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Summary

Background

In the last centuries, life expectancy in industrialimationshas doubled. Many people reach

an advanced age, but the period of life in which a manifest cardiovascular disease has to be
treatedis continuously lengthening. Vascular biomarkers andstskesareused to determine
cardiovascular risk. In recent years, however, there has been a shift toward measureyof health
lifestyle, which are more focused on determiniralth potential. However, the relationship
between lifestyle, especially nutdti and physical activity, and the traditionally used
biomarkers is still poorly understood.

Aims

This PhD project had several aims. The first one was to validate a visually aided dietary
assessment tool (DAT). Secqrttiis project aimed at comparing vaus lifestyle metrics,
calculated as eardiovascular health score, and their influence ostiioeture andunction of

large human arteries botha healthy Swiss (aged 50+ years old) and Finnish (ag&d $8&ars

old) population. Third, the effects af4year lifestylebased intervention on carotid structure

in the same Finnish population were analyzed, to determine if atherosclerotic progression could
be slowed.

Methods

The DAT was validated againstveighed sevewlay food record (74FR). Young (2040 years

old) and older (5r0 years old) adults were recruited. The DAT was compared to tR& 7d

for total energy intake, macronutrients, sugar, water, and portions of fruits and vegétadbles

Finnish DoseRe s ponses to Exercise Training -(DRO6s
controlled trial lasting four years that consisted of six groups: aerobic exercise, resistance
exercise, diet, aerobic exercise + diet, resistance exercise + diet, and referenatir@iarati

media thickness (cIMT)andlumen diameter (cLD) were used as vascular biomarkers to
guantify atherosclerotic progression during the intervention @meie measured by
transcutaneous ultrasound using stidténe-art wall contour detection technigst

Inacrosssecti onal appr oach oaflherenbeetoheDA@rean Hea® R A s t
Associ it if @& soS8ardioyascealar ffealth score, consisting solely of modifiable
lifestyle metrics, was compared with cIMT and cLD, as well as cadigidnsibility.The Li f ed s
Simple 7 score was divided into poor, intermediate, and ideal cardiovascular health.

The Swiss crossectionalCardiopulmonary Earcise Testing (COmMPLETE) study included a

healthy sample of the Swiss population. For this Phijept, only a suisample aged 501

years old was considered. D lWegermine camidvascuai mp | e
healthand were compared to arterial properties, namely cIMT, cLD, carotid distensibility
coefficient (DC), flowmediated dilation (FMD), and brachiahkle pulse wave velocity
(baPWV).
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Results

DAT: 51 participants were include@orrelationdetween the DAT anithe 7dFRranged from

0.288 (sugar, p<0.05) to 0.729 (water, p<0.@he older group had higher correlations for all
macronutrients, the highest correlation being for total energy intake at 0.799 (p<0.01). Both
groups overestimated total calories in k¢&814.0%), protein (+44.6%), fats (+36.3%), and
portions of fruits and vegetables (+16.0%) but strongly ustienrated sugar intake50.9%).
DROs EXTRA i hlB2partcipamtbad vahd:measurements at baseline and follow
up. Over all groups, weotind no significant slowing of atherosclerotic progres$pt0.01)

A sub-group analysis showed that only men who were given dietary goals did not show a
significant cIMT increase during thentervention (p=0.23). En in the diet group had
significantly snaller cIMT progression than in the reference greQ@{8 mm, 95% CFE0.146

to -0.009, p=0.02). No other group showed a slowed cIMT progression. None of the
intervention groups significantly slowed cLD progression whempmared to the reference
group.

DRO6 s E X T Rsactianal: d490sparticipants were included in the analy$ésse with an

ideal cardiovascular health score hader cLD than those with intermediat®.1 mm, 95%

Cl: -0.37t0 -0.05 mm, g0.0) and a poor scored.39 mm, 95% CI=-0.65t0 -0.12 mm,
p<0.01). Those with an ideal score also had higher carotid distensibility than those with an
intermediate (0.003RPal, 95% Cl: 0.0090 0.0055kPat, p<0.01) and a poor score (0.0018
1/kPa, 95% CI10.0005to 0.0032kPat, p<0.01). No differences were found for cIMT.
COmMPLETE: The analyses comprised 280 healthy participdts.n e had a | ow Li f
7 cardiovascular health score. Those with an ideal score had lower €M3§ mm, 95% CI:
-0.08© mmto -0.007 mm, g0.05 lower cLD €0.28 mm, 95% CI:0.46 mmto -0.11 mm,
p<0.01), and lower baPWV-0.05 m/s, 95% CE0.08 m/¢0-0.02 m/s, g0.01) than those with

an intermediate health score

Conclusions

The DAT is an dequatanethod for screening selectdetary habitsand may be particulasl
useful in older populations.

In middleaged to older Finns, the Life's Simple 7 was negatively associated with cLD and
positively associated with carotid artery distensibility butwibh cIMT. A healthy lifestyle,
probably pursueddecades before the stydyeems to protect carotid artery structure and
function in the general Finnish population.

A four-year lifestyle intervention did not slow atherosclerosis progression, exceptigrasp

of men who were given dietagoals Physical activity interventions based on international
guidelines that were in effect during the study must therefore be questioned.

In a healthy sample of the Swiss population, those with a higher Life's Sirapbee had better
arterialproperties This shows that even in the healthiest individuals, a more favorable lifestyle
Is associated with better vascular health.
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The Life's Simple 7 health score appears to be a practical method for assessing cardiovascular
health, for which we were able to show that it is associated with traditional vascular biomarkers.
In the middleaged to older Finnish population studied, lifestyésed interventions are not
sufficient to slow the progression of atherosclerosis; otherave intensied approaches may

be needed.



Zusammenfassung

Hintergrund

In den letzten Jahrhunderten hat sich die Lebenserwartung in den Industrielandern verdoppelt.
Viele Menschen erreicherwarein hohes Altergder Lebensabschnitt in denen eine manifeste
HerzkreislaufErkrankung therapiert werden muss, vegin sich jedochkontinuierlich Zur
Bestimmung dedHerzkreislaufisikos wurden bisher vor allem vaskulare Biomarker und
Risikoscores verwendetn den letzten Jahren jedochat eine Verlagerung hin zu den
Kenngrossen stattgefunden, die einen gesunden Lebensstil ausmadh#gadurch eher das
Gesundheitspotential bewerteier Zusammenhang zwischen Lebensstllen voran
Ernahrung und korperliche Aktivitatnd den traditionell verwendeten Biomarkernaber

nach wie vor kaon bekannt.

Ziele

Dieses PhEProjekt verfolge mehrere Ziele. Das erste Ziel war die Validierung eines visuell
unterstitzten Ernahrungsfragebogens (DAT).  Zweitens sollten  verschiedene
Lebensstiiaktoren die alsHerzkreislaufGesundheitsscorausgedrickivurden, und deren
Zusammenhanaguf die Struktu und Funktion der groes Arterien in einer gesunden
Schweizer (Uber 50 Jahre alt) und einer finnischer7@3ahre alt) Bevolkerung verglichen
werden. Drittens wurden dEeffekte einer vierjahrigen lebensstilbasierten Intervention auf die
Struktur der Hilsschlagadédn derselben finnischen Population anayts um festzustellen, ob
die Progressiorder Atherosklerosalurch eine Lebensstiterventionverlangsamt werden
kann.

Methoden
Der DAT wurde gegenubeginemsiebentagigen Ernahrungsotokoll (7dFR), validiert. Es
wurden junge (2@&0 Jahre alt) und altere (BW® Jahrealt) Erwachsene rekrutiert.
Gesanitalorien Makronahrstoffe, Zucker, Wasser und Ghstd Gemiseportionewurden
zwischen den beiden Instrumentasrglichen.
Die finnische DosdRkespmses to Exercise Training (DR's EXTRAjudie war eine
randomisierte, kontrollierte Studie mit einer Dauer von vier Jahren, die sechs Gruppen
umfasste: aerobes Trainingtafttraining, Didt, aerobes Training + Didrafttraining + Diat
und Kontrollgruppe Die IntimaMediaDicke der Arteria carotis (cIMT) und der
Lumendurchmesser (cLD) wurden alaskulare Biomarker verwendet, dlas Fortschreiten
der Atherosklerose wéhrend detervention quantifizieren. Siwurden mittels transkutanem
Ultraschall unter Verwendung modernster Wandkeciitkennungstechniken gemessen.
Basierend auf die Querschnittsdaten der BBEX$RA-Studie wurde die Einhaltung delife's
Simple , ein Herkreidauf-Gesundheitsscore der Americanedfit Association, der
ausschliedeh aus modifizierbaren Lebens&iktorenbesteht, mit cIMT und cLD sowie der
Distensibilitatder A. carotisverglichen. Der Life's Simple 7 Score wurdeniedrige mittlere
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und idealeHerzreislaufgsundheitnterteilt.

Die Schweizer Querschnittsstudie Cagilmonary Errcise Testing (COmPLETE) umfasste
eine gesund8chweizeiStichprobe. Fur diesézhD-Projekt wurde nur ein&eilstichprobevon
Probandenm Alter von 5091 Jahren beudksichtigt. Die Life's Simple 7 wurden ebenfalls
verwendet und mit den artelten Eigenschaften verglichen, namentlicdtMT, cLD,
Distensibilitat&oeffizient der A. carotis(DC), flussvermittelte Dilatatiorder A. brachialis
(FMD) und Puswellengeschwingkeitvon der A. brachialis bis zur KnochelregihaPWV).

Ergebnisse

DAT: 51 Studieninteressierteurden eingeschlossen. Die Korrelationen zwisch&T Dnd
70d-FR reichten von 0,288 (Zucker, p<0,05) bis 0,729 (Wasser, p<0,01). Probandderder
Gruppe wiesn fur alle Makronahrstoffe hohere Korrelationen aufobei die hdchste
Korrelation bei derGesamkalorien bei 0,799 lag (p<@1). Beide Gruppen Uberschétzulin
Menge an Gesamtkalorien (+14,0%), Eiweiss (+44,6Fexten (+36,3%) die Obst und
Gemuseportionen (+1840) leicht bis moderatunterschatztedagegerdie Zuckeraufnahme
stark €50,9%).DR's EXTRA Querschnittstudie: 1400 Probanderwurden in die Analysen
einbezogen. Diejenigen mit einem idealéterzreislaviGesundhegscore hatten eine
niedrigere cLD als dienigen mit einem mittleren@,21 mm, 95% KI-0,37 bis-0,05 mm,
p<0,01) und einem niedrigen Score0(39 mm, 95% KI:-0,65 bis-0,12 mm, g0.07J).
Probanden mit idealemc8re hatten auch eine hohddestensibilitdtals jene mit mitterem
(0,0032 kPd, 95% KI: 0.009 bis @055kPa?l, p<0.01) und niedrigemScore (00018 kP4,
95% KI: 0,0005 bis 0,0032 kPap<0.01). Hinsichtlich dercIMT wurden kéne Unterschiede
zwischendenInterventionsgruppen urakr Kontrollgruppefestgestellt.

