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Dedication

The proceedings of the conference are dedicated to the concept of positive

health as enunciated by the Hippocratic physicians (5th century BC).

Positive health requires a knowledge of man’s primary constitution (which
today we call genetics) and of the powers of various foods, both those natural to
them and those resulting from human skill (today’s processed food). But eating
alone is not enough for health. There must also be exercise, of which the effects
must likewise be known. The combination of these two things makes regimen,
when proper attention is given to the season of the year, the changes of the
winds, the age of the individual and the situation of his home. If there is any
deficiency in food or exercise the body will fall sick.



Olympian Ode 2004
Lee Pinkerson

The Olympic games of Ancient Greece

even more than athletic feats

praise the spirit of life divine

handed down from God through our ancestral line

In body and soul, in heart and mind

the ways of goodness they refined

celebrated and known by all the Greek world

unified in this concept, there’s no place for war

Where the will to live burns bright

they try with all their might

awakening grace to join them and take flight

every four years at the great Olympic games

In the land of the wild olive branch

the walnut and the honey bee

embraced by a sea where the fish run free

is a diet that is high in omega-3

The goats eat their fill

of the plants on the hill

so even the cheese

has omega-3s

The ancients had the nourishment they’d need

to make them strong and make them smart

fill the air with song and excel in the arts

their world did dance in harmony



And the walls would melt away

when together they would play

where race and class no longer separate

every four years at the great Olympic games

A millennium has come again

the Olympics are back where they began

let’s remember all they truly are

More than a game, they’re a way of life

a torch to guide us past painful strife

for possessions will not take us very far

But the food we eat and the work we do

the way we treat each other and the planet too

will show how sweet we greet the daytime star

every four years at the great Olympic games

Lee Pinkerson wrote the lyrics and music for the Olympian song in

February 2004 in honor of the 2004 Olympic Summer Games in Athens, and for

the Fifth International Conference on Nutrition and Fitness. A CD recording of

her singing and guitar performance was given to the conference program par-

ticipants. She can be reached from her website at http://www.leepinkerson.com.

Olympian Ode 2004 VII



Commemorative 2004 Conference Medal

Medal commemorating the 5th International Conference on Nutrition and

Fitness. The medal is etched with the Olympic rings in honor of the 2004

Summer Olympic Games held in Athens, Greece.
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XIV

The Fifth International Conference on Nutrition and Fitness was held in

Athens, Greece, on June 9–12, 2004. This being the year when the Olympic

Games were returned to the country of their origin, the keynote address given

by Elizabeth Ferris, MD, a former Olympic medalist and Vice President of the

World Olympians Association, was entitled ‘Positive Health – Exploring

Relevant Parameters’.

The goals and objectives of the conference were to:

• Review and critique the latest scientific information on nutrition and fit-

ness, taking into consideration genetic endowment, adaptation throughout

the life cycle and the nutritional factors that contribute to fitness, specifi-

cally, the effect of the various dietary sources of energy on energy expendi-

ture, exercise and performance.

• Determine the relationship of nutrition and fitness to chronic diseases, par-

ticularly, the metabolic changes that occur with the type and amount of

physical activity for the prevention and management of cardiovascular dis-

ease, mental health, obesity, osteoporosis, diabetes and cancer.

• Consider the psychosocial and other determinants of physical activity

throughout the life cycle including intervention strategies, and emphasize

healthy lifestyles consistent with proper nutrition and fitness.

• Stimulate national governments and the private sector to coordinate and

thus maximize their efforts to develop programs that encourage proper

nutrition and participation in sports activities by all, throughout the life

cycle, to achieve their potential in fitness and thus increase the pool of

young athletes, from whom the elite athlete will be forthcoming.

Preface



Preface XV

• Develop strategies for the distribution and implementation worldwide of

the 1996 ‘Declaration of Olympia on Nutrition and Fitness’ for the New

Millennium, through the establishment of regional committees.

The conference consisted of 10 sessions of oral presentations and 2

poster sessions in which 110 abstracts were presented. Scientists from 46

countries participated representing the continents of Africa, Asia,

Australia/New Zealand, Europe, and North and South America. The proceed-

ings of the conference are presented in two volumes in this series. Volume 94

is entitled Nutrition and Fitness: Obesity, the Metabolic Syndrome,
Cardiovascular Disease, and Cancer. Volume 95 is entitled Nutrition and
Fitness: Mental Health, Aging, and the Implementation of a Healthy Diet and
Physical Activity Lifestyle. Both volumes begin with the Dedication to the

concept of ‘Positive Health’, the 2004 Olympian Ode by Lee Pinkerson, the

Commemorative Medal, the Conference Organization, the Preface, the 1996

‘Declaration of Olympia on Nutrition and Fitness’ and the Keynote Address

entitled ‘Positive Health – Exploring Relevant Parameters’ by Elizabeth

Ferris, MD. The address sets the stage for the importance of physical activity

in health and the deleterious effects of inactivity. The Olympic spirit and the

Olympic games celebrate achievement and the individual. It is expected that

in the 21st Century scientific information will be developed that will deliver

individualized genotype-based health care. A conscious effort must be made

to develop in all dimensions the environment in which the human genome

finds its optimal expression. This, of course, represents a complete circle

returning and recognizing the Hippocratic concept of ‘positive health’ of

2500 years ago, based on the individual and in the 21st Century proving it

through molecular biology.

Volume 94 entitled Nutrition and Fitness: Obesity, the Metabolic Syndrome,
Cardiovascular Disease, and Cancer presents the papers on obesity, syndrome

X, diabetes, cardiovascular disease, and cancer. The papers on obesity empha-

size the severe burden of obesity worldwide and the need to have a classifica-

tion system of obesity that relates to the specific population from whence the

data were obtained that relate obesity to morbidity and mortality. Kanazawa and

his coworkers in their paper ‘Criteria and Classification of Obesity in Japan and

Asia-Oceania Region’ presented by Shuji Inoue, clearly discuss the fact that

these populations are at risk for the development of chronic diseases at lower

body mass index (BMI) levels than Caucasians.

Cuiqing Chang, in her paper on ‘Exercise and Obesity in China’, discusses

the role of physical activity or exercise on the occurrence of obesity, specifically

the function and effectiveness of exercise on weight reduction and a prescription

for weight loss. China has developed guidelines and recommendations for the clas-

sification of obesity. Kafatos et al., in their paper on ‘Obesity in Childhood: The



Preface XVI

Greek Experience’, presents the Greek experience, a specific program in which

the teacher uses ‘customized’ classroom materials that include a physical -

activity component and parental involvement. The program is one of the

few programs in Europe to have reported positive results in terms of obesity

and physical fitness in primary schools in Crete. Educational interventions

in schools have great potential needed to tackle the urgent problems of dietary

and lifestyle choices contributing to the blight of childhood obesity and its 

co-morbidities.

Aaron and coworkers, in their paper ‘Epidemiology of Physical Activity

from Adolescence to Young Adulthood’, provide a synthesis of the current

knowledge about the epidemiology of physical activity during the transition

from adolescence to young adulthood. The paper on ‘Adolescent Obesity and

Physical Activity’ by Hwalla's group describes the study carried out in

Lebanon. The results of this first national population-based study show that

adolescent obesity is largely caused by lack of physical activity, and the boys

fair worse than the girls. The authors recommend multi-component intervention

strategies at the societal and individual levels for weight control that include

health professionals, families, schools, businesses, and health care organiza-

tions, in order to increase programs and opportunities for physical activity.

Pavlovic and colleagues indicate in their paper titled ‘Nutrition and Physical

Activity of the Population in Serbia’ that for both children and adults, inade-

quate nutrition and physical activity are related to an increase in risk factors and

the need for health promotion programs. Drs. Andreoli and De Lorenzo, in their

paper on ‘Physical Activity and Body Composition’, emphasize the importance

of body composition to evaluate health status in nutritional terms both at the

population level and for the individual.

The etiology of the metabolic syndrome is not well understood. The

approach to its treatment includes lifestyle modification along with pharmaco-

logical therapy, as appropriate. Labadarios, in his paper ‘Syndrome X: Clinical

Aspects’ presents an overview of syndrome X and its relationship to obesity,

diabetes and cardiovascular disease.

Tataranni’s paper is on ‘Metabolic Syndrome: Is There a Pathophysiological

Common Denominator? Lessons Learned from the Pima Indians.’ In addition to

clinical physiologic and molecular studies, he carried out a factor analysis

designed to statistically test the hypothesis that insulinemia, body size, lipids and

blood pressure may result from a single etiologic abnormality. The study failed

to identify a single factor underlying the correlation structure of these variables.

As a result, Tatarani concluded that molecular and epidemiologic evidence from

the studies in Pima Indians suggests that the abnormalities constituting the meta-

bolic syndrome are the result of largely independent physiologic processes.

Therefore, clinical treatment and prevention strategies based on the ‘metabolic



syndrome’ hypothesis may prove suboptimal compared with treatment of the

individual components.

Storlien et al.’s paper on ‘Lifestyle-Gene-Drug Interactions in Relation to

the Metabolic Syndrome’ emphasizes the fact that obesity drives the metabolic

syndrome and the polygenic nature of disorders like obesity means that there

will be a need for many approaches that will include lifestyle changes along

with pharmaceutical support, greatly dependent upon understanding the indi-

vidual’s genetic make up. Common dietary components, such as fatty acids and

simple sugars, are potent gene regulators on many ‘pharmaceutical’ metabolic

syndrome targets. Novel drugs are almost certain to interact strongly with

dietary and other lifestyle variables. Storlien and coworkers refer to thiazo-

lidinediones, the only really new class of anti-diabetic therapy introduced in the

past few years, as a prime example. This class of drugs targets the nuclear hor-

mone receptor PPAR� and the relationship between weight gain and PPAR�2

polymorphism is highly dependent on the dietary polyunsaturated/saturated

(P/S) ratio. There are strong indications that modulating muscle metabolism

would be of enormous benefit in prevention and treatment of obesity. While

exercise training clearly moves muscle morphology and metabolism in a bene-

ficial direction, there is marked genetic heterogeneity in both compliance and

response to exercise training in the needy population, i.e. those with the meta-

bolic syndrome. Therefore, it is necessary to understand how drug/diet interac-

tions might act as a multiplier for the beneficial effects of exercise, thus

enhancing both the health benefits and the likelihood of compliance.

Donati and Iacoviello’s paper on ‘Coronary Heart Disease, Genetics,

Nutrition and Physical Activity’ discusses gene polymorphisms and their inter-

actions with diet and physical activity as they affect lipids, hemostatic and vas-

cular factors. Drs. De Caterina and Madonna in their paper ‘Role of Nutrients

and Physical Activity in Gene Expression’ review the subject of how the rapid

evolution of vascular and molecular biology in the last 20 years has completely

transformed our understanding of the development of coronary heart disease.

The authors discuss their studies on the role of omega–3 fatty acids in modulat-

ing the immune system and suppressing vascular cell adhesion molecules.

Physical activity protects or reduces the risk for the development of cardio-

vascular disease by indirectly reducing a number of cardiovascular disease risk

factors such as high blood pressure, hypercholesterolemia, obesity and

diabetes, and also promoting direct anti-atherogenic vascular responses through

the action of increased laminar shear on endothelial cells. Recent advances

resulting from studies of vascular biology using molecular biology techniques

are revealing a previously unsuspected complexity of the vascular responses to

nutrients and physical activity, and are providing molecular explanations on

how healthy or unhealthy lifestyles interact with our genes, permitting or

Preface XVII



inhibiting the expression of the phenotype, even in the presence of unfavorable

genes. This has serious implications in providing solid scientific background

for preventive strategies that will focus on healthy nutrition, physical activity

and life habits. Rontoyannis’ paper ‘Physical Activity and Hypertension: An

Overview’ focuses on the benefits of exercise in the control of blood pressure.

Rontoyannis emphasizes that walking may be the best and safest aerobic physi-

cal activity. The underlying mechanisms responsible for an exercise-induced

reduction in blood pressure remain unclear. Possible mechanisms include the

lower cardiac output and peripheral vascular resistance at rest; and at any given

submaximal levels of work, the reduction in blood catecholamine levels and

plasma renin activity, the altered renal function leads to increased elimination

of sodium resulting in a reduction of blood volume; and the reduction in insulin

levels and insulin resistance, among others. The next paper by Leaf and col-

leagues, on ‘Omega–3 Fatty Acids and Ventricular Arrhythmias’ presents a

thorough review and new information on how omega–3 fatty acids decrease

ventricular arrhythmia and sudden death. Leaf showed that the effect of

omega–3 fatty acids is to stabilize electrically every contractile cell in the heart.

Recent data on the prevention of fatal ventricular arrhythmia in humans indi-

cate that cardiologists should prescribe 1 g of omega–3 fatty acids (EPA +

DHA) to their patients, who already had one episode of heart attack, in addition

to other medications.

The studies on the beneficial effects of the omega–3 fatty acids in both the

primary and secondary prevention of coronary heart disease demand the devel-

opment of methods to measure circulating fatty acids at the population level.

Only a few studies have reported data on the fatty acid composition of circulat-

ing lipids in confirmation of dietary intake. Marangoni’s group, in their paper

‘A Method for the Direct Evaluation of the Fatty Acid Status in a Drop of Blood

from a Fingertip in Humans: Application to Population Studies and Correlations

with Biological Parameters’ discuss their method to determine fatty acids. The

method has been validated, is rapid, less expensive than other methods, does

not require health personnel, is applicable to population groups, and provides

valuable information on the impact of dietary habits, lifestyles and fatty acid

supplementation on blood fatty acids.

There has been a lack of consistency in the data relating diet and cancer in

cohort studies, most likely due to the way in which dietary intake has been mea-

sured. All methods of dietary assessment are associated with measurement

error. This fact attenuates estimates of disease risk and reduces statistical power

so that a relation between diet and disease may be obscured. In her paper

‘Measurement Error in the Assessment of Interaction between Dietary and

Genetic Factors in Cohort Studies of Cancer,’ Bingham points out that the effect

of error on regression dilution and estimated sample size is compounded when

Preface XVIII



attempts are made to assess the interactions between dietary and genetic poly-

morphisms in assessing risk. Traditionally repeat results from the method used

in a cohort, usually a Food Frequency Questionnaire, are compared with those

from another assessed more accurate method. However, errors between meth-

ods may be correlated so that results from the reference method are not inde-

pendent of those derived from the test method, thus violating a critical

requirement of this procedure. Bingham therefore assessed dietary intake using

both a food frequency questionnaire and a detailed seven day diary of food and

drink in 13,070 women. The hazard ratio for breast cancer for each quintile

increase of energy adjusted fat was strongly associated with saturated fat intake

measured using the food diary, but not with saturated fat using the food

frequency questionnaire. These results support the view that measurement

error might explain the lack of relationship between fat and breast cancer risk

in previous prospective studies using data obtained by Food Frequency

Questionnaires. Muñoz Rivera and coworkers in their paper ‘Cancer Frequency

in Poor Rural Communities Consuming a Very Limited Diet’ conclude that in

Mexico, dietary changes do not show a relationship with cancer, whereas they

do in other chronic diseases such as obesity and diabetes. This could be due to

the age of the indigenous population (the population is young) or to the level of

physical activity. In the next paper ‘Omega–6/Omega–3 Polyunsaturated Fatty

Acids Ratio and Breast Cancer,’ Bougnoux and colleagues clearly demonstrate

the importance of dietary components in the etiology and development of breast

cancer. In their studies, they found alpha-linolenic acid and docosahexaenoic

acid to be inversely related to the risk of breast cancer, where the trend was

opposite for linoleic acid, arachidonic acid, and for the omega–6/omega–3 long

chain fatty acids. The higher the omega–6/omega–3 ratio, the higher the esti-

mated relative risk of breast cancer. Similar results were obtained by Tavani

et al. In their paper ‘Fish, �–3 Polyunsaturated Fat Intake and Cancer at

Selected Sites’ they investigated the relation between fish consumption and

omega–3 polyunsaturated fatty acids, and the risk of selected neoplasms. Their

data show that consumption of even small amounts of fish decreases the risk of

several cancers, especially of the gastrointestinal tract. Physical activity is an

important component of healthy lifestyles. Willer, in his paper ‘Cancer Risk

Reduction by Physical Exercise’ reviews the evidence of the effect of physical

activity on cancer development and concludes that there is enough evidence to

recommend physical activity for life (long-term) for the prevention of certain

cancers.

Volume 95 is part 2 of the proceedings, Nutrition and Fitness: Mental

Health, Aging, and the Implementation of a Healthy Diet and Physical Activity

Lifestyle. Nutrition and physical activity influence mental health. Among the

fatty acids, the omega–6/omega–3 ratio and omega–3 fatty acids have been

Preface XIX



studied in patients with depression, schizophrenia, bipolar disorders, attention

deficit disorders and dementia. Casper in her paper on ‘Psychiatric Disorders,

Mood and Cognitive Function: The Influence of Nutrients and Physical

Activity’ reviews studies that have related variations in the amount of protein,

amino acids, carbohydrates, and polyunsaturated fatty acids to mood changes.

Efficacy data on omega–3 fatty acids used as adjunct or in monotherapy in

unipolar and bipolar depressive disorders are critically reviewed. Evidence now

exists that prenatal exposure to wartime famine may have had a bearing on the

development of psychomorbidity, in particular the schizophreniform disorders.

Casper also presents an evaluation of the literature that addresses the relation-

ship between regular physical activity in the form of exercise, in relation to

mood and cognitive function. Increasing evidence that psychiatric disorders are

not only multifactorial, but also multigenic diseases, suggests that genetic vari-

ation could emerge as an important variable mediating the effects between

nutrition and mental disorders.

Peet, in his paper ‘Nutrition and Schizophrenia’ presents a critical review

and evaluation of the literature on the role of dietary components on schizo-

phrenia. In addition to omega–3 fatty acid intervention studies, Peet reviews the

evidence that a low saturated fat and low sugar diet may be beneficial, but this

has not been tested in controlled clinical trials.

Dubnov and Berry in their paper ‘Managing Obesity after Menopause: The

Role of Physical Activity’ carried out a Medline and manual search for articles

on overweight and obesity following menopause, the risks and methods of treat-

ment emphasizing physical activity. Their results show that among postmeno-

pausal women, physical activity is a major mode of treatment and postmenopausal

women should engage in physical activity daily, because overweight and

obesity occurs in over 50% of that population.

Ferrari, in his paper ‘Osteoporosis: A Complex Disorder of Aging with

Multiple Genetic and Environmental Determinants’ reviews the genetic and

environmental factors influencing bone turnover and bone density, particularly

estrogen-deficient women and those with low calcium intake and genes associ-

ated with vertebral bone mass and size in adult men. The usefulness of the gene

variants or polymorphisms in predicting fracture risk and response to therapy

remains to be demonstrated.

Inflammation is now considered to be at the basis of many chronic dis-

eases and conditions including aging. Okuyama and coworkers, in their paper

‘Changes in Dietary Fatty Acids and Life Style as Major Factors for Rapidly

Increasing Inflammatory Diseases and Elderly-Onset Diseases’ indicate that

the major elderly-onset diseases in Japan are cancer, atherosclerosis related

diseases and pneumonia. Elevation of inflammatory tone is a likely major

cause for these diseases, which is brought about by excessive intake of linoleic
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acid (LA, omega–6) and enhanced arachidonic acid (AA, omega–6) cascade.

Because omega–6 and omega–3 fatty acids and their metabolites (eicosanoids,

inflammatory mediators) are competitive at many steps of enzyme reactions

and receptors, not only the absolute amounts of omega–6 and omega–3 fatty

acids, but their balance, particularly the omega–6/omega–3 ratio, is an impor-

tant factor in regulating the inflammatory tone and related diseases. Changes

in life style, such as decreased physical activity and overnutrition in older

populations lead to unfavorable energy balance. Reduced frequency of skin

exposure to environmental changes (temperature, sweating conditions) is a

likely cause for enhanced skin and mucosal sensitivity to allergens in younger

populations. These environmental factors could be modified by changing the

life style, besides choosing foods to keep a good omega–6/omega–3 fatty acid

balance.

Despite the enormous interest in uncovering longevity genes in humans,

the results have been elusive. The effects of physical activity in delaying aging

are promising whereas the effects of caloric restriction in humans are now being

systematically investigated in three major studies funded by the National

Institutes of Health (Bethesda, Md., USA) at the Pennington Biomedical

Research Center in Baton Rouge, La., at Tufts University in Boston,

Massachusetts, and at Washington University in St. Louis, Mo., USA. Caloric

restriction (CR) is the only mechanism known to extend life span and retard

age-related chronic diseases. This has been proven repeatedly in a variety of

species including rats, mice, fish, flies, worms and yeast. CR reduces metabolic

rate and oxidative stress, improves insulin sensitivity and stress response, and

alters neuroendocrine and sympathetic nervous system function. Whether any,

or all of, these changes provide the mechanism for life-span extension effect is

presently unresolved. Furthermore, the effects of prolonged CR on biomarkers

of aging in nonobese humans are unknown. In experiments of nature, humans

have been subjected to periods of non-volitional partial starvation. However, in

almost all of these cases the diets have been of poor quality. The absence of

adequate information on the effects of good quality CR diets in non-obese

humans reflects the difficulties involved in conducting long-term studies in an

environment so conducive to overfeeding.

Diet and physical activity cannot be disassociated from each other, not

only because of energy need, but also because of the profile of food compo-

nents – macronutrients, micronutrients and phytonutrients – which allow, sus-

tain and optimize movement. In his paper ‘Physical Activity for Health: An

Overview’ Wahlqvist states that preventive physical activity can address the

burden of disease and longevity. Therapeutic physical activity can reduce the

problems of sarcopenia and frailty, or the growing burden of nutritional and

metabolic disease, and of senescence. We must seek a unifying strategy for
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health advancement and for optimal health that is sustainable. In order to

accomplish that, we must involve ourselves continuing as our own machines,

moving, thinking, socializing, and integrated with the natural world.

There is now enough evidence to consider physical inactivity a disease,

because epidemiologic studies provide robust evidence that physical inactivity

is strongly associated with an enhanced risk of premature chronic diseases and

death. Lees and Booth in their paper ‘Physical Inactivity Is a Disease’ provide a

concise review of the evidence of the importance of physical activity in the pre-

vention of many diseases that affect modern humans. There is now enough evi-

dence to define the components of a healthy diet as well as the components of

physical activity at the population level. At the same time, there are exciting

research data defining the type and frequency of genetic variation and how

genetic differences influence dietary response and how diet, nutrients and exer-

cise influence gene expression.

In her paper ‘What Is So Special about the Diet of Greece? The Scientific

Evidence,’ Simopoulos provides scientific evidence and emphasizes the

importance to follow a diet consistent in composition to the diet upon which

humans evolved, and their genes were programmed to respond. In this respect,

traditional diets do not differ much or are similar in their composition relative

to antioxidants, essential fatty acids and a balanced omega–6/omega–3 ratio.

The latter is very important because during evolution, the ratio was balanced

1:1 whereas this ratio is 16.8:1 in the diet of the United States and 15:1 in the

diet of Northern Europe, but 4:1 in Japan and 30:1 in India. What makes the

diet of Crete different from the other Mediterranean diets is the balanced

omega–6/omega–3 ratio of 1–2/1. The Greek diet, balanced in the essential

fatty acids and high in antioxidants, is the diet that is the closest to the diet on

which humans evolved. In his paper ‘Balance of Omega–6/Omega–3 Essential

Fatty Acids Is Important for Health: The Evidence from Gene Transfer

Studies’ Kang provides evidence at the molecular level of the importance of

the balanced omega–6/omega–3 ratio. Furthermore, de Lorgeril and Salen in

their paper ‘Dietary Prevention of Coronary Heart Disease: The Lyon Heart

Study and After’ clearly show the fact that a modified diet of Crete with a ratio

of 4:1 of linoleic to alpha-linolenic acid decreased mortality risk by 70%.

Similar results have been observed in studies in India showing that the lower

the ratio, the lower the risk for total mortality, coronary heart disease mortality,

and sudden death. Fidanza and coworkers in their paper ‘The Nicotera Diet:

The Reference Italian Mediterranean Diet’ describe the Nicotera Diet as a

model for the Italian population and present a food guide modeled after the

Greek Column Food Guide, but in the form of a Greco-Roman Temple rather

than the Pyramid Food Guide developed by the US Department of Agriculture
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and the US Department of Health and Human Services. Wine is an important

component in the diets among the Mediterranean countries as well as in South

America. Urquiaga and Leighton’s paper on ‘Wine and Health: Evidence and

Mechanisms’ is an excellent review of the status of research on wine.

Decreased cardiovascular disease and longevity are epidemiological parame-

ters associated with wine consumption. Recent evidence suggests that

longevity could also be the direct consequence of phenolics activating histone

deacetylation, a gene expression regulatory mechanism proposed to explain

the longevity associated with caloric restriction.

Over the last 15 years, new concepts have evolved about food’s functions.

Functional foods are thought to be foods that improve bodily functions, help

prevent various non-communicable diseases, or help in the cure of some condi-

tions. There has been a wide range of research into the beneficial effects of

foods and food ingredients, beyond essential nutritional requirements for

macronutrients and essential vitamins and minerals. Lupien’s paper on

‘Implications of Food Regulations for Novel Foods: Safety and Labeling’

includes a concise description of the regulatory schemes in the European com-

munity, the United States, Australia, New Zealand, Japan and China. The paper

provides examples of current functional food benefits and claims. The need for

adequate data is emphasized in order to substantiate claims and benefits to meet

current and possible future regulatory requirements.

Australia is one of the first countries to establish a Centre of Excellence in

Functional Foods. Tapsell and coworkers in their paper ‘A New Look at

Intersectoral Partnerships Supporting a Healthy Diet and Active Lifestyle: the

Centre of Excellence in Functional Foods, Australia. Combining Industry,

Science and Practice’ outline the basis for the scientific program at the Centre

of Excellence in Functional Foods, indicating how this may support the devel-

opment of healthy diets and healthy lifestyles. Research at the center takes

the form of strategic (government funded) and commercial (industry funded)

projects.

The World Health Organization (WHO) has recognized the importance of

nutrition and physical activity. In May 2004, at the World Health Assembly,

member nations voted on WHO’s Global Strategy on Diet, Physical Activity

and Health that appears in the paper by Amalia Waxman. The ‘Nutrition and

Fitness Policies in the United States’ are discussed by Lee who reviews the pro-

grams and policies in the United States and the reasons for the difficulties in

their implementation. It will be necessary to develop a broad-based population

approach that includes improving accessibility of nutrition information, educa-

tion, and services; strengthening and sustaining broad-based community pro-

grams and partnerships, and working with the nation’s public and private
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elementary and secondary schools. Similarly, a population-based approach to

physical activity is needed.

These proceedings should be of interest to physicians, nutritionists, exer-

cise physiologists, geneticists, dietitians, food scientists and policy makers in

government, private industry and international organizations.

Artemis P. Simopoulos, MD
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XXV

Background

The International Conferences on Nutrition and Fitness are held in Greece

every 4 years in the spring prior to the Olympic Games. Following each confer-

ence, a declaration is developed at a special meeting at the International Olympic

Academy to update advice on nutrition and fitness for all. The proceedings of the

conferences are published in the scientific literature listed on pages XXXI–XXXII.

The Third International Conference on Nutrition and Fitness was held at

the Olympic Athletic Center of Athens ‘Spyros Louis’, May 24–27, 1996, in

Athens, Greece. Four hundred and eighty participants from 31 countries

attended the conference. Following the conference, an international panel com-

posed of members of the conference Executive Committee, along with the ses-

sion chairs, met at the International Olympic Academy at Ancient Olympia to

develop the ‘Declaration of Olympia on Nutrition and Fitness’ for 1996.

This international panel agreed that on the occasion of the 100th anniversary

of the Olympic Games, it is important to reaffirm the concepts of positive health

postulated by Hippocrates and to reassess their relevance to the Olympic ideal and

the health of the world’s population. The concept of Positive Health, as enunciated

by Hippocrates, is based on the interaction of genetics, diet and physical activity.

Declaration of Olympia on 
Nutrition and Fitness

Ancient Olympia, Greece, May 28–29, 1996

‘Positive health requires a knowledge of man’s primary constitution (which today we

call genetics) and of the powers of various foods, both those natural to them and those result-

ing from human skill (today’s processed food). But eating alone is not enough for health.

There must also be exercise, of which the effects must likewise be known. The combination

of these two things makes regimen, when proper attention is given to the season of the year,

the changes of the winds, the age of the individual and the situation of his home. If there is

any deficiency in food or exercise the body will fall sick’ (480 BC).



Among the Greeks, the concept of positive health was important and occu-

pied much of their thinking. Those who had the means and the leisure applied

themselves to maintaining positive health, which they often conceived estheti-

cally, and to this end put themselves into the hands of trainers who subjected them

to a regimen. Training for war and athletic competition was of course well known

among them. Health was an excellence in its own right, the physical counterpart

and condition of mental activation. The details of the regimen practiced for health

were an important part of Greek medicine. The Concept of Positive Health may

be represented by a triangle involving genetics, nutrition and physical activity that

influence the spiritual, mental and physical aspects of health (fig. 1).

Genetic Variation, Nutrition, Physical Activity, and Health

The interaction between genetic and environmental factors influences

human development and is the foundation for health and disease. Genetic fac-

tors define susceptibility to disease and environmental factors determine which

genetically susceptible individuals will be affected. Nutrition and physical

activity (exercise) are two of the most important environmental factors in main-

taining health and well being.

Each human being, in being unique, is exceptional in some way. Indivi-

duality is determined by genes, constitutional factors (age, sex, developmental

socio-economic status, occupation, education, time, geography, and climate).

Genetic variation is due to variants at a single locus, or polymorphisms, that

form the basis of human diversity, including the ability to handle environmental

challenges. How extensively variable the human species is depends on the

methods used for the determination of variability. At the DNA level, there is a
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Fig. 1. The interaction of genetics, nutrition and physical activity influences the spiri-

tual, mental and physical aspects of health.



great deal of variation, whereas at the level of protein diversity, there is much

less. In all animals, including humans and practically all other organisms exam-

ined, 30% of loci have polymorphic variants in the population. An average indi-

vidual is heterozygous at about 10% of the loci. Alleles that confer selective

advantage in the heterozygous state are likely to have increased in prevalence

because of positive selection acting on variants. Changes in the nutritional envi-

ronment and the type and degree of physical activity affect heritability of the

variant phenotypes that are dependent, to a lesser or greater degree, on these

environmental variables for their expression.

Genetic variation influences the response to diet. Nutrients and physical

activity influence gene expression. In many conditions, proper diet and exercise

have similar beneficial effects, and their effects may be additive. Because of

differences in gene frequency, dietary habits, and activity levels, universal

dietary and physical activity recommendations are not appropriate. Instead,

knowledge of specific genes and response to exercise and diet should guide

advice for health in the prevention and management of chronic diseases.

Diet

The purpose of diet is to supply energy and nutrients required for optimal

health. Energy intake must be balanced against physical activity. Over 800 mil-

lion humans are chronically energy deficient, but obesity is rampant in many

industrialized societies.

Macronutrients
Fat is a concentrated energy source, but in affluent populations, excess fat

promotes chronic degenerative diseases. In such circumstances, total fat intake

should be reduced, mainly by decreases in saturated and trans fatty acids. In

energy-deficient populations, an increased fat intake may be necessary to

enhance energy availability and to insure absorption of fat soluble vitamins, but

such increases should avoid adding saturated fats where practicable. All popu-

lations need essential polyunsaturated fatty acids for mental and cardiovascular

health. An omega–6:omega–3 fatty acid ratio of 4:1 or less appears desirable.

Carbohydrate containing foods and soluble and insoluble fiber are needed

for energy intake and normal bodily function.

Protein intake should be adequate for normal growth and development

and in adults for maintenance of body structures.

Micronutrients
Adequate balanced micronutrient intake should be provided commensurate

with emerging understanding of their need. Since the most extensive nutritional
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influences throughout the world are related to inadequacies of micronutrients,

special attention should be directed to correcting these deficiencies: 2 thousand

million persons are anemic and 1 thousand million are at risk of iodine deficiency.

40 million children suffer vitamin A deficiency. Understanding of micronutrient

functions is currently increasing, and health workers should keep up-to-date with

this new knowledge regarding both deficiencies and optimal requirements, e.g.

the need for unitary ratios of calcium and magnesium in the diet. The variety of

foods in the diets helps to maintain adequate micronutrient intake. Most popula-

tions would benefit from an increased intake of fruits and vegetables.

Physical Activity

A wealth of scientific reports points to the inescapable conclusion that

human fitness and health improve when sedentary individuals begin to exercise.

Although low physical activity levels most frequently occur in more industrial-

ized, affluent nations, this behavior is becoming increasingly common in devel-

oping countries as well. Because mechanization and industrialization have

reduced occupational physical activity levels, a need exists to supplement with

additional daily physical activities designed to improve health and fitness.

