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Abstract

Abstract

Cardiovascular disease (CVD) is one of the major health issues of our time.
The prevalence of CVD is increasing, both in industrialized and in developing
countries, and causes suffering and a decreased quality of life for millions of
people worldwide. CVD can have multiple etiologies, but the main
underlying cause is atherosclerosis, which causes blood clot formation and
obstructs vital arteries.

Multiple risk factors of atherosclerosis have been identified, and body
fatness is one of the most important ones.

The main aims of this thesis were to investigate the relation between body
fatness and: CVD risk factors (paper 1), incident stroke (paper I1), and
overall mortality (paper I11). The results showed that abdominal obesity is
strongly associated with both CVD risk factors and stroke incidence (papers
I-11). The results also suggested that a substantial part of the association
between increased body fat and stroke can be explained by an increase in
traditional stroke risk factors associated with increased body fat (paper 11). A
gynoid fat distribution, with a high share of fat located around the hip, is, on
the other hand, associated with lower risk factor levels in both men and
women, and with a decreased risk of stroke in women (papers I-11). This
illustrates the importance of assessing the overall distribution of body fat
rather, than solely focusing on total body fatness.

In elderly women, total body fat was found to be associated with increased
survival, while abdominal fat moderately increased mortality risk (paper
I11). Lean mass (fat-free mass) was strongly associated with increased
survival among elderly men and women (paper I11).

Erythrocyte sedimentation rate (ESR) is an indicator of inflammation and,
possibly, an indicator of atherosclerotic disease. In paper 1V, the relationship
between ESR in young adulthood and the later risk of myocardial infarction
(MI) was studied. Results showed that higher levels of ESR were associated
with a higher MI risk, in a dose-responsive manner, and was independent of
other well-established risk factors.

In summary, both total and regional fat distribution are associated with CVD
risk factors and stroke, but do not seem to correspond to an increase in
mortality risk among the elderly. Also, inflammation, detected as an increase
in ESR, is associated with long term MI risk in young men.
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Summary in Swedish - Sammanfattning pa svenska

De senaste decennierna har levnadsvillkoren i de industrialiserade linderna
forandrats drastiskt. Medicinska framsteg och bittre tillgdng till mat har
gjort att var forvintade livslingd &r ldngre &n nagonsin tidigarel=2.
Sjukdomspanoramat har fordndrats fran att tidigare domineras av
infektionssjukdomar och bristtillstand till f6]jd av undernaring till att idag
allt mer besta av sjukdomar relaterade till 6vervikts.

Ett for hogt energiintag kan leda till fordndringar i blodkarlen, sa kallad
ateroskleros (aderforkalkning), som leder till stelare kirl och okad risk for
bildning av blodproppar4+-¢. En blodpropp i ett kirl som forsorjer hjartat eller
hjarnan kan fa allvarliga konsekvenser i form av hjartinfarkt eller stroke7:.
Dessa tva ingar i begreppet hjart-kirlsjukdom, som nu ar den vanligaste
dodsorsaken i industrialiserade landers-1°.

Det ir sedan linge kiant att overvikt i form av ett hogt Body Mass Index
(BMI) ar kopplat till en 6kad risk for hjart-kirlsjukdoms . Tyvarr 4r BMI
inget idealt méatt for att méta Gvervikt eftersom det enbart ar baserat pa
individens ldngd och vikt och darfor inte tar hansyn till fordelningen mellan
fett och muskler. Mycket tyder pa att en stor andel muskler inte ar kopplat
till ndgon 6kad risk for hjart-karlsjukdom, utan att det ar fettet som man
borde mita. Eftersom detta dr dyrare och mer komplicerat finns det idag
endast ett fatal studier som métt fett pd ett mer exakt sitt och undersokt
kopplingen till hjart-karlsjukdomar.

Forutom att den totala mangden kroppsfett ar viktig sé verkar det dessutom
som att fettets placering pd kroppen dr av betydelse. Fett placerat runt
bukorganen, sé kallat visceralt fett, tros vara farligare dn ytligt fett placerat
pa hofter, armar och ben213. Visceralt fett frisdtter en hogre andel fria
fettsyror och inflammatoriska amnen i blodet &n vad ytligt fett gor, vilket kan
oka risken for aterosklerosutveckling?4.

Man tror ocksa att det kan finnas en koppling mellan méangden kroppsfett
och andra kiinda riskfaktorer for hjirt-kirlsjukdom. Overvikt innebér ofta
hogre blodtryck, blodsocker och blodfettsniviers:4. Livsstilsforandringar i

form av forbattrad kosthéllning och 6kad motion rekommenderas idag till
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patienter som bedoms ha en hog risk for hjart-karlsjukdom. Genom att
undersoka sambandet mellan kroppsfett och andra kardiovaskuldra
riskfaktorer kan man forbattra kunskapen om hur och varfor positiva
livsstilsféorandringar kan minska risken for hjart-karlsjukdom.

Som tidigare namnts sid ar ateroskleros en blodkarlssjukdom och
forandringar i blodkirlen tycks forekomma hos nastan alla individer’s. Man
trodde liange att fetter i blodet var orsaken till uppkomsten av ateroskleros,
men det har visat sig att immunforsvaret ocksé spelar en viktig roll6.17, Det
verkar som att inflammatoriska &mnen som finns i blodet dr kopplade till
omfattningen av ateroskleros, atminstone hos medeldlders och &ldre
individer8:19, Om inflammation ocksé ar ett tecken pa ateroskleros hos yngre
ar idag inte kdnt. Genom att tidigt identifiera individer med aterosklerotiska
forandringar kan man fi béattre mdjligheter att sitta in forebyggande
behandling. Detta kan minska risken att personen senare drabbas av en

stroke eller hjartinfarkt.

I studie I fann vi att kroppsfett, och sirskilt bukfett, ar starkt kopplat till
andra riskfaktorer for hjart-kirlsjukdom. Det visade sig ocksé att risken for
stroke var forh6jd hos personer med mycket bukfett (studie I1). En stor del
av det sambandet verkar bero av kopplingen mellan fett och de
kardiovaskulara riskfaktorerna.

Nar vi i studie Il sedan studerade sambandet mellan kroppsfett och
livsldngd hos dldre fann vi att kvinnor med mycket kroppsfett lever langre an
kvinnor med lite kroppsfett. Det visade sig ocksa att man och kvinnor med
en stor muskelmassa lever lingre 4n de med lite muskelmassa.

I den fjirde studien undersokte vi hur sinkareaktion, ett blodprov som
maiter inflammation, ar kopplat till risken for hjartinfarkt. Blodprovet togs
hos ett stort antal unga mén i samband med monstringen och det visade sig
att ett forhojt virde okar risken att drabbas av hjartinfarkt senare i livet.
Utifran vara resultat sd hoppas vi bidra till att man i framtiden kan bli battre
pa att identifiera unga personer med en forhdjd risk att drabbas av hjart-

karlsjukdomar.



Introduction

Introduction

CVD is now the most common cause of death, and is increasing in incidence
at an alarming rate2°. The global increase in CVD is primarily caused by two
factors:

1) An increase in living standards, with a more sedentary life style and an
excessive caloric intake, have caused an increase in obesity, which has
subsequently been followed by a clustered increase in CVD risk factorss.6-21,
These factors are associated with an increase in the rate of atherosclerosis
formation, the major determinant of CVD417:22,

2) The overall life expectancy is continuing to riset2. Early mortality, due to
malnutrition or infections, has dropped considerably over the last century
and advances in the medical field have let more people live longers.
Atherosclerosis is a progressive process that, to some extent, occurs in all
individuals415. Therefore, as people live longer, symptoms caused by
manifest atherosclerosis become more common.

The rate of atherosclerosis formation is reducible, both by life style and
medical interventions. By better understanding the factors that influence
disease progression, one can hope to identify subjects in which prevention
can hinder the development of CVD.

The aim of this thesis was to create a better understanding of how fatness
affects CVD risk factors, incident CVD, and mortality risk. We also aimed to
investigate whether inflammation in young adulthood is associated with
long term risk of MI.
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Obesity

Definitions of obesity

Obesity can be defined as "a condition of abnormal or excessive fat
accumulation in where health may be adversely affected"s. The overall goal
to classifying obesity is to identify individuals and groups that are at an
increased risk of morbidity and mortality. Prevention and interventions can
then be targeted to individuals or groups with greater accuracy, using
predefined criteria.

The World Health Organization (WHO) has chosen Body Mass Index (BMI)
to quantify overweight and obesity3. BMI is calculated as the weight (kg)
divided by the square of the height (m). Overweight is defined as a BMI
between 25- 29.9 kg/m?2 and obesity is defined as a BMI =30 kg/m=.

The association between BMI and impaired health is affected by, among
others, ethnicity and age. Lower BMI cut-offs has been proposed when
assessing risk in subjects with Asian heritage?23, while higher cut-offs might
be applicable in older people24. There are pros and cons in adapting BMI cut-
offs depending on age and ethnicity, and the WHO has thus far
recommended the same definitions of overweight and obesity to be used
globally, in all adults, and independent of ages-23.

Central fat, located around the abdomen, is associated with a greater risk of
disease than peripheral fati214.25, To account for this, measures of central
obesity have also been developed. The most commonly used measures are
Waist Circumference (WC) and Waist to Hip Ratio (WHR). Indication of
hazardous abdominal fatness is considered to be: WC>102 ¢cm or WHR
>0.90 for men; WC>88 cm or WHR>0.85 for women?25.

More advanced measurement techniques allows for quantification of
abdominal and gynoid fat masses. Abdominal fat is considered to be fat
located on the abdomen, while gynoid fat is located at the lower limbs and/or
around the hip area26.27. However, to date, there is no consensus on precise
definitions of these fat masses, and there are therefore no specific
recommendations on cut-off points.
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Epidemiology of obesity

The prevalence of obesity is increasing worldwide and is considered to be the
number one preventable cause of illness and premature death3:9. By 2005, 1.1
billion adults and 10% of all children were overweight or obese and this
figure is expected to continue to rise. North and South America along with
Western Europe have the highest proportions of obese individuals, while the
prevalence is still relatively low in Asia and Africa2:.

As illustrated in Figure 1, in Sweden, there has been a steady increase in
BMI over the past 30 years. The average BMI from 1980 to 2008 has risen by
1.66 kg/m?2 in men and 0.76 kg/m2 in women. Also, the majority of men and
more than one third of women are now considered overweight or obese!. In
Sweden, about 14% are estimated to die due to effects of overweight and
obesity. Due to the average increase in BMI, the present figure is 3% higher
than just 30 years ago. (Estimates from figures provided by the Swedish
central bureau of statistics and Banegas et al.28).

27
26
BMI 5 // Women
Men
24 4
23 T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

1980
1982
1984
1986
1988
1990
1992
1994
1996
1998
2000
2002
2004
2006
2008

Figure 1. Average BMI in Swedish men and women between 1980 and
2008.

Data supplied by MRC-HPA Centre for Environment and Health, School of Public Health, Imperial College London
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Measurement of body fatness

Multiple methods for estimations of body fatness have been developed. The
most common methods used in clinical and epidemiological settings include
BMI, WC and WHR. For more precise measures of total body fat, dual
energy x-ray absorptiometry (DXA) is often used. Abdominal and visceral
adipose tissue (VAT) is generally measured by computed tomography (CT),
magnetic resonance imaging (MRI), or ultrasound.

Anthropometry

Anthropometric measurements provide approximate estimates of fatness
and have the advantages of being quick, cheap, and readily available. BMI is
most commonly used to estimate total body fatness and is correlated both to
CVD risk factors and CVD6:29.30, One of the downsides of the BMI scale is that
it does not solely reflect fat, but it is also affected by muscle mass and
skeletal weight3:3.. To measure central obesity, WC, WHR, sub-scapular
skinfold, and the ratio of sub-scapular to triceps skinfolds measurements are
in practice. They are generally considered better than BMI at predicting CVD
riskse:3233 but they are poorly reproducible and still only provide crude
estimates of abdominal or visceral fat2s.

Dual energy x-ray absorptiometry (DXA)

DXA is a low-dose radiation technique capable of measuring fat mass, fat-
free mass (commonly referred to as lean mass), and bone mineral
content3435. DXA is particularly good at assessing total body composition,
but can also be used to estimate regional fat and muscle distribution3s¢-39.
New DXA technology is being developed that will be able to distinguish
between VAT and subcutaneous adipose tissue (SAT), but currently there is
no data available on the accuracy of this method. The main drawbacks of
DXA are the lower availability and considerably higher costs than
anthropometric measures. The performance characteristics of DXA are
covered in the Materials and Methods section.

Computed tomography (CT)

CT can accurately differentiate between SAT and VAT and is considered the
gold standard for abdominal and visceral fat mass measurements4041. VAT is
commonly calculated by a single slice image at the umbilical level4!, but
volume can also be estimated from multiple slices42. Despite calculations
being performed manually, CT has excellent inter- and intra-observer
reproducibility4l. Despite its good performance, CT is not commonly used in

13
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large-scale epidemiological studies due to the radiation exposure during
examination, low availability and high costs.

Pathophysiology of obesity

Obesity is a complex disease, with no simple relationship between fat mass
and impaired health. Simply focusing on fat mass is often inadequate. Some
individuals have a high quantity of fat but low metabolic risk, while others
with relatively little fat are at high risk of disease development2243. This
variation is largely dependent on two factors, size and location of
adipocytest4.44-47,

Adipocyte size and differentiation.

During positive energy balance, increased storage of energy optimally occurs
through the formation of added functional adipocytes through adipogenesis
(hyperplasia). If adipogenesis is inadequate, or dysfunctional adipocytes are
produced, this can lead to impaired uptake of glucose and free fatty acids
(FFA)48, leading to ectopic lipid accumulation, decreased insulin sensitivity,
and potentially type 2 diabetes?4:45.49.

The initial response of adipocytes during a positive energy balance is to
increase in size (hypertrophy). This triggers paracrine signaling to produce
more adipocytes with the purpose of maintaining adipocyte cell size and
physiological functions46. Ultimately, whether the net effect to a positive
energy balance is adipose tissue hyperplasia or hypertrophy is determined by
genetic factors and actions of multiple regulatory proteins4’. Examples of
factors that promote hypertrophy are androgens (testosterone),
inflammatory cytokines (IL-6 and TNF-a) and glucocorticoids, while
catecholamines, estrogen and very low-density lipoprotein (VLDL) promote
hyperplasia44.

Fat storage

The pathogenesis of metabolic disease is influenced not only by the storage
of fat (hypertrophy versus hyperplasia), but also by the location where the fat
is stored. Adipose tissue can be divided into two major compartments: SAT
and VAT. SAT is located underneath the skin, while VAT is located inside
the peritoneal cavity surrounding the peritoneal organs.

The location is probably one of the main reasons why SAT and VAT have

different pathogenic potentials. VAT secretes FFA and glycerol into the
portal vein, thereby increasing hepatic triglyceride and glucose production,

14
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while promoting dyslipidemia and hyperglycemia. Furthermore, VAT
appears to be more metabolically active, with a high lipolytic activity that is
less sensitive to the anti-lipolytic effect of insulin. Other factors that are
abundantly released from visceral adipocytes include pro-inflammatory
cytokines (IL-6 and TNF-a), PAI-1 (decreasing blood clot degradation speed)
and angiotensinogen (increasing blood pressure), which all contribute to
increased CVD risk4.44,

Subcutaneous tissue, on the other hand, is sometimes viewed as
protective!213.49, During positive energy balance, small and well-functioning
adipocytes can reduce circulating FFAs and thereby decrease the rate of
atherogenesis'450. Even though SAT is not as harmful as VAT, it is still
correlated to CVD risk factors such as diabetes, hypertension and
hypertriglyceridemia49.

Obesity and cardiovascular risk factors

The etiology of CVD is multifactorial and influenced by several factors in
addition to obesity. Hypertension, dyslipidemia, impaired glucose tolerance,
smoking, heredity, age and sex are some of the strongest risk factors of
CVDst52 and obesity is associated with several of these. The role of
hypertension, dyslipidemia, and impaired glucose tolerance in atherogenesis
is further discussed in the atherosclerosis chapter.

