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“Wenn jemand sucht, dann geschieht es leicht, dass sein
Auge nur noch das Ding sieht, das er sucht, dass er nichts
zu finden, nichts in sich einzulassen vermag, weil er nur
immer an das Gesuchte denkt, weil er ein Ziel hat, weil er
vom Ziel besessen ist. Suchen heifdt: Ein Ziel haben. Fin-
den aber heifit: frei sein, offen stehen, kein Ziel haben.”

Herman Hesse,

Siddharta



ABSTRACT

Background: During the last 25 years the prevalence of overweight and obe-
sity has increased dramatically, both in developed and developing countries.
The World Health Organization is declaring it an epidemic. In Sweden the
increase was almost 50% between 1980 and 2005. The largest increases oc-
curred in the 16-24-year age group. The highest prevalence can be observed
in older age groups.

The general aim of this thesis is to study obesity and its determinants in the
young and the elderly. The specific aims are to document secular trends in
overweight and obesity and lifestyle determinants in the elderly, to investi-
gate the influence of genetic and environmental factors in body shape and
behavioral aspects of weight in teenagers and to conduct an intervention
study to prevent overweight and obesity in young high-risk women.

Methods: Five cross-sectional samples of 3 702 70-year-olds born between
1901 and 1930 in Géteborg, Sweden were examined in the Gerontological
and Geriatric Population Studies (H70). Cohort differences in anthropomet-
ric parameters and lifestyle determinants such as diet, physical activity,
smoking habits and education were assessed.

The Twin Study of Child and Adolescent Development (TCHAD) is a
population-based longitudinal study including all twin pairs born in Sweden
between 1985 and 1986. The 15-17-year-old twins reported their anthro-
pometric data and answered a questionnaire about body image and disor-
dered eating. Respective genetic and environmental influences were esti-
mated.

Young women, aged 18-28, with severely obese parents, were randomized to
control or intervention groups in which they participated in a year-long in-
dividualized behavioral program (Health Hunters) focusing on diet and
physical activity.

Results: The prevalence of overweight and obesity increased in 70-years-olds
and was about 65% and 22% respectively in 2000. BMI increased in all life-
style groups, but the increase was lowest among the physically active. Many
secular changes in food selection patterns were observed in the elderly and
the nutritional content of their diets was generally adequate.

In the young twins, genetic factors had a major effect on anthropometric
parameters while environmental factors were most important for body image
and eating behavior.

Young women with a familial predisposition to obesity were at high risk for
weight gain; however the Health Hunters prevention program succeeded in
preventing weight gain.

Conclusion: Both the young and the elderly are afflicted by the obesity epi-
demic. Research activities and prevention initiatives must draw attention to
both age groups. Our results indicate the importance of focusing on body
image in the young, while diet and physical activity are relevant for all age
groups. Working with prioritized groups is one component of managing the

obesity epidemic.



SVENSK SAMMANFATTNING

Bakgrund: Under de senaste 25 dren har férekomsten av évervikt och fetma
okat dramatiskt i de flesta linder. WHO talar om en global fetmaepidemi.
Aven i Sverlge har okningstakten varit hog, nirmare 50% frin 1980-2005
och frimst i de yngre aldersgrupperna (16-25 &r). Den hogsta prevalensen av
overvike ses hos ildre.

Syftet med avhandlingen ir att studera 6vervikt och fetma och dess bakom-
liggande faktorer hos yngre och ildre. Delsyften ir att dokumentera sekulira
overvikestrender och fetmarelaterade livsstilfaktorer hos ildre, att analysera
hur arv och milj6é péverkar kroppsform, kroppsuppfattning och itbeteende
hos tondringar samt att genomféra en interventionsstudie for att forebygga

viktuppging hos unga hogriskkvinnor.

Metod: Fem tvirsnittsstudier inkluderande 3702 70-aringar ur Goteborgs
befolkning, fodda mellan 1901 och 1930, undersoktes i de gerontologiska
och geriatriska populatlonsstudlerna i Goteborg (H70 studien). Kohortskill-
nader i antropometriska métt och livsstilsfaktorer sdsom kost, fysisk aktivitet,
rokning och utbildning studerades.

The ” Swedish Twin Study of Child and Adolescent Development” (Tchad)
ir en populationsbaserad longitudinell studie som inkluderar alla tvillingpar
fodda 1985-1986 i Sverige. Nir tvillingarna var 15-17 &r ombads de att sjil-
va rapportera sina antropometriska métt och svara pd frigor om kroppsupp-
fattning och itbeteende. Den relativa betydelsen av arv och miljé analysera-

des.

Unga kvinnor, 18-28 ar, med gravt 6verviktiga forildrar, randomiserades till
interventions- eller kontrollgrupp i "Health Hunters” programmet. Under
ett 4r fick interventionsgruppen en individualiserad information baserad pi
beteendeférindringar som fokuserade pa kost och fysisk aktivitet.

Resultat: Bland 70-dringar var prevalensen av dvervikt ca 65% och av fetma
ca 22%. BMI 6kade med tiden i alla aktivitets-, rok- och utbildningsgrup-
per, men dkningen var ligst hos de fysiskt aktiva. De ildre uppv1sade en till-
fredsstillande niringssituation och kostintaget hade férindrats pa flera sitt.

Hos de yngre hade hereditet storst betydelse for vike, BMI och midjeomfing
medan miljofaktorer hade storst betydelse for kroppsuppfattning och itbete-
ende.

Unga kvinnor, predisponerade for dvervike, utgjorde en hogriskgrupp for
viktuppging men i "Health Hunters” programmet kunde viktuppging fore-

byggas.

Slutsats: Bide yngre och ildre drabbas av den pdgiende fetmaepidemin.
Forskningen och de preventiva dtgirderna maste rikta mer uppmirksamhet
pa yngre och ildre aldersgrupper. Dessa grupper méste integreras i preventiva
dtgirder dir det dr viktigt att arbeta med kroppsuppfattning hos de yngre,
medan kost och fysisk aktivitet idr relevant for alla dldersgrupper. Att arbeta
med dessa prioriterade grupper ir betydelsefullt nir fetmaepidemin ska be-
kimpas.



DEUTSCHE ZUSAMMENFASSUNG

Hintergrund: In den letzten 25 Jahren ist die Ubergewichts- und Adiposi-
tasprivalenz in vielen Lindern dramatisch gestiegen. Die WHO spricht in-
zwischen von einer Epidemie. In Schweden stieg die Zahl zwischen 1980
und 2005 um fast 50%. Der stirkste Anstieg vollzog sich in der jiingeren
Altersgruppe (16 - 25 Jahre). Nach wie vor ist die hochste Ubergewichtspri-

valenz jedoch in den ilteren Altersgruppen zu beobachten.

Ziel dieser Doktorarbeit ist die Analyse von Ubergewicht und Adipositas
sowie deren Determinanten in den beiden genannten Altersgruppen. In Be-
zug auf die iltere Altersgruppe werden die sikularen Trends der Adiposi-
tasprivalenz und die damit assoziierten Lebensstilfaktoren dokumentiert und
in Bezug auf die Jiingeren werden Analysen des genetischen Einflusses und
dem der Umwelt auf die Korperform, Kérperauffassung und Ernihrungs-
verhalten durchgefiihrt. Eine Interventionsstudie untersucht zusitzlich Pri-
ventionsmoglichkeiten, um der Gewichtszunahme bei jungen, fiir Adipositas
pridisponierten Frauen entgegenzuwirken.

Methoden: Im Rahmen der ,Gerontologischen und geriatrischen Bevolke-
rungsstudien in Goéteborg” (H70) wurden 3 702 Probanden im Alter von 70
Jahren in fiinf Querschnittsstudien im Zeitraum 1971 - 2000 untersucht.
Dabei wurden Kohortenunterschiede in Anthropometrie, Erndhrung, kor-
perlicher Aktivitit, Rauchverhalten und Ausbildung dokumentiert.

Die schwedische Zwillingsstudie zur Entwicklung von Kindern und Heran-
wachsenden (TCHAD) ist eine bevolkerungsbasierte Langzeitstudie, die alle
Zwillinge einbezieht, die in den Jahren 1985/1986 in Schweden geboren
wurden. Im Alter von 15 bis 17 Jahren wurden die Zwillinge gebeten, einen
Fragebogen zu ihrem Essverhalten und anthropometrischen Maflen auszu-
filllen. Genetische und umweltbedingte Einfliisse auf Anthropometrie, Kor-
perauffassung und Essverhalten wurden analysiert.

Im Rahmen des ,Health Hunters“- Programms wurden Frauen, mit adipé-
sen Eltern, im Alter von 18 bis 28 Jahren in eine Interventions- bzw. Kon-
trollgruppe randomisiert. In einem Untersuchungszeitraum von 12 Monaten
wurde die Interventionsgruppe einem intensiven Beratungsprogramm unter-
zogen, welches auf eine vorteilhafte Anderung ihres Ernihrungs- und Aktivi-
titsverhaltens abzielte.

Resultate: Bei den 70-jihrigen Probanden lag die Privalenz des Uberge-
wichts bei 65% und die der Adipositas bei ca. 22%. Der BMI stieg in allen
Aktivitits-, Rauch- und Ausbildungsgruppen an. Allerdings war der Anstieg
in der korperlich aktivsten Gruppe am geringsten. Der Ernihrungszustand
der 70-jihrigen war zufriedenstellend und die Ernihrung verinderte sich in
vielerlei Hinsicht.

Das Korpergewicht, der BMI und der Taillenumfang in Jugendlichen waren
grofitenteils genetisch determiniert. Hingegen spielten Umweltfaktoren fiir
die Korperauffassung und das Essverhalten die grofite Rolle.



]unge Frauen, die eine erbliche Pridisposition fiir Adipositas haben, zelgten
ein erhebliches Risiko fiir Gewichtszunahme. Das ,,Health Hunters“ - Pro-
gramm zeigte die Moglichkeit einer erfolgreichen Privention vor Gewichts-
zunahme in dieser Risikogruppe.

Schlussfolgerung: Sowohl junge als auch iltere Menschen sind von der Adi-
posuaseplgemw betroffen. Folglich miissen sich Forschung und Privention
auch auf diese Altersgruppen konzentrieren. Die Resultate dieser Doktorar-
beit zeigen, dass bei jungen Altersgruppen die Sensibilisierung der eigenen
Korperauffassung wichtig ist. Ernihrung und kérperliche Aktivitit wirken
sich in allen Gruppen positiv aus. Ein Teil der Eindimmung der Adiposita-
sepidemie, sollte daher spezielle Priventionsprogramme fiir Problemgruppen
sein.
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ABBREVIATIONS

A

B

BD
BF
BMI
BMR
BW
C
CHD
DH
DT
DXA
DZ

E

E%
EDI
EI
H70

HC

MZ
PPSW
sd

SE

SOS
TCHAD
WwWC
WHO
WHR

additive genetic

Bulimia

Body dissatisfaction

body fat

Body Mass Index

basic metabolic rate

body weight

shared environment

coronary heart disease

diet history

Drive for thinness

dual X-ray absorptiometry

dizygotic

non-shared environment

energy percent, percent of total energy intake

Eating Disorder Inventory

energy intake

The Gerontological and Geriatric Population Studies in
Gothenburg

hip circumference

monozygotic

The Prospective Population Study of Women in Géteborg
standard deviation

standard errors

Swedish Obese Subjects

Swedish Twin Study of Child and Adolescent Development
waist circumference

World Health Organization

waist-hip ratio
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INTRODUCTION

The World Health Report 2002 identified the ten most important risks to
human health in the developed countries; overweight and related factors
such as inactivity and low fruit and vegetable intake are among the top ten
(see Figure 1). During the last 25 years the prevalence of overweight and
obesity has increased dramatically both in developed and developing coun-
tries. This development has been called an epidemic and, recently, a pan-
demic. In Sweden, this increase was almost 50% between 1980 and 2005;
however, the situation is different in different age groups. The prevalence of
overweight and obesity is highest in the elderly and increasing most in the
younger age groups.

Developed countries
|

Tobacco

Blood pressure

Alcohol

Cholesterol

Overweight

Low fruit and vegetable intake
Physical inactivity

Illicit drugs

Unsafe sex

0% 2% 4% 6% 8% 10% 12%
Attributable DALYs (% of total 214 million DALYs)

dirs II' Cotrjnmu."katile d‘;.e?ses' GROUP Il Noncommunicable conditions  GROUP III. Injuries
g:]a(jtirgtarit?gna[;fjrel%i]t:n?er; ftions B Gardiovascular diseases B Unintentional injuries
Cancers Intentional injuries

B infectious and parasitic diseases
EZ2 Maternal and perinatal conditions
Nutritional deficiencies

Chronic respiratory diseases

Figure 1 Burden of disease attributable to 10 selected leading risk factors, by level of devel-
opment and type of affected outcome. Source: WHO 2003.

Life expectancy among the elderly has increased over recent decades. Thus,
the elderly constitute a rapidly growing segment of the population in Swe-
den, as in most Western countries. This changing demographic structure
makes it increasingly important to focus on older individuals with respect to
overweight and its lifestyle determinants.
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Growing body size in children and young adults in Sweden and most other
countries could reverse life expectancy gains. Researchers fear that today’s
younger generation will have shorter and less healthy lives than their parents
for the first time in modern history unless society stops this development.
Prevention of overweight and obesity must become a priority. Planning and
implementing community prevention requires an understanding of the ge-
netic and environmental determinants.

