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Abstract

ABSTRACT
Liisa Saarikoski (née Viikari). Adiponectin and leptin and their associations with
cardiovascular risk factors and markers of subclinical atherosclerosis in young
adults. The Cardiovascular Risk in Young Finns Study. From the Faculty of
Medicine, Department of Internal Medicine, University of Turku Doctoral Programme
of Clinical Investigation, Research Centre of Applied and Preventive Cardiovascular
Medicine and the Department of Pharmacology, Drug Development and Therapeutics,
University of Turku, Turku, Finland. Annales Universitatis Turkuensis, MedicaOdontologica, Turku, Finland, 2017.
Background: Effective prevention of atherosclerosis requires identification of
individuals at high risk already in childhood. Adipose tissue produces various proteins
that participate in the regulation of metabolism and have been suggested to influence the
cardiovascular system directly and via inflammation.
Aims: The aims of this study were to examine serum levels of adipose tissue-derived
proteins adiponectin and leptin in Finnish children, adolescents and adults and to study
their associations with metabolic syndrome, carotid intima-media thickness and flowmediated dilatation of the brachial artery. Moreover, the aim was to study if adiponectin
levels in childhood and adolescence predict carotid atherosclerosis in adulthood.
Participants and methods: The present thesis is part of the Cardiovascular Risk in
Young Finns Study. In 1980, 3,596 children and adolescents aged 3-18 years
participated in the study. Serum adiponectin concentrations were measured from
samples taken in 1980, 2001 and 2007 and leptin concentrations from samples taken in
1980 and 2001. Ultrasonic evaluation of carotid artery intima-media thickness and
brachial artery flow-mediated dilatation were performed in 2001 and 2007.
Results: Serum adiponectin levels decreased from childhood to adulthood in both males
and females whereas serum leptin levels increased in females and decreased slightly in
males. In adulthood, decreased serum adiponectin levels were associated with incident
metabolic syndrome, increased carotid artery intima-media thickness and attenuated
flow-mediated dilatation of the brachial artery. Serum adiponectin levels in childhood
were inversely associated with carotid atherosclerosis in adulthood. There were no
independent associations between leptin levels and surrogate markers of atherosclerosis.
Conclusions: Serum adiponectin, but not leptin, levels may be a useful biomarker in
cardiovascular risk assessment.
Keywords: Adipose tissue, adiponectin, leptin, atherosclerosis, risk factor

Tiivistelmä

TIIVISTELMÄ
Liisa Saarikoski (o.s. Viikari). Adiponektiini ja leptiini nuorilla suomalaisilla
aikuisilla ja niiden yhteys sydän- ja verisuonitautien riskitekijöihin sekä varhaisiin
verisuonimuutoksiin. Lasten Sepelvaltimotaudin Riskitekijät (LASERI) -tutkimus.
Turun yliopisto, Lääketieteellinen tiedekunta, Sisätautioppi, Turun yliopiston kliininen
tohtoriohjelma, Sydäntutkimuskeskus, Farmakologia, lääkekehitys ja lääkehoito.
Annales Universitatis Turkuensis, Medica-Odontologica, Turku, Suomi, 2017.
Tausta: Valtimonkovettumataudin ehkäisemiseksi olisi tärkeää tunnistaa jo lapsuudessa
henkilöt, joille tulisi tarjota ennaltaehkäisevää ohjausta. Rasvakudoksen tuottamilla
valkuaisaineilla on suuri merkitys monissa elimistön toiminnoissa ja niillä on esitetty
olevan suoria ja välillisiä vaikutuksia myös verenkiertoelimistöön.
Tavoite: Tämän tutkimuksen tavoitteena oli kuvata rasvakudoksen tuottamien
adiponektiinin ja leptiinin seerumipitoisuudet suomalaisilla lapsilla, nuorilla ja aikuisilla
sekä tutkia niiden yhteyksiä metaboliseen oireyhtymään, ultraäänellä mitattuun
kaulavaltimon seinämäpaksuuteen ja olkavaltimon sisäkalvon toimintaan. Lisäksi
tavoitteena oli selvittää, ennustaako lapsuus- ja nuoruusiässä mitattu seerumin
adiponektiinipitoisuus aikuisiällä kaulavaltimon seinämän paksuuntumista.
Menetelmät: Tämä väitöskirjatutkimus on osa Lasten Sepelvaltimotaudin Riskitekijät tutkimusta, johon osallistui 3596 lasta (iältään 3-18 vuotta) vuonna 1980. Seerumin
adiponektiinipitoisuuksia on määritetty vuosien 1980, 2001 ja 2007 näytteistä ja
leptiinipitoisuuksia vuosien 1980 ja 2001 näytteistä. Kaulavaltimon ja olkavaltimon
ultraäänitutkimukset tehtiin tutkittaville vuosina 2001 ja 2007.
Tulokset: Seerumin adiponektiinipitoisuudet pienenivät lapsuudesta aikuisuuteen
tytöillä ja pojilla. Leptiinin pitoisuus seerumissa suurentui tytöillä lapsuusiästä
aikuisikään, kun taas pojilla pitoisuus hieman pieneni. Aikuisilla seerumin pieni
adiponektiinipitoisuus oli yhteydessä metabolisen oireyhtymän ilmaantuvuuteen,
suurempaan kaulavaltimon sisäseinämän paksuuteen ja pienentyneeseen olkavaltimon
laajentumiskykyyn. Pieni adiponektiinipitoisuus lapsuus- ja nuoruusiässä ennusti
suurentunutta riskiä kaulavaltimon seinämän paksuuntumiselle aikuisena. Seerumin
leptiinipitoisuudella ei ollut itsenäistä yhteyttä valtimomuutoksiin.
Johtopäätökset: Seerumin adiponektiinipitoisuuden määrittäminen saattaa auttaa
valtimonkovettumataudin riskin arvioinnissa.
Avainsanat: Rasvakudos, adiponektiini, leptiini, valtimonkovettumatauti, riskitekijä
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ApoE

Apolipoprotein E

AUC

Area under the receiver operating characteristic curve

BMI

Body mass index

CI

Confidence interval

CRP

C-reactive protein

FMD

Flow-mediated dilatation

HDL

High density lipoprotein

HMW

High molecular weight

HOMA-B

Homeostasis model assessment for beta-cell function

HOMA-IR

Homeostasis model assessment for insulin resistance

IMT

Intima-media thickness

KO

Knock-out

LDL

Low density lipoprotein

LMW

Low molecular weight

MetS

Metabolic syndrome

MMW

Middle molecular weight

OC

Oral contraceptive

OR

Odds ratio

PCSK9

Proprotein convertase subtilisin/kexin type 9

SD

Standard deviation

SE

Standard error

SNPs

Single nucleotide polymorphism

STRIP

the Special Turku coronary Risk factor Intervention Project
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INTRODUCTION

Changes in nutrition and physical activity both at work and leisure during the
second half of the 20th century have led to a substantial increase in obesity and
cardiovascular diseases worldwide (Gaziano 2010). In developed countries over
a third of adults and a fifth of children were overweight in 2013 (Ng et al. 2014).
Cardiovascular diseases are still among the leading causes of death worldwide
(Ford et al. 2007) and at present its leading risk factors are high blood pressure,
obesity, diabetes and high serum cholesterol level (Global Burden of Metabolic
Risk Factors for Chronic Diseases Collaboration 2014).
In the past 20 years, it has been established that adipose tissue is an active
endocrine organ and not just passive energy storage (Booth et al. 2016). Adipose
tissue secretes numerous different adipokines that participate in the regulation of
satiety, glucose metabolism and inflammation (Booth et al. 2016). Dysregulation
of adipokine secretion in obesity leads to increased secretion of proinflammatory
adipokines and decreased secretion of anti-inflammatory adipokines that is
thought to participate in the pathophysiology of obesity-related diseases (Maury
and Brichard 2010).
In the mid 1990s, two important adipokines, leptin and adiponectin were
discovered. Leptin participates in the regulation of satiety end energy expenditure
in the central nervous system, and has been shown to have various effects in
peripheral tissues, including proinflammatory and prothrombotic effects (Blüher
and Mantzoros 2015). Adiponectin was identified as a potential regulator of
energy homeostasis, having positive effects on insulin sensitivity as well as antiinflammatory effects (Wang and Scherer 2016).
In 1978 an epidemiological study of risk factors for coronary heart disease was
planned for Finnish children and adolescents (the Cardiovascular Risk in Young
Finns Study). The main study started in 1980 with 3,596 subjects and the
participants have been followed since for more than 30 years.
This study examined the serum levels of leptin and adiponectin in the
Cardiovascular Risk in Young Finns Study and determined the extent to which
they track, and their associations with conventional cardiovascular risk factors
and subclinical atherosclerosis.
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2.1

Adipose tissue as an endocrine organ

2.1.1 General aspects of adipose tissue
Previously, adipose tissue was mostly considered as passive energy storage.
Now, it is recognized as a complex endocrine organ that participates in the
regulation of energy balance, the immune system and the pathophysiology of
obesity related diseases such as cardiovascular diseases, type 2 diabetes (Booth et
al. 2016), and carcinogenesis (Cabia et al. 2016).
The predominant adipose tissue in humans is the white adipose tissue situated
subcutaneously and as visceral fat. Brown adipose tissue was previously known
to maintain normal body temperature in newborns and it was believed to regress
with age (Thoonen et al. 2016). However, it has been shown to exist in healthy
adults (Virtanen et al. 2009) and it is now considered to have a role in
oxidization of glucose and fatty acids to produce heat for thermoregulation also
in adults (Thoonen et al. 2016).
White adipose tissue consists of many cell types, mostly of adipocytes, but also
fibroblasts, endothelial cells and immune cells. The main function of adipose
tissue is the storage of excessive calories as triglycerides and the release of fatty
acids during fasting (Blüher and Mantzoros 2015). Different cell types secrete
various proteins with autocrine, paracrine and endocrine actions. These proteins
are called adipokines, and their dysregulation in obesity contributes to
inflammation and insulin resistance (Maury and Brichard 2010).
The first adipose tissue-derived protein recognized was complement factor D,
adipsin, involved in innate immunity (Cook et al. 1987). The real trigger for the
following vigorous research on adipose tissue was the discovery of leptin in 1994
(Zhang et al. 1994). During the past two decades, there has been a substantive
effort to identify adipose tissue derived proteins and to gain understanding of
their functions. A decade after the identification of leptin more than 50
adipokines had been identified (Trayhurn and Wood 2004). Since this time, more
than 600 adipokines have been identified and the search is ongoing (Blüher and
Mantzoros 2015).
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2.1.2 Leptin
The existence of an unknown circulating factor responsible for the obese/
diabetic state of the ob/ob mouse was first suggested in 1973 (Coleman 1973,
Coleman and Hummel 1973). This factor, now known as leptin, was identified in
1994 as the obese (ob) gene product (Zhang et al. 1994) participating in the
regulation of appetite and energy expenditure (Halaas et al. 1995). Soon after its
discovery, leptin overexpression was shown in adipose tissue of obese humans
(Lonnqvist et al. 1995).
Elevated serum leptin levels were identified in obese adults (Considine et al.
1996) and children (Hassink et al. 1996) compared with normal-weight subjects.
Leptin levels are higher in females than in males (Saad et al. 1997). In 1997, a
mutation in human leptin gene causing leptin deficiency and morbid obesity was
identified confirming the physiological role of leptin in the regulation of body
weight in humans (Montague et al. 1997). This finding was further highlighted
by treatment with human recombinant methionyl leptin resulting in reduced
energy-intake and weight-loss (Farooqi et al. 1999).
In addition to the rare mutations in leptin gene, other genes may influence leptin
levels by regulating its production and metabolism. Up to 30-50% of the
variation in leptin levels is estimated to be explained by genetic factors, and
recently 4 loci outside the leptin gene were identified to associate with leptin
levels independent of adiposity in a genome-wide meta-analysis (Kilpeläinen et
al. 2016).
The actions of leptin are mediated by its receptors in the central nervous system
and peripheral tissues (Tartaglia et al. 1995, Muoio and Lynis Dohm 2002).
Mutations in the leptin receptor gene have been shown to cause the severe
metabolic disturbances of the obese db/db mice (Chen et al. 1996). In humans,
mutations in the leptin receptor gene have been shown to cause severe obesity
and hypopituitarism emphasizing the physiological importance of leptin
(Clement et al. 1998).
Leptin regulates appetite and energy expenditure and has physiological
importance in energy-deficient states, such as anorexia nervosa and exerciseinduced amenorrea, by participating in the regulation of hypothalamic-pituitaryperipheral endocrine axis (Chan and Mantzoros 2005). Leptin is also thought to
have a role in pubertal development. In both girls and boys, there is a rise in
leptin levels preceding rises of gonadotrophin levels (Garcia-Mayor et al. 1997).
In leptin deficient humans, absent or delayed pubertal development has
progressed with leptin replacement therapy (Chan and Mantzoros 2005).
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At first, leptin was hoped to be the solution for the treatment of obesity in
general. However, leptin therapy does not significantly affect appetite or body
weight in obese individuals without leptin deficiency. This is generally
considered to result from leptin resistance (Blüher and Mantzoros 2015). In
generalized lipodystrophy, a state associated with hypoleptinemia, leptin
replacement therapy markedly restores severe metabolic disturbances such as
impaired glycemic control, hypertriglyceridemia and hepatic steatosis and
decreases energy intake (Savage and O'Rahilly 2002). Several clinical trials on
the effect of human recombinant methionyl leptin therapy in various
lipodystrophies, obesity, non-alcoholic fatty liver disease and type 1 diabetes are
ongoing (Chou and Perry 2013).

2.1.3 Adiponectin
Adiponectin, the most abundant protein secreted by the adipocytes, was
identified in 1995 in mice (Scherer et al. 1995) and in 1996 in humans (Maeda et
al. 1996). Adiponectin exists in three complexes: low molecular form (low
molecular weight, LMW, trimer), middle molecular form (middle molecular
weight, MMW, hexamer) and high molecular form (high molecular weight,
HMW, 12-18mer), which may have different biological effects (Wang and
Scherer 2016). Serum concentrations of adiponectin are reduced in obesity and
higher in females than in males (Arita et al. 1999). In both females and males,
adiponectin levels decrease during puberty (Böttner et al. 2004, Andersen et al.
2007).
The actions of adiponectin are mediated through its receptors AdipoR1 and
AdipoR2 expressed in adipose tissue, muscle, liver and other tissues (Yamauchi
et al. 2003). Adiponectin has insulin sensitizing, anti-inflammatory and antiapoptotic effects on a number of different cell types (Turer and Scherer 2012). It
inhibits gluconeogenesis, increases glucose uptake, stimulates fatty acid
oxidation and reduces the triglyceride content in liver and muscle (Yamauchi et
al. 2007, Maury and Brichard 2010). An additional receptor for adiponectin, Tcadherin, that is expressed in endothelial cells, vascular smooth muscle cells, and
cardiac myocytes, specifically binds to MMW and HMW forms of adiponectin
and may mediate its suggested cardioprotective effects (Wang and Scherer 2016).
Mutations in or near the ADIPOQ gene encoding adiponectin explain 4% of the
variation in adiponectin levels (Lee et al. 2016). Additionally, several genes in
other loci contribute to adiponectin levels (Dastani et al. 2012).
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In a two-year weight-loss intervention study, adiponectin levels significantly
increased over time, and associated with reduction in waist circumference and
positive changes in lipid profile independent of weight change (Ma et al. 2016).
In another study, adiponectin levels increased after a very-low-calorie diet,
induced marked weight loss, and remained elevated after a six-month weight
maintenance period (Heinonen et al. 2009).
AdipoRon, an agonist for adiponectin receptors, has been shown to ameliorate
insulin resistance and glucose metabolism in mice (Okada-Iwabu et al. 2013). It
remains to be seen if influencing adiponectin levels or enhancing its actions in
humans will prove beneficial in the treatment of diseases associated with obesity
and insulin resistance (Blüher and Mantzoros 2015).