D R 6EXTRA -Interventionsstudie 1132Probandemnit giltigen Messungen zu Beginn der
Studie und bei der Nachuntersuchungden eingeschlossedber alle Gruppen hinweg wurde
keine signifikante Verlangsamungles cIMTAnstiegs festgestellt p&001). Eine
Untergruppenanalyse zeigtsaManner in der Didtgruppe einsignifikant geringenecIMT -
Anstiegauwiesen als die in der Kontrollgrupped(078 mm, 95% KI:0,146 bis-0,009 mm,
p<0.01). Keine anderdJnterguppe zeigte eimeverlangsamte cIMT-Anstieg Keine der
Interventionsgruppen verlangsamte die eRidgression im Vergleich zukontrollgruppe
signifikart.

COmPLETE: Die Analysen umfassten 280 gesun@leinehmeéde Keiner hatte einen
niedrigen Life's Simple Bcore Jenemit idealan Scorehatten niedrigere cIMT-0,038 mm,
95% KI: -0,069 mmbis -0,007 mm,p<0,05, niedrigeren cLD-0,28 mm, 95% KI:0,46 mm
bis -0,11 mm, 0,01 und niedrigere baPWV-0,05 m/s, 95% K -0,08 m/sbis -0,02 m/s,
p<0,01) als diejenigen, miginem mittleren Gesundheitsscore
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Schlussfolgerungen

DasDAT ist eine geeignet®ethodezum Screeningausgewahlter Ernahrungsparameter und
kann insbesondere bei alteren Bevolkerungsgruppen nutzlich sein.

Bei Finnen nittleren bis héheren Alters waren didge's Simple 7 negativ mit cLD und positiv

mit der Distensibilitat der A. carotis assoziiert, nicht jedoch mit der cIMT. Ein gesunder
Lebensstili vermutlich Jahrzehnte vor der Untersuchung bestehectieintdie Struktur und
FunktionderA. carotisin der allgemeinen finnischeé®evolkerungsgruppeu schitzen

Eine vierjdhrige Lebensstilintervention fihrte nicht zu einer Verlangsamungler
Atherosklerosprogression, auss bei einer Untergruppe von Mannern, denen Eur@sziele
vorgegeben wurderBewegungsinterventionen basierend auf internationBliehtlinien, die
wahrend der Studie Kraft waren misserdaher in Frage gestellt werden.

In einer gesunden Stichprobe der Schwess/6lkerung wiesen jemaiteinemhéhe en Li f e 6 s
Simple 7 Scordessere Arterieneigenschaften auf. Dies zeigt, dass selbst bei den geslindesten
Personen eigunstigeretebensstil mit einebessereefasgesundheiverbunden ist.

Der Life's Simple TGesundheitsscoerscheint den hier vorliegden Analyserine praktische
Methode zur Bewertung deterzkreislauiGesundheitu seinfur diewir zeigen konntendass

er mit traditionellen vaskularen Biomarkeassoziiert ist In der untersuchten finnischen
Bevolkerungsgruppe mittleren bis hoheretiefs reichen lebensstilbasierte Interventionen
nicht aus, um das Fortschreiten der Atherosklerose zu verlangsamen; mdglichervekise sin
andereoder intensivierté\nsatze erforderlich.
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Chapter 17 Introduction to lifestyle andarterial properties in ageing
populations

1.1Importance of a healthy lifestyle

For thousands of years, the main causes of deaths worldwide were communicable diseases,
which limited life expectancto less than 40 yeaf$]. Since the 1950's, medical breakthroughs
have enabled us to increase worldwide life expectancy, up until very ref@n8921 marked

the first year since 1950 that life expectancy decreased due to the emeofjencevel
coronavirus diseas®©mitting the current pandemic, life expectancy has more than doubled
since the beginning of the ®9%entury due to the major decrease of deaths related
communicable diseases in most developed cour8jeinstead, norcommunicable diseases
(NCD) such as headisease, cancer, or stroke, have taken over as the main cause of death.
People suffering from NCD tend to be affected for years, reducing quality of life, while
extending time with morbidities, therefore increasing the proportion of life spent belhy ill

It is thought that by the end of this decade, there will be more than 1.4 billion people over the
age of 60, and mottdan 2.1 billion by the ye&05Q many of which suffering from NCI[5].

To counter this trendf living longer but with multiple morbidities the World Health
Organi zation (WHO) pronounced the decade fr
A g e i [B].dgro achieve healthy ageing, one of the targets is to reducerdi@died mortality,

which can be achieved primarily by improving lifestyle.

Over 20 years ago, the WHO already issued a statement on what is considered a healthy lifestyle
[6]. It defined five factors that makepua healthy lifestyle, i.e., no tobacemoking, no
excessive alcohol consumption, regular pbgisactivity, a healthy diet, and not being obese.

The benefits of adhering to a healthy lifestyle are well documgeatedre the risks of not
following it. For example, a study with USmerican adults showed, in a follewp of 34 years,

that those who never smoked, were not obese, were physically active, had high quality diet, and
did not consume alcohol excessively, had significantly higher life expecthacytiiose who

did not adhere to any of those five lifestyle factails The difference in life expectancy was
guantified as 14 years for women, anceioi2 years for merSadly, a study including 20
European countries reported that only 5.8% of Europeans followed a healthy lifestyle
adhering to all five healthy lifestyle habi{8). The countries with the loweatiherenceates

had a prevalence of healthy lifestyle in less than 2% of the population, while the countries with
the highest rates did not even exceed 10%.

Somewhat morencouragingesults have come from Germany. A study found that while only
5.2% of the adult gpulation adhered to all five healthy lifestyle behaviors, 18.3% followed
four, and 31.9% followed three healthy lifestyle behavi@fsThis means that more than half

of the adult population adhetdo at least three out of five healthy lifestyle behavidise
questiontherefore arises whether adherence some healthy lifestyle metrics might be
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sufficient to reduce cardiovascular risk. Studies have examined the interplay between mortality
and heathy lifestyle metrics and found evidence supporting timegative correlationFor
example, a metanalysis that included 15 studies with over 500,000 participants with a mean
follow-up period of 13 years found that adhering to at least four of the faléhidifestyle

factors was associated with a reduction ofcalise mortality by up to 66%40]. Further, as
opposed to not adhering toyahealthy lifestyle factor, following one, two, or three lifestyle
factors was associated with lower risk of cardiovascular mortalit289, 42%, and 54%,
respectively{10].

As clearly demonstrated with these studies, there is a strong association between lifestyle and
the development of NCD. The current issue of modern societies is that the prevalence of NCD
is at record levels. In Switzerland, for example, it besn reported that more than a quarter of

the total population suffers from at least one NIZD] and thatNCD are responsible for half

of all premature deaths (i.e., deaths before the age gkd@s old) in men, and 60% of all
premature deaths in womg§IR]. While the Swiss Federal Office of Public Health recognizes
that genetic predisposition plays a role in gahogenesis of NCD, it also emphasizes that
maintaining a healthy lifestyle is essential to reduce the risk of developing one

In Switzerlandthe most recent cost analysisNCD dates from 201113]. Thetotal costsof

NCD cumulated to 51.Billion Swiss Francannually whichequated to about 80% of the total
health expenditure. The costs of cardiovasculsgases and musculoskeletal diseases hereby
constituted the greatest shareresponse to the number of people affected by NCD and their
generated costs, the Swiss Feddatanale Srbtégiece f o
Pravention nichtiberagbarer Krankheiten (NCEstrategie) 20172024 (Engl. National
Strategy for the prevention of n@memmunicable diseases (N&rategy 201-2024) In that

report, the strategies to lower the incidence of NCD are divided into three pillars. The first pillar
includes populatiofbased health promotion and prevention. In this pillar, the main goals are to
improve lifestyle by reducing certain risk facg@uch as smoking and alcolkohsumption and
increasing dietary quality and physicadtivity. The second pillar targets health care, and the
third pillar aims athealth promotion and prevention in the economy anthe worlplace

The literature as wedls the efforts of national and global health institutions clearly prove how
living a healthy lifestyle contributes not only to a longer, but also to a difegsdife.
Strategies to reduce the prevalence of NCD in the general population are thergficat in
demand. Also, strategies to determine which individuals are at risk of developing l{estyle
related diseases are necessiaoy instanceit is important to find diagnostic tools that allow to
monitor cardiovascular risk over time. The applied méshshould be precise, inexpensive,
ideally noninvasive and, of course, reproducible. The following chapters will discuss these
methodological challenges by presenting currently applied vascular biomarkers as well as a
cardiovascular health score.



1.2 Vasular biomarkers

In 2001, the Biomarkers Definitions Working Group, as part of the National Institutes of Health
(NIH), defined a biomarker as follow8A characteristic that is objectively measured and
evaluated as an indicator of normal biological processes, pathogenic processes, or
phar macol ogi c r espons e s[14} Essemtially, b vwascalg mWomarkec | nt
therefore serves tetectstructural or functional changes in the vascsystem beforadisease

Is diagnosed. Vascular biomarkers have since been widely applied to detect cardiovascular risk.
A position paper from the European Society of Cardiology Working Group in 2015 defined the
most important noinvasive vascular biomarkers for primaapd secondary cardiovascular
diseasg(CVD) prevention[15]. The following chapters will describe the biomarkers that |
applied for my PhD project.