This thesis reports on secular trends in overweight in the elderly and lifestyle
determinants such as diet, physical activity, smoking and education. More-
over, genetic and environmental influences on body size, body image and
eating behavior in teenagers are explored and, finally, the implementation of
a unique primary prevention in young women with a strong family history
of obesity is described.
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1 BACKGROUND

1.1  Defining overweight and obesity

1.1.1 BMI, WC and WHR
According to the World Health Organization (WHO), obesity is defined as

a disease in which excess body fat has accumulated to the extent that health
is impaired. The most frequently used measure for estimating overall body
fat at present is the body mass index (BMI), which is calculated from the
body weight (kg) divided by the height squared (m”). According to WHO,
the definition of overweight in adults is BMI > 25 while obesity is defined as
BMI 2 30 (Table 1) (WHO 2000). This classification is primarily based on
the association between BMI and mortality in adults and is independent of
age and sex.

Table 1 Classification of overweight in adults based on BMI (WHO 2000).

Classification BMI Risk of co-morbidities
Underweight <18.5 Low

Normal range 18.5-249 Average

Overweight >25

Pre-obese 25-29.9 Increased

Obese Class I 30 — 34.9 Moderate

Obese Class 11 35-39.9 Severe

Obese Class 111 > 40 Very severe

[t is important to measure not only overall obesity; the accumulation of ab-
dominal fat is essential as well. Abdominal, particularly visceral, fat has been
shown to be associated with an increased risk of cardiovascular disease and
metabolic disorders. Therefore, waist circumference (WC) and the waist-hip
circumference ratio (WHR) are used to estimate the amounts of abdominal
fat. An increased risk of obesity-associated metabolic complications has been
seen at a WC 2> 102 cm in men and > 88 cm in women. WHR measure-
ments above 1.0 in men and 0.88 in women identify individuals with ab-
dominal fat accumulation (WHO 2000).

1.1.2  Elderly populations

BMI has limitations for some groups. It is not a good estimator of body fat
for people who have either elevated muscle mass (e.g. athletes) or diminished
muscle mass (e.g. elderly) relative to their body fat. With normal aging, body
composition changes and differs from that of younger persons. Age depend-
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ent loss of lean body mass and shrinking leads to a higher percentage of total
body fat (Hughes et al. 2002). Fat tends to be redistributed with age towards
a more abdominal (particularly visceral) location. BMI becomes a poorer
indicator of both overall and abdominal overweight in older individuals
since body fat becomes increasingly located in the abdominal cavity; thus
WC is more useful in this age group (Visscher et al. 2001). The issue of
whether the WHO cutoffs for overweight and obesity are appropriate for
elderly populations is being discussed. The classification is primarily based
on the association between BMI and mortality in middle-aged adults. How-
ever, the mortality risk is less pronounced in older populations with an in-
creasing BMI (Janssen and Mark 2007). In one review it was indicated that
the optimal BMI range for elderly people could be increased to 24-29 kg/m”
(Beck and Ovesen 1998).

1.1.3 Younger populations

In order to classify overweight and obesity in children (aged 2-18), an inter-
national BMI reference has been developed by Cole et al, based on data from
children in the USA, the UK, Hong Kong, the Netherlands, Singapore and
Brazil. Age- and sex-specific BMI cutoff points for overweight and obesity
have been defined (Cole et al. 2000).

1.2 Causes of obesity

Weight gain occurs when energy intake exceeds energy expenditure, imply-
ing that the solution should be to eat less and be more physically active. But
there is no simple solution for this major health issue. There is a lack of
knowledge about the regulation of food intake and about which genes are
involved in which processes. The etiology of obesity is multifactorial and
includes genetic and environmental factors as well as gene-environment in-
teractions.

1.2.1 Genetics

It is well understood that obesity runs in families and that BMI and body
size are genetically determined to a major extent (Agras et al. 2004). An in-
dividual with a family history of obesity has a two to three times higher risk
of developing obesity, compared to an individual with no heredity
(Bouchard 1997). Twin studies have shown that approximately 70% of the
variation in relative body weight (BW) between individuals is due to genetic
differences (Schousboe et al. 2003; Wade et al. 2001). Adoption studies, on
the other hand, have shown considerably lower genetic influence, about 40%
(Schousboe et al. 2004). The truth may lie somewhere in between these fig-
ures. It is important to interpret these substantial genetic influences cor-
rectly. Many people believe that if there is strong genetic predisposition to
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obesity, behaviors such as food intake and activity levels do not matter, a
common misconceptation. Predisposition is not synonymous with prede-
termination. Strong genetic effects on a phenotype increase the probability
that the phenotype will occur, but occurrence is dependent on other, envi-
ronmental, factors, some of which can be modified. Awareness of individu-
als” susceptibility to environmental factors should be heightened.

1.2.2 Environment

The obesity pandemic has developed during the last three decades, whereas it
takes centuries and many generations for gene pools to change. Obesity can
thus not be explained by changes in human genes; environment must be
pinpointed as the main cause of obesity. During the last decades, the envi-
ronment has changed tremendously and is now called obesogenic, i.e. favor-
ing high energy intake and low energy expenditure.

1.2.2.1 Diet

Excess energy is stored as fat in order to provide for our needs during times
of crisis, a necessary evolutionary mechanism in order to survive famine.
Times have changed, at least in the developed countries, but human physiol-
ogy has not. We perceive strong signals when we are hungry but less when
we are overeating. The modern human would require just the opposite sig-
nals in order to maintain normal welght L1V1ng in an environment where
energy-dense food, often poor in nutrients, is available 24 hours a day, inevi-
tably leads to weight gain. There is convincing evidence that high intake of
energy-dense foods increases the risk of weight gain. There is some evidence
that intake of high-sugar-content drinks, advertisement of energy-dense food
and fast food outlets and large portion sizes promote weight gain. There is
also evidence that intake of high dietary non-starch polysaccharide fiber,
home and school support of healthy food choices and breastfeeding decrease
the risk of weight gain (Swinburn et al. 2004).

An inconsistency between self-reported energy intake and BMI, especially in
women, can be found in many studies (Jebb 1997; Weber et al. 2001). This
discrepancy might be due to inadequacy of the diet assessment methods used
and/or underreporting of the energy intake. Another explanation might be
that overweight and obesity are results of minor overeating over a long pe-
riod of time, difficult to measure at one particular timepoint. In an Austra-
lian study, the authors estimated that the average weight gain for adults is
one gram daily (Bennett and Magnus 1994) which implies an overeating of
less than 10 kcal/day.
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1.2.2.2  Physical activity

People are shifting towards an increasingly sedentary lifestyle, e.g. spending
hours in front of different screens and taking the car instead of walking
(Prentice and Jebb 1995). But it is not only leisure activities that tend to be
more sedentary; work-related energy expenditure has decreased due to labor-
saving technology (Fogelholm et al. 1996). There is convincing evidence that
regular physical activity decreases the risk of weight gain, a risk increased by
a sedentary lifestyle (Swinburn et al. 2004). Physical activity also decreases
the risk of morbidity and mortality (Blair et al. 1989; Grundy et al. 1999). A
consensus meeting on how much physical activity is sufficient to prevent
unhealthy weight gain recommended moderate-intensity activity for about
45-60 minutes daily, while 60-90 minutes daily is required to prevent
weight regain. However, 30 minutes of moderate physical activity daily
should limit the risk of related chronic diseases (Saris et al. 2003).

1.3  Prevalence and secular trends

More than one billion adults in the world are overweight and at least 300
million are obese (WHO), a situation currently described as a pandemic,
rather than an epidemic, encompassing the developed and developing coun-
tries. According to Popkin, there are now more overweight than undernour-
ished people in the world (speech at the International Association of Agricul-
tural Economists 26" Annual Conference, Sydney, Australia, 2006). Obesity
has become one of the most important global health problems during the
last 25 years and it is still increasing. WHO has collected prevalence data
from all over the world in a Global Info database (WHO Global Infobase)
which is available on the Internet. Figures 2 and 3 show the prevalence of
overweight and obesity in European and Swedish men and women aged >15
in 2002 and 2005, as well as the estimates for 2010 according to this data-
base. All European countries reporting their respective 2005 prevalence to
the database are included in these estimates. More than half of the adult
European population is overweight and about one in six individuals is obese.
Compared to Europe as a whole, the prevalence of overweight and obesity in
Sweden is about 4 percentage units lower in men and about 7 percentage
units lower in women; however, the slope over time is approximately the
same. The projected overweight prevalence in 2010 suggests that Swedish
men may attain the same levels as other Europeans did in 2005. Similarly, it
will probably take another five years for Swedish women to reach the 2005
level of their European counterparts.
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Figure 2 Estimated prevalence of overweight in Europe and Sweden for men
and women, 2002-2010. Source: WHO Global Infobase.
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Figure 3 Estimated prevalence of obesity in Europe and Sweden for men and
women, 2002-2010. Source: WHO Global Infobase.

1.3.1 Elderly populations

Elderly people represent a large and constantly growing part of the popula-
tion in Sweden, as in most developed countries. Several studies have shown
that the prevalence of overweight and obesity is increasing in elderly popula-
tions (Flegal et al. 2002; Gutierrez-Fisac et al. 2004; Mokdad et al. 2001;
Nooyens et al. 2005). The National Statistics in Sweden recently showed an
increasing prevalence of overweight and obesity in the Swedish population,
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including in the elderly. The increase from 1988 to 2005 was 20% in 65-75-
year age group. In 2005, about 60% of the men and 54% of the women in
that age group were overweight or obese, according to self-reports (see Figure
4) (Statistiska Centralbyrdn 2006). Studies from Sweden and other Nordic
regions have reported that the obesity epidemic has affected middle-aged and
elderly men, with a relatively limited impact on women (Dey and Lissner
2003; Lahti-Koski et al. 2001; Lissner et al. 1998a). Major secular increases
in BW and height between 1971 and 1992 have been reported in 70-year-
olds in the Gerontological and Geriatric Population Studies in Gothenburg
(H70) (Rinder et al. 1975; Steen and Djurfeldt 1993); increases in BMI
were only detected in men (Cabrera et al. 2003; Dey et al. 2001b).
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Figure 4 Prevalence of overweight and obesity, according to self reported BMI in Sweden in
different age categories between 1980 and 2005. Source: Statistiska Centralbyrdn 2006.

1.3.2  Younger populations

Young adulthood is recognized as a high-risk period for developing weight
problems (Dietz 1997; Lissner et al. 2000; Rasmussen et al. 1999). Dramatic
increases in the obesity prevalence in US adolescents between ages 13-19 and
20-26 were detected in the National Longitudinal Study of Adolescent
Health. The prevalence increased from 11% in 1999 to 22% in 2001
(Gordon-Larsen et al. 2004). In Sweden, the National Statistics estimated
the prevalence of overweight and obesity in 16-24-year old Swedes at about
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17% in 2005, which is an increase of 93% since 1980/81 (see Figure 5). The
16-24-year age group is that with the most rapidly increasing prevalence of
overweight and obesity, followed by the next age group (25-34-year-olds) in
which prevalence has increased by 84% since 1980/81. Furthermore, there is
a major gender difference. The prevalence of overweight and obesity in 16-
24- year—old men increased by about 65% while the prevalence in young
women in the same age range almost tripled (Statistiska Centralbyrin 20006).

150

125

100
B Total

1 i . Men
b _ | Women
Bl

16-24 25-34 35-44 45-54 55-64 65-74 75-84

wn
>
I

Relative percent change
between 1980 and 2005

Age group

Figure 5 Relative percent increase in prevalence of overweight and obesity in Sweden for
men and women in different age categories between 1980 and 2005. Source: Statistiska
Centralbyrin 2006.

1.4 Health consequences

In the fourth century BC Hippocrates wrote, “Corpulence is not only a dis-
ease itself, but the harbinger of others”, recognizing the enormous impact of
obesity on health. The health, economic and psycho-social consequences of
increasing obesity are substantial (WHO 2000). Obesity is strongly related
to morbidity and mortality. Obesity is related to numerous non-
communicable diseases such as type-2 diabetes, cardiovascular disease, hyper-
tension, dyslipidemia, gallbladder disease, sleep apnea and certain types of
cancers (Conway and Rene 2004; Haslam and James 2005). The increase in
the prevalence of obesity is one of the reasons for the forecasts that diabetes
will become an epidemic, most dramatically in newly industrialized and de-
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veloping nations. As in the rest of the world, diabetes is increasing in
Europe, a trend that is predicted to continue (WHO Global Infobase).

The psychological consequences of obesity are numerous and include low-
ered self-esteem and clinical depression. Obese subjects report worse health-
related quality of life, compared to a reference population (Sullivan et al.
1993). Obese children’s stigmatization starts at early age (Warschburger
2005).

Recent estimates suggest that 2-8% of the total health care costs in Western
countries are attributable to obesity. The chronic diseases and poor psycho-
social functioning related to obesity impose a substantial economic burden
on both society and the individual in terms of health care expenditures and
productivity loss. Obesity is associated with an increased risk of disability
pension and an excess number of restricted activity days and lost workdays
(Narbro et al. 1999). Moreover, obesity is related to an increase in the total
consumption of health care. An estimated 1-6% of direct health care expen-
ditures in affluent countries is attributable to obesity (Agren et al. 2002).