Most individuals that develop CVD have multiple CVD risk factors. The
clustering of risk factors observed in many individuals is generally referred
to as the "metabolic syndrome". There are several different definitions of the
metabolic syndrome, but most are based on the presence of (abdominal)
obesity, an unfavorable blood lipid profile, elevated blood pressure and
insulin resistancess. Whether the use of these definitions improves clinical
decision making compared to considering each risk factor individually is
uncertain and has been a matter of debates4.
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Differences in body composition by age

There is great variability in the individual aging process. Changes in body
characteristics are dependent on a large variety of factors besides
chronological agess, but the same trends in body composition are seen in
most individuals. For instance, a gain in body weight is commonly observed
from age 20 to 60, and is primarily attributed to gains in adipose tissue
masss56-58, The gains in body weight are usually followed by a modest
decrease after the age of 60, which is attributed largely to a decline in muscle
mass57-59. After the age of 75, there is also a marked decrease in total body
fatss,

In aging, there is a redistribution from peripheral to central fat and from
subcutaneous to visceral fat. This age-associated decline in subcutaneous fat
depots is accompanied by fat accumulation outside adipose tissue, e.g. in
muscle, liver and bone marrowst. Changes in body composition are caused
by a decrease in physical activity®® and by hormonal6-62 and nutritional
changes63.

Muscle

Mass
Fat

Age

Figure 2. Diagram of fat and muscle mass from adolescence until old age.
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Differences in body composition by sex

Sex differences in body composition are evident, beginning at the fetal
stage®4 and becoming more pronounced during puberty%4¢5. Men have
greater total lean mass and bone mineral mass, and less fat mass than
womenb4-66, These differences are consistent throughout life and remain
significant, even after adjusting for differences in height¢4.

Not only do men and women differ in body composition, but they also differ
in their distribution of fat and muscles. In women, the majority of fat is
stored peripherally while men accumulate a greater part around the
abdomen®4-%6, Men have greater upper body muscle mass, while the
difference in lower limb muscle mass is less pronounced®¢7. Due to these
differences, the WHO suggests using different thresholds for WHR and WC
between men and women25. BMI average, however, is similar in both sexes,
so use of the same thresholds are acceptable.

Sex differences in body composition and fat distribution are largely due to
actions of sex steroid hormones. In men, a reduction of free testosterone is
associated with an increase in fat mass and reduction of muscle mass62.68.
Correspondingly, estrogen deficiency in women is associated with an
increase in visceral fat distribution®’. Even though women have a higher
body fat percentage than men, they still have a lower risk of CVD%61.69, One
possible explanation for this is that men, on average, have more visceral fat
than women49. Also, hormonal differences are likely to play a role since
estrogen has been proposed to reduce atherogenesisé®7 and hormone
replacement therapy (HRT) has been suggested to reduce the risk of
coronary heart disease in middle-aged postmenopausal women7:. The
protective effect of estrogen is attributed to actions on the vascular
endothelial cells. Activation of the estrogen receptor promotes production of
endothelial nitric oxide, leading to smooth muscle cell relaxation and an
inhibition of smooth muscle cell proliferation, ultimately resulting in a
decrease in vascular tonus7o72. Even though there are positive theoretical
effects of estrogen, it should be noted that HRT does not change or may even
possibly increase the risk of CVD in the elderly7:73. Because of the increased
risk for breast and endometrial cancer after HRT74, this treatment is
currently not recommended as primary prevention for CVD7576,
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Positive effects of body fatness

In my view, the general public apprehension is that fat is harmful and should
be restricted as part of our diet. Most people consider themselves to have a
high fat percentage and would like to reduce their content of body fat.
Although this loss of fat would likely be beneficial, it is also important to
recognize that not all fat is negative. On the contrary, fat is, in fact, crucial for
our survival.

Throughout human history, weight gain and fat storage have been viewed as
signs of health and prosperity. In times of frequent food shortage, holding a
sufficient energy buffer has been essential for survival. The overwhelming
majority of calories are stored in the body in the form of fat. Even though
muscle-derived proteins can be used as a long-term energy source, the
subsequent loss of muscle mass is almost always disadvantageous. The loss
of muscle mass during starvation is less in individuals with larger fat
reserves, and, in general, is less in females than in males?”. The higher ability
for females to survive during times of famine are also well-documented78.79.

Due to a limited food supply in much of human evolution, there has been a
selection towards adiposity-promoting genes. The ability to store fat has not
only been vital to one's own survival, but it is also important for
reproduction and for passing on one’s genes. Female fertility is particularly
dependent on a certain amount of body fatness, as famine or anorexia
nervosa are known to disrupt the menstrual cycle8e. Fat stores are also
beneficial for pregnancy outcome, where low maternal weight and poor
weight gain during pregnancy are known to result in low birth weight in
infantss.

Another important body function for survival is the immune system, which
requires substantial energy to maintain optimal function. Negative energy
balance reduces immune function and increases susceptibility to
infections8283. On the other hand, by mechanisms not yet fully understood,
immune functions also seem to be impaired in obese individualsss.

Even with no apparent food deficit, underweight individuals have a
decreased life expectancy compared to those of normal weight'1.84, Smoking
and pre-existing disease likely contribute to the increased mortality
associated with leanness, but a substantial part of the association remains
unexplained.
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Noticeably, most positive effects associated with fat are achieved by going
from a state of underweight to normal weight, while health benefits going
from normal weight to overweight are rare.

Negative effects of body fatness

As mentioned in the previous section, maintaining sufficient calorie intake
has been a huge health issue during human evolution. Thus, individuals with
a pronounced ability to accumulate fat had a competitive edge, so genes
promoting fat accumulation were favored by evolution. Now, as
industrialization has lead to a significant decrease in the need for manual
labor and food is abundant in large parts of the world, the pendulum has
shifted so that obesity is becoming the main health concern. Take, for
example, the Pima Indians, who have excellent genetics for fat
accumulation®s. In their traditional way of living, with a high degree of
physical activity and low caloric diet, obesity was not a major health issue.
However, today, when most of these individuals live a modern western
lifestyle, obesity and type II diabetes have reached epidemic proportions. In
contrast, the Pima Indians who choose to live a more traditional lifestyle
have significantly lower BMI, plasma cholesterol, and type II diabetess¢.

Excessive fat accumulation is associated with numerous negative outcomes.
The causality of some of these associations, in particular CVD, will be
described elsewhere in this thesis. A selection of diseases associated with
obesity are shown in Table 1.
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Table 1. Relative risks (RR) of health problems associated with obesity?

Greatly increased risk Moderately increased Slightly increased risk

(RR>3) risk (RR 2-3) (RR1-2)

Diabetes mellitus type 2  Coronary heart disease Cancer (breast-,
endometrial- and colon
cancer)

Insulin resistance Hypertension Reproductive hormone
abnormalities

Gallbladder disease Osteoarthritis (knees) Polycystic ovary
syndrome

Dyslipidemia Hyperuricaemia and Impaired fertility

gout

Breathlessness Low back pain
Increased risk of

Sleep apnea anesthetic complications

Fetal defects associated
with maternal obesity

2 All relative risks are approximate

Source: WHO-Obesity: preventing and managing the global epidemic (2000)
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Modifying body composition and body fat distribution

In theory, losing total body fat is quite simple. By maintaining a negative
energy balance, the body will eventually lose weight, most of which will
probably be from fat depots. A negative energy balance can be established by
either increasing total energy expenditure or by reducing calorie intake.
Body fat distribution is a bit more complex, since it is attributable to both
genetic, endocrine, dietary, and lifestyle factors. Some of the determinants of
body fat distribution will be discussed briefly in this section.

Exercise

Exercise increases calorie consumption, which would lead to a weight
reduction. Often, though, an increase in physical exercise leads to a
compensatory increase in food intake. Therefore, weight loss attempts with
exercise, without dietary restriction, will only have a minor impact on total
weight?7.

This does not, however, mean that exercise is ineffective in reducing obesity-
related disease risk. In fact, physical exercise will promote muscle build up
and will reduce total fat mass if a constant weight is maintained. With
increased exercise, there is also a redistribution of fat, with a greater
reduction in visceral fat mass87-89. However, there appears to be no evidence
that one can achieve site-specific fat loss by locally training a certain area.
Thus, fat reduction by exercise appears to be due to systemic rather than
local effects9, e.g. doing sit-ups is no better than walking, when trying to
reduce abdominal fatness.

Physical fitness is inversely associated with type II diabetes, CVD and
mortality. These inverse associations appears to be independent of body
weightor,

Diet

As previously mentioned, restricting energy intake is vital to achieve and
maintain weight reduction. Alterations in diet content, in addition to caloric
restrictions, have been proposed to make it easier to maintain a negative
energy balance. Examples of weight-reducing diets are: low-fat92, moderate-
fat (Mediterranean)93, high-proteinv4, low-carbohydrateds, and low-glycemic
index (GI)%. These diets have all shown positive short-term results, but
maintaining weight after the initial weight loss has proven difficult on all of
these diets. The best diet for healthy obese individuals has been a matter of
debate for a long time. The answer to this question will not likely be found in
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the near future. Ultimately, it seems that the preferable diet is one that is
long-term sustainable, and is a matter of personal preference.

Studying indirect mechanisms of diet can potentially provide new insights.
Satiety is one of the factors that contributes to total energy intake. Proteins
and fiber-rich foods provide a greater perception of fullness than fat- or
simple carbohydrate-rich foods containing the same amount of energy9’.
Carbohydrate rich meals also, at least in the short term, suppress food intake
more than high fat meals98. Considering that fat is energy-dense and has a
weak effect on satiety, decreasing the proportion of fat seems to be a
theoretically logical way to reduce caloric intake. Furthermore, as a high
intake of saturated and trans-fats raises low-density lipoprotein (LDL)
concentrations? and increases CVD riskoo, these fats should undoubtedly be
restricted to a minor part of our diet. It should, however, be emphasized that
satiety is difficult to measure and that the number of studies in this field are
limited. Some people have argued that high-fat diets provide greater satiety
than carbohydrate rich diets, but they seem to be only supported by indirect
evidence of a larger initial weight loss on these dietst1.

For patient groups, there may be other factors, besides weight loss, to
consider. For example, in a study of type II diabetes patients, a low-
carbohydrate/high-fat diet resulted in lower insulin, higher high-density
lipoprotein (HDL) levels, and a greater reduction in visceral fat than with a
isocaloric high-carbohydrate/low-fat diete2. Thus, for type II diabetes
patients, a low carbohydrate diet might result in greater risk reduction than
diets containing moderate- to high-carbohydrate content. However, due to a
lack of long-term studies, the Swedish Council on Health Technology
Assessment has, thus far, concluded that there is insufficient evidence to
specifically recommend low-carbohydrate/high-fat diets for diabetic
patients:os.
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Introduction

Atherosclerosis is a vascular-altering process, present in almost all adult
individuals's. The extent and severity can vary greatly between individuals
and the progression of disease is influenced by a large variety of risk factors.
Atherosclerosis is often asymptomatic but can, in late stages, cause both
chronic and acute blood flow restrictions, resulting in impaired tissue
oxygenation and permanent organ damage. Diseases caused by vascular
occlusion, such as myocardial infarction, stroke, angina pectoris, and
intermittent claudication all have atherosclerosis as their most common
etiology. Given the significance of these diseases, prevention of
atherosclerosis should be a top priority for public health care systems.

Lipid metabolism

The retention of lipids within the arterial wall constitutes a vital step in
atherogenesis. This section will give a brief presentation of human lipid
metabolism (Figure 3).

Lipids are an umbrella term that includes triglycerides, phospholipids and
cholesterol. Triglycerides are mainly used in the body as energy substrates,
while phospholipids and cholesterol are important in cell membrane
synthesis, and in other cellular processesto4.

During digestion, lipids pass through the endothelial cells of the small
intestine and enter the lymph in the form of chylomicronsos. Chylomicrons
primarily contain triglycerides, but also a small proportion of phospholipids
and cholesterol¢, The chylomicrons pass through the thoracic duct and
enter the blood stream at the junction between the jugular and subclavian
vein. The chylomicrons are, after a meal, at a high concentration, but are
rapidly removed from the circulating blood. Adipocytes and skeletal muscle
cells produce lipoprotein lipase (LPL), which hydrolyzes the triglycerides of
the chylomicrons. This releases fatty acids and glycerol, most of which are
subsequently absorbed by the adipocytes and muscle cellso7,

The triglycerides stored in adipocytes can be released back into the blood
stream, in the form of FFA, through activation of e.g. hormone sensitive
lipaset8, The FFA binds to albumin and can be used as energy substrate by
most cells. In the liver, FFA gets repacked into lipoprotein particles by the
hepatocytes and get released again in the form of VLDL9. Adipocytes and
muscle cells can, by secretion of LPL, absorb the triglycerides stored in the
lipoprotein particlesi®o. As the lipoprotein particles lose their triglycerides
they become denser. The lipoproteins listed in the order of density:
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chylomicrons, VLDL, intermediate density lipoproteins, LDL, and HDL. The
lipoproteins role as risk factors of atherosclerosis will be further discussed in
the next section.

Dietary fats and
cholesterol

muscle cells
Chylomicrons e e e s

]
G O

adipocytes T

hormone
sensitive lipase

albumin bound
& FFA

Figure 3. Summary of pathways in lipid metabolism.
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Pathogenesis of atherosclerosis

Atherosclerosis is a progressive disease that is characterized by the
accumulation of lipids, fibrous elements, and activated immune cells in
large- and medium-sized arteries+51617, The mechanisms discussed in this
section are illustrated in figure 4.

Atherogenesis refers to the development of atheromatous plaques in the
luminal side of the artery. The arterial endothelium is a selective barrier that
is normally impermeable to immune cells. However, in response to stresses
like dyslipidemia, hypertension, or inflammation, the endothelial cells
express adhesion molecules that attract monocytes and T-cells, thereby
promoting their passage through the endothelial lining. The monocytes then
transform into macrophages in response to macrophage-stimulating factors
produced by the activated endothelial cells4:5:16.27,

Parallel to white blood cell recruitment, circulating LDL and other
apolipoprotein-B-containing proteins passively diffuse through the
endothelial cell junctions, become oxidized, and are trapped within the
intimae. When exposed to oxidized LDL or other antigens, macrophages and
T-cells answer by secreting pro-inflammatory cytokines, thereby further
promoting immune cell activation. The LDL-derived lipids are eventually
phagocytized by macrophages, which have no way to fully break down the
oxidized lipids. One way they overcome this is to dispose lipids by secreting
ApoE, which promotes the efflux of cellular cholesterol back into the blood
stream. However, most macrophages eventually become packed with
cholesterol and are transformed into foam cells45:16.17,

During atherogenesis, smooth muscle cells migrate from the tunica media to
the intima, where they proliferate!. In the intima, they produce extracellular
matrix molecules, such as elastin and collagen, and form a fibrous cap that
covers the plaque. Foam cells accumulate beneath the fibrous cap and when
they eventually die, they release lipids that accumulate extracellularly. The
body has no efficient way to take care of these cellular and lipid waste
products, and, with time, this leads to the formation of a lipid-rich pool
called the necrotic core of the plaque#516.17, Fibroblasts around the necrotic
core produce dense connective tissue (sclerosis), making the artery stiff and
unyielding. Later, calcium salts accumulate in the connective tissue, leading
to hard calcifications that can make the artery into a rigid tube2.
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Link between cardiovascular disease and atherosclerosis

Atherosclerotic plaques are generally asymptomatic, but when they grow
large they can cause flow-limiting stenosis that leads to tissue ischemia. This
is most noticeable in times of increased oxygen demands. The most serious
consequences of atherosclerosis occur at the time of plaque rupture. What
causes the rupture is not fully understood, but it appears that it is the
composition rather than sheer size of the plaque that is of importance.
Increased extensibility, due to less collagen and smooth muscle cells, and a
high share of macrophages and extracellular lipids appears to make the
plaque more prone to rupture!34, The composition of the plaque can be
favorably altered by CVD risk factor control 4,

At times of plaque rupture, material from the plaques’ core become exposed
to circulating blood and triggers thrombosis formation45:16.17. The thrombus
can then occlude blood flow at the site of origin, or travel downstream and
occlude more distal arteries, as a so-called embolus. Ischemic stroke and MIs
are perhaps the most feared consequences of thrombi formation. An MI is
generally caused by a local thrombi formed at the site of plaque rupture
within one of the coronary arteries?!5. An ischemic stroke, on the other
hand, is also often caused by an embolus formed at a proximal location86.
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Risk factors

There are numerous risk factors for atherosclerosis, but this section intends
to cover only those relevant to the papers included in the thesis. Obesity and
inflammation are covered in their respective sections.