1.21 Carotid arterial properties
The left and right carotid arteries are a pair of vessels that supply blood to the brain, neck, and
face. Since flawless blood supply to those areas of the human body are crucial, the importance
to assess the carotid arteries as a tool for cardiovasaskapirediction, has long been
recognized[16, 17] The carotid arteries are located superficially, making them easily
accessible for ultrasound examination usingn8de sonography. This imaging technique has
several advantages: it is safe, inexpenspanless, radiatiofree, and offers the ability to
assess arterial wall thickness, stenosis or plague fornfagpn
The arterial walls are made up of three layers. The outermost layer, the tunica adventitia, is
made of collagen fibers and elastin. Its function is to supply and innervate the vessels, and to
separate the vessels from other struct{&® The middle layer, the tunica media, is made of
smooth muscle cells, elastin, and collagen fibers. With its high propaticuscle cells, it
controls the toning of the vessels in response to nervous or hormonal stimuli. The innermost
layer, the tunica intima, is mainly composed of endothelial cells and elastioollagen20].
The endothelium is mainly responsible for the exchange of substances between tissue and blood
as well as for the regulation of blood pressure. The endothelium also regulates the flowability
of the blood by inhibiting and activating coagulation procef&&s While histologically the
differences between the various tunicae are clear, the delimitation between the intima and media
are difficult to see using-Bode sonography. As such, to determine carotid wall structure, the
intima-media complex is tan togetheand is referred to asarotid intima-media thickness
(cIMT) [16]. The adventitia is not used for arterial wall assessment, as &s boitderis
difficult to discernin B-mode[22].
The carotid wall is known to change with d@8]. Atherosclerosis is a pathological process
which describes the buHdp of cholesterol, fatlood cells and other substances in the tunica
intima of main arteries. Over tim#e accumulation ofhesesubstances the arterial wall,
called plaques, result in arterial narrowimlich, in turn, reduces blood supply to the periphery
and may causeomplications, such aschemia
Diseaseselated toatherosclerosjsuch as stroke or myocardial infarctjane the number one
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and two leadingauss of death irnthe world[24]. Over three quarter of all C\Aelated deaths
globally are suffered in lowand middleincome countries, which have limited access to
diagnostic tools and adequate healthd2fgd. The slow progression of atherosclerosis over
decades means that even higdk individuals remain asymptomatic durindirae in which it

could still be possible to make adjustments which would alter the course of the f&dase

The assessment of cIMT may therefore be a valid tool to predict cardiovascular events,
especially in symptoniree subjects.

As such, since the 1990606s, an extensive amo
independent predictor of cardiovascular evgass 27, 28] Of all vascular biomarkers, cIMT

is the one that has been studied the most extengR@lyA metaanalysis that included over
366000 subjects found that the risk for card
increase in cIMT30]. The evidence further suggests that thereseveral nodifiable and non
modifiable risk factors that influence atherosclerotic progression. The most important non
modifiable risk factors are ad@3], sex[31], and racg¢32]. There is also evidence showing that
geographicalatitude plays aronnegligiblerole [33]. Subjects living in Northern European
countries €.9.,Sweden, Finlandare known to have sigicantly higher cIMT thanSouthern
Europeancountries(e.g., France, Italy) Longitudinal data on that matter, however, is still
scarce. As for modifiable risk factors, it is well known that thogk tigher physical fithness
measured as maximal oxygen upt&®©:.may [34] and higher levels of physicaltadty [35],

have lower cIMT hanless physically activpersons. In addition, a recent study found that in
adults, systolic blood pressure was the steshgredictor for cIMT36]. In the same study, the
authors found that some dietary components were also associated with cIMT, namely total
dietary fiber and fisimtake. Dietary fiber is known to be associated with slower atherosclerotic
progressiorj37] anda reduceaardiovascular risg38]. Similarly, a recent metanalysis found

that fish consumption was associated with lower incidence of coronary heart disease and
mortality [39].

More recently however, the benefit of assessing cIMT to measure cardiovascular risk has been
guestioned, aiss additive value appears to be Ifl®]. For example, a metnalysisncluding

over 4506000 #dawasitde, cinallynirgignifitaatadditive value in cIMT to
predict firsttime myocardial infarction or strokflO]. The authors of the metmalysis
concludedthat cIMT should not be part of routif@vD risk assessment due to its limited
benefits. There may, however, still be a case for sonographic measurement of the carotid
arteries, as the longitudinal study by Fritze et al. (2020) showed that carotid lianestet

(cLD) provided more information than cIMT for alause mortalitf41]. The authors argue

that cLD is easier to measure than cIMT, but that more evidence is needed to investigate
whether cLDprogression can be slowed via pharmacological and/ofpharmacological
interventions.



For both cIMT and cLD, however, mustbe noted that changes are slow. Interventions using
carotid properties as an endpoint are inconclusive a{4i&gstOther vascular biomarkers may
therefore be superior to determine the effects of interventions.

1.2.2Arterial stiffness

Arterial stiffness indicates how rigid an arterial wall is, i.e., how much it dilates with each
heartbeat. Arterial stiffness is commonly measured by pulse wave velocity (PWV), which is
defined as the speed at which the blood ejected fromfthetericle of the heart during systole
produces arterial pulsatiod3]. PWV stands in an inverse relationship with arterial
distensibility, meaning that PWV is higher in stiffer arteries. As arteries naturally become stiffer
from proximal to distal, PWV increases in the periphery and is lowest in the ascending part of
theaorta. With age andith other cardiovascular risk factors, arteries become stiffer, especially
large elastigype arteriegl5, 44] This process is mainly a consequence of remodeling of the
tunica medig45], and it is not linear. As such, longitudinal studies have found that in the third
life decade, aortal PWV increased by 0.4 m/s, whereas it increased bysli8the seventh
decadd46].

There are multiple ways to calculate PWVasively or norinvasively, such as carotiémoral

PWV, which largely measureslastic arteriesor brachialankle PWV (baPWV), which
measures the large elastic arteries, but also smaller aftesie47] As opposed tahe gold
standardcarotidfemoral PWV, baPWV has the advantage of not measuring in the inguinal
region, which may be an area of discomfort for study participémiddition, by having the
blood pressure cuffs placed around the extremities, baPWV it thought to provide information
on a longer arterial segment. Disadvantages indinéé&ack of reference values and height
based formulas to calculate baPWW\%]. In this manscript, | will focus on baPWV, as, due to

its ease of use in clinical practice, it was the method used to measure arterial stiffness in my
PhD projec{47]. The use of baPWV has mostly beenwoented in Japan, where they showed
an association withcardiovascular risk48, 49] A metaanalysis found that an increase of
baPWV of 1 m/s equated ta ancrease in total cardiovascular events, cardiovascular mortality,
and altlcause mortality by 12%, 13%, and 6%, respectijél§]. In that meteanalysis,
however, more than 50% all participants were affected by a chronic disease with a poor
prognosis. More recentlyg metaanalysis that included studies which showed results from
representative samples of the Japanese popufaiim similar evidencpt9]. Per 1 standard
deviation increasén baPWV, the cardiovascular risk was increased by 19%. The authors
concluded that baPWV was therefore a valid tool to enhance predadticardiovascular
events. To thebest of my knowledge, to date, there is no such evidence for European
populations.



1.2.3Endothelial function

The endothelium constitutes the most inner layer of arterial walls, which is in direct contact
with blood [51]. As such, the endothelium plays an essential role in blood flow control and
vascular toneCardiovascularisk factors such as tobacco smoking, hypertension, or aging are
known to be associated with reduced endothelial funcf?, 53] As discussed above,
atherosclerotic changes in the arterial walls progress slowly over decades and remain difficult
to discover for years. A few decades ago, theingasive measurement of endothelial function
has been suggesteas functional changes occur long before any structural adaptation of the
arterial walls begif54, 55] This phenomenon, known as endothelial dysfunction, occurs when
the bioavailability of endgenous vasodilators, mainly nitric oxide, is reduf&®). To assess
endothelial dysfunction, it is possible to either measure coronary or peripheral circidafion

In this thesis, | will only discuss the measurement in peripheral arteries, more specifically, the
brachialartery, as this was the only artery assessed for endothelial function in my PhD thesis.
Ultrasoundbased flow mediated dilation (FMD9f the brachial arteryis a validated
measurement of endothelial function and a joted for cardiovascular even{§8]. FMD is

used to measure the ability of the endothelium to dilate aftacute increase in shear stress.
Therefore, a high FMD (i.e., high ability athe brachial artery to distent) considered being
cardio protectiveAs such, as a metnalysisin 2014 found that a 1%increasein FMD is
associated with 10% risk reductiorr frardiovascular evenfS9]. Non-modifiable risk factors

for lower FMD include male sex and older age, which are consistasdlyciated with lower

FMD [60-62]). The advantage of using FMD in clinical studies is that it is reactive to
physiological interventions, such as exercise or[@&t The use of FMD to monitor the effects

of lifestyle-based interventionmay therefore be superior to the other vascular biomarkers
presented abovfl5]. However, until vey recently, normal and reference values were not
available for FMD, limiting the ability to compare between different popula{®hs65] As

such, FMD is currently not recommended in routine care but the (novel) availability of reference
values may warrant its clinical application in the future.

13 The Lifebdbs Simple 7
As an alternative to vascular biomarkers, wtaok notused in rotine carg15], cardiovascular
risk scores have emerged as an accepted method to assess cardiovascular sk in at
populations Neverthelesgheir accuracy is question¢g6]. For example, cardiovascular risk
in low-risk populations tends to be overestimated, whereas in-risighpopulations,
cardiovascular risk is underestimated. This issue leads to people being unnecessarily treated
with medication on one hand. On the other handividuals with high risk are inadequately
treated in respect of the severity of their disease.
The most commonly used risk scores, saslihe Framingham Risk Scd6], the European
SCOREZ2 [68], and SCORE 2 old peoplé9], are all dependent on nenodifiable variables:
age, sex, and ethnicity, all of which are indeed-negligible risk factors for cardiovascular
events[70], andare heavily factored in those scarébe calculatedisk scores alsconsider
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several lifestyleelated metrics, such as smoking statugoaly mass indexX@Ml). One of the
weaknesses of these scoreglinical settings is that, when following a patient over multiple

years, the risk score may worsen due to the natural biologgeahgprocess, even ifheir

lifestyle improved. As such, this may lead to loss of motivation for the patient, which, in turn,

would negatively affechealthy lifestyle behaviorand could ultimately result in a higher
cardiovascular risk.