1.4.1 Elderly populations

The health implications of obesity in the elderly are not necessarily the same
as in the middle-aged and the effect of age on optimal BW is controversial.
Relationships between anthropometry and health change with aging. There
is a reported U-shaped relationship between BMI and mortality as well as
morbidity for the middle-aged (Stevens et al. 1998). In the elderly this rela-
tion, shown as a curve, has a large flat bottom and rises first at BMI 31-32
(Heiat et al. 2001; Janssen and Mark 2007). Previous analyses of 70-year-old
Swedes indicate that high BMI (> 28 kg/m”) is protective for total mortality,
albeit being a risk factor for coronary heart disease (CHD) and stroke in
men. BMI was unrelated to CHD risk in female H70 cohorts (Dey and
Lissner 2003; Dey et al. 2002). A recent review (Janssen and Mark 2007)
concluded that overweight in women and men over 65 is not associated with
an increased risk of mortality and that obesity is only associated with a mod-
estly increased risk. On the other hand, low BMI and weight loss in the eld-
erly is associated with increased mortality (Dey et al. 2001a; Visscher et al.
2000).

WC may potentially be more useful than BMI in detecting associations be-
tween increasing BW and mortality in the elderly (Lindqvist et al. 2006;
Visscher et al. 2001). High WC (= 99 cm) has been shown to be a risk factor
for cardiovascular endpoints in men but WC was not related to CHD risk in
female H70 cohorts (Dey and Lissner 2003; Dey et al. 2002). In the Pro-
spective Population Study of Women in Géteborg (PPSW), Lindqvist et al
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showed that higher WC was associated with an increased risk of mortality
both in younger (38-46) and in older (50-60) women (Lindqvist et al.
2000).

Sarcophenic obesity is a relatively new category of obesity in the elderly. The
term sarcophenia is defined as loss of muscle mass < 2 SD below the young-
normal mean and increased fat mass > than the median value for each gender
group (Baumgartner et al. 1998). Sarcophenic obesity has been shown to be
associated with disability and physical impairment (Baumgartner 2000;
Janssen et al. 2002). It may thus be of clinical importance to identify elderly
individuals with sarcophenic obesity (Zamboni et al. 2005).

In a recent review (Zamboni et al. 2005), the authors stated that the risk of
obesity in the elderly may be underestimated due to the effects of certain
confounders such as survival effect, competing causes of mortality, smoking,
weight change, unintentional weight loss and relatively shortened life expec-
tancy in the elderly, which could underlie the existing controversy about the
health consequences of overweight and obesity in the elderly (Zamboni et al.
2005).

1.4.2  Younger populations

Adolescence has been identified as one of the high-risk periods that may be
critical in the development of obesity (Wing 1995). The probability of
overweight and obese adolescents becoming obese adults or maintaining a
high BMI during adulthood is well known (Kindblom et al. 2006; Kvaavik
et al. 2003; Oren et al. 2003). A 40-year follow-up of overweight children
admitted to hospital between 1921 and 1947 has shown that overweight and
obesity during puberty is associated with higher morbidity and mortality in
adults (Mossberg 1989). In a review on health consequences of childhood
obesity (Reilly et al. 2003), the authors emphasized that childhood and ado-
lescent obesity is not only a cosmetic matter as there is evidence that obesity
affects short- and long-term health. It has been shown that cardiovascular
risk factors, type-2 diabetes, chronic inflammation, asthma, orthopedic ab-
normalities and liver disease were related to pediatric and adolescent obesity
(Kiess et al. 2001; Lobstein et al. 2004; Reilly et al. 2003). Young obese
women have difficulties becoming pregnant and, if they succeed, suffer more
complications during pregnancy and delivery (Cnattingius and Lambe 2002;
Linne 2004).

In addition to the physical and psychological health consequences, there are
many other problems. Overweight young adults are less likely to marry,
compared to their normal-weight counterparts, they are less likely to obtain a
university education and they have lower socioeconomic status (Gortmaker
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et al. 1993). They are more often unemployed and, if employed, they earn
less (Rosmond and Bjorntorp 1999).

In a large prospective study including 6 000 subjects in Germany, it has been
shown that the greatest obesity-associated excess mortality is among young
adults (Bender et al. 1999). Fontaine and colleagues estimated that a 20-
year-old man with a BMI > 45 will lose 13 years of life, compared to a nor-
mal-weight man; the corresponding loss of life for women at that age and
BMI is 8 years (Fontaine et al. 2003). Today’s younger generation will have
shorter and less healthy lives than their parents for the first time in modern
history unless this trend is arrested (Fontaine et al. 2003; Olshansky et al.
2005).

1.5 Body image and disordered eating

As BMI increases, a growing part of the population is dissatisfied with its
body weight and shape (Derenne and Beresin 2006). These individuals
struggle towards an ideal body shape, presented by the media, which is get-
ting thinner and thinner for women (Katzmarzyk and Davis 2001) and more
and more muscular for men (Pope et al. 2001). The discordance between the
ideal body shape and reality can result in weight cycling and eating disorders
(Neumark-Sztainer et al. 2006a; Schofield et al. 1985). Eating disorders can
be quantified with the extensively used Eating Disorder Inventory-2 (EDI-2)
Drive for thinness (DT), Bulimia (B) and Body dissatisfaction (BD) sub-
scales (Garner 1991).

EDI-2 is used as an instrument for examining the prevalence of eating disor-
ders in certain populations. However, in recent years twin researchers have
used it to estimate genetic and environmental influences on eating disorders.
These studies have shown that body image and disordered eating in females
is mainly influenced by genetic determinants (Kamakura et al. 2003; Klump
et al. 2000; Rutherford et al. 1993), while less is known about genetic and
environmental determinants in males. There is some evidence indicating a
purely environmental determinant in males, in contrast to females (Keski-
Rahkonen et al. 2005). Strong gender differences in global body image dis-
satisfaction have also been identified, leading to recommendations that this
issue should be studied separately in females and males (Kostanski et al.

2004).

1.6 Prevention
In 1997 the WHO gathered obesity experts from all over the world for a

consultation on obesity. The report “Obesity - Preventing and managing the
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global epidemic” was a major breakthrough for recognition of the impor-
tance of obesity prevention (WHO 2000). Prevention is believed to be the
only feasible public health strategy for dealing with the growing problem of
obesity.

There are several arguments for prioritizing prevention rather than treat-
ment. Obesity is a chronic condition and treatment is often ineffective, re-
quiring long-term weight maintenance strategies. A literature review found
that only 15% of dieters had maintained a significant proportion or all of
their weight loss after five years (Ayyad and Andersen 2000). Surgical treat-
ment of severe obesity produced the best long-term weight maintenance
results (Sjostrom 2003) but it is not feasible to offer this expensive treatment
to every obese patient. Obesity and overweight currently cost Swedish soci-
ety about 16 billion SEK per year (The National Food Administration and
Swedish National Institute of Public Health 2005). When the increasing
requirements for any kind of obesity treatment due to the rising numbers of
patients, the relatively limited impact of treatment effectiveness and the
enormous expenses for society are taken into consideration, the importance
of prevention becomes clear.

Previous reviews of obesity prevention studies have shown that interventions
have moderate effects (Douketis et al. 1999). A recent review report from the
Swedish Council on Technology Assessment in Health concluded that there
is evidence that obesity can be prevented by interventions which improve
diet and physical activity. Nonetheless, there were no observable effects in
almost half of the studies included in the review, which shows the difficulties
entailed in changing lifestyle (SBU Report from the Swedish Council on
Technology Assessment in Health Care 2005).

Prevention of obesity, as outlined by the WHO, can occur at different levels
(see Figure 6). While universal prevention on the population level is believed
to be the only realistic long-term strategy for slowing the global epidemic,
this approach requires major political, environmental and technological
changes. To achieve prevention in the shorter term, it may be necessary to
employ a targeted strategy in which high-risk individuals and groups are
identified and offered professional support to prevent excessive weight gain.
This selective prevention could be offered to groups with known risk factors
related to obesity, e.g. family history. The inner circle represents the targeted
and secondary prevention focusing on individuals who are already over-
weight but not obese. In these cases, the primary purpose is to prevent fur-

ther weight gain, thus avoiding obesity-related co-morbidities (WHO 2000).
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Figure 6 Levels of preventive action for dealing with weight gain and obesity. Source: WHO
2000.

1.6.1 Prevention in elderly populations
The 55-64- and 65-74-year-old age groups have the highest prevalence of

overweight and obesity in Sweden (see Figure 4). However, there is relatively
little discussion about prevention in population groups aged over 65, pre-
sumably due to the controversial health implications of overweight and obe-
sity in the older age groups. There are few published reports on obesity pre-
vention in the elderly, although there are studies in which body composition
was improved by increasing physical activity (Campbell et al. 1994; Hunter
et al. 2002). Furthermore, there are a few studies concerning whether volun-
tary weight loss is beneficial in the elderly. Zamboni et al concluded in a
review that intentional weight loss may have beneficial effects on health
(Zamboni et al. 2005). Another argument for the prevention of obesity in
the elderly has been brought forward by Seidell et al (Seidell et al. 2005); in
the authors’ opinion, cost-effectiveness improves with age up to 65 or 70.
There is a growing demand for developing strategies to prevent obesity, par-
ticularly the accumulation of visceral fat, in elderly men and women. Inter-
vention programs might focus on increasing physical activity aimed at reduc-
ing visceral fat and maintaining muscle mass and strength. It is believed that
weight loss in the elderly could reduce morbidity from arthritis, diabetes,
cardiovascular disease and sleep apnea and increase well-being. Increased
physical activity could produce beneficial effects on muscle strength, endur-
ance and fat distribution (Elia 2001; Kennedy et al. 2004; Rossner 2001;
Seidell et al. 2005; Zamboni et al. 2005).
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1.6.2 Prevention in young adult high-risk groups

Young adulthood is recognized as a high-risk period for developing weight
problems (Lissner et al. 2000; Rasmussen et al. 1999) and obesity is known
to run in families (Bouchard 1996). Thus, prevention in young adults with a
parental history of obesity should be a matter of course. Observational evi-
dence supports the hypothesis that a high-risk, predisposed group might gain
particular benefit from reducing dietary fat (Heitmann et al. 1995) and, fur-
thermore, that the obesity-promoting effects of fat may be dependent on
physical activity (Lissner et al. 1997). Growing up in the Internet era, to-
day's youth is probably the most inactive generation in history. Conse-
quently, the importance of prevention in a young high-risk group, focusing
on diet behavior and physical activity, should have high priority.

Prevention in young high-risk groups is often not only a matter of primary,
but also of secondary, prevention. A targeted approach must also address
already overweight high-risk groups in which the primary goal is to prevent
further weight gain and the development of co-morbidities in the long run.
In its “National action plan against obesity”, the Danish National Board of
Health placed great importance on target groups, especially children and
adolescents who are at high risk of developing obesity or obesity-related con-
ditions. Prevention is recommended on the private, community and public
sector levels. The most important task is to develop systems in the health
care sector capable of detecting children and adolescents at risk (Danish Na-
tional Board of Health 2003). Campaigns directed at high-risk groups
should not detract attention and financial support from prevention on the
population level; instead, they should intensify ongoing efforts (Yoon et al.
2003).

1.6.3 Prevention of body dissatisfaction and eating disorders

Both normal- and overweight young adolescents, influenced by media re-
ports about the perfect body shape and which diets and exercise to use, try to
transform their bodies (Groesz et al. 2002; Neumark-Sztainer et al. 2006a).
Media-presented tools to achieve these goals are often unhealthy. Studies
have shown that more than half of female and one- third of male teenagers
in Western societies exhibit unhealthy weight control behaviors such as self-
induced vomiting, use of diet pills, skipping meals, fasting and taking laxa-
tives (Neumark-Sztainer et al. 2002). Preoccupation with thinness and body
dissatisfaction predict the development of eating disorders (Kotler et al.
2001; Tyrka et al. 2002). Longitudinal studies have also shown a relation-
ship between unhealthy weight control behaviors and the development of
obesity (Neumark-Sztainer et al. 2006b). However, prevention should target
both aspects, i.e. eating disorders and obesity.
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2 AIMS OF THE THESIS

The general aim of this thesis is to study obesity and its determinants in the
young and the elderly.