A wide variety of fitness parameters, including aerobic capacity, muscular

strength and endurance, coordination, flexibility and body composition

improve with increases in activity levels. Perhaps more importantly, indices of

human health also improve. Three of the most common chronic degenerative

diseases of westernized nations (hypertension, coronary heart disease, and non-

insulin-dependent diabetes mellitus) are increasingly being recognized as dis-

eases of insulin resistance. In all three cases, physical activity clearly has been

shown to reduce the severity, and outcome of these diseases. Physical activity

also has a well-known role in preventing and reducing obesity and also exerts a

beneficial influence upon insulin metabolism. Furthermore, increased levels of

physical activity positively impact virtually all chronic diseases, including, but

not limited to stroke, peripheral artery disease, coronary heart disease, chronic

obstructive pulmonary disease, osteoporosis, and some forms of cancer. For

previously sedentary individuals, even nontaxing physical activities such as

walking, gardening, bicycling, and swimming can elicit improved health, and

reduce all causes of morbidity and mortality. Table 1 lists the types of physical

activity. Sports training physical activities should include daily training pro-

grams in preparation for competition. Health-promoting physical activities aim

at promoting growth, improving body functions and protecting from illness.

Exercise prescription (regimen) as a means of treating or reversing various dis-

eases should be considered as an essential therapeutic component.
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Education

Education about nutrition and physical activity needs to be adapted to each

country and to different populations and cultures. Education about the benefi-

cial physical and psychological effects of proper nutrition and physical activity

in health and disease needs to be directed at all age groups – children, adults,

and the elderly – since research has shown that awareness of the benefits of

physical activity is correlated with actual physical activity. Education needs to

address the detrimental effects of sedentary life-styles, undernutrition and mal-

nutrition, in particular for children. Education about opportunities to obtain

proper nutrition and to carry out physical activity is important in view of find-

ings that actual increases in elective physical activity depend on accessibility.

Education should reach people through various channels – the mass media,

print, television, and radio – at worksites, and in the community in order to reach

everybody in the population. Another means to achieve education would be

through role models in the family, schools, sports, and entertainment. Institutions

such as schools can set examples for proper nutrition and physical activity. The

food and sports foods industry needs to be cognizant of the scientific evidence

regarding optimal nutrition and physical activity levels. Another means of educa-

tion would be the labelling of the nutritional composition of all foods sold.

There is a particular need for education of health professionals and health

workers, nutrition and sport scientists, and educators.
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Table 1. Defining physical activity

1 Nonlabor daily physical activities 

Feeding 

Bodily functions (e.g. temperature regulation, heart rate, breathing rate) 

All daily nonlabor minimum physical activities necessary for life maintenance

2 Labor physical activities 

Industrial 

Agriculture

Carpentary 

Homecare, etc.

3 Leisure-recreational (exercise), low-to-moderate intensity of physical activities 

Walking 

Dancing 

Hiking 

Bowling 

Cycling 

Golf, etc.



Declaration

(1) Nutrition and physical activity interact in harmony and are the two

most important positive factors that contribute to metabolic fitness and health

interacting with the genetic endowment of the individual. Genes define oppor-

tunities for health and susceptibility to disease, while environmental factors

determine which susceptible individuals will develop illness. Therefore, indi-

vidual variation may need to be considered to achieve optimal health and to cor-

rect disorders associated with micronutrient deficiency, dietary imbalance and a

sedentary lifestyle.

(2) Every child and adult needs sufficient food and physical activity to

express their genetic potential for growth, development, and health. Insufficient

consumption of energy, protein, essential fatty acids, vitamins (particularly vit-

amins A, C, D, E and the B complex) and minerals (particularly calcium, iron,

iodine, potassium and zinc), and inadequate opportunities for physical activity

impair the attainment of overall health and musculoskeletal function.

(3) Balancing physical activity and good nutrition for fitness is best illus-

trated by the concept of energy intake and output. For sedentary populations,

physical activity must be increased; for populations engaging in intense occu-

pational and/or recreational physical activities, food consumption may need to

be increased to meet their energy needs.

(4) Nutrient intakes should match more closely human evolutionary her-

itage. The choice of foods should lead to a diverse diet high in fruits and veg-

etables and rich in essential nutrients, particularly protective antioxidants and

essential fatty acids.

(5) The current level of physical activity should match more closely our

genetic endowment. Reestablishment of regular physical activity into everyday

life on a daily basis is essential for physical, mental and spiritual well-being.

For all ages and both genders the physical activity should be appropriately vig-

orous and of sufficient duration, frequency, and intensity, using large muscle

groups rhythmically and repetitively. Special attention to adequate nutrition

should be given to competitive athletes.

(6) The attainment of metabolic fitness through energy balance, good

nutrition and physical activity reduces the risk of and forms the treatment

framework for many modern lifestyle diseases such as diabetes mellitus, hyper-

tension, osteoporosis, some cancers, obesity, and cardiovascular disorders.

Metabolic fitness maintains and improves musculoskeletal function, mobility,

and the activities of daily living into old age.

(7) Education regarding healthy nutrition and physical activity must begin

early and continue throughout life. Nutrition and physical activity must be inter-

woven into the curriculum of school age children and of educators, nutritionists
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and other health professionals. Positive role models must be developed and

prompted by society and the media.

(8) Major personal behavioral changes supported by the family, the com-

munity, and societal resources are necessary to reject unhealthy lifestyles and to

embrace an active lifestyle and good nutrition. 

(9) National governments and the private sector must coordinate their

efforts to encourage good nutrition and physical activity throughout the life

cycle and thus increase the pool of physically fit individuals who emulate the

Olympic ideal.

(10) The ancient Greeks (Hellenes) attained a high level of civilization

based on good nutrition, regular physical activity, and intellectual development.

They strove for excellence in mind and body. Modern men, women, and chil-

dren can emulate this Olympic ideal and become swifter, stronger and fitter

through regular physical activity and good nutrition.

Distribution of the Declaration

The declaration has been published worldwide in newsletters, magazines

and journals. It has been translated into the Olympic languages of Chinese,

French, Greek, Russian and Spanish. The ten points of the declaration have

been printed in these languages. The Executive Committee wishes to encourage

the translation and distribution of the declaration worldwide. The copyright is

held by the Executive Committee of the Conference.

The declaration was developed at Ancient Olympia, May 28–29,1996 by

the following persons:

Alexander Leaf, MD (Cochairman), William Clay, FAO, United Nations

USA Loren Cordain, PhD, USA

Peter G. Bourne, MD (Cochairman), S. Boyd Eaton, MD, USA

USA, UK Gilman Grave, MD, USA

Richard B. Birrer, MD Philip R. Lee, MD, USA

(Secretary), USA Konstantinos N. Pavlou, ScD, Greece

Regina Casper, MD, USA Catherine Siandwazi, 

Ji Di Chen, MD, Tanzania, UK 

China Artemis P. Simopoulos, MD, USA
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XXXIII

This year we are celebrating not only the Fifth International Conference on

Nutrition and Fitness with its strong connections with Greece but also the

return of the Olympic Games to the city where the modern Olympics was born

over a century ago in 1896. To me as an Olympian this conjunction of the

Conference with the Athens 2004 Olympics is of special importance and aug-

ments the honour of being invited to open the conference.

There is a saying, ‘Once an Olympian, always an Olympian’, – it was

coined because of the unique experience competing in the Olympic Games has

come to mean. There are 100,000 Olympians from over 200 countries around

the world. They form a unique resource, a valuable asset to sport and to the

Olympic Movement. It is by Olympians’ efforts and talents that the Olympic

Games come alive in the stadium, the pool and the sports arenas. Without them

there would be no Games. So it was in 1995, to recognise the contribution

Olympians make and provide opportunities for former athletes to continue to

play a part in the Olympic Movement, that, with the support of the International

Olympic Committee, the World Olympians Association was created of which

I am a co-founder and Vice President.

My involvement in sport influenced the choices I made as a doctor. As a

medical student at the Middlesex Hospital Medical School at London

University, I realised that I was more interested in health than disease and

my professional career has followed a path of seeking out ways in which we

can explore our capacities to create and maintain our own physical and 

mental health.

Positive Health: Exploring Relevant
Parameters

Elizabeth Ferris

Department of Nutrition and Dietetics, King’s College London, London, UK

Keynote Address



My participation at this conference in a way brings together my several

identities – on the one hand as a former elite sportswoman and on the other as a

doctor interested in preventive medicine and holistic health, especially nutrition

and physical fitness.

The positive value to health of physical activity and nutrition is as old as

civilization itself. The case for good food as a means of enjoying a long and

healthy life is in no doubt. It was part and parcel of life for the ancient Greeks

and when Hippocrates said, ‘Let food be thy medicine and medicine be thy

food’, he was expressing something that instinctively people through the ages

have sensed must be true. Food is far more than simply a means of staying alive.

The song, ‘Food, glorious, food, there’s nothing quite like it’, from the musical,

‘Oliver’, based on Charles Dickens’ book, Oliver Twist, says it all.

The health benefits of physical exercise too have been widely proclaimed

over the centuries. The 18th century English poet, John Dryden, pre-empted

modern self-help devotees when he advised, ‘The wise for cure on exercise

depend; God never made his work for man to mend.’ So much for his faith in

the healing powers of doctors.

The ancient Greeks had a thorough knowledge of high-level physical train-

ing and knew that you can have too much of a good thing. We may think over-

training is a modern phenomenon considering the enormous pressures

professional athletes are under to perform well. But two and half millennia ago,

Hippocrates expressed his concern about its detrimental effects when he wrote:

‘Physical conditioning is at risk when exercise is at very high levels.’

Aristotle agreed. He warned of the dangers of exposing young children to

excessive training, pointing out that it undermined their powers of endurance

and scuppered young athletes’ ambitions of Olympic victory later on as adults1.

The ancient Greeks lived in a Mediterranean paradise awash with highly

nutritious green, yellow and red vegetables and fruit, nuts, olives, fish, and, of

course, wine. With the warm climate and their love of sport it is little wonder

that the concept of positive health through nutrition and physical fitness origi-

nated in Greece.

In my address today I’d like to explore the parameters of positive health,

starting with a little of the history of the Olympic Games to draw a connection

between the aspirations of the ancient Greeks and the aims of the creators of the

modern Olympics in 1896 that revived those aspirations and that, right up to the

present day, remain an important objective of the Olympic Movement. Using
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1‘The disadvantages of excessive training in early years are amply proved by the list of

Olympic victors; not more than two or three of whom won a prize both as boys and as men. The

discipline to which they were subjected in childhood undermined their powers of endurance.’

[Aristotle, Politics, Book VIII]



this connection as a stepping stone, I will dip into recent scientific research that

provides evidence in support of Hippocrates’ analysis of positive health. I will

touch on public health issues surrounding the global pandemic of obesity and

its related serious health risks. Finally, looking to the future, I will suggest how

our growing knowledge of the human genome is likely to impact on how we

could maximize our potential for a healthy life.

More than fourteen hundred years after the last ancient Olympic Games

were held in the 4th century AD, the idea that physical activity was essential to

live a healthy life re-emerged, in particular in Victorian England on the playing

fields of boy’s public schools. The concept that to be sound of mind you needed

to take care of your physical health formed the basis for the physical education

movement that grew up in the 19th century.2 But the movement did not focus

only on physical health. In tune with the ancient Greek approach, it embodied

moral, social and cultural principles as well. The physical education movement

provides a link between the ancient Greek cultural commitment to sport on the

one hand and the creation of the modern Olympic Games here in Athens in

1896 on the other.

Accepted wisdom has it that the modern Olympics was the brain-child of a

French aristocrat, Baron Pierre de Coubertin. But, as with so much in history,

the story was rather more complex and interesting. Before Coubertin was born,

a wealthy Greek called Zappas had made unsuccessful attempts to resurrect the

ancient Games in Greece. Meanwhile, in a tiny town in England called Much

Wenlock, an English country surgeon, Dr. William Penny Brookes, from 1850

onwards, organised annual Olympic-style sporting festivals. He called them the

Wenlock Olympian Games. Why would a rural doctor spend his time and effort,

and no doubt his own cash, in creating a re-enactment of the ancient Olympic

Games in a field in rural Shropshire – and who competed in them? Dr. Brookes

was a philanthropist who believed that everyone in the community, not only the

moneyed classes, was entitled to education and access to healthy leisure pur-

suits. He campaigned for physical education for children and petitioned

Parliament to make it compulsory in all elementary schools [1]. Like the ancient

Greeks, he believed that sporting participation produced moral and intellectual

benefits as well as contributing to physical health.

Dr. Brookes was also a Hellenist, a lover of all things from ancient Greece,

and he organised his Olympian Games as nearly as possible to the ancient

Olympics. The medals awarded to the winners bore the portrait of Nike, the

Greek Goddess of victory, with a quotation from Pindar, the classical poet of

the Olympic Games.
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Dr. Brookes’ Olympian Games had been in full swing for 40 years before

Pierre de Coubertin, who was a young educationalist on a mission for the French

government to research foreign systems of physical education, went to Much

Wenlock in 1890 to meet Dr. Brookes and see his Games in action. Coubertin

was deeply impressed and immediately recognised a kindred spirit in the country

doctor. The two men shared a passionate commitment to physical recreation, not

only for its health benefits but also for its moral and social value, values that

today characterise what is called Olympism. After his meeting with Brookes,

Coubertin wrote: ‘…if the Olympic Games that modern Greece has not yet been

able to revive still survive today, it is not due to a Greek but to Dr. W.P. Brookes.

It is he who inaugurated them 40 years ago and it is still he, now 82 years old but

still alert and vigorous, who continues to organise and inspire them’ [2, 3].

The two men shared a vision of recreating the Olympic Games in modern

times. As history reveals, Coubertin succeeded in this ambitious venture but

sadly Brookes did not live to see the dream become a reality; he died in 1895

aged 87 having given his blessing to Coubertin’s international vision.

The important thing to recognise is that for Brookes and Coubertin the

Olympic Games were a means by which universal physical education for all

could be attained. I maintain that this is just as true today as it was in 1896.

Notwithstanding the ways in which elite sport has changed of late, due in part to

professionalism and commercialism, and drug-taking, the Olympic Games have

the capacity to inspire young people at the grass roots level to participate in

sport and physical activities. I remember the overwhelming rush of young girls

wanting to practice gymnastics after Olga Korbut entranced the world with her

performance in Montreal in 1976. The power to awaken such interest on a

global scale is unique to the Olympic Games because of the extra dimension

that the Olympics possesses compared with other international sporting events

embodied in the philosophy of Olympism.3 Their contribution to positive health

lies in the potential to encourage people, especially children, to become more

physically active.4 And, there are added bonuses in being involved in sport that

I will come to a little later.
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I’d like to turn now to the immense contribution the scientific community

has made to the issue of positive health. Let’s fast forward to Britain in 1953,

the year when, as the nation watched the coronation of Queen Elizabeth II in

Westminster Abbey, news of the successful conquering of Mount Everest by the

British expedition lead by Sir Edmund Hilary was celebrated, and just a few

months later, arguably the most important sporting event of the 20th century

was held when Roger Bannister conquered the four-minute mile.

On the health front, Fleming’s discovery of penicillin and its development

as an antibiotic by Lord Florey, plus a mass vaccination programme saw the

gradual demise of infectious diseases as a principal cause of death. Fifty years

ago, medical concerns turned to focus on non-communicable diseases, in par-

ticular coronary heart disease (CHD), the major cause of premature death in the

world. Morris’ seminal study [4] showed that conductors on the famous London

red double-decker buses had significantly less coronary artery disease than the

drivers of the buses. The health benefits of being a conductor were attributed

not unreasonably to the fact that they were much more physically active than

sedentary drivers. Incidentally, anyone hoping to take up this healthy job in

future will be disappointed – these wonderful Red Routemasters, recognised

worldwide as icons of London, are being phased out in favour of buses with just

a driver whose only exercise is to press a button to open and close the doors

automatically. Alas, for us passengers, no more running and jumping on the

platform at the back of moving buses – a game Londoners love to play. An

opportunity for a little bit of exercise in the normal course of life itself will be
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were biologically unsuited to taking part in sport and, anyway, it was a male domain – a view that

prevailed well into the 20th Century.

It didn’t take long for women to overturn the IOC’s entrenched view. Women golfers,

tennis players and sailors took part in the second Games in 1900 and women have partici-

pated in every Olympic Games since. Throughout the past 100 years, more and more women

have competed in the Olympics; in Athens 2004 the proportion of women to men will for the

first time approach parity. Of the 10,000 athletes women will make up approximately 41% and

will compete in all but boxing and baseball.

A positive by-product of more women athletes in the Olympics is the growth of women’s

sport around the world, especially in developing countries. The challenges women face in

many countries relating to religion, culture, education, poverty, and health take precedence

over concerns about sport. And yet, notwithstanding these social barriers and inequality,

women and girls are increasingly playing sport. There is still a long way to go but you have to

admit that progress is being made when you see that in Afghanistan, where until recently

women were hardly allowed to leave their homes, women are playing mixed table tennis

matches in public, and in Morocco, hundreds of women and girls turn up annually for a round-

the-houses run in Casablanca. From a public health point of view, perhaps the most important

fact is that physically active mothers are most likely to produce physically active children and

physically active children are most likely to maintain the habit into their adult years.



lost. No matter – perhaps we can make up for it by climbing the stairs in our

office buildings – if we can find them! This remark may sound flippant, but it is

relevant to my theme because it highlights the fact that opportunities for activ-

ity in our everyday lives, that we used to take for granted, are becoming less and

less common for reasons over which we have little or no control.

The benefits of an active lifestyle were further confirmed in the 1980s by

Paffenbarger and colleagues. Harvard alumni who took regular exercise, out-

putting 2,000 kcal or more per week, had a 39% lower risk of developing coro-

nary heart disease and of death from the disease than their less active

classmates [5]. We also now know, where a healthy heart is concerned, it is the

intensity of the exercise that matters [6].

Coronary heart disease is clearly a lifestyle disease with smoking and

physical inactivity top of the list of risk factors, and we know that exercise is

beneficial. What about the effects of diet? Recent research has revealed that a

nutritional substance – folic acid, one of the B vitamins – gives considerable

protection in heart disease by lowering homocysteine levels in the blood. In

addition, folate protects against a wide array of other serious diseases including

cancer, dementia and birth defects [7]. It has many diverse biological properties

expressed through a number of crucial gene pathways and has even been cited

as the panacea of the 21st century. The effect of folate research has been to open

up new avenues of intervention with vitamins and other nutrients in disease pre-

vention, and a new area of research has been identified – nutrigenomics, the

study of the links between nutrition and gene function. Nutrigenomics fits very

well with what Hippocrates knew instinctively when he spoke of the powerful

effects of various foods and physical exercise on man’s primary constitution.

In addition to the protective effect of exercise in coronary heart disease,

physical activity has been shown to be significant in other serious diseases that

are major causes of death in the modern world – diabetes, osteoporosis, obesity

related conditions and cancer.5 The amount and type of exercise recommended

varies. In obesity, where weight loss is the goal, any increase in energy output is

desirable. The Chief Medical Officer in the UK just a few weeks ago, in an
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2,500 miles from Rome to Yorkshire in the North of England where she lives. No-one knows

the role vigorous exercise has played in prolonging her life, or that of the professional

cycling phenomenon, Lance Armstrong, who had testicular cancer and went on after treat-

ment to win the Tour de France six times.



attempt to arouse the largely sedentary population to ‘get up and go’, produced

a report entitled, ‘Physical Activity and Health’ in which he recommended vac-

uuming and ironing as good examples of moderate exercise. Whilst this may

seem like too little too late, it is claimed that 30 min of moderate exercise 5

times a week is enough to prolong life.

We also know that exercise has positive effects on mood and feelings of men-

tal well-being. Fascinating research from the Salk Institute suggests that physical

activity has a positive effect on brain plasticity. There are stem cells in the adult

brain that produce new nerve cells in the dentate gyrus of the hippocampus, an

area associated with memory. Physical activity positively promotes this neurogen-

esis – in running mice at least [8]. For those of us who have those occasional

‘senior moments’, like when you find yourself in the cupboard under the stairs and

cannot for the life of you remember what you’ve gone there for, a little light run-

ning on the spot to stimulate a few new brain cells may help you to remember what

on earth you’re doing there – if you can remember the original piece of research! In

fact, this is a particularly productive line of research in support of physical activity

in the aged. We now have evidence that exercise combined with a diet rich in nutri-

ents, in particular folic acid, could help stave off symptoms of dementia and

Alzheimer’s disease in increasingly ageing populations.

The effects of nutrition on mental function and behaviour are equally inter-

esting. Young adult prisoners showed a remarkable reduction in antisocial

behaviour when their diets were supplemented with vitamins, minerals and

essential fatty acids [9]. Poor nutrition, on the other hand, has alarming effects.

Young schoolchildren who went without breakfast missed out in more ways

than one. Three hours into school, the children had powers of attention as poor

as an adult who had had a slug or two of whisky or a tranquiliser. And they did

equally badly when they had just a glucose drink. With cereal for breakfast,

however, they showed an enormous improvement [10].

With the scientific body of knowledge expanding, the case for physical

activity coupled with good food for a long and healthy life is made and is in no

doubt. And yet, hardly a day goes by without another report of the growing pan-

demic of obesity across the globe. Population surveys show that the world is

getting fatter and the incidence of Type 2 diabetes is increasing at an alarming

rate, in particular, and perhaps most disturbingly, in young children.

In our highly technologically developed modern world in which the need to

extend ourselves physically in the normal course of our lives is diminishing day

by day, our lifestyles have changed radically during the past 50 or more years.

As obesity levels rocket, it seems reasonable to blame the modern diet high in

fat, sugar and salt for the increases. This is hardly new: Plato was highly critical

of those who were a nuisance to their doctors because of leading an ‘idle life’

and ‘filling our bodies with gases and fluids like a stagnant pool’ [11].
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Counter-intuitively, children it appears are actually eating less today, not

more, than they used to eat [12, 13]. Children are getting fatter because they are

much less active than they used to be and their energy intake in the food they eat

is greater than the energy they expend in physical activity. The reasons are

largely cultural: more car journeys with less walking, parental concerns about

security and safety that restrict where and when children can play, and, in par-

ticular, television watching and computer games are all cited as reasons for

inactivity in children across the globe [14], even in China where until recently

you would never see a fat person let alone an obese child [15]. Along with TV

watching goes snacking on high-density junk food and fizzy drinks that further

contribute to the greater energy intake/lesser energy output problem [16].

The emphasis, especially in the media, is predominantly on what children

eat because it’s obvious to see the outcome and it is easy to make value judge-

ments about children who are fatter than we think they ought to be. In fact, in

health terms, it is almost certainly better to be active, fit and a bit fat than lazy

and lean.

Perhaps the most alarming information to come to light concerning this

growing problem is in a report of the International Council of Sport Science

and Physical Education (ICSSPE) that states: ‘school physical education is in a

perilous position in all continental regions of the world’ [17]. PE has a low pri-

ority in school curricula, and is starved of funding, materials, time and teachers.

The future of PE looks bleak. Governments are giving out confusing mixed

messages. On the one hand, they are advising children to do more exercise

whilst on the other hand making it obvious that physical education is a

Cinderella subject on the school curriculum deserving few resources. It doesn’t

make any sense.

On a more personal level, good food and good eating initiatives are sprout-

ing as public interest in nutrition grows especially in developed countries. For

example, organic farming is expanding in Europe to counter the use of additives

and pesticides, alongside a popular anti-GM crops drive that has resulted in

Monsanto cancelling its GM crop production programme in Europe. Another

initiative is the slow food movement in Italy that has emerged as an antidote to

the fast food culture in an attempt to replace it with old values of sitting down to

meals with family and friends, and savouring good, wholesome nutritious food

and wine. Children too benefit from this style of eating. Children who eat meals

with their family consume more fruit and vegetables, fewer fizzy drinks and

less fat in food both at and away from home [18].

Again, the ancient Greeks got it right. According to a recently published

account of what Olympic winners eat in ancient Greece:

The main meal was dinner where the presence of family and friends and the
consumption of wine were important elements. Dinners were rather prolonged
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during which people were eating, drinking wine with water and discussing cur-
rent issues. (The term ‘symposium’ means ‘drinking together with others’) [19].

In the commercial world, if one can believe the stock quotes, the leisure

industry is profiting from increasing membership of gym and fitness centres

although the percentage of people in the UK who regularly exercise hardly

reaches double figures, McDonald’s, under pressure from the media and the

public, is changing its image to provide more healthy salad and fruit options,

and the vitamin and supplement industry is booming as people self-administer

these products in an attempt to bolster their well-being.

In my early school days, I remember that the welcome mid-morning inter-

val between writing and arithmetic was called playtime, and play we did. I sug-

gest that, with respect to children at least, we need to put play back into physical

activity. Perhaps, we need to change the terms we use; ‘physical education’ is a

rather dry phrase, we could go back to using the word ‘recreation’ – it has a

more pleasurable ring about it.

Perhaps a clue to how to appeal to children can be found in what young-

sters like to do in their leisure time: they like to play computer games. Sony had

a brilliant idea when they called their equipment Play Station. To me the title is

an oxymoron. Sony used the word ‘play’ – which according to the Oxford

English Dictionary (OED) means to move about swiftly; to fly, to dart to and

fro; to frisk, to flit, to flutter, all words that exemplify what children do when

they play – juxtaposed with the word ‘station’ which, according to the OED,

means standing still, the opposite of motion. But the word ‘play’ is evocative

and enticing.6 Why are computer games so beguiling to children? Is it because

they provide positive feedback, enjoyment, accomplishment, the possibility of

winning, and even applause for success – all the things an athlete gets, or hopes

to get, from sport?

But, not all children are good at sport and many are alienated from partici-

pating especially when the emphasis is on competition and performance. Even

children who show an aptitude for one sport, gymnastics say, may not show any

talent for another, a ball game, like soccer. I started my sporting life as a swimmer

but I became bored with the training. It didn’t suit my personality and if the

opportunity had not arisen to change to diving, a much more acrobatic sport, I am

sure I would have given up. I heard a similar story from an Olympic swimming

champion. He was hopeless at school sport – last in cross-country running, no

eye-to-ball coordination. One day he fell through a plate glass window and sev-

ered a tendon in his calf, couldn’t run and so, fortuitously, took up swimming,

loved it and made it to the very top winning 2 Olympic gold medals. The moral of
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his and my stories is that if we had not had the good fortune each to find our own

sporting niche neither of us would have won our Olympic medals. Unless options

are available to be tried and tested by the individual, a child could be put off sport,

and by association, physical activity, for the rest of his or her life – and very possi-

bly to the detriment of their health.

The key question is how people can be enticed into changing their lifestyles

to incorporate physical activity and good nutrition into their normal everyday

lives. The World Health Organisation recently presented its global strategy to

improve public health through healthy eating and physical activity. Governments

are considering what public health initiatives they can provide to help solve the

problem. In 2004, a British Parliamentary Health Committee published a report

[20] in which it recommended 80 measures including a ban on the promotion of

sugary drinks and snacks in schools, curbs on advertising junk foods on televi-

sion in particular during children’s programmes, health warnings and clearer

labelling on foods, and new building developments to feature cycle paths, walk-

ways and playing fields. All good ideas – but will they work? And will they work

in time to defuse the ticking time bomb of poor health, shortened life spans and

premature death in the current generation of physically inactive children for

whom obesity and its concomitant problems are becoming the norm.

To date, the health argument has not exactly been able to inflame the pub-

lic’s imagination. The cosmetic argument only carries weight with those vain

enough to care. An alternative approach, it seems, is needed if public attitudes

are to change. A possible clue may be gleaned from a fascinating study of the

Pima Indians of Arizona [21]. Pima Indians suffer from high levels of obesity

and diabetes. The study tested the efficacy of lifestyle interventions. One group

of subjects, the Pima action group, had a mix of nutrition and physical activity

active interventions. The other group, the Pima pride group, received printed

leaflets about activity and nutrition but in addition they engaged in regular dis-

cussions on Pima culture and history. At the end of 12 months, the pride group

was showing much more favourable results than the action group in terms of

their health parameters – they had lost more weight and had more favourable

blood glucose and insulin levels. It seemed that by boosting their pride in their

Pima identity, almost as a side effect they were able to take more care of their

health compared with those in the action group who only focussed on changing

their diet and exercise. Did this effect have something to do with building up the

pride group’s self-esteem and respect for their Pima identity? I think so. It’s pos-

sible to link the concepts of respect and self-esteem with autonomy [22].

Researchers have found that control at work, or the lack of it, i.e. lack of auton-

omy, is associated with increased health risks [23, 24].

I have touched on some complex issues in an attempt to suggest that the

answers to the health problems we face do not lie in governments simply telling
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people to eat less and walk more, good as that advice may be. Something has to

ignite a person’s interest and that is why I have come back full circle to sport.

Sport for me, before I reached the elite level, was a complete experience. It

provided me with a full social life, good friends who, 40 years later, I am still

in touch with, travel, teamwork, a sense of achievement and how to deal with

failure as well as success. The actual activity, the experience of diving, was

completely personal. But it was the context in which I did it that provided the

ground in which I grew up and thrived. If, amongst the myriad of choices sport

has to offer, a person, in particular a child, can find something to illuminate

their curiosity and suit them mentally as well as physically, sport is an activity

that, in the broadest terms, can offer a rewarding lifestyle with healthy 

by-products. Active children are more likely to become active adults, and phys-

ically fit and active adults have lower risks of heart disease, diabetes and cancer.

Turning now to the future, scientific studies and public health initiatives I‘ve

highlighted show that, when reaching for ways of dealing with chronic non-com-

municable diseases, advice on what lifestyle changes an individual can make has

tended to focus on just two variables – dietary habits and patterns of physical

activity (with smoking as well in the case of CHD). The underlying assumption

has been that these are possibly the most important or even the only parameters in

a person’s individual make-up relevant to health (and ill health). I suggest that this

is a very restricted view. My own view can be summarised as follows:

(1) Genetic factors play at least as important a role as exercise and diet.

Moreover, genetic constraints and regulation influence individual potential to

respond to exercise and dietary factors. For example, the Finnish Olympic

champion cross-country skier, Eero Maentryanta, was a medical mystery. He

had 15% more red blood cells than normal and some were convinced he was

blood doping although there was no evidence. The mystery was solved by

Lodish and colleagues at the MIT when they discovered that Maentryanta and

others in his family had a genetic mutation that accounted for the high levels of

red blood cells [25].

Another study showed that a single gene – dubbed the ‘performance gene’ –

may influence an athlete’s propensity to excel at either sprinting or long dis-

tance running. The gene, which encodes for an enzyme – angiotensin-converting

enzyme (ACE) –, researchers believe determines whether an individual grows

more ‘fast twitch’ or ‘slow twitch’ muscles fibres [26].

With respect to obesity, O’Rahilly’s group at Cambridge together with

other researchers have found a genetic connection between proneness to obesity

and PPARy genotype [27]. In simple terms, their work shows that some people

have a genetic propensity for obesity whilst others don’t. This corresponds to

our intuition. We’ve all said at some or other, ‘Lucky old so-and-so – he can eat

anything and stay thin’.
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We can say something similar regarding the connection between fitness

and health. Evidence is all around us of very fit people who succumb to illness

and die. Look at Jim Fixx, who started the jogging craze; a very fit man who

died suddenly and prematurely from a heart attack. At the other end of the

health spectrum is the Australian, Shane Gould, who at 15 years of age was a

multiple Olympic champion and the supreme swimmer in the world. This year,

30 years on, at age 47, she returned to swimming and qualified for the

Australian Olympic trials. She has to have an extraordinary genetic makeup.

These examples illustrate how an individual’s genotype may determine both

potential for protection from developing disease as well as the risk of developing

disease.7 We know, for instance, that smokers vary in their risk of developing

lung cancer and coronary heart disease. It is possible that within a few years we

may be able to characterise people according to their genotype, and programmes

of dietary and exercise interventions could be tailor-made to the individual.

(2) Future research will eventually lead to an awareness of the importance

of other variables apart from diet and exercise. This in turn will eventually

expand our understanding, not only of the number of variables involved, but

also how these variables relate to one another.

In my ideal world, we would eventually end up with a detailed algorithm

that would specify all the variables involved and relate them to each other in a

quantifiable, indeed, mathematical, way. Statisticians are already grappling

with producing such a mathematical equation. How wonderful it would be if a

formula such as 2(A+1/2B+2/3C�D...n)/4 specified the exact relationship of

all the relevant variables in a unique equation for each individual, where, say, A

is exercise, B is diet, C is genotype, D is hitherto unknown variable and n is all

future relevant variables – along the lines that Hippocrates suggested, ‘the sea-

son of the year, the changes of the winds, the age of the individual and the situ-

ation of his home’ ...and any number more.

The human genome project has opened wide the potential for the kind of

outcomes I am suggesting. The future is exciting. We are very fortunate to have

leaders in these fields of research here at our meeting and I wish us to have a

wonderful and stimulating conference.

Thank you all for your attention.