The American Heart Association (AHA) recogre d t hi s 1 ssue and intr
Simple 70 in 2010 as an attempt to reduce ca
10 years following their implementati¢iil]. The rationale was to move the focus away from

disease treatment and more towards healfhwasliness promotion, and to therefore emphasize
modifiable lifestyle habits which can be implemented to improve cardiovascular [#lth

As such, four behavioral (not smokimggularphysical activity, healthgiet,and normal BMI)

and three biological (systolic blood pressure, blood lipids and blood glucose) healtts met

were included in the Simple 7. Predefined cutoff values and the presence/absence of medication
were used to determine cardiovascular health via a scoring system (Th¢ Epr each of

the metrics, being in the range of an ideal score is awardgubimts, intermediate is one point,

while poor is zero points. An ideal cardiovascular health score is typically referred tdds 10

points, an intermediate score rangesfreth4 and a poor score i S conNs

Since the creation the lefé s Si mpl e 7, a gerbeea publighedbam that o f ¢
matter. For example, an inverse relationship between ideal health metrics and the incidence of
cardiovascular evenfg3-75], and mordlity [76, 77]was found. As Sanchez (2018) wrote, the
Lifeds Simple 7 ar e [%8] Onl Veryfety adultsimthe USA ackigve t 0 a
ideal cardiovascular health scores, nodeieve a perfect sco 14 points andonly 0.5%
score 13/14 point§79]. The metaanalysis by Ramire¥élez et al.(2018) comprised 12
studies, which in tot al [80].Mkelauthtrs cbnfiomedetat oY) 0 6 0 O
few adults had an @&hl cardiovascular health score @adher found that an ideal health score
was associated with risk reduction @vD by 72%, when compared to those with a poor score.
Encouragingly they faind that those with an intermediate score already benefited massively,
as they had a 47% lower risk f6D than those with a poor score. This proves that adhering
toatleasts ome of the Lifeds Simple 7 metrics ma
cadiovascular risk.
Recently, Enserro et al. (2018) demonstrated in-ge2d followup study, that subjects who
started the study with ideal cardiovascular health and maintained itidéadl, had the lowest
odds of developing a subclinical disef&¥|. In contrast, those with poor cardiovascular health
metrics who stayed in the same category (ypmmr), showed the higest rates of subclinical
cardiovasculadisease, incidence d@VD, and mortality. While those results are hardly
surprising, the findings from the individuals who changed categories over timeqa@alor
poorideal) are worth discussing. It is commpsluggested and recommended that it is never
too late to improve lifestyle, with studies showing convincing results in elderlies that stopped
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smoking [82], became more physically actij83], or improved their igts [84]. These
recommendations eve confirmed by the findings by Enserro et al. (2018), who showed that
those who improved their cardiovascular health metrics {p®al) had lower incidence of
CVD than those who stayed in the poor cardiovascular health categoryp(pmd[81].

Tablel: Li f e 6 s Sinitions lofddeal, intdremddiateand poor cardiovascular health. Data derived from

Lloyd-Jones et al., (2010yopyright ©2010, American Heart Association, Inc.

moderate + vigorous
activity

Ideal Intermediate Poor

Smoking Never smoker Former smoker Current smoker
Body mass index | <25 kg/n? 25-29.9 kg/nt O 3 Ky/n?
Physical activity |O150 mi n/ we¢ 1-149 min/week None

moderate or moderateor

075 mi n/ we g 1-74 min/week vigorous

or or

0150 mi n/ wg 1-149 min/week

moderate + vigorous
activity

Diet score*

4-5 components

2-3 canponents

0-1 components

Total cholesterol

<5.2 mmol/Land not
treated

5.2-6.1 or treated to
<5.6 mmol/L

06. 2 mmol / L

Blood pressure | SBP <120 and DBP <8( SBP120-139 or DBP SBP 0140 or
mmHg and not treated | 80-88 or treated SBP | mmHg
SBP <120 and DBP <8
mmHg
Fasting glucose | <5.6 mmol/L and not | 5.6-6.9 or treated to O07.0 mmol / U
treated <5.6 mmol/L

SBP indicates systolic blood pressure; DBP diastolic bjwedsure.
* Meets criteria: Fruits an d-5ozévgek tFibdsichevisole C
grains O3 servings/ day, -sSweditwem edl 500 emg/gd

It is, however, more interesting to lookilabse who started the study in the ideal cardiovascular
health category and moved to the poor cardiovasddalth category (idegdoor). In this
cohort, he presence of subclinical disease, the inciden€&&f, and mortality, was lower than
in the poofideal group. This shows that while the Simple 7 metrics are modifiable, starting
with poor cardiovascular health is associated with higher cardiovascularegsidless of
whether lifestyle was improved or not. This further cements the case for egplyoadof a
healthy lifestyle, reaching ideal cardiovascular health metrics early and, ideally, maintaining
themfor as long as possibl€hese results were confirmed by Corlin et al. (2020), who showed
in a 25year longitudinal study hat a h iimglee/ rscore in mielidesvasSassociated
with lower risk of hypertension, diabeteSVD, and all-causedeath[85]. Morbidity and
mortality can therefore be reduced by improving cardiovascular health.
Starting with a poor cardiovascular health score and improving it may not be as protective as
8



having an ideal score early on, but it is still proven to be benefitis¢condary prevention.

Mok et al. (2018) found that those with an ideal health score had up to 84% lower incidence of
myocardial infarction than those with a poor sd8&. In that study, those withleealthscore

of 07 at b a 602 lowererisk lofandortality a#te® myocardial infarction, when
compared to those with a score of 03. These
i ndicate that the Lifeds Si mphutelso7in spdormlary a ke
prevention, and should be implemented in cardiac rehabilitdigther, the abovenentioned

results show that adherence to a healthy lifestyle early in life is superior to changing lifestyle
habits inadulthoodput it is never todate to implement healthy lifestyle habits.

14Li feds Simple 7 and arteri al properties

As demonstrated in the pr evcadwwscudahhegthssares, bo
and arterial properties are used to mekecal decisions basedonayp i eigk of Geseloping

aCvD.To date, only | imited e wmpla/amarterial psopeaigsai | ab

Thereis some evidence suggesting that adeen c e t o t h e dssofiagdavéh Si mp |
lower PWVin children[87]. In adults, howevecgurrent evidence in unclear and controversial.

The largesstudy on that matterthe ParisProspective Study 3 (PPS®)cludedover 96000
participants from primary health care centamdshowed that independently from age, sex, and
education, a higher Lifeds Simple 7 sBofore we
carotid plaques, and higher carotid distensibi]@$]. To date, this is the only study that

i nvestigated caroti d di sAtcresssedtidnakwinstudy shewed t h e
that adherence totlei f e6s Si mpl e 7 was negatively ass:¢
genetic and familial factorf89]. Lastly, the 5year followrup AGESReykjavik study found

that men with a | ower Lifeds Seasfdo]l However,scor e
this association was not <confirmed i n women
Simple 7 for either sex.

To conclude, there s currently insufficient ewviallence ¢

arterial properties. @sssectional and longitudinalataarescarce and inconclusive andtd

on interventions are inexistenthe question that has yet to be yulinswered isvhether
adherence to the Lifeds Simple Risasounalsas oci at
whether lifestyle improvementsanslow atherosclerotic progressidrne aim of ny PhD thesis

is to provide new insights on thispic and to demonstrate the importanaf the assessment of

both modifiable health metrics and arterial properties to adequately determine cardiovascular
health.



Chapter 2 - Aims of the thesis

My PhD project aimed at determining which lifestyle factors arflce the structure and the
function of large arteries in tregeinghuman body.

2.1 Main objective of this PhD project

Main objective

To compare various lifestyle metrics and their influence on the func
of large human arteries in a healthy Swaged 50+ years ojénd
Finnish (aged 554 years old) population

2.2 Further aims of this PhD project

Aim 1
Aim 2

Aim 3

2.3 Hypotheses

To validate a visually aidkdietary assessment td@lAT)

To compare how adherence to certain lifestyle metrics is associklec
arterial properties iwiss and Finnisbubjects

To quantify the effects of ayear lifestylebasednterventionon
atherosclerotic progression of the carotid arteries in Finns

1. The visually aided DAT is a valid tool to assess dietary habits in healthy subjects.

2. Betterl i

festyle, quantified via the Lifebs

superior arterial properties a representative sample of the Finnish population, as
well as in a healthy Swiss population

3. A lifestyle-based intervention including diet, aerobic, or resistance training slows
atherosclerotic progression. Combined aerobic or resistance exercise and diet
superior to diet or exercise alone.

2.4 Publications

Publication 1

Publication 2

Publication 3

Publication 4

Validation of a visudy aided dietary assessment tool to estimate diet:
intake in an adult Swiss population

Effect of lifestyle interventions on carotid arterial strucuteh e D R
EXTRA study

Adherence to Lifeds Steroapotidepropertias:

| deal Lifebs Simple 7 score rel
in the healthy population
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Chapter 371 Participants and methods

My PhD project is basedn data fromone randomizeecontrolled trial (RCT), one cross
sectional stdy, and one validation stud@ut of the three stuels a total offour manuscripts
were published.

The RCT was conducted in Kuopio, Finland, from 2002 (first recruitment) to 2011 (last-follow
up measurements). Both the cressctional and the validation study were undertaken in Basel
Switzerland. The crossectional study lasted from 2017 to 20ile the validation study took
place in 2021. The following chapter will give an overview on thedlstudies that constitute
my PhD projectin order of submission to a pe@viewed journal

3.1 Study design and population DAT gublication 1)

Thegoal ofthe validation study wé®e validateavisually aided dietary assessment tool (DAT)

To validate the DAT, waimed to include a total of 3@ealthy adultgFigure 1. Sample size

was determined according to a sinljadlesignedsalidation stugt by Steinemann et al. (2017)

[91]. To discriminate between young and older adults, we divided the study population in one
group with subjects aged 220 years old, and one group with subjects aged®@ears oldin
addtion, all subjects were to be physically and mentally able to follow the study proibeol.
rationale for the validation of the DAT was that it had been used in the COmPLETE study. The
COmMPLETE study is a cros®ctional study aimed at investigating ¢avdscular health in a
diseasdree sample the Swiss population of Basel. Its study design is descrildeapterc3.3.
During the data collection phase of the COmPLETE study, the DAT had not been validated yet.
To use information on dietary habits in t8©mPLETE population and to completeth Li f e 6 s
Simple 7 score for thigopulation, the DAT had to be validated fird& such, the validation of

the DAT served as a one of the pillars for tHgdblication

All measurements were performed at bepartment for Sports, Exercise, and Health, of the
University of Basel, Switzerlan@he subgcts were invited twice within eigbays. On the first

visit, anthropometric measurements were taken, followed by the trekdtbd questionnaires,

the DAT, andinstructions on how to fill out the-day foodrecord (7dFR). The second visit

was identical to the first, and the results of thé=Rdwere discussed@he 7dFR iswidely used

and known to be an accurate formdadtary assessmef8i2], which is why the visually aided

DAT was validated against the-FdR.