2.2

Atherosclerosis

2.2.1 Development of atherosclerosis
Atherosclerosis is a process starting from the accumulation of cholesterol esters
and fibrous elements in the intimal layers of arteries, finally leading to clinical
complications such as acute myocardial infarction and stroke.
Evidence of atherosclerotic plaques was found over 100 years ago in autopsies
performed on ancient Egyptian mummies and Peruvian mummies (Thomas et al.
2014). Computed tomography scannings of 137 Egyptian, Peruvian, Native
American, and Aleutian mummies found evidence of atherosclerosis in all
populations, and atherosclerotic lesions in 34% of the examined mummies
(Thompson et al. 2013). Additionally, computed tomography studies have
proven the presence of atherosclerotic lesions in European "Ötzi the Iceman"
who lived over 5,000 years ago (Murphy et al. 2003), suggesting that humans
have been susceptible to the development of atherosclerosis in very different
living environments (Thomas et al. 2014).
Coronary atherosclerotic lesions were a common (77%) finding in autopsies
performed on 300 soldiers (age 18-48 years) killed in the Korean War in the
1950s that varied from fibrous thickening to large plaques (Enos et al. 1953). The
publication of these findings, in part, facilitated the initiation of large
epidemiological studies on atherosclerosis and highlighted the importance of
preventive actions already in childhood and adolescence. This idea was further
supported by autopsy findings from 105 Vietnam War casualties (age 18-37
years) showing some degree of atherosclerosis in 45% of the soldiers
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(McNamara et al. 1971). The prevalence of atherosclerosis in United States
Armed Forces was evaluated again in the years 2001-2011 in a comprehensive
autopsy study including 3,832 cases (age 18-59) (Webber et al. 2012). The
overall prevalence of atherosclerosis was 12%, substantially lower than in the
historical studies. In this study, age, lower educational level, overweight (body
mass index, BMI, 25-29.9) or obesity (BMI≥30) and prior diagnoses of
dyslipidemia, hypertension or obesity were associated with atherosclerosis.
Human atherosclerosis begins very early in life, with fatty streaks reported to
exist already in fetal aortas (Napoli et al. 1997), and intimal thickening of the
coronary arteries found in autopsies on children who had died before the age of
one year (Pesonen et al. 1975). In autopsy studies on children and young adults
who had participated in the Bogalusa Heart Study and died accidentally or due to
homicide at young age (2-39 years), the prevalence of fatty streaks was 50% and
the prevalence of raised fibrous plaques 8% in the coronary arteries of children
and adolescents. The prevalence of fatty streaks increased to 85% and raised
fibrous plaques to 69% in young adults, and correlated with previously measured
risk factor levels, supporting the need of cardiovascular risk evaluation and
prevention already in childhood (Berenson et al. 1998).
The now generally accepted "response to injury" -theory was introduced in the
1970s by Ross et al. (Ross et al. 1977). They stated that the development of
atherosclerotic lesions initiates with endothelial injury caused by various factors
such as mechanical stress, hyperlipidemia or infection, leading to platelet
adhesion and aggregation and subsequently proliferation of smooth muscle cells
and formation of new connective tissue as well as intracellular and extracellular
lipid deposition.
The Committee on Vascular Lesions of the Council of Atherosclerosis, American
Heart Association has provided a classification of atherosclerotic lesions (Stary
et al. 1994, Stary et al. 1995):
 Type I lesion describes intimal thickening due to accumulation of lipids
and macrophages.
 Type II lesion contains more macrophage foam cells and lipid laden
smooth muscle cells. Fatty streaks are included in type II lesion.
 In type III lesions, there are microscopically visible extracellular lipid
droplets and particle collections among the layers of intimal smooth
muscle cells.
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 Type IV lesions, atheromas, are potentially symptom-producing lesions
characterized by an extracellular lipid core.
 Type V lesions, fibroatheromas, have a lipid core and thick layers of
fibrous connective tissue (Va). Some type V lesions are largely calcified
(type Vb), and some consist mainly of fibrous connective tissue and little
or no accumulated lipid or calcium (type Vc). These lesions cause
narrowing of affected arteries.
 The complicated type VI lesions refer to type IV and V lesions with
disruptions of the lesion surface (type VIa), hematoma or hemorrhage
(type VIb), and thrombotic deposits (type VIc). Type VIabc indicates the
presence of all three features.

2.2.2 Subclinical atherosclerosis
Ultrasound imaging can be used to estimate the development of atherosclerosis in
its subclinical stages. The three most widely used methods are measurements of
intima-media thickness (IMT) of the common carotid artery, brachial flowmediated dilatation (FMD) and carotid artery distensibility.
Common carotid IMT is considered a structural marker of atherosclerosis that
can be measured reliably in vivo by ultrasound (Pignoli et al. 1986). It is
associated with vascular risk factors cross-sectionally in adults (Poli et al. 1988,
Haapanen et al. 1989) and risk factor levels in childhood are associated with IMT
in adulthood (Davis et al. 2001, Li et al. 2003, Raitakari et al. 2003). IMT
predicts the likelihood of cardiovascular events in population studies (Bots et al.
1997, Chambless et al. 1997, O'Leary et al. 1999). Although the association of
IMT with future cardiovascular events has been shown in many middle-aged and
elderly populations, the addition of IMT to traditional risk prediction models did
not significantly improve model performance in a meta-analysis of 15 studies
(van den Oord et al. 2013).
Endothelial dysfunction occurs in early stages of atherosclerosis and may predict
cardiovascular end-points (Ross 1993). FMD of the brachial artery is a
measurable marker of systemic endothelial function (Celermajer et al. 1992) that
is mainly mediated by nitric oxide released by arterial endothelial cells
(Joannides et al. 1995). Impaired brachial FMD is related to obesity in children
(Tounian et al. 2001); associated with the prevalence of coronary atherosclerosis
(Neunteufl et al. 1997); and predicts cardiovascular events (Chan et al. 2003).
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The elasticity of large arteries decreases with age due to degeneration of elastic
fibers and increase in collagen content in the artery wall (Hanon et al. 2001).
Carotid artery distensibility refers to the ability of the carotid arteries to expand
as a response to pulse pressure caused by cardiac contraction and relaxation
(Oliver and Webb 2003). A decrease in the carotid artery distensibility is an early
change in atherosclerosis that is associated with cardiovascular risk factors
(Tounian et al. 2001) and may independently predict cardiovascular events in
high-risk individuals (Blacher et al. 1998).

2.2.3 Risk factors for atherosclerosis
In the 1850s, Virchow suggested the inflammatory nature of atherosclerosis and
discovered the presence of cholesterol in the atheroma (Hort 1994, Barton 2013).
In 1913 Anitschkow published evidence of severe atherosclerosis in rabbits that
consumed a high-cholesterol diet, suggesting high levels of blood cholesterol
caused atherosclerosis (Steinberg 2013). However, his theory was not widely
accepted at that time, and further interest in the causal role of cholesterol in
human atherosclerosis began to re-emerge in the 1950s.
The Framingham Heart Study was the first epidemiological study conducted to
determine risk factors for cardiovascular diseases, and remains ongoing today
(Dawber et al. 1951, Tsao and Vasan 2015). In the first published article from the
Framingham Heart Study (Dawber et al. 1951), the authors summarized the
understanding of the epidemiology of cardiovascular diseases and the research
needs at that time as follows:
 "Of the epidemiology of hypertensive or arteriosclerotic cardiovascular
disease almost nothing is known, although these two account for the great
bulk of deaths from cardiovascular disease."
 "Clearly, what is required is the epidemiological study of these diseases
based on populations of normal composition, including both the sick and
the well as they are found in the community."
 "As a working hypothesis it is assumed that these diseases do not each
have a single cause (as is the case in most infectious diseases), but that
they are the result of multiple causes which work slowly within the
individual."
At the time of the four-year follow-up of the Framingham Heart Study, data
showed that hypertension, overweight and hypercholesterolemia were associated
with increased risk for incident coronary heart disease in middle-aged men
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(Dawber et al. 1957). The six-year follow-up added a low educational level and
smoking to these risk factors (Dawber et al. 1959).
Since the initiation of the Framingham Heart Study, many epidemiological
studies have added to the knowledge on cardiovascular risk factors. Large
follow-up studies on children and young adults have provided data on childhood
risk factors, their tracking and clustering, as well as their association with early
indicators of atherosclerosis in adulthood. These studies listed in Table 1 have
together formed the International Childhood Cardiovascular Cohort Consortium
(i3C) (Dwyer et al. 2013). The i3C Consortium enables pooling of data to
increase power, such as cardiovascular disease events in adulthood, and for the
collection and analysis of genetic data. The epidemiological evidence shows that
childhood risk factors are associated with subclinical atherosclerosis in adulthood
independent of risk factors in adulthood (Mahoney et al. 1996, Davis et al. 2001,
Li et al. 2003, Raitakari et al. 2003).
Table 1.

Summary of the studies included in the International Childhood Cardiovascular
Cohort (i3C) Consortium.
References

USA

Study years in
childhood and
adolescence
1970-1981

Participants in
childhood and
adolescence
n=11,377
aged 5-18 years

(Lauer et al. 1975,
Lauer et al. 1988)

Bogalusa Heart
Study

USA

1973-1994

n=12,164
aged 4-17 years

(Voors et al. 1977,
Freedman et al. 1987)

Princeton Lipid
Research Clinics
Study

USA

1973

n=6,775
aged 6-18 years

(Morrison et al. 1977)

Minneapolis
Childhood Cohort
Studies

USA

1978-1989

n=1,207
aged 6-9 to 1720 years

(Prineas et al. 1980,
Sinaiko et al. 1999)

Cardiovascular Risk
in Young Finns
Study

Finland

1980

n=3,596
aged 3-18 years

(Akerblom et al. 1985b)

Childhood
Determinants of
Adult Health Study

Australia 1985

n=8,498
aged 7-15years

(Venn et al. 2007)

National Heart,
Lung, and Blood
Institute Growth and
Health Study

USA

n=2,379
aged 9-19 years

(Thompson et al. 2007)

Study

Country

Muscatine Study

1987-1996
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Prospective studies on middle-aged populations, such as the Seven Countries
Study (Keys et al. 1966), the Uppsala Longitudinal Study of Adult Men (Lithell
et al. 1984), the Copenhagen City Heart Study (Andersen and Jensen 2010), the
Nurses Health Study (Colditz and Hankinson 2005) and the Health Professionals
Follow-up Study (Rimm et al. 1991) have been able to demonstrate geographical
differences in risk factor levels and cardiovascular mortality as well as
connections between risk factor levels and cardiovascular events and mortality.
In a large, international, standardized, case-control study, the INTERHEART
study, it was shown that the major risk factors for acute myocardial infarction are
similar in both sexes, at all ages, and in all regions (Yusuf et al. 2004). The two
most important risk factors worldwide were abnormal lipids measured as raised
apolipoprotein B/apolipoprotein A1 ratio and cigarette smoking whereas the
importance of other risk factors (hypertension, diabetes, abdominal obesity, and
psychosocial factors) and protective factors (daily consumption of fruit and
vegetables, alcohol consumption, and physical activity) varied (Yusuf et al. 2004).
Several intervention studies have been conducted in order to decrease
cardiovascular risk. In the Oslo Study in the 1970s (Hjermann 1983), a five-year
intervention consisting of dietary and antismoking advice combined with regular
follow-up visits every 6 months led to a 47% decrease in first myocardial
infarction. At the same time in Finland, the North Karelia Project (Puska et al.
1979, Salonen et al. 1979) was launched due to the extremely high
cardiovascular mortality in Eastern Finland. The aim of the study was to decrease
the cardiovascular mortality rate by influencing diet and lifestyle in order to
lower blood pressure and cholesterol levels and decrease smoking. The study
expanded nationwide after the first five years, and since its beginning, the
cardiovascular mortality rate in North Karelia has decreased about 85% (Puska et
al. 2016). In the Finnish Helsinki Businessmen Study (Strandberg et al. 2016),
1,222 men aged 44-55 years who had a high-risk profile of cardiovascular
disease based on health check-ups performed in 1964-1973 were randomized for
a 5-year intervention consisting of intensive lifestyle modification and
contemporary drug treatment for hypertension or dyslipidemia. During the trial,
the intervention group had a 46% reduction of total cardiovascular risk and the
incidence of stroke was reduced compared with the control group. The long-time
follow-up has also shown that elevated risk factor levels in midlife associate with
lower quality of life, function and cognition in old age (Strandberg et al. 2015).
High serum concentration of low density lipoprotein (LDL) cholesterol is a key
factor in atherosclerosis. Its importance is most obvious in familial
hypercholesterolemia, a hereditary disorder associated with severe
atherosclerosis at young age. The hereditary nature and the clinical presentation
with xanthomas, hypercholesterolemia, coronary heart disease and cardiovascular
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mortality at young age were described already in 1938 by Norwegian physician
Müller (Besseling et al. 2015). In 1973, patients with familial
hypercholesterolemia were shown to have increased activity of 3-hydroxy-3methylglutaryl coenzyme A reductase leading to increased cholesterol synthesis
(Goldstein and Brown 1973), with the disease mechanism identified as a defect
in the LDL-receptor in 1974 (Goldstein and Brown 2009).
Medical approaches to influence cardiovascular risk factor levels have aimed to
reduce serum total and LDL cholesterol levels. Reduction in incidence of
coronary heart disease has been shown for cholestyramine in Lipid Research
Clinics Coronary Primary Prevention Trial (Rifkind 1984) and gemfibrozil in the
Helsinki Heart Study (Frick et al. 1987). In the Fenofibrate Intervention and
Event Lowering in Diabetes (FIELD) Study, fenofibrate treatment was associated
with reduced incidence of total cardiovascular events but did not reduce
cardiovascular mortality in type 2 diabetic patients (Keech et al. 2005).
The most widely used cholesterol-lowering group of drugs are the 3-hydroxy-3methylglutaryl coenzyme A reductase inhibitors, the statins. Their efficacy in
reducing cardiovascular events and mortality has been shown in many studies
(LaRosa et al. 1999). In the landmark study of statin therapy, the Scandinavian
Simvastatin Survival Study (4S), simvastatin treatment reduced the risk of major
coronary event by 34% and the risk of coronary mortality by 42% in secondary
prevention (Pedersen et al. 1998). Since then, the safety and efficacy of different
statins has been established in extensive studies (Collins et al. 2016).
Treatments combining statins with other cholesterol-lowering drugs have also
been studied. In the Action to Control Cardiovascular Risk in Diabetes
(ACCORD) study, combination treatment with simvastatin and fenofibrate did
not reduce the rate of cardiovascular events in patients with type 2 diabetes
compared to monotherapy with simvastatin (ACCORD Study Group et al. 2010).
In the Improved Reduction of Outcomes: Vytorin Efficacy International Trial
(IMPROVE-IT), combination treatment with simvastatin and ezetimibe, a drug
reducing intestinal absorption of cholesterol, resulted in lower LDL cholesterol
levels and reduced risk of cardiovascular events (Cannon et al. 2015).
The use of the most recently introduced LDL cholesterol-lowering drugs,
proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors evolocumab
(Sabatine et al. 2015) and alirocumab (Robinson et al. 2015) have been shown to
lower LDL cholesterol levels efficiently alone or used in combination with
statins. The use of these PCSK9 inhibitors seems to decrease the risk of
cardiovascular events, but further studies of their efficacy and safety are needed
(Robinson et al. 2015, Sabatine et al. 2015).
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Hypertension is one of the undisputable risk factors for cardiovascular diseases.
Combined data from numerous prospective studies has shown that higher blood
pressure level is associated with increased cardiovascular and cerebrovascular
mortality in all age groups, even at blood pressure levels within the normal range
(Lewington et al. 2002). The target for lowering blood pressure varies from
<130/80 to <140/90, most guidelines recommend lower targets for subjects with
diabetes, chronic kidney disease, and coronary heart disease (Rosendorff et al.
2015). The recently published data from the Systolic Blood Pressure Intervention
Trial (SPRINT) supports setting the target of systolic blood pressure even in
elderly subjects to as low as <120 mmHg, resulting in reduced risk of myocardial
infarction, stroke, heart failure and cardiovascular death (Wright et al. 2015).

2.2.4 Cardiovascular risk evaluation and cardiovascular mortality
In 1981, Hopkins and Williams already listed 246 established or suggested
cardiovascular risk factors (Hopkins and Williams 1981). Studies on each risk
factor have helped in understanding the pathophysiological mechanisms of
cardiovascular diseases. However, the clinical potential of a risk factor is based
on its usefulness, which can be evaluated by three questions: 1) Can the clinician
measure it? 2) Does it add new information? 3) Does it help the clinician to
manage patients? (Morrow and de Lemos 2007).
Established classical risk factors for cardiovascular diseases include older age,
male sex, high total and LDL cholesterol, low high-density lipoprotein (HDL)
cholesterol, elevated blood pressure, smoking, impaired glycemic control
including diabetes, and family history of cardiovascular diseases at young age
(The National Institutes of Health Consensus Development Panel 1985,
D'Agostino et al. 2008). These risk factors are used in various cardiovascular risk
assessment calculators in clinical practice worldwide, such as Framingham risk
calculators (D'Agostino et al. 2008), German risk calculator from Prospective
Cardiovascular Münster Study for Northern European populations (Assmann et
al. 2002) and Finnish FINRISKI risk calculator (Vartiainen et al. 2007).
To evaluate the need of intensive drug treatment, calculators for 10-year risk of
fatal cardiovascular events, like in the Systematic COronary Risk Evaluation
(SCORE) project (Conroy et al. 2003), are useful. However, in order to evaluate
the life-long risk of cardiovascular diseases, other kinds of approaches are
needed (Marma et al. 2010). In large cohort studies from USA, life-time risk of
cardiovascular diseases has been reported to be as high as 60% for men and 55%
for women at the age of 45 years (Wilkins et al. 2012). In clinical practice, it is
important to understand the differences between risk calculators using various
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risk factors and different end-points, because the same calculator can have
different utility across different age groups and between sexes (Ketola et al.
2010).
The importance of life-long exposure to a cardiovascular risk factor is well
demonstrated by familial hypercholesterolemia. In familial hypercholesterolemia,
the exposure to elevated LDL cholesterol level begins in the fetal period leading
to cardiovascular morbidity in early adulthood if not treated early with dietary
counseling and early iniated statin therapy (Wiegman et al. 2015). On the other
hand, mutations that lead to decreased LDL cholesterol levels are associated with
decreased risk for cardiovascular disease (Cohen et al. 2006, Ference et al.
2016). Compared to risk reduction with statin therapy started later in life,
genetically low LDL cholesterol leads to a three-fold risk reduction for each
mmol/L lower LDL cholesterol level (Ference et al. 2012). Nutritional and
lifestyle counseling started in early childhood has been shown to be safe and to
result in positive changes in risk factor levels in the Special Turku coronary Risk
factor Intervention Project (STRIP) launched in 1989 (Simell et al. 2009). It can
be assumed that a healthy lifestyle adopted in childhood that persists in
adulthood leads to a decreased cardiovascular risk due to decreased life-long
exposure similarly as a genetically low risk factor level.
Although mortality from cardiovascular diseases has decreased in many
countries, they remain the leading cause of death in the world (31% in 2013).
From 1980 through 2000, the age-adjusted death rate for coronary heart disease
decreased in the United States from 543 to 267 deaths per 100,000 among men
and from 263 to 134 per 100,000 among women (Ford et al. 2007). In IMPACT
analysis (Capewell et al. 1999), approximately 44% of the decrease was
attributed to the improvements in risk factor levels (Ford et al. 2007). In Finland,
from 1969-1972 to 2012, coronary heart disease mortality decreased from 643 to
118 per 100,000 working aged men and from 114 to 17 deaths per 100,000
working aged women. Results from the national FINRISK study show that
positive changes in risk factor levels (decreased smoking prevalence, serum total
cholesterol and systolic blood pressure) explained nearly all of the reduction in
observed coronary heart disease mortality during the first ten years of the study
(Jousilahti et al. 2016). In the last ten years of the study, changes in these three
main risk factors explain two thirds of the reduction. In other countries, changes
in nutrition and life-style affect risk factors negatively. For example, in China the
age-adjusted coronary heart disease mortality increased between 1984 an 1999
by 50% in men and 26% in women. Most of the increase was explained by the
observed 1 mmol/L rise in total cholesterol level (Critchley et al. 2004).
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Research on cardiovascular risk factors is, in part, shifting from studies on
associations of one or more risk factors with cardiovascular disease towards more
complex approaches using Mendelian randomization (Davey Smith and Ebrahim
2005), genetic risk scores, whole exome or whole genome sequencing,
epigenetics, transcriptomics, metabolomics and lipidomics (Hoefer et al. 2015,
Niiranen and Vasan 2016). Data obtained by these approaches may improve
individual risk assessment in the future.