Dr. Elizabeth Ferris, 2004
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In developed and developing countries, morbidity and mortality rates are

increasing in individuals classified as being obese [1–6]. The higher morbidity

and mortality rates of obese people are due to the increased incidence of

obesity-related (lifestyle-related) diseases. It is now recognized that different

criteria of obesity by BMI are necessary in different ethnic groups and popula-

tions [7, 8]. In addition to the degree of obesity, other factors which increase the

morbidity rate of obese people include abnormal fat distribution such as upper

body obesity and visceral obesity [9, 10]. Recently, the definition of ‘patholog-

ical obesity’ has been made in Japan [11].

Definition of Obesity and Previous Criteria of Obesity

Obesity is defined as excessive fat accumulation but not over-weighted-

ness. The average human body usually consists of 82% lean body mass, which

is essential for sustaining daily life and physical activities, and 18% body fat

which, in essence, is energy store for emergency situations [12]. Thus, obesity

can be defined as ‘overstorage of body fat beyond 18%’. Usually, body fat

above 25% in men and 30% in women is considered to be obese. According to

this definition, obesity should be determined by measuring body fat. Although

there are presently many methods for measuring body fat, no methods can be

conducted easily, accurately and inexpensively.

Obesity and the Metabolic Syndrome
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Obesity is, therefore, determined by three methods: (1) standard body

weight; (2) physique index, or (3) skinfold thickness. Standard body weight was

the most popular method applied throughout the world; however, standard body

weight was determined differently in each country. Even in Japan, there were

several scales of standard body weight [13–16]. However, these scales were not

necessarily determined based on scientific evidence.

Under these circumstances, in 1992, the Japan Society for the Study of

Obesity (JASSO) decided to unify and propose a standard body weight based

on scientific evidence and an easily calculated method. At that time in Japan,

Tokunaga et al. [17] reported that the incidence of obesity-related diseases was

observed least frequently when the body mass index (BMI), one of the physique

indices applied as an obesity marker, was about 22.

JASSO applied the results and determined standard body weight as ‘a

weight equivalent to BMI 22’. BMI is calculated by dividing body weight in kg

by the square of the height in meters. Thus, standard body weight was deter-

mined as multiplying the square of height by 22 (height (m)2 � 22) [18].

Since we did not have enough data to determine obesity in those days,

JASSO proposed the criteria for obesity as 20% overweight against standard

body weight based on medical commonsense but not on medical evidence in

1992. The value of BMI 26.4 is equivalent to 20% above the standard body

weight. According to that criteria, the prevalence of obesity in Japan was

13.69% in men and 15.58% in women [19]. In those days, Western countries

already utilized the criteria of obesity as BMI �30. When we applied it, the

prevalence of obesity was only 1.79% in men and 3% in women [19] (fig. 1).

New Criteria and Classification of Obesity in Japan

In 1997, the World Health Organization (WHO) initiated the International

Obesity Task Force (IOTF) and assessed that obesity is a serious health hazard

in developed and even in developing countries. With the assistance of the

International Association for the Study of Obesity (IASO), they proposed the

criteria of overweight as BMI between 25 and 30 and obesity as BMI above 30,

respectively, based on Caucasian data proposed by Garrow [20].

In 1998, JASSO studied the relationship between degree of obesity (BMI)

and hypertension, diabetes and hyperlipidemia (triglycerides, HDL-cholesterol

and total cholesterol) with the assistance of the Japanese Ministry of Health and

Welfare [21]. A total of 150,000 men and women above 30 years age were

recruited from 15 cohorts in Japan. As shown in table 1, the incidences of

hypertension, hyperlipidemia (hypertriglyceridemia, hypo-HDL choles-

terolemia and total hypercholesterolemia) and hyperglycemia were increased in
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parallel with the increased degree of BMI. When we calculated the odds ratio

for evaluating risks for suffering from these diseases, BMI 22 (BMI 20–23.9)

was estimated as 1, and odds ratios around 2 times higher BMI were 25 in

hypertension, hypertriglyceridemia and hypo-HDL-cholesterolemia, 29 in total

hypercholesterolemia, and 27 in diabetes. All these values fell into the category

of overweight or pre-obese by the WHO classification [20]. If we consider BMI

�30 as obesity according to the WHO criteria, we cannot explain the rapidly

increased incidences of closely obesity-associated diseases in Japan since the

prevalence of obesity in this criteria is less than 3%, as described above.

As shown in figure 2, the prevalence of subjects with BMI �25 in these

cohorts was 21.43% in males and 18.85% in females, which implies that about

20% (one fifth) were obese in Japan. It has turned out that this figure can

explain the rapidly increased incidences of obesity-associated chronic diseases

(lifestyle-related diseases) like diabetes, hypertension and hyperlipidemia.

Taken together, JASSO decided to determine BMI �25 as obesity [11]. The

proposed JASSO criteria for obesity in comparison with the WHO criteria is

shown in table 2. JASSO replaced overweight in the WHO classification by

obesity grade 1 in the JASSO classification, and divides obesity into four

grades instead of the three grades used by the WHO divides. Recent results

based on a Japan Nutritional Survey showed that the prevalence of obesity

(BMI �25) reached almost 30% in males aged 30–60 years and females aged

50–70 years (fig. 3) [22]. The situation seems to be continuously worsening.
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Fig. 1. Prevalence of obesity (BMI �26.49) in Japan. With permission, Int J Obes.
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Table 1. BMI and comorbidities

EMI division n Incidence, %

�15.9 16�17.9 18�19.9 20�23.9 24�25.9 26�27.9 28�29.9 30� total

Hypertension Male 78,855 13.2 17.7 17.9 22.6 30.6 35.6 42.2 46.9 26.6

Female 71,431 17.8 10.0 10.4 19.1 32.0 40.7 47.2 50.4 22.6

Hyper- Male 76,076 10.7 11.3 14.5 23.6 29.4 32.0 36.3 36.8 25.6

cholesterolemia Female 69,702 31.4 21.7 23.3 32.1 40.0 42.4 44.3 42.4 33.0

Hypo-HDL- Male 76,066 1.8 3.6 4.2 9.3 15.7 19.7 24.1 28.1 12.3

cholesterolemia Female 69,699 0.4 0.8 1.5 3.4 6.3 8.3 9.3 10.1 4.2

Hypertriglyceridemia Male 74,639 6.3 10.6 13.2 28.2 42.7 50.2 55.9 60.3 34.1 

Female 67,417 5.9 5.0 8.7 18.9 31.8 36.9 41.3 44.2 21.3

Hyperglycemia Male 43,555 6.0 8.1 6.7 8.1 8.5 11.3 15.0 15.4 8.9

Female 25,101 8.2 3.6 3.3 4.7 8.6 11.8 16.4 19.4 6.0
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To examine whether this criteria applies to people from the Asia-Oceania

region, the member countries of this IASO region met in Hong Kong twice. We

compared the data of seven countries (Japan, Korea, Philippines, Indonesia,

Hong Kong, Malaysia and Thailand), and have come to the conclusion that the

criteria of BMI �25 as obesity is appropriate for people from Asia-Oceania

where the main energy intake comes from carbohydrates (about 60%). We

installed the criteria of overweight as BMI between 23 and 25 since the data

from Hong Kong clearly showed that the incidence of obesity-related diseases

significantly increased in subjects with BMI �23 (table 3) [23]. Thus, we propose

that BMI �25 should be the classification for obesity in the peoples of Asia-

Oceania as a whole and not only for Japanese.
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Fig. 2. Prevalence of obesity from a 15-cohort study in Japan according to the criteria

of JASSO (BMI �25) and WHO (BMI �30) classifications.

Table 2. Classification of obesity in JASSO and in WHO

BMI JASSO WHO

�18.5 Underweight Underweight

18.5���25 Normal weight Normal weight

25���30 Obese class 1 Preobese

30���35 Obese class 2 Obese class I

35���40 Obese class 3 Obese class II

40� Obese class 4 Obese class III



Kanazawa/Yoshiike/Osaka/Numba/Zimmet/Inoue 6

The proposed criteria for obesity in Asia-Oceania are supported by the fol-

lowing results: (1) Chang et al. [24] compared values of BMI and body fat mea-

sured by dual X-ray absorptiometry (DXA), and found that BMI �25 kg/m2

corresponds to �25% of body fat in men and �38% in women, implying that

the determination of obesity by BMI is supported by body fat determination

They also indicated that the level of % body fat for BMI �25 in the people of

this region is similar to BMI �30 kg/m2 in Caucasians. Recently proposed cri-

teria of obesity based on evidence in this region indicates a BMI value between

25 and 30 (table 4).

In these situations, JASSO delivered the Tokyo Declaration, and the com-

mittee of the Asia-Oceania region published an obesity guideline called ‘The

Asia-Pacific Perspective Defining Obesity and Its Treatment’ to appeal that

obesity is a serious problem in Japan and Asia-Oceania and should be treated

seriously [23].
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Fig. 3. Prevalence of obesity in Japan according to the Japanese Nutritional Survey in

1999. With permission, Japanese Ministry of Welfare and Labor.

Table 3. Proposed classification of weight by BMI in adult Asians

Classification BMI Risk of co-morbidities

Underweight �18.5 Low (but increased risk of other clinical problems)

Normal range 18.5–22.9 Average

Overweight �23

At risk 23–24.9 Increased

Obese I 25–29.9 Moderate

Obese II �30 Severe
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Differentiation of Pathological Obesity

The next issue to be determined was how to differentiate pathological obe-

sity from simple obesity. In addition to the degree of obesity, fat distribution is

an another important risk factor for the incidence of obesity-related diseases.

Obesity is classified into two types according to fat distribution: (1) upper body

obesity, or abdominal obesity, or male type obesity in which fat mainly accu-

mulates in the upper abdominal area (so-called ‘apple type obesity’), and (2)

lower body obesity, or female type obesity in which fat mainly accumulates

under the gluteal area (so-called ‘pear type obesity’) (fig. 4) [9]. Upper body

obesity is more susceptible to obesity-related diseases [9, 25, 26]. Previously,

the waist-hip ratio (W/H) was proposed to differentiate upper body from lower

body obesity. However, recent evidence indicates that waist circumference is a

more appropriate indicator [7, 28]. In Japan, waist circumference over 85 cm2 in

males and over 90 cm2 in females is classified as upper body obesity [11].

It has also been reported that upper body obesity can be classified into two

types by abdominal computed tomographic (CT) scanning: (1) visceral fat obe-

sity, in which fat mainly accumulates around the visceral organs in the abdomi-

nal cavity, and (2) subcutaneous fat obesity in which fat mainly accumulates in

Table 4. Different criteria of BMI for obesity

BMI

WHO �30

WHO/WPR (WPPRO) �25

Japan �25

Bin; Chen (China) �25

Jia (China) �26

Zhang; Zhou (China) �28

Jun (China) �29

Lee (Hong Kong) �25

Ko (Hong Kong) �27

Tseng (Taiwan) �25

Lin (Taiwan) �27

Moon (Korea) �26.4

Chang (Korea) �25

Sykes (Singapore) �25

Vikram (India) �24

Mohan (India) �25

Misra (India) �24 (males), �23 (females)

Shiwaku (Japan) �25 Japanese

�30 Mongolian
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the subcutaneous tissue of the abdominal wall (fig. 5) [10]. Visceral fat obesity

is more susceptible to obesity-related chronic diseases [10, 28, 29]. Previously,

visceral obesity was proposed to be differentiated by the visceral fat area (V)

and subcutaneous fat area (S)/(V/S) ratio [10]. It has also turned out that total

visceral fat area is more appropriate to differentiate [28]. Total visceral fat area

over 100 cm2 is classified into visceral obesity in Japan [11]. We believe that a

similar situation will be found in the peoples of Asia-Oceania where the main

energy intake comes from carbohydrates. Under these circumstances, JASSO

proposed the criteria for ‘pathological obesity’ or ‘obesity disease’ as the

Apple type Pear type

Fig. 4. Illustration of upper body (apple type) obesity and lower body (pear type) obesity.

Subcutaneous fat obesity Visceral fat obesity
a b

Fig. 5. Illustration of visceral fat obesity and subcutaneous fat obesity by abdominal

CT scanning.
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following: In the case of BMI �25, we call either condition ‘pathological obe-

sity’. (1) conditions associated with obesity-related diseases such as diabetes,

hypertension, hyperlipidemia, etc. – we list up 10 obesity-related chronic dis-

eases in contrast to three diseases where risk factors for coronary heart disease

were focused on in Western countries, or (2) visceral fat obesity is confirmed by

CT scanning even without obesity-related chronic diseases [11].

Causes of Obesity in Japan

What causes the increased prevalence of obesity in Japan? Several causes

have been advanced: (1) overeating; (2) wrong eating pattern; (3) physical inac-

tivity; (4) heredity, and (5) disturbance in thermogenesis. Hyperphagia and inac-

tivity are two major risk factors for obesity. Hyperphagia may be an important

factor for the development of severe obesity; however, average energy intake in

adult people in Japan has not been increased or rather declined during these 45

years according to the results of a National Nutritional Survey in Japan (fig. 6)

[22]. During these periods, however, it is estimated that prevalence of obesity has

increased 4 times in males and 3 times in females. This indicates that physical

inactivity may be one of the main causes of the increased prevalence of obesity in

Japan due to the reduction of energy expenditure. Energy expenditure constitutes

60% of basal metabolism, 30% of activity metabolism and 10% of diet-induced

2,104 kcal

2,184 kcal

2,226 kcal

2,119 kcal

2,088 kcal

2,002 kcal

1,967 kcal

1955 13.3 8.7 78.0

13.1 14.8 72.1

14.6 22.3 63.1

14.9 23.6 61.5

15.1 24.5 60.4

15.4 25.5 59.1

15.4 25.5 59.1

1965

1975

1980

1985

1996

1999

0 50 100 (%)

Protein Lipid Carbohydrate

Fig. 6. Average daily energy intake and fat content in Japan between 1955 and 1999

according to a Japanese Nutritional Survey. With the permission, Japanese Ministry of Welfare

and Labor.
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thermogenesis. The effects of physical inactivity are as follows: (1) reduction of

energy expenditure of physical activity, and (2) alterations in metabolism which

includes (a) reduction of basal metabolism, (b) insulin insensitivity which leads to

an increase in insulin in secretion, and (c) activation of lipogenic key enzymes, all

of which contribute to the increase in fat accumulation. As we recognize, modern

Japanese people live in energy-saving societies. They have excellent public trans-

port systems, sophisticated machinery at their workplaces, and good electrical

equipment in their homes. Figure 6 also indicates that an increased high fat con-

tent in energy intake may also contribute to the increased prevalence of obesity in

Japan. During the 1970s, Japan experienced a rapidly increasing economic

growth. During the same period, fat intake rose to 20% of the total energy intake,

and the prevalence of obesity increased remarkably. Including an increase in fat

intake, wrong eating patterns such as irregular meals, not having breakfast, gorg-

ing or night eating, which induces an energy-saving metabolism in modern peo-

ple, also contributed to the increased prevalence of obesity in Japan.

Another contributing factor is genetic disorders. �3-Adrenergic receptor is

the site of thermogenesis in diet-induced or cold-exposure conditions. Figure 7

illustrates the structure of the �3-adrenergic receptor. Point mutation of trypto-

phan to arginine at the 64th amino acid sequence reduces the capacity of diet-

induced thermogenesis. This single nucleotide polymorphism (SNPs) was first

reported in Pima Indians in the USA [30]. The incidence of this polymorphism

is reportedly very high in Pima Indians, and around 80% of them become obese

diabetics by 40 years of age [30]. Yoshida et al. [31] reported that the incidence

of this abnormality was around 20% in the Japanese. This high incidence of the

SNP may contribute to the increased prevalence of obesity in Japan.

NH2

In cell

Outside cell

COOH
Trp64Arg
mutation

Fig. 7. Illustration of the structure of �3-adrenergic receptor and its mutation.
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Conclusion

JASSO decided to determine BMI �25 as obesity and classified obesity

into 4 grades, whereas WHO determine BMI �30 as obesity and classified

obesity into 3 grades. We propose that BMI �25 is appropriate for the criteria

of obesity in the people of Japan and Asia-Oceania, where the main energy

intake comes from carbohydrates. If these criteria are accepted by the WHO, we

may claim that the degree of obesity is low, but obesity-related problems in

Japan and Asia-Oceania are similar to those in Western societies. We also pro-

pose that different criteria for obesity should be accepted for different ethnic

groups and populations based on medical evidence.

Inactivity including lack of exercise is a main cause for this mild obesity in

Japan. Wrong eating patterns in modern life and genetic abnormalities in the

Japanese may also contribute to the increased prevalence of obesity in Japan.
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Exercise and Obesity in China

C. Chang

Institute of Sports Medicine, 3rd Hospital, Peking University, Beijing, China

Obesity is a chronic metabolic disease caused by the interaction of genetic

and environmental factors, which is defined as a condition in which there is an

excess of body fat. According to the etiopathogenesis, over 95% of obese suffer-

ers have simple obesity. The occurrence of simple obesity is closely associated

with genetics, unhealthy dietary patterns and inactivity or exercise deficiency.

Obesity is related to several chronic conditions such as type 2 diabetes, hyper-

tension, cardiovascular disease and some cancers, as well as itself an indepen-

dent chronic disease [1].

Although it is not a communicable disease, obesity has been listed as an

epidemic by the World Health Organization (WHO) because of its global

epidemic proportions, which are increasing rapidly. At present, China is in a

stage of social-economic transformation, and the changes in people’s life style

and dietary patterns have led to the prevalence and incidence of obesity increas-

ing dramatically in China. This has led to an increase in the prevalence such

obesity-related conditions as type 2 diabetes, hypertension and cardiovascular

disease, and lowered the quality of life of obese people. A series of health,

social and psychological problems related to obesity are attributed to obesity. In

order to improve the Chinese people’s health condition, elevate the quality of

life, and prolong an energetic life span, it has become an imminent task to

prevent and control obesity.

For prevention of obesity in the Chinese population, the Working Group on

Obesity in China (WGOC) of the International Life Sciences Institute Focal

Point in China, which was set up in 2000, consisting of epidemiologists, nutri-

tionist, endocrinologist, professionals of angiocardiopathy, sports medicine

and child health care, issued the body mass index (BMI) cut-off point for

overweight and obesity in Chinese adults in April 2002. In April 2003, the guide-

lines for prevention and control of overweight and obesity in Chinese adults rec-

ommended by WGOC was approved and published by the Ministry of Health of
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China. In November 2003, WGOC issued a draft recommendation of BMI

classification standard for Chinese children aged 7–18 years for discussion.

An active life style and a healthy diet can effectively improve fat metabo-

lism and reduce fat accumulation in body. Adjusting the dietary pattern and

regular physical activity is recognized as an economic, effective and safe

approach to prevent and treat obesity, as well as the best program to manage

body weight scientifically during one’s lifetime. This paper will review the

prevalence of obesity in China and the role of physical activity or exercise in the

occurrence of obesity, and the exercise prescription on weight reduction.

Assessment and Classification of Overweight and Obesity

Body mass index (BMI), which is defined as weight/height (kg/m2), and

waist circumference (WC) are the most widely used to measure and classify obe-

sity in adults. BMI generally correlates highly with whole body adiposity and WC

is a good index to measure visceral or abdominal obesity. In 1997, the WHO

clearly defined the various classifications of overweight and obesity [2].

Overweight is defined as BMI equal to and greater than 25; obesity is defined as

BMI equal to and greater than 30, WC equal to and greater than 94 cm for men

and 80 cm for women. However, these criteria may not be appropriate in Asian or

Pacific Island populations. Indeed, Asians such as Indians, Japanese and Chinese

are predisposed to visceral or abdominal obesity. The increased risk associated

with obesity occurs at lower BMIs in these population [3], because people with

abdominal obesity have a higher level of body fat than the adiposis universalis

ones at the same value of BMI. In China, the body fat level of women is 30% in

BMI 21–22, reaching 31.5% in BMI 23–24; for men, the body fat level is 26% in

BMI 25–26 [4]. Compared with the WHO criteria to classify overweight and

obesity, the type of obesity in the Chinese population is different from Western

ones, so the Chinese should have their own BMI classification standards. WGOC,

therefore, under the support of International Life Sciences Institute Focal Point in

China, organized a meta-analysis on the relation between BMI, WC and risk fac-

tors of related chronic diseases [5–8]. On the basis of the cross-section analysis of

239,972 adults (20–70 years) and perspective analysis of 80,000 adults surveyed

in the 1990s, including 21 provinces, municipalities and autonomous regions in

mainland China as well as in Taiwan, BMI at 24 or over 24 was recommended as

the cut-off point for overweight men and women, 28 for obesity. Waist circumfer-

ence beyond 85 cm for men and beyond 80 cm for women were recommended as

the cut-off points for central obesity. The recommendation of the BMI classifica-

tion and comorbidities risk associated with different levels of BMI and waist

circumference are presented in table 1 for Chinese adults.
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As children are still growing, the adult BMI cut-off is not considered

appropriate for children. In November, 2003, WGOC issued ‘The recommenda-

tion of the BMI classification for Chinese children aged 7–18 years’ (table 2).

The draft recommendation took BMI at the 85th percentile as the cut-off for

overweight, the 95th percentile as the cut-off for obesity of the age groups [9],

which is based on the meta-analysis with 3 data sets: (1) Data collected by 2000

Table 1. Risk of comorbidities associated with different levels of BMI and waist

circumference in Chinese adults

Classification BMI, kg/m2 Risk of comorbidities Waist circumference, cm

�85 (men) 85–95 (men) �95 (men)

�80 (women) 80–90 (women) �90 (women)

Underweight �18.5 – –

Normal range 18.5–23.9 – Increase Severe

Overweight 24.0–27.9 Increase Severe Very severe

Obesity �28 Severe Very severe Very severe

Adopted from ‘Guidelines for Prevention and Control of Overweight and Obesity in

Chinese Adults’.

Table 2. Draft recommendations on BMI classification for Chinese

children aged 7–18 years

Age, years Boys Girls

Overweight Obesity Overweight Obesity

7– 17.4 19.2 17.2 18.9

8– 18.1 20.3 18.1 19.9

9– 18.9 21.4 19.0 21.0

10– 19.6 22.5 20.0 22.1

11– 20.1 23.6 21.1 23.3

12– 21.0 24.7 21.9 24.5

13– 21.9 25.7 22.6 25.6

14– 22.6 26.4 23.0 26.0

15– 23.1 26.9 23.4 26.9

16– 23.5 27.4 23.7 27.4

17– 23.8 27.8 23.8 27.7

18– 24.0 28.0 24.0 28.0
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National Survey on Fitness and Health of School Children, with exclusion of

children stunted and wasted, the reference sample population (RSP) consists of

242,575 children aged 7–18 years. (2) Database on BMI and blood lipid profile

(TC, TG, HDL-C) of 2,293 children aged 10–18 years collected in Beijing.

(3) Database on BMI and blood pressure of 4,982 children aged 7–15 years col-

lected in Beijing in 2001.

Prevalence of Obesity in China

The Prevalence of Obesity Is Lower than in the Developed 
Countries or Western Societies, but Is Increasing Rapidly
The prevalence of obesity (BMI �30) in Europe and America is about

20%. According to data of the National Health and Nutrition Examination

Survey III (NHANES III, 1988–1994), 39.4% adult men and 24.7% women

were overweight, 19.8% men and 24.9% women were obese in the United

States [10]. In 1999, the overweight were 34%, the obese 27% [11].

It is known that the Chinese population has one of the lowest BMI in the

world, and the prevalence of obesity was less than 3% (using WHO standard for

obesity, the same as follow) until 1992 [12]. However, with rapid development

and economic improvement, and the people’s elevated living standard, there

was a dramatic increase in the prevalence of overweight and obesity in the

Chinese [6, 13–16], especially in children and adolescents. In the National

Nutrition Survey of 1992 [13], 14.4% of adult aged 20–74 years were over-

weight, 24.6% in urban regions and 10.4% in rural regions; 1.5% was obese,

2.9% in urban regions and 1.0% in rural regions, far less than the developed

countries of Europe and America at the same time. Meta analysis of the data

from 240,000 adult aged 20–70 years in 1990s indicated that 22.4% were clas-

sified as overweight, 3.0% as obese [6]. If applying the Chinese BMI cut-off

point, 26.0% (24� BMI �27.9) were classified as overweight, 7.6% (BMI

�28) as obese. On the basis of data from 42,751 subjects aged 20–74 years who

had lived in the communities for no less than 5 years in 11 provinces,

autonomous regions and municipalities of China from July 1995 to June 1997,

Wang et al. [14] reported that the prevalence rate of overweight and obesity

were 21.51 and 2.92%, respectively. The age-standardized prevalence rates of

overweight and obesity were 18.28 and 2.48%, respectively. Compared with

1992, the prevalence rate of obesity increased 2.48 and 2.19 times in urban men

and women, 1.26 and 3.69 times in rural men and women, respectively. In

5 years, the annual incremental rate of obesity in urban and rural adult men and

women reached 25.49, 21.71, 11.76 and 38.56%, respectively. Other available

data from representative population samples suggested that the prevalence of
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overweight and obesity increased at a surprising speed in China, which started

to show significant increases from the early 1990s, but more prominently in the

late 1990s [15–16]. The authors investigated 15,389 middle-aged men and

women from 15 natural populations all over China with different geographical,

economical (urban and rural) and occupational status in 1998, and compared

with the matching data of 1980–1984 and 1992–1994. The results showed that

the average prevalence rate of overweight rose 137% in adult men, 95% in adult

women during the 16 years between 1980s and 1990s. In some of the popula-

tion, such as Beijing dwellers aged 35–59 years, 50–60% were overweight in

1998 [15]. The National Survey on Fitness and Health of Citizens in 2000

found that 10% of boys and 5% of girls aged 7–18 years were obese, being 1.7

and 1.6 times of 1995, respectively [16].

In China, the ratio of overweight to obesity is now 7.39 to 1, much higher

than that in Europe and America (2 to 1, or 1 to 1), which indicates that most of

Chinese overweight are pre-obese. On the other hand, China has a higher preva-

lence of overweight and obesity in children and adolescents. The prevalence of

overweight and obesity across the three National Survey of Fitness and Health

of School Children is presented in table 3 for boys and girls aged 7–22 years

[9]. All of these data suggest that there is a great potential risk for obesity to fur-

ther increase in China.

District Differences: Higher in the North than the South, 
and Higher in Urban than in Rural Areas
The National Sampling Survey on Hypertension in 1991 was carried out in

950,356 men and women aged 15–75 years from 30 provinces, autonomous

Table 3. Prevalence of overweight and obesity for boys and girls aged 7–22 years in

China, 1985–2000

Area Overweight Obesity

Boys Girls Boys Girls

Urban 1985 1.42 2.02 0.27 0.22

1995 6.79 5.12 2.65 1.59

2000 11.07 7.36 5.72 2.94

Rural 1985 0.65 2.23 0.06 0.10

1995 2.50 3.56 0.69 0.48

2000 4.85 4.71 1.90 1.15

The Chinese children BMI classification standard was applied.



Chang 18

regions and municipalities of China (not including Taiwan). The results showed

that the average BMI of the Chinese population was 21.4 kg/m2, the northern

had a higher BMI (�22.0) than the southern (�21.0) [17]. The same conclu-

sion was obtained from Wang et al. [14] and Wu et al. [15] reports in 1998.

The population standardized prevalence of obesity was 2.5% for men and

4.4% for women in the north, higher than that in the south (1.25% of men and

1.90% of women). In urban regions, the standardized prevalence of obesity was

2.48% for men and 3.73% for women, comparable figures for rural regions

were 0.78 and 2.58% [14]. In the 31 Province and Municipalities Nutrition

Survey on 72,800 Young Men aged 17–21 years of 2001, the Chinese BMI 

cut-off point was applied and 8.7% were classified as overweight and 2.2% as

obese in the urban regions compared to 4.7 and 0.8% in the rural regions

Northern China had the highest level of overweight and obesity, which was 11.0

and 3.1%; Middle and Southern China had the lowest level, which was 3.4

and 0.6% [18].

In addition, the prevalence of obesity in the economically developed region

of the south increased quickly with the rapid economic progress of the southeast

and along the coast. In 2001, there were 26.6% of men and women in Shenzhen

city and 29.6% of men and women in Beijing city classified as overweight

(BMI �25) [19–20]. These figures show that the gap in prevalence of obesity

caused by different diets, and economic and cultural differences, have been get-

ting less and less between the northern and the southern regions.

Gender-Related Variation

A gender-related difference in prevalence of overweight and obesity was

evident. In the early 1990s, Chinese women had a higher level of overweight

and obesity [13, 17]. In 1991, the average BMI of women was generally 0.1–0.7

higher than men. There were 56.9% of men and 51.4% of women with a BMI

between 19.0 and 22.9, but 10.2% of men and 14% of women with a BMI

greater than 25 [17]. The same results were observed in the data of 1992, the

women’s BMI was higher than for men of the same age. The BMI of men and

women increased with aging, but the increasing speed was faster in women than

in men. The prevalence of overweight and obesity was 14.99 and 1.89% for

women, both higher than for men (10.51 and 1.07%) [13].

In the late 1990s, a new feature of prevalence of overweight and obesity

appeared between men and women [14, 21]. In 1997, the prevalence of obesity

in women was 1.7 times higher than in men, but the prevalence of overweight in

men was equal to or even higher than for women. The ratio of overweight to

obesity in men was higher than that for women during every age, but also in the
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south (men 13.59:1, women 8.18:1) or the north (men 8.78:1, women 5.08:1),

in urban regions (men 9.50:1, women 5.75:1) or rural regions (men 13.81:1,

women 6.02:1) [14]. During the 5 years of 1992–1997, the annual incremental

rate of prevalence of obesity was 25.49% of men and 21.71% of women in the

urban region [14], which meant that the increasing speed of obesity in men had

exceeded that of the women. Zhang et al. [21] also reported that the adult men

had a higher level of overweight and class I obesity than the women, the average

age of men was lower than women in the same BMI group. All of the above

figures suggested that the increasing situation of obesity in men may be more

serious than in women.

Trend to Lower Age in Obesity Prevalence

The prevalence of overweight and obesity increased with aging and

reached the peak at the age of 45–55 years [13, 14, 19, 22]. China is about to

become an aging society, and it is inevitable that the obese population will

increase. The recent surveys found that the risk of overweight and obesity in the

30-year-old group had increased significantly [14, 22], indicating that over-

weight and obesity in Chinese adults begins at an earlier age.

Physical Activity and Weight Control

The principles of thermodynamics dictate that increases in caloric intake,

decreases in energy expenditure, or both can lead to obesity. The increased

prevalence of obesity in China was closely related to both of the above. The

change of dietary patterns and deficiency of physical activity can make contri-

butions to obesity in China. Traditional Chinese dietary patterns were charac-

terized by with low-fat, low-energy density, high carbohydrate and high fiber.

Since 1985, the traditional dietary pattern has changed deeply, showing a

decrease of cereal and vegetables, and a rapid increase of meat and oil and fat

[23]. Du et al. [23] investigated the implications of dietary transitions in China

during the past 50 years. Data were collected from the representative national

surveys, China Health and Nutrition Survey (1989–1997), China National

Nutrition Survey (1982–1992), Annual Household Consumption Surveys of the

State Statistic Bureau and the Annual Death Report of China. The results

showed that in the early part of the major economic transformation, cereal

intake increased before 1985 and decreased thereafter. There was also a long-

term reduction of vegetable consumption, which has now stabilized. Intakes of

animal products increased slowly before 1979 but more quickly after the
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economic reforms. The total energy intake is reduced, as energy expenditure

has, and large changes in the composition of energy have occurred. The

percentage of energy from dietary carbohydrates declined from 70–80 to

53–60%, while the percentage of energy from fat increased from 19.3 to 27.3%

on average and 32.2% in urban residents in 1997. More than one third of all

Chinese adults and 58.7% of adults in urban areas consumed over 30% of their

energy from fat. These changes resulted in rapid increases of the prevalence of

overweight and obesity and death related to chronic diseases in urban residents.

Meanwhile, unhealthy eating behavior contributed to the prevalence of obesity

in China as more and more people go out for dinner, which means a lot of food

eaten, not eating breakfast, eating fast food, and often eating high fat and

caloric dense food and snacks [24].

The decrease in energy expenditure from lack of physical activity was also

an important cause leading to the increases of obesity in the Chinese popula-

tion. Although there are not direct data on population levels of energy expendi-

ture, physical activity levels in the population appeared to decline during the

past decades. It seemed likely that the decline in energy expenditure was due to

the great changes of gradually engineering out of daily life the need to expend

energy. Some more prominent examples of this trend included the increasing

mechanization in the workplace, modern vehicles, labor-saving devices for the

house, and the ubiquitous use of computers at work and at home. According to

the China Health and Nutrition Survey of 1997, the proportion of both men and

women engaging in heavy physical labor decreased, but increased in light phys-

ical labor in urban areas. In rural areas, the proportion of people engaging in

light physical labor did not change, but increased relatively in heavy physical

activity for both men and women [23]. A survey on the correlation between

physical activity and other risk factors of cardiovascular disease in the middle-

aged population reported that the average time for physical activity of heavy

and medium intensity in a day was 20.7% in rural dwellers, significantly higher

than that in urban dwellers (7.2%); no time or less time for physical activity in

rural dwellers was less than in urban dwellers [25]. The physical inactivity

trended to increase the risk of cardiovascular diseases related to obesity. These

differences of physical activity level between city and countryside were consis-

tent with the prevalence seen in overweight and obesity in China, being higher

in the city than the countryside.