Lipoproteins

Lipids are hydrophobic, and are therefore not soluble in blood and are
mainly transported in lipoprotein particles. In these particles, hydrophilic
groups, such as phospholipids and apoproteins, are directed outwards, while
triglycerides and cholesterol esters are carried inside.

By synthesis of LPL, cells are able to assimilate triglycerides and cholesterol
from the lipoprotein particles, making them smaller and denser. The second
most dense of the lipoproteins are the LDL. At high levels, and particularly
when small, the LDL particles tend to leak between endothelial vascular cells
in the larger vessels and get retained within the intimae. LDL retention,
together with immune cell accumulation and activation (as previously
discussed), constitutes the first steps of atherogenesis45:16.17,

In epidemiological studies LDL7, oxidized LDL,8 and total cholesterolt»9
are strong predictors of ischemic heart disease. Also, lowering LDL by use of
statins significantly decreases CVD risk!9122) further supporting the causal
role of LDL cholesterol in atherogenesis.

HDL, on the other hand, can reduce atherogenesis by a process known as
reverse cholesterol transport'”. This process refers to the cholesterol uptake
by HDL, from foam cells within plaques, and the re-transportation of
cholesterol back to the liver. HDL and the HDL/total cholesterol ratio are
both negatively associated with the risk of coronary artery diseaseo.
However, drugs that aim to raise HDL levels have not been as successful as
the LDL-lowering statins. This is likely because there are many types of
HDL, so an artificial raise in one type may not be sufficient to improve
clinical endpoints?’.

Elevated levels of serum triglycerides, which are also used to screen for
dyslipidemia, are associated with increased risk of CVD23.124. and possibly
more so in women than in men?5. Triglycerides are associated with a
detrimental composition of lipoproteins?6127 and the imparted risk of
triglycerides, therefore, diminishes when accounting for multiple other CVD
risk factors. Even though triglycerides, themselves, might not be a causal
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factors in atherogenesis, the risk associated with elevated triglycerides have
been found to be approximately equal to that of LDL23.

Elevated blood pressure

The pressure within blood vessels puts a continuous strain on artery walls.
As discussed previously, an irritating stimulus, such as high pressure, makes
endothelial cells more prone to allow passage of LDL particles and immune
cells to the intimae#5128, Therefore, an increase in blood pressure speeds up
atherogenesis. Both diastolic, which better reflects the average blood
pressure, and systolic pressure, which better reflects the maximal strain, are
undisputedly associated with increased CVD risk52129-132, For a long time,
clinicians searched for a threshold for increased CVD risk that could be used
to define hypertension, but today most evidence is pointing towards a
continuous association between CVD risk and hypertension:3c. The
definition of hypertension is not solely based on risk, but rather to a point at
which the benefits are likely to outweigh the disadvantages of treatment.
Hypertension is currently defined by WHO as a diastolic blood pressure
greater than or equal to 90 mmHg and/or a systolic blood pressure greater
than or equal to 140 mmHg?31.

Elevated blood glucose and diabetes

Diabetes is a disease with multiple metabolic abnormalities, including
hyperglycemia, dyslipidemia, hypertension, and coagulopathy. Even though
diabetes is primarily characterized by an elevation of blood sugar, a
considerable share of the CVD risk associated with diabetes is likely caused
by factors other than hyperglycemiass. Nevertheless, strict glucose control
has been shown to reduce macro vascular complications, such as MI'34 and
stroke3s. The harmful effects of hyperglycemia are hypothesized to originate
from overproduction of a superoxide in the mitochondrial electron transport
chain, which only occurs when the glucose concentration exceeds a certain
threshold level:3¢. Excess superoxide production ultimately causes an
alteration in gene expression in, among others, endothelial cells and
macrophages. These alterations result in an increased vascular permeability,
increased coagulability and vascular tonus, and production of pro-
inflammatory cytokines:se.
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Link between atherosclerosis and systemic inflammation

T-cells and macrophages are abundant in atherosclerotic lesionss7. They
produce pro-inflammatory cytokines, thereby contributing to lesion growth
and disease aggravation. Most cytokines exert actions only locally, but
some pass through the endothelium and into the blood stream for a more
systemic effect. Interferon-y, TNF-a, and IL-1 are produced within
atherosclerotic plaques, but are also produced in response to infection and in
fat depots. These factors, in turn, induce production of IL-6, which promotes
the production of acute phase reactants from the liver, including c-reactive
protein (CRP), amyloid A, and fibrinogens. The amplification of these factors
at each step of this cascade makes the end products easy to detect in serum.
ESR is affected by, among others, fibrinogen and immunoglobulin
concentration, and is thus an indirect measure of the end products of the
inflammatory cascade!3s8-140,

What comes first; inflammation or atherosclerosis?

CRP18141-145 amyloid A143, ESR19.146-148 and fibrinogen42 have all been shown
to be associated with coronary heart disease, but as these were
epidemiological studies, one can only speculate as to the mechanism behind
the associations. One possibility is that the inflammatory markers reflect the
extent, and perhaps also the degree, of atherosclerosis within arteries. A
second possibility is that these markers identify individuals with more active
immune systems, and who are therefore also more prone to develop
atherosclerosis.

There is indirect evidence supporting both theories. Large-scale Mendelian
randomization studies have not found any association between genetically
elevated CRP and coronary artery disease, after controlling for other risk
factors44.145, These results indicate that an elevated CRP does not cause
atherosclerosis, but instead implies that an elevated CRP can be caused by
atherosclerotic lesions.

On the other hand, conditions with chronic inflammation, such as
rheumatoid arthritis (RA)149.150, lupus erythematosus?s!, and psoriasis's2 are
all associated with an increased risk of developing coronary artery disease,
independently of traditional risk factors. A study on patients with RA found
that their risk of MI was normal, until the debut of their disease, when
suddenly there was a marked increase in MI risk!s°. Findings from this study
support the hypothesis that inflammation causes atherogenesis.
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If systemic inflammation is a causal factor of atherogenesis it opens the
possibility to reduce risk by treatment with anti-inflammatory drugs.

Myocardial infarction

MI is a major cause of morbidity and mortality worldwide?. Atherosclerotic
plaque rupture causing epicardial artery occlusion is the most common cause
of MI7:153. Coronary artery spasm, emboli, or dissection are less common and
account for approximately 10% of all MI events?. Around 90% of all MIs are
estimated to be attributable to modifiable risk factors, such as smoking,
dyslipidemia, hypertension, obesity, and diabetess!.

The current Swedish guidelines for MI diagnostics are based on the elevation
of troponins, with either a 50% increase or decrease of two consecutive
troponin values within a six-hour interval. At least one of the troponin values
has to be above a predefined threshold, which varies depending on the
equipment used. For diagnosis, there should also be at least one of the
following signs present: typical symptoms, development of a pathologic Q-
wave, development of ischemic ECG-changes, or imaging diagnostic
evidence of newly developed loss of viable myocardium?54.

Stroke

Annually, 15 million people worldwide suffer from strokess. Of these,
approximately 12% die during the first month. Of the survivors, 70% are left
with an impaired work capacity and 30% need assistance with self care®9.156,
The disease burden is enormous.

Stroke is defined as "rapidly developing clinical signs of focal (or global)
disturbances of cerebral function lasting more than 24 hours (unless
interrupted by surgery or death), with no apparent cause other than vascular
origin"157. Even though symptoms are similar, the etiology of stroke varies
greatly. Approximately 85% are caused by cerebral vessel occlusion while
about 15% are caused by intracerebral hemorrhage8s6. Strokes caused by
vessel occlusion can be further subdivided into thrombotic or embolic stroke,
depending on the site of clot formation. The two main sources of embolism
are carotid stenosis and atrial fibrillation. Intracerebral hemorrhage are
often caused by vascular malformation, minor aneurysms, or are secondary
to ischemic stroke eventss.

Due to the heterogeneity of stroke etiology, the risk factors vary depending of

stroke subtype. Hypertension is the risk factor that contributes to the largest
numbers of stroke events's8, while the highest relative risks attributable to
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single risk factors are atrial fibrillation and carotid stenosis®. Diabetes,
smoking, hyperlipidemia are also well-established stroke risk factors®9.159,
Altogether, modifiable risk factors have been calculated to account for 60-
80% of the strokes in the general population?59.160,

The rationale for cardiovascular risk prediction

Atherosclerosis is a slowly-progressing chronic disease. The rate of
progression can be substantially reduced by improvements in CVD risk
factors. Positive life style changes can be recommended without the need for
risk calculations. However, drugs that aim at reducing CVD risk cost money
and often have unwanted side effects. It is therefore rational to, as early as
possible, indentify subjects that have a steep angle of disease progression
and are likely to develop CVD. These individuals are likely to benefit the
most from preventive actions. This concept is illustrated in Figure 5.

Most risk estimates calculate the CVD risk on a 10-year basis52161.162, These
estimates work well in older populations, but might make clinicians
underestimate the need for prevention in younger adults?63. This is due to the
fact that the absolute 10-year CVD risk is often low in young individuals,
despite presence of multiple CVD risk factors. These individuals have an
increased life-time risk of CVD and will likely benefit from early prevention.
At present, there is insufficient epidemiological data for creation of reliable
life time risk charts, but there are indications that such charts would improve
clinical decision making, especially in younger individuals?6s.
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Figure 5. Hypothetical scheme of atherosclerosis development in four individuals (A-
D) with different rates of disease progression. The shaded area represents the point at
which symptoms of atherosclerosis begins to occur.

1. Disease progression without intervention

II. Disease progression with intervention at debut of symptoms

IIL. Disease progression with intervention at detection of high 10-year risk of CVD

IV. Disease progression with intervention at early detection of high lifetime risk of CVD
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Rationale and aims

The rationale for this thesis

Obesity is a highly prevalent condition, and clearly associated with negative
health outcomes e.g. CVD. Much of the current knowledge of obesity
associated risks are based on large scale longitudinal studies using
anthropometric measures to define obesity. The main drawback of these
measures is that they only provide approximate estimations of what is
believed to be the primary cause of risk, which is body fat. Experimental data
also strongly indicate that the properties of fat cells vary depending on site of
location. The risk associated with body fatness might therefore also be
dependent on the fat distribution. This has gained support in
epidemiological studies using anthropometry, but yet there is insufficient
data from studies using more precise measurements of body fat.

In summary, anthropometry enables researchers to investigate associations
between obesity and disease in large population based cohorts. However,
there is an evident need for verification of their results by use of more precise
techniques to quantify body fat and body fat distribution.

Atherosclerosis is the major determinant of CVD and during the past
decades it has become evident that the immune system plays a key role in
atherogenesis. Markers of inflammation have been found to predict both
atherosclerosis and end point disease, such as MI and stroke, in middle age
and older populations.

Atherosclerosis is a progressive disorder, and that the rate of progression can
be slowed down by risk factor control. Therefore, it is of great interest to
study whether inflammation is related to end point disease also at younger
ages, where early preventive measures can have a big impact on lifetime CVD
risk.
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Rationale and aims

The overall aim of this thesis was to investigate how body fatness is
associated with CVD risk factors, incident CVD, and mortality risk. Another
aim was to investigate whether inflammation in young adulthood is
associated with risk of MI.

Specific aims:

Study |

Study I1

Study 111

Study IV

To investigate the cross-sectional association between regional fat
masses, measured by DXA, and CVD risk factors.

To investigate whether physical activity is associated with regional
fat masses.

To investigate the longitudinal associations between regional fat
masses and stroke.

To investigate whether potential associations between regional fat
masses and stroke are dependent on CVD risk factors.

To investigate the longitudinal associations between regional fat
masses, lean mass and mortality in elderly.

To investigate the longitudinal association between ESR and MI
in young men.

To investigate whether a possible association between ESR and

incident MI is dependent on CVD risk factors such as BMI and
blood pressure and/or diseases at baseline
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Materials and Methods

The papers in this thesis are all based on matching of databases. Here
follows a brief description of these databases:

The body composition database

Body compositions, as measured by DXA, had been reported since 1991 at
the Sports Medicine Unit, Umea University, Sweden. By the end of 2006,
5,782 subjects had performed a full body scan, and were thus included in the
database. Of these, 64% were women and 36% men. The mean age was 43
years (range 2 - 89 years). Reasons for DXA measurements were analyzed
for all subjects measured during 2005 and 2006. The most common causes
were previous fracture (29%), a general fear of osteoporosis (23%), and
previous or present corticoid-steroid therapy (20%). The most common
cause of corticoid therapy was rheumatic disease (64%). Overall, 15% of all
subjects were not referred and were thus involved in different projects at the
Sports Medicine Unit.

Data from the body composition database were used in study I-111.
The MONICA database

The WHO initiated the MONICA project (MONitoring trends and
determinants In CArdiovascular disease) in 1982. Incidence of stroke were
registered, according to strict criteria, at multiple centers throughout the
world!57. The original project ended in 1995, but still continues as a regional
project in Visterbotten and Norrbotten, Sweden. The project is population-
based, which means that all events, not only those that are treated at a
hospital, are registered. Stroke events are registered according to
international statistical classification of diseases and related health problems
(ICD) criteria in all subjects aged 25-74 yearst64. The ICD criteria are based
upon the WHO definition of stroke. Sub-classifications of stroke included
subarachnoid hemorrhage, intracerebral hemorrhage, brain infarctions, and
unspecified stroke64,

Data from the MONICA database, on incident strokes, were used in analyzes
in study 1.
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The VIP database

The Visterbotten Intervention Project (VIP) is an ongoing project that aims
at reducing morbidity and mortality from CVD and diabetes in Visterbotten,
Sweden. All residents aged 40-, 50- and 60-years old are invited to enroll.
Until 1995, residents at the age of 30 were also able to participate¢s. The
project involves a systematic risk-factor screening, followed by individual
counseling. By 2007, over 85,000 individuals had participated in the
program. Participants visited their health care center following an overnight
fast. Height and weight were measured, and BMI was calculated. Blood
pressure was measured by a mercury sphygmomanometer, in supine
position after a five-minute rest%s. An oral glucose tolerance test was
performed, according to the WHO standards¢t. Subjects with known
diabetes mellitus or a fasting glucose exceeding the criterion for diabetes did
not undergo the oral glucose tolerance test. A reflotron analyzer (Roche
Diagnostics) was used until 2004 to analyze blood lipids and plasma glucose.
From 2004 onward, plasma glucose was measured by a Hemocue analyzer
(Quest Diagnosis). Participants also answered an extensive lifestyle
questionnaire6s,

Data from the VIP database were used in study I-11.

The Swedish cause of death registry

The Swedish cause of death registry is administrated by the Swedish
National board of health and welfare. The registry includes, among others,
information on date, time and primary cause of death of all deceased
Swedish citizens. Due to low autopsy rates (currently less than 20%67), but
also other factors, the information on cause of death are often
uncertain?68.169, while data on date of death are highly reliable.

Data from the Swedish cause of death registry was used in study IlI.
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The Military Service Conscription Registry (MSCR)

Until recently, military conscription was mandatory for all Swedish men. At
enrollment, tests were performed by the Swedish military service
administration, in order to find an appropriate position for each individual.
Exemptions from enrollment were rare. Foreign citizenship, a severe chronic
medical condition, or a documented handicap were the only reasons
accepted for nonparticipation?7o.

At enrollment, subjects went through highly-standardized intelligence and
physical tests. All conscripts were seen by a physician, who diagnosed any
disorders according to ICD criteria. Weight, height, and blood pressure were
measured, and venous blood samples were taken. The erythrocyte volume
fraction was analyzed by the microhematocrit method”* and ESR by the
Westergren method!72.

Data from the MSCR was used in study IV.

The National hospital discharge registry

The National hospital discharge registry is administrated by the Swedish
National board of health and welfare and has existed in its present form
since 1987. The registry covers all discharges from public hospitals in
Sweden. The accuracy of this registry is dependent upon diagnosis, but since
almost all MI patients are treated at a hospital and strict diagnostic criteria
are applied, the statistics on MI are considered to be of high quality73.

Data on incident MI from the National hospital discharge registry was used
in study IV.
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Study populations

For study I-11l, the cohorts were gathered from the body composition
database. Characteristics of the various cohorts are shown in table 2.

Study | investigated the cross-sectional association between body fat
distribution and CVD risk factors. Out of all subjects in the body composition
database, 592 (70% women), subsequently participated in the VIP and were
thereby included in study I.