2.2.5 Metabolic syndrome and atherosclerosis
Metabolic syndrome (MetS) is a concept describing clustering of risk factors for
cardiovascular diseases and type 2 diabetes (Alberti et al. 2009). It was
introduced in 1988 by Reaven as a cluster of resistance to insulin-stimulated
glucose uptake, glucose intolerance, hyperinsulinemia, increased very-lowdensity lipoprotein triglyceride, decreased HDL cholesterol, and hypertension
(Reaven 1988).
Many organizations have proposed definitions for MetS with some variation in
their criteria for the five key components: abnormal glucose or insulin
metabolism, central obesity, hypertension, elevated triglycerides and decreased
HDL cholesterol. Some definitions have included also other components. The
different definitions are summarized in Table 2.
A harmonized definition of MetS was published in 2009 as a collaboration
between the International Diabetes Federation, the National Heart, Lung and
Blood Institute, the American Heart Association, the World Heart Federation, the
International Atherosclerosis Society and the International Association for the
Study of Obesity in order to unify the criteria used in both clinical practice and
research (Alberti et al. 2009). According to these criteria, there is no single
obligatory component for MetS, but three abnormal findings out of five would
qualify a person for the MetS. The five components are elevated waist
circumference, elevated triglycerides, reduced HDL cholesterol, elevated blood
pressure and elevated fasting glucose. Medications for any of the components are
considered as alternate indicators. For waist circumference, there are different
suggested sex-specific cut points for different ethnic groups.
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WHO1

Definitions of the metabolic syndrome.
MetS
definition

Obesity

Hypertension

Glucose
metabolism

Dyslipidemia

Type 2 diabetes,
impaired glucose
tolerance or
insulin resistance
AND
2 other features *

Waist-to-hip ratio
>0.90 (men)
>0.85 (women)
and/or
BMI >30 kg/m2

≥160/90 mmHg

Impaired glucose
tolerance, type 2
diabetes or
insulin resistance
by euglycaemic
clamp

HDL cholesterol
≤0.9 mmol/L
(men)
≤1.0 mmol/L
(women)
Triglycerides
≥1.7 mmol/L

EGIR2

Hyperinsulinemia
AND
2 other features

Waist circumference
≥94 cm (men)
≥80 cm (women)

≥140/90 mmHg**

Fasting plasma
glucose
≥6.1 mmol/L

HDL cholesterol
<1.0 mmol/L
Triglycerides
≥2.0 mmol/L

Updated
NCEP
ATPIII /
AHA and
NHLBI3

At least 3 features
(all equal)

ACE and
AACE4

Clinical
judgement
***

IDF5

Waist circumference
≥102 cm (men)
≥88 cm (women)

≥130/85 mmHg**

Fasting plasma
glucose
≥5.6 mmol/L **

HDL cholesterol
≤1.03 mmol/L
(men) **
≤1.29 mmol/L
(women) **
Triglycerides
≥1.7 mmol/L **

Central obesity
mandatory
component
AND
2 other features

≥130/85 mmHg

Waist circumference
≥94 cm (men)
≥80 cm (women)

≥130/85 mmHg**

Fasting plasma
glucose
≥6.1 mmol/L
or
Impaired glucose
tolerance in oral
glucose tolerance
test

HDL cholesterol
≤1.03 mmol/L
(men) **
≤1.29 mmol/L
(women) **

Fasting plasma
glucose
>5.6 mmol/L
or
Type 2 diabetes

HDL cholesterol
≤1.03 mmol/L
(men) **
≤1.29 mmol/L
(women) **

Triglycerides
≥1.7 mmol/L **

Triglycerides
≥1.7 mmol/L **
HDL cholesterol
≥130/85 mmHg**
Fasting plasma
Waist circumference
≤1.0 mmol/L
glucose
≥102 cm (men)
(men)**
≥5.6 mmol/L **
≥88 cm (women)
≤1.3 mmol/L
or
(women)**
≥94 cm (men)
≥80 cm (women)
Triglycerides
also population- and
≥1.7 mmol/L**
country-specific cut
points
1) World Health Organization (Alberti and Zimmet 1998)
2) European Group for the Study on Insulin Resistance (Balkau and Charles 1999)
3) National Cholesterol Education Program Adult Treatment Panel III / American Heart Association and the National Heart, Lung
and Blood Institute (Grundy et al. 2005)
4) American College of Endocrinology and American Association of Clinical Endocrinologists (Einhorn et al. 2003)
5) International Diabetes Federation (Alberti et al. 2005)
6) A collaboration between the International Diabetes Federation, the National Heart, Lung and Blood Institute, the American
Heart Association, the World Heart Federation, the International Atherosclerosis Society and the International Association for the
Study of Obesity (Alberti et al. 2009)
* Additional criteria: microalbuminuria (urine albumin excretion rate ≥ 20 μg/min or albumin/creatinine ratio ≥ 20 mg/g)
** Or drug treatment
*** Additional criteria: e.g. abnormal uric acid metabolism, prothrombotic factors, markers of inflammation, endothelial
dysfunction, non-Caucasian ethnicity and family history of type 2 diabetes and cardiovascular diseases.

The
harmonized
definition6

At least 3 features
(all equal)
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The presence of MetS has been reported to associate with increased cardiovascular
disease morbidity and mortality (Isomaa et al. 2001, Lakka et al. 2002, Ford 2005,
Santaniemi et al. 2014). In the Botnia Study, the presence of MetS according to the
WHO criteria was associated with a three-fold risk of coronary heart disease and
stroke, and over five-fold risk of cardiovascular death in Finnish and Swedish
middle-aged males and females (Isomaa et al. 2001). Also in the Kuopio
Ischaemic Heart Disease Risk Factor Study on Finnish middle-aged men, the
presence of MetS at baseline was associated with a three-fold risk of coronary
heart disease and over two-fold risk of cardiovascular death (Lakka et al. 2002).
MetS has also been reported to associate with increased incidence of type 2
diabetes (Sattar et al. 2008). However, it has been questioned if MetS provides
any greater risk for cardiovascular diseases or type 2 diabetes compared with its
individual components (Borch-Johnsen and Wareham 2010). In apparently
healthy subjects, MetS is less effective than the Framingham Risk Score to
predict cardiovascular diseases and no better in predicting type 2 diabetes than
fasting plasma glucose alone (Reaven 2011). In a collaboration of the Bogalusa
Heart Study and the Cardiovascular Risk in Young Finns Study, MetS in
childhood was reported to predict increased risk for subclinical atherosclerosis
and type 2 diabetes in adulthood, but was shown to be no better than indices of
overweight and obesity (Magnussen et al. 2010).
The current understanding of the MetS is that although the concept has been
helpful in adding the awareness of risk factor clustering, it should not be
considered as a true syndrome or a clinical diagnosis. The treatment of MetS is
no different from the treatment of the individual components: healthy diet,
regular physical activity, smoking cessation and pharmacological treatment when
necessary (Simmons et al. 2010, Reaven 2011).

2.2.6 The role of inflammation in atherosclerosis
The classification of atherosclerotic lesions described in chapter 2.2.1 focuses on
the structure of the lesion. However, the progress from lipid accumulation to a
complicated lesion is highly dependent on functional processes within the lesion.
The presence of macrophages and lymphocytes in atherosclerotic lesions was
recognized by Anitschkow 100 years ago but further knowledge of the crucial
role of immunity and inflammation in the pathogenesis of atherosclerosis has
been accumulating only for the past 30 years (Hansson 2009).
Inflammatory substances, dyslipidemia and mechanical stress from hypertension
promote adhesion of leukocytes to endothelial cells, causing changes in
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endothelial permeability. The subsequent accumulation of LDL particles and
monocytes in the arterial wall leads to the formation of lipid-laden macrophages
called foam cells. The inflammatory process in the artery wall involves numerous
cytokines, chemokines, growth factors and enzymes secreted by monocytes and
T-lymphocytes. Together these factors promote the migration of smooth muscle
cells from the media to the intima and the proliferation of smooth muscle cells, as
well as formation of fibrous tissue in the vessel wall, vascularisation, and
ultimately, plaque stability (Ross 1999, Libby et al. 2011).
C-reactive protein (CRP) is a protein synthesized mainly by hepatocytes in
response to inflammation, infection or tissue damage. The synthesis following
such stimulus is rapid, and after the stimulus ceases, the plasma levels of CRP
decrease rapidly to a stable CRP concentration (Pepys and Hirschfield 2003).
Increased plasma CRP concentrations have been associated with cardiovascular
events in many studies (Ridker et al. 2003, Danesh et al. 2004). However,
genetic variation of plasma CRP levels was not associated with coronary heart
disease in a large Mendelian randomisation meta-analysis, suggesting that CRP is
unlikely to be a causal factor in coronary heart disease (Wensley et al. 2011). In
the population of the Cardiovascular Risk in Young Finns Study, serum CRP
levels in childhood did not predict carotid IMT in adulthood (Juonala et al.
2006). As an easily measurable marker of inflammation, plasma CRP level might
still be useful in risk evaluation (Ridker 2016).
In addition to their cholesterol-lowering effect, statins affect the inflammatory
processes in the atheroma from leukocyte adhesion to plaque stability
(Schönbeck and Libby 2004). There is now increased interest to develop antiinflammatory treatments for atherosclerosis. In studies on atherosclerotic mice,
immunomodulation by inhibition of CD40 signalling (Mach et al. 1998) and
intravenous immunoglobuline infusion (Nicoletti et al. 1998) have been shown to
reduce atherosclerosis. In humans, anti-inflammatory and immunomodulating
drugs are widely used in the treatment of numerous other diseases. Of those
drugs, methotrexate and colchicine have been shown to reduce atherosclerosis in
animal models and to associate with reduced risk of myocardial infarction in
epidemiological studies (Bäck and Hansson 2015). Also tumor necrosis factor α inhibitors used for the treatment of other diseases in humans have been
associated with lower risk of cardiovascular events (Jacobsson et al. 2005).
Currently, there are ongoing clinical trials on the use of methotrexate and
interleukin-1β-neutralizing monoclonal antibody canakinumab for secondary
prevention of myocardial infarction (Bäck and Hansson 2015). In clinical
practice, anti-inflammatory treatment for atherosclerosis is already used in the
form of preventing restenosis after revascularization with immonosuppressive
drug-eluting stents (Nikam et al. 2014).
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Adipokines and cardiovascular diseases

Adipose tissue dysregulation in obesity is thought to explain the connection
between obesity and cardiovascular diseases (Van Gaal et al. 2006). Adipokines
play a role in the development of atherosclerosis both directly, by influencing
endothelial function, vascular homeostasis and atherogenesis, and indirectly via
insulin resistance (Maury and Brichard 2010, Ntaios et al. 2013, Carbone et al.
2015). The effects of some adipokines on the cardiovascular system, insulin
sensitivity and inflammation are shown in Figure 1. The role of adipokines in the
prediction of cardiovascular events or pharmacological treatment of
cardiovascular diseases is controversial (Blüher and Mantzoros 2015, Ouchi
2016).

Figure 1.

Adipokines involved in the pathogenesis of the metabolic syndrome (modified
according to Maury and Brichard, 2010).

2.3.1 Adiponectin, leptin, and atherosclerosis in experimental and animal
studies
Evidence from preclinical studies suggests that adiponectin is involved in many
of the key events in the development of atherosclerosis and has cardioprotective
effects. In vitro, physiological concentrations of adiponectin suppressed the
transformation of human monocyte-derived macrophages to foam cells (Ouchi et
al. 2001). Preincubation with human recombinant adiponectin inhibited tumor
necrosis factor α -induced monocyte adhesion to human aortic endothelial cells
and adhesion molecule expression (Ouchi et al. 1999). Treatment of human
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umbilical vein and bovine aortic endothelial cell monolayers with the globular
domain of adiponectin protected against angiotensin II and tumor necrosis factor
α -induced hyperpermeability measured by transendothelial electric resistance
and diffusion of albumin (Xu et al. 2008). Treatment with bacterially produced
full-length adiponectin increased nitric oxide production in bovine aortic
endothelial cells (Chen et al. 2003). Also, treatment with recombinant globular
adiponectin suppressed oxidized LDL stimulated cell proliferation in bovine
aortic endothelial cells and ameliorated the suppression of endothelial nitric
oxide production (Motoshima et al. 2004).
In vivo, surgical induction of ischemia and reperfusion caused increased
myocardial infarction and myocardial apoptosis in adiponectin-knockout (KO)
mice compared with wild-type mice. Pretreatment of both wild-type and
adiponectin-KO mice with adenoviral vectors expressing adiponectin
significantly decreased infarct area after ischemia-reperfusion (Shibata et al.
2005). Similar difference between adiponectin-KO mice and wild-type mice has
been shown also after cerebral ischemia and reperfusion, the actions of
adiponectin being mediated through endothelial nitric oxide synthase (Nishimura
et al. 2008). In apolipoprotein E (ApoE) KO mice, overexpression of adiponectin
attenuated the progression of atherosclerotic lesion (Okamoto et al. 2002) and
compared to ApoE KO mice, ApoE/adiponectin double-KO mice showed
accelerated atherogenesis (Okamoto et al. 2008).
Leptin has been suggested to have many proatherosclerotic actions in vitro.
Leptin has been reported to promote angiogenesis in human umbilical vein
endothelial cells (Bouloumie et al. 1998) and in bovine capillary endothelial cells
(Cao et al. 2001). Short form of the leptin receptor has been shown to be
expressed in rat aortic vascular smooth muscle cells and leptin treatment to
stimulate both proliferation and migration of the vascular smooth muscle cells
(Oda et al. 2001). In human macrophages, leptin increases lipoprotein lipase
secretion (Maingrette and Renier 2003). In human umbilical vein endothelial
cells, leptin has been reported to induce oxidative stress that participates in the
regulation of inflammatory processes in the vascular wall (Bouloumie et al.
1999).
In vivo, the data are more controversial. In rats, continuos infusion of leptin
resulted in increased mean arterial blood pressure and elevated heart rate (Shek et
al. 1998). In leptin-deficient ob/ob mice, the mean arterial pressure was
significantly lower compared with lean wild-type mice, suggesting leptin might
have a role in the regulation of obesity-related hypertension (Mark et al. 1999).
In studies on leptin-deficient ob/ob and leptin receptor-deficient db/db mice, even
on atherogenic, high-fat diet, the mice did not develop pronounced arterial
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lesions after induced carotid artery injury compared with wild-type mice. Daily
administration of leptin in the ob/ob mice but not db/db mice increased the size
of the atherosclerotic lesion (Schäfer et al. 2004). In concordance, intraperitoneal
administration of leptin resulted in increased atherosclerosis and shortened time
to occlusive thrombosis after vascular injury in ApoE-KO mice (Bodary et al.
2005). Compared with ApoE-KO mice, leptin/ApoE double-KO mice have
decreased progression of fatty streaks to fibrous plaques (Chiba et al. 2008)
Leptin administration has also been reported to have antiatherogenic effecs.
Three studies on obese, atherosclerosis prone, leptin deficient mouse models
(Lloyd et al. 2008, Jun et al. 2012, Hoffmann et al. 2016) have reported that
administration of leptin in the subphysiological to physiological range inhibits
the progression of atherosclerosis and reduces atherosclerotic lesions. The
antiatherogenic effects in these studies were explained by decrease in total
cholesterol levels in plasma as well as improved glucose metabolism and
increased levels of adiponectin.
The promotion of atherosclerosis with supraphysiological doses of leptin seen in
the earlier studies (Schäfer et al. 2004, Bodary et al. 2005) compared to the
decreased atherosclerosis seen with subphysiological to physiological doses
(Lloyd et al. 2008, Jun et al. 2012, Hoffmann et al. 2016) suggests that the effect
of leptin on atherogenesis may be dose-dependent.

2.3.2 Adiponectin, leptin, and cardiovascular risk factors including the
metabolic syndrome
Circulating adiponectin levels are decreased in obesity (Arita et al. 1999),
whereas leptin levels increase with obesity (Considine et al. 1996, Hassink et al.
1996). Both adiponectin and leptin levels are higher in females compared with
males (Cnop et al. 2003).
In both males and females, leptin has been reported to correlate positively with
total and LDL cholesterol and triglyceride levels, and negatively with HDL
cholesterol (Reis et al. 2008) whereas adiponectin has been reported to correlate
positively with HDL cholesterol and negatively with triglycerides in adolescents
(Winer et al. 2006) and adults (Cnop et al. 2003).
Similarly, leptin levels have been reported to correlate positively with systolic
and diastolic blood pressure (Reis et al. 2008), whereas a negative correlation has
been reported between adiponectin and blood pressure (Ohashi et al. 2011).
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Moreover, low adiponectin levels are associated with insulin resistance (Cnop et
al. 2003) and increased risk of type 2 diabetes (Kadowaki et al. 2006, Li et al.
2009, Matsuzawa et al. 2011). Since the components of the MetS are elevated
waist circumference, elevated triglycerides, reduced HDL cholesterol, elevated
blood pressure and elevated fasting glucose, it is not surprising that low plasma
adiponectin levels have been reported to associate with the presence of MetS
(Santaniemi et al. 2006). Leptin levels have been associated with fasting insulin
levels but not with insulin sensitivity in healthy children and adolescents
(Arslanian et al. 1998). In lean and obese adults, insulin resistance correlated
with intra-abdominal fat accumulation but not independently with leptin levels
(Cnop et al. 2002).
In concordance with these associations, medication used to influence
cardiovascular risk factors (thiazolidinediones for type 2 diabetes, statins for
dyslipidemia and angiotensin II receptor blockers for hypertension) have been
reported to increase adiponectin levels (Hossain et al. 2015). Moreover, statins
have been reported to decrease leptin levels (Dubey and Hesong 2006).
In a large meta-analysis of genome-wide association studies, a risk score
calculated for single nucleotide polymorphisms (SNPs) decreasing adiponectin
levels was associated with increased risk of type 2 diabetes, increased
triglycerides, increased waist-to-hip ratio, increased glucose two hours post oral
glucose tolerance testing, increased fasting insulin, and with lower HDL
cholesterol concentrations, and decreased BMI (Dastani et al. 2012). However, a
large Mendelian randomization study using genetic variants of the ADIPOQ gene
found no evidence of an association of adiponectin-lowering alleles with insulin
sensitivity or type 2 diabetes (Yaghootkar et al. 2013).