Formy project, | was involved in every step of the manuscript publication. The initial proposal
to include the validation study in the PhD project came fnayrfirst supervisor, who was also
involved in the entire procedure. Together, we designed the study protocol, formulated the
research question and hypotheses. | was responsible for writing the primpabe ethics
commission (swissethicsAlso, | was responsible for recruiting two students who would write
theirBa ¢ h e | o r (Gnsler myhsapereisorgs part of this validation project. Tkeudents

were familiarized with thetudy procedureand tasked to help me recruit the study participants
and measure them. After data aisijion, | cleaned the datnd analyzethemwith thesupport
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of our inrthouse statistician. | wrote the initial publicatipnanuscript 1) and implemented the
comments made by the-ewthors. | was also responsible for submitting the final manuscript
and the exchange with reviewers and editors. Theusat formanuscript 1 was used for two
Bachel or 6s t hewri@geunder myastapervison.e bot h

n =55
Assessed for eligibility

Personal reasons
Did not meet inclusion criteria

> S
I
= W

n=>51
Included in the finahnalyss

Figurel: Flowchart of the validation study (publicatioh 1

32Study design and popublcatians2amd3DR6s EXTRA (

The DoseResponsesteEx er ci se Tr ai ni n gwa$ desodefolloikigititA) st u
previously performed DNASCO (DNA Polymorphism and Carotid Atherosclerosis) g2y

Briefly, the DNASCO study was a randomized controlled trial that was undertaken over a
period of six years with 140 middeged Finnish men. The aim was to identify whether regular
aerobic exercise couldlow atherosclerotic progress in previoushaative individuals.

Although cardiorespiratory fitnesassessed By©.maxwas improved in the intervention group,

the authors concluded that regular aerobic exercise did not slow athertisgeogression,

measured adNIT. However, a subgroup analysis detected that men not takingsstaid 40%

less progression olMT than the control group, after adjusting for cardiovascusdr factors

such as smoking, blood pressuiev-density lipoprotein cholestdrtevels, and obesity. The

menin the aerobic exercise group who wei taking lipidlowering medications started to

show reduction of progression of\T after three years of interventioA.possible explanation

for this phenomenon was that middiged men might be slow to respond ®&xercise
intervention However, the exact reason for the results of the DNASCO study remained
speculative.

Consequentl vy, t he DRO6s EXT Robe thdlargestRCTwaabe d e s i ¢
undertaken to assess the effects of various lifesgydged intervention®n atherosclerotic

CVDs, type 2 diabetes, metabolic syndrome, and demeémtithe general papation
International recommendations for physical activity were determined by results from
observational studie®3]. Therefore, the DRO6s EXTRA study
queston of whether increased aeroloicresistance training, improved diet, oranbination
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of both exerciséraining andhealthydietwould slow atherosclerotic progression, measured as

cIMT (Figure 2. Initially, the study was meant to includdditional subgroupsin the aerobic

exercise the resistancesxercise and the diedry intervention group,éance t he A Do s
Re s pons e héeD Rbasr t E AToRyAi.Both the aerobiand the resistance exercise

groups were supposed tave the respective participants exercising at a rate of 110600

kcal/week, and after 6 months, some wobkle increasd energy expenditure to >1500
kcal/weekby increasing exercise duration. Also after 6 months, thargigtterventiongroup

was supposed to be split intme group thatwould havefollowed the Finnish Nutrition
Recommendatins [94], and arother groupthat would have beegiven a Special Nutrition
treatmentyhich was stricter than tl&nnish Nutrition Recommendatis However, the group

split was never implemented for reasons of feasibility, resulting in the final group alloastion
showninFi gur e 2. The detailed flowchart of the
My PhD project started years after completibnoDR6s EXTRA. | was gi ven
thesonographylata of the carotid arteries, which would serve as a fundament for manuscripts

2 and 3. The expesonographeo f t he DROs EXTRA study had rec
the left and right carotidrteries of each participant at baseline and fellgpw Consequently,

for each participant, two screenshots at-diagtole and peagystole were takeof both the

left and right carotid artery. This resultedeight images per participant, per measupogt,

totalinga p p r o x i r@0tineafey to @n@lyre. We analyzed the images with the higlp of
semtautomated program Dynamic Artery Analysis (DYARA), which was developed to
analyze Bmode ultrasound imag¢85]. The boundaries of the intirraedia complex of the

far wall and the adventitial bordef the near wall of the ultrasourmthagewere detected over

a 10 mm segment proximtd the carotid bifurcation. The analysis of the four images at-peak

systole (two on the right, two on the left side) and atdiadtole, were averag¢®b]. To gather

all the imagesl| was supported bg Master student involved in the projelet addition, one

Bachelor student as involved to merge the data files from eambasurement into one
documentTwo publications esul t ed from t he DRGOs EXTRA st uc
publication2 and 3Publication2 focused on the intervention effects on carotid structure (cIMT

and cLD). Due to gotential systematic error for blood pressure measurements between
baseline and follovup, we were not able to include any functional parameters of the carotid
arteries, a they require the use of systolic blood pressure, or pulse prég&sgLiM/e therefore

decided to opt for a crosectional approach fgoublication 3, to include the functional
parametes of the carotid arteries. This further allow#w inclusion ofa higher number of
participants than ipublication2, as only baseline values warensideredIn addition to the

two publications, this dataset served as a
whichwere bothwritten under mysupervision.
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J Reference

Reference

Aerobic exercise 1000-1500 keal/wk

Aerobic exercise >1500 keal/wk

Resistance exercise 1000-1500 keal/wk

Resistance exercise >1500 keal/wk

Diet

Special Diet

Aerobic exercise + diet

Aerobic exercise 1000-1500 keal/wk + diet

Aerobic exercise
Resistance exercise
Run-in I—D{ Randomization
\ Diet

1 Resistance exercise + diet

Resistance exercise 1000-1500 kecal/wk + diet

I IIAAA]

2 Lo
| ™
Baseline 6 months 4 years

Figure2.l nt er venti on ar ms

of

t

he

DRO s

EXTRA

study.
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n=16,010
Original subject source of men and women aged4Yyears in 2002

n = 3,000 Death n=20
Random sample invited to the study in 2002 Severe disease n=48
Moved elsewhere n=13

Not interested No response n =857

n=2,062

Willing to participate Death n=9
Diseased n=239
| Loss of motivation n=>59
"| Moved elsewhere n=13

Unknown reasonsUnreachable n =103

Rurin phase in 2008 2005
Death n=24
n=1829 Diseased n=72
Invited to the baseline examination Loss of motivation n=103
Moved elsewhere n=238
Personal reasons n=20
> Unknown reasons n=87
Unreachable =6
n=1,479
Participated in théaseline examinations in 2005
2006 Diseased n=39
Dementia =1
Loss of motivation n=22
Moved elsewhere n=1
n=1,410
Randomization
|
Intervention groups at baseline:
Aerobic Exercise n=234
Resistance Exercise n =236
Diet n=236
Aerobic Exercise + Diet n=234
Resstance Exercise + Diet n=234
Reference n =236 Death n=31
i Diseased n =60
. Personal reasons n =98
Includ_ed in fmgl analyses after 4 years: Unknown reason n=16
Aerqb|c Exercise _ n =202 Moved elsewhere n=10
Resistance Exercise n=201
Diet n =196
Aerobic Exercise + Diet n =207 — Publication 2
Regstance Exercise + Diet n=192 —— Publication 3
Reference n =201

Figure3: Flonc har t of t he DpBbficatiorEXan®A st udy (



3.3 Study design and population COmPLETE publication 4)

The Basel, Switzerland, bas€ZOmMPLETE studywvas designed tomvestigatecardiovascular
health,physical fithessand endurance capacity subjects free of any chronic diseases, aged
207 100 years oldas well asn patients with heart failur§d8]. The COmMPLETE study
therefore comprised wvarms, COmPLETE Healtand COmPLETE Hat For my PhD
project, only the data from COmPLETE Health was included, therefore COmPLETE Heart will
not be further discusse@ne of theprimary aimsof COmPLETEHealthwas to create new
norm valuesfor healthy subjectfor physical fithess markersuch as/®zmax A further goal

was to progress maximal cardiopulmonary exercise teatirggdiagnostic and prognostic tool

for CVD [99]. To achieve that goal, the aim was to recruit 70 participants per age decade,
namely 2629, 3039, 4049, 5059, 6069, 7079, and 80+ years oldinyone interested in
participating in the COmPLETE Health study was to be free of any maniféstBdbe non
smoker, not obese (BMI <30 kgfmandhave a blood pressure of <160/100 mmHg. These
criteria were set in place emsuethat only those ageing in an apparently healthy manner were
included in the studyThe following flowchart Figure 4) showshe detailed recruitment and
exclusion process.

My PhD project started during the data collection phaseCOMPLETE Health and
COmPLETEHeart, with the goal to finish data collectiornbioth arms of the study before year

end of 2019. After completion of data collection, the validation study (manuscryaslet

up,to allow for statements odietary components of the COmPLETE population in manuscript

4.

For manuscript 4, only data from the participants aged 50+ years old were considered, as one
of the vascular biomarkers, namely the carotid propemiese only measured in those who
were aged 50 years or older. In addition to the carotid properties, manuscript 4 included FMD
and baPWVv as vascular biomarkers. As in the
was calculated for all study subjects. Weed the DAT from manuscript 1 to assess dietary
habits, and hemoglobin Alc (HbAlc) as a proxy for fasting blood glucose. The other variables

we assessed were identical to the ones i n DI
base for cowntalngds MaBa ehdlsondhheses, whi ch have
the data collection period. As part of the C

Bachel ords theses.
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n = 2806675
Recruitmentetters sent to households

n = 106635
Assessed for eligibility vigelephone interview

n =53'139

no response to recruitment letter

n =956
Excluded for nomeeting inclusion
criteria
n==679
Invited to examination and further assessed n=49
eligibility Excluded for not meeting inclusion
criteria
»| High blood pressure n=23
BMI >30 kg/nt n=10
Cardiovascular disease n=4
Other n=12
n =629
Included in the COMPLETE Healttudy
n =349
Excluded
Missing data n=7%&
Aged <50 years n=274

n =280
Included in finalanalyse for this PhD project

Figure 4: Flowchart of the COmPLETE Health study.
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17



Chapter 47 Publication 1

Validation of a visually aided dietary assessment tool to estimatketary intake in an

adult Swiss population

Authors
Gilles Nevel, Laura Bur 1, Ladina Lampert 1, Christoph Hochsmann?3, Christine

Brombach 4, Nina Steinemanr®, Arno Schmidt-Trucksass?

! Division of Sports and Exercise Medicine, Department of Sport, Exercise and Health,
University of Basel, Grosse Allee 6, G452 Basel, Switzerland

2 Pennington Biomedical Research Center, 6400 Perkins Road, Baton Rouge, LA 70808, USA
3 Department of Sporand Health Sciences, Technical University of Munich, ConnollystraRe

32, 80809 Munich, Germany

4 Institute of Food and Beverage Innovation, Zurich University of Applied Sciences, Life
Sciences and Facility Management,-8820 Wadenswil, Switzerland

® Institute for Epidemiology, Biostatistics and Prevention, Departement Epidemiology,
University of Zurich, Hirschengraben 84, €3001 Zurich

Published in

Frontiers in Nutrition

doi: 10.3389/fnut.2022.844156

The final publication is available at:
https://www.frontiersin.org/articles/10.3389/fnut.2022.844156/full

18


https://www.frontiersin.org/articles/10.3389/fnut.2022.844156/full

Abstract

Background: Accurately assessing dietary intake is crucial for understanding how diet affects
a personds heal t h-based dietaty asseagsment toos OAT) sych gs toade r
recalls or food frequency questionnaires have emerged as valid tools withbairiden for
participants.