In study 11, we examined the relationship between fat distribution and stroke
incidence. All subject in the body composition database that were between
the age of 40 and 75 years were considered for inclusion. After exclusions of
subjects that had suffered a stroke prior to study start, the cohort consisted
of 2,751 subjects, among whom 73% were women. 760 of these subjects had,
either prior to or after study start participated in VIP. Information from
these subjects on smoking, diabetes and hypertension was used to test if
these variables affected the body composition-stroke associations.

Study Il investigated body composition in relation to mortality in elderly
men and women. All subjects in the body composition database at the ages of
65 or older were included in this study. In total, this cohort consisted of 921
subjects (79% women).

In study 1V, 457,263, 18-year-old men, which were enrolled for conscription
between 1969-1978, were included from the MSCR. After exclusions for
missing data, extreme data points, mortality, or emigration, 433,456 subjects
remained available for further analysis. The primary purpose of this study
was to investigate the relationship between ESR and MI. In a subset of
22,490 individuals, where smoking habits had been reported, a secondary
goal was to determine if smoking had an impact on the association between
ESR and MI.
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Materials and Methods

Dual energy X-ray absorptiometry (DXA)

In study I-11l1, DXA (GE Lunar, Madison, WI, USA) was used for fat and lean
mass measurements. Until 1998, subjects were measured by a DPX-L. From
1998 onward, a Lunar IQ was used.

In DXA analysis, the body is subdivided into three compartments: fat mass,
bone mineral content, and fat-free mass.

DXA accurately estimates total fat mass (r2=0.84-0.91, compared to
hydrostatic weighting34), abdominal fat mass (r2=0.80-0.92, compared to
MRI36 or CT37), VAT (r2=0.61-0.72, compared to MRI36 or CT37:38) and
muscle mass (compared to MRI39). Discrepancy between investigators is low
(intra-class correlation=0.98937), and inter-person reproducibility, i.e.
scanning the same person multiple times, results in very little variation in
measurements (coefficient of variation=1-5%36). The radiation exposure
during a full body examination is less than that accumulated over one day of
normal background radiationss.

In study I-111 we determined the regional fat masses from full body scans
(Figure 6.).
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Materials and Methods

Erythrocyte sedimentation rate (ESR)

ESR measures the distance a column of anticoagulated blood will fall during
one hour. The premise behind this is that negative charges on the surface of
red blood cells make them repel each other making the sedimentation rate
slow. When, however, red blood cells are in contact with positively-charged
macro molecules, i.e. inflammatory proteins such as immunoglobulines and
fibrinogen, the negative repelling forces becomes neutralized and results in
an increased sedimentation rate. An increased ESR is, therefore, an indirect
measure of inflammation38-140, In addition to inflammation, ESR is also
affected by the concentration of red blood cells. All analyzes involving ESR
were therefore adjusted for the erythrocyte volume fraction.

In study 1V, ESR was analyzed by the Westergren method, which is
considered to be the reference method72.
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Statistical methods

Study |I. Bivariate correlations between the adiposity measures and the
continuous CVD risk factors were assessed by the Pearson coefficient of
correlation. Differences between multiple groups were analyzed by analysis
of variance (ANOVA) and Bonferroni’s post hoc test. The relationship
between the fat measures and the categorical CVD risk factors were
determined by logistic regression.

Study Il. Differences between two groups were analyzed using the
Student’s T-test for independent samples. The longitudinal associations
between the normal scores of the adiposity measures and incident stroke was
determined by Cox regression.

Study Ill. Differences between two groups were analyzed using the
Student’s T-test for independent samples. Cox regression was used to assess
the relationship between the normal scores of the adiposity measures and
mortality. To investigate possible non-linearity, subjects were divided into
quartiles for each fat measurement. U-shaped trends were tested by adding
the square of the adiposity estimate to the Cox regression model.

Study V. Differences between two groups were analyzed using the
Student’s T-test for independent samples. Normal distribution of ESR was
obtained by a natural logarithm transformation. The longitudinal association
between ESR and MI was determined by Cox-regression. To investigate a
possible dose-response relationship between ESR and subsequent MI,
subjects were split into 10 groups, according to their ESR value. Group 1,
with the lowest ESR values, was considered reference.

In study I-111, analyzes were performed separately for men and women. In all
studies, a p-value less than 0.05 was considered significant. SPSS (version 15
and 17, SPSS Inc., Chicago, IL, USA) was used for all statistical analyses.
Ethics

All studies (Study I-1V) were approved by the Regional Ethical Review Board

in Umed, Sweden. Study IV was also approved by the Swedish National
Board of Health and Welfare.
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Results

Results Study |

Abdominal and Gynoid fat mass are associated with cardiovascular risk
factors in men and women

This study was a cross-sectional investigation of regional body fatness, body
fat distribution and a selection of CVD risk factors. Bivariate correlations
between the measures of regional adiposity and the CVD risk factors are
shown in table 3. In both men and women, the estimates of adiposity were
generally positively correlated with systolic and diastolic blood pressure and
with serum triglycerides (p<0.05). Gynoid fat was positively correlated with
many of the risk factors, while the ratio of gynoid to total fat mass was
generally negatively correlated with the same factors. Physical activity was
negatively correlated with all measures of fat masses (r=-0.24 to -0.13
p<0.05), and positively correlated with gynoid fat distribution (r=0.12 to
0.19 p<0.05).

In subsequent analyzes, the continuous CVD risk factors were categorized
according to widely used definitions of impaired glucose tolerance,
hypertension, hypercholesterolemia and triglyceridemia. Analyzes of the
associations between the adiposity measures and the categorized CVD risk
factors were adjusted for age, time between DXA measurement and
participation in VIP, smoking and physical activity. These analyzes showed
that triglyceridemia and hypertension were associated with close to all
measures of adiposity in both men and women (p<0.05). Impaired glucose
tolerance was associated with the measurements adiposity in men, but not in
women. Hypercholesterolemia was not significantly associated with any of
the adiposity measurements (p>0.05). In general, abdominal fat mass
showed the strongest association to the CVD risk factors. These results are
presented in table 4.
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Total Abdominal Gynoid Abdominal fat/gynoid Abdominal fat/total Gynoid fat/total
fat fat fat EMI fat fat fat
Males
Fasting plasma ghecose 0.15 020 0.14 0.20° 0.15 0.03 -0.187
2-h blood glucoss 0.08 0.1 0.08 0.00 0.1 0.1 -0.08
Systolic blood pressure 018 07 017 0207 028" 017 -0.22%
Diastolic blood pressure  0.27% 0.34° 05 028t 027" 012 —0.28%
Triglycerides 0.25% 0317 024" 024° ildid 0.06 -0.23
Cholesterol -0.05 0.09 -007  -007 03 0.3% -0.09
Physical activity 019 —024° —03207  —0217 -0.14 -0.03 0.19*
Females
Fasting plasma glucose  0.21° 02X 0.20° 0.24° 0.18 0.09 —-0.19°
2-h blood glucose 0.127 0.1g” 012* o 0.18° 0.1%F -0.08
Systolic blood pressure 0.23° 027r 033" 0.20¢ o 0.15° —-0.16°
Diastolic blood pressure 0147 0.20° 014®  0® 020¢ 017 -0.12°
Triglycerides 0.26° 033 022° D2 032 0.21° -0.27°
Cholesterol 0.01 0.06 002 —0.02 012 0.14% -0.03
Physical activity 0147 -04% -013°  -0.08 -0A0F -0.06 012
=P QU5
bpcoor.
© P 0.001. Printed with permission from J Clin Endocrinol Metab

Table 3. Bivariate correlations between measures of adiposity, fat distribution
and CVD risk factors in men and women.

Explanatory variables 1aT Hypercholesterolemia Triglyceridemia Hypertension
Males
Abdominal fat mass 2697 1258 337" 2.63°
Gynoid fat mass 2.07% 1.10 2107 2.15¢
Total fat mass 2157 1.06 227 2.13°
BMI 2527 1.24 1.99 3.057
Abdaminal fatigynoid fat 1.33 1.23 1.77 1.32
Abdominal fatttotal fat 0.90 1.28 1.04 1.01
Gynoid fatitotal fat 0.52 1.00 0.42° 0517
Females

Abdominal fat mass 125 1.09 1.97° 1.77°
Gynoid fat mass 1.04 1.09 1.1 1.57°
Total fat mass 120 1.05 1.667 1.68°
BMI 132 1.02 1.547 1.64°
Abdominal fatigynoid fat 1.48% 1.1 219 1.60°
Abdominal fattotal fat 127 1.20 1.71% 1.36%
Gynoid fatitotal fat o.M 1.0 0.49° 0.62°

The explanatory variables wene adjusted for the influence of age, follow up tme, curnant physical activity, and smoking.

* P 005

B pa 0o

P 0ool. Printed with permission from J Clin Endocrinol Metab

Table 4. Odds ratios of the CVD risk factors per standard deviation (SD) of the
measures of adiposity.
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Results Study 11
Abdominal and gynoid adiposity and the risk of stroke

This study was an investigation of the longitudinal relationship between
measures of adiposity and incident stroke. During follow up, 91 subjects
suffered a stroke. In women, all measures of adiposity were significantly
associated with stroke risk (Hazard ratio (HR)=1.33-1.66 per SD increase,
p<0.05). An abdominal fat distribution was associated with an increase in
stroke risk (HR=1.47 p<0.05), while a gynoid fat distribution was associated
with lower risk (HR=0.72 p<0.05). In men, abdominal fat was the only
significant predictor of stroke (HR=1.49 p<0.05). Results from these
analyzes are shown in table 5.

In secondary analyzes, we tested whether abdominal fat mass was a
predictor of stroke independent of BMI. In this model, abdominal fat mass
was significantly associated with incident stroke in both men and women
(HR=1.71-1.80 p<0.05), while BMI was not (HR=0.80-0.90 p>0.05).

In a subgroup analyzes, where data on hypertension, diabetes and smoking
was available, the model was adjusted for these variables. The adjustments
attenuated the associations between the measures of adiposity and incident
stroke, and they now no longer remained significant (p>0.05 for all).
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HR 95% Cl P-value
Women (n=2013)
BMI 1.51 1.13-2.01 0.005
Total fat mass 1.45 1.09-1.94 0.01
Abdominal fat mass 1.66 1.23-2.24 0.001
Gynoid fat mass 1.33 1.00-1.78 0.05
Abdominal/gynoid fat mass 1.47 1.09-1.98 0.01
Gynoid/total fat mass 0.72 0.54-0.96 0.03
Men (n= 738)
BMI 1.11 0.81-1.52 0.53
Total fat mass 1.35 0.97-1.87 0.08
Abdominal fat mass 1.49 1.06-2.09 0.02
Gynoid fat mass 1.34 0.96-1.86 0.10
Abdominal/gynoid fat mass 1.00 0.72-1.38 1.00
Gynoid/total fat mass 0.91 0.66-1.25 0.54

Abbreviations: Cl, confidence interval; HR, hazard ratio. HRs are presented
per s.d. increase in the independent variables.

Printed with permission from Int J Obes

Table 5. Associations between the different measures of adiposity and
incident stroke in women and men, after adjustments for the influence of age.
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Results Study 111
Body composition and mortality

This study was conducted to investigate the associations between different
aspects of adiposity and body composition in relation to mortality in older
subjects. During follow up, 397 subjects (43%) died. In men, there was
evidence of a u-shaped association between all of the measures of adiposity
and mortality (p<0.01). In women, a u-shaped trend was observed for
abdominal fat mass, while the other measures of adiposity were negatively
associated with mortality (HR=0.82-0.85 p<0.05). An abdominal fat
distribution was associated with a slight increase in mortality risk in women
(HR=1.13 p<0.05), but not in men (HR=1.01 p>0.05). In both men and
women, lean mass was negatively associated with mortality (HR=0.69-0.81
p<0.01). These results are shown in table 6. The same analyzes were also
performed excluding subjects that died within the first two years of follow
up. This exclusion had no distinguishable impact on results.

In secondary analyzes the subjects were split into quartiles of each measure
of adiposity. In women, the highest risks were generally observed in the first
quartile (corresponding to those with the lowest amounts of fat), while in
men, the highest risks were observed both in the first and the fourth quartile.
For lean mass, the highest risk was observed in the first quartile in both men
and women. These results are shown in table 7.
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Women p U-shapedtrend HRlineartrend p lineartrend
BMI 0.114 0.84 0.003
Abdominal fatmass 0.018 - -

Total fat mass 0.179 0.85 0.009
Gynoid fat mass 0.214 0.82 0.001
Abdominal/Gynoid 0.104 1.13 0.044

Lean mass 0.512 0.81 <0.001

Men p U-shapedtrend HRlineartrend p lineartrend
BMI <0.001 - -

Abdominal fat mass <0.001 - -

Totalfat mass <0.001 - -

Gynoid fat mass 0.002 - -
Abdominal/Gynoid 0.382 1.01 0.910

Lean mass 0.480 0.69 0.001

Table 6. P for trends and HRs (per SD) of estimates of adiposity in

women and men.

Women BMI Abdominalfat Totalfatmass  Gynoidfat Abdominal/ Lean mass
mass mass
gynoid
Quartile HR p HR p HR p HR p HR p HR p
1 1 1 1 1 1 1
2 0.89 0.455 0.74 0.063 0.82 0.213  0.79 0.146  0.99 0.958 0.668 0.009
3 0.62 0.004 0.79 0.150 0.84 0.267 0.88 0.435 0.90 0.563 0.615 0.002
4 0.78 0.139 0.77 0.115  0.70 0.035 0.62 0.008 1.32 0.095 0.530 0.001
Men BMI Abdominalfat Totalfatmass  Gynoidfat Abdominal/ Lean mass
mass mass gynoid
Quartile HR p HR p HR p HR p HR p HR p
1 1 1 1 1 1 1
2 0.39 0.001 1.01 0.967 1.01 0.971 0.75 0.328 1.08 0.791 0.676 0.137
3 0.41 0.001 0.74 0.309  0.70 0.217 1.04 0.886 1.21 0.502  0.564 0.044
4 0.59 0.041 1.52 0.126 1.36 0.248 1.05 0.860 1.09 0771 0.465 0.010

Table 7. Age adjusted HRs of death

adiposity in women and men.

by quartiles of estimations of
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Results

Results Study IV

Erythrocyte sedimentation rate in young adulthood is associated with
myocardial infarction later in life

In this study we examined the longitudinal relationship between ESR and
incident MI in young men. During follow up, 8 082 subjects suffered an MI.
ESR was significantly associated with incident MI both in the primary model
(adjusted for age, EVF, year and place of measurements, HR=1.16 per
increase in log.ESR p<0.001) and in the secondary model (further adjusted
for BMI, systolic blood pressure, education and disease at baseline, HR=1.18
Pp<0.001).

In secondary analyzes subjects were split into ten groups according to
baseline ESR. Subjects with an ESR of 2 mm/h had a significantly higher risk
of MI than those having an ESR of 1 mm/h (HR=1.11 p<0.05). The risk
increase by ESR appeared continuous (p for trend 0.001), and having an
ESR of 15mm/h or above was associated with a 68% increased risk compared
to those with an ESR of 1 mm/h. These results are illustrated in figure 7.

In subgroup analyzes, where present smoking status was know, the impact of
smoking on the ESR-MI relationship was tested. Despite the fact that
smoking was strongly associated with MI risk (HR=2.30 p<0.001), it did not
influence the ESR-MI association.
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Myocardialinfartion risk by ESR

2,5

1,5 .‘.

JR——

=
-

Hazard ratio

0,5

1 2 3 4 5 6 7 8 8 10
ESR group

Figure 7. HRs and confidence intervals of MI by groups of ESR.
The model is adjusted for age, EVF, year and place of measurements, BMI,
systolic blood pressure, education and diseases at baseline.
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Discussion

Regional adiposity and cardiovascular disease

Obesity is a major contributor to the global increase of CVD3:21, BMI has
been the chosen measure to define the limits of obesity, but research strongly
suggests that it is not the best measure to predict CVD risk29:32, BMI is only a
rough predictor of total body fat, and does not factor in body fat distribution.