2.3.3 Adiponectin, leptin, and inflammation
Many of the hundreds of substances secreted by adipose tissue are involved in
inflammatory processes. These include cytokines such as tumor necrosis factor α,
interleukin-1β and interleukin-6, acute phase proteins such as plasminogen
activator inhibitor-1 and haptoglobin as well as inflammation-related proteins
such as adiponectin and monocyte chemoattractant protein 1 (Trayhurn and
Wood 2004). Obesity is associated with adipose tissue dysregulation resulting in
increased production of proinflammatory substances and decreased production of
anti-inflammatory substances (Maury and Brichard 2010).
In experimental studies, adiponectin has anti-inflammatory functions locally in
the adipose tissue, where it inhibits tumor necrosis factor α production (Maeda et
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al. 2002). In other tissues, adiponectin reduces the expression of cell adhesion
molecules by attenuating the tumor necrosis factor α induced nuclear factor-κ B
signaling in endothelial cells as well as suppresses tumor necrosis factor α
secretion from macrophages (Ouchi and Walsh 2008). Impaired removal of
apoptotic cells increases systemic inflammation (Savill et al. 2002). Adiponectin
has been shown to promote phagocytosis of apoptotic cells by macrophages
through binding to the cell surfaces of both macrophages and apoptotic cells
(Takemura et al. 2007).
Evidence from experimental studies indicates a proinflammatory role for leptin.
Leptin induces proliferation of human monocytes and production of cytokines
tumor necrosis factor α and interleukin-6 in vitro (Santos-Alvarez et al. 1999),
which could increase the production of CRP in the liver. The binding of leptin to
the long form of leptin receptor activates pathways similar to those activated
after cytokine administration (Frühbeck 2006). Leptin has also been shown to
enhance the stimulation of human T lymphocytes (Martin-Romero et al. 2000).
In addition, the genetic variants of the leptin receptor have been observed to
associate with plasma interleukin-6 levels (Zhang et al. 2007).
In humans, plasma adiponectin levels have been reported to associate inversely
with plasma CRP levels in obese children and adolescents (Winer et al. 2006)
and obese postmenopausal women (Engeli et al. 2003). Leptin levels have been
reported to associate positively with plasma CRP in young healthy males
(Kazumi et al. 2003), middle-aged males and females (Shamsuzzaman et al.
2004), and elderly males and females (Ble et al. 2005).

2.3.4 Adiponectin, leptin, and surrogate markers of atherosclerosis in humans
The association between adiponectin and carotid IMT has been reported in all
age groups. In pediatric populations, inverse correlation between adiponectin and
IMT has been reported for obese adolescents (Pilz et al. 2005, Beauloye et al.
2007) and in the STRIP study in over 500 healthy adolescents (Jaakkola et al.
2015). Inverse associations between adiponectin and IMT have been reported in
several middle-aged populations (Iglseder et al. 2005, Behre et al. 2006, Dullaart
et al. 2007, Gardener et al. 2012). However, the relationship between adiponectin
and IMT may be different in males and females. A Swedish study reported
increased adiponectin levels to be associated with decreased IMT in middle-aged
males but not in females (Nilsson et al. 2006). In line, results from a longitudinal
international multicenter study showed an independent association with
adiponectin and baseline mean bifurcation IMT and progression of mean carotid
IMT in males but not in females. Accordingly, a gene score of adiponectin-
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raising alleles was inversely associated with baseline mean bifurcation IMT in
males (Persson et al. 2015). On the other hand, an inverse association between
adiponectin and IMT has also been reported in a population of 100 healthy
females aged 24-59 years (Lo et al. 2006). Additionally, an inverse association
with baseline adiponectin and IMT has been reported in non-diabetic
postmenopausal females, with age-adjusted adiponectin in the lowest quartile
related to progression of IMT after 12 months (Störk et al. 2007).
In some studies, leptin levels were directly associated with IMT in females aged
18 to 75 years (Velarde et al. 2015). In a study among healthy males, leptin
levels but not adiponectin levels were associated with IMT, and after adjusting
for conventional cardiovascular risk factors, leptin:adiponectin ratio was an
independent predictor of IMT (Norata et al. 2007). However, in some studies,
leptin levels were not independently associated with IMT (Dullaart et al. 2007,
Störk et al. 2007).
Low adiponectin has also been associated with attenuated endothelial function in
some (Shimabukuro et al. 2003, Yilmaz et al. 2008), but not all (Singhal et al.
2005, Golledge et al. 2008) studies. In overweight adults, leptin levels have been
reported to associate directly with brachial FMD (Morioka et al. 2014).
Some studies on adiponectin and arterial elasticity have suggested that
hypoadiponectinemia may be associated with increased arterial stiffness
measured by carotid artery distensibility (Störk et al. 2007) or by assessment of
pulse wave velocity (Mahmud and Feely 2005, Tsioufis et al. 2007, Nguyen et
al. 2008). In healthy adolescents, increased leptin levels have been independently
associated with impaired brachial artery distensibility (Singhal et al. 2002).

2.3.5 Adiponectin, leptin, and clinical manifestations of cardiovascular
disease
The data from the experimental studies as well as the associations of adiponectin
and leptin with cardiovascular risk factors and surrogate markers of
atherosclerosis suggest that adiponectin might have beneficial effects on
cardiovascular disease whereas leptin might have negative effects. Therefore, the
associations of adiponectin and leptin with clinical endpoints such as the
prevalence of coronary artery disease and myocardial infarction have been
studied in cross-sectional and prospective studies.
In middle-aged males, low plasma adiponectin levels have been reported to
associate with prevalence of coronary artery disease (Kumada et al. 2003). In the
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prospective Health Professionals Study, high adiponectin levels were
independently associated with low risk of myocardial infarction in males
(Pischon et al. 2004). Similarly, in the Framingham offspring Study, high
adiponectin levels predicted lower risk of incident coronary heart disease in
males, whereas in females the association was not significant after adjustment for
all risk factors (Ai et al. 2011). However, in other prospective studies,
adiponectin did not predict cardiovascular events (Lawlor et al. 2005, Lindsay et
al. 2005). In a Finnish study, adiponectin levels did not predict cardiovascular
events in middle-aged males and females after a median follow-up of 18 years
(Santaniemi et al. 2014).
In 2013, three meta-analyses on the association of adiponectin with
cardiovascular events were published. Hao et al. analyzed 17 prospective studies
on the association of adiponectin with coronary heart disease and stroke (Hao et
al. 2013). They found increased adiponectin to be related with an elevated risk of
ischemic stroke, but no clear relationship between adiponectin and the risk of
coronary heart disease. On the other hand, Zhang et al. included 12 prospective
studies and found higher levels of adiponectin to associate with lower risk of
coronary heart disease (Zhang et al. 2013). The meta-analysis by Kanhai et al.
included 14 studies on coronary heart disease and 2 studies on stroke (Kanhai et
al. 2013). In contrast to the previous meta-analyses, Kanhai et al. found no
association between adiponectin and risk for future coronary heart disease or
stroke events. Thus, although it has been more or less consistently reported that
low adiponectin is associated with preclinical atherosclerosis in young
populations, the connection between adiponectin levels and cardiovascular events
in middle-aged and elderly populations remains controversial.
Taking into account the antiatherogenic and anti-inflammatory actions of
adiponectin, the associations of adiponectin with all cause and cardiovascular
mortality are somewhat puzzling. In a longitudinal Danish cohort study of
cardiovascular disease and risk factors, high adiponectin levels were
independently associated with all-cause mortality and with cardiovascular events
despite positive association with a preferable risk factor profile (Lindberg et al.
2013). Also in Finnish adults with type 1 diabetes high adiponectin levels have
been reported to associate with all-cause and cardiovascular mortality (Forsblom
et al. 2011). Additionally, high adiponectin levels have been reported to associate
with increased mortality in subjects with chronic heart failure (Kistorp et al.
2005) and in hemodialysis patients (Rhee et al. 2015). The mechanisms behind
these associations are unknown. Adiponectin levels are markedly increased in
subjects with end-stage renal disease possibly due to decreased renal clearance
(Yahya et al. 2016). It is possible that the increase in adiponectin levels is a
response to wasting. That is, increased energy expenditure and weight loss
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associated with chronic heart failure and chronic renal failure (Kistorp et al.
2005, Rhee et al. 2015). The possibility of adiponectin resistance has also been
speculated (Lindberg et al. 2013).
Increased plasma leptin levels have been associated with coronary artery
calcification in middle-aged males and females with type 2 diabetes (Reilly et al.
2004) as well as progression of coronary artery calcification independent of other
cardiovascular risk factors (Maahs et al. 2005). In middle-aged males
participating in the West of Scotland Coronary Prevention Study, higher baseline
leptin levels were associated with increased risk for incident coronary events
(Wallace et al. 2001). However, in a recently published prospective cohort study
with median follow-up of 7.6 years, leptin levels were not associated with
incident cardiovascular events in males or females (mean age 64.5 years at
baseline) (Martin et al. 2015). In a meta-analysis of eight case-control studies,
Chai et al. found that although the association between leptin levels and coronary
heart disease was not statistically significant, there was a need for larger, sexspecific prospective studies (Chai et al. 2014).
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AIMS OF THE STUDY

The purpose of this study was to investigate the associations of adiponectin and
leptin with cardiovascular risk factors and surrogate markers of atherosclerosis in
Finnish children, adolescents and adults.
The specific aims of this thesis were to:
1. study serum adiponectin and leptin levels in Finnish children, adolescents
and young adults;
2. study tracking of serum adiponectin and leptin levels from childhood to
adulthood;
3. study the associations of serum adiponectin and leptin levels with
cardiovascular risk factor levels including inflammation and MetS;
4. study the cross-sectional associations of serum adiponectin and leptin
levels with carotid artery IMT, brachial artery FMD and carotid artery
distensibility in adulthood;
5. study the longitudinal associations of serum adiponectin levels in
childhood and adolescence with carotid artery IMT and brachial artery
FMD in adulthood.

Materials and methods

4

MATERIALS AND METHODS

4.1

The Cardiovascular Risk in Young Finns Study
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The Cardiovascular Risk in Young Finns Study is an ongoing multicenter study
on atherosclerosis precursors in Finnish children, adolescents and young adults.
Originally, it was designed to study cardiovascular risk factor levels, differences
between eastern and western Finns and rural and urban participants, changes in
risk factor levels in childhood and adolescence, and tracking and clustering of
risk factors (Åkerblom et al. 1985a).
Two pilot studies were performed in 1978 (n=264, age 8 years) and 1979 (n=634,
age groups 3, 12 and 17 years) to validate the study methods. The first large
cross-sectional survey was conducted in 1980 in all five university cities with
medical schools in Finland (Helsinki, Kuopio, Oulu, Tampere and Turku) and in
their rural vicinities. The subjects were randomly selected from the national
register from the study areas. The total sample size was 4,320, of which 3,596
(83,2%) participated. Six birth cohorts with ages of 3, 6, 9, 12, 15 and 18 years at
the time of inclusion into the study were formed. Follow-up studies of the
cohorts were carried out in 1983, 1986, 1989, 1992, 2001, 2007, and 2010-2012
(Åkerblom et al. 1985b, Raitakari et al. 2003, Raitakari et al. 2008, Juonala et al.
2013) (Figure 2).
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Figure 2.

4.2

The design of the Cardiovascular Risk in Young Finns Study. (Modified from
http://youngfinnsstudy.utu.fi/studydesign.html)

Study design and subjects

In total, 3,596 subjects participated in 1980, 2,283 in 2001 and 2,204 in 2007.
1,828 participants attended both 2001 and 2007 follow-up studies. Summary of
the study design is shown in Figure 3.
In this thesis, serum adiponectin and leptin levels and age trends are shown for
all subjects who had measurements made from serum samples taken in 1980
(n=1722 for adiponectin and n=264 for leptin), 2001 (n=2280 for adiponectin and
n=2279 for leptin) and 2007 (n=2154 for adiponectin). Moreover, age- and sexspecific 21-year tracking of serum adiponectin levels from childhood to
adulthood was analyzed in 1,715 subjects, 27-year tracking in 1,680 subjects and
6-year tracking in 1,786 subjects. Serum leptin levels in both childhood and
adulthood were available from only 208 subjects. Therefore, tracking of serum
leptin levels from childhood to adulthood was analyzed separately for females
and males but not for different age groups.
The associations of serum adiponectin and leptin levels with conventional
cardiovascular risk factors were examined both in childhood and adulthood
(2001).
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Description of substudies and their aims, numbers of participants and inclusion
and exclusion criteria

Study I examined the association of serum leptin and CRP in adults aged 24-39
years. Since both leptin and CRP concentrations are increased in obesity, the aim
was to study if the association was independent of the degree of obesity. To
examine causality, the association of genetic causes of CRP elevation and leptin
levels was analyzed. The study included 1,862 subjects (971 females and 891
males) from the 2001 follow-up. Genetic analyses were based on a sample of
1706 (889 females and 817 males) subjects with full data on five genetic variants
of the CRP gene. Subjects with chronic rheumatic disease, history of recent
infection, diabetes, as well as pregnant or lactating women were excluded from
the main analyses. In addition, subjects with triglycerides above 4 mmol/L were
excluded, because the Friedewald formula (Friedewald et al. 1972) could not be
applied. The remaining subjects with serum CRP concentration above the limit of
normal (10 mg/L) were also excluded, since the elevation of CRP above 10 mg/L
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was considered more likely to be due to an acute cause or an undiagnosed
disease, instead of low-grade chronic inflammation.
In this thesis, the association between serum adiponectin and serum CRP levels
in adulthood (study year 2001) was analyzed in the study population of Study I.
Moreover, differences in serum adiponectin, leptin and CRP levels in females
using or not using oral contraceptives as well as in females with levonorgestrelreleasing intrauterine device were analyzed.
Study II was a cross-sectional study on the association of serum adiponectin
levels with cardiovascular risk factors and surrogate markers of atherosclerosis.
The results were based on the follow-up visit in 2001 when subjects were aged
24 to 39 years. Complete data were available on 2,147 subjects (1,174 females
and 973 males) included in the study.
In Study III, the longitudinal association of serum adiponectin levels in
childhood with carotid IMT in adulthood was examined. The study included
those participants who had adiponectin measurements performed from stored
baseline (1980) serum samples and participated in the carotid ultrasound studies
in the 2001 and/or 2007 follow-ups. A total of 1,708 subjects (972 females and
736 males) were included in the analyses.
Study IV examined if serum adiponectin levels in adults predict incident MetS
after six years of follow-up and the associations of adiponectin and carotid
atherosclerosis according to MetS status. The study included those participants
who had adiponectin data from the 2001 follow-up study and carotid ultrasound
data from the 2001 and 2007 follow-ups and who were not pregnant. Therefore, a
total of 1,693 subjects (915 females and 778 males) were included in the study.
The analyses examining MetS incidence were based on 1,488 subjects (829
females and 659 males), as 205 participants with MetS at baseline were
excluded.

4.3

Biochemical analyses

The blood samples were drawn after a 12-hour fast mostly between 7am and
11am. The basic analyses were performed in the same laboratory (the laboratory
of the Rehabilitation Research Centre of the Social Insurance Institution, Turku,
in 1980 and in its followers the laboratory of the Research and Development Unit
of the Social Insurance Institution, Turku, in 2001 and the laboratory of the
Population Research of the National Institute for Health and Welfare, Turku, in
2007). Adiponectin and leptin measurements were performed in the laboratory of
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the Department of Pharmacology, Drug Development and Therapeutics,
University of Turku, Turku. In 1980, insulin measurements were performed in
the Research Laboratory of the Department of Pediatrics, University of Oulu,
Oulu. CRP genotyping was performed in the laboratory of the Department of
Clinical Chemistry, University of Tampere, Tampere, Finland.

4.3.1 Adiponectin and leptin measurements
Serum adiponectin and leptin concentrations were measured from serum samples
taken in different study years. The samples analyzed, their storage and analysis
year are shown in Table 3.
Serum adiponectin concentrations were analyzed with a radioimmunoassay
(Human Adiponectin RIA kit, Linco Research, Inc, MO, USA). The interassay
coefficient of variation was 5.5-11.9%.
Serum leptin concentrations were also analyzed with a radioimmunoassay
(Human Leptin RIA kit, Linco Research, Inc, MO, USA). The interassay
coefficient of variation was 7-9%.
Table 3.