Besides the decline of occupational physical activity, leisure physical exer-

cise and fitness-related activities were not sufficient either. Investigation on the

physical activity of 1,112 civil servants from 9 provinces of Eastern China

showed that 92.1% of women and 78.8% of men performed exercise or physical

activity less than 3 times per week, 77.3% of women and 22.7% men less than

30 min per day [26]. Another investigation on adult women reported that
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60.06% took part in physical exercise, the average exercise time was 3.82 h per

week (0.55 h/day), but only 20% often did it [27].

An additional problem is that many overweight or obese individuals are

sedentary and unfit. These persons simply cannot perform large amounts of

exercise, at least over the short-term. A sedentary lifestyle may have been the

major factor that led to obesity. Bell et al. [28] studied motorized transportation

and obesity in China based on the cross-sectional data (1997) of 4,741 Chinese

adults aged 20–55 years from eight provinces and the Cohort data (1989–1997)

of 2,485 adults aged 20–45 years in 1989 (59% follow-up). The results showed

that the odds of being obese were 80% higher for men and women in house-

holds who owned a motorized vehicle compared with those who did not own a

vehicle. Compared with those whose vehicle ownership did not change, men

who acquired a vehicle experienced a 1.8-kg greater weight gain and had 2 to 1

odds of becoming obese. On the other hand, the sedentary persons enjoy spend-

ing most of their leisure time on indoor recreation such as watching television

and playing electronic games instead of exercising or being active outdoors.

The other factors of limiting outdoor activity are crowded living conditions

caused by population increases, relatively and absolutely insufficient exercise

facilities, and severe air pollution.

Exercise Prescription for Weight Reduction

Prevention and treatment of obesity have not short circuited. Weight reduc-

tion needs a measure combined with dietary restriction, regular moderate exer-

cise, improving unhealthy life styles, and pharmacotherapy. As it is not likely to

control or manage weight lifelong by depending on medicines, a combination

of appropriate caloric restriction and regular moderate exercise is the major

approach to weight loss [29].

It is clear that regular moderate physical activity is helpful for weight con-

trol and maintenance of weight loss, as well as overweight or obese individuals

obtaining important health benefits from activity. Adherence to formal exercise

programs is typically poor, particularly among obese individuals. According to

the present basal theory study and applying research achievement, the exercise

prescription for weight reduction should be as follows [30].

1. Exercise mode: Aerobic exercise recommended, a kind of rhythmic low

resistance dynamic exercise, such as walking, jogging, bicycling, rope

skipping, dancing, swimming, mountain clamping and activities using var-

ious kinds of balls, etc. These dynamic rhythmic exercises of multiple

muscles are known as the effective exercises for weight loss. When select-

ing an exercise, It should be treated according to personal interest and
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health condition. It is better to select the exercise or activity you enjoy and

you can perform throughout all your life.

2. Exercise intensity: Moderate or low intensity, equivalent of 50–70%

VO2max, 3–6 mets, 60–70% of the greatest predicted heart rate, Borg score

9–11, a little tired or slightly tired of perceived exertion. Exercise at moder-

ate or low intensity can burn the body fat effectively [31]. For overweight

individuals, vigorous exercise may be uncomfortable or even painful, only

medium or low intensity exercise can be accepted and performed continu-

ously. A study of Weyer et al. [32] indicated that the exercise scheme, 3–6

mets, 30 min per day, all days of the week, recommended by American

Center of Disease Control and American College of Sports Medicine, have

reached good effects on weight loss.

3. Exercise duration: 30–60 min per day recommended, but 60–120 min per

day better [33–34]. The total exercise times can be accumulated throughout

a day, but 10–20 min or more per session is encouraged for effective body

fat loss.

4. Exercise frequency: 3–5 days per week, preferably all days of the week.

Exercise does not produce any efficiency until it is accumulated to the

extent.

5. Appropriate resistance and stretch exercise: 2–3 days per week, 10–15 min

each day, so as to train the body. It is not easy to get obese when you are

increasing the skeletal muscle weight of the body.

6. Abdominal exercise: Such as sit ups, abdomen massage, 1–2 times each

day, 3–5 days of the week. To aim at the central obesity, it is necessary to

perform abdominal muscle exercise for increasing abdominal muscle

strength.

Exercise Strategy for Weight Reduction

Weight reduction requires a long-term approach. The process of weight

reduction requires time to establish a healthy lifestyle and good living habits.

There should be no sense of hunger or being uncomfortable with exercise during

the whole phase of weight reduction. Although regular physical activity is benefi-

cial for the prevention of weight gain and weight maintenance, regular participa-

tion in physical activity does not make all people thin. For weight loss, no matter

what exercise you do, the key point is to exercise at low and moderate intensity for

a long time. Weight reduction is not merely weight loss, body fat loss is more

important. The exercise prescription should keep to the individual’s ability

and present activity levels, trying to meet individual need. The individualized

prescription should be practicable and convenient, avoiding over exercise and
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preventing injury. The speed of weight reduction should not be too quick, generally

recommended at 2–4 kg/month. In addition, the diet should be restricted and

adjusted appropriately according to the exercise amount at anytime.

For the overweight or obese individual with a low level of physical activity,

exercise should be performed on their current level of activity to establish a

baseline, then gradually increase the activity to meet the goal, step by step from

small to a large amount of exercise, from endurance to resistance exercise, from

easy to a more strenuous activity. Activity can be accumulated throughout the

day. As individuals become more physically fit, they are able to exercise

comfortably at a higher intensity and are able to achieve any given amount of

exercise in a shorter period of time.

For the obese person who says there is no time to exercise, it is recom-

mended to increase routine daily physical activity and try to be more active

every day, such as riding a bicycle or walking to work instead of going by bus,

taking the stairs instead of the elevator, standing instead of sitting if possible,

walking after meals, watching less TV, etc. There is much evidence that behav-

ioral interventions to increase lifestyle physical activity are effective in promot-

ing weight loss and healthy outcomes [35–37]. A major benefit of regular

physical activity is in the preservation of weight loss once it has been achieved.

Help the person with changing their opinion on exercise, thinking of activity

as a chance to improve health instead of wasting time, exercise is a kind of

enjoyment and improvement of health without side effects; strengthening the

opinion of exercise throughout life. Encourage the persons to become and stay

physically active.

According to the above principle, a weight reduction strategy should

include three phases: an adaptive phase, a weight reduction phase, and a main-

taining or solidifying phase.

1. Adaptive phase: Weight loss by physical activity requires a long-term view

and can be enhanced by helping overweight or obese individuals first

become physically fit so that they are capable of sustaining larger increases

in energy expenditure. During this phase, the aim is to cultivate a good

habit of exercise or physical activity, and enhance muscle and joint range

of motion, making the body adapt to exercise; the set goal is 300 kcal to be

consumed by exercise. It generally takes 1–2 weeks or 1 month, based on

the present activity level.

2. Weight loss phase: The aim is to reduce body fat and increase fitness. The

set goals are to decrease 5–10% of current weight at a rate of 2–4 kg per

month, 500–600 kcal lost through exercise. It generally takes 3–6 months

or more to accomplish this.

3. Maintaining and solidifying phase: The aim is to keep on and maintain a fit

and active lifestyle, establishing a new energy balance at a lower energy
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level. The set goals are to consume 300 kcal or more by exercise. It gener-

ally takes 6–12 months or more. Diet restriction appears to be a more

successful avenue to achieve short-term weight loss. Adding 30–60 min of

physical activity three times a week to a caloric restriction program

increases the amount of weight lost by approximately 2 kg. Physical activ-

ity appears to be crucial for maintaining weight loss once it has occurred.

Most lost weight is regained over 1 or 2 years, unless the individual

becomes and stays physically active.

Conclusions

Overweight and obesity have reached epidemic proportions in China with

the characteristics of a rapid increase (evident district differences, gender-

related variation, and trend to an earlier age) in the prevalence and incidence.

With the economic reform comes the change of diet patterns and reduction of

physical activity, which make a major contribution to the rapid increase of obe-

sity in the Chinese population. In order to prevent and control the prevalence of

obesity in China, the WGOC issued the classification standard of weight by

BMI in adult Chinese and a draft recommendation of BMI classification stan-

dard for Chinese children aged 7–18 years. Meanwhile, the Ministry of Health

of China published the guidelines for prevention and control of overweight and

obesity in Chinese adults. Regular physical activity is helpful for weight loss,

prevention of weight gain and maintenance of weight loss. Weight reduction is

only achieved in the long term. An exercise prescription for weight reduction

should keep to the individual’s ability and their present physical activity level.

Three stages, i.e. adaptive phase, weight loss phase, maintenance and solidifi-

cation phase, were recommended in the exercise strategy for weight reduction.
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Over the last two decades obesity has become the most prevalent nutritional

disease of children and adolescents in the United States and in many European

countries [1, 2], as well as a growing problem worldwide [3, 4]. The accumulat-

ing evidence of multiple surveys, albeit much of it fragmentary, indicates that

this rising incidence of overweight and obesity among children parallels the

global ‘obesity epidemic’ among adults [5]. A vast body of evidence is amassing

on the short-term health consequences of childhood obesity and the multiple

adverse effects tracking through to morbidity and mortality in adulthood [6–9].

The scale of the problem and the attendant rising rates of type 2 diabetes and

other co-morbidities characterizing the metabolic syndrome among both chil-

dren and adults is, therefore, justifiably causing concern, as shown by the recent

volume of publications [9] and public health policy initiatives [10, 11].

Prevalence

In Greece, adult obesity rates are among the highest in Europe. Data from

the European Prospective Investigation into Cancer and Nutrition (EPIC) show

the highest prevalence of obesity in adult men and women from Spain, Greece

and Italy [12]. Available data for children and adolescents suggests a similar

pattern, although there are differences in reported prevalence rates and ‘rank-

ing’ in comparison with other countries depending on the reference values used

to define overweight and obesity; i.e. the BMI cut-off criteria adopted by the

IOTF of childhood equivalents of overweight and obesity in adulthood [13], the

CDC growth charts (85th and 95th percentiles as the cut-offs for overweight
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and obesity, respectively) [14], or population-specific reference values. The

reliability, validity and comparability of existing prevalence data is also compli-

cated by differences in survey populations and, critically, on whether the BMI

calculations were based on self-reported weight and height data or obtained

through direct physical examination.

The only national survey data reported to date in Greece relies on self-

reported data-sets [15]. This survey involved 4,299 children and adolescents

aged 11–16 years and was carried out in 1997–1998 as part of the WHO Health

Behavior in School Aged Children (HBSC) study. According to the IOTF crite-

ria, 9.1% of all girls and 21.7% of all boys were classified as overweight, with

corresponding values for obese girls and boys of 1.2 and 2.5%, respectively.

Corresponding values using the CDC growth charts were 8.1% of girls and

18.8% of boys classed as overweight, and 1.7% of girls and 5.8% of boys as

obese. The authors conclude that the prevalence of obesity is low in Greek ado-

lescents ‘compared to most other Western countries’. The claim is, however,

misleading given that their data is compared with only 3 surveys, the US

NHANES data [16], and regional surveys in Britain [17] and Germany [18],

which in turn are based on direct anthropometric measurements. Less optimisti-

cally, comparison with other (HBSC Study) national school-based surveys

using identical data collection methods indicate that the highest prevalence of

overweight in adolescents are to be found in the United States, Ireland, Greece,

and Portugal [19].

While providing a useful overview, survey results such as these based on

self-reported data, particularly where no validity sub-study has been conducted,

are liable to underestimate the problem [20–24]. To date, more reliable data sets

based on direct anthropometric measurements are available from two regional

school-based studies, in Crete [24, 25], and in Thessaloniki [26]. Comparable

data is also available for the ethnic Greek pediatric population of Cyprus [27].

These studies were incorporated in a comparative review of a number of

surveys in European countries using similar methodologies and the IOTF-

recommended cut-off criteria to estimate prevalences of overweight and obesity

[28]. The report showed the highest prevalence (�30%) of combined over-

weight and obesity among children aged 7–11 years in the Mediterranean

South: Italy, Malta, Spain, Greece and Cyprus. Among adolescents (14–17

years) in these Mediterranean countries the incidence of overweight is substan-

tially lower (�20%), comparable to reported rates for adolescents in Britain,

but still higher than their counterparts elsewhere in Europe.

Within Greece, available data suggests regional variations in incidence

rates: similarly high overall prevalences of overweight are reported for the child

and adolescent populations in Crete and in Thessaloniki, but higher incidences

of obesity are reported for Crete. The prevalence of combined overweight and
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obesity has also been reported as being higher in urban areas compared to semi-

urban/rural areas [15]. ‘North/south’ regional variations (in growth curves)

have been documented in Italy [29]. Whether the variations observed between

studies in Greece to date are a function of study design or measurement sensi-

tivity or socio-demographic factors impacting on regional susceptibility to

obesity has yet to be determined. Similar reservations apply to available data on

gender and age-related trends. Given this, Krassas et al. [26] report a pattern of

higher prevalences of overweight and obesity among children compared to

adolescents for Thessaloniki, an age-related trend which was not found in the

Crete study. Similarly, gender difference in prevalences of overweight and

obesity were not as marked in children in Crete, although all studies show the

prevalence of obesity as being consistently higher in adolescent boys.

Prevention

While the merits and limitations of existing survey data may be discussed ad

nauseum, the essence is not disputed: namely, that the prevalence of obesity

among children and adolescents in Greece is among the highest in Europe.

Specific socio-cultural factors can be implicated in this phenomenon – namely,

the ‘overfeeding syndrome’ observed in Greece following the trauma of hunger

and starvation experienced during the occupation in World War II. Influences

such as the effects of undernutrition in utero and infancy reported for the Dutch

famine cohort [30, 31] may also have been contributory factors. The contempo-

rary situation among the Greek population is witness to the sequel insofar as

obesity in childhood frequently tracks into adulthood [9] and parental obesity is a

risk factor for childhood obesity [32, 33]: i.e. the obese child is at risk of becom-

ing the obese parent of obese children. More generally, in common with other

Mediterranean countries [34], nutritional trends in Greece away from the tradi-

tional dietary habits and towards more energy dense diets are considered to play a

significant role. Diet, physical activity and sedentary behaviors are the ‘universal’

risk factors for overweight youth identified in our increasingly ‘obesogenic’

environments, and interventions for prevention and treatment of childhood

obesity typically target these behavioral risk factors, although their relative causal

significance is not well understood [35, 36]. Difficulties associated with the

effective treatment of obesity [37], and the long-term adverse effects of childhood

obesity, makes population-based approaches to the prevention of childhood

obesity a public health priority, with primary preventive strategies initiated early

in life as arguably one of the most promising ways to face this epidemic.

The Greek experience of primary preventive programs is limited to date.

However, one of the few programs in Europe to have reported positive results in
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terms of obesity and physical fitness is the 6-year health and nutrition education

intervention program in primary schools in Crete [38]. The concept, design,

intervention strategies and results of the health and nutrition education inter-

vention program undertaken in Crete have been reported in detail elsewhere

[25, 39]. In brief: The program was a school-based health education interven-

tion characterized by teacher-delivery of ‘customized’ classroom materials, a

physical activity component, and parental involvement. The program, initiated

in 1992, followed a progressive 6-year course design through grades 1 to 6. For

evaluative purposes, intervention took place in 2 counties of Crete with a third

county acting as control. A sample of 24 schools (602 children) in the interven-

tion counties and 16 schools (444 children) the control county were randomly

selected and baseline measures were taken of all children enrolled in the study

(age 5.5–6.5 years). To date there have been 3 follow-up examinations: (1) in

1995, an interim examination of a sub-sample following 3 years of intervention

(n � 471); (2) in 1998, examination of all available subjects (age 10.5–11.5) at

the end of the program (n � 831); (3) in 2001–2002, follow-up at grade 10 of

the pupils examined in 1998 (n � 634).

At baseline and all subsequent evaluations a standard set of measures

were obtained. These included anthropometric data (for calculation of BMI,

waist-to-hip ratio, and skinfold measurements); biochemical indicators (total

cholesterol, HDL, serum triglycerides, serum vitamins, etc.); physical activity

record and physical fitness assessment (using the EUROFIT tests protocol);

dietary assessment based on 3-day weighed food records; pupils’ health knowl-

edge and attitudes. Data was also collated from parents (age, anthropometric

measures, occupation and educational level, health knowledge and attitudes).

Results at the end of the program were encouraging with observed changes

in biochemical indices of health status (total cholesterol, TC:HDL, LDL:HDL),

improvements in health knowledge, and significantly greater physical activity

and fitness levels being recorded for the intervention group [25]. Most notably,

the age-related increase in BMI was shown to be smaller in the intervention

group – a distinctive result for a health education intervention study shared to

date only by Kiel Obesity Prevention Study [40]. Preliminary evaluation of the

2001–2002 data 4 years after cessation of the program indicates smaller but

persistent differences between the subjects, now adolescents, in terms of nutri-

tional status, cardiorespiratory fitness and certain behaviors [41]. Specifically,

as shown in figure 1, the reduction in total cholesterol noted in both groups dur-

ing adolescence was significantly greater in the intervention group compared to

the control group (p � 0.001) although, as shown in table 1, positive effects on

the lipoprotein profiles observed during the intervention period did not persist.

Most interestingly, figure 2 shows that (mean) BMI had increased significantly

less (p � 0.001) in adolescents who had been in the intervention group
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compared to those who had been in the control group. This may reflect persist-

ent differences in physical activity and fitness. As shown in figure 3, the previ-

ously significant differences in performance in the shuttle run test, indicative

of cardiorespiratory fitness, diminished after the program ended. However,
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Fig. 1–3. Differences in each follow-up examination from the baseline examination in

1992. Source: Linardakis et al. [41].
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Table 1. Serum lipoprotein levels of children of Crete

n Baseline Evaluation Total Changes p

1992

1st: 1994–1995 2nd: 1997–1998 3rd: 2001–2002

Total cholesterol, I 139 186.9 � 2.6 173.9 � 2.5 173.8 � 2.6 164.4 � 2.4 174.7 � 2.2 �16.2 � 1.8 �0.001

mg/dl

C 101 174.2 � 3.1 185.1 � 2.9 172.3 � 3.1 162.6 � 2.8 173.6 � 2.6 �0.9 � 2.0

Triglycerides, I 139 51.3 � 1.7 44.3 � 1.9 65.6 � 2.0 64.7 � 2.2 56.5 � 1.4 6.9 � 1.8 NS

mg/dl

C 101 50.9 � 1.9 40.1 � 2.3 67.6 � 2.4 62.9 � 2.6 55.3 � 1.7 6.0 � 2.1

HDL-C, mg/dl I 137 60.6 � 1.3 54.3 � 1.3 58.7 � 1.3 52.7 � 1.0 56.6 � 1.0 �5.3 � 1.0 NS

C 101 62.8 � 1.5 58.2 � 1.5 57.8 � 1.5 50.9 � 1.2 57.4 � 1.2 �7.2 � 1.1

LDL-C, mg/dl I 139 115.9 � 2.5 110.5 � 2.2 102.7 � 2.3 98.6 � 2.1 106.9 � 2.0 �12.0 � 1.6 �0.001

C 101 101.2 � 3.0 118.9 � 2.6 101.0 � 2.7 99.1 � 2.4 105.1 � 2.4 5.1 � 1.9

Index of total I 137 3.21 � 0.07 3.49 � 0.09 3.12 � 0.07 3.27 � 0.07 3.27 � 0.06 0.08 � 0.05 0.002

cholesterol 

to HDL-C

C 101 2.92 � 0.09 3.34 � 0.10 3.15 � 0.08 3.31 � 0.08 3.18 � 0.07 0.34 � 0.06

Mean values � SE. 

I � Intervention group; C � control group.

ANCOVA – (GLM: repeated measures analysis): The test was carried out on the differences from baseline. Sex, and mean difference of BMI

(of all examinations from baseline) were used as covariates in all examinations. NS � No significant difference.

Source: Linardakis et al. [41].
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adolescents from the intervention group continued to spend more time on

moderate-to-vigorous activities than their counterparts from the control group,

although the statistical significance of this difference observed during the

course of the intervention program was not sustained 4 years after termination

of the program. Another positive behavioral result was that smoking onset rates

were found to be significantly lower among adolescents in the intervention

group (7% compared with 13% in the control group, p � 0.005). It is possible

to speculate that reinforcement of positive behavioral choices, particularly

physical activity, through maintenance of such health education programs

through high school would be beneficial. Certainly, the long-term effects of

these programmes can only be assessed by tracking the study populations

through adolescence and adulthood. There is sufficient evidence in the mean-

time, however, to recommend the development of comprehensive programs

beginning as early as possible to tackle the particularly urgent problems of

dietary and lifestyle choices contributing to childhood obesity. 

In conclusion: rates of childhood obesity in Greece are among the highest in

Europe; an alarming trend that is shared by other Mediterranean countries. The

significant comorbidities and health problems associated with this pediatric

obesity epidemic are now being recognized, but we are lagging in the develop-

ment of appropriate preventive responses. Public health strategies, which if

successful will impact on the increasing adult obesity rate, require political com-

mitment and appropriate funding which to date have not been forthcoming in

Greece. The limited experience to date of primary preventive strategies indicate

that educational interventions in the school environment have great potential

and, in the Greek experience, offer one encouraging element of the multi-faceted

strategies needed to tackle the urgent problems of dietary and lifestyle choices

contributing to the growing blight of childhood obesity.
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Epidemiology of Physical Activity from
Adolescence to Young Adulthood

Deborah J. Aaron, Yoon-Suk Jekal, Ronald E. LaPorte

University of Pittsburgh, Pittsburgh, Pa., USA

Physical activity (PA) is a major determinant of morbidity and mortality and

has been identified as a priority area for promoting health [1]. However, given the

documented benefits of achieving and maintaining an active lifestyle, many adults

do not meet the recommended levels of physical activity to prevent disease and

promote health. Research indicates that there are both physical and psychological

benefits associated with increased physical activity in childhood and adolescence.

However, it has been proposed by some health promotion experts that physical

activity in childhood may also have direct influences on adult health based on

several theories of the relation between physical activity during childhood and

physical activity during adulthood. As summarized by Malina [2], there are two

potential pathways by which promoting physical activity during childhood can

influence adult health. First, physical activity patterns established in childhood

may persist into adulthood where the relation between physical activity and health

has been established. This theory is based on the assumption that physical activity

tracks over time and those active children will become active adults. The second

pathway is a direct relation between physical activity during childhood and adult

health. This is based on the assumption that increasing physical activity in children

will have long-term health benefits in adulthood independent of adult physical

activity patterns. However, there are little data to support either of these pathways.

The purpose of this paper is to present an overview of the epidemiology of physi-

cal activity from adolescence to adulthood based on findings from several large

longitudinal studies.

Methods

We identified six longitudinal studies that measured physical activity from the adoles-

cent years into young adulthood (table 1). These studies include the Amsterdam Growth and

Health Study (AGHS), the Cardiovascular Risk in Young Finns Study (CRYFS), the Danish
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Youth Sport Study (DYSS), the Leuven Longitudinal Study on Lifestyle, Fitness and Health

(LLS), the Northern Ireland Young Hearts Study (NIYHS), and the University of Pittsburgh

Physical Activity Study (PittPAS). All of these studies except the LLS included both boys and

girls. All studies collected baseline data during adolescence and followed the subjects from 8

to 27 years. A questionnaire was used in all studies to assess physical activity with the time-

frame including usual activity (CVRYFS, NIYHS), past 3 month recall (AGHS) and past year

recall (DYSS, LLS, PittPAS). Using Medline and PubMed data bases, we identified all rele-

vant publications from these six studies that addressed the following three primary questions.

• How does physical activity change from adolescence to adulthood?

• Does physical activity track from adolescent to adulthood?

• Is physical activity during adolescence related to health status in adulthood?

Results

Change in PA from Adolescence to Adulthood
Data from the PittPAS indicated that total physical activity decreased by

43% (11.7–1.9 h/week) over a 10-year period from junior high school to young

adulthood with the steepest decline in activity occurring during the adolescent

Table 1. Description of longitudinal physical activity studies

Study Sample Follow-up Physical 

age at baseline activity 

assessment

Amsterdam Growth and 307 boys and girls; 20 years structured interview,

Health Study (AGHS) aged 13 years 1977–1997 past 3 months

[6–8, 12, 16]

Cardiovascular Risk in 3,596 boys and girls; 12 years questionnaire,

Young Finns Study aged 3, 6, 9, 12, 15 1980–1992 usual activity

(CRYFS) [5, 10, 15] and 18 years

Danish Youth and Sports 205 boys and girls; 8 years questionnaire,

Study (DYSS) [9, 11] aged 15–19 years 1983–1991 past year

Leuven Longitudinal 588 boys; 27 years questionnaire,

Study on Lifestyle, aged 13 years 1969–1996 past year

Fitness and Health 

(LLS) [14, 17]

Northern Ireland Young 1,015 boys and girls; 8 years questionnaire,

Hearts Study (NIYHS) [13] aged 12 and 15 years 1989–1998 usual activity

University of Pittsburgh 1,245 boys and girls; 14 years questionnaire,

Physical Activity Study aged 12–15 years 1990–2004 past year

(PittPAS) [3, 4]
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years [3]. In both males and females, the decline in PA was primarily due to

decreases in high intensity physical activity and participation in team activities.

The decline in participation in team activities was more evident among females

[4]. During adolescence, 5 of the top 10 activities in males and 4 of the top ten

activities in females were team sports. However, in young adulthood a gender

difference was evident as only 1 of the top 10 activities in females was a team

sport compared to 4 in males. Two other studies also reported large decreases in

PA from adolescent to young adulthood. In CRYFS, total PA declined markedly

from age 12 to 27 by 57% in males and 28% in females with the steepest decline

between ages 12 and 15 years [5]. PA declined by 42% in males and 16% in

females between ages 13 and 27 years in the AGHS [6].

Tracking of PA from Adolescence to Adulthood
Tracking is the maintenance of a relative position within a distribution over

time. If physical activity tracks during the transition from adolescence to young

adulthood it would have important implications for health promotion programs.

However, as indicated by the data presented in table 2, there is little evidence to

support the hypothesis that PA tracks over this time period. The correlations

reported in all studies are weak to moderate, ranging from 0.14 to 0.43. In the

PittPAS [4], we also examined the stability of participation in specific activities

by determining the predictive value positive (PV�) for activities reported in

junior high school compared to those reported in adulthood. The PV� for

specific activities ranged from 0.10 to 0.67 for males and from 0.00 to 0.52 for

Table 2. Tracking of physical activity from adolescence to adulthood

Study Tracking correlation % remain active % remain inactive

AGHS [7, 8] 0.34 (overall) 40% (males) 25% (males)

0.14 (males) 42% (females) 39% (females)

0.24 (females)

0.26 (low intensity)

0.14 (moderate intensity)

0.43 (high intensity)

DYSS [9] 0.31 (males) 53% (males)

0.20 (females) 8 % (females)

CRYFS [10] 0.27 (males) 43% (males) 54% (males)

0.27 (females) 57% (females) 51% (females)

PittPAS [4] 0.21 (overall)

0.24 (males)

0.14 (females)
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females. These data indicate that there is little stability in the participation in

specific activities from adolescence to young adulthood.

Relation of PA in Adolescence to Adult Health
The contribution of physical activity during adolescence has been exam-

ined in relation to lipids, blood pressure, body fatness, and bone mass in adult-

hood (table 3). Four studies examined the association between adolescent

physical activity and risk factors for cardiovascular disease (body fatness, lipids

and blood pressure) in adulthood. With the exception of the DYSS [11], none of

the studies found a significant association between PA levels in adolescence

and measures of body fatness, lipids, or blood pressure in adulthood [12–14].

However, data from three studies indicate that physical activity during adoles-

cence is a significant predictor of bone mass in adulthood. The CRYFS reported

that bone mineral density was 7.6–10.5% higher in individuals who had been

physically active during the adolescent years [15]. Weight-bearing exercise dur-

ing adolescence was reported as the strongest predictor of bone mineral density

at age 27 in participants of AGHS [16]. Data from the LLS indicate that contin-

ued participation in high impact sports from adolescence to adulthood was

related to higher bone mineral density in adult males [17].

Conclusions

The data from these six longitudinal physical activity studies provide

valuable information on the epidemiology of physical activity from adolescence

to young adulthood. There is a consistent decline in the volume of physical

activity across this time period with the greatest decline being observed in the

adolescent years. In addition, the low tracking correlations indicate that physical

Table 3. Relation of physical activity in adolescence to adult health

indicators

Body fatness Lipids Blood pressure Bone density

AGHS [12, 16] 0 0 0 �
LLS [14, 17] 0 0 0 �
NIYHS [13] 0 0 0 ?

DYSS [11] � (males) � (males) 0 ?

CVFSS [15] ? ? ? �

0 � No relationship; � � positive relationship; ? � no published data.
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activity is not a stable behavior. Taken together, these two conclusions indicate

that interventions to promote physical activity or prevent the decline in physical

activity must be initiated in the early adolescent years and that repeated inter-

ventions may be necessary to maintain adequate levels of PA. Finally, there

appears to be little relationship between adolescent physical activity and indica-

tors of cardiovascular risk in young adults. However, there appear to be strong

data to support the hypothesis that physical activity during adolescence, in

particular weight-bearing physical activity, is related to higher levels of bone

mineral density in adulthood.
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In recent years, the prevalence and rise of childhood and adolescent obe-

sity became a matter of major concern not only in developed countries but also

in developing ones. In the US, National data from NHANES III demonstrated

that the prevalence of adolescent obesity (14–19 years of age) has risen almost

3-fold in a period of 20 years, from 5% in 1976–1980 to 15% in 1999–2000 [1].

Several studies have demonstrated that the higher childhood body mass index

(BMI) the greater the risk of becoming an overweight adult with the risk being

heightened in adolescence. For example, while an obese 4-year-old child has a

20% chance of becoming an obese adult, the likelihood that obesity in adoles-

cence would persist into adulthood is increased to 80% [2].

Child and adolescent obesity is suspected to be caused by an interaction

between genetic, biologic, psychologic, sociocultural and environmental factors.

Of the modifiable factors, a decreased energy intake and an increase in energy

expenditure were frequently associated with averting overweight and obesity in

this age group [2]. Understanding and identifying the underlying factors for

obesity is crucial for effective intervention strategies. A recent study in the US

indicated that although much of the debate on obesity has focused on diet,

evidence suggests that physical activity plays a significant role in obesity for

adolescents 12–19 years of age [3].

In Lebanon, data on the magnitude and gravity of adolescent overweight

and obesity and their covariates are not available. This study was undertaken to

investigate the prevalence of overweight and obesity in children and adoles-

cents, identify its covariates and suggest intervention strategies for prevention

and control.
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Methodology

Study Design
The data for this paper is based on secondary analysis of an earlier study conducted in

Lebanon in 1997. The design and conduct of the survey have been published in detail else-

where [4]. Briefly, this was a national survey of a sample of 2,104 individuals of all age

groups distributed across all the Governorates in Lebanon and was based on the sampling

frame of the minicensus (10% of population) of the Population and Housing Survey (PHS)

conducted by the Ministry of Social Affairs in 1996 in collaboration with United Nations

Fund for Population Activities. The analysis in this paper focused on 792 subjects consisting

of 339 children (6–11 years) and 453 adolescents (12–19 years). The University Research

Board approved the study protocol.

Interview and Anthropometric Measurements
The subjects were interviewed within the households and anthropometric measure-

ments were taken. The interview provided information on sociodemographic characteristics,

physical excercise, and diet. The height, weight, and waist circumference measurements

were performed using standard techniques. Body mass index (BMI) was calculated as the

ratio of weight in kilogram to the square of height in meters. For comparison purposes, the

definitions of overweight and obesity were, respectively, based on sex-specific BMI-for-age

CDC reference values, United State’s National Health and Nutrition Examination Survey

(NHANES III) [1]. Subjects lying above the 85th percentile for age and sex were defined as

overweight and those above the 95th percentile were defined as obese. Diet was assessed

from mother for children and from the subject him/herself for adolescents.

Statistical Methods
Means, SD and percentiles were calculated for BMI. Multivariate logistic regression

analysis was carried out, with percent obese as the dependent variable, physical activity as

the main exposure variable with baseline characteristics as co-variates. Engaging in physical

exercise was considered present if the child was involved in any leisure-time activity for three

or more days during the week preceding the survey. Proportion of energy consumption from

fat were divided into tertiles and included in the model as dummy variable with three cate-

gories [5]. The Statistical Package for the Social Sciences 10.0 (SPSS for windows) [6] was

used for all computations.