Central obesity, and particularly an excessive visceral fat accumulation, has
been noted to be particularly deleterious?24:30.32.43.49, The importance of
central obesity in CVD risk prediction is recognized by the inclusion of WC,
rather than BMI, in attempts made to define the metabolic syndrome?74. WC
provides a better estimate of visceral fat than BMI does!75, and strong
epidemiological data shows that WC is associated with other established
CVD risk factors3o.76 and with CVD events25:32.

On the contrary, gynoid fat, localized around the hips, has been suggested to
counterbalance the detrimental effects of visceral fat:3. The ratio of waist-to-
hip circumference has, therefore, been proposed as an even better predictor
of CVD risks2. However, since both of these measurements are affected by
skeletal structure and lean mass, the effects of fat masses alone are difficult
to interpret.

In study I, abdominal fat mass and the ratio of abdominal to gynoid fat mass
had the strongest correlations to the CVD risk factors in both men and
women. Interestingly, gynoid fat mass was also positively associated with
CVD risk factors. This can likely be explained by the high correlation
observed between gynoid and total fat mass. When gynoid fat was put in
relation to total fat mass, the ratio was negatively associated to risk factor
levels. Physical activity was associated with lower body fatness and a
favorable fat distribution.

Given the findings in study I, it seemed probable that regional fat mass
would also be associated with CVD risk. This hypothesis was tested in study
11, where we investigated the relationship between regional adiposity and the
risk of stroke. We found that abdominal fat had the strongest association
with stroke in both men and women. As in study I, the ratio of gynoid to
total fat was associated with lowered risk, but this time only in women. After
adjusting for the other CVD risk factors, the associations between the
regional fat measures and stroke were no longer significant. We therefore
concluded that the association between regional fat mass and stroke was, at
least partially, mediated through traditional CVD risk factors.
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Results from studies | and Il are in agreement with studies that have used
WC or WHR as their explanatory variables76-180, The risks associated with
these measures are difficult to compare between studies, since some
performed calculations based on quartiles, while others used specific
thresholds or continuous values. Studies also vary by follow up time and
mean age of participants and are, to some degree, adjusted for different
confounders. However, since conclusions from these anthropometric studies
are similar to ours, DXA, at present, do not provide sufficient improvements
in CVD risk estimations to justify clinical use. However, DXA does provide
accurate estimations of fat masses and body composition. Being able to
longitudinally follow these measures may, aside from providing risk
estimations, also enhance motivation in subjects determined to reduce body
fatness.

The conclusion that abdominal fat is associated with CVD risk seems logical,
given the atherogenic attributes of visceral fat cells, which is discussed in
more detail in the section of pathophysiology of obesity. While not
protective per se, a gynoid fat storage appears to be associated with lower
risk than fat stored at other sites. This has also been noted in other studies
using anthropometric measurements3281182, The protective effect has been
suggested to be due to high LPL activity in gynoid fat cells!3, and in summary
this theory states that: An excessive postprandial release of FFA, in
combination with elevated insulin levels is one of the major factors
contributing to the insulin resistance!83. Postprandial FFAs are not only
derived from adipocytes, but also from the fat content of the meal. When
LPL in insulin-resistant adipocytes process FFA from chylomicrons, a
substantial amount is not esterified and is released into the circulation?8s.
Insulin-sensitive cells, such as gynoid adipocytes, do a much better job
storing FFA from chylomicron breakdown84. Visceral, subcutaneous, and
gynoid adipocyte LPL, together with skeletal muscle, all compete for
breakdown of meal-derived chylomicrons. Therefore, the LPL activity in
different fat depots, to a certain degree, determines the proportion of meal-
derived fat that is converted to FFAs. A gynoid fat distribution may therefore
be a reflection of high LPL activity in gynoid adipocytes, and is likely
associated with lower levels of circulating FFA13.
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Body composition and mortality

CVD (40%), cancer (25%), and respiratory diseases (6%) are the most
common causes of death in Sweden. Obesity is strongly associated with
CVD, while weakly associated with cancer and respiratory diseases!!. Given
the heterogeneous causes of mortality, the association between obesity and
mortality is likely caused by many different mechanisms.

Furthermore, there seems to be an age-interaction between obesity and
mortality. In middle-aged adults, the association is J- or U-shaped-3:, while
in the elderly, studies do not agree, since positive, negative, and non-
significant associations have all been reported24185187, Some researchers
have proposed that this discrepancy is due to a poor association between fat
mass and BMI in the elderly. Although researchers have not found a clear
relationship between body fatness and mortality, there is evidence of a
protective effect of lean mass88-192. Given the difficulty in distinguishing fat
and muscle mass by anthropometric measures, assessments need to be made
by direct measurement techniques.

In study III, we found that lean mass was negatively associated with
mortality in both men and women. Total fat mass was found to be protective
in women, while a high proportion of abdominal fat, compared to gynoid fat,
moderately increased risk in women. In men, the relationship between both
total and abdominal fat mass was U-shaped, with an increasing risk among
both lean and obese subjects.

It is difficult to determine whether low muscle (lean) mass is a causal factor
contributing to mortality. Muscle mass is strongly associated with muscle
strength and declines naturally with age93.194, When muscle strength drops
below a certain level, mobility is impaired, leading to a loss of independence
and a decreased ability to maintain the remaining muscle mass. Individuals
with a high muscle mass, thus, fare better with the natural age-associated
muscle mass decline and in times of disease when muscle loss occurs more
rapidly9s. Muscle mass is also a good indicator of health, since there is a
strong correlation between muscle mass and physical activity'94, another
factor that declines in times of disease. To adequately control for this form of
reverse causality has proven difficult, since early stages of disease often are
undiagnosed. In our study, we tried to control for serious illness by excluding
individuals that died during the first two years of follow-up, but these
controls did little to change the final results. Despite these efforts to control
for reverse causality, we cannot know for sure whether muscle mass, by
itself, is protective against mortality, or if it is simply a marker of other
mechanisms, such as preexisting disease.
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The U-shaped association between total fat mass and mortality in men is
probably due to different causes of mortality in lean and obese individuals.
Involuntary weight loss and low weight can be caused by respiratory
conditions®9¢ and/or cancer’. The association between low fat mass and
mortality is therefore not likely to be causal. On the other end of the spectra,
the association between high fat mass and mortality is more likely to be
causative because of the strong associations between obesity and CVD
mortality't3?, as discussed in more detail previously in this thesis.

Despite having been noted in comparable anthropometric studies87:198,199,
the fact that fat mass is associated with increased survival in women is
interesting and still perhaps a bit unexpected. A possible explanation is that
individuals with higher levels of body fat have greater energy reserves to use
during times of disease, when maintaining a neutral energy balance is
difficult. Larger energy reserves would make it possible to survive for a
longer period of time with a disease that causes a negative energy balance.
This effect could potentially outweigh the increase in CVD risk among very
old individuals. Another possible explanation is reverse causality due to
preexisting disease, which was discussed in more detail earlier in this
chapter. Why high body fatness among elderly was associated with increased
survival in women but not in men is difficult to say and warrants further
investigation.
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Inflammation and cardiovascular disease

All stages of atherosclerosis are characterized by immune cell activation and
the immune response appears to be required for atherosclerosis
development!6:7, In response to stressors such as hypertension or high
concentrations of LDL, endothelial cells express adhesion molecules that
promote immune cell infiltration in the arterial wall. Deposition of LDL
underneath the endothelial lining then promotes further immune cell
recruitment and activation, ultimately leading to vascular inflammation.
Cytokines produced by activated immune cells can be indirectly detected by
measuring end products of the signaling cascade. Inflammatory substances
have therefore been proposed as markers of atherosclerotic disease 5.6,

CRP8.1411145  interleukin-6200, fibrinogen42201, and ESR19.146-148:202 gare all
positively associated with CVD events in middle-aged populations, where the
prevalence of atherosclerotic lesions is relatively high. Early stages of
atherosclerosis (fatty streaks) have been detected even in young adults?s, but
whether these can be traced by inflammatory markers is, to date, not known.

In study 1V, the results strongly indicated that a dose-response relationship
exists between ESR and MI. This relationship remained even after the
adjustment for potential confounders, such as disease at baseline and known
CVD risk factors.

Atherosclerotic lesions are the underlying cause of the vast majority of MIs
and a previous study have found a strong association between coronary
arteriosclerosis and ESR202. Our results indicate an association between
elevated ESR, as a possible sign of early atherosclerosis, and the
development of more advanced lesions later in life. Admittedly, whether
atherosclerosis causes inflammation, or if inflammation causes
atherosclerosis is not distinguishable in this type of study. The timeline for
these events might, at first glance, seem unimportant, but it actually has a
high value to the clinical implications of these findings. If elevated
inflammatory markers make immune cells more prone to migrate into the
arterial intimae and thereby contribute to pathogenesis, one could aim at
reducing inflammatory response in high-risk individuals. On the other hand,
if inflammatory markers are just indicators of atherosclerosis, one should
instead aim at reducing traditional CVD risk factors in the same individuals.

Of the inflammatory markers, CRP has rendered the most scientific interest.

Elevated CRP has been shown to be associated with MI risk in a number of
large studies8141-145, The elevation of CRP following an acute episode of MI
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has also been shown to correlate with prognosisi22:203, Given these findings,
CRP levels have been proposed to be measured for CVD risk factor
screening204, and targeted for drug intervention2:. Given a causal link, CRP-
lowering drugs could potentially be used both as prevention and as an acute
treatment in MIL.

Genetic studies are helpful to determine causality. Large-scale Mendelian
randomization studies have investigated allele variations that are known to
be associated with elevated basal levels of CRP44145. These studies have
found that CRP, but not genetically-elevated CRP, is associated with MI risk.
This indicates that CRP itself does not cause atherosclerosis, but is rather a
reflection of the atherosclerotic process. An implication of these findings is
that specific CRP-lowering drugs are likely ineffective as a primary
prevention therapy. On the other hand, CRP is just one specific molecule
associated with inflammation. Other means of reducing inflammation might
potentially prove to be more effective.

Statin therapy reduces LDL cholesterol levels, but also has anti-
inflammatory properties. In a highly noted study, rosuvostatin was found to
reduce CVD risk in individuals with low LDL but high CRP levels2t. There
was no improvement in risk for those with low LDL and low CRP. These
results imply that a part of the risk reduction with rosuvastatin can be
attributed to its anti-inflammatory properties. However, since statins also
have targets not relating to inflammation, there is a need for studies using
selective anti-inflammatory drugs to verify the benefits of inflammatory
reduction. Currently, there are two ongoing trials that aim to answer this
question: one using low dose methotrexate and the other using an
interleukin-1 inhibitor=0s.

Independent of whether inflammation by itself is a causal factor of CVD,
markers of inflammation can potentially be used to predict CVD. CRP has
proven to add some predictive value when used in convention with other
CVD risk factors204. However, it is still not clear whether this relatively small
increase in predictive power is relevant to clinical decision-making?63.

In our study, we observed a significant increase in MI risk already at an ESR
of 2 mm/h, compared to 1 mm/h (HR=1.11, p<0.05). An ESR of 15 mm/h or
above was associated with about a 70% increase in MI risk (p<0.001).
However, in this study, we did not evaluate the robustness of ESR as a
screening tool, and given the relatively small differences in absolute risks, it
seems unlikely that ESR alone can be used as a screening tool, at least in
low-risk populations. Importantly, however, our findings illustrate that CVD
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risk can be estimated already in young adulthood and this emphasizes the
need for more studies on traditional CVD risk factors in young adults.

Limitations

This section is not intended to give a complete description of all study
limitations, but rather to discuss some of most important ones.

Patient based cohorts

In study I-111, the majority of participants were patients, which are a specific
subset of the general population. It is, therefore, important to determine
whether this selection of participants limits the generalizability of our
results. In order to assess this, we need to consider what separates this
cohort from the general population.

The reasons for DXA measurement were analyzed in subjects measured
during 2005-2006. As previously mentioned, the primary reason for
admission was not for fat mass assessment, but for measurements of bone
mineral density. Previous fracture (29%), a general fear of osteoporosis
(23%), and previous or present corticoid-steroid therapy (20%) were the
most common causes of admission. The majority of patients (64%) on
corticoid therapy had been previously diagnosed with rheumatic disease.
Overall, 15% of all subjects were not admitted and were instead involved in
different projects at the Sports Medicine Unit at Umea.

Low bone mineral density is an independent predictor of CVDz206:207, Given
these admission characteristics, we have good reason to suspect that our
cohort, on average, had a lower bone mineral density than the general
population. Therefore, the incidence of CVD might have been slightly higher
in this cohort compared to the general population. The incidence of an
outcome is, by itself, not a major factor when trying to determine the
generalizability of results. The question is whether certain characteristics of
the cohort tend to have an effect on the relationship between the explanatory
variables (i.e. fat and lean masses) and the outcome variables (i.e. CVD risk
factors, stroke, and mortality).

In theory, the genetic properties of our cohort could cause an interaction.
However, it was recently reported that the distributions of genetic risk
markers for obesity and diabetes II in our cohort were similar to that in other
populations208, indicating that the cohort was not unique in terms of genetic
background.
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Another factor to consider is the possible interaction between cortisone
treatment, body composition, and CVD risk. Given that the majority of
patients on steroid therapy had rheumatic disease, it is most relevant to
assess a possible interaction in this group. RA patients appears to have a
more central fat distribution, higher fat mass, and lower lean mass compared
to age and sex-matched controls209. Corticoid therapy was, in one study,
associated with increased fat mass2°, while another study found no
association209. Cortisone treatment did not seem to influence the overall
distribution of fat210211, This is somewhat surprising, and might possibly be
explained by the relatively low doses of cortisone used in these studies.
Hypercortisolism (Cushing's syndrome) is otherwise well known to be
associated with an abdominal fat distribution2:2. Both RA and corticoid
therapy are independently associated with increased risk of CVD149:150.213 and
RA is also associated with an increased risk of mortality=14.

Since RA, and possibly also cortisone treatment, is associated with both our
explanatory and the outcome variables, they could potentially cause our
results to appear stronger than they actually are. However, it should be noted
that a relatively small percentage of our cohort used cortisone and/or had
rheumatic disease, and that the associations between RA (and cortisone) and
the explanatory variables appears to be modest. Therefore the higher
numbers of these patients in our cohort was not likely to have a substantial
impact on our results. Nevertheless, there might also be other potential
interactions due to the patient-dominated cohort, so the projection of our
results to the general population needs to be made with this in mind.

Possible confounding of infections in study IV

ESR is an unspecific marker of inflammation, and an elevated value can be
caused by many other things besides atherosclerosis. One might argue that
an elevated ESR can be caused by infectious diseases that also causes an
increased risk of MI. In our study we adjusted for many, but naturally, far
from all medical conditions. Given that the MI, on average, occurred 30
years after study start, it seems unlikely that an acute infection at baseline
could increase MI risk. Chronic or recurrent diseases such as periodontitis or
chlamydia pneumoniae infections can cause an elevation of inflammatory
parameters and are associated with CVD215217, Whether these, or possibly
other infectious diseases, affected the association between inflammatory
markers and cardiovascular disease in young adults is not known. An
indirect indication that these conditions did not significantly impact the
results was that statistical adjustments for other chronic or long term
conditions, such as RA and colitis, in our study, did not alter the ESR-MI
association.
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Discussion

Generalizability of results to women

In study 1V, we only studied the relationship between ESR and MI in men,
and the results may therefore not be applicable to women. To our knowledge,
only two previous studies have examined the relationship between ESR and
MI in both men and women. One of them found similar associations in men
and women46, while the other one found associations to be weaker in
women than in men48. The association between other measures of
inflammation and MI appears to be similar in men and women:8:218, In
conclusion, there is insufficient data on the ESR-MI relationship,
particularly in younger subjects, for us to be able to speculate whether our
results also apply to women.
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Discussion

Clinical implications

In studies | and 11, we found that fat mass, particularly abdominal fat mass,
increased the risk of CVD in middle-aged populations. This emphasizes the
need for individuals that have a high risk of CVD to strive towards a better
fat distribution and body composition profile. Results from study | also
shows that physical activity is beneficially correlated with these body
characteristics.

For clinical assessment of fat distributions, anthropometric measures are
currently sufficient. The development of new DXA-technology which is
capable of measuring visceral fat might, however, make DXA a part of
conventional CVD risk factor screening in the future.

In study I, we found that lean mass was a strong predictor of survival in
older people. Therefore, we should be encouraging the elderly population to
remain physically active and to avoid a negative energy balance. Whether our
results also motivates lean mass measurements by DXA to be used clinically,
in older subjects, is difficult to say. To answer this question cost-benefit
analyses and comparisons to other measurement techniques are needed.