Adiponectin

Leptin

Sample year, storage temperature, and analysis year of the adiponectin and
leptin measurements in the Cardiovascular Risk in Young Finns Study.
Sample year
1980
2001
2007

Stored in
-20°C
-70°C
-70°C

Analysis year
2013
2005-2006
2008-2009

1980
2001

-20°C
-70°C

1999
2002

4.3.2 Lipid measurements
In 1980, serum total cholesterol and triglyceride concentrations were measured
enzymatically with a clinical chemistry analyzer (OLLI 3000; Olli Ltd,
Kivenlahti, Finland) and HDL cholesterol concentrations from the serum
supernatant after precipitation of very low density lipoproteins and LDL
cholesterol with dextran sulphate 500 000 (Porkka et al. 1994).
In 2001, serum cholesterol and triglyceride concentrations were also determined
enzymatically with a clinical chemistry analyzer (AU400; Olympus Optical Ltd,
Mishima, Japan) and HDL cholesterol was analyzed after precipitation of very
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low density lipoproteins and LDL cholesterol with dextrane sulphate 500 000.
Apolipoprotein B was analyzed immunoturbidometrically (Orion Diagnostica,
Espoo, Finland).
LDL cholesterol was calculated using the Friedewald formula for participants
with triglycerides <4 mmol/l. Non-HDL cholesterol was calculated as total
cholesterol – HDL cholesterol.
Due to changes in determination methods and reagents, lipid levels from 1980
and triglycerides from 2007 were corrected to correspond to the samples taken in
2001 using correction factor equations determined with linear regression analysis
using standardized principal components adjustments (Juonala et al. 2004).
Total Cholesterol = 1.091 * total cholesterol 1980 - 0.271 mmol/L
HDL cholesterol = 1.068 * HDL cholesterol 1980 - 0.0277 mmol/L
Triglycerides = 1.00756 * triglycerides 1980 + 0.0582 mmol/L
Triglycerides = (triglycerides 2007 + 0.03226) / 0.9811

4.3.3 Insulin and glucose measurements
Childhood serum insulin concentrations were measured with immunoassay
(Herbert et al. 1965). In 2001 and 2007, plasma glucose concentrations were
analyzed enzymatically with a clinical chemistry analyzer (AU400; Olympus
Optical Ltd, Mishima, Japan), and serum insulin concentrations were measured
by microparticle enzyme immunoassay kit (Abbott Laboratories, Diagnostic
Division, Dainabot).
Due to changes in methods or reagents from 2001 to 2007, glucose and insulin
levels were corrected by using the following correction factor equations.
Glucose = (glucose 2007 - 0.0235) / 0.9471
Insulin = insulin 2007 * 1.3728 -0.8795
Homeostasis model assessment (HOMA) was used to assess beta-cell function
(HOMA-B, (fasting serum insulin mU/L * 20) / (fasting plasma glucose mmol/L
- 3.49)) and insulin resistance (HOMA-IR, (fasting serum insulin mU/L * fasting
plasma glucose mmol/L / 22.5)) (Matthews et al. 1985).
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4.3.4 C-reactive protein measurements
Serum CRP concentrations (study year 2001) were analyzed by a high-sensitive
latex turbidometric immunoassay (Wako Chemicals GmbH, Neuss, Germany).
The detection limit of the assay was 0.06 mg/L, and the coefficient of variation
of repeated measurements was 3.3%. In 2005, serum samples taken in 1980 and
stored at -20°C were analyzed using the same method as in 2001.

4.4

Physical examination and questionnaires

During each visit, height and weight were measured and BMI (weight/height2)
was calculated. In adulthood, waist circumference was measured midway
between the lowest rib at the mid-axillary line and iliac crest. Hip circumference
was measured at the greater trochanter and waist to hip ratio calculated.
Systolic and diastolic blood pressures were measured in sitting position after 5
minutes' rest. Blood pressure was measured with a standard mercury
sphygmomanometer in 1980 and with a random-zero sphygmomanometer
(Hawksley & Sons Ltd, Lancin, UK) in 2001 and 2007. In 1980, blood pressure
from 3-year-old children was measured with an ultrasound device (Arteriosonde
1020, Roche, Branchburg, New Jersey, USA). The average of 3 measurements
was used in statistical analyses.
The subjects filled in a questionnaire on smoking habits (in 1980 among those
aged 12 years or older), physical activity during leisure time and commuting to
work, medication, and family history of ischemic heart disease.
In Studies I and II, subjects were classified as non-smokers if they had never
smoked; otherwise they were classified as smokers in the analyses. In studies III
and IV, daily smokers were classified as smokers. Pack-years was calculated as
years of smoking*cigarettes per day/20.
A metabolic equivalent index for physical activity was calculated from
frequency*intensity*time spent for physical activity during spare time and
commuting to work. The coefficients for the variables were estimated from
existing tables (Ainsworth et al. 1993), where one MET is the consumption of
one kcal of a person per weight kilogram per hour in rest.
Family history for ischemic heart disease was considered positive if the subject's
mother or father had before the age of 55 years either suffered from a myocardial
infarction, had a coronary angioplasty or coronary bypass surgery.
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Use of medication including oral contraceptives and levonorgestrel-releasing
intrauterine device was inquired.

4.5

C-reactive protein genotyping

Five SNPs in the CRP gene [CRP-717A>G (rs 2794521); CRP-286C>T>A
(rs3091244); CRP+1059G>C (rs1800947); CRP+1444T>C (rs1130864); and
CRP+1846G>A (rs1205)] were genotyped using the ABI Prism 7900HT
Sequence Detection System for both PCR and allelic discrimination (Applied
Biosystems, Foster City, CA). For SNP CRP+1059G>C a commercial kit from
Applied Biosystem was used (Assay On Demand, C_177490_10 CRP). The
other SNPs were genotyped using Assays By Design from Applied Biosystems
under standard conditions, with the exception of the triallelic tagSNP (Carlson et
al. 2005) that was genotyped as described previously, except for the genotype
calling which was done manually from the PCR run component tab.

4.6

Metabolic syndrome

The presence of MetS in 2001 and 2007 was determined by the harmonized
definition for MetS (Alberti et al. 2009), see Table 4. In Study II, subjects with
diabetes (6 females and 6 males with type 1 diabetes, 1 male with type 2
diabetes) were excluded from the analysis for MetS whereas in study IV, subjects
with type 2 diabetes were included in the group with MetS at baseline. In Study
IV, those with prevalent MetS or MetS component at 2007 follow-up but not in
2001 were defined as having incident MetS or incident MetS component
(abdominal obesity, high triglycerides, low HDL cholesterol, hypertension,
hyperglycemia). Participants in the reference group had no MetS at baseline or at
follow-up.
Table 4.

The harmonized definition of metabolic syndrome (MetS).

Risk factors (at least three required for MetS)
Elevated waist circumference
Raised triglycerides (or treatment for it)
Reduced HDL cholesterol (or treatment for it)
Raised blood pressure (or treatment for it)
- Systolic blood pressure
- Diastolic blood pressure
Raised fasting plasma glucose (or treatment for it)

Males
≥102 cm
>1.7 mmol/l
<1.0 mmol/l

Females
≥88
>1.7 mmol/l
<1.3 mmol/l

≥130 mmHg
≥85 mmHg
≥5.6 mmol/l

≥130 mmHg
≥85 mmHg
≥5.6 mmol/l
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Ultrasound studies

At each study centre, carotid ultrasound studies were performed with Sequoia
512 ultrasound mainframes (Acuson, CA, USA) using a 13.0-MHz, linear-array
transducer.
To derive mean and maximum carotid IMT, the image was focused on the
posterior (far) wall of the left common carotid artery. At least three
measurements were taken 10 mm proximal to the bifurcation. The between-visit
coefficient of variation of IMT measurements was 6.4% and the intra-observer
coefficient of variation was 3.4%.
Carotid IMT was also measured from the carotid artery bifurcation (bulb) and
evident plaque lesions were documented, defined as distinct area of the carotid
vessel wall protruding into the lumen >50% of the adjacent intima-media layer.
All plaques were observed in the carotid bulb. In study III, as a marker of preclinical atherosclerosis, a binary outcome variable was defined as carotid
IMT≥95th percentile at the carotid artery bifurcation or plaque evident in carotid
scans either in 2001 or 2007. The digitally stored scans were manually analyzed
by one reader blinded to subjects’ details.
In Study II, the mean carotid IMT in 2001 was used as the outcome variable. In
Study III, the mean value of maximal carotid IMT levels in 2001 and 2007 was
used as a continuous outcome variable. In study IV, the mean carotid IMT in
2001 and 2007 as well as the progression of mean IMT were used as outcome
variables.
To assess brachial FMD, the left brachial artery diameter was measured both at
rest and during reactive hyperemia. Increased flow was induced by inflation of a
pneumatic tourniquet placed around the forearm to a pressure of 250 mmHg for
4.5 minutes, followed by release. Three measurements of arterial diameter were
performed at end-diastole at a fixed distance from an anatomic marker at rest and
at 40, 60 and 80 seconds after cuff release. The vessel diameter in scans after
reactive hyperemia was expressed as the percentage relative to the resting scan.
The average of three measurements at each time point was used to derive the
maximum FMD (the greatest value between 40 and 80 seconds). All ultrasound
scans were analyzed by a single reader blinded to the subject's details. The
between-visit coefficient of variation was 3.2% for brachial artery diameter and
26.0% for FMD.
To assess carotid artery elasticity indices, the best quality cardiac cycle was
selected from the carotid ultrasound images. The common carotid diameter 10
mm proximal to the bifurcation was measured at least twice at end-diastole and
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end-systole and the means were calculated. Ultrasound and concomitant brachial
blood pressure measurements were used to calculate the carotid artery
distensibility (referred to as carotid artery compliance (CAC) in Study II) as
([systolic diameter - diastolic diameter] / diastolic diameter) / (systolic blood
pressure - diastolic blood pressure). Distensibility measures the ability of the
arteries to expand as a response to pulse pressure caused by cardiac contraction
and relaxation. The between-visit coefficient of variation was 2.7% for diastolic
carotid diameter and 16.3% for carotid artery distensibility.

4.8

Statistical analyses

Data are presented as mean±standard deviation (SD), mean±standard error (SE)
or median (interquartile range). Comparisons between the groups were
performed using t-test or χ2-test as appropriate. Due to deviation from normal
distribution, nonparametric Wilcoxon rank-sum test was used for comparisons of
serum adiponectin, leptin, insulin, triglyceride and CRP concentrations and
metabolic equivalent index, HOMA-IR and HOMA-B between the sexes
(Studies I and II) as well as between females using or not using oral
contraceptives. Differences between the sexes were further analyzed with
analysis of covariance adjusting for BMI and waist-hip ratio (Study I). Pairwise
correlations of adiponectin and leptin with other parameters were evaluated with
Spearman’s rank order and Pearson correlation coefficients. Due to skewed
distributions, logarithmic transformations were used for adiponectin, leptin, CRP,
insulin, triglycerides, metabolic equivalent index, HOMA-IR and HOMA-B in
Pearson correlation analyses.
Due to previously reported changes in levels of both adiponectin and leptin as
well as cardiovascular risk factors during childhood and adolescence, partial
correlation coefficients adjusted for age were calculated for the correlations
between adipokines and other risk factors in 1980.
Spearman’s correlation coefficients were calculated to estimate the tracking of
serum adiponectin levels from childhood to adulthood separately for females and
males as well as each age group. The analysis was done separately for females
and males owing to difference in adiponectin levels between sexes and previous
reports of sex-specific associations between adiponectin and cardiovascular
disease (Pischon et al. 2004, Ai et al. 2011). 6-year tracking in adulthood was
also analyzed using this approach. 21-year tracking of leptin levels from
childhood to adulthood was also analyzed. However, due to small sample size the
analysis was performed separately for females and males but not for different age
groups. Partial correlation coefficients adjusted for age were calculated.
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Differences in correlation coefficients for adiponectin between females and
males were tested using normal probability test for difference between Ztransformed correlation coefficients.
In Study I, multiple regression analyses were performed to identify variables
contributing significantly to the variation of CRP concentration in serum. Serum
leptin, insulin, CRP and triglyceride levels were logarithmically transformed
prior to the analysis. In addition, age, BMI, waist circumference, serum LDL
cholesterol and HDL cholesterol, systolic blood pressure, diastolic blood pressure
and smoking status were included in the model. Stepwise multiple regression
analyses were performed to analyse the most significant variables contributing to
the variation of CRP concentration. First, all variables were entered into the
model simultaneously. In each following step, the variable having the least
significant p-value was excluded from the model. Finally, all variables with
p≤0.15 remained in the model. Standardized beta estimate was used to determine
which variable had the strongest effect on serum CRP concentration. The
analyses were performed separately for males and females and for females using
or not using oral contraceptives. Additionally, the relationship between
adiponectin and CRP levels in adulthood was analyzed by calculating Spearman's
correlation coefficients and by adding adiponectin to the final multivariable
regression models of Study I.
Instrumental variable methods were used to test for reverse causality between
CRP and leptin levels (Greenland 2000). According to this approach, functional
genetic variants in the CRP gene (eg. haplotypes) represent a good instrument for
CRP levels that is largely free from confounding and reverse causation bias. If
there is a reverse causality between CRP and leptin (CRP  leptin), then the
instrument should be related to leptin levels to the extent predicted by the
magnitude of its association with circulating CRP levels. In this analysis, the
two-stage age- and sex-adjusted least squares to fit the instrumental variables
models included an examination of F-statistics from the first-stage regressions to
evaluate the strength of the instrument (values greater than 10 indicate sufficient
strength to ensure the validity of instrumental variable methods), and a
comparison of the instrumental variable estimates to those from ordinary linear
regression using the Durbin form of the Durbin-Wu-Hausman statistic (main
analyses). In agreement with previous studies, a model that assumes each of a
participant's two haplotypes contributes additively to his/her value of CRP was
used. This approach excluded subjects with rare haplotypes (prevalence <1%)
(n=51) and expressed associations per doubling of the CRP level.
In Study II, variables contributing significantly to the variation of mean common
carotid IMT, carotid artery distensibility or FMD were analyzed using
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multivariable regression analyses. Due to skewed distributions, adiponectin,
leptin, CRP, insulin and triglyceride concentrations were logarithmically
transformed prior to analysis. Variables that correlated significantly with IMT,
distensibility, or FMD in univariable analyses were included as independent
determinants in the multivariable models.
In Study III, multivariable modeling was used to study if childhood adiponectin
is an independent determinant of IMT in adulthood. The model was adjusted for
age, sex, childhood non-HDL cholesterol, BMI, and systolic blood pressure.
Logistic regression modeling was used with the binary outcome variable.
Interaction terms of age*adiponectin and sex*adiponectin were included in the
model to test if the association between adiponectin and IMT was modified by
age or sex. Since interaction term p values were >0.6, the analyses were
performed sexes combined. The incremental value of adding risk variables to
predict the binary outcome (plaque and/or high bulb IMT) was examined based
on multivariable logistic regression models. The ability of several models to
predict binary IMT risk was estimated using C statistics by calculating the area
under the receiver operating characteristic curve (AUC) and the integrated
discrimination index. Model calibration was tested by the Hosmer-Lemeshow X2
test (Pencina et al. 2008). Linear regression analysis was used with the
continuous IMT outcome variable. The distribution of childhood adiponectin
levels was close to normal and therefore, the analyses were performed without
logarithmic transformations.
In Study IV, odds ratios (OR) of incident MetS or MetS components according to
baseline serum adiponectin levels were assessed using multivariable logistic
regression models. First, an unadjusted univariable analysis was performed. Then
the model was adjusted for age and sex and additionally for baseline levels of
BMI, serum LDL cholesterol, leptin, insulin levels and CRP level, smoking and
family history of coronary artery disease. In the final model, additional
adjustment for waist circumference (in place of BMI), serum HDL cholesterol,
and triglycerides, systolic blood pressure, and plasma glucose was performed. To
test if adiponectin levels had a similar influence on IMT in those with or without
MetS, correlation coefficients between adiponectin and IMT were calculated in
both groups. Then, linear regression models were constructed to test for
adiponectin*MetS interaction. These models included age, sex, family history of
coronary artery disease, smoking, MetS, serum adiponectin, leptin, insulin, CRP,
triglycerides, LDL cholesterol and HDL cholesterol levels, waist circumference,
systolic blood pressure, plasma glucose levels and adiponectin*MetS interaction
term as the independent variables explaining IMT. To examine if sex modifies
the associations between adiponectin and MetS/IMT, a sex*adiponectin
interaction term was included in the regression models. As no significant
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interactions were observed in these analyses, the results are shown combined for
sex. Values for adiponectin, triglycerides, and CRP were logarithmically
transformed due to skewness. However, to ease the interpretation of the results,
OR values are shown for non-transformed adiponectin values.
Statistical analyses were performed with SAS System, versions 8.2, 9.1, 9.2 and
9.4 (SAS Institute Inc., Cary, NC, USA) and statistical significance was inferred
at a 2-tailed P-value <0.05. Genetic analyses were performed with instrumental
variable regression analysis in Stata, version 8.0 (Stata Institute, Texas, USA).

4.9

Ethics

The Cardiovascular Risk in Young Finns Study was approved by the Joint
Commission on Ethics of University of Turku and Turku University Hospital.
The participants provided informed consent in 2001 and 2007 and their parents
provided it in 1980.
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RESULTS

5.1

Characteristics of participants

Participant characteristics in studies I, II and IV are shown in the original
publications (Study I, Table 1; Study II, Table I; Study IV, Table 1). Participant
characteristics in Study III at baseline are shown here (Table 5).
Table 5.

Characteristics of participants in Study III at baseline 1980.

Age (years)
Age groups 3 ,6 ,9 ,12 ,15 ,18 yrs
Adiponectin (μg/mL)
Leptin (ng/mL)
Body mass index (kg/m2)
Systolic blood pressure (mmHg)
Total cholesterol (mmol/L)
Non-HDL cholesterol (mmol/L)
Insulin (mU/L)
Smoking in childhood
12 year-olds

All
n=1708
11.0±4.9
(2.8-18.9)
13.2±5.4
4.4±2.8
(n=178)
18.0±3.1)
113±12
5.3±0.9
3.7±0.8
9.9±6.0

Females
n=972
11.1±4.9
(2.8-18.9)
13.9±5.2
5.4±3.0
(n=92)
17.9±3.0
112±11
5.4±0.9
3.8±0.8
10.5±6.2

Males
n=736
11.0±4.9
(2.8-18.8)
12.3±5.6
3.3±2.1
(n=86)
18.0±3.2
114±13
5.2±0.9
3.7±0.8
9.1±5.6

P for difference
0.8
<0.0001
<0.0001
0.4
0.0003
<0.0001
0.0002
<0.0001

0.3%
0%
0.7%
0.4
(1/337)
(0/194)
(1/143)
15 year-olds
8.2%
9.0%
7.0%
0.6
(27/329)
(17/189)
(10/141)
18 year-olds
24.5%
19.5%
31.1%
0.03
(70/286)
(32/164)
(38/122)
Data are mean±SD for continuous variables or percent (n/N) for categorical variables.