Results

Table 1 presents the mean BMI (�SD) of the study adolescent sample,

with values corresponding to the 5th, 15th, 50th, 85th, and 95th percentiles by

age and gender. Mean BMI increased steadily with increasing age among boys

and girls. There was some evidence that mean BMI was higher among girls than

boys in the younger age groups and a reverse of this trend in the older ones (12

years and over).
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The prevalence of overweight and obesity for children (6–11 years) and ado-

lescents (12–19 years) as compared to NHANES III are presented in Table 2.

Overall, the prevalence of overweight in the total sample of the 6- to 19-year-old

population was estimated as 21.7% and obesity as 6.5%. In children aged 6–11

years, overweight and to a lesser extent obesity was higher in girls than boys (25.6

vs. 19.0 and 8.2 vs. 7.2, respectively). This was reversed in adolescence where

boys presented a markedly higher prevalence of overweight and obesity than girls

(29.3 vs. 13.4 and 9.3 vs. 2.0, respectively). For both genders, there was no con-

sistent relationship between adolescent overweight and obesity with increasing

age (data not shown). In comparison with NHANES III data 1999–2000 [1], our

data show generally lower prevalence rates for overweight and obesity among

both genders with greater differential for obesity than overweight. Figure 1 shows

the mean waist circumference of Lebanese adolescents ages 12–19. The data

demonstrates a higher mean values for waist circumference among boys than girls

across all age groups.

Results of the multivariate regression analysis are presented in Table 3.

Obesity was significantly more prevalent in those who do not exercise even

after controlling for potential confounders including fat intake and family history

of obesity (OR � 2.28, 95% CI � 1.12–4.63). Moreover, obesity was more

Table 1. Body mass index (mean � SD and percentiles) by age and gender among the study population

Age groups

6–8 9–11 Total 12–14 15–17 18–19 Total

Boys
n 77 77 154 80 78 48 206

Mean � SD 16.2 � 2.3 17.4 � 2.7 16.8 � 2.6 20.6 � 4.4 22.3 � 3.6 23.3 � 3.7 21.8 � 4.1

5th percentile 13.2 13.7 13.5 14.7 16.6 17.9 15.6

15th percentile 14.2 15.2 14.7 16.0 18.3 19.2 17.5

50th percentile 15.7 16.9 16.2 20.5 22.3 22.8 22.0

85th percentile 18.2 20.5 19.3 24.2 25.7 28.0 25.8

95th percentile 21.9 23.1 22.5 29.5 28.8 30.8 29.1

Girls
n 92 93 185 96 94 57 247

Mean � SD 16.5 � 3.9 17.9 � 3.2 17.2 � 3.7 20.2 � 3.5 21.2 � 2.8 21.6 � 3.6 20.9 � 3.3

5th percentile 13.1 13.6 13.4 15.6 17.5 16.7 16.0

15th percentile 14.2 14.6 14.4 16.4 18.6 18.6 17.7

50th percentile 15.4 17.1 16.1 19.8 20.8 21.0 20.6

85th percentile 18.8 21.2 20.7 23.8 23.7 24.0 23.8

95th percentile 23.8 24.0 23.9 26.2 25.6 27.9 26.3



Adolescent Obesity and Physical Activity 45

81.0*

72.5*`

75.4
79.0*

73.2

87.7*

79.7*

84.9*

71.0*70.6*
73.072.1*

69.5
65.9*

69.8*

73.8*

60.0

70.0

80.0

90.0

100.0

12 13 14 15 16 17 18 19

Age group (years)

W
ai

st
 c

irc
um

fe
re

nc
e 

(c
m

)

Boys Girls

Fig. 1. Waist circumference in Lebanese children aged 12–19 years. *p � 0.05.

Table 2. Prevalence of overweight (BMI �85th percentile) and obesity

(BMI �95th percentile) among study population; comparison with NHANES

1999–2000 [1]

Age groups

6–11 years 12–19 years total

BMI �85th percentile (%)
Boys

Lebanese 19.0 29.3 24.9

NHANES III 32.7 30.5 –

Girls

Lebanese 25.6 13.4 18.7

NHANES III 27.8 30.2 –

Both genders

Lebanese 22.8 20.8 21.7

NHANES III 30.3 30.4 –

BMI �95th percentile (%)
Boys

Lebanese 7.2 9.3 8.4

NHANES III 16.0 15.5 –

Girls

Lebanese 8.2 2.0 4.7

NHANES III 14.5 15.5 –

Both genders

Lebanese 7.7 5.5 6.5

NHANES III 15.3 15.5 –
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prevalent among boys and in those with low socioeconomic status as measured

by the crowding index.

Discussion

This study presents data on prevalence and covariates of overweight and obe-

sity and on waist circumference from a national sample of Lebanese children of

ages 6–19 years. Using BMI, our findings indicate that about 1 in 5 children

(6–11 years) is overweight and 6.5% are obese. Adolescent boys in the older

age group (12–19 years) showed notably higher prevalence of overweight than

that in their girl counterparts and of comparable magnitude to that reported

from the US. Obesity was also higher in boys than girls but lower than that of

Table 3. Associations of obesity with baseline co-

variates: prevalence odds ratios (ORs) and their 95% CI

Variable (reference category) 6–19 years

OR (95% CI)

Age, years
6–11 1.0

12–19 0.61 (0.34–1.10)

Gender
Boys 1.00

Girls 0.41* (0.22–0.77)

Exercise
Yes 1.00

No 2.28* (1.12–4.63)

Family history of obesity
No 1.00

Yes 0.58 (0.32–1.05)

Crowding index
�1person/room 1.00

�1person/room 1.97* (1.01–3.86)

Energy consumption from Fat, %
Low (�32) 1.00

Moderate (32–40) 0.51 (0.23–1.13)

High (�40) 0.58 (0.28–1.22)

*p � 0.05.
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the US. Using waist circumference, gender differentials among adolescents

were similarly pronounced across all age groups.

Comparable to their use in adults, anthropometric measurements such as

BMI and waist circumference are simple and easy to obtain for evaluation of

the nutritional and health status in children. BMI has been recommended for

classifying overweight and obesity in children [1] and a recent study conducted

among Swiss children appraised BMI as an ‘excellent’ proxy measure of adi-

posity and recommended the new CDC reference values for overweight and

obesity [7]. Similarly, waist circumference has been shown to be a key variable

correlating with intra abdominal adipose tissue and helping to identify children

with metabolic complications such as adverse levels of lipids and insulin [8, 9].

Our estimates of the extent of overweight and obesity among children and

adolescents in Lebanon, in particular among boys, are of particular importance

as adolescent obesity has been shown to predispose to a range of medical and

psychosocial problems. The Harvard Growth Study showed that being over-

weight during adolescence is a stronger predictor of mortality risk from cardio-

vascular diseases than being overweight during adulthood [10]. Also, overweight

and obesity in children and adolescents predict a broad range of adverse health

effects in this age group including hypertension, type 2 diabetes, insulin resis-

tance, menstrual irregularity, and impaired mental health such as depression

and low self-esteem [11–12].

Of particular concern is our finding that children who do not exercise were

over two times more likely to be obese than children who do. While overall

obesity decreased with age, mean BMI showed a sharp increase in the age group

12–14, particularly among boys to the extent that around 30% were classified

as overweight, a percentage that corroborated with that seen among their US

counterparts (30.5%). With modernization, it is this age group that suffers most

form adoption of western lifestyle characterized by heavy reliance on fast food

rich in fat, low activity triggered by the wide-spread use of Satellite dishes and

computers, and the overall sedentary life-style all of which are key factors affect-

ing nutritional habits and obesity levels. Furthermore, opportunities for promot-

ing physical activity for children in Lebanon are limited. Overall, few schools

include physical education in their curricula or oblige their students to participate

in physical exercise classes and count these in the cumulative curricula credits.

Parks, public beaches and walking/bicycle lanes are scarce to the extent that

leisure-time physical activity becomes restricted to a selected affluent population.

Evidence suggests that the ‘obesity epidemic’ is likely to continue its rise

in the years ahead, not only in the developed world but also in the majority of

developing countries. Public health professionals in countries of the Eastern

Mediterranean Region similarly caution against a major surge in obesity rates

and identify obesity as the most pressing health concern [13]. Table 4 reproduces
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available data on overweight and obesity among adolescence in countries in the

region, and compares them with those obtained in the present study. While the

majority of countries in the region have reached obesity levels similar to the US

(e.g. Kuwait, Saudi Arabia, Bahrain and Egypt) [14–20], obesity among

Lebanese adolescents remains lowest in the region especially for adolescent

girls. Nevertheless, our earlier study indicated that overall obesity rates in

adults are in general greater in women than men (19.0 vs. 14.4%), a trend that

became more evident with increasing age and increasing obesity class from I to

III [4]. This calls for further studies that examine the age at which women start

to gain weight and the various sociocultural and behavioral factors associated

with this change.

In conclusion, the results of this study provide the first baseline national

data on BMI levels and waist circumference by age and gender in Lebanon. As

adult obesity is difficult to treat, identification of adolescents at high risk of

obesity at an early age becomes especially important [21]. While further studies

are needed for additional advocacy and evidence-based decision-making, it is

the time to start implementing multi-component interventions, at the societal

Table 4. Prevalence of overweight (�85th percentile) and obesity

(�95th percentile) among adolescents (12–19 years) by gender in selected

neighboring countries of the Eastern Mediterranean region compared with the

USA and Lebanese data

�85th percentile (%) �95th percentile (%)

Boys
USA 30.5 15.5

Lebanon 29.3 9.3

Kuwait1 30.0 14.7

Saudi Arabia2* 34.3 20.5

United Arab Emirates4 – 16.5

Bahrain3* 29.8 16.5

Girls
USA 30.2 15.5

Lebanon 13.4 2.0

Kuwait1 31.8 13.1

Saudi Arabia2* 28.0 13.0

United Arab Emirates 23.0 9.0

Bahrain3* 36.6 18.7

Egypt 35.0 13.0

Age groups: 110–14 years; 212–20 years; 312–17 years; 46–16 years.

*Overweight and obesity were calculated according to WHO.
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and individual level, for weight control. Public officials, schools and families

should work together to provide conditions that promote increased physical

activity with a particular focus on adolescent boys.
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Diet and lifestyle has been known to play a key role as a risk factor for

non-communicable chronic diseases (NCDs) for many years [1]. Intake of total

energy and some nutrients have a considerable impact on the development of

NCD linked to unbalanced diets and sedentary lifestyles caused by industrial-

ization, urbanization, and economic change. These changes have led to

increased intake of energy-dense diets high in fat, particularly saturated fat, and

sugar, and low in complex carbohydrates. When this is combined with a decline

in energy expenditure caused by a sedentary lifestyle, the risk for NCDs

increases significantly [2]. Globally, NCDs contribute to an ever-increasing

proportion of Disability Adjusted Life Years (DALYs). This confirms the

importance of nutrition and active lifestyles as important factors in preventing

NCD [3]. Previous studies of dietary quality and nutritional status in Serbia

show that nutritional risk factors can be related to inadequate diet and lifestyle

[4–8]. Physical activity contributes to physical, mental and social health and

improves the quality of life of people of all ages and reduces social and health

care costs. Therefore, physical activity with nutrition should be considered an

essential element of preventing chronic disease, as well as a central part of a

healthy lifestyle [3]. The purpose of this study was to assess the nutrition situa-

tion related to physical activity in Serbia.

Methods

A representative sample of 863 schoolchildren (435 boys; 428 girls) aged 10–18 in

North Backa Region, and a representative sample of an adult population (20 years and above,

9,432–4,458 males and 4,974 females) in Serbia were included in cross-sectional surveys
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covering dietary assessment and nutritional status measured by anthropometry, and lifestyle

including physical activity. The sample size was determined by an estimated frequency ques-

tionnaire. Statistical analysis, including stepwise regression analysis and testing significant

differences were done using SPSS/PC. NHANES I was used as reference values [9].

Results

The nutritional status of schoolchildren was assessed by body mass index

BMI (kg/m2), and about 6% of the children were underweight (4.9% girls and

7.8% boys), 14% moderate underweight (11.5% boys and 16.2% girls), 66%

normal weight (66.9% boys and 65.4% girls), 10% overweight (9.0% boys and

10.2% girls) and 4% obese (4.8% boys, and 3.3% girls) (data not shown).

Table 1 shows that lifestyle factors such as listening to music and involved

in sport activities were linked to BMI, while physical activity in general and

watching TV were not associated with BMI in this study. Only about 20 percent

of the children had some form of physical activity every day (fig. 1), while

about 20% 4–6 times weekly, about 40% 2–3 times weekly, once weekly 12 or

never about 21% of children. Boys were almost twice as active as girls, and

Table 1. Relations between BMI and lifestyle in schoolchildren (n � 863)

Lifestyle BMI

underweight % Moderately Normal body Over- Obesity 

underweight % weight % weight % %

(n � 55) (n � 119) (n � 571) (n � 83) (n � 35)

Watching Sometimes 6.4 13.2 65.0 11.8 3.7

TV Almost every day 5.7 12.1 68.6 8.5 5.1

Every day 7.0 15.6 65.0 8.8 3.6

Listening Sometimes 8.0 17.6 59.3 10.6 4.6

to music** Almost every day 5.3 10.5 70.6 8.5 5.1

Every day 3.5 7.8 78.5 8.4 1.8

Physical 1/ week, rarely, 6.3 13.1 66.3 9.7 4.7

activity never

4–7/week 6.4 14.0 66.1 9.6 3.9

Sport �7 h/week 4.9 11.2 73.4 8.2 2.2

activity/ 4–6 h 8.6 10.6 69.3 7.8 3.8

week* 2–3 h 6.4 13.0 70.0 7.6 3.0

1 h/week 6.0 17.1 58.0 12.9 6.1

*p � 0.05; **p � 0.01.
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children from urban areas were more physically active than those from rural

areas. Less than 20% of the children were engaged in active sports more than

7 h weekly, and boys were more active (25%) than girls (10%), and children

from urban areas more active (20%) than children from rural areas (14%). Most

of the children had classes with physical activity in schools two times weekly

(93%), and about 17% of the children estimated their physical condition as

excellent, 29% as very good, 32% good, 17% moderately good and 4% as bad.

During free time almost 40% watch TV and/or video every day, and 19% listen

to music daily (data not shown). Figure 1 shows that about 40% of all of the

children reported to consume fruit every day, while only about 20% consumed

vegetables each day. The consumption of snacks was higher than vegetables,

and as many as almost 40% of the children reported to consume sweetened

nonalcoholic drinks daily. Not many children were preoccupied with health

when choosing food (about 23%), while as many as 24% did not have breakfast

daily. About 37% of the children said they wanted to change their dietary habits,

of whom the majority were girls (p � 0.01). The awareness about nutrition

increased with age (data not shown).

Table 2 indicates that there were differences between the groups in meal

pattern, and those with obesity problems said they had fewer meals than the

19.6%

23.4%

24%

37.2%

12%

15.6%

21%

28.5%

39%

43%

Physical activity every day

Thinking about health in food selection

Breakfast omission

Wishing to change diet

Alcohol consumption

Adding salt

Consumption of vegetables every day

Consumption of snacks every day

Consumption of sweet nonalcoholic
beverages every day

Consumption of fruit every day

Fig. 1. Eating behavior and lifestyle risk factors in schoolchildren age 10–18 (n � 863).
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other groups. Almost a quarter of the children said they did not eat breakfast.

Boys said they were drinking more milk than girls and ate more in general. The

younger children ate very little fruit, while they ate snacks frequently (data not

shown). Table 2 also indicates that fewer of the obese children ate fruits fre-

quently. There seems to be no differences between the various groups (based on

BMI) in consumption of meat, sweet beverages, and snacks.

Table 2. Relations between BMI and eating patterns in schoolchildren (n � 863)

Eating patterns BMI

Underweight Moderate Normal body Over Obesity 

% underweight % weight % weight % %

Meals/day** Two 3.1 2.7 65.1 19.3 9.8

Three 5.8 12.0 66.8 11.1 4.4

More than three 7.9 18.5 65.4 5.8 2.5

Milk drinks Never 25.1 74.9

consumption Sometimes 7.5 10.8 68.0 9.0 4.7

frequency One cup a day 6.3 15.9 62.2 11.4 4.2

Two or more 5.0 14.6 68.9 8.3 3.2

cups a day

Fruit consumption Rarely 8.5 19.3 51.6 10.9 9.8

frequency* Once a week 4.5 12.5 71.2 10.8 1.0

2–3 times a week 9.3 10.5 67.6 7.8 4.9

Every day 3.9 16.3 65.7 10.6 3.4

Vegetable Rarely 6.4 13.4 66.5 9.9 3.8

consumption Once a week 10.3 13.4 60.2 14.4 1.7

frequency 2–3 times per week 5.1 13.0 68.6 8.4 4.9

Every day 6.3 16.2 64.7 8.6 4.2

Consumption Rarely 5.5 10.2 70.1 10.7 3.6

frequency of Once a week 6.1 8.6 69.3 12.7 3.3

meat and 2–3 times a week 6.6 13.5 65.2 10.8 4.0

products Every day 6.3 16.1 66.3 6.7 4.5

Consumption Almost every day 6.1 14.1 66.8 9.3 3.8

frequency of Sometimes 6.8 13.7 65.3 10.1 4.1

sweet beverage Never 9.7 79.9 10.3

Consumption Almost every day 6.5 13.8 69.5 6.9 3.3

frequency of Sometimes 6.6 14.1 64.1 10.8 4.4

snacks Never 3.6 88.3 4.1 4.1

Alcohol Never 7.2 15.4 62.9 9.6 4.9

consumption** Sometimes 2.2 6.0 81.8 10.0

Every day n.a. n.a. 100.0 n.a. n.a.

*p � 0.05; **p � 0.01.
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A regression model with BMI as a dependent variable, with the model:

wishing to change diet, alcohol consumption, number of meals/day, thinking

about health when selecting food, snacking, and desire for changing own weight

gave R � 0.508 and R2 � 0.258, a significant association indicating the impor-

tance of the independent variables for children’s BMI (data not shown).

In the figures 2 and 3 data on the adult population are presented. The

results indicate that lunch is the most frequent meal (93%, not shown), but as

many as 28% said they did not eat breakfast (fig. 2). This was more usual

among women compared to men (p � 0.001), younger people compared to

older (p � 0.001), higher-educated people compared to those with less educa-

tion (p � 0.001) and in urban areas compared to rural (p � 0.001) (data not

shown). About 42% of adults ate fresh vegetables 6–7 times per week, while

about 30% ate vegetables 3–5 times weekly. About 34% said they ate fresh

fruits 6–7 times weekly, while 27% only 3–5 times per week. Every day intake

of fresh fruit and vegetable were higher among females, younger age groups

and higher-educated persons. Consumption of potatoes, especially fried pota-

toes, was very high (87%), while rice and pasta were eaten 1–2 times per week

28

43.8

34.4

42.5

58

43.4

40

47.7

35
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Breakfast omission every day

Milk and milk drinks consumption 
every day 1–2 cup

Fresh fruit consumption every day

Fresh vegetable consumption every day

Adding salt in meals

White bread consumption

Animal fat in food preparation

Egg consumption 3–5�week 

Thinking about health in food selection 

%

Fig. 2. Dietary patterns in adult population in Serbia (n � 9,432; 4,458 male; 4,974

female).
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by 71% of the sample. White bread was widely used (43%) as well as use of

animal fat in food preparation (40%). Use of animal fat is especially wide-

spread among people with less education (53.7%) and in rural areas (62.0%)

where traditional use of fat in the preparation of food prevails. About 35% 

(41% of females and 31% of males) said they thought about their health when

selecting foods, but people from urban areas and with a higher education

thought more about it (fig. 2).

Few of those participating in the survey had much physical activity. About

63% of the adult population spends their leisure time mostly sitting, while only

23% said they were physically active. The physically active were mainly males

(p � 0.001) and the younger compared to the elderly (p � 0.001). Only about

10% were physically active every day, about 4% 4–6 times weekly, 9% 2–3 times

a week, 8% 1–4 times monthly, and about 60% sometimes during a year or never

due to disability or diseases (fig. 3). According to their own opinion, about 60%

consider their physical activity as good, and almost 90% of them had a positive

attitude about physical activity. Their occupational activity level was moderate-

to-heavy according to 38% of the adults, and more than 25% reported having

light-sedentary occupation without activity in leisure time (data not shown).

This dietary pattern and low physical activity was reflected in their nutri-

tional status assessed by BMI. The average BMI in the sample was 26. About

39% had a normal nutritional status (BMI 20–24.5), about 37% were over-

weight (BMI 25–29.9, 43% males; 31% females), about 16% were in obesity
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Fig. 3. Physical activity in leisure time in adult population in Serbia by age and gender

(n � 9,432; 4,458 male; 4,974 female).
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classes I and II (BMI 30–39.9, 14% males; 18% females), while only 1% were

classified in obesity class III (BMI � � 40). It is interesting that 29% of obese

females and 34% of obese males consider themselves as being normal weight

(data not shown).

Discussion

Obesity is a rapidly growing epidemic, now affecting about 30% of the

adult population of the WHO European Region. Overweight levels in Europe

range from 9 to 41% of women and 10 to 50% of men [2, 3]; in this survey 37%

of the adult population were overweight, and 10% of the schoolchildren. The

prevalence of overweight and obesity among children in Europe is rising signif-

icantly, with up to 27% affected in some regions. In this survey a lower level

was found. Based on IOTF on average, the prevalence of childhood overweight

and obesity is approximately 10–20% in Europe region, which is much higher

than that in the Africa, Asia Pacific, south and central America regions; and it is

higher than the Eastern Mediterranean and Middle East Region; but lower than

North America. The highest prevalence of overweight and obesity (�20%) is

observed in eastern and southern European countries, which was not confirmed

in this survey of schoolchildren. Italy probably has the highest prevalence,

where a recent survey found that 36% of the 9 years old were overweight or

obese. In Greece, the prevalence was 27% in boys and 22% for girls aged 6–17

years. In Spain, over 20% of children and adolescents were overweight or

obese. Northern European countries tend to have lower prevalence (approxi-

mately 10–20%), for example, in the UK, where about 10–15% of children and

adolescents were overweight or obese. In Sweden, the prevalence was about

20% for boys and 10% for girls [10].

Inadequate nutrition habits and lifestyle are mostly acquired in childhood

and settled in adolescence. A WHO study among 123,227 schoolchildren (11,

13 and 15 years of age) from 28 countries showed that a majority of the children

consumed fruit every day in Portugal (92–93%), Poland (82–85%), Czech

Republic (81–85%), but rarely in Greenland (31–38%) and Belgium (46–48%).

Snacks were consumed every day by children in North Ireland (41–51%),

Scotland (36–44%) and the least in Norway (1–3%) and Sweden (2–3%).

Regarding the consumption of sweet non-alcoholic beverages, it was most fre-

quent consumed in North Ireland (75–79%), Israel (65–76%), and the least fre-

quently in Finland (9–19%) and Sweden (15–28%). The level of physical

activity in the same study was found to be progressively less, as they grow

older. This is the same as found in this study. The proportion of 15-year-olds

who reported taking part in sports outside school at least twice a week ranged
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from 37 to 66% in girls and from 60 to 90% in boys [11]. This is far higher than

found in this survey.

A survey of adults in the EU shows that levels of physical activity are low.

An average 32% were not engaged in physical activity in their leisure time in a

typical week. In general, southern EU countries had lower levels of physical

activity than northern and western countries [12]. In this study, only about 10%

of the sample were engaged in physical activity every day during leisure time.

Conclusions

The pattern of diet and physical activity shown in this survey raise con-

cern. Unless something is done to change this pattern, it is likely that situation

of NCD will worsen in the years to come. The level of physical activity among

both children and adults is too low. The diet and eating patterns are leading to a

high level of obesity, and will increase the risk for NCD. Therefore, primary

prevention programs are needed, including an effective high-risk strategy in

parallel with nutrition and healthy lifestyle promotion programs. Achievement

of population goals for nutrition and lifestyle and implementation as specified

in the WHO Global Strategy of NCDs Prevention should be placed at the fore-

front of public health policies and programs, also in Serbia.
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5 Pavlović M, Ðokić D, Legetić B, Jakovljevic Ð: Nutrition and nutritional status in schoolchildren

aged 10–18 from North Bac¤ka Region in Yugoslavia, Book of Abstracts the 8th European

Nutrition Conference, Lillehammer, 1999. Scand J Nutr 1999;2S(suppl 34):78.
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Public health guidelines focus primarily on the promotion of physical

activity and steady state aerobic exercise, which enhances cardiorespiratory

fitness and has some impact on body composition (BC). BC is an essential

measure of health and fitness for both athletes and the general population.

Research demonstrates that resistance exercise training has profound

effects on the musculoskeletal system, contributes to the maintenance of

functional abilities, and prevents osteoporosis, sarcopenia, lower back pain, and

other disabilities. Recent research demonstrates that resistance training may

positively affect risk factors such as insulin resistance, resting metabolic rate,

glucose metabolism, blood pressure, body fat, and gastrointestinal transit time,

which are associated with diabetes, heart disease, and cancer [1].

Physical activity has an effect on BC, especially on skeletal muscle. Skeletal

muscle is the largest nonadipose tissue component at the tissue-system level of

body composition in humans and it plays an important role in physical activity

and many biochemical processes [2]. Fat-free mass (FFM) has commonly been

used as a surrogate measure of skeletal muscle mass but does not always accu-

rately reflect specific changes in muscle mass or differences in muscle mass

among individuals. A fairly new approach to assess BC is to measure body cell

mass (BCM). BCM is defined as the total mass of ‘oxygen-exchanging, potas-

sium-rich, glucose-oxidizing, work-performing’ cells of the body [3]. A total

body potassium (TBK)-independent BCM prediction model on the basis of an

earlier model has been developed by Wang et al. [4]. They have provided a

physiologically based, improved, and validated TBK-BCM prediction formula

that should prove useful in BC and metabolism research.

Physical activity appears to have a beneficial effect on bone mass. Further-

more, physical activity with greater mechanical loading appears to result in
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a greater bone mass than non-weight-bearing activities, and there appears to be

a site-specific skeletal response to the type of loading at each bone mineral

density site [5]. This has also been demonstrated in a study of girls affected by

eating disorders and in athletes of the same age [6].

An assessment of fat-free mass (FFM) and fat mass (FM) provides

valuable information about changes in BC with weight gain or loss and physical

activity, and during aging. Noninvasive bedside techniques can now be used to

evaluate the nutritional status of healthy and ill individuals [7].

Since body mass index has been shown to be an imprecise measurement

of fat-free and FM, and provides no information if weight changes occur as a

result of a decrease in FFM or an increase in FM. Non-invasive BC methods

(i.e. bioelectrical impedance analysis (BIA), air displacement plethysmogra-

phy) can now be used to monitor FFM and FM with weight gain and loss, and

during aging.

Methods to Assess Body Composition

Depending on what information is needed, several methods are available,

each with some advantages and limitations [8, 9] to measure BC. Cost of the

method (both the instrument itself and the requisite personnel), the eventual

stress and danger for radiation exposure for the subject, and the time necessary

to obtain the information, as well as the accuracy needed are factors to be

considered in the choice of the method.

The measurement of BC is of interest to medical personnel, nutritionists,

and sports scientists. The most common and frequently used methods are based

on a two-component model comprising FM and FFM because the amount of fat

in the body is of special nutritional interest. The three most common methods

used to calculate BC based on the two-component model are underwater weigh-

ing (UWW), BIA and skinfold thickness measurements.

UWW has been used as the reference method since the beginning of

the1950s and is based on the assumption that fat has a density of 0.9 g/cm3 and

the FFM has a constant density of 1.1 g/cm3 [10].

Skinfold thickness measurement has been used as a simple and inexpen-

sive method to estimate the percentage fat since Durnin and Womersley [11]

found a relation between the skinfold thickness measured with caliper and body

density measured by UWW. To calculate body fat percentage Siri’s 2-components

equation was used based on the aforementioned assumed fixed densities for FM

and FFM.

BIA is an indirect way to measure total body water (TBW) from total body

resistance [12]. BIA is also a relatively simple method and is suitable in field
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studies [13, 14]. From the estimation of body water, body fat content has been

calculated on the assumption that FFM contains 73.2% water.

The two-component model assumes that there is a fixed proportion of

water, protein and mineral in FFM. However, bone mineral mass, water and

protein vary among individuals and are influenced by age, sex ethnic and genetic

factors, as well as diet and exercise.

A more valid and precise method for measuring BC is dual-energy X-ray

absorptiometry (DXA). DXA divides the body into three components: bone,

fat-free and bone-free tissue, and fat [15].

A recent method to measure body fat is air-displacement plethysmography.

The use of air-displacement plethysmography (BodPod) correlates with the

concept of hydrostatic weighing (underwater weighing). Instead of using water

to measure body volume, the BodPod uses air displacement to measure body

volume [16].

Whole-body counting of 40K enables, using a noninvasive nuclear tech-

nique, the in vivo determination of the naturally occurring radioactive isotope

of 40K in the human body. Because 40K is 0.012% of natural potassium, it

provides an accurate assessment of TBK. Potassium is almost exclusively an

intracellular cation (95%) that Moore et al. [3] found chiefly in muscle and

viscera (hence, essentially not found in fat, bone, or extracellular water). These

authors considered TBK concentrations to be linearly correlated with the size of

the BCM. An accurate measure of BCM would prove extremely useful to estab-

lish an individual’s nutritional state or degree of malnutrition [17].

Factors such as age, gender, level of adiposity, physical activity and ethnic-

ity influence the choice of method and equation. It is also important to evaluate

the relative worth of prediction equations in terms of the criterion method used

to derive reference measures of BC for equation development [18]. Given that

hydrodensitometry, hydrometry and DXA are subject to measurement error and

violation of basic assumptions underlying their use, none of these should be

considered as a ‘gold standard’ method for in vivo BC assessment. Reference

methods, based on whole-body, two-component BC models, are limited partic-

ularly for individuals whose FFM density and hydration differ from values

assumed for two-component models. One multi-component model approach

adjusts body density (measured via hydrodensitometry) for TBW (measured by

hydrometry) and/or total body mineral estimated from bone mineral (measured

via DXA). Skinfold (SKF) and BIA are two BC methods used in clinical

settings. Unfortunately, the overwhelming majority of field method prediction

equations have been developed for specific populations and are based on 

two-component model reference measures [19]. However, when assumptions

generally accepted for the healthy population may not be valid for particular

groups of individuals such as the elderly and athletes the multicomponent



Physical Activity and Body Composition 63

models of BC need to be considered. Multicomponent models have been devel-

oped in recent years in order to provide estimates of the various components of

the FFM, as well as the distribution of the adipose mass. They can be useful in

situations where it is likely that the composition of the FFM is altered, when the

simple two-component model cannot be applied [20].

Body Composition and Physical Activity

There is considerable interest in the evaluation of BC with regard to

exercise and sport, because it is known that BC has a significant effect on ath-

letic performance and that exercise has the potential to alter BC. Nonetheless,

fluctuations in body weight alone cannot be adequately interpreted unless the

quantitative variations of the components (FFM, FM, and TBW) are taken into

account, because each component varies independently.

Information on BC of groups of athletes can be important since BC is an

indicator of nutritional status and provides information on acute water homeosta-

sis. Furthermore, BC provides information on specific adaptations to different

physical training regimens.

Football (soccer), judo and water polo represent three uniform sports.

However, all three are similar in that they are comprised of aerobic and anaero-

bic components. Thus, assessing and comparing the BC of these similar, yet

different, sports would provide new insight into the field of BC.

Presently, the ‘gold standard’ for quantifying BCM is via measurement of

the naturally occurring isotope 40K. Nonetheless, these methods are expensive,

time-consuming, and not practical for use in the field.

Bioelectric impedance (BIA) is a method for estimating BC and is one of

the most widely used techniques in the study of BC. BCM can be measured by

BIA and bioimpedance spectroscopy (BIS) [21, 22], which would allow for

increased assessment of BCM because of the ease and inexpensiveness of both

BIA and BIS. Furthermore, because BCM represents the functional parameters

for metabolism and strength, evaluating BCM in athletes could be a better pre-

dictor of athletic performance and health, compared to simply assessing FFM

and FM.

Andreoli et al. [23] assessed the impact of different sports on BCM in

professional athletes using BIS. Although there were no significant differences

in body weight and FFM among the groups, FM, %BF, and BCM varied con-

siderably. They found that BCM was significantly different between the football

divisions according to their performance, as well as between control group and

all other teams. The BCM of these non-athletes was lower than the BCM of

athletes, confirming the high level of fitness of the professional athletes.
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Measurement of BCM is the best predictor of muscular efficiency, which

could predict athletic performance. Therefore, increases in FFM and BCM are

related to increase in muscular efficiency, and the lower BCM reported in non-

athletes signifies decreases in muscular efficiency. Thus, the assessment of

BCM by BIS could be a practical, as well as extremely useful tool, in evaluating

BC and metabolism in athletes. BCM measured by BIS can assist researchers

and coaches in more accurately assessing BC in athletes, without considerable

time and expense.