In study 111, we also found that high levels of body fat were associated with
increased survival in women. These findings are not sufficient to recommend
weight gain in the normal-weight elderly, but they imply that we should not
strive to reduce body fat at older ages. Voluntary weight change in the elderly
is a topic where insufficient evidence exists, and would be interesting to
investigate further.

In study IV, ESR at a young age predicted MI later in life. This supports the
concept that inflammation is part of atherogenesis. These findings might,
together with other studies, ultimately lead to improved CVD risk
assessments and provide potential new targets for drug development. ESR is
currently not sufficiently validated to be included in CVD risk screening, but
our findings suggests that CVD risk can be estimated also in young adults.
Further studies on this subjects are warranted.
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Discussion

Future research

Our studies have shown that body composition is associated with CVD risk
factors and incident stroke. Body composition is determined by a
combination of inherent and environmental factors, and it would be
interesting to study their individual contributions. Furthermore, the
environmental factors can be positively affected. By launching intervention
studies targeting diet, exercise, medication, or possibly other mechanisms,
we can hope to further the knowledge on how to achieve and maintain
positive alterations in body composition in high-risk individuals.

Abdominal fat mass was found to be the strongest predictor of CVD risk
factors and stroke in our studies, and constitutes the sum of SAT and VAT.
The results from experimental studies indicate that VAT is particularly
harmful, so it would therefore be interesting to compare these two fat depots
in epidemiological settings. Until now, techniques to adequately measure
these fat depots in healthy subjects have either been too expensive or have
been associated with a significant exposure to radiation. However, given new
progress with DXA technology, measurements of visceral fat in the general
population might soon be feasible.

We also found that total fat mass was negatively associated with mortality in
elderly women. Whether one should avoid voluntary weight loss, or possibly
recommend weight gain in healthy elderly is an issue that warrants further
investigation.

In study IV, we found that high ESR in young adulthood was a predictor of
MI later in life. Whether inflammation is causative or just a marker of
disease is a matter of great significance, and clearly more research is
warranted on this subject. Further work is also needed to determine whether
markers of inflammation have the predictive power to justify inclusion in
traditional CVD risk screening.

Results from study IV shows that ESR is associated with MI risk several
decades before any clinical symptoms occur. It would therefore be very
interesting to investigate whether the traditionally-used CVD risk factors,
measured during young adulthood, can predict long term CVD risk.
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Summary and conclusions

Summary and conclusions

Both total fat mass and regional fat masses were found to be predictors of
CVD risk. Abdominal fat mass was generally the strongest predictor of both
CVD risk factors and stroke events. A gynoid fat distribution was negatively
associated with CVD risk factors in both men and women and had a
protective effect against stroke in women. The association between fat
masses and stroke was significantly weakened after adjustments for the CVD
risk factors, indicating that the effect of fat masses is partially mediated
through these factors.

The finding that physical activity was associated with a lower total fat mass
and with a beneficial fat distribution indicates that positive changes in body
composition can be achieved through life style modification. Lean mass was
highly associated with increased survival in older subjects, which emphasizes
the importance of physical activity. Interestingly, total fat mass was
associated with a decreased mortality risk in older women, and is potentially
a sign of health at older ages.

Finally, we found that ESR measured during adolescence is associated with
incident MI. ESR is a measure of inflammation and can be a sign of
atherosclerosis, since all stages of atherogenesis are characterized by
immune cell activity. These findings are in line with previous observations
that atherosclerosis is a continuous disease, already present in adolescence.

In conclusion, CVD is the end result of a continuous process of
atherosclerosis and can be prevented by a reduction in the rate of
atherogenesis. Prevention can be achieved by controlling CVD risk factors,
which are correlated with body composition and body fat distribution.

74



Acknowledgements

Acknowledgements

This thesis benefited from the assistance and encouragement of several
persons. In particular I want to express my warmest gratitude to:

My mentors Anna Nordstrom and Peter Nordstrém for inspiration,
support and guidance throughout my PhD. You have an incredibly broad
knowledge and, despite a busy schedule, have always given me fast and
accurate feedback. Your passion for research is truly inspirational and I
could not have asked for better mentors.

My friends and colleagues of Gabriel Hoégstrom, Taru Tervo and
Fredrik Eklund for rewarding discussions and for your contribution to the
pleasant atmosphere that makes one truly feel good about going to work.

My co-workers at the Sports medicine for your encouragements and pleasant
chats at the dining room.

Peter Forsgren for quick and effective computer support and to Gunilla
Solander and Annica Dahlberg for your assistance with administrative
work.

My co-authors: Peder Wiklund for fruitful collaboration on study design,
data collection and critical review of the articles. Géran Hallmans for your
contribution of data. Paul Franks and Yngve Gustafson for valuable
comments and to Marie Eriksson for reliable statistical guidance.

The County Council of Vasterbotten (VLL) and Tommy Olsson and the
"profilomrade fetma och Gvervikt" for your financial support which enabled

me to finish this thesis.

Mattias Vagberg and my colleagues at the Geriatric department for your
thorough review that helped me to improve the content of this thesis.

Frida Persson and Nils Persson for your beautiful illustrations that
substantially improved the visual appearance of this thesis.

My parents, Lars Toss and Maria Toss for your love, support and
guidance throughout my life.

My girlfriend Lykke Liljefeldt for your love, encouragement and patient
listening.

75



References

References

1. Socialstyrelsen. Folkhélsorapport 2009. In; 2009.

2. WHO. World health statistics 2011; 2011.

3. WHO. Obesity: preventing and managing the global epidemic.
Report of a WHO consultation. World Health Organ Tech Rep Ser
2000;894:i-xii, 1-253.

4. Lusis AJ. Atherosclerosis. Nature 2000;407:233-41.

5. Hansson GK. Inflammation, atherosclerosis, and coronary artery
disease. N Engl J Med 2005;352:1685-95.

6. Poirier P, Eckel RH. Obesity and cardiovascular disease. Curr
Atheroscler Rep 2002;4:448-53.

7. White HD, Chew DP. Acute myocardial infarction. Lancet
2008;372:570-84.

8. Donnan GA, Fisher M, Macleod M, Davis SM. Stroke. Lancet
2008;371:1612-23.

9. Mokdad AH, Marks JS, Stroup DF, Gerberding JL. Correction:
actual causes of death in the United States, 2000. JAMA
2005;293:293-4.

10. Socialstyrelsen. Dédsorsaker 2010; 2011.

11. Whitlock G, Lewington S, Sherliker P, et al. Body-mass index and
cause-specific mortality in 900 000 adults: collaborative analyses of
57 prospective studies. Lancet 2009;373:1083-96.

12. McLaughlin T, Lamendola C, Liu A, Abbasi F. Preferential Fat
Deposition in Subcutaneous Versus Visceral Depots Is Associated
with Insulin Sensitivity. J Clin Endocrinol Metab 2011.

13. McCarty MF. A paradox resolved: the postprandial model of insulin
resistance explains why gynoid adiposity appears to be protective.
Med Hypotheses 2003;61:173-6.

14. Despres JP, Lemieux I. Abdominal obesity and metabolic syndrome.

Nature 2006;444:881-7.

76



15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

77

References

Strong JP, Malcom GT, McMahan CA, et al. Prevalence and extent of
atherosclerosis in adolescents and young adults: implications for
prevention from the Pathobiological Determinants of
Atherosclerosis in Youth Study. JAMA 1999;281:727-35.

Hansson GK, Hermansson A. The immune system in atherosclerosis.
Nat Immunol 2011;12:204-12.

Libby P, Ridker PM, Hansson GK. Progress and challenges in
translating the biology of atherosclerosis. Nature 2011;473:317-25.

Danesh J, Wheeler JG, Hirschfield GM, et al. C-reactive protein and
other circulating markers of inflammation in the prediction of
coronary heart disease. N Engl J Med 2004;350:1387-97.

Erikssen G, Liestol K, Bjornholt JV, Stormorken H, Thaulow E,
Erikssen J. Erythrocyte sedimentation rate: a possible marker of
atherosclerosis and a strong predictor of coronary heart disease
mortality. Eur Heart J 2000;21:1614-20.

WHO. Global atlas on cardiovascular disease prevention and
control; 2011.

Haslam DW, James WP. Obesity. Lancet 2005;366:1197-209.

Abbasi F, Brown BW, Jr., Lamendola C, McLaughlin T, Reaven GM.
Relationship between obesity, insulin resistance, and coronary heart
disease risk. J Am Coll Cardiol 2002;40:937-43.

WHO EC. Appropriate body-mass index for Asian populations and
its implications for policy and intervention strategies. Lancet

2004;363:157-63.

Janssen I, Mark AE. Elevated body mass index and mortality risk in
the elderly. Obes Rev 2007;8:41-59.

WHO. Waist Circumference and Waist—Hip Ratio (2011) Report of a
WHO Expert Consultation, Geneva, 8-11 December 2008.

Aucouturier J, Meyer M, Thivel D, Taillardat M, Duche P. Effect of
android to gynoid fat ratio on insulin resistance in obese youth. Arch
Pediatr Adolesc Med 2009;163:826-31.



27.

28.

29.

30.

31.

32,

33-

34.

35:

36.

References

Daniels SR, Morrison JA, Sprecher DL, Khoury P, Kimball TR.
Association of body fat distribution and cardiovascular risk factors in
children and adolescents. Circulation 1999;99:541-5.

Banegas JR, Lopez-Garcia E, Gutierrez-Fisac JL, Guallar-Castillon P,
Rodriguez-Artalejo F. A simple estimate of mortality attributable to
excess weight in the European Union. Eur J Clin Nutr 2003;57:201-
8.

Wormser D, Kaptoge S, Di Angelantonio E, et al. Separate and
combined associations of body-mass index and abdominal adiposity
with cardiovascular disease: collaborative analysis of 58 prospective
studies. Lancet 2011;377:1085-95.

Dobbelsteyn CJ, Joffres MR, MacLean DR, Flowerdew G. A
comparative evaluation of waist circumference, waist-to-hip ratio
and body mass index as indicators of cardiovascular risk factors. The
Canadian Heart Health Surveys. Int J Obes Relat Metab Disord
2001;25:652-61.

Romero-Corral A, Montori VM, Somers VK, et al. Association of
bodyweight with total mortality and with cardiovascular events in
coronary artery disease: a systematic review of cohort studies.
Lancet 2006;368:666-78.

Yusuf S, Hawken S, Ounpuu S, et al. Obesity and the risk of
myocardial infarction in 27,000 participants from 52 countries: a
case-control study. Lancet 2005;366:1640-9.

Kannel WB, Cupples LA, Ramaswami R, Stokes J, 3rd, Kreger BE,
Higgins M. Regional obesity and risk of cardiovascular disease; the
Framingham Study. J Clin Epidemiol 1991;44:183-90.

Norcross J, Van Loan MD. Validation of fan beam dual energy x ray
absorptiometry for body composition assessment in adults aged 18-
45 years. Br J Sports Med 2004;38:472-6.

Laskey MA. Dual-energy X-ray absorptiometry and body
composition. Nutrition 1996;12:45-51.

Park YW, Heymsfield SB, Gallagher D. Are dual-energy X-ray

absorptiometry regional estimates associated with visceral adipose
tissue mass? Int J Obes Relat Metab Disord 2002;26:978-83.

78



37

38.

39.

40.

41.

42.

43.

44.

45.

46.

79

References

Hill AM, LaForgia J, Coates AM, Buckley JD, Howe PR. Estimating
abdominal adipose tissue with DXA and anthropometry. Obesity
(Silver Spring) 2007;15:504-10.

Micklesfield LK, Evans J, Norris SA, et al. Dual-energy X-ray
absorptiometry and anthropometric estimates of visceral fat in Black
and White South African Women. Obesity (Silver Spring)
2010;18:619-24.

Kim J, Wang Z, Heymsfield SB, Baumgartner RN, Gallagher D.
Total-body skeletal muscle mass: estimation by a new dual-energy
X-ray absorptiometry method. Am J Clin Nutr 2002;76:378-83.

Rossner S, Bo WJ, Hiltbrandt E, et al. Adipose tissue determinations
in cadavers--a comparison between cross-sectional planimetry and
computed tomography. Int J Obes 1990;14:893-902.

Yoshizumi T, Nakamura T, Yamane M, et al. Abdominal fat:
standardized technique for measurement at CT. Radiology
1999;211:283-6.

Carroll JF, Chiapa AL, Rodriquez M, et al. Visceral fat, waist
circumference, and BMI: impact of race/ethnicity. Obesity (Silver
Spring) 2008;16:600-7.

Ruderman N, Chisholm D, Pi-Sunyer X, Schneider S. The
metabolically obese, normal-weight individual revisited. Diabetes

1998;47:699-713.

Bays HE, Gonzalez-Campoy JM, Bray GA, et al. Pathogenic potential
of adipose tissue and metabolic consequences of adipocyte
hypertrophy and increased visceral adiposity. Expert Rev Cardiovasc
Ther 2008;6:343-68.

Bays H, Rodbard HW, Schorr AB, Gonzalez-Campoy JM.
Adiposopathy: treating pathogenic adipose tissue to reduce
cardiovascular disease risk. Curr Treat Options Cardiovasc Med

2007;9:259-71.

Marques BG, Hausman DB, Martin RJ. Association of fat cell size
and paracrine growth factors in development of hyperplastic obesity.
Am J Physiol 1998;275:R1898-908.



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

References

Hausman DB, DiGirolamo M, Bartness TJ, Hausman GJ, Martin RJ.
The biology of white adipocyte proliferation. Obes Rev 2001;2:239-

54.

Boucher BJ, Cohen RD, France MW, Mason AS. Plasma free fatty
acid turnover in total lipodystrophy. Clin Endocrinol (Oxf)
1975;4:83-8.

Porter SA, Massaro JM, Hoffmann U, Vasan RS, O'Donnel CJ, Fox
CS. Abdominal subcutaneous adipose tissue: a protective fat depot?
Diabetes Care 2009;32:1068-75.

Lemieux I. Energy partitioning in gluteal-femoral fat: does the
metabolic fate of triglycerides affect coronary heart disease risk?
Arterioscler Thromb Vasc Biol 2004;24:795-7.

Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable
risk factors associated with myocardial infarction in 52 countries
(the INTERHEART study): case-control study. Lancet
2004;364:937-52.

D'Agostino RB, Sr., Vasan RS, Pencina MJ, et al. General
cardiovascular risk profile for use in primary care: the Framingham
Heart Study. Circulation 2008;117:743-53.

Grundy SM, Brewer HB, Jr., Cleeman JI, Smith SC, Jr., Lenfant C.
Definition of metabolic syndrome: Report of the National Heart,
Lung, and Blood Institute/American Heart Association conference
on scientific issues related to definition. Circulation 2004;109:433-
8.

Kahn R, Buse J, Ferrannini E, Stern M. The metabolic syndrome:
time for a critical appraisal: joint statement from the American
Diabetes Association and the European Association for the Study of
Diabetes. Diabetes Care 2005;28:2289-304.

Lopez PM, Fernandez-Ballesteros R, Zamarron MD, Lopez SR.
Anthropometric, Body Composition and Health Determinants of
Active Ageing: A Gender Approach. J Biosoc Sci 2011:1-14.

Cartwright MJ, Tchkonia T, Kirkland JL. Aging in adipocytes:

potential impact of inherent, depot-specific mechanisms. Exp
Gerontol 2007;42:463-71.

80



57-

58.

59-

60.

61.

62.

63.

64.

65.

66.

67.

68.

81

References

Williamson DF. Descriptive epidemiology of body weight and weight
change in U.S. adults. Ann Intern Med 1993;119:646-9.

Kyle UG, Genton L, Hans D, Karsegard L, Slosman DO, Pichard C.
Age-related differences in fat-free mass, skeletal muscle, body cell
mass and fat mass between 18 and 94 years. Eur J Clin Nutr
2001;55:663-72.

Abellan van Kan G. Epidemiology and consequences of sarcopenia. J
Nutr Health Aging 2009;13:708-12.

Sallis JF. Age-related decline in physical activity: a synthesis of
human and animal studies. Med Sci Sports Exerc 2000;32:1598-
600.

Nedungadi TP, Clegg DJ. Sexual dimorphism in body fat distribution
and risk for cardiovascular diseases. J Cardiovasc Transl Res
2009;2:321-7.