5.2

Tracking of adiponectin and leptin levels

Serum adiponectin and leptin levels in childhood and adulthood for all subjects
and separately for females and males are shown in Table 6. Females had higher
adiponectin and leptin levels in all study years, p<0.0001 in all comparisons.
Adiponectin and leptin levels in different sex and age groups are shown in Table
7. In childhood and adolescence, adiponectin concentrations decreased with age
in both females and males, p for trend <0.0001, whereas leptin levels increased
with age in females (p for trend <0.0001). In males, leptin levels tended to
decrease, but this was not statistically significant (p for trend 0.11) (Figure 4).
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Serum adiponectin and leptin levels (median±interquartile range) according to
age. Values for age groups 3-18 years are from study year 1980 and adult
values from study year 2001 (age 24-39 years).

In adulthood, there was no age trend for adiponectin levels in males whereas
there was a statistically significant decreasing trend in females in 2001, p=0.005
but not in 2007. Leptin levels seemed to increase with age in males in 2001,
p=0.0004, whereas there was no age trend in females.
Childhood adiponectin levels correlated with adiponectin levels in adulthood
(1980 vs 2001, r=0.53 for all subjects, p<0.0001, n=1715; 1980 vs 2007, r=0.51,
p<0.0001, n=1680). 6-year tracking correlation in adulthood was r=0.77,
p<0.0001, n=1786. Among 12- to 18-year-olds 21- and 27-year tracking was
essentially similar among boys and girls and among different age cohorts.
Among younger age groups, 27-year tracking was significantly better among
girls (age-adjusted r-values 0.57 for girls vs 0.41 for boys, P=0.004) (Table 8).
Leptin levels in 1980 correlated with leptin levels in 2001 (r=0.50, p<0.0001,
n=208 for all subjects; r=0.28, p=0.004, n=107 for females; r=0.29, p=0.004,
n=101 for males). The sample size was too small to study correlations separately
for different age groups. The age-adjusted correlation coefficient was 0.21 for
females, p=0.03, and 0.35 for males, p=0.0004.
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Table 6.

Serum adiponectin (μg/mL) and leptin (ng/mL) levels median (interquartile
range) according to study year.

Adiponectin 1980
Adiponectin 2001
Adiponectin 2007
Leptin 1980
Leptin 2001

Table 7.

Females

Females
13.2 (10.0-16.9)
n=977
10.2 (7.8-13.6)
n=1,255
11.3 (8.3-15.0)
n=1,183
4.3 (3.1-6.6)
n=131
13.4 (8.2-20.5)
n=1,255

Males
11.4 (8.4-15.1)
n=745
6.6 (5.0-9.1)
n=1,025
7.0 (5.1-9.2)
n=971
2.9 (2.2-3.7)
n=133
4.3 (2.5-6.8)
n=1,024

P for difference
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Serum adiponectin (μg/mL) and leptin (ng/mL) levels median (interquartile
range) according to study year, sex and age.

Adiponectin 1980

Adiponectin 2001

Adiponectin 2007

Leptin 1980

Leptin 2001

Age

Age

Age

Age

Age

3
6
9
12
15
18

Males

All
12.4 (9.2-16.3)
n=1,722
8.6 (6.1-11.8)
n=2,280
8.9 (6.4-13.0)
n=2,154
3.3 (2.6-5.0)
n=264
8.1 (4.2-14.9)
n=2,279

3
6
9
12
15
18

16.9 (13.8-21.1)
n=121
15.9 (12.4-19.4)
n=158
13.7 (10.7-17.8)
n=152
12.3 (8.8-15.8)
n=194
11.5 (9.0-14.1)
n=188
11.1 (9.2-14.3)
n=164

24

18.4 (14.8-23.2)
n=103
13.1 (10.5-16.2)
n=107
12.6 (9.8-16.2)
n=128
11.5 (8.7-14.1)
n=144
8.7 (6.5-10.9)
n=141
8.1 (6.6-10.4)
n=122

24

27
30
33
36
39

27
30
33
36
39

10.7 (8.1-13.9)
n=176
10.6 (8.1-15.1)
n=215
9.7 (7.4-13.3)
n=206
10.3 (7.8-13.7)
n=236
9.7 (7.4-12.8)
n=219
10.0 (7.9-13.2)
n=203

30

6.9 (5.4-9.8)
n=156
7.0 (5.4-9.1)
n=151
6.8 (5.2-9.4)
n=191
6.6 (5.0-9.0)
n=177
6.1 (4.5-8.7)
n=184
6.8 (5.2-9.0)
n=166

30

33
36
39
42
45

33
36
39
42
45

11.6 (8.5-14.8)
n=168
11.6 (8.9-15.2)
n=203
10.8 (7.7-15.6)
n=187
10.8 (7.5-14.7)
n=232
11.3 (8.0-15.5)
n=210
11.5 (8.9-14.5)
n=183

3

7.2 (5.3-8.6)
n=159
7.1 (4.9-9.9)
n=145
7.2 (5.5-9.4)
n=172
6.7 (5.2-9.3)
n=172
6.8 (4.6-8.8)
n=172
7.0 (5.2-9.7)
n=151

3

6
9
12
15
18

6
9
12
15
18

3.2 (2.8-5.4)
n=26
4.1 (3.2-4.4)
n=32
3.6 (2.9-5.7)
n=22
5.0 (2.7-6.7)
n=21
7.1 (5.6-9.7)
n=15
7.6 (4.5-11.3)
n=15

24

3.3 (2.9-3.9)
n=32
2.8 (2.5-3.1)
n=25
3.4 (2.7-4.6)
n=30
2.7 (2.2-3.8)
n=18
2.1 (1.8-2.3)
n=13
2.2 (1.7-3.5)
n=15

24

27
30
33
36
39

27
30
33
36
39

13.0 (7.9-21.3)
n=176
13.8 (8.4-19.8)
n=215
13.6 (8.8-22.8)
n=206
13.8 (8.6-20.9)
n=236
13.1 (7.8-20.7)
n=219
12.2 (7.6-18.3)
n=203
3.1 (1.9-5.5)
n=156
3.9 (2.4-6.3)
n=150
4.5 (2.6-7.9)
n=191
4.5 (3.0-7.0)
n=177
4.5 (2.7-7.0)
n=184
4.7 (2.7-7.3)
n=166
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Table 8.

Sex
Females

Sex- and age-specific Spearman’s correlation coefficients for 21- , 27- and 6year tracking of serum adiponectin levels.
Age in 1980
3
6
9
12
15
18
All

Males

3
6
9
12
15
18
All

5.3

21-year tracking
1980-2001
0.57
n=121
0.59
n=158
0.54
n=149
0.58
n=194
0.61
n=188
0.64
n=164
0.56
n=974

27-year tracking
1980-2007
0.59
n=118
0.53
n=156
0.62
n=147
0.59
n=192
0.65
n=179
0.66
n=158
0.56
n=950

6-year tracking
2001-2007
0.70
n=130
0.70
n=169
0.71
n=153
0.73
n=202
0.73
n=184
0.70
n=163
0.72
n=1,001

0.46
n=102
0.49
n=106
0.44
n=128
0.55
n=143
0.62
n=140
0.60
n=122
0.46
n=741

0.43
n=102
0.45
n=106
0.40
n=124
0.63
n=142
0.61
n=135
0.57
n=121
0.43
n=730

0.69
n=113
0.61
n=111
0.72
n=141
0.73
n=147
0.76
n=142
0.68
n=131
0.70
n=785

Adiponectin, leptin, and cardiovascular risk factors

Because levels of serum adiponectin and leptin change during childhood and
adolescence, the correlations of adiponectin and leptin with other risk factors in
childhood were age-adjusted.
The age-adjusted associations of adiponectin and leptin levels with
cardiovascular risk factors in childhood and adolescence (1980) are shown in
Table 9 for all subjects and in Table 10 separately for females and males. In
childhood, adiponectin levels correlated positively only with total and non-HDL
cholesterol. When sexes were analyzed separately, the association was
statistically significant only in females. Leptin levels correlated positively with
obesity, systolic blood pressure, triglycerides, insulin, and adiponectin. When
analyzed separately, the correlations of leptin levels with systolic blood pressure
and insulin remained significant only in females. In males, there was a negative
correlation of leptin levels with LDL cholesterol.
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The associations of adiponectin and leptin levels with cardiovascular risk factors
in adulthood (2001) are shown in Table 11 for all subjects and in Table 12
separately for males and females. In adulthood, serum adiponectin levels
correlated positively with HDL cholesterol and negatively with obesity indices,
blood pressure, total and non-HDL cholesterol, triglycerides and insulin levels.
These correlations were consistent across both sexes. In both females and males,
leptin levels were positively associated with obesity indices, CRP, blood
pressure, total and non-HDL cholesterol, triglycerides and insulin, and negatively
associated with HDL cholesterol and adiponectin levels. When all subjects were
analyzed together, associations between leptin levels and waist to hip ratio as
well as systolic blood pressure became negative and the association between
leptin levels with HDL cholesterol and adiponectin levels became positive owing
to differences in the levels of these risk factors between sexes.
Table 9.

Age-adjusted associations of serum adiponectin and leptin levels with
cardiovascular risk factors in childhood and adolescence (1980).

Variable
Height
Weight
BMI
Systolic blood pressure
Total cholesterol
HDL cholesterol
LDL cholesterol
Non-HDL cholesterol
Triglycerides
Insulin
Adiponectin

Adiponectin
n=1708
-0.06
-0.06
-0.007
0.01
0.17
0.26
0.06
0.06
0.01
-0.06

p
0.47
0.42
0.92
0.86
0.03
0.0004
0.42
0.39
0.92
0.42

Leptin
n=178
-0.15
0.20
0.41
0.16
-0.00
0.14
-0.09
-0.05
0.16
0.37
0.27

p
0.04
0.007
<0.0001
0.04
0.99
0.06
0.24
0.49
0.04
<0.0001
0.0002

Table 10. Sex-specific age-adjusted associations of serum adiponectin and leptin levels
with cardiovascular risk factors in childhood and adolescence (1980).

Variable
Height
Weight
BMI
Systolic blood
pressure
Total cholesterol
HDL cholesterol
LDL cholesterol
Non-HDL
cholesterol
Triglycerides
Insulin
Adiponectin

Adiponectin
Females
n=972
r
p
0.18
0.08
0.03
0.76
-0.01
0.90
0.02
0.82

Adiponectin
Males
n=736
r
p
-0.13 0.22
-0.09 0.40
-0.03 0.77
0.02 0.87

Leptin
Females
n=92
r
p
0.004 0.97
0.46
<0.0001
0.62
<0.0001
0.21
<0.05

Leptin
Males
n=86
r
0.06
0.29
0.33
0.11

p
0.57
0.007
0.002
0.32

0.27
0.33
0.12
0.12

0.01
0.002
0.23
0.26

0.07
0.17
0.00
0.01

0.50
0.13
0.99
0.92

0.07
0.13
-0.02
0.02

0.52
0.20
0.88
0.88

-0.20
0.11
-0.26
-0.26

0.06
0.34
0.02
0.02

-0.04
-0.11

0.68
0.32

-0.03
-0.10

0.76
0.36

0.19
0.50
0.17

0.07
<0.0001
0.10

-0.11
0.13
0.18

0.32
0.23
0.10
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Table 11. Associations of serum adiponectin and leptin levels with cardiovascular risk
factors in adulthood (2001).
Variable

Adiponectin
n=1863
-0.06
-0.06
-0.33
-0.46
-0.21
-0.50
-0.25
-0.18
-0.05
0.48
-0.13
-0.21
-0.28
-0.22

p

Leptin
n=1863
CRP
0.005
0.42
Age
0.006
0.04
BMI
<0.0001
0.39
Waist
<0.0001
0.13
Hip
<0.0001
0.49
Waist to hip ratio
<0.0001
-0.19
Systolic blood pressure
<0.0001
-0.05
Diastolic blood pressure
<0.0001
0.07
Total cholesterol
0.02
0.12
HDL cholesterol
<0.0001
0.10
LDL cholesterol
<0.0001
0.03
Non-HDL cholesterol
<0.0001
0.08
Triglycerides
<0.0001
0.16
Insulin
<0.0001
0.46
Adiponectin
0.18
The bolded correlations are conflicting when males and females are
compared to analyzing separately.

p
<0.0001
0.1
<0.0001
<0.0001
<0.0001
<0.0001
0.03
0.004
<0.0001
<0.0001
0.1
0.0008
<0.0001
<0.0001
<0.0001
analyzed together

Table 12. Sex-specific associations of serum adiponectin and leptin levels with
cardiovascular risk factors in adulthood (2001)

Variable
CRP
Age
BMI
Waist
Hip
Waist to hip
ratio
Systolic blood
pressure
Diastolic blood
pressure
Total
cholesterol
HDL
cholesterol
LDL
cholesterol
Non-HDL
cholesterol
Triglycerides
Insulin

Adiponectin
Females
n=971
r
p
-0.14
<0.0001
-0.10
0.001
-0.29
<0.0001
-0.36
<0.0001
-0.22
<0.0001
-0.34
<0.0001

Adiponectin
Males
n=892
r
p
-0.12 0.0004
-0.06 0.1
-0.25 <0.0001
-0.24 <0.0001
-0.17 <0.0001
-0.23 <0.0001

Leptin
Females
n=971
r
p
0.47
<0.0001
-0.03
0.4
0.73
<0.0001
0.69
<0.0001
0.73
<0.0001
<0.0001
0.37

Leptin
Males
n=892
r
0.46
0.14
0.72
0.74
0.69
0.52

-0.10

0.003

-0.12

0.0003

0.22

<0.0001 0.25

<0.0001

-0.08

0.01

-0.14

<0.0001

0.21

<0.0001 0.30

<0.0001

-0.01

0.9

0.01

0.8

0.22

<0.0001 0.29

<0.0001

0.38

<0.0001

0.38

<0.0001

-0.14

<0.0001 -0.24

<0.0001

-0.09

0.005

-0.02

0.5

0.19

<0.0001 0.23

<0.0001

-0.13

<0.0001

-0.10

0.002

0.27

<0.0001 0.35

<0.0001

-0.19
-0.25

<0.0001
<0.0001

-0.24
-0.26

<0.0001
<0.0001

0.36
0.59

<0.0001 0.48
<0.0001 0.60

<0.0001
<0.0001

p
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

The bolded correlations are conflicting when males and females are analyzed together
compared to analyzing separately.
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Results

Adiponectin, leptin, and inflammation

In univariable correlation analysis, serum CRP levels were associated with leptin
(r=0.47, p<0.0001 for women; r=0.46, p<0.0001 for men) and with BMI (r=0.41,
p<0.0001 for women; r=0.44, p<0.0001 for men). There was a weak inverse
correlation between CRP and adiponectin levels (r=-0.14, p<0.0001 for females;
r=-0.12, p<0.0001 for males). Due to previously reported influence of oral
contraceptive use on CRP levels, scatterplots for ln(CRP) according to ln(leptin)
are shown separately for females using or not using oral contraceptives, as well
as for males in Figure 5.
There was a strong positive correlation between BMI and leptin (r=0.72,
p<0.0001 for both women and men). Partial correlation coefficients for leptin and
CRP adjusted for age and BMI were r=0.25, p<0.0001 for women and r=0.23,
p<0.0001 for men. A graphic evaluation of mean CRP levels stratified by tertiles
of leptin and BMI suggests a linear association between leptin and CRP
independent of obesity (study I, Figure 1).
Twenty-seven percent (n=262) of females used oral contraceptives (OC) and 11
percent (n=103) had a levonorgestrel-releasing intrauterine device. There were
no differences in median concentrations of CRP, adiponectin or leptin between
females with or without levonorgestrel-releasing intrauterine device and
therefore they were analyzed as one group (n=709). Median concentrations of
serum CRP were significantly higher in females using oral contraceptives
compared with non-users (1.64 (0.12-9.75) vs. 0.55 (0.05-9.90) mg/L,
respectively, p<0.0001). Median concentrations of serum adiponectin were also
significantly higher in females using oral contraceptives compared with nonusers (11.6 (9.1-15.2) vs. 9.9 (7.8-13.4) μg/mL, respectively, p<0.0001).
Contraceptive use did not affect serum leptin concentrations (12.85 (2.1-52.4) vs.
12.5 (1.5-63.3) ng/mL, respectively, p=0.5) (Figure 6).
In 1980, one 15-year-old female and 19 females in the oldest age group used oral
contraceptives. Among those aged 18-years currently using oral contraceptives,
CRP concentration was available from 16 subjects, adiponectin concentration
from 12 subjects and leptin concentration from only one subject. In females using
oral contraceptives, adiponectin levels were similar compared to non-users (11.8
(9.6-14.3) vs. 11.1 (9.1-14.3) μg/mL, respectively, p=0.7) whereas CRP levels
were higher (1.06 (0.68-2.51) vs. 0.25 (0.14-0.63) mg/L, respectively, p<0.0001).
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Figure 5.
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Scatterplots of ln(serum CRP) according to ln(serum leptin) in females and
males. Female subjects are grouped by oral contraceptive (OC) use.
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Figure 6.

Results

Serum CRP, adiponectin and leptin levels in adulthood according to oral
contraceptive (OC) use (OC+ n=262, OC- n=709).