The specific aims were:

® o document secular trends in overweight and obesity and lifestyle
determinants in the elderly

® (o investigate the influence of genetic and environmental factors on
body shape and behavioral aspects of weight in teenagers

® to conduct an intervention study to prevent overweight and obesity
in young high-risk women
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3  STUDY POPULATIONS

3.1 Gerontological and Geriatric Population Studies in Goth-
enburg

The H70 studies were initiated in 1971 with the general objectives of study-
ing the normal aging processes and diseases in old age, thereby identifying
clinical reference values, disease criteria and risk factors. The surveys of the
medical and social conditions were intended to facilitate the planning of care
for the elderly and the prevention of disease. Gothenburg (Géteborg, in
Swedish) is the second largest city in Sweden, located on the west coast. The
Revenue Office of Goteborg maintains a registry of all inhabitants, from
which representative study groups of specific ages may be selected. Using this
registry, 70-year-olds in Goteborg were recruited for health examinations,
starting in 1971-72 based on day of birth. Subsequently, in 1976, 1981,
1992 and 2000, 70-year-old men were sampled the same way. Women were
sampled similarly for health examinations in 1971, 1976 and 1981. In the
latter two examinations, women born in 1922 and 1930 were partly identi-
fied on the basis of previous inclusion in the PPSW (see 3.2). One hundred
and forty women in 1992 and 182 women in 2000 participated in both the
PPSW and H70. To make the 1922 and 1930 female birth cohorts represen-
tative in 1992 and 2000, the samples were supplemented with additional
women, born on selected dates, who had moved to Géteborg after the origi-
nal study was started. The participation rates were high at the first examina-
tion in 1971 (84%) and at the second in 1976 (81%) and subsequently de-
creased to 77% in 1981 and about 65% in 1992 and 2000. The general de-
sign, procedures, data collection methods and representativeness of these
cohorts have been reported elsewhere (Berg 1980; Eriksson et al. 1987;
Rinder et al. 1975; Steen and Djurfeldt 1993). The examination year typi-
cally ran from September to June. Paper I is based on data from all five co-
horts (n=3702) while Paper II includes only the cohorts born 1901, 1911,
1922 and 1930 (n=13006).

3.1.1 Diet sub-sample

Participants in the diet studies in 1971, 1981 and 1992 were randomly cho-
sen from the complete H70 cohorts. One hundred and eighty-one women
and 179 men in 1971, 129 women and 132 men in 1981 and 130 women
and 59 men in 1992 completed the dietary survey. In the 2000 survey all 70-
year-olds were scheduled for the dietary part of the examination and a total
of 318 women and 232 men took part in diet history (DH) interviews. A
small fraction of participants in the main health survey in 2000 (z = 19) did
not complete the diet interview for various reasons, e.g. impaired cognitive
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function, language difficulties, leaving before the interview or unavailability
of a dietician (data not shown).

3.2 Prospective Population Study of Women in Géteborg
The PPSW started in 1968 (Bengtsson et al. 1973). A general initial objec-

tive was to study menopause but the objectives were extended to cover most
aspects of women’s health as the examinations proceeded. A representative
sample, according to date of birth, was obtained from the Revenue Office
Register. Five age strata were selected: ages 38, 46, 50, 54 and 60. A total of
1 462 women participated in the first examination, resulting in a participa-
tion rate of 90%. Follow-ups were carried out in 1974, 1980, 1992 and
2000. As described earlier, women examined 1992 and 2000 were also part
of the H70 study.

3.3 Swedish Twin Study of Child and Adolescent Develop-

ment

In 1994 the longitudinal Twin Study of Child and Adolescent Development
(TCHAD) was started at Karolinska Institutet (KI) in Stockholm, Sweden,
aiming at studying the role of genetics and environment in children’s health
and behaviors (Lichtenstein et al. 2002). The initial sample consisted of
1480 twin pairs born in Sweden between May, 1985 and December, 1986.
Initially, the parents were asked to answer different questionnaires about
their twins’ health and behavior. The follow-up studies in 1999 and 2002
included questionnaires, not only to parents, but also to the children and
their teachers. A total of 1 254 girls and 1 113 boys responded to the 2002
follow-up study, a response rate of 82%. Zygosity was determined by ques-
tionnaires and validated in a sub-sample (see Methods).

3.4 Health Hunters

Women aged 18-28 with at least one obese parent were identified via their
parents who were enrolled in the ongoing Swedish Obese Subjects (SOS)
study (Lissner et al. 1998b; Sjostrom et al. 1992). The SOS study included
women and men with a BMI > 40 and > 37 kg/ m’, respectively, who were
offered surgical or nonsurgical treatment. Based on data collected at the ini-
tial SOS screening examination, the subjects’ young adult offspring could be
identified. With the SOS subjects’ consent, the offspring were contacted and
invited to participate in a health program. Inclusion criteria were: living in
Géteborg or vicinity, BMI over 18.5 and the ability to fill in the question-
naires unaided. Pregnancy, evidence of eating disorders, serious diseases that
could affect compliance and plans to move far from Goteborg within the
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next year were pre-defined exclusion criteria. Eighty-six SOS participants
could be contacted, of which ten did not want their offspring to participate.
Of 76 offspring we excluded 21 who were living outside Géteborg. Invita-
tion letters were sent to 55 offspring; 41 accepted participation and 40 were
included. One woman was excluded due to inability to fill in the question-
naires unaided (see Figure 7).

86
Contact with
parents
10 76
Parents Parents
declined accepted
21 55
Living outsid Invitation to
Goteborg offspring
14 41
Offspring Offspring
declined accepted
1 40
Excluded Included

Figure 7 Inclusion and drop-out procedure in the Health Hunters study.
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4  METHODS

4.1  Anthropometric data
4.1.1 H70 and Health Hunters

Measurements were made in the morning with fasting subjects wearing light
clothing. BW was recorded to the nearest 0.1 kg and standing height was
measured to the nearest cm. BMI was calculated. WC was measured to the
nearest cm in the recumbent position using a tape measure placed halfway
between the lower rib margin and the iliac crest. Hip circumference (HC)
was measured to the nearest cm with the same tape measure, at the widest
point between hip and buttock. WHR was calculated from the waist (cm)
divided by hip (cm) circumferences. In Paper IV, total body composition
was estimated by dual X-ray absorptiometry (DXA).

4.1.2 TCHAD

Weight and height were self-reported. BMI was calculated. Because the sub-
jects were under age 18, the prevalence rates of overweight and obesity were
calculated with Cole’s international reference BMI values (Cole et al. 2000).
Four age intervals, 15.75-16.25, 16.25-16.75, 16.75-17.25 and 17.25-
17.75, were used to correspond to ages 16.0, 16.5, 17.0 and 17.5, respec-
tively. The twins were asked to measure WC at the smallest part of their
waist and HC at the widest point of their buttocks using the survey measur-
ing tape.

4.2  Dietary assessment methods

4.2.1 Diet history - H70

In Paper II, the DH method was used to estimate food, energy and nutrient
intakes during the previous three months. The interviews lasted for about
one hour, during which participants were asked to report what they usually
eat and drink for each meal and, as far as possible, to specify the food items
and amounts consumed. The interviews started with open-ended questions
about usual food pattern and continued in a structured format. The same
DH method has been used in all earlier H70 cohorts. Methodological details
on the three earlier examinations have been published previously
(Rothenberg et al. 1996). In the 2000 DH examinations, four dieticians
were trained by one of the dieticians who had participated in the previous
surveys; two of them entered the data from all coded interviews. In contrast
to the 1971 and 1981 examinations, during which dietary interviews had
been performed in the participants’ homes, the DH interviews in 1992 and
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2000 were performed in a clinical research unit. The method has been vali-
dated and found to yield comparable energy values to those predicted by the
heart rate method. However, it underestimated usual energy intake by 12%,
compared with the doubly-labelled water method, in 12 subjects and some
obesity-related underreporting was observed (Rothenberg et al. 1998).

4.2.2 Food frequency questionnaire - Health Hunters

The dietary questionnaire used in the Health Hunters study was a self-
administered semi-quantitative food frequency questionnaire with emphasis
on portion size. The questionnaire inquires about the usual food intake dur-
ing the last three months. It has been validated and is considered to provide
good estimates of energy intake in both overweight and normal-weight adult

subjects (Lindroos et al. 1993).

4.3  Physical activity assessment methods

4.3.1 Interview - H70

In 2000, physical activity levels were assessed by a physician-administered
questionnaire using a 4-point scale ranging from almost completely seden-
tary to extremely active. The physical activity questions and scales used over
the years have varied; details have been reported elsewhere (Dey et al.

2001Db).

4.3.2 Questionnaire - Health Hunters

Physical activity questions describing activity during work, commuting and
leisure were transformed into a point-based physical activity scale

(kcal/week) (Persson et al. 1998).

4.3.3 VO2 max - Health Hunters

In Study IV, a VO2-max test was performed on the treadmill for measuring
oxygen uptake and carbon dioxide production using a Medical graphics CPX
analysis system. Participants started with a warm-up period at a speed of 1.5
km/hour for 2 min, followed by an increase to 12% elevation for one min.
The speed was subsequently increased by 0.1 km/hour every 10 s until the
participant was unable to continue.

4.4 Health Hunters Intervention

The one year intervention program was designed with the objectives of in-
creasing energy expenditure, modifying obesity-related dietary practices and
promoting behavioral skills that support these lifestyle changes. Previous
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exploratory interviews conducted in the high-risk target population strongly
indicated a need for individualized programs. At baseline the intervention
group underwent an initial face-to-face examination and counseling session
with the staff in order to identify their individual expectations and interests,
including their stage of health consciousness (Prochaska et al. 1992). The
intervention group received a customized support package divided into three
main theme areas: physical activity, diet and weight control. Within each
theme area, relevant informational and self-help materials were prepared,
according to the individuals’ expressed needs, preferences and health con-
sciousness stage. To use an example from the nutrition theme, the prepared
materials were relevant to different stages of change, ranging from never hav-
ing contemplated changes in certain intake patterns, on the one hand, to
maintenance of long-term improvement, on the other. While all subjects
received some basic core materials from each theme area, they themselves
decided when to focus on each section of the program. The initial counsel-
ing was followed by regular personalized contact via telephone, e-mail and
‘booster’ visits with dieticians. Every other week the participants received a
letter with information material of their own choice. This information mate-
rial was followed up by telephone about once a month. The need for
‘booster’ visits varied; participants decided on their own how often they
wanted to see the dietician, ranging from every other week to only once.
Occasional group sessions on food preparation and weight control topics and
special interest lectures were offered throughout the intervention period.
Together, subjects worked with the support staff to develop individual
strategies for overcoming barriers to more healthy lifestyles. After finishing
the study the control group was given access to the information material,
which is now available on the Internet (Health Hunters).

4.5 Eating Disorder Iventory - TCHAD

The Eating Disorder Inventory 2 (Garner 1991) has been translated into
Swedish and validated by Norring (Nevonen et al. 2006; Norring and Sohl-
berg 1988). The EDI-2 consists of 91 items and 11 subscales. The first three
subscales, DT, B and BD, form an eating disorder symptom index (see Table
2). The other eight subscales in the EDI-2, e.g. ineffectiveness and perfec-
tionism, were not used in this study. The DT subscale contains questions
measuring preoccupation with weight and dieting, the B subscale contains
questions measuring binging and purging behaviors and the BD subscale
contains questions measuring satisfaction with specific body parts such as
waist, thighs and buttocks. The test has a 6-point scale answer format: “al-
ways~, “almost always”, “frequently”, “sometimes”, “rarely” and “never”,
where 1 is equivalent to “always”.
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Table 2 Items in the subscales Drive for thinness, Bulimia and Body dissatisfaction sub-
scales.

Drive for Thinness

I eat sweets and carbohydrates without feeling nervous.

I think about dieting.

I feel extremely guilty after overeating.

I am terrified of gaining weight.

I exaggerate or magnify the importance of weight.

I am preoccupied with the desire to be thinner.

If I gain a pound, I worry that I will keep gaining.

Bulimia

I eat when I am upset.

I stuff myself with food.

I have gone on eating binges where I felt that I could not stop.
I think about bingeing (overeating).

I eat moderately in front of others and stuff myself when they are gone.
I have the thought of trying to vomit in order to lose weight.
I eat or drink in secrecy.

Body dissatisfaction

I think that my stomach is too big,.

I think that my thighs are too large.

I think that my stomach is just the right size.

[ feel satisfied with the shape of my body.

I think my hips are too big.

I think that my thighs are just the right size.

I think my buttocks are too large.

I think that my hips are just the right size.

4.6  Zygosity determination - TCHAD

Zygosity for same-sex twins was determined by a series of five questions an-
swered by the parents concerning the twins’ physical similarity. The ques-
tionnaire has been validated in a sub-sample in which zygosity was deter-
mined by analysis of 16 polymorhic DNA markers. Twin pairs were classi-
fied as monozygotic (MZ) or dizygotic (DZ). In cases with contradictions
between any of the five answers zygosity was recorded as unknown
(Lichtenstein et al. 2006). This study only includes same-sex MZ and DZ
twin pairs.
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4.7  Statistics

4.7.1 H70 - anthropometry

Mean values and standard deviations were calculated for anthropometric
parameters at all examinations. Two-sample t-tests were used to test the dif-
ferences between the two latest-born cohorts. Tests of differences across all
cohorts were conducted as tests of trend in linear least-square regression
models using year of birth as the independent variable and continuous an-
thropometric indicators as time-dependent variables. Logistic models were
used to compare dichotomous outcomes. Interactions in linear regression
models were tested in order to investigate the influences of gender, smoking,
physical activity and education on obesity trends. P-values of less than 0.05
were considered to be significant. Although we have described true longitu-
dinal changes in two cohorts of women, terminology suggestive of longitu-
dinal measurements (increases, decreases) is occasionally used in other parts
of the paper, reflecting secular trends across H70 cohorts.

