve treatment targets for li-
pids and BP, <10% achieved all primary prevention targets combined.
We also showed the impact of medication use, the strongest character-
istic associated with achieving targets. In line with previous studies, our
study has demonstrated a great potential for improvement in the pri-
mary prevention of CVD.
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Appendix

The Tromse Study ; List of links to web pages for invitation
letters, information brochures and questionnaires.

All available from the Tromseg Study main web page:
www.tromsoundersokelsen.no



http://www.tromsoundersokelsen.no/




Tromse 6:

Invitation

https://uit.no/Content/100339/Invitasjon_deltakelse fase 1 t6.pdf

Information brochure

https://uit.no/Content/100340/Forespoersel om_deltakelse t6.pdf

4 page initial questionnaire

https://uit.no/Content/100349/Q1_t6.pdf

First visit questionnaire

https://uit.no/Content/100351/Spoerreskjema_2_t6.pdf

Tromse7

Invitation and information brochure

https://uit.no/Content/710341/cache=20203011123325/brosjyre.troms%C3%B87.pdf

4 page initial questionnaire

https://uit.no/Content/710342/cache=20203011123337/0Q1%2BTroms%C3%B&8%2B7.pdf

First visit questionnaire

https://uit.no/Content/710343/cache=20203011123350/Q2.troms%C3%B&87.webside.oppdater
t.sept2020.pdf

Simpler version of the first visit questionnaire:

https://uit.no/Content/710352/cache=20203011124130/0Q2%2BTroms%C3%B8&87.pdf



https://uit.no/Content/100339/Invitasjon_deltakelse_fase_1_t6.pdf
https://uit.no/Content/100340/Forespoersel_om_deltakelse_t6.pdf
https://uit.no/Content/100349/Q1_t6.pdf
https://uit.no/Content/100351/Spoerreskjema_2_t6.pdf
https://uit.no/Content/710341/cache=20203011123325/brosjyre.troms%C3%B87.pdf
https://uit.no/Content/710342/cache=20203011123337/Q1%2BTroms%C3%B8%2B7.pdf
https://uit.no/Content/710343/cache=20203011123350/Q2.troms%C3%B87.webside.oppdatert.sept2020.pdf
https://uit.no/Content/710343/cache=20203011123350/Q2.troms%C3%B87.webside.oppdatert.sept2020.pdf
https://uit.no/Content/710352/cache=20203011124130/Q2%2BTroms%C3%B87.pdf
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