Objective: To validate a visually aided DAT for use in studies with Swiss adults against the
gold standard of a weighedday food record (7FR).

Design: Fiftyone adults (=24 women, n=27 males) participated in the study aedegeuited

within two age groups (280y and 5670y). Each participaritlled out the visually aided DAT,

then the 7eéFR. The DAT was compared to the-FR for total energy intake, macronutrients,
sugar, water, and portions of fruits and vegetables.sBearorrelation and Blarélitman
analyses were used for statistical analyses.

Results: Total correlations ranged from 0.288 (sugar, p<0.05) to 0.729 (water, p<0.01). The
older age group showed higher correlations for total energy intake, proteinafath)ydrates,

and sugar, but not for water (p<0.05). Correlations were moderate atr > 0.5, whereas only water
and protein reached those values in the young group. Both groups overestimated total calories
in kcal (+14.0%), grams of protein (+44.6%), fats36.3%), and portions of fruits and
vegetables (+16.0%) but strongly underestimated sugar inake%o).

Conclusions:This DAT showed that all macronutrients and total energy intake were estimated
more accurately by the older age group and therefagbtroe adequate to capture dietary habits

in older Swiss adults.

KEYWORDS: Diet assessment tool, weighed food record, dietary intake, validation study,
food frequency questionnaire
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1. Introduction

The assessment of dietary intake in adults is one of the key elements in risk stratification when
assessing chronic diseases such as diabetes, cardiovascular diseases, or otheeldtstyle
non-communicable diseases [1]. Until now, there has beadaaff between the accuracy of

a dietary assessment method, its practicality, and its manageability in clinical trials [2]. As such,

in scientific settings, 24h recalls and weighed food records (FR) as retrospective methods are
most widely used [3]. 24lecalls aim to assess the food intake consumed in the 24 hours before
the assessment day. The main advantages and disadvantages of 24h recalls have been well
described [4]. FR are most used during ar4/-day period (4eéFR / 7dFR), where participants
areasked to weigh and (or) report any food/drink item consumed during that time frame. This
yields a precise overview of a personds food
patterns during the week and (or) on weekend days. This prospectikiedmitproperly
conducted, counteracts a memory bias, which might occur in retrospective methods. However,
FRs involve high effort by participants and evaluation of data by the study personnel can be
burdensome because of high data volumes [5]. AlthdugRFR is considered the gold standard

for dietary assessment, several disadvantages should be considered that have been described
previously [6, 7]. As a possible solution, food frequency questionnaires (FFQ) have emerged
as more suitable options for largeidies, making up for their lack of precision with their ease

of use, the low burden for participants and study personnel, as well as the reduced costs when
compared to other methods [3]. Further, FFQs assess dietary habits retrospectively, meaning
thatthese habits are not altered during the assessment period [8]. Still, retrospectively assessing
food intake may affect accuracy, and problems of underreporting or false reporting are
recognized. In addition, each FFQ needs to be validated against thstayuddrd to ensure

quality.

It has been extensively studied that study participants tend to answer questionnaires to fit social
desirability [91 2 ] . This means that behavioral patter
Aheal t hy o ( e. divity, beiganiodsmokep) arg averepoited, altereas patterns
and behaviors that are seen as fAunhealthyo t
sugary drinks).

In epidemiological studies, it is important to accurately capture nutritionakhalih as daily

sugar intake or fruit and vegetable consumption.nittreberof fruits and vegetables consumed

is important since an inverse association between fruit and especially vegetable consumption
and the prevalence of metabolic syndrome has bexmtesl in a metanalysis [1315]. The

World Health Organization (WHO) recommends a daily intake of five portions of fruits and
vegetables or roughly 400 grams for adults [16]. Conversely, the WHO recommends that sugar
intake should be reduced to a maximoh®d0 grams per day, as an increased intake of sugar is
directly associated with the risk of obesity [13, 17]. To date, one Swiss study has investigated
the amount of total sugar intake (in adults) and found that participants consumed 107 grams of
sugar er day on average [18]. Although that study showed that sugar intake in Switzerland, as
assessed via 24kecall, is lower than in other countries (e.g., the Netherlands), it remains more
than twice as high as the daily recommendations and Switzerlansted &s one of the
European nations with the highest sugar consumption per capita [19, 20].
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It was demonstrated that in many international studies, dietary habits (e.g., meal frequency,
portion size, number of meals per day) differ greatly between yoangeslder adults [223].

At the time of the present study, most validation studies of dietary assessment methods had
been conducted in younger adults while the assessment tools are widely used in studies of
elderly people. Such tools generally have matiecorrelations {value 0.460.59) between the

gold standard and the validated assessment tool. Other tools that have been developed
specifically for older populations might not be suitable for younger participar523

The present validation studyas part of the Cardiopulmonary Exercise Testing (COmMPLETE)
study, which tested over 600 healthy adults and 80 patients with heart failure [26].
In the present study, we validated a visually aided dietary assessment tool (DAT) against the
gold standardhte 7dFR [27]. Total energy intake (kilocalories, kcal), macronutrients (grams),

as well as water (liters), fruits and vegetables (portions), and sugar intake (grams) were
examined. We aimed to assess whether this tool is useful to provide a valid esfiralate
macronutrients, as well as for fruits and vegetables, and daily sugar intake. Finally, the present
study aims at validating the assessment tool for younger adults, as well as older adults equally.

2. Methods

Study population and design

Study paticipants were recruited between March and May 2021 through advertisements via
email, online flyers, and word of mouth in northwestern Switzerland. Eligible participants were
20-40 or 5070 years of age (sampling stratified by age), and mentally and physble to

follow the study protocol. Exclusion criteria were as follow: illness during the study period that
affected diet, substantial lifestyle changes during the study (e.g., smoking cessation, diets), and
a cardiac pacemaker since the conductedysincluded bieimpedance measures for body
composition between the first and second visit. Information about present chronic diseases (e.g.,
heart failure, cancer, diabetes) and the use of medication were collected via a telephone
interview before the fitsvisit. Additionally, smoking status was assessed before the start of the
study. Participants received written information detailing the procedures of the study and they
gave written informed consent before participation.

On the first visit, anthropométrmeasurements were taken, including body composition using
the bicimpedance (InBody 720, InBody Co. Ltd., Seoul, South Korea). Then, blood pressure
was measured twice after 10 minutes of rest with an automatic blood pressure monitor system
(Omron Healtbare, Germany). Participants were asked to fill out the paper form DAT before
they were instructed on how to complete thé=Ri In addition, participants were asked not to
change their dietary or physical activity habits during the monitoring periods@dund visit
occurred 7 or 8 days after the first visit and was identical to it. During the second visit, study
personnelerified that the study protocol was followed and discussed the results of-tie 7d

with the participants. The sample size for thespnt study was determined according to a
similar validation study from Switzerland [28]. The present study was approved by the Ethics
Committee of Northwestern and Central Switzerland (EKNZ 202406) and complied with

the declaration of Helsinki.
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Dietary assessment

Dietary assessment todburing the first and second visit, to assess habitual food consumption,
participants reported which food items they
Atypical day o was defdandaydon lwlyich partiepargstfallodvgd ap e r s «
routine they would follow on most weekdays (e.g. normal workday, iHfres3. The DAT as

used in the present study is provided in the supplement. The DAT shows the food pyramid of
the Swiss Society for Nutritio(SGE) (Version 2005 2011) on the left third of the page, a

portion size equivalent for various food items of the respective category in the middle, as well

as five mealtimes (breakfast, snack #1, lunch, snack #2, dinner) and a column for the sum of
the five mealtimes. The food pyramid is divided into six levels, with severalemabs, which

are as follows:

1st section (top of the pyramid): Sweets (e.g., chocolate, cake, sweet beverages)
2nd section: part 1: vegetable oils, butter, nuts.

part 2: fatty meals (e.g., sausages, fried food, cream sauces)
3rd section: part 1: Meats and méké products (e.g., chicken, fish, tofu, eggs)

part 2: Dairy products (e.g., milk, yogurt, cheese)
4th section: Grains and legumes (ehgead, corn flakes, potatoes, pasta, lentils)
5th section: Vegetables and fruits, including fruit juices
6th section (base of the pyramid): Unsweetened drinks (e.g., water, tea, coffee)
Underneath the pyramid: alcoholic beverages (e.g., beer, wine)

Sevenday food recordBetween the two visits (8 days apart), all participants were instructed

to record their dietary intake over seven consecutive days. We used a modified version of the
previouslyvalidatedFreiburg Diet Protocol [29], which was deveén by the German Federal
Research Institute for Nutrition and Food. The FR was handed out in paper form. Participants
were instructed to always keep the FR with them and to fill it out after each food or beverage
consumption, irrespective of whether itsva meal or snack, to avoid lack of reporting. All
participants received verbal and written instruction on how to keep track of their dietary intake
and on how to use the DAT. Each page of the FR included additional written instructions. The
FR had predefined food categories (e.g., bread, dairy products, legumes), with examples of
foods for each category. The categories of the DAT and FRsAmitar, but the FR had more
subcategories and food items. Additional space was provided on the paper forms to allow
recording of consumed foods not listed. All items were listed with the standard portion sizes,
and participants were asked to report the numbesiaedf portions consumed throughout the

day or the amount (in grams or milliliters). For best precision, participants were asked to weigh
all consumed food items using their own kitchen scale. Because of the CIO\fifBndemic
restrictions during the stydrestaurants, canteens, and bars were closed, and private gatherings
were limited to five people, meaning that most not all i meals were consumed at home.
This potentially positively affected the precision of the measurements since all participents
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asked to weigh the food items with their own kitchen scale. Participants returned the completed
70-FR at the time of the secondsit, and they were able to discuss any issues they had
encountered with the FR with the study personnel at that time.

All food items were entered into NutriGuide® Swiss (Version 4.9), an online software solution
that calculates nutritional values of single food items, as well as for meals.

3. Statistical analysis

After completion of data collection, all #6R werechecked for plausibility and completeness

by the study personnel.