4.7.2 H70 - diet

The main results in Paper II are based on tests for linear trends across the
four examination years. Tests of linear-by-linear association were used to
assess cohort trends in mean intakes of nutrients and foods (g/day) and pro-
portions (%). All results are reported separately for females and males. Values
are expressed as means and standard deviation. The Goldberg method
(Goldberg et al. 1991), in which energy intake (EI) is divided by an estimate
of basal metabolic rate (BMR), was used to compare energy intakes reported
by the different cohorts. BMR is predicted from weight (W) by means of
standard equations for subjects aged 6074 (males 0.0499 x W + 2.93, fe-
males 0.0386 x W + 2.875) (Department of Health 1991; Schofield et al.
1985). An EI/BMR ratio of 1.35 has previously been used to identify prob-
able underreporting (Black and Cole 2001). For the physical activity com-
parisons reported here, the category described as ‘almost completely inactive’
was considered comparable across all cohorts. Subjects describing themselves
as moderately or very active (according to various definitions over the years)
are pooled and considered together to be the comparison group. Nutrient
intakes have been compared with the Nordic Nutrition Recommendations
(Sandstrom et al. 1996) and are described as the percentage of subjects with
a nutrient intake above the recommended level and below the safe level, the
latter suggesting a risk of nutrient deficiency.

4.7.3 TCHAD

Standard methods were used to calculate mean values and standard devia-
tions. T'wo-sample t-tests were used to test the hypothesis of no difference in
mean differences between the MZ and DZ group. Pearson’s correlation (i.e.
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intra-class correlation) was used to assess the within-pair similarity among
MZ and DZ twin pairs. These analyses were applied to BW, BMI and WC.
Studies have been shown that WC is a better predictor of abdominal adipos-
ity in adolescents than HC or WHR (Taylor et al. 2002).

The twin design makes it possible to distinguish genetic, shared and non-
shared influences. The models assume that MZ twins have 100% of their
genes in common; the average corresponding figure for DZ twins is 50%.
Genetic influence (A) is indicated by a higher intra-class correlation in MZ
than in DZ twins. Shared environment (C) is implied if the MZ and DZ
twin correlations are similar and statistically significant. If both MZ and DZ
twin correlations are small, non-shared environment will have a strong influ-
ence. The non-shared environment (E) contributes to differences between
family members, including measurement errors. Figure 8 illustrates the rela-
tionship between the observed phenotypes in two members of a pair. The
genetic correlation is 1.0 in MZ and 0.5 in DZ twin pairs. The shared envi-
ronment correlation is set at 1.0 in both groups. There is no within-pair
correlation set between E terms. Structural equation modeling using the MX
computer program (Neale and Maes 2004) was performed to evaluate the
quantitative contributions of genetic and environmental (shared and non-
shared) components. Parameters for the full ACE model, which includes A
(genetic), C (shared environment) and E (non-shared environment), were
estimated. Using the raw data maximum likelihood estimation in MX en-
abled the inclusion of unmatched twin pairs. Bivariate Cholesky models were
used, as described in Neale et al (Neale and Maes 2004), in order to examine
whether the genetic and environmental effects on the different EDI-2 scores
were mediated by BMI. P-values of less than 0.05 were considered to be sig-
nificant.
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Figure 8 Univariate model of twin data. Additive genetic (A), shared environmental (C) and
non-shared environmental (E) influences on the measured variable are shown for both
members of the twin pair.

4.7.4 Health Hunters

Standard methods were used to calculate mean values and standard devia-
tions. Two-sample t-tests and ANOVA were used to test the hypothesis of
no difference in mean changes between the control and intervention groups.
Linear regression models were used to analyze the weight change in all par-
ticipants in relation to changes in diet, physical activity and selected behav-
iors. P-values of less than 0.05 were considered to be significant. An inten-
tion-to-treat analysis was conducted in which dropouts in the intervention
and control groups were assigned the average weight change values observed
in the control group.
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5 RESULTS AND DISCUSSION
5.1 PapersIand II - H70

5.1.1 Participation

Participation rates were higher in the earlier-born cohorts (85% in 1971)
than in the later-born study groups (65% in 2000). Although response rates
decreased, they remained higher than in some other studies in elderly popu-
lations, e.g. (van't Hof and Burema 1996). However, participation was stable
among the two latest-born cohorts (66% in 1992, 65% in 2000). Because
participation rates were lower in the two most recent surveys, it was consid-
ered important to investigate whether non-participants differed in any meas-
urable ways from participants and the former group’s responses were thus
compared with those of the latter group. An analysis was conducted compar-
ing all H70 subjects attending the 2000 examination with those who did not
attend but did complete the non-respondent questions (47% of all non-
participants). This group was found to be similar with respect to self-rated
health, history of myocardial infarction, smoking and diabetes, although the
unmarried state was significantly under-represented among participating
men (Bergh et al. 2003). Nevertheless, increasing non-participation rates
must be considered a potential source of bias in observed secular differences.

In 1992/1993, the male sub-sample in the diet examination was small, com-
pared to the other samples. Due to organization and financing problems, the
diet examination did not start before the second half of the study. Because
the majority of the men were examined in the first part of the study period,
only a small number were interviewed about their diet.

Most of the women born 1922 and 1930 are also part of the longitudinal
PPSW. Therefore, it is possible that the later examinations captured a more
self-selected and healthier cohort, which could theoretically explain some of
the apparent dietary improvements. On the other hand, it may be noted that
the trends reported in these cohorts are consistent with food disappearance
data from the Department of Agriculture (Statistiska Centralbyrin 2006),
suggesting that the changes are likely to be real as well as being comparable
with those in younger age groups.

Since 1968, 116 women in the 1922 and 1930 cohorts moved away from
Goteborg but are still part of the PPSW; most of them live in nearby re-
gions. A comparison between women living outside Goteborg and women in
the same cohort living in Géteborg did not reveal any differences in BW,
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height, BMI, WC, HC or WHR (see Table 3) and these women thus remain
in the H70 analyses.

Table 3 Comparison of women living in Géteborg with those who moved away, mean values.

Women born 1922 Women born 1930

Living in  Living outside Living in Living outside

Goteborg  Goteborg Goteborg  Goteborg

n=241 n=51 n=195 n=65
Height (cm) 161.6 162.2 ns 161.7 162.9 ns
BW (kg) 68.4 68.4 ns 70.5 71.8 ns
BMI (kg/m’) 26.2 26.0 ns 27.0 27.0 ns
WC (cm) 83.6 83.7 ns 87.2 87.6 ns
HC (cm) 101.0 100.9 ns 102.9 103.8 ns
WHR 0.827 0.828 ns 0.847 0.844 ns

5.1.2  Overweight and obesity

5.1.2.1 Prevalence of overweight and obesity

During the last three decades, the prevalence of obesity has increased in 70-
year-old men and women in Goteborg. In 2000, 24% of the women and
20% of the men had BMI > 30 kg/m2 (see Table 4), corresponding to a 50%
increase in women and more than a doubling in men over three decades.
The BMI trends were detected earlier in men than in women, while secular
increases also became apparent in women during the final 8 years. The secu-
lar increases in obesity are in general agreement with recent studies of
younger Goteborg cohorts (Berg et al. 2005), as well as nationally represen-
tative statistics on 65—74-year-old Swedes recorded between 1980 and 1997,
although the national survey data are based on self-reported weights and
heights (Lissner et al. 2000). The larger increases observed in 70-year-old
men, compared to women, are also similar to the secular trends reported
among 60—64-year-old Finns between 1972 and 1997. Specifically, BMI
increased 1.96 units in Finnish men during this period, compared to 0.32
BMI units in women (Lahti-Koski et al. 2001). The apparent gender differ-
ence in secular trends in Nordic populations may also be compared with
data from the NHANES surveys in the US, in which obesity increased from
10.5% to 35.8% in 60-70-year-old men and from 23.4% to 39.6% in
women of the same age between 1971 and 2000 (Flegal et al. 2002). Thus,
the obesity prevalence in men seems to be catching up with rates in women
in many parts of the world.

A lower participation rate is always a limitation in studies and the issue of
how it might possibly influence the reported prevalence of obesity in the
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elderly must be discussed. It has been shown that more health-conscious
individuals with higher socioeconomic status are likely to participate which
may result in an underestimation of the true obesity prevalence and trend,
assuming that they are leaner than individuals with low socioeconomic status
(van't Hof and Burema 1996). This may apply to our study, especially con-
sidering the differences in BMI between individuals with low and high levels
of education. On the other hand, the upward trend in overweight prevalence
over time might instead be overestimated if the growing numbers of non-
participants among the elderly are the ones who are suffering from diseases
resulting in weight loss.

In the 2000 H70 study, unmarried men were underrepresented and the
question is whether their diets are likely to differ from those of married men.
An analysis comparing the participating married and unmarried men showed
that there was no difference in BMI. Furthermore, the unmarried men re-
ported a significantly higher EI, corresponding to a higher intake of most
nutrients. Thus, our conclusions that elderly men are consuming nutrition-
ally adequate diets and getting heavier cannot be explained by under repre-
sentation of single men.

Table 4 Cohort differences in anthropometric parameters among 70-year-old men and
women.

Year of birth 1901 1906 1911 1922 1930 p*
Mean SD Mean SD Mean SD Mean SD Mean SD
Men
Height (cm) 173 66 174 6.1 173 6.2 175 6.2 176 7.1  <.0001
BW (kg) 764 117 778 125 78.0 126 827 119 83.1 138 <.0001
BMI (kg/mz) 254 35 258 3.7 26.0 3.7 26.9 3.7 26.9 3.9 <.0001
BMI225 (%) 54.6 57.0 61.5 67.5 67.0 <.0001
BMI>30 (%) 8.5 12.3 11.3 20.6 20.0 <.0001
WC (cm) 90 10 93 10.5 - - 95 10.1 98 10.9  <.0001
HC (cm) 101 72 102 76 - - 103 93 102 84 0.53
WHR 0.93 006 0.92 0.06 - - 093 006 096 0.06 <.0001
Women
Height (cm) 160 58 161 5.8 160 5.8 162 5.9 162 61  <.0001
BW (kg) 669 114 658 108 681 120 684 117 712 125 <.0001
BMI (kg/mz) 26.2 42 255 4.0 26.5 4.5 26.2 4.2 27.1 4.6 <.0001
BMI>25 (%) 58.3 51.3 60.2 56.6 64.3 0.02
BMI>30 (%) 16.6 12.6 19.1 16.2 23.8 .002
WC (cm) 83 9.0 87 11.3 - - 84 11 88 11.5 .001
HC (cm) 105 95 102 898 - - 101 9.5 103 9.8 0.27
WHR 0.81 0.05 0.81 0.06 - - 0.83 006 0.85 0.06 <.0001

*Trends across cohorts
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5.1.2.2 Secular trends in WC and WHR

Between 1992 and 2000, BW and BMI in 70-year-old men were stable,
while both WC and WHR increased significantly during the same period.
These upward trends might indicate a change in body fat distribution to-
wards a larger amount of visceral fat. HC increased less than WC both in
men and women, which may be an indication of increasing cardiovascular
risk. Previous analyses of earlier-born 70-year-old cohorts described here
indicate that a high BMI is protective for total mortality in men, albeit a risk
factor for CHD and stroke. WC is also a risk factor for these cardiovascular
endpoints in men (Dey and Lissner 2003; Dey et al. 2002). In female H70
cohorts, however, neither BMI nor WC was related to CHD risk. The
health implications seem to be much clearer for men than for women. It has
been argued that increased abdominal obesity is better reflected by increased
WC than by BMI (Molarius and Seidell 1998; Visscher et al. 2001), and
that WHR is not a good predictor of overweight (Molarius and Seidell 1998;
Molarius et al. 1999). On the other hand, WC has in fact been found to be
more closely related to total body fat than to visceral fat in the elderly
(Harris et al. 2000).

5.1.2.3 BMI trends stratified by lifestyle factors

After stratifying for the physical activity groups, a significant upward trend
in BMI was found across the cohorts in both sexes, but secular increases were
significantly smaller in the more active individuals (interaction: birth year x
physical inactivity, p<0.0001 in men and p=0.01 in women) (see Figures 9
and 10). After stratifying for smoking, significant upward trends in BMI
were observed across the cohorts in all three smoking groups (smoker, ex-
smoker and never-smoker), with the exception of never-smoking men, who
displayed a relatively stable mean BMI. Finally, stratification by education
indicated a secular upward trend in BMI of similar dimensions both in more
and less educated men. Among women, on the other hand, BMI increases
were most pronounced in the subgroup with more than basic education in
which significant evidence of an interaction was found.
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Figure 9 Cohort differences in BMI among 70-year-old men related to physical activity,
education and smoking habits. (For simplicity the cohort born 1911 is removed.)
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Figure 10 Cohort differences in BMI among 70-year-old women related on physical activ-
ity, education and smoking habits. (For simplicity the cohort born 1911 is removed.)

It is encouraging to note that the percentage of sedentary individuals de-
creased from 18% to 10% in men and from 23% to 8% in women, suggest-
ing that some form of physical activity has increased among the elderly dur-
ing the last 30 years. However, the higher proportion of physically active
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individuals of both sexes did not correspond to an improvement in BMI or
WHR during the same time period. BMI did increase faster in the sedentary
groups in both sexes, which suggests that regular physical activity may have
inhibited the secular trend in BMI in the more active group. In the latest-
born male and female cohorts, the mean BMI in the sedentary group ex-
ceeded 30, which implies a health risk (WHO 2000). Examining other obe-
sity-related factors indicated, for instance, that the prevalence of smoking
decreased in both sexes (for the first time in women) in the two last cohorts
and that BMI in the ex-smokers increased most, which could explain some
of the recent weight increases in women. In women, the observed effect
modification in the educated groups showed clearly that BMI increased
much faster in the more educated than in the less educated women. The
educational gradient in obesity appeared to be narrowing in women and
widening in men, which is a continuation of a trend observed in earlier co-
horts (Cabrera et al. 2003). The significant increases in energy intake de-
tected in men may partly explain their large increase in obesity (Eiben et al.