Body Composition and Aging

Aging is associated with changes in BC, including an increase and redistrib-

ution of adipose tissue and a decrease in skeletal muscle and bone mass,

beginning as early as the fourth decade of life. Aging is associated with a

decline in bone mass, skeletal muscle mass, strength, and physical work capac-

ity. Women are more likely to suffer from these physical changes than men.

These changes have significant implications for the health and functioning of

the individual because of their associations with chronic disease expression and

severity, as well as geriatric syndromes such as mobility impairment, falls,

frailty and functional decline. Therefore, understanding the preventive and ther-

apeutic options for optimizing BC in old age is central to the care of patients in

mid-life and beyond. Pharmacological interventions are currently available for

maintaining or improving bone mass, and much current interest is focused on

anabolic agents that will preserve or restore muscle mass, as well as those that

can potentially limit adipose tissue deposition. There is currently sufficient

evidence to suggest that a substantial portion of what have been considered

‘age-related’ changes in skeletal muscle, fat and bone are in fact related either

to excess energy consumption, decreased energy expenditure in physical activ-

ity, or both factors in combination. In addition, selective underconsumption of

certain macro- or micronutrients contributes to the loss of skeletal muscle and

bone mass [24].

Aging is associated with a decline in FFM. Sarcopenia is the loss of skele-

tal muscle mass that occurs to ageing. However, the rate of sarcopenia and the

severity of its sequelae vary greatly according to health status, physical activity,

and possibly diet [25].

The question is whether age-related changes in BC can be delayed by an

active life style. Although no effect of habitual activity level on changes in BC

has been observed, training has a positive effect on skeletal muscle function [26].

Sedentary persons who improve their physical fitness are less likely to have

an increased risk of cardiovascular disease than are those who remain sedentary.
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There now exists a wealth of data demonstrating that physical activity and exer-

cise may improve disease and delay decline in function in the geriatric popula-

tion. However, many healthcare professionals do not feel adequately prepared to

design and prescribe exercise programs for their patients. Healthcare providers

are strongly encouraged to promote a less sedentary life style for their older

patients, which may improve the quality of life in these older individuals [27].

An accurate measure of BCM would prove extremely useful to establish

an individual’s state of health or disease over time, possibly assisting with the

prevention of sarcopenia. De Lorenzo et al. [28] evaluated BCM in a cohort

of Italian men in order to assess differences in BC with age. They did not 

find differences in body weight among decades; however, TBK, TBK/height,

TBK/body weight, and BCM was found significantly lower in the oldest sub-

jects compared to the other groups. Results confirm that there is a major

decrease in BCM with age, and in a weight stable subject, BCM may be

decreased, which may lead to reduced functional capacity [28].

It is to be noted that since body mass index (BMI) is largely used in sport

medicine, an observation should be pointed out here, BMI does not discrimi-

nate body fat from FFM nor does it detect changes in these parameters with

physical activity and aging. Body FM index (BFMI) and FFM index (FFMI)

allow comparisons of subjects with different heights. Kyle et al. [29] evaluated

differences in body mass index, BFMI, and FFMI in physically active and

sedentary subjects under and over 60 years and determined an association

between physical activity, age and BC parameters in a healthy white population

between the ages of 18 and 98 years. The results show that the physically active

as opposed to sedentary subjects were more likely to have a low BFMI and less

likely to have a very high BFMI.

Conclusions

The earlier in life an individual becomes physically active the greater the

increase in health benefits; however, becoming physically active at any age will

benefit overall health. Improvement in musculoskeletal fitness (for example,

through resistance training combined with stretching) is related to an enhanced

health status. Thus, maintaining musculoskeletal fitness can increase overall

quality of life.

A good approach for many individuals to obtain the recommended level of

physical activity is to reduce sedentary behavior by incorporating more inci-

dental and leisure-time activity into the daily routine. Political action is impera-

tive to effect physical and social environmental changes to enable and encourage

physical activity.
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The current physical activity guideline for adults of 30 min of moderately

intense daily activity, preferably every day of the week, is of importance in limit-

ing health risks for a number of chronic diseases including coronary heart disease

and diabetes. However, to prevent weight gain or weight regain this guideline is

likely to be insufficient for many individuals in the current environment.

Athletic staff should be knowledgeable about the latest guidelines related

to weight and appropriate weight control methods so they may guide their

athletes using modest, safe approaches that will not negatively affect health or

performance.

Regular physical activity has profound effects on BC and helps to maintain

and increase skeletal muscle mass, with increased resting metabolic rate and

enhanced capacity for lipid oxidation during rest and exercise.
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The current literature concurs that overweight and obesity is associated

with a constellation of life-style risk factors, which, collectively, are defined as

the metabolic syndrome, which was first described in the late 1980s [1] and is

also known as insulin resistance syndrome, dysmetabolic syndrome or syn-

drome X. The latter is characterized by abdominal obesity, atherogenic dyslipi-

demia, raised blood pressure, insulin resistance (table 1) [2], a proinflammatory

and prothrombotic state, risk factors which confer an increased risk for type II

diabetes and cardiovascular disease. Similar, albeit more stringent, criteria have

been recommended by the World Health Organization (WHO) (table 2) [3] in

which insulin resistance is a prerequisite for diagnosis, whereas the American

Association of Clinical Endocrinologists [4] proposed its own criteria, which

could be considered to be less specific in terms of the number of risk factors

necessary for the diagnosis of the syndrome. Diagnostically, therefore, there

exists significant uncertainty regarding the definition of the syndrome itself

and whether the diagnosis of the syndrome affords benefit(s) additional to that

(those) derived from the diagnosis and treatment of the syndrome’s compo-

nents. Nevertheless, the early diagnosis of the syndrome may enhance its pre-

vention and avoid its consequences [5]. In this regard, emerging evidence

indicates that the syndrome appears to increase the risk for cardiovascular dis-

ease [6], although inconsistently so [7], and more definitive outcome data is

necessary in order to impart improved perspective on the clinical significance

of the syndrome per se.

Irrespective of diagnostic considerations, the syndrome is reported to

be present respectively in 1 of 5 and approximately 1 of 7 Americans [8] and

nondiabetic Europeans [9] and is emerging as a significant clinical disorder in

childhood and adolescence [10] as well as in the developing world [11, 12].

Older age, ethnicity, higher body mass index, postmenopausal status, smoking,
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lower household income, high carbohydrate intake, alcohol abstinence and

physical inactivity have been reported [8] to be associated with increased

risk for developing the metabolic syndrome. Importantly, the syndrome is

also associated with substantial and clinically significant increase in all-cause,

cardiovascular as well as diabetic morbidity and mortality [10, 13, 14].

Table 1. The ATPa III clinical identification of syndrome X [1]

Risk factor Recommended cut-off value

Waist circumference, cm M �102 (�40 in), F �88 (�35 in)

Triglycerides, mg/dl �150 (�1.7 mmol/l)

HDL-cholesterol, mg/dl M �40 (�1.04 mmol/l), F �50 (�1.3 mmol/l)

Blood pressure, mm Hg M �130 systolic �85 diastolic

Fasting glucose, mg/dl �100 (�5.5 mmol/l)

aThe National Cholesterol Education Program’s Adult Treatment Panel III; diagnosis of

the metabolic syndrome can be made by the presence of 3 of the 5 defined characteristics.

M � Male; F � female.

Table 2. WHO diagnostic criteria for the metabolic syndrome [2]

a Insulin resistance, identified by one of the following

Type 2 diabetes

Impaired fasting glucose

Impaired glucose tolerance

Insulin resistance (under hyperinsulinemic, euglycemic conditions glucose

uptake below the lowest quartile for background population under investigation)

b Plus any two of the following conditions

Raised arterial blood pressure (�140/90 mm Hg)

Raised plasma triglycerides (�150 mg/dl; �1.7 mmol/l)

Low plasma HDL cholesterol (�35 mg/dl; �0.9 mmol/l) in men or

(�39 mg/dl; �1.0 mmol/l) in women

Central obesity (BMI �30 kg/m2) and/or waist:hip ratio (0.9 in men, 0.85 in

women)

Microalbuminuria (urinary albumin excretion rate �20 �g/min or

albumin:creatinine ratio �30 mg/g)

c Other conditions which may be present but are not required for diagnosis

Hyperuricemia

Coagulation disorders
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Proposed Predisposing Factors

Although the etiology of the syndrome is not well understood, several

factors (insulin resistance, genetics, lifestyles, fetal development and psychoso-

cial stress) have been proposed to be contributing to its development. Among

these factors, insulin resistance appears to be of central significance. Factor

analysis studies [15] indicate that insulin resistance clusters with measures of

glucose, central obesity and usually with dyslipidemia indicating the underly-

ing multifactorial process necessary for the full expression of the syndrome.

Genetic factors are also thought to be important in the pathogenesis of the

metabolic syndrome since insulin resistance has been reported in 45% of first-

degree relatives of patients with type 2 diabetes compared with 20% of individ-

uals without such family history [16]. Furthermore, first-degree relatives of

type 2 diabetics also have an increased waist-to-hip ratio compared to subjects

without history.

In terms of environmental influences, a sedentary lifestyle is associated with

an increased risk of developing the metabolic syndrome, since moderate and vig-

orous leisure time physical activity has been reported to decrease the risk of the

syndrome by two-thirds and cardiorespiratory fitness was inversely associated

with the syndrome independent of BMI and related confounding factors [17].

Dietaryily, it has been proposed that the quantity and quality of dietary carbohy-

drate may play a crucial role in the development of the syndrome, since high

insulinogenic foods may result in postprandial hyperinsulinemia and weight

gain, especially in genetically predisposed individuals [18]. In the developing

world, especially in countries undergoing the nutrition transition [12, 19], the ‘thrifty

phenotype’ [20], the ‘fetal origins’ [21] and ‘fetal insulin’ [22] hypotheses have

been proposed to explain the increasing prevalence of obesity, cardiovascular dis-

ease and type 2 diabetes mellitus as a consequence of genetic and environmental

interaction(s). In this regard, small size at birth, and obesity later in life arising

from or related to the significant dietary changes of the nutrition transition, may

be predisposing factors to the development of the syndrome. In India for instance,

poor intrauterine growth was predictive of a higher prevalence of adiposity at 8

years of age, and the latter was strongly predictive of insulin resistance [23].

The similarities between the metabolic and the Cushing’s syndrome [24]

have elicited interest in relation to cortisol metabolism as well as the role of

increased sympathetic activity and hypothalamic pituitary adrenal (HPA) func-

tion, in response to psychosocial stress, in the pathogenesis of the metabolic

syndrome. Although the latter has been associated with increased urinary excre-

tion of cortisol metabolites, norepinephrine and a lower heart rate variability [25],

which may partly explain [26] the increased cardiovascular mortality in the

presence of the metabolic syndrome, future prospective studies will undoubtedly
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afford better perspective on the relationship, if any, of neuroendocrine

activation and the metabolic syndrome.

The recurring theme of central obesity as a main component of the metabolic

syndrome [8, 9, 12, 23] together with the recent appreciation of the endocrine

and paracrine functions of adipose tissue [27] has led to the proposal that chronic

inflammation may be an important component of the metabolic syndrome [28].

Certainly, emerging evidence would appear to be supportive (fig. 1) of the role

of chronic inflammation being the common underlying link of a number of the,

apparently unrelated, components of the metabolic syndrome and its related

associations to the so called chronic diseases of the western world [29, 30],

including psychosocial stress [31]. In this regard, the recently described antidia-

betic, antiatherosclerotic and anti-inflammatory functions of adiponectin [32], a

novel adipocytokine, as well as its relation to decreased risk of myocardial

infarction [33] would afford additional support for such a proposal. Further

more, chronic inflammation [34, 35] could further offer a unifying mechanism

[36, 37] of the implications and consequences of the effects of undernutrition

early in life in relation to the nutrition related chronic diseases of apparent ‘aff lu-

ence’ later in life.

Management

The approach to the treatment of the syndrome includes lifestyle 

modifications (weight management, physical activity and dietary management

IUGR Environment Genetic 
variation 

Central obesity, Innate immunity

Adipokines, Cytokines

Atherosclerosis and CVD events

Metabolic 
syndrome 

Insulin resistance

BP

TG HDL

Fig. 1. Proposed origin and relationship of the metabolic syndrome to chronic disease.

IUGR � Intrauterine growth restriction; TG � triglycerides; HDL � high-density lipopro-

tein cholesterol; BP � blood pressure. Adapted from various sources.
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conducive to improving insulin resistance), addressing all modifiable risk

factors for coronary heart disease in conjunction with pharmacotherapy, as

appropriate, as well as the treatment of glucose intolerance and diabetes.

Despite the lack of consensus on the treatment of the metabolic syndrome,

the available evidence would strongly support the urgent need for effective and

appropriate management, since the components of the metabolic syndrome,

individually and collectively, appear to afford increased risk for coronary heart

disease and diabetes [38], and the treatment thereof in the form of exercise [39],

dietary [18, 40] and weight [41–43] management are associated with beneficial

outcomes. With regard to the dietary management of the syndrome and on the

basis of the available evidence, low carbohydrate/high fat diets in relation to

weight loss would appear to afford no additional advantage over any other sound

method of weight management [44–47], at least in the short term. Nevertheless,

although the early diagnosis and management of the metabolic syndrome may

prove effective in the better prevention of type II diabetes and cardiovascular

disease, more definitive outcomes from any such intervention studies will undoubt-

edly help establish the efficacy of the current recommendations.
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The idea that insulin resistance and the resulting hyperinsulinemia cause a

cluster of metabolic abnormalities giving rise to a clinical syndrome that

greatly increases the risk of cardiovascular disease (CVD) has been debated for

several decades [1–4]. As pervasive as the concept has been, more than 15,000

scientific publications later (personal search of PubMed) there is little agree-

ment on what to call the syndrome (metabolic syndrome [5] [for simplicity this

name will be used in the rest of manuscript], syndrome X, dysmetabolic syn-

drome [6], insulin resistance syndrome [4]), how to define it clinically (at least

four partially overlapping definitions by the NCEP:ATPIII, WHO, AACE and

EGIR were recently discussed at the 1st Annual World Congress on the Insulin

Resistance Syndrome [7]) and how to approach it therapeutically [8].

This is perhaps because the pathophysiological underpinnings of the meta-

bolic syndrome are far from being understood. Hyperinsulinemia, increased

sympathetic nervous system (SNS) activity and, more recently, elevated intra-

adipose tissue concentrations of cortisol are among the abnormalities that

continue to be studied as possible common denominators. Notwithstanding this

work, the discussion on whether the clustering of obesity, insulin resistance,

dyslipidemia, hypertension, and other abnormalities reflects a limited number

of underlying etiologic defects or even a single defect has remained very lively

throughout the years [8–21].

The Pima Indians of Southwestern Arizona are interesting in this respect

because they have one of the highest reported prevalence rates of obesity

and T2DM, but not as high a prevalence of hypertension [22] and CVD [23].
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The case of the Pimas has been cited in the literature as one of the prime exam-

ples for the lack of solid epidemiological evidence supporting the existence of

the metabolic syndrome [24]. On the other hand, learning what protects hyper-

insulinemic Pimas from fully developing the metabolic syndrome may have

great relevance to its treatment in other populations. We have studied the patho-

physiological consequences of hyperinsulinemia in the Pima Indians for many

years. This manuscript summarizes some of the key findings.

Hyperinsulinemia

The Pima Indians are characterized by marked insulin resistance and

hyperinsulinemia [25]. The hyperinsulinemia of the Pimas appears to be an

abnormality that is already present in childhood [26] and has serious conse-

quences since it predicts the development of obesity [27] and T2DM [28] in

children and T2DM in adults [29]. The reason for the marked hyperinsulinemia

remains unknown. To a certain extent, the higher insulin concentration is a

secondary adaptation to the high degree of adiposity and insulin resistance.

This is unlikely to be the only explanation, however, because Pima Indians are

more insulinemic than whites even after accounting for the higher degree of

adiposity and insulin resistance [25]. We have hypothesized a role of increased

parasympathetic drive to the pancreas [30], but have been unable to conclu-

sively prove it [31].

One of the early clues that insulin and the metabolic syndrome may be

physiologically related was provided by the observation in the mid 1960s of an

association between hyperinsulinemia and hypertension [1], a finding later con-

firmed by several others studies [32, 33] but not ours [22, 34, 35]. Saad et al.

[22] showed that in Pimas plasma insulin concentrations in the fasting state and

after carbohydrate loading were not significantly related with blood pressure

after controlling for BMI and glycemia. We also demonstrated that the relation-

ship between insulinemia and blood pressure was racially specific, being

present in whites but not in Pimas [34, 35] or blacks [34]. This could indicate

that insulinemia is not causally related to variability in blood pressure or,

alternatively, that the relationship between hyperinsulinemia and hypertension

may be mediated by mechanisms active in whites but not in Pimas or

other racial groups. Many such mechanisms have been proposed by which

hyperinsulinemia could lead to an increase in blood pressure, including effects

on the kidney and the autonomic nervous system [2]. We have been especially

interested in the putative stimulatory effect of insulin on the sympathetic ner-

vous system.
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The Sympathetic Nervous System

Almost 20 years ago, Landsberg proposed that the hyperinsulinemia

associated with obesity-induced insulin resistance leads to increased sympathetic

nervous system (SNS) activity, which in turn contributes to increased blood

pressure through chronotropic, vasoconstrictive and antinatriuretic effects [36].

While experimental studies in animals have proven this hypothesis correct, the

direct neurobiological mechanism through which insulin activates neurons

responsible for regulating the SNS remains somewhat obscure [37].

In humans, an association between obesity and SNS activity has been

reported by others [38] and us [35]. However, while in whites obesity, hyperin-

sulinemia, elevated SNS activity and high blood pressure are intercorrelated, in

Pimas we observed relationships between obesity and insulinemia and SNS

activity and blood pressure, but not insulinemia and SNS activity [35]. This

raises the possibility that a failure of insulin to activate the SNS in response to

the development of obesity may contribute to the low prevalence of hyperten-

sion in this population. It is possible that obese Pimas, who manifest resistance

to the action of insulin on peripheral glucose uptake, also become resistant to

the central effects of insulin to stimulate sympathetic outflow (fig. 1). The lack

of relationship between insulinemia and SNS activity may also explain why,

despite being so obese, Pima Indians have a SNS activity that is 20–30% lower

than whites [35, 39–41], a desirable characteristic since a low SNS seems to

protect against the development of hypertension [42].

Thus, if low SNS activity begets cardioprotection, understanding the neuro-

physiological mechanisms through which Pimas attain the former would seem

highly relevant. Glucocorticoids are known to have both direct and indirect

inhibitory effects on central noradrenergic neurons [43] and we have recently

uncovered evidence that Pimas are characterized by a high sensitivity of the SNS

to the acute inhibitory effect of cortisol [41]. We have, therefore, suggested that

this is, at least in part, how Pimas achieve low sympathoexcitation [41].

11�-Hydroxysteroid Dehydrogenase

Another mechanism through which insulin and cortisol may be linked to

the pathophysiology of the metabolic syndrome relates to the novel concept of

tissue specific metabolism of glucocorticoids [44]. Adipose tissue contains the

enzyme 11�-hydroxysteroid dehydrogenase type 1 (11-HSD), which acts in

vivo as a reductase, converting inactive cortisone to active cortisol. In rodents,

artificially increasing 11-HSD1 activity in adipose tissue by introducing an 

11-HSD1 transgene under control of an adipose specific promoter, results in
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the development of visceral adiposity, hyperglycemia, dyslipidemia and hyper-

tension [45, 46], i.e., a cluster of abnormalities resembling the metabolic syn-

drome in humans. Conversely, 11-HSD1 knockout mice resist fat accumulation

and insulin resistance even when eating a high-fat diet [47]. Based on this and

other experimental evidence, it has been suggested that 11-HSD1 in the adipose

tissue is a promising target for the treatment of the metabolic syndrome [48].

In humans it was observed that 11-HSD1 expression and activity are up reg-

ulated in the adipose tissue [44, 49–51], but not in the liver [44]. The potential

pathophysiological importance of adipose-tissue specific dysregulation of gluco-

corticoid metabolism in the Pimas is supported by the close relationship between

high 11-HSD1 expression/activity and insulin resistance [51]. Furthermore,

genetic variation in the 11-HSD1 gene has been related to both T2DM [52] and

elevated blood pressure in this population [53].

Interestingly, expression and activity of 11-HSD1 also are regulated by

insulin and, although the direction of this effect in vitro remains unclear [54–56],

we found a positive relationship between insulinemia and 11-HSD1 [51] in the

adipose tissue. However, Pimas have lower levels of 11-HSD1 mRNA than

Blood pressure 
a

The Landsberg hypothesis

b

Alternative models

IR/Hyperinsulinemia 

Obesity         SNS activity Blood pressure

?

?

Other mechanisms

Caucasians

IR/Hyperinsulinemia

Obesity SNS activity Blood pressure 

Other mechanisms

Pima Indians

Obesity IR/Hyperinsulinemia SNS activity

Fig. 1. According to Landsberg’s hypothesis [36], hyperinsulinemia associated with

obesity-induced insulin resistance leads to increased SNS activity, which in turn contributes

to increased blood pressure. Studies in Pima Indians suggest a more complex model in which

hyperinsulinemia, SNS activity and other yet unidentified mechanisms can have concomitant

but independent effects on blood pressure.
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whites, after adjusting for circulating insulin and insulin resistance. Because

obese Pimas, like some obese people in general, often have certain cushingoid

features (primarily central adiposity with relatively lean extremities), it is some-

what surprising that we have been unable to uncover any systemic [40, 41] or

tissue specific [51] cortisol excess in this population. Conversely, it is again

tempting to speculate that if adipose-tissue specific dysregulation of 11-HSD1

plays a crucial role in the development of the metabolic syndrome, low level of

11-HSD1 in the adipose tissue may be a peripheral mechanism by which Pimas

are protected, at least in part, from some of the deleterious health consequences

of hyperinsulinemia.

A Statistical Attempt to Identify the ‘Common Denominator’

Factor analysis is a mathematical technique by which a large number of

correlated variables can be reduced to fewer factors that represent distinct

attributes that account for a large proportion of the variance in the original

variables. Thus, factor analysis is well suited for identifying single or multiple

components underlying the metabolic syndrome and has been used by others

[9–20] and us [56] for this purpose.

Consistent with our clinical physiologic and molecular studies, a factor

analysis conducted in close to 2,000 Pima Indians and designed to statistically

test the hypothesis that the metabolic syndrome results from a single etiologic

abnormality, failed to identify a single factor underlying the correlation struc-

ture of the ten variables fed to the model (fasting and 2-hour glucose concentra-

tions, fasting and 2-h insulin concentrations, systolic and diastolic blood

pressure, body weight, waist circumference, serum triglycerides, and HDL

cholesterol concentrations). Instead, the analysis identified four factors that

accounted for 79% of the variance in the original ten variables, each factor

reflecting a proposed component of the metabolic syndrome: insulinemia, body

size, blood pressure, and lipid metabolism [57]. From this analysis we argued

that substantial information about these distinct metabolic processes may be

lost by trying to combine them into a single entity [57].

Conclusions

In conclusion, physiologic, molecular and epidemiologic evidence from

studies in Pima Indians suggests that the abnormalities constituting the meta-

bolic syndrome are the result of largely independent physiologic processes. Based

on the lack of support from our studies, one could conclude that the metabolic
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syndrome is an artificial (in pathophysiological terms) construct and that clini-

cal treatment and prevention strategies based on the ‘metabolic syndrome’

hypothesis may prove sub optimal compared with treatment of the individual

components. On the other hand, if a metabolic syndrome exists and Pima are

protected against its full development, learning more about the central and/or

peripheral mechanisms that afford them this protection may have great rele-

vance to its treatment in other populations.
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Perhaps the major new health care challenge of the current age in both

developed and developing countries is the epidemic of obesity. Obesity is a

prime driver of the Metabolic Syndrome, a cluster of cardiovascular risk condi-

tions present in one quarter of the adults in the US [1] that predispose the major

killers – heart disease, stroke and many cancers. There are several definitions of

the Metabolic Syndrome [2] that identify patients at risk with combinations of

raised blood pressure, atherogenic dyslipidemia, impaired glucose homeostasis,

and visceral obesity. As discussed below, it is becoming increasingly clear that

drugs developed for the treatment of these diseases will target pathways altered

by lifestyle. Equally, specific macronutrients are ligands to receptors that are

now targets for drugs treating lifestyle driven diseases. Added to this complex-

ity is the fact that genetic susceptibility modulates these pathways. We will here

discuss this intersection between environment, genes and drugs. A head-on

collision or an opportunity for tailored treatment?

Excess corpulence has been recognized throughout history but has become

prevalent in the population only in the past couple of decades. Currently in the

United States about two-thirds of the adult population are estimated to be either

overweight (body mass index, BMI �25 kg/m2; weight in kilograms divided by

height in meters squared) or obese (BMI �30) [3]. Argument was made for

‘thrifty gene(s)’ over 40 years ago [4] but the historical antecedents which led to

natural selection of those who could survive times of famine have been most

elegantly detailed recently by Prentice [5]. Obesity is a polygenic disease. The

heritability is difficult to calculate but has been recently estimated at 30–70%

[6]. Clearly, while the genetic makeup of individuals has not changed in the past
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30 years, obesity has run rampant. This suggests strongly a shift in environment

which has exposed a prevalent genetic predisposition.

Obesity – A Matter of Dietary Fat?

Obesity of course must reflect long-term imbalance between caloric intake

and expenditure. The current ‘Western’ lifestyle can dispose alterations in both.

Free access to a high energy dense, palatable and varied food supply encourages

overconsumption. When combined with lack of necessity for physical activity

to procure that food supply, obesity is a natural, rather than unnatural, outcome.

There is considerable controversy about the dietary variables most respon-

sible for the obesity epidemic. Dietary fat was historically seen as the major

problem but more recently the focus has turned to carbohydrates with ‘diet

gurus’ recommending high protein, unlimited fat and severely carbohydrate-

limited intake patterns. However, the data are accumulating for a more sophisti-

cated analysis focused on both dietary fat and carbohydrate subtypes. For fats,

certainly the case has been made that ‘oils ain’t oils’ – something not in the least

surprising to Mediterranean peoples. High saturated fat levels are deleterious

and there are numerous mechanisms which have been identified. These have

been detailed elsewhere [7], but one of the most interesting is the profound

effect of saturated fatty acids in the diet to modulate hypothalamic expressions

of neuropeptides of energy balance in the direction that would encourage excess

intake [8]. In contrast, polyunsaturated fats (PUFAs) have been shown to be

neutral or perhaps even beneficial with respect to total and, importantly, central

fat accumulation [9] with contrasting effects (to saturated fats) on neuropeptide

expression and a range of other metabolic variables that mechanistically under-

pin those observations. Of the two major PUFA fat types, the balance between

n–6 (omega–6) and n–3 (omega–3) fats equally appears important [10]. On the

carbohydrate side, again subtype analysis is very important. Indeed, it is simple

sugars and the rise in consumption of fructose-based soft drinks that can be

more convincingly linked to obesity than can overall carbohydrate intake [11].

Similarly, if we look at type 2 diabetes, figure 1 shows data from the Nurses

Health Study which plots the relative protection from (below the line), or

disposition to (above the line), type 2 diabetes if one were to replace only 2% of

one type of macronutrient with another [12]. Thus we can see, quite dramati-

cally, that replacing only 2% of saturated fat calories with PUFA, a reduction

of almost 20% in diabetes incidence can be achieved, whereas replacing the

same amount of PUFA with carbohydrate (type unspecified but obviously

important) would result, by this analysis, in an increase of some 15% in

diabetes incidence [12]. These are quite startling data and, taken with the wealth
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of supporting work around these issues, of major importance to the diet-

Metabolic Syndrome issue.

The Link between Gene Polymorphisms and Dietary Lipid:
Example of an Interaction

So how do genes link in here? Perhaps the very nicest example is some

recent work from the laboratory of O’Rahilly et al. [13]. The background to this

study on peroxisome-proliferator-activated receptor-� (PPAR�) requires

some detail because it not only speaks to the issue of gene-nutrient interaction,

but PPAR� itself is also a major drug target in treatment of aspects of the

Metabolic Syndrome so we will return to it in discussion of the drug part of

gene-nutrient-drug interactions.

PPARs are a family of three nuclear hormone receptors (�, � and �) which

control a multitude of metabolic pathways for lipid and carbohydrate handling

[14]. PPAR� activators, of which the thiazolidinediones are the major chemical

class on the market, have become the major new treatment for the insulin resis-

tance of diabetes and ‘pre-diabetes’. Indeed PPAR� activators are really the

first new class of anti-diabetic therapy in many years. Given their enormous

importance, and the fact that the endogenous ligands for this vital class of

nuclear hormone receptors are long-chain PUFAs, it is critical to understand

how PPAR� activators interact with the environment.
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This brings us back to the study of O’Rahilly et al. [13]. Basically, they

analysed the relationship of frequent polymorphisms of a variant of the PPAR�
gene, PPAR�2, on body fatness as indexed by the body mass index (BMI). The

clever variation, given that PUFAs are the endogenous ligands, was to assess

that relationship in terms of the background diet. Quite remarkably, the relation

between one frequent PPAR�2 polymorphism was positive with BMI (i.e., if

the individual carried that polymorphism, he or she was more likely to have

a higher BMI) but only if the polyunsaturated to saturated fatty acid ratio

(PUFA/SAT or more commonly, P/S) of the diet was high. If the P/S ratio was

low, then the relationship completely reversed. These are very important data,

not least because a major, reasonably new class of anti-diabetics, the thiazo-

lidinediones, target PPAR�. The thiazolidinediones have one major ‘side effect’

which is worrying for their long-term use. They cause weight gain, a PPAR�2

effect. However, the data of O’Rahilly et al. [13] could mean that the response

to the drug may depend on the P/S ratio of the fat component of the specific

patient i.e. related to the relative degree of activation by lipids at baseline. In

line with this, will the P/S ratio of the fat component consumed during the treat-

ment influence the response? At a first glance this is not likely because thiazo-

lidinediones are high affinity ligands to PPAR� and naturally occurring ligands

are likely to be low affinity high abundance ligands. Furthermore, the response

to thiazolidinediones appears to be independent of Pro12Ala polymorphism in

PPAR �2 [15]. End of story? Probably not. Nuclear hormone receptors interact

with a large number of co-factors that are important regulators of metabolism.

Several nuclear hormone receptors compete for the same co-factors, many of

these receptors have naturally occurring ligands. Furthermore, small molecule

agonists developed for nuclear hormone receptors may have different biological

profile depending on how the molecules alters the structure of the receptor and

thereby the interaction with co-factors binding to different domains of the

receptor. Finally, PPAR� is active as a heterodimer with another nuclear recep-

tor RXR that also can be regulated. Taken together, lipids are endogenous ligands

for nuclear receptors and are likely to inf luence both the efficacy and biological

response to drugs that target these systems.

Dietary Fat Prof ile: Heterogeneity of Individual Responses

Whilst on the topic of insulin sensitivity, it is worth making another point

about fatty acids and insulin action. It has been perfectly clear from the ‘rodent’

literature that increasing omega–3s (or n–3s) in the fatty acid profile of even

high fat diets fed to rats had a significant beneficial effect on insulin action [16].

What has been disturbing, and disappointing, is that similar data have not been
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forthcoming from human intervention trials. Indeed, it is very difficult to show

any beneficial effect, on a treatment group basis, of n–3 fatty acids on insulin

action [17]. However, if one looks at the individual data a possibly much more

instructive picture emerges. This is shown in figure 2 from the work of Lovejoy

[18] where effect of the supplementation with the long-chain n–3 fatty acid

docosahexanoic (DHA) on insulin sensitivity in adults is shown plotted as

effect by individual. Here we can see that while the overall group effect might

not be, and indeed was not, a significant improvement in insulin action with

DHA supplementation, in almost half the individuals it was extremely benefi-

cial, in an equal group of no apparent effect and in one individual even deleteri-

ous. The question that springs to mind is what are the genetic differences

between these individuals that might explain such diversity of effects? Further,

can we predict the responders and non-responders to such eminently achievable

dietary modifications?

Let us stick with fatty acids and lipid/carbohydrate metabolism for one more

example. The sterol regulatory binding proteins (SREBPs) are a major class of

metabolic regulators whose ubiquitous control of a range of enzymes is now

just being understood [19]. Figure 3 summarizes the multiple levels of control

of SREBPs on both cholesterol and fatty acid metabolism. Focusing on the fatty

acid side of the figure, we see that elevation of SREBP1 expression/activity

positively regulates a range of enzymes which coordinately regulate endoge-

nous lipogenesis (making of new, saturated fatty acids within the body) and

delivery of those fatty acids into triglyceride, the storage form of lipid in the

body. Thus elevation of SREBP1 activity will be associated with saturated fat
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production and storage. In figure 4 we can see the effects on SREBP1s, in an

in vitro cell system, of incubating the test cells with various individual fatty

acids. Saturated fatty acids, particularly palmitate (16:0), have perhaps a mildly

elevating effect (increasing endogenous lipogenesis and storage) while PUFAs,

and in particular, n–3 PUFAs (18:3, �-linolenic) have a dramatic effect to lower

SREBP1 activity [20]. The implications for Metabolic Syndrome of this is

obvious but less obvious, and currently unexplored, is how the genetic makeup

of the individual inf luences this pattern and indeed how any putative pharma-

ceutical which might modulate SREBP activity would act if the P/S ratio of the

diet were to be altered.