Based on the food groups illustrated in the food pyramid of the DAT, all food items were
categorized into sweets, fatty meals, fats, meathtileaiproducts, dairy, grains, legumes,
drinks, and alcohol. Each food group of the-#FB was matched with the abaolisted food

group of the DAT. For the DAT, nutritional values in kcal of the portion size equivalents were
calculated with NutriGuide® Swiss and multiplied with the number of portionswuoed by

the participant for each of the abewentioned food groups. The total was calculated by
summing all food groups. For the -FR, study personnel entered all food items into the
NutriGuide® Swiss software, and nutritional values were calculateal/ésaging the caloric
intake of the 7 days recorded.

Prior to data analysis, we tested for normal distribution of the data using the Shapiro Wilk test
and found that the data of both the DAT and 7dFR was positively skewed (p=0.01 and p=0.04,
respectively [30]. The logarithmic transformation of the data showed no proportional bias

( un st an dcaeffidaentz=e0d.06,0p0=0.515). Therefore, all data are presented as median
and interquartile range (table 2). To calculate the differences between the nmepatex in

table 2, we performed a quantile regression for unpaired samples.

Because the data was not normally distributed, all macronutrients, as well as total calorie intake,
were logarithmically transformed (log10) for the analyses. Blaltmian plos (figures 14)

were created for the leyansformed variables and transformed back to the original scale, as
suggested by Euser et al. [31]. The 95% limits of agreement for the-Blandn plots were
calculated as the average difference + 1.96 standewdhttbns of the difference [32]. In
accordance with Gerke (2020), we created-@@s, histograms of the differences, and
histograms of the results of the Preidsher procedure, which were all nproblematic (not
reported) [33].The Blandltman plots vere created for the entire population and not by age
group, as the palues of the logransformed data of DAT 7d-FR were significant for both

age groups. The correlation between macronutrients and water intake between the DAT and the
70-FRwerecalcul@@d using Pearsondéds r (Table 3). To c
a pairedsamples-Test was run between groups for pre and post measurements. Statistical
analyses were performed using SPSS (IBM SPSS version 27.0. Armonk, NY). All tests were
perfamed twasided and gvalues <0.05 were considered significant.
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4. Results

One subject did not follow the study protocol correctly and was excluded from the analyses;
hence, 51 subjects were included. Participant characteristics are depicted in Téideade

range was 267 years, with an average age of 24.3 years in the young group and 57.4 years in
the old group. There was a significant difference between the groups regarding height, body
mass index (BMI), waisto-hip ratio (WHR), and diastolic blabpressure. No statistically
significant difference was observed for systolic blood pressure; however, it has to be noted that
three participants of the older group were taking blood presswering medication. In
addition, there was no significant wetgthange between the first and second visits in either
group.

We found significant differences between the4P0and 5670 groups with regard to total
energy intake (p<0.01) and grams of carbohydrates (p=0.03) for the DAT &Rl (fdble 2).
Further, we dund that subjects aged-30 estimated significantly lower sugar consumption
using the 7eéFR than subjects aged-20. The results of the present study (Table 3) display
that this DAT shows a high correlation with the reference method in the older Jroep.
highest correlation was found for total energy intake in the older group at 0.799, which was
much higher than the young group (0.277, p<0.01). However, although the correlation for total
energy intake in the old group was higher than the young greeimméan difference between

total energy intake in the young group was lower (13.5%) than the old group (14.7%). In
addition to total energy intake, correlations between the DAT and th® %ere significantly

higher in the old versus the young group farbohydrates (0.776, vs. 0.228, p<0.01), fats
(0.494, p<0.05 vs. 0.136, p<0.01), and sugar (0.479, p<0.05 vs. 0.184, p<0.01). No significant
differences were observed for the other variables.

Regarding weight changes, we found that both groups weredightthe second visit (0.3
kilograms in the young group, p=0.06 and 0.2 kilograms in the old group, p=0.04), with weight
changes ranging from +1.7 #8.1 kilograms. Only the weight change in the old group was
significant (p=0.04). No significant changadean body mass were seen in either group during
the study (all pO0.2). We found changes in f
group (p=0.375). Table 4 shows the mean bias, as well as upper and lower limits of agreement
for the BlandAltman plots. Due to the data being back transformed on the original scale, table
4 further shows the mean slopes, as well as the slopes for the upper and lower 95% limits of
agreement for total energy intake and macronutrients.

The BlandAltman plots are lsown in figures 4. Mean and 95% limits of agreement are
displayed as solid lines, with the respective 95% confidence intervals displayed as dotted lines.
As visible in table 2 and figures4, the DAT appeared to overestimate total calorie intake,
proten, and fat intake, whereas carbohydrates intake was underestimated-ABfaad
analyses were not possible for fruit and vegetables intake, as they did not fulfill the necessary
statistical criteria. In addition, all subjects in the old group were wiki@rimits of agreement

for all parameters. The difference between DAT anéfRdvas 237 kcal for total energy intake,

35.1 grams (144 kcal) for protein, 76.7 grams (314 kcal) for carbohydrates, 32.8 grams (295
kcal) for fats, and 47.2 grams (194 kcal) $agar (table 2).
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Table 1. Characteristics of participants by age group.

Total 20-40 years 50-70 years
Female, n (%) 51 (47.1) 27 (40.7) 24 (54.2)
Age (years) 39.9 (17.1) 243 (2.7) 57.4 (4.5)**
Height (cm) 174.6 (9.3) 177.4 (10.2) 171.5 (7.2)*
Weight pre (kg) 72.0 (13.8) 71.2 (14.8) 73.0 (13.0)
Weight post(kg) 71.8 (13.7) 70.9 (14.7) 72.8 (12.8)
LBM pre (kg) 30.9 (1.0) 32.8(1.5) 28.9 (5.7)**
LBM post (kg) 30.9 (1.0) 32.6 (1.5) 28.9 (5.8)**
Fat mass pre(kg) 17.0 (9.2) 12.8 (8.1) 21.7(8.0)*
Fat mass postkg) 17.0 (9.3) 13.2 (8.2) 21.2 (8.8)**
BMI (kg/n) 23.5 (3.4) 22.4 (3.1) 24.7 (3.3)*
Data are mean (SD) unless stated otherwise.
* Different from age group 280 years (p<0.05).
** Different from age group 2@0 years (p<0.01).
BMI, Body Mass Index; LBM, Lean Body Mass.
Table 2: Energy intake by macronutrients and group.
Category Total 20-40 years 50-70 years
n=27 n=24
Energy (kcal) DAT 2171 (181514) 2253(19553011) 1966 (15672431)**
70-FR 1934 (15542241) 2122 (17022769) 1609 (14262158)**
Difference (%) 12.3 6.2 22.2%
Protein (g) DAT 111.5(87.5133.0) 118.2 (88.4135.3) 109.0 (79.4123.7)

7d-FR
Difference (%)

76.4 (59.990.3)
45.9

80.2 (63.797.5)
47.4

70.6(58.683.7)
54.4

Carbohydrates ()

DAT
7d-FR
Difference (%)

183.8 (136.8248.2)
206.5 (162.2265.9)
-11.0

221.9 (179.8278.8)
241.2 (184.6292.7)
-8.0

169.7 (111.207.6)**
184.6 (137.1241.9)**
-8.1

Fats (g) DAT 103.4(89.2126.3) 104.9 (90.4134.8) 91.9 (87.0122.9)
7d-FR 70.6 (58.096.1) 76.6 (59.6115.3) 65.1 (53.179.7)
Difference (%) 46.5 36.9 41.2

Sugar (g) DAT 39.2 (31.154.2) 39.2 (34.156.0) 37.5(27.150.7)

7d-FR
Difference (%)

86.4 (59.4124.4)
-54.6

93.7(66.3133.4)
-58.2

74.9 (52.2116.3)
-49.9

Fruits and Vegetables (P) DAT 3.0 (2.64.0) 3.0 (2.64.0) 2.5(2.03.0)
7d-FR 2.0 (1.33.3) 2.0 (1.23.3) 2.1(1.43.5)
Difference (%) 50.0 50.0 19.0

All values are displayed as Median (Interquartile Range) in kilocalories (kcal), grams (g), or portions

(P) per day. Difference in percent is calculated as follows: (DATFR)¥100.
DAT, Dietary Assessment Tool; #R, SeverDay Food Record.

* Different from age group 2@0 years (p<0.05).
** Different from age group 2@0 years (p<0.01).
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Table 3: Correlations between the DAT and-F&, by group.

Group Kcal Protein Carbohydrates  Fats Sugar Water

Total 0.468 0.596** 0.483* 0.292** 0.288* 0.729**
20-40 years 0.277 0.584** 0.228 0.136 0.184 0.728**
50-70 years 0.799** 0.606** 0.776** 0.494* 0.479* 0.650**

*Significant correlations (p<0.05).
** Significant correlations (p<0.01).
DAT, Dietary Assessment Tool; #R, SevenrDay Food Record.

Table 4: Mean bias and Limits of Agreement (LoA) of the Blaikiman plots for total energy intake
and macronutrients.

variable Mean bias LoA upper CI LoA lower CI Mean bias  LoA upper  LoA lower
slope Cl slope Cl slope
Kcal 0.054 0.303 -0.195 -0.124 0.442 -0.671
Carbohydrates  -0.033 0.303 -0.369 0.077 0.803 -0.671
Protein 0.164 0.408 -0.080 -0.373 0.183 -0.875
Fats 0.159 0.496 -0.178 -0.362 0.404 -1.032

Legend: ClI, 95% confidence intervals.
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Figure 1: Bland-Altman Plot of the total calorie intake as calculated from thay’food record (7d
FR) and the visually aided dietary assessment tool (Diédgend: Red solid line, mean; black solid
lines, 95% limits of agreement; dadténes, 95% of the respective solid lines.
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Figure 2: Bland-Altman Plot of the carbohydrate intake as calculated from-tteeyfood record (7d
FR) and the visually aided dietary assessment tool (Diédd9end: Red solid line, megablack solid
lines, 95% limits of agreement; dotted lines, 95% of the respective solid lines.
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Figure 4: Bland-Altman Plot of the fat intake as calculated from thday food record (7¢R) and
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limits of agreement; dotted lines, 95% of the respective bodd.
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5. Discussion

The present study aimed to assess whether the visually aided dietary assessment tool (DAT) is
a valid instrument to estimate food intake in Swiss adults, aged 20d 56070 years. The

gold standard 4R was used as a reference method and validity wesstigated for all
macronutrients (in grams), as well as total calorie consumption (in kilocalariesperof

portions of fruits and vegetables, and sugar intake (in grams). The age groups were defined in
a manner to discriminate between young adult®) tehd to have less regulated daily routines
than older adults [23, 34]. As demonstrated by Willet (1998), FFQs are commonly used to
assess lonterm dietary habits, which was the key area of interest in the present study [3]. We
showed that the young grpwvas able to estimate energy intake and all macronutrients more
precisely than the old group. Across both groups, total energy intake, carbohydrates, and
portions of fruits and vegetables were estimated more precisely than protein, fats, and sugar.
Howeve, correlations between the DAT and-FB were stronger in the old group, with
significant correlations for total energy, protein, carbohydrates, fats, sugar, and water. The only
significant correlations that were observed in the young group were foinpesté water.
Notably, the correlation of 0.799 for total energy intake in our old group was much higher than
in comparable, recent studies [35, 36].