2005).

5.1.2.4 WC trends stratified by physical activity

WC exhibited a significant upward trend across the cohorts in both sexes
after stratifying for the physical activity groups (see Figure 11). Secular in-
creases were significantly higher in the inactive male group (interaction: birth
year X physical inactivity, P<0.01). No interaction could be seen in women
(p= 0.12). However, the differences in WC between the activity groups in
the last cohort in both male and females were highly significant (p<0.0001).
These results provide more evidence of the importance of physical activity in
preventing abdominal fat accumulation in the elderly.
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Figure 11 Cohort differences in WC among 70-year-old men and women according to level
of physical activity. (For simplicity the cohort born 1911 is removed.)
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5.1.2.5 Longitudinal changes in BMI and WHR

Figure 12 shows individual changes in BMI related to age for sub-samples of
women born in 1922 and 1930, participants in the prospective study since
1968. Consistent with the total analysis, women born in 1930 had a signifi-
cantly higher BMI at age 70 than women born in 1922. However, a large
fraction of this difference was already apparent when the women were in
their mid-40s. Similarly, WHR at age 70 was significantly higher in women
born in 1930, compared to the 1922 cohort, and this difference was already
present in middle age. This indicates that the differences in BMI observed in
1992 and 2000 had earlier origins (Bengtsson et al. 1979), which may relate
to social and environmental conditions in early life.

25 —&— Women born 1930

BMI
24 -

®— Women born 1922

22

80

AGE

Figure 12 Longitudinal BMI, mean and SE, in females born in 1922 and 1930.

5.1.3 Diet

5.1.3.1 Food consumption trends

Table 5 presents a complete list of secular differences in consumption of
selected products by the four cohorts. It highlights the products consumed in
increasing amounts throughout the four examinations, items that became
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consumed less frequently and those that stayed stable during the observation

period.

We observed many secular changes in food selection patterns when compar-
ing the different 70-year-old cohorts. The content of main meals shifted
towards more meat, poultry and vegetables, and potatoes were partly ex-
changed for pasta and rice. Traditional breakfast foods such as porridge,
gruel and more refined bread products were replaced with cereals, fruit yo-
ghurt and whole-grain breads. Later-born women and men consumed less
high-fat spread (‘spread’ is defined here as table fat, mostly used on bread)
and the intake of low-fat spread, cheese and milk alternatives increased.
Later-born cohorts of both sexes ate more fresh fruit as well as less canned
fruit and fruit soup than earlier-born cohorts. As the consumption of extra
sugar and sweet bakery products decreased, increases could be observed in
candy consumption. Finally, although alcohol consumption could not be
estimated in the original (1971) survey, large increases in wine consumption
were seen between 1981 and 2000 in both sexes. Beer consumption trends
seem to have mirrored changes in the availability of stronger beer types in
Swedish grocery stores. There was a clear gender difference in the consump-
tion of sugar-sweetened soft drinks. Men increased their consumption by
47% and women decreased their consumption by 36%, both beginning with
the same amount in 1971. The consumption of soft drinks increased about
200% in Sweden as a whole from 1980 to 2004, which means that men fol-
lowed the general trend to a greater extent. In women, soft drink consump-
tion had already decreased in the cohort examined 1981, in which there were
no PPSW participants, which might be one explanation of a more health-
conscious diet. However, other studies have shown the extent to which
women are influenced by health messages, which might be another explana-

tion (Fagerli and Wandel 1999).

Dietary quality has improved in a number of ways, and these findings in the
elderly are consistent with national food consumption trends in the general
population (Jordbruksverket 2000).

46



Table 5 Linear trends in amounts of foods (g) consumed daily by different 70-year-old female
and male cohorts examined between 1971 and 2000.

Women Test of Men Test
1971 1981 1992 2000 trend 1971 1981 1992 2000 trend
Spread 40% - 7 9 11 Horx - 5 23 15 o
Fruit yoghurt 0.3 8 12 29 K 0.2 6 3 17 o
Cheese >17% fat See below 30 36 39 43 o
Cheese <17% fat 4 4 10 18 ok 3 3 8 15 ok
Breakfast Cereals 3 5 10 16 Horx 2 7 16 19 ok
Wholemeal bread 9 41 27 25 ok 9 35 38 35 ok i
Meat 51 64 67 61 * 58 79 100 81 R n
Poultry 8 7 8 12 ek 7 6 6 13 o c
Fish 46 31 52 48 rx See below r
Pasta 3 6 8 13 ok 3 7 12 15 ok e
Rice 5 11 14 17 Horx 4 7 12 19 ok a
Vegetables, total 54 57 145 146 ok 44 47 95 128 ok s
Vegetables, fresh 28 37 96 97 orx 22 25 54 79 ok e
Fresh fruit 151 120 176 197 ok 127 118 143 171 o d
Juice 30 37 55 67 A 12 24 33 84 R
Light beer 16 29 30 34 * 44 75 79 83 o
Wine - 11 17 29 A - 23 35 46 *
Candy 6 5 9 13 K 6 6 10 17 o
Soft drinks, syrup See below 117 99 118 172 *
Cheese >17% fat 25 28 33 28 0.22 See above
Fish See above 57 43 68 57 027 | s
Liquor - - 3 2 0.94 - 12 8 13 0.62 t
Coffee 441 490 508 473 0.34 490 572 526 499 0.90 a
Tea 147 163 127 135 0.23 163 191 137 171 0.95 b
Milk 1.5% fat - - 93 104 0.55 - - 116 124 0.84 1
Milk 0.5% fat 146 117 138 136 0.45 117 171 160 145 0.41 e
‘White bread See below 30 40 29 28 0.33
Soft drinks, syrup 116 69 54 74 * See above
Spread > 60% fat 18 16 9 6 ok 25 26 11 9 o
Milk 3.0% fat 204 243 96 77 ok 268 307 96 132 ok d
Porridge 60 76 44 22 orx 67 69 71 30 ok e
Gruel 25 13 6 3 ok 33 26 10 6 ok c
Sweet rye bread 53 29 29 40 * 77 59 48 48 ok r
White bread 26 27 20 17 ok See above e
Egg 26 20 20 17 31 32 25 24 *  a
Potatoes 129 124 92 95 ok 202 209 151 134 o s
Canned fruit 63 64 37 39 o 59 66 34 36 o e
Beer >2.8% 31 8 5 18 * 139 54 39 86 ok d
Buns, cakes 54 51 37 36 ork 64 54 46 49 oK
Sugar 13 9 4 3 o 24 20 11 11 X

¥ = p <0.001, ** = p<0.01, * = p<0.05
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5.1.3.2  Energy and nutrients

Energy intake increased significantly in men and marginally in women
(p=0.06) (see Table 6). Protein intake increased in both sexes while carbohy-
drate intake only increased in men. There was a non-significant upward
trend in fat intake.

Table 6 Energy and nutrient intakes for women and men. Values expressed as mean
and sd (standard deviation).

Nutrient 1971 1981 1992 2000 Test of
mean _sd mean sd  mean sd mean__sd trend
Women
EI/BMR* 1.40 04 149 04 141 04 1.45 0.4 0.44
Energy, kcal 1819 504 1967 509 1847 435 1931 468 0.06
Protein, g 67 17 71 19 76 18 77 19  <0.0001
Fat, g 75 25 84 26 74 24 76 26 039
Carbohydrates, g 217 65 227 65 213 59 226 62 0.26
Alcohol, g** _ _ 2.4 4 3.5 7.1 4.8 6.2 <0.01
Men
EI/BMR* 1.59 039 1.84 050 1.67 052 1.77 0.48 <0.01
Energy, kecal 2218 530 2553 645 2425 708 2561 651 <0.0001
Protein, g 80 19 86 22 96 25 98 25  <0.0001
Fat, g 92 27 109 35 96 32 101 36 0.056
Carbohydrates,g 264 69 289 77 277 99 290 83 <0.01
Alcohol, g** _ _ 8.9 12.6 8.9 11.7 13.1 15.5 <0.0001

*Ratio of reported energy intake to predicted basal metabolic rate

**Trends in alcohol from wine, beer and liquor based on data from 1981 — 2000 only.
Alcohol from beer in 1971 (mean 0.3g) is included in energy and where applicable
nutrient group means.

In the 2000 survey, more than 65% of the subjects had intakes of vitamin C,
riboflavin, thiamine, calcium, iron and vitamin A above the Nordic Nutri-
tion Recommendations levels (Sandstrém et al. 1996). None of the subjects
failed to achieve the recommended safe intake of vitamin C, potassium or
thiamine. Less than 3% had intakes of vitamin D, calcium, iron, riboflavin
(mostly men) and vitamin A (mostly women) below the recommended safe
levels. In general, the majority of the 70-year-olds examined in 2000 con-
sumed nutritionally adequate diets.
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5.1.4 Methodological considerations

5.1.4.1 Paperl

A limitation of this research, common to many repeated cross-sectional stud-
ies, involves changes in procedures. The examiners at each investigation were
trained similarly throughout the years, with the aim of collecting comparable
anthropometric data at all examinations. However, slightly different ques-
tions were used on each occasion, concerning physical activity, smoking and
education. In order to compare these variables across cohorts, it was neces-
sary to reduce the number of categories which may have caused loss of in-
formation (Dey et al. 2001b).

It must be emphasized that all of the H70 secular trends reflect comparisons
between different examined birth cohorts. Cohort differences may be
strongly related to nutritional status; particularly height might be varyingly
affected by childhood nutrition and living conditions, environmental factors
and social factors throughout life (Dey et al. 2001b). The differences in BMI
between the two latest-born female cohorts did not appear for the first time
within the final 8 years. Inspection of longitudinal data in sub-samples of
women born in 1922 and 1930 reveals consistent differences in BMI and
WHR which were already present when the women were in their mid-40s.
The estimated average life expectancy of Swedes born in 1930 is about 6
years longer than that of Swedes born in 1901 (Statistiska Centralbyrén
2006), which may imply that the later-born cohort is biologically younger
than the earlier-born cohort. It may even be speculated that the heavier BWs
reflect a new generation of elderly individuals with a longer survival progno-
sis. Longitudinal data are necessary to understand the nature of these
changes.

5.1.4.2 Paper Il

The main challenge of this study involves using the same dietary instrument
in cohorts examined across three decades. It is obvious that the availability of
foodstuffs in shops and cooking methods may change in many ways over
such long intervals, reflecting new consumption patterns and practices.
Thus, the instrument had to evolve over time, both in terms of listed food
choices and assumed preparation methods and recipes (Rothenberg et al.
1996). Whether the instrument is equally valid throughout the years remains
an important methodological question, one we were only partially able to
assess. Systematic trends were observed in the EI/BMR ratio among men,
who were also getting heavier with similar activity levels. Among women, the
ratio was stable but there was some indication of changes in physical activity
levels, suggesting that the ratio should have increased. Therefore, we cannot
rule out the possibility of a decreasing degree of completeness in reported
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intake for women, even in the situation with an apparently stable EI/BMR
ratio. For men, the increases in EI/BMR are consistent with a strong secular
increase in relative weight during that period. The estimated EI/BMR values
in this study are a bit lower that those obtained with the doubly-labelled
water method at that age and BMI (Roberts and Dallal 2005).

Another set of problems arises from changes in the nutrient database which
has been improved by new analytical techniques, making nutrient values in
earlier databases obsolete. We used the 2000 database to decrease the prob-
ability that observed changes in dietary intake are due to changes in the da-
tabase. This creates several problems. First, ‘old’” foods must be added to the
new database and this can re-introduce errors. The new database cannot be
used for certain nutrients such as iron, due to changes in fortification poli-
cies. Finally, using the same database masks real changes in nutrient compo-
sition for the same foods. However, we concluded that, on the whole, the
benefits of using the new database outweigh the disadvantages.

When making comparisons between food intake data from different birth
cohorts over long periods of time, it is necessary to achieve high precision in
the standardization of nutrient databases and to analyze and express intake
data so that observed differences are as unbiased as possible. Despite a num-
ber of important limitations, the present study is unique in its ability to
monitor population-based cohorts over three decades using a comparable
dietary method.

Finally, the large number of foods analyzed increases the risk of statistical
mass significance. However, our data showed high levels of significance in
most of the analyses which reduces the risk of chance findings.

5.2 Paper III - TCHAD

5.2.1 Anthropometry

Descriptive statistics on the anthropometric data from the sample are pre-
sented in Table 7. The overall percentage for overweight (BMI = 25) in girls
and boys was 6.7% and 10.3%, respectively, and for obesity (BMI = 30)
1.5% and 1.6%, respectively. Swedish measured data has been presented for
girls and boys (non-twins) of similar ages and at about the same time
(Neovius et al. 2005). The authors reported higher mean values for weight,
height and BMI compared to ours (Neovius et al. 2004). There are several
potential explanations for this discrepancy. Self-reported weight and BMI are
often lower than the same parameters when measured (Nieto-Garcia et al.
1990). Furthermore, another explanation might be that twins are smaller at
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birth, both in terms of weight (30% deficit) and height (17% deficit), al-
though they reach the singleton norm at age 8, according to Wilson (Wilson
1979). An earlier analysis of a twin sample of the same age revealed that the

discrepancy in size persisted until the end of puberty, especially in males
(Pietilainen et al. 1999).