We mentioned earlier the contrasting effects of different dietary fatty acid

classes on expression of neuropeptides of energy balance [8]. If this line of

thinking is then extended to pharmaceuticals, it can be noted that there is cur-

rently only one central nervous system targeted anti-obesity drug in common

use. That is sibutramine which is a serotonin/noradrenalin/dopamine combined

re-uptake inhibitor [21]. In many ways its development followed out of 2 phar-

maceutical agents which were used successfully for many years, fenf luramine

and dexfenfluramine, both of which were more specific serotonin reuptake
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inhibitors whose action was thus to modulate brain serotonergic activity [22]. In

this context it is very interesting to note the results from Hibbeln and colleagues

who assessed brain serotoninergic activity via assay of the levels of the major

serotonin metabolite, 5-HIAA, in cerebrospinal fluid [23]. They did this in the

context of understanding the basis of violent behaviors and why, on a world-

wide basis, rates of clinical depression are inversely proportional to levels of

fish, and hence long-chain n–3 fatty acids like DHA, intake. What you can see

from figure 5 is that there is an inverse relationship between DHA levels in

Fatty acid influence on SREBP 
(RNase protection assay – embryonic kidney cells)

Fatty acid None 16:0 18:0 18:1 18:2 18:3

SREBP-1c 1 1.2 0.9 0.6 0.6 0.1

SREBP-1a 1 1.2 1.0 0.5 0.5 0.1

Fig. 4. This complements figure 3 by showing the influence of the saturated fatty acids

(16:0 and 18:0 – neutral or slight induction) on sterol regulatory element-binding protein

(SREBP) versus that of unsaturated fatty acids (repression, profound in the case of 18:3 

�-linolenic omega–3 fatty acid). Adapted from Hannah et al. [20].
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plasma (a reflection of n–3 intake since animals including humans have no

capacity for endogenous generation of PUFA) and 5-HIAA as a marker of brain

serotonergic activity. While no causality can be ascribed to these correlational

data, it is tempting to place such data in the context of the results showing the

protective effect of PUFAs on adiposity and other features of the Metabolic

Syndrome. Equally of course, when the major current centrally acting drug

treatment for obesity is aimed at modulating the serotonergic system, it seems

obvious to look for the interaction between dietary n–3 PUFA intake, the P/S

ratio of the diet, and effectiveness of drugs such as sibutramine. To our knowl-

edge such interactions have not been explored.

Simple Sugars as Well Promote Fat Storage

Whilst a good deal of the discussion thus far has centered around dietary

fats and fat subtypes, an impression should not be given that a similar story can-

not be built around carbohydrate subtypes. The low-fat mafia held sway for

many years despite the lack of evidence that, as either total intake or as a pro-

portion of calories, fat intake had increased during the time of the explosion of

obesity [24, 25]. What has changed is the increase in consumption of simple

sugars and in particular fructose intake from sweet drinks [11]. An interesting

development over the past few years has been the discovery of carbohydrate

response elements in the promoter region of a number of genes. So, just as the

role of PUFAs in gene regulation has been clearly recognized [26], it is now

becoming clear that simple sugars play a similar gene regulatory role [27].

Unfortunately, while PUFAs play a beneficial role in downregulating genes of

endogenous fat production and storage, simple sugars do something of the oppo-

site. This is shown in figure 6, where simple sugars, via carbohydrate response

elements, upregulate expression and activity in key genes like fatty acid synthase

and ACC which combine to promote the production and storage of fat from

these carbohydrate precursors [27]. How polymorphisms in such genes modulate

interaction with dietary sugars is currently unknown.

Metabolic Balance – Energy Expenditure Is Important

Finally, whilst dietary variables and the intake side of the equation have

been the focus thus far, there is strong evidence that reduced physical activity

and energy expenditure play an equally important role in epidemic of obesity,

diabetes and the Metabolic Syndrome. This is also new territory to explore in

the quest for a way out of the quagmire of this looming medical crisis. Here the
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focus must be on skeletal muscle, the body’s largest ‘organ’ and a major player

in both lipid and carbohydrate metabolism. It is now clear from a body of recent

evidence that skeletal muscle oxidative metabolic capacity is reduced in indi-

viduals with obesity and diabetes – with reduced oxidative fibers [28], reduced

mitochondrial number and size [29] and reduced expression of a range of oxida-

tive-phosphorylation genes [30, 31]. There is some evidence that such impair-

ments already exist in individuals with a strong genetic history of obesity and/or

diabetes but undoubtedly lack of physical exercise plays its own independent

role. We now have a much better understanding of the metabolic pathways

underlying mitochondrial biogenesis and fiber-type distribution and the key

control elements. The central role of peroxisome proliferator-activated recep-

tor-� coactivator 1 (PGC1) is now recognized [32]. It is a coactivator of a num-

ber of nuclear hormone receptors and plays a central role in development of

cellular oxidative capacity by, inter alia, augmentation of PPAR transcriptional

activity. Since, as we noted before, PUFAs are endogenous ligands for PPARs,

and PPAR� activators are a major pharma class for treatment of the insulin

resistance and dyslipidemia of diabetes and Metabolic Syndrome, the interac-

tions between physical activity, dietary fat profile, genetic makeup and pharma-

ceutical modification of PGCs will be critical to explore.

A first step along these lines has just been published. This work is by

Cambridge University researchers including those noted about who described

the very interesting relationships between PPAR�2 polymorphisms, dietary P/S

ratio and relation to BMI described above [13]. Taking this work further, they

Endogenous lipogenesis

Fat storage

Carbohydrate (simple sugars) 

ChREBP

Phosphorylation 
(increased activity)

Gene expression

ChRE in gene promoters
• Fatty acid synthase 
• ACC 
• L-type pyruvate kinase

Carbohydrate response elements (ChREs)

Xu-5-p PP2A

Fig. 6. A limited schematic of how simple sugars can end up as stored fat, emphasiz-

ing the role of carbohydrate response elements as gene promoters in this process. This is

drawn from the thinking in Veech [27].
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factored out BMI then analysed the impact of PPAR�2 polymorphisms and

dietary P/S ratio plus physical activity level on fasting plasma insulin levels (as

a marker of insulin resistance in this nondiabetic study group) [33]. What is

very interesting here is that in those individuals who carry the Pro allele, both

high physical activity and high P/S ratio of dietary fats are associated with

somewhat lower fasting insulin levels. That is, both diet and physical activity

had effects and they seemed independent. However, in the Ala allele carriers,

both high physical activity and a high dietary fat P/S ratio had to be present in

order for low fasting insulin levels to be evident, and when this happened

insulin levels were substantially lower [33]. Effectively then, if one were an Ala

allele carrier, just increasing physical activity or just increasing dietary P/S ratio

wouldn’t have much impact on insulin action, but increasing both together

should have a powerful beneficial effect. Such work is critical in furthering our

understanding of gene-lifestyle interactions – particularly the additional role

that physical activity plays.

Why some (many) individuals are prone to physical inactivity is not clear,

however, it is a reasonable hypothesis that the genetic predisposition is exacerbated

by continued inactivity, a vicious circle making increased habitual exercise more

and more unlikely. Appropriate drug and diet intervention to provide activation of

the underlying capacity for exercise may be a fruitful way forward.

Conclusion

The era of individualized, tailored medicine is near. With the unraveling of

the human genome and the recognition that one size doesn’t fit all in relation to

either drugs or lifestyle intervention, we are now looking forward to strategies by

which treatments are targeted to the individual. Analysis of lifestyle-gene-drug

interactions is rightly moving to one of the highest priorities in the pharma

industry and should do so as well in those organizations responsible for nutrient

supply and physical environment.
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Prevention of coronary heart disease is a major issue in public health all

over the world and particularly in developed countries. Indeed, despite major

progress recorded during the last decade in the treatment of acute myocardial

infarction (MI), still 1 of 3/4 patients with this disease dies before admission for

any formal treatment. Therefore, prevention must be the main strategic objec-

tive. However, cost-effective prevention is still limited by our imperfect knowl-

edge of the multiple causes of a complex disease such as MI. Traditionally, in

preventive cardiology the focus has been concentrated on environmental risk

factors and life habits such as smoking, dietary habits, physical activity or

acquired diseases such as diabetes, hypertension, dyslipidemia and more

recently some infectious diseases. However, it is becoming clear that these fac-

tors only partially account for cardiovascular risk. During the last 15 years

interest has grown for the genetic determinants of cardiovascular risk. This has

been prompted on the one hand by the observation of clustering of the disease

cases in families, and on the other by the modulation of intermediate pheno-

types belonging to the clotting, glucose, lipid or vascular tone systems.

A number of recent studies have identified candidate genes that might play

a role in determining the levels of vascular risk factors and their clustering both

in individuals and in families [1–6].

Genetic Modulation of Cardiovascular Risk

Polymorphisms indicate common variants of genes, which are present in at

least 1% of the general population. Sometimes up to 50% of the population is

Coronary Heart Disease
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carrying a given polymorphism. One of 300 basepairs of the 3 billion basepairs

that characterize an individual varies from person to person. However, only

1% of these changes is functional and accounts for modifications of proteins,

although a number of combinations of different functional polymorphisms

are possible.

Polymorphisms in many different genes could be linked to interindividual

differences in the risk of diseases, through quantitative variations of biochemi-

cal and physiological traits that span through the normal range of phenotypic

variability [7]. Genetic variation, moreover, might combine with many different

environmental exposures to determine an individual’s level of resistance or

susceptibility to develop a given disease. In the last 10 years, many genetic

studies of coronary heart disease have focused on the identification and charac-

terization of those genetic loci contributing to the variation of intermediate

traits that are involved in the etiology of the disease.

Variability in protein levels and protein activity in blood, attributable to the

presence of polymorphisms, has also been found for proteins such as fibrino-

gen, considered risk factors for cardiovascular disease [8, 9]. This concept

allows making direct associations between these polymorphisms and the risk of

disease. As an example, the B2 allele of the BclI polymorphism of the gene

encoding for the �-chain of fibrinogen has been associated with high blood lev-

els of fibrinogen and the risk of familial MI was found to be twice in carriers of

this allele. On the contrary, factor VII gene 353Q polymorphism is associated

with lower levels of coagulation factor VII and the presence of one of these alle-

les reportedly reduces the risk of MI by half [2].

However, since polymorphisms only make a relatively small contribution

to the overall risk of disease, it may be difficult to fully understand the actual

impact of genotypes on the risk of disease. Epidemiological studies have failed

so far to make these differences evident. Meta-analyses have shown that the

contribution of polymorphisms to the risk of disease is often limited to some

specific subgroups. In the case of multifactorial disease, the risk results from an

interaction between several environmental and genetic factors. Rather than

influencing basal levels of proteins, the presence of polymorphisms may either

increase or decrease the susceptibility to disease by modulating the response to

environmental factors, such as diet, smoking, physical activity and exposure to

infectious agents [10, 11].

In view of the focus of these proceedings, we shall concentrate here

on some examples of gene-environment interactions involving nutrition and

physical activity in particular, with few considerations on a special model

of life-habits/gene interaction, i.e. the European gradient of cardiovascular

mortality.
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Gene-Environment Impact on Fibrinogen

An individual with a given genetic predisposition might have a stronger

response when exposed to a specific stimulus, which translates into a higher

variability of the related protein levels. The genetic control of fibrinogen levels

has to be considered together with environmental factors, since fibrinogen

genotypes may interact with cigarette smoking [12], gender [13, 14] and physi-

cal activity [15] in determining the variations in fibrinogen levels.

A different association has been found between �455G/A or BclI polymor-

phisms and fibrinogen levels in women or in men [13, 14, 16]. The effect of the

A allele of the �455 G/A polymorphism on fibrinogen levels was additive in

men, while it showed a dominant behavior in women. When menopausal status

and hormone replacement therapy (HRT) were considered, the dominant effect of

the A allele was only evident in postmenopausal women not taking hormones,

while in both premenopausal and postmenopausal women treated with HRT, the

effect of the A allele was additive, as observed in men [14]. These findings sug-

gest that the effects of hormones or other gender-specific factors on the synthesis

of fibrinogen are modulated by genetic variance at the promoter levels that can

differently regulate the activation/repression of fibrinogen gene transcription.

The fibrinogen genetic background can also regulate the relationship

between physical activity and fibrinogen levels. An inverse dose-response rela-

tionship has been described between regular physical exercise and fibrinogen

levels [17], although intensive, strenuous exercise was associated with an acute

rise in fibrinogen levels [15]. The increase lasted several days, probably due to

a continuous fibrinogen production. However, this phenomenon varies accord-

ing to the G/A �455 polymorphism of the fibrinogen �-chain gene. After

2 days of strenuous military exercise, an increase in fibrinogen levels (as com-

pared to the concentration at pre-training) was recorded; an effect significantly

stronger in the AA homozygotes than in heterozygotes or GG homozygotes.

Vaisanen et al. [18] showed that physical activity levels explained up to 9%

of fibrinogen variance in carriers of the B2 allele of the BclI �-chain gene

polymorphism, while it had only a marginal effect in carriers of the common

B1 fibrinogen genotype. Similar results were shown for polymorphisms in

the �-chain gene of fibrinogen in postmenopausal women [19] and middle-

aged men [20].

Besides their effect on fibrinogen levels, fibrinogen polymorphisms can

also modulate the relationship between environmental risk factors and the risk

of cardiovascular disease. Helicobacter pylori (HP) infection has been associ-

ated with a higher risk to develop ischemic heart disease, although the results

are controversial [21]. Zito et al. [11] showed that the BclI polymorphisms of

the �-fibrinogen gene modulated the effect of HP on both fibrinogen levels and
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the risk of MI. HP, a bacterial agent inducing a life-long infection, was found to

be associated with chronically increased plasma levels of fibrinogen, an effect

stronger in carriers of the B2 allele. Carriership of the B2 allele also amplified

the effect of seropositivity for HP on the risk of MI. Indeed, patients who were

both seropositive for HP and carriers of the B2 genotype showed an additional

increase in the risk of MI as compared to subjects affected by HP but homozy-

gous for the B1 allele.

The European Gradient of Myocardial Infarction Mortality as a
Model of Gene-Environment Interaction

The risk of CAD is differently distributed in Europe: MI mortality is lower

in Southern than in Northern European countries [22]. Epidemiological studies

have shown that the dietary habits of European populations have an important

role in determining the gradient of CAD risk [23]. Indeed, it has been shown

that populations consuming low amounts of animal fat or drinking red wine

daily had a reduced rate of death for CAD [24]. In general, the low rate of CAD

in the Mediterranean regions of Europe stimulated an increasing interest for the

potential role of the traditional Mediterranean diet in the prevention of the dis-

ease [25, 26]. The dietary profile of the Mediterranean regions is significantly

different from that adopted in other Western countries, with particular regard to

the use of fat, cereal-derived foods, vegetables and type of alcohol [27–28].

A protective role of the Mediterranean diet has been also shown in subjects at

risk for cardiovascular disease [29–32].

Though important, dietary habits are not sufficient to fully explain the

difference in CAD risk observed throughout Europe. As already mentioned, in

the last years, genetic factors have also been implicated in the development of

CAD [1–6]. It has been demonstrated that the genetic background of Europeans

is not homogeneous and differences have been observed in the frequency of

alleles related to genes of factors relevant for the pathogenesis of atherothrom-

bosis. Actually, genes constantly interact with their environment in determining

the pathogenesis of disease. The effect of a gene measured in one environment

may differ from its effect in another environment. As an example, the effect of

ApoE polymorphism on lipid metabolism may be different among populations

with different fat intake [33]. A simultaneous evaluation of the complex inter-

actions between genes and lifestyle habits (particularly nutrition) is required in

order to appreciate their true involvement in determining differences in MI

prevalence across European countries.

The interactions between genetics and life habits in the cardiovascular risk

were the focus of the European study IMMIDIET, which, under the co-ordination
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of our group, is evaluating the impact of gene-diet interactions in three

European populations at different risk for cardiovascular disease (Southern

Italy, Belgium and an area South-East of London). Cultural integration between

Italian and Belgian partners in mixed couples deriving from the Italian immi-

gration to Belgian coal mines is also a major point of interest of this study. Food

frequency questionnaires (validated in the different Countries starting from the

EPIC model) and biomarkers of food intake (lipid composition of red cell

membranes, blood levels of micronutrients, markers of oxidation) were used to

match dietary habits with the genetic background concerning factors of the

hemostatic and inflammatory systems and biochemical indicators of the throm-

botic risk in over 1,800 subjects recruited in these three countries through the

national networks of General Practitioners.

Specific MI risk factors such as coagulation factor VII and homocysteine

are most likely under the combined influence of both dietary factors and genetic

polymorphisms. We shall take here the example of factor VII, the pivotal factor

of the clotting cascade.

Gene Environment Impact on Coagulation Factor VII

Factor VII is a vitamin K-dependent plasma serine protease that plays a cru-

cial role in the initiation of tissue factor-induced coagulation. Factor VII levels

vary over a wide range in the general population [34]. Several environmental

factors influence its plasma levels, although explaining only a minor part of its

variation among individuals. Age, gender, body mass index, oral contraceptive

use and postmenopausal status have all been associated with factor VII levels

[35]. Dietary fats and blood lipids are also major determinants of factor VII lev-

els. Factor VII clotting activity (factor VII:c) increases shortly after fat intake,

therefore the association between triglycerides and factor VII:c is strongly

dependent on the postprandial or fasting status [36].

Factor VII levels are also modulated by polymorphisms in factor VII gene

[37]. The gene coding for factor VII has five identified polymorphic sites that

may be associated with circulating levels of the gene product, accounting for up

to 30% of the variance in factor VII levels in plasma [38–42]. In the promoter, a

decanucleotide insertion at position �323 is in strong linkage disequilibrium

with a single base substitution (A/G) at codon 353 (Arg/Gln) in exon 8. Two

additional promoter polymorphisms arise at �401 (G to T) and �402 (G to A).

A further common polymorphism has been described in hypervariable region

4 of intron 7, HVR4, with 3 different length alleles termed H5, H6, and H7.

A study of 215 pairs of twins has shown that genetic influences account for

57% of variation in factor VII levels and that there is a significant genetic
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correlation between FVII and triglycerides [43]. The Q allele of R353Q poly-

morphism of factor VII gene, associated with relatively low blood levels of fac-

tor VII, has a protective effect on the risk of MI. The presence of the protective

alleles reduced the risk of familial MI in the Italian population by about 50%

[2]. More recently, the same polymorphisms have been shown to protect Italian

patients with a high degree of coronary atherosclerosis against MI [44]. Other

studies, however, failed to show conclusive results on the association between

factor VII polymorphisms and MI, the severity of coronary artery disease or the

risk of stroke [45–48]. The possibility that the protective effect of factor VII

polymorphisms depends on different environmental exposure determining the

risk is a possible explanation for the discrepancy in the results of different stud-

ies. The effect of the Q353 allele in reducing the risk of cardiovascular disease

is mainly expressed in smokers, while it is virtually absent in non-smokers [49].

Like air-bags in a car, ‘protective’ factors might appear unnecessary if the dri-

ving style is safe and no accident occurs. In contrast, they show their life-saving

effect in the case of hazardous driving leading to a crash. Carrying air-bags,

however, should not prevent people from driving carefully!

The ‘protective’ allele of the factor VII gene is distributed differently

among European populations and its distribution in Europe co-varies with the

risk of MI [50].

The frequency of the Q allele of R353Q polymorphism ranged between

0.06 and 0.13 in North Europeans at high risk of MI [51, 52] and between 0.15

and 0.29 in Italians, Spanish and Inuit at low risk of MI [2, 51, 53–55]. Similar

results were found for the H7 allele of the HVR4 polymorphism [2, 51–55] and

the 0-bp allele of 0/10-bp polymorphism [2, 51–55, 56]. Since these rare alleles

are associated with low levels of factor VII, their reduced frequency could be in

agreement with the higher rate of MI mortality in such countries as compared to

the South-European and Inuit populations, supporting a protective role of these

polymorphisms in the development of MI.

The R353Q polymorphism may also influence the association of plasma

factor VII with triglyceride levels [46, 56–57]; a positive relationship between

factor VII and triglyceride levels is present in carriers of the R allele variants

but not of the Q allele variants. These findings suggest that subjects carrying

the Q allele variant of factor VII are protected from the activation of factor VII

in response to dietary fat intake. Indeed, the absolute and the percentage

increase in factor VII activation after a fat-rich meal is higher in subjects with

the RR genotype than in carriers of the Q allele [58, 59]. On the other hand, the

regulation of the relation between factor VII activity and triglycerides by

R353Q genotype is not completely clear. A study in Indian adults reported the

same finding, but with an opposite effect of the rare allele [60]. Other studies,

conducted in subjects in a fasting condition, failed to find any association [61,
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62]. Moreover, it is possible that, together with the different ethnical origin of

the populations studied and the fasting or non-fasting status, the inclusion of

females in the sample and the age of the subjects studied could account for

differences among the studies, although the low power of some studies in

detecting such a difference should be taken into consideration. In the Rotterdam

Study, a large population-based study, Mennen et al. [63] reported a stronger

association of both factor VII:c and factor VII:antigen with triglycerides in non-

fasting older women carrying the RR genotype, but not in older men.

One of the mechanisms which could explain the effect of dietary fat on

factor VII involves the interaction with triglyceride-rich lipoproteins (VLDL).

Indeed, the binding of factor VII to VLDL can prolong its half-life and enhance

the process of factor VII activation [64, 65]. The amino acid substitution

Arg/Gln may alter this interaction and determines a decreased activation of

factor VII. However, a direct effect of this polymorphism on factor VII antigen

levels could also be proposed; indeed, in transient transfection assays with

factor VII cDNA containing the base substitution, the Q allele determined a

defective secretion of the molecule from the cells [66].

Conclusions

The application of genetic studies to the pathogenesis of the multifactorial

cardiovascular disease has allowed to better explore the impact of crucial

environmental factors such as dietary habits or physical activity on vascular

risk. Indeed, genetic polymorphisms, rather than influencing the risk per se,

may affect the individual response to environmental factors and represent the

basis for the well-known interindividual variability in the impact of smo-

king, nutrition, physical activity or infections on cardiovascular risk. Therefore,

a careful approach of gene-environment interaction may optimize the study

of nutrition and fitness as major risk factors in cardiovascular prevention

strategies.
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In prokaryotes and lower eukaryotes, the regulation of gene expression in

response to changes in nutrients is common and well-documented [1]. In multi-

cellular organisms, nutrients are effectors of more complex functions, such as

the stimulation of hormone synthesis and the secretion of neurotransmitters.

Nutrients such as fatty acids and their metabolites [2], monosaccharides [3],

amino acids [4], nucleotides [5], and vitamins [6] regulate gene expression by

interacting directly with transcription factors controlling the expression of spe-

cific genes through cis-regulatory elements in the promoter region or altering

the stability of messenger(m)RNA.

We recently reviewed several examples of regulation of gene expression by

micro- and macro-nutrients [7, 8]. We herein expand on the issue of the regulation

of gene expression by nutrients during physical activity, and summarize recent

insights from our own research into regulation of gene expression by polyunsatu-

rated fatty acids. Finally we will here highlight how the intake of specific nutri-

ents may condition the expression of a specific genotype, an example of the

expanding interest in the area of nutrigenetics.

Nutrients, Physical Activity and Gene Expression

The skeletal muscle has a major impact on whole-body metabolic homeo-

stasis, being capable of remarkable adaptation in response to exercise and

dietary intervention. Transcriptional activation and increased mRNA stability

are the main mechanisms by which exercise increases the expression of many

genes in skeletal muscle. Nutrient availability and associated alterations of hor-

mone levels are additional modifiers of skeletal muscle gene expression.
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A main subject of nutritional research in these last years has been to iden-

tify mechanisms by which alterations of gene expression through nutritional

interventions are coupled with changes in skeletal muscle phenotype. Potential

stimuli for gene expression during exercise and physical activity include

stretch and muscle tension, motor nerve activity, the energy charge of the cells,

oxygen tension, circulating hormones and the availability of nutritional

substrates.

We will here review a few examples of regulation of gene expression dur-

ing exercise by lipids and carbohydrates.

Fatty Acids and Gene Expression during Exercise
Dietary regulation of gene expression by fatty acids during exercise is one of

the best characterized steps in skeletal muscle adaptation to the energy demands

of the muscle. A complex regulation at multiple levels permits the matching of

the availability of these fuels to the energy demands of exercising skeletal muscle.

Regulation occurs because of changes in substrate availability or changes in

hormonal concentrations, and in part reflects the allosteric regulation of specific

enzymes [9]. Fatty acid traslocase (FAT/CD36), plasma membrane fatty acid-

binding protein (FABPm) and �-hydroxyacyl-CoA dehydrogenase (�-HAD) are

examples of genes differentially regulated in response to consumption of a lipid-

rich diet during exercise.

FAT/CD36 is present in tissues with a high fatty acid demand, including

the heart, the adipose tissue, the intestine and skeletal muscle [10], and acts as a

regulator of intracellular fatty acid uptake at times of increased metabolic

demand by its recruitment, during muscle contraction, to the plasma membrane

from intracellular sites [11]. Cameron-Smith et al. demonstrated that, in well-

trained subjects undertaking a matched exercise regimen, the consumption of a

fat-rich diet (�65% of energy from lipids and �20% of energy from carbohy-

drates) for 5 days markedly increases the expression of FAT/CD36 when com-

pared with an iso-energetic high-carbohydrate diet (70–75% of energy from

carbohydrates and �15% of energy from fats), modulating the increased

expression of the protein occurring with exercise [12]. The investigation carried

out by these authors showed 50 and 17% increases in gene and protein abun-

dance of FAT/CD36, respectively, with the high-fat diet compared with the

high-carbohydrate diet, suggesting that the role of FAT/CD36 in facilitating

skeletal muscle fatty acid uptake during exercise is further finely tuned accord-

ing to the specific metabolic needs (plasma concentrations of fatty acids), in

turn dependent from dietary fat uptake.

FABPm is an important mediator of fatty acid plasma membrane transport,

present in tissues with high fatty acid flux [10]. Fasting [13] and endurance

training [14] increase the abundance of skeletal muscle FABPm protein by
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increasing dietary fatty acid levels. Cameron-Smith et al. showed no increase

in FABPm mRNA or protein after 5 days of a high-fat diet in subjects under-

taking a matched exercise regimen, arguing that FABPm is regulated differen-

tially from FAT/CD36, with no evidence of an effect of diet on FABPm during

exercise [12].

Unlike FABPm, the �-oxidation pathway enzyme �-hydroxyacyl-CoA

dehydrogenase (�-HAD) in skeletal muscle has been shown to be under nutri-

tional regulation [15]. Abundance of �-HAD increases 2.6-fold after a high-fat

diet compared to a high-carbohydrate diet in well-trained subjects undertaking

an exercise regimen, indicating a marked transcriptional activation of this gene

[12]. Helge et al. [15] showed that the increase in �-HAD enzyme activity was

120% greater after 7 weeks of a high-fat diet (62% of energy as fat) than after

an iso-energetic high-carbohydrate diet (37% of energy as fat) during exercise,

and this apparently depended on increased gene expression. Conversely, Peters

et al. [16] showed that the consumption of a high-fat diet for 6 days by untrained

subjects had little effect on �-HAD enzyme activity relative to the effect of a

low-fat control diet (33% of energy as fat). Observations by Kiens et al. [17]

underlined that a diet moderately high in fat (53% of total energy), relative to a

lower-fat diet (43% of energy as fat), fed for 4 weeks, did not alter �-HAD

enzyme activity. Thus, it seems that exercise and diet interact in regulating 

�-HAD enzyme activity, and that exercise training is permissive for the effect

of a high-fat diet on enzyme activity.

The peroxisome-proliferator-activated receptor (PPAR) family of tran-

scription factors has been demonstrated to provide an excellent model to

explain the activation of gene expression after a high-fat diet. Signaling to the

nucleus by many fatty acids has been shown to occur via the multiple isoforms

of PPAR transcription factors [18–20]. It has been demonstrated that selective

agonists for the PPAR-� and PPAR-� isoforms activate the expressions of the

FAT/CD36 gene [21, 22], suggesting a role for increased activity of these tran-

scription factors after a high-fat diet (fig. 1). However, PPAR activation alone

cannot fully account for the observed regulation also of the �-HAD gene. In

fact, there is no evidence for a PPAR response element upstream of the �-HAD

coding region in humans [23]. Thus, the mechanisms linking the increased

availability of dietary fatty acids to the regulation of �-HAD in human skeletal

muscle are far from being understood.

Carbohydrates and Gene Expression during Exercise
Several investigations have shown that plasma levels of three anti-inflam-

matory cytokines, interleukin (IL)-6, IL-10, and IL-1 receptor antagonist (IL-

1ra), are largely augmented after a strenuous exercise [24, 25]. Plasma levels of

IL-8, a neutrophil chemotactic and activation protein, were also reported to
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increase after prolonged, intensive exercise [24, 25]. Postexercise plasma levels

of the pro-inflammatory cytokines tumor necrosis factor (TNF)-� and IL-1�
are slightly increased, with negligible changes reported for the immunomodula-

tory cytokines IL-2, IL-12, interferon (IFN)-� and IFN-� [24, 25].

Nieman et al. [26] tested the hypothesis that carbohydrates decrease

plasma levels of inflammatory cytokines by influencing muscle glycogen

content and cytokine gene expression during prolonged, intensive exercise. In

this study, experienced marathon runners were asked to run for 3 h on a tread-

mill under feeding with carbohydrates or placebo, with muscle biopsies

and blood samples obtained before and after exercise. Subjects received 6%

carbohydrate or placebo beverages 15–30 min before the run and then during

the 3-hour run. The carbohydrate and placebo beverages were identical in

sodium (�19 mEq/l) and potassium (�3 mEq/l) concentrations, as well as in

their pH value (�3). The study showed that plasma concentrations of IL-6, 

IL-10 and IL-1ra were lower in endurance athletes who ingested a 6% carbohy-

drate compared with those taking a placebo beverage (1 liter of beverages per

exercise hour). Furthermore, in experienced marathon runners, carbohydrate

ingestion attenuated the increase of other inflammatory indices, including

blood neutrophil and monocyte counts, granulocyte/monocyte phagocytosis

and oxidative burst activity. Earlier studies had shown that the consumption

of carbohydrates decreases the release of ACTH, cortisol and epinephrine

compared with placebo [27]. Nieman et al. [26] hypothesized that carbohydrate

ingestion attenuated anti-inflammatory cytokine production during exercise
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Fig. 1. Example of nutritional regulation of gene expression in skeletal muscle. A high-fat

diet increases the expression of FAT/CD36 through the PPAR signaling pathway. PPAR �
Peroxisome proliferator-activated receptor; RXR � rexinoid receptor; PPRE � PPAR response

element; FAT/CD36 � fatty acid tras locase.
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through a blood glucose-sympatho-adrenal pathway. Several pieces of evidence

have accumulated recently on this issue.

Strarkie et al. [28] reported that carbohydrate ingestion did not affect

skeletal muscle IL-6 mRNA expression and the rate of decrease in muscle

glycogen content in men who ran for 60 min. In this study, the plasma IL-6

response was decreased by carbohydrate ingestion, suggesting that IL-6 pro-

duction and its subsequent release from skeletal muscle were attenuated, that

IL-6 production from tissues other than skeletal muscle was reduced, or both.

Steensberg et al. [29] studied seven men running for 5 h in conditions of muscle

glycogen depletion, demonstrating an increase in muscle IL-6 mRNA expres-

sion and IL-6 release. Other studies have indicated that IL-6 mRNA expression,

the transcription rate of the IL-6 gene, and the release of IL-6 from the working

muscle are all enhanced during exercise in the glycogen-depleted state [29, 30].

Febbraio and Pedersen [31] demonstrated that muscle glycogen availability may

influence the capability of key signaling molecules to enhance IL-6 gene tran-

scription within skeletal muscle during altered homeostasis. Keller et al. [32]

showed that a 180-min run activates the transcription of skeletal muscle IL-6

gene, and that this response is enhanced under conditions whereby muscle

glycogen concentrations are low. Helge et al. [30] showed that high IL-6 release

was significantly related to exercise intensity, high glucose uptake, arterial

plasma epinephrine concentration, and postexercise glycogen concentration.

Multiple studies have also shown that epinephrine is an inducer of cytokine

release during exercise [25], and that carbohydrate ingestion blunts epinephrine

release by increasing blood glucose [27]. Epinephrine plays a key role in exer-

cise-induced changes in lymphocyte number [29]. Thus, it is likely that IL-6

and IL-8 mRNA expressions in the study of Nieman et al. [26] were diminished

in the carbohydrate compared with the placebo condition, at least in part due to

differences in blood glucose and epinephrine levels.