Vermeulen A, Goemaere S, Kaufman JM. Testosterone, body
composition and aging. J Endocrinol Invest 1999;22:110-6.

Risonar MG, Rayco-Solon P, Ribaya-Mercado JD, et al. Physical
activity, energy requirements, and adequacy of dietary intakes of
older persons in a rural Filipino community. Nutr J 2009;8:19.

Wells JC. Sexual dimorphism of body composition. Best Pract Res
Clin Endocrinol Metab 2007;21:415-30.

Loomba-Albrecht LA, Styne DM. Effect of puberty on body
composition. Curr Opin Endocrinol Diabetes Obes 2009;16:10-5.

Nindl BC, Scoville CR, Sheehan KM, Leone CD, Mello RP. Gender
differences in regional body composition and somatotrophic
influences of IGF-I and leptin. J Appl Physiol 2002;92:1611-8.

Heymsfield SB, Smith R, Aulet M, et al. Appendicular skeletal
muscle mass: measurement by dual-photon absorptiometry. Am J
Clin Nutr 1990;52:214-8.

Derby CA, Zilber S, Brambilla D, Morales KH, McKinlay JB. Body
mass index, waist circumference and waist to hip ratio and change in
sex steroid hormones: the Massachusetts Male Ageing Study. Clin
Endocrinol (Oxf) 2006;65:125-31.



69.

70.

71.

72.

73

74.

75-

76.

77

78.

79-

8o.

References

Lloyd-Jones D, Adams RJ, Brown TM, et al. Heart disease and
stroke statistics--2010 update: a report from the American Heart
Association. Circulation 2010;121:e46-e215.

Mendelsohn ME, Karas RH. The protective effects of estrogen on the
cardiovascular system. N Engl J Med 1999;340:1801-11.

Rossouw JE, Prentice RL, Manson JE, et al. Postmenopausal
hormone therapy and risk of cardiovascular disease by age and years
since menopause. JAMA 2007;297:1465-77.

Nathan L, Chaudhuri G. Estrogens and atherosclerosis. Annu Rev
Pharmacol Toxicol 1997;37:477-515.

Hulley S, Grady D, Bush T, et al. Randomized trial of estrogen plus
progestin for secondary prevention of coronary heart disease in
postmenopausal ~ women. Heart and Estrogen/progestin
Replacement Study (HERS) Research Group. JAMA 1998;280:605-

13.

Beral V, Banks E, Reeves G, Appleby P. Use of HRT and the
subsequent risk of cancer. J Epidemiol Biostat 1999;4:191-210;
discussion -5.

Barrett-Connor E, Grady D. Hormone replacement therapy, heart
disease, and other considerations. Annu Rev Public Health

1998;19:55-72.

Manson JE, Martin KA. Clinical practice. Postmenopausal hormone-
replacement therapy. N Engl J Med 2001;345:34-40.

Forbes GB. Lean body mass-body fat interrelationships in humans.
Nutr Rev 1987;45:225-31.

Collins S. The limit of human adaptation to starvation. Nat Med
1995;1:810-4.

Widdowson EM. The response of the sexes to nutritional stress. Proc
Nutr Soc 1976;35:175-80.

Frisch RE, McArthur JW. Menstrual cycles: fatness as a determinant

of minimum weight for height necessary for their maintenance or
onset. Science 1974;185:949-51.

82



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

o1.

83

References

Lechtig A, Yarbrough C, Delgado H, Habicht JP, Martorell R, Klein
RE. Influence of maternal nutrition on birth weight. Am J Clin Nutr

1975;28:1223-33.

Lord GM, Matarese G, Howard JK, Baker RJ, Bloom SR, Lechler RI.
Leptin modulates the T-cell immune response and reverses
starvation-induced immunosuppression. Nature 1998;394:897-901.

Marti A, Marcos A, Martinez JA. Obesity and immune function
relationships. Obes Rev 2001;2:131-40.

Jee SH, Sull JW, Park J, et al. Body-mass index and mortality in
Korean men and women. N Engl J Med 2006;355:779-87.

Norman RA, Tataranni PA, Pratley R, et al. Autosomal genomic scan
for loci linked to obesity and energy metabolism in Pima Indians.
Am J Hum Genet 1998;62:659-68.

Ravussin E, Valencia ME, Esparza J, Bennett PH, Schulz LO. Effects
of a traditional lifestyle on obesity in Pima Indians. Diabetes Care

1994;17:1067-74.

Ross R, Janssen I. Physical activity, total and regional obesity: dose-
response considerations. Med Sci Sports Exerc 2001;33:S521-7;
discussion S8-9.

Ohkawara K, Tanaka S, Miyachi M, Ishikawa-Takata K, Tabata I. A
dose-response relation between aerobic exercise and visceral fat
reduction: systematic review of clinical trials. Int J Obes (Lond)
2007;31:1786-97.

Kay SJ, Fiatarone Singh MA. The influence of physical activity on
abdominal fat: a systematic review of the literature. Obes Rev
2006;7:183-200.

Jensen MD. Lipolysis: contribution from regional fat. Annu Rev
Nutr 1997;17:127-309.

Fogelholm M. Physical activity, fitness and fatness: relations to
mortality, morbidity and disease risk factors. A systematic review.
Obes Rev 2010;11:202-21.



92,

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

References

Howard BV, Van Horn L, Hsia J, et al. Low-fat dietary pattern and
risk of cardiovascular disease: the Women's Health Initiative
Randomized Controlled Dietary Modification Trial. JAMA
2006;295:655-66.

McManus K, Antinoro L, Sacks F. A randomized controlled trial of a
moderate-fat, low-energy diet compared with a low fat, low-energy
diet for weight loss in overweight adults. Int J Obes Relat Metab
Disord 2001;25:1503-11.

Due A, Toubro S, Skov AR, Astrup A. Effect of normal-fat diets,
either medium or high in protein, on body weight in overweight
subjects: a randomised 1-year trial. Int J Obes Relat Metab Disord
2004;28:1283-90.

Foster GD, Wyatt HR, Hill JO, et al. A randomized trial of a low-
carbohydrate diet for obesity. N Engl J Med 2003;348:2082-90.

Spieth LE, Harnish JD, Lenders CM, et al. A low-glycemic index diet
in the treatment of pediatric obesity. Arch Pediatr Adolesc Med

2000;154:947-51.

Rolls BJ, Hetherington M, Burley VJ. The specificity of satiety: the
influence of foods of different macronutrient content on the
development of satiety. Physiol Behav 1988;43:145-53.

Holt SH, Brand Miller JC, Petocz P. Interrelationships among
postprandial satiety, glucose and insulin responses and changes in
subsequent food intake. Eur J Clin Nutr 1996;50:788-97.

Henkin Y, Shai I. Dietary treatment of hypercholesterolemia: can we
predict long-term success? J Am Coll Nutr 2003;22:555-61.

Jakobsen MU, Overvad K, Dyerberg J, Schroll M, Heitmann BL.
Dietary fat and risk of coronary heart disease: possible effect
modification by gender and age. Am J Epidemiol 2004;160:141-9.

Samaha FF, Igbal N, Seshadri P, et al. A low-carbohydrate as
compared with a low-fat diet in severe obesity. N Engl J Med
2003;348:2074-81.

Miyashita Y, Koide N, Ohtsuka M, et al. Beneficial effect of low
carbohydrate in low calorie diets on visceral fat reduction in type 2
diabetic patients with obesity. Diabetes Res Clin Pract 2004;65:235-

41.

84



103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

85

References

SBU. Mat vid diabetes; 2010.

Yeagle PL. Lipid regulation of cell membrane structure and function.
FASEB J 1989;3:1833-42.

van Greevenbroek MM, de Bruin TW. Chylomicron synthesis by
intestinal cells in vitro and in vivo. Atherosclerosis 1998;141 Suppl
1:59-16.

Williams KJ. Molecular processes that handle -- and mishandle --
dietary lipids. J Clin Invest 2008;118:3247-59.

Eckel RH. Lipoprotein lipase. A multifunctional enzyme relevant to
common metabolic diseases. N Engl J Med 1989;320:1060-8.

Jaworski K, Sarkadi-Nagy E, Duncan RE, Ahmadian M, Sul HS.
Regulation of triglyceride metabolism. IV. Hormonal regulation of
lipolysis in adipose tissue. Am J Physiol Gastrointest Liver Physiol
2007;293:G1-4.

Adiels M, Taskinen MR, Packard C, et al. Overproduction of large
VLDL particles is driven by increased liver fat content in man.
Diabetologia 2006;49:755-65.

Goldberg IJ. Lipoprotein lipase and lipolysis: central roles in
lipoprotein metabolism and atherogenesis. J Lipid Res 1996;37:693-

707.

Willis AI, Pierre-Paul D, Sumpio BE, Gahtan V. Vascular smooth
muscle cell migration: current research and clinical implications.
Vasc Endovascular Surg 2004;38:11-23.

Doherty TM, Asotra K, Fitzpatrick LA, et al. Calcification in
atherosclerosis: bone biology and chronic inflammation at the
arterial crossroads. Proc Natl Acad Sci U S A 2003;100:11201-6.

Gronholdt ML, Dalager-Pedersen S, Falk E. Coronary
atherosclerosis: determinants of plaque rupture. Eur Heart J
1998;19 Suppl C:C24-9.

Shah PK. Mechanisms of plaque vulnerability and rupture. J Am Coll
Cardiol 2003;41:15S5-228S.



115.

116.

117.

118.

119.

120.

121.

122,

123.

124.

125.

References

Fuster V, Stein B, Ambrose JA, Badimon L, Badimon JJ, Chesebro
JH. Atherosclerotic plaque rupture and thrombosis. Evolving
concepts. Circulation 1990;82:1147-59.

Kolominsky-Rabas PL, Weber M, Gefeller O, Neundoerfer B,
Heuschmann PU. Epidemiology of ischemic stroke subtypes
according to TOAST criteria: incidence, recurrence, and long-term
survival in ischemic stroke subtypes: a population-based study.
Stroke 2001;32:2735-40.

Lamarche B, Tchernof A, Moorjani S, et al. Small, dense low-density
lipoprotein particles as a predictor of the risk of ischemic heart
disease in men. Prospective results from the Quebec Cardiovascular
Study. Circulation 1997;95:69-75.

Holvoet P. Oxidized LDL and coronary heart disease. Acta Cardiol
2004;59:479-84.

Lewington S, Whitlock G, Clarke R, et al. Blood cholesterol and
vascular mortality by age, sex, and blood pressure: a meta-analysis
of individual data from 61 prospective studies with 55,000 vascular
deaths. Lancet 2007;370:1829-309.

Taylor F, Ward K, Moore TH, et al. Statins for the primary
prevention of cardiovascular disease. Cochrane Database Syst Rev
2011:CD004816.

Ridker PM, Danielson E, Fonseca FA, et al. Rosuvastatin to prevent
vascular events in men and women with elevated C-reactive protein.
N Engl J Med 2008;359:2195-207.

Libby P, Ridker PM, Maseri A. Inflammation and atherosclerosis.
Circulation 2002;105:1135-43.

McBride PE. Triglycerides and risk for coronary heart disease. JAMA
2007;298:336-8.

Nordestgaard BG, Benn M, Schnohr P, Tybjaerg-Hansen A.
Nonfasting triglycerides and risk of myocardial infarction, ischemic
heart disease, and death in men and women. JAMA 2007;298:299-
308.

Austin MA. Plasma triglyceride as a risk factor for cardiovascular
disease. Can J Cardiol 1998;14 Suppl B:14B-7B.

86



126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

87

References

McNamara JR, Jenner JL, Li Z, Wilson PW, Schaefer EJ. Change in
LDL particle size is associated with change in plasma triglyceride
concentration. Arterioscler Thromb 1992;12:1284-90.

Tchernof A, Lamarche B, Prud'Homme D, et al. The dense LDL
phenotype. Association with plasma lipoprotein levels, visceral
obesity, and hyperinsulinemia in men. Diabetes Care 1996;19:629-
37

Nakashima Y, Raines EW, Plump AS, Breslow JL, Ross R.
Upregulation of VCAM-1 and ICAM-1 at atherosclerosis-prone sites
on the endothelium in the ApoE-deficient mouse. Arterioscler
Thromb Vasc Biol 1998;18:842-51.

Messerli FH, Williams B, Ritz E. Essential hypertension. Lancet
2007;370:591-603.

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific
relevance of usual blood pressure to vascular mortality: a meta-
analysis of individual data for one million adults in 61 prospective
studies. Lancet 2002;360:1903-13.

Whitworth JA. 2003 World Health Organization
(WHO)/International Society of Hypertension (ISH) statement on
management of hypertension. J Hypertens 2003;21:1983-92.

Sesso HD, Stampfer MJ, Rosner B, et al. Systolic and diastolic blood
pressure, pulse pressure, and mean arterial pressure as predictors of
cardiovascular disease risk in Men. Hypertension 2000;36:801-7.

Goldberg 1J. Why does diabetes increase atherosclerosis? I don't
know! J Clin Invest 2004;114:613-5.

Lee WL, Cheung AM, Cape D, Zinman B. Impact of diabetes on
coronary artery disease in women and men: a meta-analysis of
prospective studies. Diabetes Care 2000;23:962-8.

Stegmayr B, Asplund K. Diabetes as a risk factor for stroke. A
population perspective. Diabetologia 1995;38:1061-8.

Brownlee M. Biochemistry and molecular cell biology of diabetic
complications. Nature 2001;414:813-20.



137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

References

Stary HC, Chandler AB, Glagov S, et al. A definition of initial, fatty
streak, and intermediate lesions of atherosclerosis. A report from the
Committee on Vascular Lesions of the Council on Arteriosclerosis,
American Heart Association. Circulation 1994;89:2462-78.

Gabay C, Kushner I. Acute-phase proteins and other systemic
responses to inflammation. N Engl J Med 1999;340:448-54.

Fabry TL. Mechanism of erythrocyte aggregation and sedimentation.
Blood 1987;70:1572-6.

Ropes MW, Rossmeisl E, Bauer W. The Relationship between the
Erythrocyte Sedimentation Rate and the Plasma Proteins. J Clin
Invest 1939;18:791-8.

Kaptoge S, Di Angelantonio E, Lowe G, et al. C-reactive protein
concentration and risk of coronary heart disease, stroke, and
mortality: an individual participant meta-analysis. Lancet
2010;375:132-40.

Danesh J, Collins R, Appleby P, Peto R. Association of fibrinogen, C-
reactive protein, albumin, or leukocyte count with coronary heart
disease: meta-analyses of prospective studies. JAMA 1998;279:1477-
82.

Danesh J, Whincup P, Walker M, et al. Low grade inflammation and
coronary heart disease: prospective study and updated meta-
analyses. BMJ 2000;321:199-204.

Zacho J, Tybjaerg-Hansen A, Jensen JS, Grande P, Sillesen H,
Nordestgaard BG. Genetically elevated C-reactive protein and
ischemic vascular disease. N Engl J Med 2008;359:1897-908.

Kardys I, de Maat MP, Uitterlinden AG, Hofman A, Witteman JC. C-
reactive protein gene haplotypes and risk of coronary heart disease:
the Rotterdam Study. Eur Heart J 2006;27:1331-7.

Andresdottir MB, Sigfusson N, Sigvaldason H, Gudnason V.
Erythrocyte sedimentation rate, an independent predictor of
coronary heart disease in men and women: The Reykjavik Study. Am
J Epidemiol 2003;158:844-51.

Danesh J, Collins R, Peto R, Lowe GD. Haematocrit, viscosity,

erythrocyte sedimentation rate: meta-analyses of prospective studies
of coronary heart disease. Eur Heart J 2000;21:515-20.

88



148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

89

References

Gillum RF, Mussolino ME, Makuc DM. Erythrocyte sedimentation
rate and coronary heart disease: the NHANES I Epidemiologic
Follow-up Study. J Clin Epidemiol 1995;48:353-61.

wGabriel SE. Cardiovascular morbidity and mortality in rheumatoid
arthritis. Am J Med 2008;121:S9-14.

Holmqvist ME, Wedren S, Jacobsson LT, et al. No increased
occurrence of ischemic heart disease prior to the onset of
rheumatoid arthritis: results from two Swedish population-based
rheumatoid arthritis cohorts. Arthritis Rheum 2009;60:2861-9.