Table 7 Self-reported anthropometric data from the study population, divided in MZ and
DZ, and measured anthropometric data in Swedish adolescents (Neovius et al. 2004). Val-
ues are expressed as means.

Girls Boys
MZ DZ Neovius MZ DZ Neovius
etal etal
Age, years 16.7 16.7 16.8 16.7 16.7 16.9
BW, kg 55.2 56.2 59.7 64.5 65.3 68.7

Height,cm  164.8  165.9 167 176.6  176.7 180
BML kg/m” 204  20.5 21.5 207 209 21.1
WC, cm 703 719 71.4 764 777 75.4

HC, cm 92.4 93.8 92.3 93.0 93.8 92.9
BMI = 25 7.4%  5.7% - 9.6% 11.2% -
BMI = 30 1.5%  1.6% - 2.5%  0.6% -

5.2.2 Genetic and environmental influences on BW, BMI and WC

The results of the univariate structural equation models for BW, BMI and
WC are shown in Table 8. The ACE model estimated major genetic influ-
ences for all anthropometric parameters in girls (56% for BW, 60% for BMI
and 72% for WC). Shared environmental effects could be detected for BW
and BMI (28% and 24%, respectively), and the estimated influences of non-
shared environment were 16% for BW, 15% for BMI and 28% for WC. In
boys, genetic effects on the anthropometric parameters were found to ac-
count for 72% of the variance in BW, 74% in BMI and 67% in WC. No
significant effects of the shared environment were found in boys; influences
of the non-shared environment accounted for 17% for BW, 26% for BMI
and 33% for WC.
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Table 8 Estimates of genetic and environmental effects based on ACE model-
fitting, including additive genetics (A), shared environment (C), and non-
shared environment (E), for BW, BMI and WC in gitls and boys.

Parameter estimates (95%CI)

A C E

Girls

BW .56 (.38 -.78) 28 (.06 - .46) .16 (.13 - .20)
BMI .60 (42 -.83) .24 (.01- .43) .15(.12-.19)
WC 72 (.54 -.78) .00 (0 -.17) .28 (.22 - .35)
Boys

BW 72 (.51 - .86) 11 (0-.31) 17 (.13 -.21)
BMI 74 (.51-.79) .00 (0 -.22) .26 (.21 -.32)
WC .67 (.40 -.74) .00 (0-.24) .33 (.33-.20)

In summary, the ACE model suggested a high genetic component in body
weight and weight-for-height in boys and girls. These findings are consistent
with many studies in the literature. However, differences have been reported
in the magnitude of the genetic influences on BMI, ranging from 45% to
81% in young women and men aged 20-29 (Schousboe et al. 2003). The
few available studies on adolescents show genetic influences on BMI in
about the same range as in adults (Faith et al. 1999; Jacobson and Rowe
1998). The corresponding estimates in the current study were 60% and 74%
for girls and boys, respectively. The relatively low estimates for genetic influ-
ences in girls, compared to boys, can be explained by shared environmental
influences for BW and BMI in girls. Most studies do not find shared envi-
ronmental influences with twin models including both MZ and DZ twins,
which may partly be due to insufficient power. Segal and Allison included
virtual twins (same-age unrelated siblings reared together since infancy) in
their analysis and could detect shared environment influences in BMI of the
same magnitude as we found in girls (Segal and Allison 2002). Jacobson and
Rove found results similar to ours as well; they detected shared environ-
mental influences in female, but not in male, adolescents (Jacobson and
Rowe 1998). They explain the difference between males and females with
the larger interest taken by females in weight control behaviors resulting in
stronger environmental influences. We documented this greater female in-
terest in weight control behaviors in our study. Shared environmental influ-
ences are more easily detected in childhood and decrease during puberty as
adolescents become more and more independent.

5.2.3 Prevalence of DT, B and BD

The prevalence of DT and BD was many times higher in girls (21% and
29%, respectively) than in boys (3% and 7%, respectively); however, the B
diagnosis was equally prevalent in both sexes (2%). The large differences in
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the prevalence of diagnosed DT and BD between girls and boys are in line
with other studies (Keski-Rahkonen et al. 2005; Kjelsas et al. 2004). How-
ever, the similar prevalence of B in girls and boys was unexpected. Most of
the questions in the EDI-2 scale for B (see Table 2) deal with binge eating,
which raises the possibility that it may be normal for a 15-17-year-old grow-
ing boy to consume great amounts of food. The use of EDI-2 scales in men
is not very common, since they focus more on conventional women’s con-
cerns such as body weight and shape, while the areas to which boys pay at-
tention, e.g. muscularity and stature, are not mentioned (McCabe et al.
2002). Consequently, the validity of EDI-2 is limited in men (Spillane et al.
2004). The subscales are possibly not suited to boys’ eating behavior, and the
results must thus be regarded with caution. Further studies aimed at devel-
oping tools to measure body image and disordered eating in males are

needed.

5.2.4 Genetic and environmental influences on EDI-2 subscales scores

The results of the univariate model-fitting analyses for all EDI-2 scores are
presented in Table 9. In girls, both genetic and environmental influences
were important for EDI-2 scores. The low prevalence among boys indicates
limited power, and the model could thus not elucidate whether genetic
and/or shared environmental effects were responsible for the familiality, as
shown by the confidence intervals.

Table 9 Estimates of genetic and environmental effects based on ACE model-fitting,
including additive genetics (A), shared environment (C) and non-shared environ-
ment (E), for DT, B and BD in gitls and boys.

Parameter estimates (95%CI)

A C E

Girls

DT score 41 (.16 - .67) .21 (0 - .43) .38 (.31 - .46)
B score 43 (.11 -.56) .04 (0 -.30) .54 (44 - .64)
BD score .58 (.33 -.72) .09 (0 -.31) 34 (.27 - .41)
Boys

DT score .23 (0-.53) 30 (.04 -.52) .47 (.38-.58)
B score 22 (0-.51) .19 (0 - .42) .59 (48 -.71)
BD score .37 (.07 - .61) .16 (0 - .41) 47 (.38 - .57)

To our knowledge, there is only one study analyzing the genetic and envi-
ronmental influences on EDI-2 sub-scores in males. The results of Keski-
Rahkonen et al’s study of 22-27 year old Finish men differ from ours (Keski-
Rahkonen et al. 2005). They found that more than 80% of the influences on
DT and BD were from the shared environment while the genetic and the
non-shared environmental influences were of little consequence. In contrast,
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our results showed strong influences of the non-shared environment while
the shared environment accounted for 30% of the influences on DT and was
not significant for BD. These contrasting results may be explained by the
different age groups (the Finnish twins were an average of eight years older),
which might be a critical factor for the dimensions of shared environment
influence. However, the pattern of influence on girls was about the same in
the Finnish and the Swedish twins, further confirmed by Klump’s results
from Minnesota in the same age group (Klump et al. 2000). In summary,
both genetic and environmental influences are important for the develop-
ment of body image and disordered eating in our female sample. In the case
of the male sample, our analyses did not distinguish between the genetic and
shared environmental influences, especially for the EDI-2 B score, for which
it was not possible to conclusively determine whether familial factors arise
from genetic or shared environmental influences. The influences of the non-
shared environment seem to be most important for the EDI-2 B score in
boys; these influences include experiences unique to the individual and not
shared by his co-twin, e.g. different peer groups, as well as differential treat-
ment within the family (but also measurement error).

5.2.5 Associations between BMI and EDI-2 subscales

The Pearson correlation coefficients between BMI and the EDI-2 scores for
DT and BD were all significant. In contrast, the correlations between BMI
and B were weak or non-significant, suggesting less power for carrying out
bivariate analyses for this score. As a result of the low correlations between
BMI and the B score, further bivariate analyses were not performed for B.

In girls, genetic influences were the most important factors in explaining the
relationship between BMI and the EDI-2 DT and BD scores (see Figure
13). Thirteen percent and 25% were contributed from genetic effects in
common with BMI to DT and BD, respectively. Genetic influences on DT
in boys were exclusively in common with BMI (21%), while the majority of
the genetic influences on BD were unique to BD, and only a smaller part
(6%) in common with BMI. Influences of the shared environment in com-
mon to BMI could be seen in boys (31% for DT and 16% for BD). Non-
shared environmental effects on EDI-2 scores in common with BMI were
not found or negligible in both sexes.
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Figure 13 Bivariate analysis of twin data. The model estimates parameters unique to BMI
and the EDI-2 DT and BD scores and those that are in common with BMI and the EDI-2
DT and BD scores in girls/boys.

For both DT and BD, about 75% of the genetic and environmental variance
in girls was specific to the scores and independent of BMI. The relationship
between EDI-2 scores and BMI in boys showed different patterns for the
different scores. A substantial proportion of both genetic and environmental
variances for the DT score in boys were in common with BMI. The fact that
the DT score is driven by BMI seems to be obvious and requires no further
explanation. The magnitude of the associations between BMI and the BD
score in boys is modest and due to shared environment. Overall BMI only
explains a minor part of the estimates influencing the different EDI-2 scores,
except DT in boys.
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Some studies have shown that unhealthy weight-control behaviors increase
the risk of weight gain (Neumark-Sztainer et al. 2006a). However, in the
current study, the estimates for genetic and environmental influences on
body image and disordered eating were in common with BMI to a lesser
extent. Longitudinal studies might answer the question of whether weight
problems influence body image and disordered eating or vice versa.

One limitation of this study is that no gene-environment interactions have
been considered. Environmental influences on individuals may affect their
expression of genotype, while different genetic influences can result in differ-
ent reaction to similar environmental occurrences.

The strength of this study is the use of the nationwide twin registry, covering
all of Sweden, and the high response rate which minimizes biases associated
with selected twin samples.

5.3 Paper IV — Health Hunters

5.3.1 Subjects

Baseline examinations were conducted on 40 women. Follow-up examina-
tions were carried out on 14 women in the intervention group and 16 in the
control group. The causes for dropout were pregnancy (6), moving out of
Goteborg (2) and other reasons (2). The small sample size is the major limi-
tation of this study. The study was originally designed to include a larger
number of subjects but this plan was altered due to circumstances. The mean
duration of follow-up was 13.7 and 13.5 months in the intervention and
control groups, respectively (n.s.). A follow-up period exceeding one year
would have been desirable, although extending the observation period would
probably have resulted in even greater dropout from pregnancies and reloca-
tion.

5.3.2 Anthropometry

When the changes occurring among women in the intervention and control
groups were compared, significant differences were found for BW (see Table
10). This significance remained in a re-analysis controlling for baseline BW
as well as age and smoking. Additionally, changes in BW were analyzed with
the intention-to-treat principle, in which the worst case was assumed for the
dropouts; i.e. that they would increase in BW by the same amount as the
control group. Results showed that the intervention group still had a signifi-
cant BW change, compared to the control group. As a consequence of the
wide range of changes in BW, which may have indicated heavy influences of
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outlying values, non-parametric analyses were carried out with consistent
results.

During one year, the BW in the control group increased by 2.6 kg, almost as
much as BW decreased in the intervention group, an alarming situation
since this weight gain may continue in the absence of an intervention. It is
urgent to start prevention programs in high-risk groups as early as possible.

Significant effects were also found for WC and WHR, when the interven-
tion and control groups were compared (see Table 10). Although changes in
body composition were not statistically significant, the intervention tended
to be associated with improved body composition.

Table 10 Mean values and standard errors (SE) in changes in BW, BMI,
WC, HC, WHR and body fat (BF) (%) for completers.

Intervention Control
Changes in n=14 n=16 p*
mean SE mean SE
BW, kg 32 20 26 19  0.046
BMI (kg/m’) -1.3 0.75 09 0.7  0.046
WC, cm -7.0 2.7 -3.0 2.5 0.011
HC, cm -2.7 1.7 0.9 1.6 0.138
WHR -0.05 0.02 0.02 0.02 0.011
BE, % -3.0 1.4 0.9 1.4 0.063

* Comparison of parameter changes in intervention and control groups

5.3.3 Lifestyle factors

The intervention resulted in increased physical activity in the intervention
group, as reported by participants, but this was not confirmed by more ob-
jective measures of fitness (see Table 11). However, both fitness measures
were significantly associated with concurrent weight loss in the two treat-
ment groups combined. It should be mentioned that self-reported physical
activity was significantly associated with both VO2 max and time spent on
the treadmill (not shown), suggesting that these three variables contain some
of the same information. Thus, on the whole, these results are fairly consis-
tent with the conclusion that the physical activity component of the inter-
vention worked as intended. However, we cannot exclude the possibility that
part of the apparent intervention effect was a consequence of subjects’ over-
reporting their compliance.

After one year, smoking was stable in the intervention group while it tended
to increase in the control group, although the difference was not significant
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(see Table 11). This could have resulted in an underestimation of the weight
change effect.

Table 11 Mean values and standard errors (SE) in changes in diet, physical activity and
smoking for completers.