To analyze if the association between CRP and leptin levels was independent, a
multiple regression analysis was performed separately for females and males. In
this analysis, leptin was independently associated with CRP after adjustment for
age, BMI, waist circumference, insulin, triglycerides, LDL cholesterol, HDL
cholesterol, systolic and diastolic blood pressure, smoking status, and oral
contraceptive use in females. In the stepwise multiple regression analysis, leptin
was the main correlate of CRP in males, and the second most important correlate
of CRP in females (p<0.0001 for both males and females) after oral contraceptive
use (study I, Table 3). When the analysis was repeated separately for females
using or not using oral contraceptives, leptin was the main determinant of CRP
before BMI and triglycerides. Adding adiponectin to the final multiple regression
analysis of Study I did not change the association between leptin and CRP levels
(Table 13), whereas the weak association between adiponectin and CRP
remained significant for females but not for males.
In males, there was an unexpected association between high CRP and low insulin
level in the multivariable analysis. The relationship between CRP and insulin
was positive as expected when insulin, BMI, and various other variables were
included in the model. The relationship became negative when leptin was entered
into the model, suggesting a strong correlation between leptin and insulin
(r=0.61, p<0.0001).
To assure that the association between leptin and CRP was not secondary to
obesity, the multivariable analysis was repeated in normal weight individuals
with BMI from 18.5 to 25 kg/m2 (n=435 females not using oral contraceptives,
n=185 females using oral contraceptives, n=431 males). Leptin remained the
main determinant of CRP in all groups. In addition, leptin was the main
determinant of CRP in analyses using pack-years or number of cigarettes smoked
per day in 2001 instead of smoking status.
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Table 13. Variables explaining ln(serum CRP) in sex-specific multivariable models.
Variable
Females (n=971)
Use of oral contraceptives
ln(leptin)
BMI
ln(triglycerides)
ln(adiponectin)
Model R2=39%
Males (n=892)
ln(leptin)
Waist circumference
Smoking status (1=no, 2=yes)
ln(insulin)
HDL cholesterol
ln(adiponectin)
Model R2=26%

Beta±SE

Standardized Beta

P-value

0.90±0.07
0.48±0.06
0.05±0.01
0.25±0.08
-0.18±0.07

0.36
0.27
0.21
0.09
-0.07

<0.0001
<0.0001
<0.0001
0.001
0.01

0.49±0.07
0.02±.004
0.22±0.06
-0.17±0.07
-0.26±0.12
-0.04±0.08

0.32
0.23
0.11
-0.09
-0.07
-0.02

<0.0001
<0.0001
0.0003
0.02
0.04
0.6

In the genetic analysis (n=1655) to study causality, F-statistics suggested
sufficient strength for the haplotype instrument [F(df=4, 1648)=12.05,
p<0.0001]. There was a statistically significant difference in the magnitude of the
age- and sex-adjusted association between CRP and leptin obtained from the
ordinary least squares regression analysis and the instrumental variables analysis
(p=0.001). The coefficient per doubling of CRP level was 0.19±0.01 (p<0.0001)
in the first analysis and 0.02±0.06 (p=0.76) in the latter. The observed null
association between the haplotype instrument for CRP levels and leptin suggests
that CRP was not a causal agent for leptin.

5.5

Adiponectin levels and incidence of metabolic syndrome

Adiponectin participates in the regulation of insulin sensitivity. To study if
adiponectin levels predict the incidence of MetS, a multivariable logistic
regression analysis was performed. Adiponectin levels in 2001 were inversely
associated with the incidence of MetS from 2001 to 2007 (OR 0.86 (CI 0.830.90), p<0.0001). This association remained significant after adjustment with
age, sex, MetS components, CRP, leptin, insulin, smoking and family history of
coronary artery disease (OR 0.94 (CI 0.90-0.99), p=0.04). In the analyses
performed separately for each MetS component, adiponectin levels in 2001 were
associated
with
the
incidence
of
hypertension,
hyperglycemia,
hypertriglyceridemia, and low HDL cholesterol. In the fully adjusted models,
adiponectin levels were significantly associated with 6-year incidence of
hyperglycemia (Study IV, Tables 2 and 3).
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5.6

Results

Adiponectin, leptin, and vascular ultrasound findings

5.6.1 Cross-sectional and longitudinal relationships in adulthood
In adulthood (study II), serum adiponectin levels correlated inversely with
carotid IMT (r=-0.16, p<0.0001), and directly with FMD (r=0.12, p<0.0001) and
carotid artery distensibility (r=0.20, p<0.0001). There was no correlation between
serum leptin levels and IMT or carotid artery distensibility. Leptin levels
correlated directly with FMD (r=0.22, p<0.0001).
To further analyze if the association between adiponectin levels with IMT was
independent or explained by other risk factors, a multivariable regression analysis
adjusting for age, sex, BMI, CRP, total cholesterol, HDL cholesterol, triglycerides,
systolic blood pressure, glucose, and smoking status was performed. The
association between adiponectin levels and IMT remained significant (Study II,
Table III). The association remained statistically significant when the analysis was
repeated using waist circumference, waist-to-hip ratio, or both waist and hip
circumferences instead of BMI; LDL cholesterol instead of total cholesterol;
HOMA indices instead of glucose; and pack-years instead of smoking status. The
results of the multivariable model remained similar also when MetS was included
in the model. In addition, performing the multivariable analysis separately for
sexes did not affect the independent association of adiponectin levels with IMT.
There was no sex*adiponectin interaction for IMT (p=0.57).
To analyze if the association between adiponectin levels and FMD was
independent, multivariable regression adjusting for sex, leptin, CRP, BMI,
systolic blood pressure, HDL cholesterol, and insulin was performed. The
association between adiponectin levels and FMD remained significant (Study II,
Table IV). The association remained statistically significant also when the
analysis was repeated using waist circumference, waist-to-hip ratio, or both waist
and hip circumferences instead of BMI and using HOMA indices instead of
insulin. Performing the multivariable analysis separately for sexes showed that
the association of adiponectin levels with FMD was similar between sexes. There
was no sex*adiponectin interaction for FMD (p=0.73). The association between
leptin levels and FMD remained significant in a multivariable analysis adjusting
for sex and BMI (p=0.04), but attenuated to non-significant when adiponectin
was included in the model.
In Figure 7, IMT and FMD are shown according to adiponectin quintiles. The
graphic evaluation supports a linear relationship between adiponectin levels and
IMT as well as between adiponectin and FMD.
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Adiponectin levels did not remain independently associated with carotid artery
distensibility in multivariable regression models that adjusted for conventional
risk variables and sex. Using stepwise modeling, the relationship between
adiponectin and carotid artery distensibility attenuated to non-significant after
simultaneously adjusting for waist circumference and systolic blood pressure.
In Study IV, adiponectin levels in 2001 were cross-sectionally associated with
carotid IMT in 2001 and 2007, both in those with and without MetS in 2001
(p<0.01). Baseline adiponectin levels were not associated with IMT progression
(r=-0.04, P=0.11) whereas the 6-year change in adiponectin levels correlated
inversely with IMT progression (r=-0.07, p=0.002).
A significant adiponectin*MetS interaction was observed when IMT in 2001 (r=0.11 (Mets(-)) vs. r=-0.17 (MetS(+)), p for interaction 0.047) and IMT in 2007
(r=-0.12 (Mets(-)) vs. r=-0.21(MetS(+)), p for interaction 0.005) were used as
outcomes (Study IV, Figures 1 and 2). This suggests the inverse association
between adiponectin and IMT is stronger among those with MetS. All models
were adjusted for age, sex, BMI, LDL cholesterol, CRP, leptin, insulin, smoking,
HDL cholesterol, waist circumference, triglycerides, systolic blood pressure,
glucose and family history of coronary artery disease.

Figure 7.

Levels of IMT and FMD (mean±SE) according to serum adiponectin quintiles
in adulthood.
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5.6.2 Longitudinal relationship from childhood to adulthood
In study III, adiponectin levels in childhood were inversely associated with
preclinical atherosclerosis defined as carotid IMT≥95th percentile at the
bifurcation and/or plaque lesion in 2001 or 2007 (n=160). The age and sex
adjusted OR was 0.70 (confidence interval, CI 0.55-0.88, p=0.003) for one SD
increase in childhood adiponectin level. This relationship remained similar (OR
0.68, CI 0.53-0.86, p=0.001) after adjustment for childhood BMI, systolic blood
pressure and non-HDL cholesterol levels (Figure 8). The result remained similar
when additionally adjusted for insulin levels in childhood, early life smoking and
adiponectin levels in adulthood. No evidence was found for either age or sex
interactions (interaction term p-values >0.6) suggesting that the association
between adiponectin and adult IMT was not modified by age or sex. The result
remained similar also when sex and age specific adiponectin quartiles were used
in the analysis instead of adiponectin level.

Figure 8.

Multivariable odds ratios and their 95% confidence intervals for associations
between childhood risk factors (in 1980) and carotid plaque and/or carotid bulb
IMT≥95th percentile in adulthood.

When examining the incremental predictive utility, the model that additionally
included childhood adiponectin levels showed a significantly improved AUC
from 0.733 (95% CI 0.694-0.771) to 0.748 (95% CI 0.710-0.786), p=0.02
compared with an approach using only conventional risk factors (Figure 9).
Similarly, the integrated discrimination index improved significantly (p<0.0001).
The Hosmer-Lemeshow goodness of fit test p-value was non-significant for both
models (p>0.4) indicating that there was no evidence for poor fit.
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The incremental predictive ability of a model including serum adiponectin
levels in addition to conventional childhood risk factors in predicting carotid
plaque and/or carotid bulb IMT ≥95th percentile in adulthood.

In subgroups according to adiponectin level below or above sex and age specific
median in childhood and/or adulthood, the percentage of subjects with plaque
and/or high bulb IMT was highest in those subjects with adiponectin level below
median in both childhood and adulthood (Study III, Figure 1).
In bivariate analyses childhood adiponectin levels were significantly associated
with continuous adult IMT (beta=-3.9, p<0.0001). The association reduced, but
remained statistically significant after adjustment for age and sex (beta=-1.1,
p=0.009). In multivariable analyses adjusted for age, sex and conventional
childhood risk factors, the effect of childhood adiponectin was not further
reduced and remained statistically significant (Table 14). The result remained
similar when sex and age specific adiponectin quartiles were used in the analysis
instead of adiponectin level. The result remained similar when additionally
adjusted for insulin levels in childhood and childhood smoking. The association
became non-significant when additionally adjusted for adiponectin levels in
adulthood (adiponectin 2001 in the model, beta=-0.19 for childhood adiponectin,
p=0.70, beta=-1.98 for adulthood adiponectin, p=0.0009; adiponectin 2007 in the
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model, beta=-0.40 for childhood adiponectin, p=0.41, beta=-1.26 for adulthood
adiponectin, p=0.01).
Childhood leptin levels were not associated with either the binary carotid
bifurcation IMT or the continuous common carotid IMT variable.
Table 14. Multivariable associations between childhood risk factors and adult carotid
IMT.
Variable
Adiponectin
(μg/mL)
Male sex
Age (yrs)

Model 1
Beta±SE P-value
-3.9±0.4 <0.0001

Model 2
Beta±SE P-value
-1.1±0.4 0.009

Model 3
Beta±SE P-value
-1.1±0.4 <0.01

26.1±4.1 <0.0001
5.9±0.5 <0.0001

24.6±4.1 <0.0001
3.7±0.6 <0.0001

Body mass index
(kg/m2)
Non-HDL
cholesterol (mmol/L)
Systolic blood
pressure (mmHg)

2.7±0.9

5.7%
15.3%
Model R2
Beta = change in IMT (μm) for one unit change in explanatory variable.

18.1%

7.1±2.4

0.003

1.0±0.2

<0.0001
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6.1

Subjects
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The subjects in this thesis are participants of the Cardiovascular Risk in Young
Finns Study started in 1980. The original design of the study was planned to
provide information of risk factor levels in prepubertal and peripubertal
children as well as postpubertal adolescents, both in males and females. The
baseline study and the follow-up studies at regular intervals have created a
setting for both cross-sectional and longitudinal analyses from childhood to
adulthood.
Loss to follow-up is a problem in all epidemiological studies. The original
participation rate of the invited subjects in 1980 was 83.2% and the final
sample was concluded to be representative of the invited sample (Åkerblom et
al. 1985b). In 2001, 63.5% of the original study cohort participated in the study.
The participants were more often females and older than those who dropped
out, but there were no differences in baseline risk factor levels between the
participants and the non-participants (Juonala et al. 2004). In 2007, the
participation rate was 61.3%, and the BMI in female participants was slightly
higher at baseline compared to non-participants (Juonala et al. 2010).
The participation rate in the Cardiovascular Risk in Young Finns Study has
been good compared with other longitudinal cohort studies. For example in the
Muscatine Study, of the subjects examined at school-age, 67% of the eligible
subjects participated in the re-examination at the age of 20-30 years (Lauer et
al. 1988). In the Minneapolis Children's Blood Pressure Study, 46% of the
invited sample of young school children participated in the longitudinal followup and 56% of those subjects participated in the study at mean age of 23 years
(Sinaiko et al. 1999).
The wide range of data from anthropometric measurements, questionnaires on
lifestyle factors, measurements of risk factor levels, and ultrasonic evaluation of
subclinical atherosclerosis to storage of blood samples for additional analyses
has provided many possibilities for comprehensive evaluation of childhood risk
factors and cardiovascular disease later in life. In recent years, analyses of
genetic variants have further widened the possibilities of the study.
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Blood samples

For these studies, measurements of serum leptin and adiponectin concentrations
were performed in the laboratory of the Department of Pharmacology and
Clinical Pharmacology, University of Turku, Turku. All the analyses were
performed by experienced laboratory technicians with commercial
radioimmunoassay kits from the same manufacturer (Linco Research, Inc, MO,
USA).
Serum samples from the baseline study were stored in -20°C, whereas the
serum samples from follow-up studies in 2001 and 2007 were stored in -70°C.
Leptin concentrations from the baseline samples were measured from 264
subjects already in 1999. From the 2001 study samples, leptin concentrations
were measured in 2003-2004 and adiponectin concentrations in 2005-2006.
Adiponectin concentrations were measured in 2008-2009 from the 2007 study
samples and in 2013 from the stored baseline (1980) samples.
Baseline samples had been stored for 19 years at -20°C prior to childhood leptin
measurement, and for 33 years prior to childhood adiponectin measurement.
During long-term storage, protein levels may have been reduced as a result of
proteolysis and aggregation. However, the leptin levels in the 3- and 6-year-old
groups were very similar to those reported earlier in 2- and 5-year-old children
participating in the STRIP study (Hakanen et al. 2004). Also, the leptin levels
in the peripubertal children aged 9-12 years correspond to those reported from a
Spanish population (Garcia-Mayor et al. 1997). Similarly, the adiponectin
levels during puberty are in concordance with data from Denmark (Andersen et
al. 2007) and the STRIP study (Jaakkola et al. 2015). Moreover, the
adiponectin levels from 1980 in the older age groups are very similar to those
of the younger age groups in 2001. Therefore, although the stability of leptin
and adiponectin in serum samples stored long-term is unknown, it seems
unlikely that the results would have been substantially influenced by sample
degradation.
The interassay coefficients of variation were 7-9% for leptin and 5.5-11.9% for
adiponectin, which are in concordance with those supplied by the manufacturer.
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6.3.1 Tracking of adiponectin and leptin levels
Serum adiponectin levels decreased during childhood and adolescence in both
males and females, which is in concordance with adiponectin levels reported
for 200 German children aged 8-18 years (Böttner et al. 2004) and those
reported for 859 Danish children and adolescents aged 6-20 years (Andersen et
al. 2007). In young adults aged 24-45 years, adiponectin levels were higher in
females compared with males. There was a small decreasing trend in adult
females in 2001 but not in 2007. There was no age trend for adiponectin levels
in adult males. The level difference between sexes was seen in late puberty
among 15 to 18 year-olds. A similar sex difference in puberty was observed in
the German and Danish studies as well as in the STRIP study (Böttner et al.
2004, Andersen et al. 2007, Jaakkola et al. 2015). In the German study by
Böttner et al., the decrease of adiponectin levels in boys during puberty was
associated with increasing levels of testosterone and dehydroepiandrosterone
sulphate.
Tracking of adiponectin levels from childhood to adulthood was relatively
strong (r=0.51 in females, r=0.46 in males). It was similar to previously
reported tracking correlations for total, HDL and LDL cholesterol levels
(Webber et al. 1991, Porkka et al. 1994, Juhola et al. 2011) and higher than
previously reported tracking of blood pressure and triglycerides (Juhola et al.
2011). In adulthood, the 6-year tracking of adiponectin was very strong (r=0.72
in females, r=0.70 in males). In part, strong tracking may be explained by
hereditability of adiponectin levels observed in twins and family studies
(Dastani et al. 2012).
Serum leptin levels increased in females during childhood and adolescence in
concordance with leptin levels reported for 343 Spanish girls aged 5-15 years
(Garcia-Mayor et al. 1997) and were further increased in young adults. In
young adults aged 24-39 years, leptin levels remained stable in females. In 446
Spanish boys aged 5-15 years, leptin levels have been reported to decrease
during puberty (Garcia-Mayor et al. 1997). In the current study, there was a
decreasing trend in leptin levels during childhood and adolescence, but it was
not statistically significant. This could be due to small sample size. In a
previous study, testosterone levels were inversely associated with leptin levels
in elderly men, and administration of testosterone enanthate to healthy young
men suppressed serum leptin levels (Luukkaa et al. 1998). Also in the Spanish
study, a decrease in leptin levels in males was preceded by a raise in
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testosterone levels (Garcia-Mayor et al. 1997). In the Young Finns cohort,
testosterone levels have not been measured and therefore the association
between testosterone and leptin levels could not be studied. In adult males aged
24-39 years, leptin levels increased with age in concordance with increasing
BMI.
Tracking of leptin levels from childhood to adulthood was relatively strong
(r=0.50) when males and females were analyzed together, but only moderate
(r=0.28 for females, r=0.29 for males) when the sexes were analyzed separately.
Plotting the tracking correlations separately for males and females in the same
graph demonstrates that males and females are two separate populations in this
context and should not be analyzed together (Figure 10).