Asanuma Y, Oeser A, Shintani AK, et al. Premature coronary-artery
atherosclerosis in systemic lupus erythematosus. N Engl J Med

2003;349:2407-15.

Prodanovich S, Kirsner RS, Kravetz JD, Ma F, Martinez L, Federman
DG. Association of psoriasis with coronary artery, cerebrovascular,
and peripheral vascular diseases and mortality. Arch Dermatol

2009;145:700-3.

Libby P. Current concepts of the pathogenesis of the acute coronary
syndromes. Circulation 2001;104:365-72.

Thygesen K, Alpert JS, White HD. Universal definition of myocardial
infarction. Eur Heart J 2007;28:2525-38.

WHO. Global burden of stroke. In.

Moskowitz MA, Lo EH, Iadecola C. The science of stroke:
mechanisms in search of treatments. Neuron 2010;67:181-98.

WHO. The World Health Organization MONICA Project (monitoring
trends and determinants in cardiovascular disease): a major
international collaboration. WHO MONICA Project Principal
Investigators. J Clin Epidemiol 1988;41:105-14.

Dunbabin DW, Sandercock PA. Preventing stroke by the
modification of risk factors. Stroke 1990;21:1V36-9.

Allen CL, Bayraktutan U. Risk factors for ischaemic stroke. Int J
Stroke 2008;3:105-16.

Hankey GJ. Potential new risk factors for ischemic stroke: what is
their potential? Stroke 2006;37:2181-8.



161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

References

Conroy RM, Pyorala K, Fitzgerald AP, et al. Estimation of ten-year
risk of fatal cardiovascular disease in Europe: the SCORE project.
Eur Heart J 2003;24:987-1003.

NCEP. Third Report of the National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel III) final
report. Circulation 2002;106:3143-421.

Lloyd-Jones DM. Cardiovascular risk prediction: basic concepts,
current status, and future directions. Circulation 2010;121:1768-77.

Stegmayr B, Lundberg V, Asplund K. The events registration and
survey procedures in the Northern Sweden MONICA Project. Scand
J Public Health Suppl 2003;61:9-17.

Norberg M, Wall S, Boman K, Weinehall L. The Vasterbotten
Intervention Programme: background, design and implications.
Glob Health Action 2010;3.

WHO. Definition and diagnosis of diabetes mellitus and
intermediate hyperglycemia. In; 2006.

Socialstyrelsen. Dédsorsaksstatistik — Historik, produktionsmetoder
och tillforlitlighet 2008.

Lindstrom P, Janzon L, Sternby NH. Declining autopsy rate in
Sweden: a study of causes and consequences in Malmo, Sweden. J
Intern Med 1997;242:157-65.

Goldacre MJ. Cause-specific mortality: understanding uncertain tips
of the disease iceberg. J Epidemiol Community Health 1993;47:491-
6.

Magnusson PK, Rasmussen F, Lawlor DA, Tynelius P, Gunnell D.
Association of body mass index with suicide mortality: a prospective
cohort study of more than one million men. Am J Epidemiol
2006;163:1-8.

Bull B, Koepke J, Simson E, van Assendelft O. Procedure for

determining packed cell volume by the microhematocrit method;
approved standard -Third edition. Report No.: 0273-3099.

90



172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

g1

References

Jou JM, Lewis SM, Briggs C, Lee SH, De La Salle B, McFadden S.
ICSH review of the measurement of the erythocyte sedimentation
rate. Int J Lab Hematol 2011;33:125-32.

Hammar N, Alfredsson L, Rosen M, Spetz CL, Kahan T, Ysberg AS. A
national record linkage to study acute myocardial infarction
incidence and case fatality in Sweden. Int J Epidemiol 2001;30
Suppl 1:S30-4.

Alberti KG, Zimmet P, Shaw J. Metabolic syndrome--a new world-
wide definition. A Consensus Statement from the International
Diabetes Federation. Diabet Med 2006;23:469-80.

Janssen I, Heymsfield SB, Allison DB, Kotler DP, Ross R. Body mass
index and waist circumference independently contribute to the
prediction of nonabdominal, abdominal subcutaneous, and visceral
fat. Am J Clin Nutr 2002;75:683-8.

Han TS, van Leer EM, Seidell JC, Lean ME. Waist circumference
action levels in the identification of cardiovascular risk factors:
prevalence study in a random sample. BMJ 1995;311:1401-5.

Hu G, Tuomilehto J, Silventoinen K, Sarti C, Mannisto S, Jousilahti
P. Body mass index, waist circumference, and waist-hip ratio on the
risk of total and type-specific stroke. Arch Intern Med
2007;167:1420-7.

Walker SP, Rimm EB, Ascherio A, Kawachi I, Stampfer MJ, Willett
WC. Body size and fat distribution as predictors of stroke among US
men. Am J Epidemiol 1996;144:1143-50.

Kurth T, Gaziano JM, Berger K, et al. Body mass index and the risk
of stroke in men. Arch Intern Med 2002;162:2557-62.

Jood K, Jern C, Wilhelmsen L, Rosengren A. Body mass index in
mid-life is associated with a first stroke in men: a prospective
population study over 28 years. Stroke 2004;35:2764-9.

Snijder MB, Visser M, Dekker JM, et al. Low subcutaneous thigh fat
is a risk factor for unfavourable glucose and lipid levels,
independently of high abdominal fat. The Health ABC Study.
Diabetologia 2005;48:301-8.



182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

References

Van Pelt RE, Evans EM, Schechtman KB, Ehsani AA, Kohrt WM.
Contributions of total and regional fat mass to risk for
cardiovascular disease in older women. Am J Physiol Endocrinol
Metab 2002;282:E1023-8.

Frayn KN. Non-esterified fatty acid metabolism and postprandial
lipaemia. Atherosclerosis 1998;141 Suppl 1:S41-6.

Bolinder J, Kager L, Ostman J, Arner P. Differences at the receptor
and postreceptor levels between human omental and subcutaneous
adipose tissue in the action of insulin on lipolysis. Diabetes
1983;32:117-23.

Bender R, Jockel KH, Trautner C, Spraul M, Berger M. Effect of age
on excess mortality in obesity. Jama 1999;281:1498-504.

Stevens J, Cai J, Pamuk ER, Williamson DF, Thun MJ, Wood JL.
The effect of age on the association between body-mass index and
mortality. N Engl J Med 1998;338:1-7.

Janssen I, Katzmarzyk PT, Ross R. Body mass index is inversely
related to mortality in older people after adjustment for waist
circumference. J Am Geriatr Soc 2005;53:2112-8.

Han SS, Kim KW, Kim KI, et al. Lean mass index: a better predictor
of mortality than body mass index in elderly Asians. J Am Geriatr
Soc 2010;58:312-7.

Heitmann BL, Erikson H, Ellsinger BM, Mikkelsen KL, Larsson B.
Mortality associated with body fat, fat-free mass and body mass
index among 60-year-old swedish men-a 22-year follow-up. The
study of men born in 1913. Int J Obes Relat Metab Disord
2000;24:33-7.

Kato A, Odamaki M, Yamamoto T, et al. Influence of body
composition on 5 year mortality in patients on regular
haemodialysis. Nephrol Dial Transplant 2003;18:333-40.

Krakauer JC, Franklin B, Kleerekoper M, Karlsson M, Levine JA.
Body composition profiles derived from dual-energy X-ray
absorptiometry, total body scan, and mortality. Prev Cardiol
2004;7:109-15.

Bigaard J, Frederiksen K, Tjonneland A, et al. Body fat and fat-free
mass and all-cause mortality. Obes Res 2004;12:1042-9.

92



103.

194.

195.

196.

197.

198.

199.

200.

201.

202.

93

References

Marcell TJ. Sarcopenia: causes, consequences, and preventions. J
Gerontol A Biol Sci Med Sci 2003;58:M911-6.

Baumgartner RN, Waters DL, Gallagher D, Morley JE, Garry PJ.
Predictors of skeletal muscle mass in elderly men and women. Mech
Ageing Dev 1999;107:123-36.

Fried LP, Tangen CM, Walston J, et al. Frailty in older adults:
evidence for a phenotype. J Gerontol A Biol Sci Med Sci
2001;56:M146-56.

Yang L, Zhou M, Smith M, et al. Body mass index and chronic
obstructive pulmonary disease-related mortality: a nationally
representative prospective study of 220,000 men in China. Int J
Epidemiol 2010;39:1027-36.

Signs and symptoms of cancer. (Accessed at
http://www.cancer.org/Cancer/CancerBasics/signs-and-symptoms-
of-cancer.)

Price GM, Uauy R, Breeze E, Bulpitt CJ, Fletcher AE. Weight, shape,
and mortality risk in older persons: elevated waist-hip ratio, not high
body mass index, is associated with a greater risk of death. Am J Clin
Nutr 2006;84:449-60.

Kalmijn S, Curb JD, Rodriguez BL, Yano K, Abbott RD. The
association of body weight and anthropometry with mortality in
elderly men: the Honolulu Heart Program. Int J Obes Relat Metab

Disord 1999;23:395-402.

Ridker PM, Rifai N, Stampfer MJ, Hennekens CH. Plasma
concentration of interleukin-6 and the risk of future myocardial
infarction among apparently healthy men. Circulation
2000;101:1767-72.

Maresca G, Di Blasio A, Marchioli R, Di Minno G. Measuring plasma
fibrinogen to predict stroke and myocardial infarction: an update.
Arterioscler Thromb Vasc Biol 1999;19:1368-77.

Natali A, L'Abbate A, Ferrannini E. Erythrocyte sedimentation rate,
coronary atherosclerosis, and cardiac mortality. Eur Heart J
2003;24:639-48.



203.

204.

205.

206.

207.

208.

209.

210.

211.

212,

References

Toss H, Lindahl B, Siegbahn A, Wallentin L. Prognostic influence of
increased fibrinogen and C-reactive protein levels in unstable
coronary artery disease. FRISC Study Group. Fragmin during
Instability in Coronary Artery Disease. Circulation 1997;96:4204-10.

Ridker PM, Buring JE, Rifai N, Cook NR. Development and
validation of improved algorithms for the assessment of global
cardiovascular risk in women: the Reynolds Risk Score. JAMA
2007;297:611-9.

Braunwald E. Creating controversy where none exists: the important
role of C-reactive protein in the CARE, AFCAPS/TexCAPS, PROVE
IT, REVERSAL, A to Z, JUPITER, HEART PROTECTION, and
ASCOT trials. Eur Heart J 2011.

Wiklund P, Nordstrom A, Jansson JH, Weinehall L, Nordstrom P.
Low bone mineral density is associated with increased risk for
myocardial infarction in men and women. Osteoporos Int 2011.

Jorgensen L, Engstad T, Jacobsen BK. Bone mineral density in acute
stroke patients: low bone mineral density may predict first stroke in
women. Stroke 2001;32:47-51.

Renstrom F, Payne F, Nordstrom A, et al. Replication and extension
of genome-wide association study results for obesity in 4923 adults
from northern Sweden. Hum Mol Genet 2009;18:1489-96.

Westhovens R, Nijs J, Taelman V, Dequeker J. Body composition in
rheumatoid arthritis. Br J Rheumatol 1997;36:444-8.

Engvall IL, Brismar K, Hafstrom I, Tengstrand B. Treatment with
low-dose prednisolone is associated with altered body composition
but no difference in bone mineral density in rheumatoid arthritis
patients: a controlled cross-sectional study. Scand J Rheumatol
2011;40:161-8.

Inaba M, Tanaka K, Goto H, et al. Independent association of
increased trunk fat with increased arterial stiffening in
postmenopausal patients with rheumatoid arthritis. J Rheumatol

2007;34:290-5.
Rebuffe-Scrive M, Krotkiewski M, Elfverson J, Bjorntorp P. Muscle

and adipose tissue morphology and metabolism in Cushing's
syndrome. J Clin Endocrinol Metab 1988;67:1122-8.

94



213.

214.

215.

216.

217.

218.

219.

220.

95

References

Wei L, MacDonald TM, Walker BR. Taking glucocorticoids by
prescription is associated with subsequent cardiovascular disease.
Ann Intern Med 2004;141:764-70.

Wolfe F, Mitchell DM, Sibley JT, et al. The mortality of rheumatoid
arthritis. Arthritis Rheum 1994;37:481-94.

Kalayoglu MV, Libby P, Byrne GI. Chlamydia pneumoniae as an
emerging risk factor in cardiovascular disease. JAMA
2002;288:2724-31.

Loos BG, Craandijk J, Hoek FJ, Wertheim-van Dillen PM, van der
Velden U. Elevation of systemic markers related to cardiovascular
diseases in the peripheral blood of periodontitis patients. J
Periodontol 2000;71:1528-34.

Mattila KJ, Pussinen PJ, Paju S. Dental infections and
cardiovascular diseases: a review. J Periodontol 2005;76:2085-8.

Tunstall-Pedoe H, Woodward M, Tavendale R, A'Brook R,
McCluskey MK. Comparison of the prediction by 27 different factors
of coronary heart disease and death in men and women of the
Scottish Heart Health Study: cohort study. BMJ 1997;315:722-9.

Rolland Y, Lauwers-Cances V, Cesari M, Vellas B, Pahor M,
Grandjean H. Physical performance measures as predictors of
mortality in a cohort of community-dwelling older French women.
Eur J Epidemiol 2006;21:113-22.

Guralnik JM, Simonsick EM, Ferrucci L, et al. A short physical
performance battery assessing lower extremity function: association
with self-reported disability and prediction of mortality and nursing
home admission. J Gerontol 1994;49:M85-94.



	Table of Contents
	Abbreviations
	Original papers
	Abstract
	Summary in Swedish - Sammanfattning på svenska
	Introduction
	Definitions of obesity
	Epidemiology of obesity
	Measurement of body fatness
	Pathophysiology of obesity
	Obesity and cardiovascular risk factors

	Body composition
	Differences in body composition by age
	Differences in body composition by sex
	Positive effects of body fatness
	Negative effects of body fatness
	Introduction
	Lipid metabolism
	Pathogenesis of atherosclerosis
	Link between cardiovascular disease and atherosclerosis
	Risk factors
	Link between atherosclerosis and systemic inflammation
	Myocardial infarction
	Stroke
	The rationale for cardiovascular risk prediction

	Rationale and aims
	The rationale for this thesis
	Aims

	Materials and Methods
	The body composition database
	The MONICA database
	The VIP database
	The Swedish cause of death registry
	The Military Service Conscription Registry (MSCR)
	The National hospital discharge registry
	Study populations
	Dual energy X-ray absorptiometry (DXA)
	Erythrocyte sedimentation rate (ESR)
	Statistical methods
	Ethics

	Results
	Results Study I
	Results Study II
	Results Study III
	Results Study IV

	Discussion
	Regional adiposity and cardiovascular disease
	Body composition and mortality
	Inflammation and cardiovascular disease
	Limitations
	Clinical implications
	Future research

	Summary and conclusions
	Acknowledgements
	References
	Avhandling 20111115 (test).pdf
	Table of Contents
	Abbreviations
	Original papers
	Abstract
	Summary in Swedish - Sammanfattning på svenska
	Introduction
	Definitions of obesity
	Epidemiology of obesity
	Measurement of body fatness
	Pathophysiology of obesity
	Obesity and cardiovascular risk factors

	Body composition
	Differences in body composition by age
	Differences in body composition by sex
	Positive effects of body fatness
	Negative effects of body fatness
	Introduction
	Lipid metabolism
	Pathogenesis of atherosclerosis
	Link between cardiovascular disease and atherosclerosis
	Risk factors
	Link between atherosclerosis and systemic inflammation
	Myocardial infarction
	Stroke
	The rationale for cardiovascular risk prediction

	Rationale and aims
	The rationale for this thesis
	Aims

	Materials and Methods
	The body composition database
	The MONICA database
	The VIP database
	The Swedish cause of death registry
	The Military Service Conscription Registry (MSCR)
	The National hospital discharge registry
	Study populations
	Dual energy X-ray absorptiometry (DXA)
	Erythrocyte sedimentation rate (ESR)
	Statistical methods
	Ethics

	Results
	Results Study I
	Results Study II
	Results Study III
	Results Study IV

	Discussion
	Regional adiposity and cardiovascular disease
	Body composition and mortality
	Inflammation and cardiovascular disease
	Limitations
	Clinical implications
	Future research

	Summary and conclusions
	Acknowledgements
	References