Intervention Control
Changes in n=14 n=16 p*
mean SE mean SE
Physical activity points 1464 96 200 383  0.030
Time on the treadmill, min 0.7 0.4 -0.3 0.4 0.080
Watching TV, hours -5.0 1.8 -0.1 1.9 0.072
Energy intake, kcal -259 191 110 178 0.169
Fat intake, E% -1.3 1.4 -0.1 1.3 0.524
Carbohydrate intake, E% 0.5 1.3 0.4 1.2 0.938
Protein intake, E% 0.8 0.6 -0.3 0.6 0.192
Fiber, g/lOOO keal 0.6 0.7 0.4 0.7 0.838
Smoking after one year 21% 44% 0.2

* Comparison of parameter changes in intervention and control groups

The results of the dietary intervention were somewhat variable. There was no
statistically significant intervention effect on any of the studied dietary indi-
cators (see Table 11). Presumably, the semi-quantitative food frequency
questionnaire was too crude to detect changes on the individual level, which
would, on the other hand, probably have been observable if doubly-labelled
water methods had been used. However, analysis of concurrent dietary
changes in relation to weight change yielded strong associations in both in-
tervention groups combined (see Table 12). Specifically, there was a signifi-
cant positive association between weight loss and decreased fat intake and
even stronger inverse associations with protein and fiber intake. These results
are in line with current knowledge from experimental (Skov et al. 1999) and
intervention (Sherwood et al. 2000) research. Controlling for treatment
group had no major effect on the associations between behavioral and weight
changes.
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Table 12 Changes in BW in relation to simultaneous changes in diet, physical activity and
fitness.

A Body weight (kg) (n=30) £ coeff SER p B coeft* SER*  p*

A Physical activity points -51.2 369 0177  -25.6 379 0.504
A Time on treadmill -0.10  0.03 0.002 -0.09 0.03 0.009
AVO2 -0.25  0.12  0.049 -0.26 0.13 0.058
A Energy intake, kcal 26,2 16,6  0.126 20.3 17.9  0.269
A Fat intake, E% 0.26  0.11 0.024 0.27 0.12  0.033
A Carbohydrate intake, E%  -0.08  0.12  0.485 -0.09 0.13 0.48
A Protein intake, E% -0.15 0.05 0.002 -0.15 0.05 0.007

A Fiber intake, /1000 kcal ~ -0.18  0.06  0.002 -0.21 0.06  0.002

* adjusted for intervention vs. control group

5.3.4 Comparisons with the literature

This is, to our knowledge, a unique study of obesity prevention in young
adult high-risk individuals with a familial predisposition to obesity. Most
previous high-risk studies have been conducted in children (Alexandrov et al.
1992; Caballero et al. 2003; Epstein et al. 2001) and many have not yielded
positive intervention effects. Weight gain prevention studies with targeted
adult groups such as pregnant (Polley et al. 2002) and menopausal women
(Kuller et al. 2001) have shown significant results, providing further evi-
dence that interventions can be effective in high-risk female groups. A num-
ber of previous obesity prevention studies were directed to whole popula-
tions or groups. In 1988 Foster and Jeffrey reported successful weight gain
prevention in their study of individuals who had been screened for cardio-
vascular risk factors in the Minnesota Heart Health Program (Forster et al.
1988). About 219 men and women were enrolled in the study and randomly
assigned to treatment or control. After one year BW had decreased one kg in
the treatment group, while BW in the control group was almost stable. The
treatment method was similar to Health Hunters in some ways: the interven-
tion group received regular newsletters and took a four-session educational
course, but there was no individual contact. In other prevention studies pub-
lished in the 1990s or earlier, the primary purpose was to prevent cardiovas-
cular disease and one of the secondary aims was to prevent obesity. The ma-
jority of these studies were directed at whole populations. Most studies suc-
ceeded in modifying risk factors such as smoking, high blood pressure and
high cholesterol (Brannstrom et al. 1993; Jeffery et al. 1995; Taylor et al.
1991; Tudor-Smith et al. 1998; Vartiainen et al. 1994) but not in prevent-
ing weight gain. During recent years more and more studies have been pub-
lished reporting positive effects on weight gain prevention in different popu-
lations (Andersen et al. 2002; Engberg et al. 2002; Lingfors et al. 2003;
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Lupton et al. 2002; Peel and Booth 2001). Nonetheless, about half of the
published studies cannot show any intervention effect on weight, which
demonstrates the difficulties of preventing weight gain (Cook et al. 2001;
Lamb et al. 2002; Miller et al. 2001; Rosamond et al. 2000).
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6 SUMMARY AND CONCLUSIONS

In summary, this thesis has highlighted selected aspects of the obesity epi-
demic in the young and the elderly:

Elderly populations

® During three decades, the prevalence of overweight and obesity has
increased.

e BMI increased in all lifestyle groups but the physically active had the
lowest increases.

® Many secular changes in food selection patterns have been occurred
and diets are generally nutritionally adequate.

Younger populations

¢  Genetic factors had a major effect on anthropometric parameters.

¢ Environmental factors were most important for body image and dis-
ordered eating.

® Young women with severely obese parents constitute a high-risk
group for weight gain.

e The Health Hunters prevention program succeeded in preventing
weight gain in young high-risk women with a familial predisposition
to obesity.

In these studies research activities and prevention initiatives have drawn at-
tention to elderly and younger age groups. Our results indicate that it is im-
portant to focus on body image in the young, while diet and physical activity
are relevant for all age groups. Working with prioritized groups is one part of
managing the obesity epidemic.
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7 IMPLICATIONS

When it comes to the implications of our results in the wider context of obe-
sity prevention in society, I will move from the strictly research level to a
more personal and speculative level.

In 1997 the opening lecture of the European Conference on Obesity in
Dublin was about prevention of obesity, an unusual and challenging topic at
that time. For us, just starting the preparatory work for a prevention study, it
was a great support to know that we were not alone on that track. Almost
ten years later, ministers and their national delegates from 53 member states
of the WHO European Region came together for the WHO European Min-
isterial Conference on Counteracting Obesity in Istanbul, Turkey. They
adopted the European Charter on Counteracting Obesity, recognizing the
importance of immediate action. Even if this step was taken late, considering
the dimensions of the obesity problem, it is still very important, because now
the issue has been raised from the individual level to the political level. A
paradigm shift has been achieved so that obesity is no longer considered an
individual problem, i.e. everyone must blame themselves for gaining weight,
but rather a “normal physiology within a pathological environment” (Egger
and Swinburn 1997). It will require strong leadership on the part of gov-
ernments and broad cross-sector actions to reverse one of the biggest public
health threats of the 21" century; all parts of society must be involved.

What can this thesis contribute to addressing the huge challenge society
faces? When it comes to interventions to prevent overweight and obesity it is
always necessary to begin on a smaller scale in order to test different strate-
gies. Our study on high-risk young adults resulted in different important
outcomes. First of all, we now have a complete program for weight gain pre-
vention. The annual costs of the Health Hunters program have been roughly
estimated to about 3 h of work for a dietician to prevent or decrease 1 kg
BW. This calculation uses an average weight gain of 2.6 kg as a reference. At
present, it is feasible to continue the obesity prevention program on a larger
scale, at a lower economical level, since the program’s routines are estab-
lished. The costs for prevention must be weighed against the health conse-
quences of obesity later in life. The efficacy of the Health Hunters program
has been shown in a randomized controlled trial and it is important to study
its effectiveness in a community-implemented trial. It could easily be im-
plemented in other settings, as has already been undertaken. We developed
the program primarily for a high-risk group and the participants were very
self-selected but now, considering the increasing prevalence of obesity, there
are increasing numbers of young adults with obese parents. In the US about
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30% of adults are obese, which means about every third child could qualify
for our high-risk study. This transforms our definition of high risk into a
normal situation for young adults.

Another important finding in our study is the poor prognosis for young,
adults with obese parents, who are not offered help. They are already gener-
ally overweight, and some are obese, but the most alarming observation is
the speed of the weight gain. The control group gained an average of more
than 3 kg, in one case 10 kg, in one year. By increasing their BW, they are
increasing their risk of co-morbidities. Our results showed that this scenario
can be changed with appropriate intervention.

Furthermore, this thesis has confirmed that although BW, BMI and WC are
to a large extent inherited, the increasing prevalence of overweight and obe-
sity must be an indication of the environment interacting with genetics. Ge-
netic influences largely determine whether a person can become obese but it
is the environment that determines whether such a person does become
obese, and the extent of that obesity. Awareness of individuals” susceptibility
to environmental factors should be heightened. Identifying individuals at
risk of obesity is one approach, but it might be simpler to intensify the cur-
rent efforts to motivate people to exercise and eat healthily, regardless of
genetic susceptibility and environmental exposure. If the high-risk approach
is taken, offspring of individuals with obesity and/or eating disorders could
be a target group since they are at greater risk than the normal population.
Focusing on environmental influences is, of course, equally important when
developing prevention programs. The familial environment is as important
as other parts of the living environment such as schools, friends, media etc.
Preventive actions should focus on increasing self-esteem in children and
young adults. Parents and teachers must discuss the ideal of beauty presented
by the media with their children, and they should discourage dieting. These
efforts should be combined with the provision of a healthy environment
with good, nutritious food and entertaining physical activities, feasible steps
toward preventing eating disorders and overweight.

The elderly population is very much part of the obesity epidemic, as has
been shown in this thesis. In addition to the health implications of obesity in
the elderly, which are as yet incompletely elucidated and thus the object of
focus for future gerontological research, the accumulation of abdominal fat
increases the risk of morbidity and mortality. The elderly population is
clearly a group to which attention should be devoted in terms of prevention.
“After work” prevention could start right after retirement; retirees would
benefit from increasing physical activity which has been shown to prevent
both abdominal fat accumulation and decrease weight gain speed. Regarding
diet, we have shown that most of the elderly consume nutritionally adequate
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diets, which enables prevention programs to focus mainly on physical activ-
ity. However, age-specific diet recommendations should also be considered,
according to the existing evidence.

In conclusion, although our studies were small and limited, the results can
be used in an ecological approach. We focused on younger and elderly popu-
lations but we must clearly reach the middle-aged as well as very young indi-
viduals. Obesity has a multifactorial etiology, requiring a multidimensional
approach as described in the “European Charter on counteracting obesity”.
Prevention must take place at all levels of society (see Figure 14) and involve
stakeholders such as parents, teachers, medical staff, health administrators,
food producers and processors, retailers and caterers, advertisers and the me-
dia, recreation and sport planners, urban architects, city planners, politicians
and legislators.

Figure 14 Societal policies and processes influencing the population prevalence of obesity.
Source: (Kumanyika et al. 2002)

INTERNA110NA/ NATIONAL/  COMMUNITY  woRK/SCHOOL/ INDIVIDUAL POPULATION

FACTORS REGIONAL LOCALTY HOME

Leisure
Activity/
Facilities

el Transport

S Urbanization

Development

Media
programs

& advertising

Social security

Media &
Culture

Education

Nutrition

Infections

Works ite
Food &
Activity

Family &
Home

School
Food &
Activity

Food
intake :
Nutrient
density

Nati

fonal

perspective

64

%
OBESE
AND

OVER--
WEIGHT



Obesity is one of the most interesting research fields, one that is deeply
rooted in reality. Unfortunately, we are in a hurry; the epidemic has been
called a “runaway weight gain train: too many accelerators, not enough
brakes” (Swinburn and Egger 2004). Overweight and obesity are issues with
many aspects; we only could focus on a few in this thesis which nevertheless
hopefully contributed to the understanding and knowledge of some accelera-
tors and some brakes.

7.1  Future perspective

What next? The implementation of a multi-center obesity prevention trial in
pre-schools and primary schools in western Sweden will represent further
steps toward prevention. The University of Géteborg will be involved in the
integrated project (IP) “Identification and Prevention of Dietary and Life-
style-induced Health Effects In Children and Infants” (“IDEFICS”), within
the EU Commission’s 6" framework program, which started in September
2006 and will continue for 5 years (Ahrens et al. 2006; Bammann et al.
2006). The strategic objectives are to increase knowledge of the health effects
of changes in diet, social environment and lifestyle in infants and children
and to develop, implement and validate specific intervention approaches in
order to reduce the prevalence of diet- and lifestyle-related diseases and dis-
orders in Europe. Surveys and interventions will be carried out and imple-
mented in 16 000 children (aged 2-10) in eight European countries. The
overall intervention program will consist of modules operating at different
levels: communities (including environmental, societal and political dimen-
sions), pre-schools and primary schools (including educational programs,
catering services, and school environment modifications), households and
individuals. The main messages will focus on diet and physical activity. The
intervention modules will be developed according to an ecological model of
health behavior in which processes influencing lifestyle take place simultane-
ously at different and multi-dimensional levels. Environmental, cultural,
social, psychological, economical and other elements play a role and interact
with each other in this context. The content of the intervention itself is cur-
rently under development by the IDEFICS planning team. An intervention
and survey protocol will be developed centrally and adapted to each coun-
try’s language, food culture and other local circumstances. The intervention
and associated survey will be administered by the Department of Pediatrics
and the Department of Public Health and Community Medicine, Sahlgren-
ska Academy. I will serve as the intervention program manager in the Swed-
ish arm of the project.
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