Figure 10. Correlation of serum leptin levels in childhood (1980) and in adulthood (2001)
in females (F) and males (M).

6.3.2 Adiponectin, leptin and cardiovascular risk factor levels including
metabolic syndrome
In adulthood, serum adiponectin levels correlated negatively with obesity
markers such as BMI and waist-to-hip ratio, fasting insulin level and serum
triglycerides in both males and females. Weaker negative correlations were seen

Discussion

69

with systolic and diastolic blood pressure as well as serum non-HDL cholesterol.
Adiponectin levels correlated positively with serum HDL cholesterol levels.
These correlations are in line with other reports (Cnop et al. 2003, Iglseder et al.
2005, Kojima et al. 2005).
Adiponectin levels decrease markedly during childhood, and therefore
correlations of childhood adiponectin levels with risk factor levels were
adjusted for age. After the adjustment, adiponectin levels correlated positively
only with total and HDL cholesterol levels and only in females. This is not
surprising as other risk factor levels also change in their own distinctive
patterns during childhood. For example, insulin levels increase from infancy
until late puberty and decrease toward adulthood (Grant 1967, Rönnemaa et al.
1991). Total cholesterol levels increase in childhood until puberty, when a
temporary decrease is seen, and thereafter increase again toward adult levels
(Viikari et al. 1991). The positive correlation between adiponectin and HDL
cholesterol levels is in concordance with a study on adolescents (Rubin et al.
2011).
In analyses performed separately for males and females, serum leptin levels
correlated positively with obesity indices and insulin, non-HDL cholesterol and
triglyceride levels. Negative correlations were seen between leptin levels and
adiponectin as well as HDL cholesterol levels. However, when analyzed
together, the correlations of leptin levels with adiponectin and HDL cholesterol
levels turned positive and those with systolic blood pressure levels and waist-tohip ratio negative. As with the tracking correlations of leptin levels from
childhood to adulthood, plotting the correlations separately for males and females
in the same graphs demonstrated again that males and females need to be
analyzed as separate populations when examining the associations of leptin
levels (Figures 11 to 14).
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Figure 11. Correlation of serum leptin levels with adiponectin levels in adulthood in
females (F) and males (M).

Figure 12. Correlation of serum leptin levels with HDL cholesterol levels in adulthood in
females (F) and males (M).
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Figure 13. Correlation of serum leptin levels with systolic blood pressure levels in
adulthood in females (F) and males (M).

Figure 14. Correlation of serum leptin levels with waist-to-hip ratio in adulthood in
females (F) and males (M).

72

Discussion

In childhood, the age-adjusted associations of serum leptin levels with weight
and BMI were positive in both males and females. In females, leptin levels were
also positively associated with insulin and systolic blood pressure levels whereas
in boys, there was a negative association with non-HDL cholesterol levels.
Similar associations have been reported in other studies (Hassink et al. 1996,
Garcia-Mayor et al. 1997, Atabek et al. 2004).
Overall, in adults, serum adiponectin levels tend to correlate with a favorable
cardiovascular risk factor profile whereas serum leptin levels correlate with a
non-favorable risk factor profile. The correlations in childhood are more
complex, probably due to pubertal changes affecting risk factor levels.
Low serum adiponectin levels are correlated with each component of MetS:
increased waist circumference, high triglycerides, low HDL cholesterol, high
blood pressure and insulin resistance. In study IV, higher baseline adiponectin
levels were predictive of a decreased 6-year incidence of MetS independent of
age, sex, individual MetS components as well as inflammatory markers, leptin
and insulin levels, dyslipidemia, smoking, and family history of coronary artery
disease. Of the individual MetS components, adiponectin was independently
associated with a decreased incidence of hyperglycemia. The results are in
concordance with other studies reporting associations between low adiponectin
levels and prevalent MetS (Ryo et al. 2004, Hara et al. 2006, Santaniemi et al.
2006) as well as a study reporting low levels of HMW adiponectin levels to
predict incident MetS (Seino et al. 2009).

6.3.3 Adiponectin, leptin, and inflammation
CRP is a marker of inflammation and its production by the hepatocytes is
regulated by cytokines in acute infections and in chronic inflammatory states
such as obesity (Wang and Nakayama 2010). Serum leptin levels correlated
positively with CRP levels whereas there was a weak negative correlation
between adiponectin and CRP levels. In study I, the association between serum
leptin and CRP levels remained independent when adjusted with obesity indices
and serum lipid levels. Serum leptin levels were the main determinant of CRP
levels in males and the second most important determinant of CRP levels in
females. The effect of adiponectin levels was small, and remained significant
only in females. These results were similar to previous reports from studies on
smaller populations (Kazumi et al. 2003, Shamsuzzaman et al. 2004, Ble et al.
2005).
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Results from experimental studies have shown that leptin stimulates the
production of inflammatory cytokines from human monocytes (Santos-Alvarez et
al. 1999) which could be one mechanism for circulating leptin to increase CRP
production in the liver. Leptin may also have a direct effect on CRP production,
since leptin has been shown to stimulate CRP expression in human hepatocytes
in vitro (Chen et al. 2006).
The association between leptin and CRP could be explained by obesity, since the
production of inflammatory cytokines regulating CRP production is increased in
obesity (Kern et al. 2001). However, in this study the association between CRP
and leptin remained independent after adjustment for BMI and waist
circumference, and was also observed in subgroup analysis that included normal
weight individuals only.
The use of oral contraceptives has been reported to increase CRP levels (Dreon et
al. 2003, Williams et al. 2004, Raitakari et al. 2005). Oral contraceptive (OC)
use was the main determinant of CRP levels in females. Although CRP levels
were higher in OC users compared with non-users, no such difference was seen
for leptin levels. This suggests that CRP levels would not have a direct effect on
leptin levels.
The results of the haplotypic Mendelian randomization analyses did not support a
causal role for CRP in the regulation of leptin levels. The inherence of
haplotypes in the CRP gene is not affected by environmental factors that
potentially confound the association between circulating CRP and leptin and the
haplotypes are also likely to be associated with life-long differences in average
CRP levels. Therefore use of CRP haplotypes is assumed to represent a good
instrument for CRP levels that is largely free from confounding. In this study,
CRP haplotypes were not related to leptin to the extent predicted by the
magnitude of their association with average circulating CRP levels suggesting
that CRP is unlikely to be a causal factor for leptin. Genetic variability at the
leptin receptor locus has been reported to associate with CRP levels (Zhang et al.
2007).

6.3.4 Adiponectin, leptin, and atherosclerosis
Previous reports from the Cardiovascular Risk in Young Finns Study and other
longitudinal cohorts have shown that cardiovascular risk factor levels in
childhood are predictive of subclinical atherosclerosis in adulthood (Davis et al.
2001, Li et al. 2003, Raitakari et al. 2003). Elevated blood pressure levels,
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overweight/obesity and dyslipidemia have been most consistently associated with
subclinical atherosclerosis.
An important aim of this thesis was to analyze the associations of serum leptin
and adiponectin levels with subclinical atherosclerosis. In cross-sectional
analyses in adults (Study II), adiponectin levels were inversely associated with
carotid IMT and directly with brachial FMD and carotid artery distensibility.
Serum leptin levels were directly associated with FMD but not with IMT or
carotid artery distensibility. After adjustment for sex, age, and conventional
cardiovascular risk factors, the associations of adiponectin levels with IMT and
FMD remained independent.
In longitudinal analyses of the association of childhood risk factor levels with
subclinical atherosclerosis in adulthood (Study III), serum adiponectin levels
were associated with increased IMT of the common carotid artery as well as with
atherosclerotic plaque in the carotid artery bifurcation. These associations also
remained significant after adjustments for sex, age and conventional childhood
risk factors. To my knowledge, Study III is the first publication reporting such
associations.
To assess the performance of the risk prediction model, AUC was used to
describe the overall performance of the model in discriminating individuals with
and without the outcome, and the integrated discrimination index was used to
determine if adding a new risk factor to a prediction model increases the average
predicted risks between the individuals with and without the outcome. In Study
III, adding child adiponectin levels to conventional child risk factors for the
prediction of adult carotid plaque/abnormal IMT increased the AUC from 0.733
to 0.748 (difference in AUC=0.015). These data suggest a medium effect size of
adiponectin levels, considering that the improvement in the AUC depends
strongly on the baseline model (Pencina et al. 2012). Consistent with the AUC
results, a significant improvement in the integrated discrimination index was
found. When adult adiponectin levels were taken into account, childhood
adiponectin still had a residual independent effect on adult high IMT or plaque,
whereas the association with the continuous common carotid IMT was diluted to
non-significant. This could indicate that exposure to low levels of adiponectin in
childhood may have a role in the initiation of atherosclerosis or that childhood
adiponectin levels are indicative of adult adiponectin levels but that adult levels
have a more important pathophysiological role.
In humans, the cross-sectional association between adiponectin and carotid IMT
is well established in all age groups. In pediatric populations, an inverse
correlation between adiponectin and IMT has been reported for obese
adolescents (Pilz et al. 2005, Beauloye et al. 2007). An inverse correlation has
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also been reported in the STRIP study in healthy adolescents (Jaakkola et al.
2015) as well as in a population of 100 healthy women aged 24-59 years (Lo et
al. 2006). In middle-aged populations there are several publications reporting on
the association between low adiponectin levels and increased IMT (Iglseder et al.
2005, Behre et al. 2006, Dullaart et al. 2007, Gardener et al. 2012). Other studies
have not found an independent association between adiponectin levels and IMT.
In a study on Swedish middle-aged adults, the association was attenuated to nonsignificant after adjustment for metabolic risk factors (Nilsson et al. 2006).
Similarly, there was no independent association between adiponectin levels and
IMT in a study on European males and females, however in that study, variation
in the promoter region of the ADIPOQ gene encoding adiponectin was
independently associated with IMT (Patel et al. 2008).
In study IV, baseline adiponectin levels in adults were associated with carotid
IMT cross-sectionally as well as IMT measured after 6-year follow-up. The
inverse correlation was stronger in subjects with MetS suggesting that subjects
with MetS might be more vulnerable to low adiponectin levels. Although the
baseline adiponectin levels were not associated with IMT progression in this
study, there was a weak inverse correlation between 6-year change in adiponectin
levels and IMT progression.
Previously, an inverse association with baseline adiponectin level and IMT and
age-adjusted adiponectin in the lowest quartile have been reported to associate
with progression of IMT after 12 months follow-up (Störk et al. 2007). Recent
results from a longitudinal international multicenter study showed an
independent association with adiponectin levels and baseline mean bifurcation
IMT and progression of mean carotid IMT in men but not in women. Moreover,
in that study a gene score of adiponectin-raising alleles was inversely associated
with baseline mean bifurcation IMT in men (Persson et al. 2015).
In Study II, low adiponectin levels were also associated with attenuated FMD
responses. Previous data on the relation between adiponectin and brachial FMD
are available from relatively small studies. Adiponectin has been reported to be
independently associated with FMD in subjects with type 2 diabetes and early
diabetic nephropathy (Yilmaz et al. 2008). Conversely, no association between
adiponectin and FMD was found in nearly 300 British adolescents (Singhal et al.
2005). This may be due to the young age of subjects in that study or a narrow
range for endothelial function in healthy adolescents. In experimental studies,
adiponectin has been shown to have many beneficial effects on endothelial cells,
such as inhibition of monocyte adhesion to endothelial cells (Ouchi et al. 1999)
and induction of nitric oxide production (Chen et al. 2003), both of which could
positively affect endothelial function.
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The results from this study support the hypothesis of a beneficial role for
adiponectin in early atherosclerosis. However, the role of childhood adiponectin
levels in the prediction of IMT in adulthood needs to be studied in other
populations.

6.4

Strengths and limitations

An important strength of this study is the large, randomly selected populationbased, racially homogenous cohort of males and females representing the age
range from early childhood to adulthood. The study design provides a setting for
not only cross-sectional but also prospective analyses to study the associations of
childhood cardiovascular risk factors with subclinical atherosclerosis in
adulthood and, in the future, with cardiovascular events.
The study cohort is comprised of racially homogenous young adults and
therefore, the generalizability of the reported results is limited to white European
like populations. The cohort is still without clinical manifestations of
cardiovascular disease and therefore it is not yet possible to study associations
between risk factor levels and cardiovascular events.
Adiponectin circulates in three different complexes of which the high molecular
weight form of adiponectin has been suggested to have stronger association with
adverse metabolic effects compared to total adiponectin levels (Wang and
Scherer 2016). In this study, only total adiponectin levels were measured. If the
associations of adiponectin levels with cardiovascular risk factors and subclinical
atherosclerosis were mainly related with high molecular weight form, using total
adiponectin levels in the analyses could attenuate the observed associations but
would not be likely cause false positive associations.
Adipose tissue secretes hundreds of proteins affecting inflammation, the immune
system, satiety and energy expenditure, glucose metabolism and insulin
sensitivity as well as heart and vasculature (Blüher and Mantzoros 2015). Of
those adipokines, only leptin and adiponectin were used as markers of adipose
tissue adipokine secretion in this thesis. Leptin and adiponectin are thought to act
in different directions in inflammation and the key processes in early
atherosclerosis, but more comprehensive evaluation of different adipokine levels
could provide a wider perspective in examining the associations between
adipokines and atherosclerosis.

Discussion

6.5

77

Clinical implications

Children and adolescents at high risk for obesity, type 2 diabetes and
cardiovascular disease are not always recognized early enough, and preventive
measures reach the families in need insufficiently. Finland is, however, one of
the few countries that follow growth regularly through childhood, and efforts for
prevention are made at population level in well-baby clinics and school health
care.
As a reaction to the increasing prevalence of overweight and obesity in Finland,
the National Institute for Health and Welfare launched the first National Obesity
Programme 2012-2015 in order to promote healthy lifestyle via collaboration
between health services, schools and child day care, food industry and sports
organizations (Working Group for the National Obesity Programme, 2013). The
primary tools used currently include the evaluation of height and weight against
national growth charts. The importance of a physically active lifestyle and
healthy diet as well as negative effects of smoking are emphasized. Family
history of cardiovascular diseases and type 2 diabetes is inquired.
The secondary tools, in primary care and in pediatric clinics in hospitals,
reserved for overweight or obese patients and for high risk families are
measurements of plasma glucose and insulin, oral glucose tolerance test, and
measurements of serum total cholesterol, HDL cholesterol and triglyceride
levels. Lipoprotein(a) levels can be measured in patients with high family risk for
cardiovascular diseases, especially with no evident cause (Lapinleimu et al.
2015). Blood pressure levels are also evaluated. Furthermore, measurements of
alanine amino transferase and ultrasonic evaluation of the liver are used to find
non-alcoholic fatty liver disease.
Recommendations for screening of risk factor levels in childhood have been,
wordwide, rather conservative. Expert panels and associations have
recommended general prepubertal and postpubertal screening in order to detect
especially familial hypercholesterolemia already in childhood. However, general
screening is not performed in clinical practice and diagnosis in childhood is most
often obtained by screening of relatives of patients with familial
hypercholesterolemia (Gidding 2016). A recent recommendation statement from
the US Preventive Services Task Force concludes that the current evidence is
insufficient to assess the balance of benefits and harms of screening for lipid
disorders in children and adolescents (US Preventive Services Task Force et al.
2016).
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Discussion

At present, there are no guidelines for interpreting an individual's adiponectin or
leptin level in respect to currently used risk factors, nor are there clinical cut-off
values for abnormal levels for adiponectin or leptin. For now, there is no data to
support adding measurements of either adiponectin or leptin levels to the clinical
toolbox of everyday practice, but they are reserved for scientific use.

6.6

Future research needs

The association of adiponectin levels in childhood and adolescence with carotid
atherosclerosis in adulthood is scientifically interesting and merits further
research. This association should be confirmed in other populations.
The cross-sectional association of adiponectin and surrogate markers of
atherosclerosis is well documented in adolescent and adult populations, but the
associations in elderly populations especially concerning prediction of
cardiovascular events are controversial and need further research.
Once sufficient numbers of clinical events accumulate in the Cardiovascular Risk
in Young Finns Study, it will be of interest to determine if child and adolescent
adiponectin levels predict cardiovascular events later in adulthood. A more
comprehensive evaluation of adipokine levels and their associations is a vast
research area of which very little is known at present.

Conclusions

7
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CONCLUSIONS

In this study, the following conclusions can be made:
1.

Serum adiponectin levels decrease from childhood to adolescence both in
females and in males. In adulthood, adiponectin levels are higher in
females than in males. Serum leptin levels increase from childhood to
adolescence in females and tend to decrease in males. In adulthood, leptin
levels are higher in females than males and are strongly correlated with
obesity.

2.

The tracking of serum adiponectin from childhood to adulthood is
relatively strong and comparable to the tracking of serum cholesterol
levels. Thus, measuring serum adiponectin levels in childhood as a part of
risk evaluation might be worthwhile. The tracking of serum leptin levels
from childhood to adulthood is only moderate and therefore measuring
serum leptin levels in childhood in this respect is not reasonable.

3.

Overall, serum adiponectin levels are associated with a favorable
cardiovascular risk factor profile, whereas serum leptin levels are
associated with a non-favorable cardiovascular risk factor profile in adults.
Low adiponectin levels predict incident MetS, especially incident
hyperglycemia. High serum leptin levels are associated with inflammation
assessed with serum CRP levels.

4.

Low serum adiponectin levels are associated with increased carotid IMT
and attenuated brachial FMD in adulthood independently of age, sex,
obesity, cigarette smoking and conventional cardiovascular risk factor
levels. Individuals with a non-favorable risk factor profile assessed with
prevalent MetS may be more vulnerable to low adiponectin levels. Serum
leptin levels are not independently associated with subclinical
atherosclerosis in this population.

5.

Serum adiponectin levels in childhood and adolescence are associated with
increased carotid IMT in adulthood and slightly improve the prediction of
carotid plaque over conventional cardiovascular risk factors. If these
results are confirmed in other populations, childhood adiponectin levels
might have a role in cardiovascular risk prediction in childhood in the
future.
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