Our study reveals that the DAT we used overestimated total energy intake. This is in line with
other Euopean studies, that reported differences between the DAT and FR [37, 38]. However,
the recent systematic review by SieRaelas et al. (2021) revealed that most DATSs tend to
underestimate total energy consumption [39]. While the overestimation of en¢ngyaverall
population is acceptable (+12.3%), the Blaktiman plots revealed that the DAT mostly
overestimated fat and protein intakes, and that carbohydrates were underestimated. Since fats
have an energy density of 9 kcal/g, an overestimation ebfagumption will inevitably affect

the estimation of total energy intake. A potential explanation for the overestimation of fat intake
in the DAT might be, that fats are highly represented in the DAT, making up a fast part of the
upper section of the DAFurther, the portion size of highat food items such as cheese or nuts

is relatively high in the DAT, creating an overestimation of the consumption cfdtigbods.

To our knowledge, we are the first to report baeksformed data in Blarélitman plotsfor

the validation of a DAT or FFQ. Therefore, we cannot precisely compare our results with other
data. However, when comparing our findings with a similar validation study undertaken in
Switzerland [28], we hereby show that the DAT we used appearsioreeprecise, especially

in the older population which consumed less calories. However, no comparison can be made
for the macronutrients.

Regarding the assessment of water consumption, there is no consensus on how to precisely
assess intake [40]. Howevas stated in an overview by Mons et al. (2007), food records should
be preferred over retrospective methods because of higher precision [41]. In our study, we were
able to demonstrate that contrary to the current consensus, our method assessed weater intak
with high precision. In contrast, our study showed that sugar intake was poorly estimated with
a correlation between the DAT and-F& of 0.184 (p=0.40) and 0.479 (p<0.05) in the young

and old groups, respectively. Our population in the young groupagstina daily sugar intake

of 50.6 (x 30.8) grams, which would be in accordance with the WHO recommendations. The
old group estimated their sugar intake at 39.3 (+ 17.1) grams per day. However;RRe 7d
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showed that daily sugar intake was approximatelyehais high (101.7 grams in the young and

81.6 grams in the old group) in both groups, indicating that sugar intake estimation was a
challenge regardless of age. The intake measured in {RR Tslin line with results published

in 2019 on sugar consumptionSwiss adults [18]. The authors found that in a population aged
18-75 years of age total daily sugar intake equaled 107 grams on average, which is comparable
to our results of 92.2 grams (101.7 grams for the young group, 81.6 for the young group).
We found that both groups lost some weight during the study, on average 0.2 kilograms. It has
been well documented that study subjects may change their dietary patterns to a healthier
approach when being monitored to fit social desirability [7]. Howeverkantly reported by
Turicchi et al. (2020), withikweek weight fluctuations of up to 0.35% in body weight can be
observed [42]. This placed both of our groups within acceptable weight change ranges.

The present study has several limitations. Firstlyagsessment method using a visual aid with

a colored pyramid is suggestive. Study subjects see which food items are more socially
accepted, as they belong to the food categor
are shown in green or blue colorrs,contrast to yellow, brown, or red for food items that are
regarded as less desirable. However, the food pyramid is well known in Switzerland and
therefore all participants were familiar with it.

The portion size equivalents shown in the food pyranmd estimated by the SGE were
relatively broad. For example, a portion of bread ranged frohi2B5grams, and the type of

bread is not specified. Since older people generally consume smaller portions than younger
adults, this may have led to an overestioratof the portion size in the old group, and an
underestimation in the young group [34]. Portion size estimation is considered one of the main
reasons for inaccurate reporting in food questionnaires, and different portion sizes for various
aged groups maye a valid solution [43].

Further, study personnel was present when participants filled out the DAT. Although study
personnel was not actively watching the participants but rather performing other tasks, the
presence of the personnel may have affecte@stimations of the participants. In addition, the
keyword Atypical dayo when assessing dietar.y
(e.g., last seven days, last month, or last year). While dietary intake may vary because of
seasonality in sompopulations, an analysis using data from Swiss studies determined that
seasonality decreased in the last decades and may not play a significant role today [44]. A
limitation of our analyses is that we did not define limits of agreement a priori based on
biologically and analytically relevant criteria, as has been suggested for the Bland & Altman
plot system by Giavarina (2015) [45]. However, we are not aware of any validation studies with
comparable dietary assessment methaag.,(food frequency questiomires), where the
suggested approach has been applied and reported. Lastly, we determined our sample size
according to previous studies but did not calculate the power for our analyses, therefore
potentially not recruiting enough participants.

All participants used their private household scales since a standardized kitchen scale was not
provided. No calibration of scales was therefore available. This may have led to discrepancies
when weighing the food items and to systematic -@veunderestimation oportion size.
Therefore, energy intake as measured with thRER@an only be estimated.

We also did not monitor physical activity. Weight loss, as observed in our study, is the result
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of negative caloric balance. This is achieved either by loweringothkenergy consumption

or increasing physical activity and therefore energy requirements. It is possible that the old
group did not achieve the weight loss through nutritional changes but rather by increasing
physical activity. Lastly, the food pyramidahwas used for the COmPLETE study and the
present validation study was in use between 2005 and 2011. While there were no major changes
in the pyramid since then, some trendy foadg( tofu, nuts, beans, lentils) may be
underrepresented. The main stréngt the present study was the use of thé=Rgd which is
regarded as superior to retrospective assessment methods for this kind of validation study. In
addition, most, if not all meals were consumed at home due to the restrictions of the-COVID
19 pandemicThis may have led to more precise dietary monitoring during the study.

6. Conclusions

The present study showed that a simple dietary assessment tool can be used effectively in an
adult Swiss population. The highest correlation between the DAT and lthestgadard 74d

FRwas achieved in people aged-AD years old but younger, as well as older adults
overestimated total energy, protein, fats, and fruits/vegetables portions. Sugar intake was
strongly underestimated. To conclude, this DAT appears to bedaalt@rnative to the more
complex weighed food records in epidemiological studies to estimate dietary habits but not to
calculate precise macronutrients intake.
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Supplement

Visite 1/ 2

FFQ 1

Portionen/Tag

1 Portion entspricht

Friihstiick

Zwischen-

mahlzeit

Mittag-
essen

Zwischen-

Abend-
essen

Portionen

entweder/oder

25 g Schokolade (1 Reihe/Riegel)
3 dl Stssgetrank

25-30 g salzige Snacks

3-4 Kekse (Guetzl
30 g Kuchen (1 kleines Stiick)

|

_ |

Portionen/Tag

10 g (1 EL) hochwertige Pflanzendle
(wie Raps-, Baumnuss-, Olivendl)
fur die Zubereitung

10 g Butter oder Margarine

20-30 g (1-2 EL) ungesalzene Nusse

_ |

Portionen/Tag

fettreiche Speisen:
Frittiertes, Paniertes, Rahmsaucen,
olhaltige Saucen, Wurstwaren (50-100 g)

_ |

Portionen/Woche

100-120 g Fleisch/Geflugel/Fisch
100-120 g Tofu, Quorn
2 Eier

_ |

Portionen/Tag

2 dl Milch

180 g Joghurt/Sauermilch
150-200 g Quark/Huttenkase
40 g Hartkase

60 g Weichkase

Portionen/Tag

75-125 g Brot

145-75 g Getreideflocken, Teigwaren, Reis,
Mais oder anderes Getreide (Rohgewicht)
180-300 g Kartoffeln

30-40 g Fruhsttcksflocken

60-100 g Hilsenfrichte (z. B. Linsen)

_ |

Portionen/Tag

Mind. 120 g Gemuse/Frichte (1 Handvoll)
2 dl Gemiise-/Fruchtsaft
50 g Blattsalat

| |

Portionen/Tag

Ungesusste Getranke
(Wasser, Mineralwasser, Tee, Kaffee)
1 Glas/1 Tasse (1.8-2 dl)

_ |

Portionen/Tag

\Alkoholische Getrénke
Standarddrinks (nicht far Jugendliche)
1 dl Wein oder 3 dl Bier

Portionen/Tag

Quelle: Schweizerische Gesellschaft flr Erndhrung SGE
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Abstract

Background and aims

Cardiovascular health scores have emerged as a simple way to assess the risk to suffer from a
cardiovascular diseas&. he Amer i can He ar tSimples 8 coostitatas iofo n 6 s
modifiable lifestyle factors to reduce cardiovascular risk. Its association with carotid properties,

i's yet i nconclusi ve. The aim is to deter min
Simple 7 and carotid properties in m™ig-aged to elderly Finns.
Methods

A representative sample of Finnish men and women agé&d ¥g&ars old was included in the

present studyCarotid intimamedia thickness (cIMT), lumen diameter (cLD), and carotid
distensibility were measured by transcutaumge ultrasound using stadé-the-art wall contour
detection techniques. The Lifeds Simple 7 ¢
seven categories (bodlgass index, cholesterol, systolic blood pressure, fasting plasma glucose,
smoking status,hpysical activity, and diet). In accordaneigh the American Heart Association,

for each category, an ideal score was given 2 points, intermediate scores 1 point, and poor scores

0 points.

Results

In total, 1400 (49.4% male) subjects wareluded in the analyes. After adjusting for age and
sex, we found that subjects with an ideal cardiovascular health score had lower cLD than those
with an intermediate scored(21 mm, 95% CI:0.371 -0.05 mm, p=0.005) and a poor score (

0.39 mm, 95% CI:0.6571 -0.12 mm, p=0.001). Similarly, subjects with an ideal health score
had higher carotid distensibility than those with an intermediate score (0.0032 1/kPa, 95% CI:
0.0091 0.0055 1/kPa, p=0.002) and a poor score (0.0018 1/kPa, 95% CI. 0.0@uR 1/kPa,
p=0.004). We found no differences regarding cIMT.

Conclusions

Inmiddeaged to el derly Finns, hi gher adherence
lower cLD and higher distensibility, but not with cIMT. Adherence to healthy lifestyle habits

is therefore associated with bettarotid structure and carotid function in middiged to

elderly Finns.

KEYWORDS: cardiovascular health score, carotid lumen diameter, carotid hkmietha
thickness, carotid distensibility, lifestyle
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