Polyunsaturated Fatty Acids

Examples of polyunsaturated fatty acid (PUFA)-responsive genes are

carnitine palmitoyltransferase [33], peroxisomal acyl-CoA oxidase [34], fatty

acyl-CoA synthase [35], mitochondrial 3-hydroxy-3-methylglutaryl (HMG)-

CoA synthase [36]. PUFA induce fatty acid oxidation by increasing the expres-

sion of mitochondrial L-type carnitine palmitoyltransferase and peroxisomal

acyl-CoA oxidase, and by decreasing the sensitivity of the carnitine palmitoyl-

transferase to malonyl-CoA.

Previous data had indicated that PUFA achieve their effects on lipogenic

genes by activating the PPAR family of trascription factors [37]. PPARs possess
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a ligand-binding domain, interacting with PUFA, and a zinc-finger DNA-bind-

ing domain [38], which mediates the interaction with PPAR response elements,

located in the 5�-flanking region of responsive genes, and consisting of a hexa-

meric AGGTCA repeat sequence. The PPAR family includes PPAR�, PPAR�1

and 2, PPAR�, and two related lipid-activated transcription factors, LXR and

FXR [37]. It has been demonstrated that PPAR binding to the repeat sequence is

enhanced when PPARs form a heterodimer with RXR [34] (fig. 2).

Sterol regulatory element-binding proteins (SREBP) are transcription fac-

tors binding sterol regulatory elements, and are involved in the sterol regulation

of genes involved in cholesterol synthesis [39]. It has been demonstrated that

PUFA regulate lipid metabolism by suppressing the expression and nuclear

localization of SREBP-1. In fact, the amount of PUFA in the membrane nega-

tively affects the process of proteolytic maturation and nuclear translocation of

SREBP [40] (fig. 2). Furthermore, omega	3 and omega	6 PUFA reduce the

hepatic abundance of SREBP-1 mRNA by 60–70%, and this in turn leads to a

comparable decrease in the amount of precursor SREBP-1 found in the mem-

brane [41]. PUFA do not influence the rate of SREBP-1 gene transcription, but

govern SREBP-1 gene expression, by accelerating the rate of SREBP-1 mRNA

decay [42]. Therefore, PUFA downregulate lipogenic gene expression by reduc-

ing the hepatic content of precursor and mature SREBP-1, whereas they upreg-

ulate the expression of genes of fatty acid oxidation and thermogenesis by

functioning as ligand activators for PPAR� (fig. 2).
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Fig. 2. PUFA regulation of gene expression. On the left, PUFA upregulate the expres-

sion of genes of fatty acid oxidation and thermogenesis. On the right, PUFA downregulate

lipogenic gene expession. PPAR � Peroxisome proliferator-activated receptor; HUFA �
highly unsaturated fatty acids (i.e. longer-chain PUFA, namely arachidonic acid, eicosapen-

taenoic acid and docosahexaenoic acid); FA � fatty acid; SREBP-1 � sterol response

element-binding protein.



Role of Nutrients and Physical Activity in Gene Expression 113

Finer Roles for Specific Fatty Acids: The Inhibition of Endothelial
Activation by Unsaturated Fatty Acids

Long-chain PUFA and, particularly, omega-3 PUFA, are currently receiv-

ing increasing attention as potential anti-atherogenic and anti-inflammatory

agents. Research progress in the past 10 years derived from our own research

has disclosed potential mechanistic explanations for their preventive or thera-

peutic use in preventing atherosclerosis and vascular inflammation.

We used human adult saphenous vein endothelial cells activated by

cytokines, in an in vitro model of early steps in atherogenesis. The omega	3

fatty acid, docosahexaenoic acid, significantly inhibited the expression of adhe-

sion molecules such as vascular adhesion molecule (VCAM)-1, E-selectin and,

to a lesser extent, intercellular adhesion molecule (ICAM)-1 after stimulation

with IL-1� and �, TNF�, IL-4 and bacterial lipopolysaccharide (LPS) [43, 44].

Experiments following the fate of 14C-labelled DHA into cell phospholipids

showed a significant incorporation of DHA into the phosphatidyl ethanolamine

pool, i.e. in a specific and not the most abundant phospholipid pool, likely in

the inner plasma membrane, and therefore in a strategic position to alter intra-

cellular signal transduction pathways. This effect was not limited to the expres-

sion of transmembrane molecules involved in leukocyte recruitment, but

appeared also to occur for other cytokine-activated products, such as the soluble

proteins IL-6 and IL-8, involved in either the amplification of the inflammatory

response (IL-6), or in the specific chemoattraction for granulocytes (IL-8), and

was accompanied by a functional counterpart, i.e. a reduced monocyte or

monocytoid cell adhesion to cytokine activated endothelium.

We further analyzed endothelial effects of various fatty acids differing in

chain length, number, position (omega	3 vs. omega	6 vs. omega	9) and the

cis/trans configuration of the double bonds. We concluded that (a) saturated

fatty acids are inactive; (b) the potency of PUFA increases with the number of

unsaturations; (c) the potency does not depend on chain length; (d) the single

double bond present in the monounsaturated fatty acid oleic acid is indeed suf-

ficient to produce all the effects obtainable with higher unsaturated fatty acids,

albeit at higher concentrations; (e) for such an effect to occur, even the config-

uration (cis vs. trans) of the double bond does not really matter, since oleic acid

(18:1 n-9 cis) and its trans stereoisomer elaidic acid are of equal potency [45].

In order to ascertain mechanisms for these effects, we demonstrated inhi-

bition of nuclear factor (NF)-�B activation by DHA, in parallel with decreased

production of hydrogen peroxide by cultured endothelial cells. We could thus

document (unpublished results) a decrease in baseline production of hydrogen

peroxide (or some of its downstream products) after cell membrane enrichment

with DHA, but an even more pronounced dampening, in such conditions, of the



De Caterina/Madonna 114

increase produced by stimulation with cytokines. Saturated fatty acids served as

a negative control in these experiments. These findings suggest that a property

related to fatty acid peroxidability (the presence of multiple double bonds), usu-

ally regarded as a detrimental consequence of PUFA enrichment of cell mem-

branes, is indeed also directly related to the property of inhibiting the release of

some reactive oxygen species crucial for cell responsiveness to cytokines.

A tentative model of the site of action of omega	3 fatty acids in inhibiting

endothelial activation is shown in figure 3.

Interaction between Omega�3/Omega�6 Polyunsaturated Fatty
Acids and the Genome: Fatty Acid Intake, 5-Lipoxygenase and
Atherosclerosis – An Example of Nutrigenetics

Leukotrienes (LT) are eicosanoids derived through the action of 5-lipoxyge-

nase (5-LO). This enzyme catalyzes the transformation of arachidonic acid into
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Fig. 3. A model of the putative site of action of omega	3 polyunsaturated fatty acids

(omega	3 FA). Omega	3 FA enhance the translocation of nuclear factor-�B (NF-�B) into

the nucleus, thus activating the expression of early genes involved in atherogenesis. mm

LDL � Minimally modified LDL; AGEs � advanced glycation end products; VCAM-

1 � vascular cell adhesion molecule-1; ICAM-1 � intercellular adhesion molecule-1; MCP-

1 � monocyte chemoattractant protein-1; IL � interleukin; COX-2 � cyclooxygenase-2.

See text for further details.
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LTA4, which in turn is either converted into LTB4, or conjugated to form LTC4.

LTC4 and its metabolites LTD4 and LTE4 are together referred to as ‘cysteinyl’

(cys)-LT (fig. 4). LTB4 is a potent chemoattractant for neutrophils, macrophages

and other inflammatory cells, while cys-LT increase vascular permeability and

contract smooth muscle cells, causing broncho-and vasoconstriction.

In two widely used mouse models of atherosclerosis, the apo-E	/	 mice, and

the LDL-receptor	/	 mice, a locus on mouse chromosome 6 was found to confer

almost total resistance to atherogenesis. The 5-LO gene, located in this locus in

the mouse, turned out to totally account for this effect, since LDL receptor	/	

mice missing even only one of the two allelic copies of the 5-LO gene, had a dra-

matic decrease (about 26-fold) in lesion development. Also, when bone marrow

(supplying circulating blood cells) from 5-LO	/	 mice was transplanted into

LDLR	/	, there was a significant protection from atherosclerosis, suggesting that

5-LO from white blood cells (likely monocyte-macrophages) was necessary for

atherogenesis [46, 47].
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Fig. 4. Main putative roles of 5-lipoxygenase in atherosclerosis. Leukotrienes (LT)

may contribute to atherosclerosis by promoting non-specific leukocyte chemotaxis (LTB4),

and by increasing vascular permeability (cysteinyl-LT C4, D4 and E4). The activation and

gene expression of 5-lipoxygenase (5-LO) can be increased in inflammatory conditions by

different cytokines.
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The important contribution of 5-LO to atherosclerosis may occur because

the products of 5-LO, LT, mostly produced by monocyte-macrophages or

dendritic cells in the arterial intima, would foster the chemoattraction of mono-

cytes, T cells or other circulating cell types within the vessel wall and/or

increase vascular permeability. This would establish a vicious circle by which

inflammatory cells, by producing these lipid mediators, beget local vascular

inflammation, perpetuating the recruitment of inflammatory cells and the

further production of mediators (fig. 4).

Dwyer and coworkers have recently reported that genetic variants of the 

5-LO promoter, previously described as associated with variable sensitivity to

anti-asthmatic medications, also influence atherosclerosis. Variant genotypes of

the 5-LO gene were found in 6% of a cohort of 470 healthy middle aged women

and men. Carotid intima-media thickness (IMT), taken as a marker of the athero-

sclerotic burden, was significantly increased, by 80%, in the variant group com-

pared to carriers of the common allele [48]. The direction of the change in IMT

in the variant group is contrary to what one would have expected on the basis of

previous findings in vitro, and rather consistent with increased, rather than

decreased, 5-LO promoter activity associated with the mutant alleles. This find-

ing thus requires further explanation.

Dwyer et al. also reported, however, on a diet-gene interaction, by which

dietary arachidonate intake significantly enhanced the pro-atherogenic effect of

the 5-LO gene variants, while intake of omega	3 PUFA (eicosapentaenoic acid

(EPA) and docosahexaenoic acid (DHA)) blunted this effect [48]. Since EPA

and DHA may decrease the formation of LT by competing with arachidonate

as substrates for 5-LO and also generate the weaker LT of the 5-series, these

findings suggest that the anti-atherogenic effects of fish-derived EPA and DHA

might be more prominent in – or perhaps limited to – genotype variants favor-

ing increased 5-LO activity.

Conclusions

There is now ample evidence that nutrients determine variable rate of

expression in a wide variety of genes involved in their metabolism (likely a mech-

anism evolutionarily selected to optimize nutrient utilization), but also affect the

body’s response to physiological conditions (such as physical exercise) or other

changes in the environment, such as those occurring in atherosclerosis and

inflammation. Far from being simple sources for the building blocks of our com-

plex organic structures, nutrients definitely need to be considered fine regulators

of the responses of our genes to the environment.
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Essential hypertension, i.e. a lasting increase in systolic and diastolic blood

pressure (BP) �140 and/or �90 mm Hg, respectively, is an increasingly impor-

tant medical and public health issue, which affects 25–35% of the adult popula-

tion and up to 60–70% of those beyond the seventh decade of life in developed

and developing countries [1]. High BP is a primary risk factor for stroke, con-

gestive heart failure, renal failure and coronary heart disease, at all ages and in

both genders. Because of the health risks of hypertension, prevention and treat-

ment is needed to improve patient outcomes. Since genetic factors contribute

only about 30% to blood pressure variance, high BP is a proven modifiable risk

factor and hypertension is a preventable and treatable disease. This could be

accomplished with control of those conditions, causal and risk factors, associ-

ated with hypertension [2].

Many conditions have been associated, some more strongly than others,

with the presence of hypertension. A number of important and identified condi-

tions are implicated in the development of hypertension. Some of them cannot

be controlled, as for example a positive family history of hypertension, sex and

race. Others, including body composition, diet, stress, neural-humoral and renal

regulation, may be controlled through lifestyle changes or medication in order

to prevent progressive rise of blood pressure and reduce cardiovascular and

renal morbidity and mortality.

If adoption of healthy lifestyles by all persons is important, in prehyperten-

sive individuals (BP 120–139/80–89 mm Hg) it is critical, and in hypertensive

subjects an indispensable part in the management of the disease. In normal and

prehypertensive individuals, lifestyle changes alone may lead, through reducing

or minimizing causal factors, to primary prevention or delay of the incidence of

hypertension, particularly if prevention strategies are applied early in life [3].
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In hypertensive subjects, these behavioral modifications enhance antihyperten-

sive drug efficacy and decrease cardiovascular risk [2].

A number of important causal factors for hypertension, the prevalence of

which is high, have been identified. Most of them, such as excess body weight,

excess of dietary sodium intake, inadequate intake of fruits, vegetables and

potassium, and excess of alcohol intake are related with dietary habits. Another

important factor is hypoactivity [2], denoting a level of activity less than that

needed to maintain health.

During the latter half of the twentieth century, it became quite clear that the

level of physical activity of individuals, at least in Western countries urban

populations, had declined to a significant degree. At the same time, there is an

epidemic of obesity in children and adults, with prevalence rising progressively

throughout childhood and into late middle-age [4]. In USA in 1995 at age 12,

70% of children report participation in vigorous physical activity; by age 21

this activity falls to 42% for men and 30% for women. Furthermore, as adults

age, their physical activity levels continue to decline and in 1991, 54% of adults

reported little or no regular leisure physical activity [5].

In this paper, we will discuss the primary prevention and treatment of

hypertension from the perspective of physical activity, a key component in its

management. From the different types of physical activities, we will focus on

aerobic exercise and walking in particular, because it is almost unanimously

recommended, although, it was shown [6,7] that even resistance exercise seems

to reduce resting BP by 3–4%.

Aerobic Physical Activity for Primary Prevention 
of Hypertension

Perhaps endurance athletes, especially those highly trained, represent the

best population sample to study relationship of regular aerobic exercise and the

control of BP.

Well-trained young adult and master runners (table 1) have been shown to

keep their resting BP below 120/80 mm Hg and within the prehypertension range

120–139/80–89 mm Hg, respectively. In a study [8] in 19 highly trained young

adult male runners, the resting average BP was 116/78 mm Hg. In another study

[9] the effects of continuing training on the aging process were studied in 128

male master runners, aged from 40 to more than 70 years. The typical athlete was

50 years old and had begun serious training about 20 years earlier. Their mean

running distance varied from about 42 to 67 km per week. Their average resting

BP varied from 120/77 to 140/83 mm Hg and their maximal average BP during

effort varied from 185/81 to 199/88 mm Hg. In two isolated and unique case
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studies [10,11], excellent master and regularly trained runners, resting BP of the

first one, aged 77 years, was 120/70 mm Hg and of the second, aged 79 years, was

132/80 mm Hg. The second runner used to run from the age of 20 and then,

almost without interruption, 35 km with a steady pace, three times per week.

In another study [12], involving young and middle-aged runners, a 6 mm

Hg lower systolic and diastolic BP than the age-matched sedentary controls was

reported.

Master athletes have much better aerobic power, better stroke volume, and

greater peripheral vasodilatory responses compared to their sedentary peers.

Due to regular aerobic training, started relatively early in their life, and

conducted for several years or even for decades, some of the main characteris-

tics of these athletes are: the normal BP, the relatively low BMI (range from

21.1 to 23 kg/m2), the low or very low body fatness (range 3.6–13.5%), and the

exceptionally high aerobic power.

In the question whether aerobic exercise can prevent hypertension from

developing in normotensive, but not involved in regular physical activity, indi-

viduals of both genders and different ages, the findings of three major epidemi-

ological studies [13–15] support this theory. The main conclusions are: (a) that

the most active men had significantly lower mean BP than their sedentary

peers, and (b) that exercise is inversely associated with the risk of developing

hypertension. On the other hand, physical inactivity and low fitness level are

associated with higher blood pressure levels and increased incidence of hyper-

tension in a population [16].

In a longitudinal study [13], nearly 15,000 male college alumni have been

followed for 6–10 years. Those, who expended less than 2,000 kcal/week in

sports, walking, and stair-climbing had one-third greater risk of becoming

hypertensive than the others. In another [14] involving 6,000 normotensive men

and women, aged 20–65 at entry, it was reported that those with the lower

fitness level were 50% more likely to develop hypertension over the following

1–12 years than those with higher fitness. In a third one [17], in nearly 42,000

Table 1. Physiological characteristics of male elite long- and middle- (L-M) distance and well-trained

master runners

Subjects Age, years BMI Fatness, % Training, Resting BP,

km/week mm Hg

19 elite L-M distance runners [8] 26.2 21.1 3.6 – 116/78

128 male master runners [9] 40–75� 22.1–23 – 40–67 120–140/77–83

1 elite master runner [10] 77 21.9 13.5 – 120/70

1 elite master runner [11] 79 21.8 10.5 35 132/80
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women aged 55–69, risk reductions of 30% and 10% were found in those who

participated in physical activity at high and moderate levels, respectively, over a

2-year period.

Reduced resting BP in 800 normotensive subjects, following an aerobic

exercise program, was found in a review of 35 studies, but not in 276 control

subjects [18]. A meta-analysis [19], in which the experience of 1,108 normoten-

sive persons, enrolled in 27 randomized controlled trials was included, identified

a reduction in systolic BP in those assigned to aerobic exercise compared with

the control group.

The average reduction of resting systolic BP (SBP) is expected to be

�3–4 mm Hg [19–21] and �3 mm Hg of diastolic (DBP), in those engaged in

aerobic exercise program, even few weeks after initiation of training. The mag-

nitude of the intervention effect appears to be independent of the intensity of

the exercise [21]. This reduction of resting BP represents the long effect of

training. However, the immediate effect of an aerobic exercise session on rest-

ing BP in normotensive men is a reduction of both SBP and DBP by 8–12 mm

Hg that lasts for 20–120 min [22, 23].

Regarding walking, interesting information is provided by two studies. In a

study [21] in normotensive men and women, aged 22–59 years, normal walk-

ing, reaching 50% VO2max, for 1 h, 5 days a week, for 4 weeks, lowered sys-

tolic BP by 2–3 mm Hg, compared with a period of sedentary living. In another,

a prospective study [24], 6,017 normotensive men 35–60 years have been

observed for 6–16 years and the relation of walking to work to the risk of hyper-

tension was investigated. The relative risk for hypertension was 0.71 in men

whose walk to work lasted 21 min or more, compared with those whose walk to

work lasted 10 min or less.

Walking, although exclusively recommended [3] for primary prevention

and treatment of hypertension, is seldom specified when exercise is being stud-

ied for lowering BP [25], though the human machine seems to be designed and

has evolved biologically to perform daily periods of continuous submaximal

(aerobic) physical activity, mainly walking [26]. At least 30 min of brisk

(5–6 km/h) walking on most, if not all, the days of the week is recommended

[3], together with other dietary lifestyle modifications [2, 3].

The above-mentioned results of aerobic training on BP control in athletes

and the reduction, though small, of SBP and DBP in normotensive non-athletes,

suggest that regular physical activity can help to keep BP within normal 

levels and lower the incidence of hypertension, even for life, particularly

in those in which this lifestyle habit is adopted early in life and was not discon-

tinued. Although aerobic training helps to keep the body mass index

(18.5–24.9 kg/m2) and the body fatness low, which are considered important

health risks, prevention of hypertension is, however, independent of changes in
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body weight. The BP-lowering effect depends on the initial BP but not on body

mass index [27].

Aerobic Physical Activity for Management of Hypertension

Most hypertensive patients have additional cardiovascular risk factors

because of increased BP clusters with hyperlipidemia, diabetes, and obesity,

each intensifying the risk of hypertension. Treatment should consider the total

risk burden. An evaluation of all factors, particularly those involved in the

pathogenesis of hypertension, e.g. obesity, excessive sodium intake, stress and

inactivity, and an assessment of each patient is needed before deciding upon the

need for therapy and the therapy to be given [28]. Exercise and diet often

improve multiple risk factors with virtually no side effects and combined or not

with pharmacologic treatment can greatly reduce mortality.

According to the JNC 7-Complete Report [2], the ultimate goal of antihy-

pertensive therapy is to reduce cardiovascular and renal morbidity and mortal-

ity. Hypertensive patients should begin with lifestyle modifications and if the

goal is not achieved pharmaceutical treatment should be used. Treating SBP

and DBP to targets that are lower than 140/90 mm Hg is associated with a

decrease in cardiovascular complications. In patients with hypertension and

diabetes or renal disease, the targeted BP goal is below 130/80 mm Hg.

Review of hypertension and exercise research has indicated that both acute

and chronic exercise is effective in the reduction of BP [29].

In mildly hypertensive subjects, short-term aerobic activity decreased BP for

8–10 h after exercise, and average BP was lower on exercise than on non-exercise

days [30].

In patients with stage 1 and 2 hypertension, the average reduction in SBP

and DBP as a result of long-term effect of moderate-intensity aerobic training is

�10 and �8 mm Hg, respectively [31, 32]. But even if, as a result of aerobic

training, a much smaller reduction of BP is achieved, a dramatic reduction of

death incidence from cardiovascular disease will be expected.

The reduction of BP with aerobic training does not appear to be 

gender-, age-specific [23] or even intensity-specific [32], at least for intensities

corresponding between �40 and �80% of maximal aerobic power [33]. How-

ever, the exercise training program for optimal benefits should consist of

3–5 times per week, 30–60 min per session, at 50–80% of maximum predicted

heart rate [31].

In patients with severe hypertension, moderate aerobic training resulted in

a decrease in diastolic BP, which was sustained even after reduction in antihy-

pertensive medications [34].
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Although the benefits of moderate aerobic training on SBP and DBP control

are evident even when total aerobic training lasts only 61–90 and 30–60 min per

week, respectively [35]; however, such amount of training may not be sufficient to

control other causal factors, as for example excessive body weight and fatness in

hypertensives. The exercise program for overweight or obese hypertensives

should aim to promote a caloric expenditure of 300–500 kcal per day. Such an

approach, combined with a prudent diet, is likely to reduce body weight [31].

Exercise programs should be individualized to meet the patient’s needs and

abilities. Exercise intensity and duration should be manipulated to promote a

safe and effective antihypertention program. Initially, the exercise intensity

should be low and the duration short. Both intensity and duration should pro-

gressively increase over a period of weeks until the desired goal is achieved. The

rate of progression must be tailored to meet the patient’s needs and abilities [31].

Regarding the very prolonged (2 years) effects of (mainly) walking in BP

control, a much larger reduction in BP at 6 months than at 2 years was reported

[36]. Poor adherence of participants in the intervention program was the most

likely explanation. Adherence to the intervention program seems to be an essen-

tial element for success in achieving and maintain the maximum effect of exer-

cise training in the BP control [19]. As a possible solution to this important

problem, as a prerequisite we would suggest that an exercise-dependence state

should first be achieved by normotensive and hypertensive individuals in order

to remain in an aerobic training program.

A similar exercise-dependence condition is experienced by long-distance

runners. Perhaps this explains why they continue running for many years or

even for life. In the previous Conference in 2000, we presented [37] the case

study (table 2) of an elderly male patient with coronary artery disease and

hypertension who developed an exercise-dependence state soon after his walk-

ing distance exceeded 8 km per day. Then, the walking dependency was evident

by the fact that he doubled his daily walking distance without any further

encouragement. Today he is 80 years old and without any interruption he still is

in the program for 17 years already. Long-distance brisk walking evolved into a

really pleasant and wishful activity for him. Interestingly enough, this extraor-

dinary every day physical activity, combined with appropriate diet, resulted in

an excellent management of his coronary artery disease but not of hyperten-

sion. In this case, failure to handle hypertension indicates the limitations of

lifestyle changes in the management of the disease, at least in elderly patients.

The possible activated mechanisms of the aerobic exercise on BP control

are not quite certain; perhaps because hypertension is a heterogeneous disorder,

the causes of which are still uncertain [1]. According to Fagard [27] ‘the results

on hemodynamic changes in response to dynamic training are conflicting; some

authors claim that the lowering of blood pressure is based on a reduction of
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systemic vascular resistance whereas others observed a decrease of cardiac output.

Most studies found a decrease of plasma noradrenaline concentrations suggest-

ing a reduction in autonomic nervous activity. Other possible blood pressure-

lowering mechanisms have been addressed only rarely in randomized controlled

exercise trials.’The same author suggested [27] on this issue that ‘future studies

should focus on mechanisms involved in blood pressure regulation such as the

renin-angiotensin-aldosterone system, prostagladins, endothelial relaxing fac-

tor and endothelin, the sympathetic nervous system, insulin sensitivity and

finally, genetic polymorphisms that might influence the blood pressure response

to physical training’.

Conclusions

Regular aerobic physical activity, mainly walking, is a key component in

the prevention and treatment of hypertension.

Exercise training can be expected to decrease SBP/DBP: �3/3 mm Hg in

normotensives, �6/7 mm Hg in prehypertensives, and �10/8 mm Hg in hyper-

tensives.

Perhaps the best population samples to study the relationship of aerobic

training and the control of blood pressure are those of highly trained athletes

and the master endurance athletes.

At least 30 min of brisk walking a day is recommended, but it is doubtful if

a minimum walking dose is adequate to control other cardiovascular risk factors.

Exercise may be combined with dietary changes, when needed, to keep

blood pressure within the normal level in normotensive individuals and to man-

age hypertension as well.

Table 2. Main physiological characteristics of a male coronary artery disease patient

(N.C.), before starting a walking training program (1987) and during a 10-year follow-up: an

exercise-dependence state was experienced, when daily walking distance was about 8 km

Subject N.C. Age

63 years (1987) 66 years (1990) 73 years (1997)

Walking distance, km �1 �8 �10

Walking pace Slow easy brisk

Walking energy expenditure, kcal 379

BMI 27.3 23.6

Body fatness, % 13.6

SBP/DBP, mm Hg 160/90 170/90 160/90
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Possible activated mechanisms with aerobic training on blood pressure

control are still uncertain, and an exercise-dependence state may be a prerequi-

site for individuals to remain in an exercise program for a long period.
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The first investigators to demonstrate the antiarrhythmic effects of �–3

fish oil fatty acids were two Australians, Peter McLennan and John Charnock.

In the late 1980s they were publishing their simple and clear experiments. They

subjected young rats to a diet in which they could control the major fat compo-

nent for a period of 3 or 4 months. Then they simply ligated the coronary arter-

ies of the rats and counted the numbers of rats, which died of irreversible

ventricular fibrillation (VF). When the rats were fed a diet in which the major

fat component was saturated fatty acids, an arrhythmic mortality of over 40%

was observed. When the dietary fat was olive oil (a monounsaturated fatty acid)

there was no significant change in mortality from VF. A diet of plant seed oil,

safflower seed, reduced the mortality by a significant 70%, but when the fat was

tuna fish oil no arrhythmic deaths occurred [1].

Since there are very few things in medicine reported to be such an effective

treatment, we wanted to see whether we could confirm these findings. But first

let me digress briefly to describe the polyunsaturated fatty acids to which we

will be referring. Polyunsaturated fatty acids are essential in at least two ways:

First, they are essential since we cannot make them in our bodies, but must get

them from our diets. Second, they are absolutely essential for optimal develop-

ment and function of brain and heart. They come in our diet in two forms. The

most prevalent today are plant seed oils of which the parent compound is

linoleic acid, an 18-carbon fatty acid with two C � C double bonds. Since it is 6

carbon atoms back from the methyl end of the fatty acid before the first double

bond is encountered this is an �–6 fatty acid. This 18-carbon linoleic acid can

be further elongated and desaturated in our bodies to a 20-carbon fatty acid

with 4 double bonds, the familiar arachidonic acid, which we know as the

precursor of prostaglandins, leukotrienes, lipoxins and epoxinginase products,
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many of which are potent cell messengers. But in the chloroplasts of green

leaves and in the phytoplankton in the ocean, linoleic acid can be further desat-

urated to the �-linolenic acid, an 18-carbon fatty acids but with 3 C � C double

bonds, which is the parent compound of the �–3 class of polyunsaturated fatty

acids. This is because only 3 carbons back from the methyl end that the first

double bond is encountered making this the �–3 class of polyunsaturated fatty

acids. In our bodies and in that of fish this �-linolenic acid can be further

elongated and desaturated to EPA (eicosapentaenoic acid, C20:5�–3) and

to DHA (docosahexaenoic acid, C22:6�–3), the most unsaturated fatty acid

normally encountered in our diet and the storage form of �–3 fatty acids in

heart and brain. The EPA and DHA are the two physiologically active compounds

in fish oil, we will show you. Like arachidonic acid, EPA is converted by the

same enzymes to form another series of important products, which also serve as

cell messengers, but often with opposing effects from the products from arachi-

donic acid.

To return to our interests in seeing if we could confirm the findings of

Charnock and McLennan, we turned to Prof. George E. Billman at the Ohio

State University Department of Physiology since he had a highly reliable dog

model of sudden cardiac death. Dr. Billman operates on a dog tying off the left

main anterior descending coronary artery to create a large anterior ventricular

infarct. At the same operation, he leaves a hydraulic cuff around the left cir-

cumflex coronary artery and exteriorizes this so that he can occlude this artery

later at will. During the month he allows the dog to recover from the MI and

surgery he trains it to run on a treadmill.

Figure 1 shows one of our early experiments [2]. Because the dog is run-

ning on the treadmill, its pulse rate is rapid. When he occludes the left circum-

flex coronary artery, within 2 min a ventricular flutter occurs which deteriorates

into VF. As soon as the dog loses consciousness, it is defibrillated. The same

dog is brought back into the laboratory 1 week later and the same protocol is

repeated except that just before the left circumflex coronary is occluded a phos-

pholipid emulsion containing free �–3 fish oil fatty acids was infused intra-

venously. Now when the left circumflex coronary artery was occluded, you see

that no arrhythmia occurred. After 1 week a second control experiment was per-

formed. This time an infusion of an emulsion of soybean oil, which contains no

free �–3 fatty acids, was infused and within 2 min the dog developed ventricu-

lar fibrillation.

Table 1 summarizes our dog experiments. 10 of the 13 dogs tested with the

fish oil emulsion were protected from VF (p � 0.005). With these results I felt

that the experiments in rats by McLennan and Charnock were confirmed

though we infused the fish oil fatty acids and they did feeding experiments.

Since there are many constituents in fish oil, we wanted to find which one or
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more molecules might account for the protection. So we infused pure EPA and

pure DHA, each alone, and each proved to provide significant protection [3].

By this time we realized that the fish oil fatty acids must be modifying the

electrical currents in the heart, since arrhythmias are uncontrolled electrical

events generated in the ion channels of the sarcolemma. So we started to deter-

mine the electrophysiology of the fast voltage-dependent Na� current which

Fig. 1. Prevention of ischemia-induced sudden cardiac death in a prepared dog by

intravenous omega–3 PUFA.

Table 1. Prevention of ischemia-induced fatal ventricular arrhythmias

by �–3 fatty acids in a dog model of sudden cardiac death

�–3 PUFAs Number of dogs tested p value

Total Protected

Fish oil concentrate1 13 10 �0.005

EPA2 7 5 �0.02

DHA3 8 6 �0.004

�-LNA4 8 6 �0.004

172% �–3 PUFA with free EPA, 33.9% and DHA 25% (Pronova Biocare

a.s. Lysaker, Norway; EPAX 6000FA).
298.4% free EPA; 1.1% free DHA (Pronova Biocare).
390.8% free DHA; 0.9% free EPA (Pronova Biocare).
4�99% free �-linolenic acid (Nu-Check-Prep, Elysion, Minn., USA).
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initiates action potentials in cardiomyocytes [4]. Figure 2 shows that the Na�

current in human myocardial ion channels are inhibited by 5 �M EPA [5]. This

is a very potent action of the �–3 fatty acids as seen in the current-concentration

relationship shown in the lower part of figure 2. There it can be seen that at

some 10–20 nM concentration of EPA, there is already a significant inhibition

of the Na� current.

How does this action of the �–3 fish oil fatty acids prevent the fatal ischemia-

induced arrhythmias you saw in the dog experiments? Unfortunately, the

scope of this brief essay does not permit me to show you the details of the elec-

trophysiology involved in the protective action of the �–3 fatty acids on fatal

arrhythmias [6].

With a MI heart cells in the central core of the ischemic tissue rapidly

depolarize and die. The cells at the periphery of the ischemic tissue in juxtapo-

sition with the remaining normally perfused myocardium do not die; however,

they become partially depolarized. These partially depolarized cells are the

mischief-makers, which initiate fatal arrhythmias [6]. Their resting membrane

potentials instead of being –90 mV, as in healthy heart cells, may now be –75 or

–70 mV. Thus, their resting membrane potentials are close to the threshold for

the gating (opening) of the fast inward sodium current and positive Na� rushes

into the cells depolarizing the cells and initiating an aberrant action potential. If

this occurs at a vulnerable moment in the electrical cycle of the heart it may

induce an arrhythmia, especially in the presence of nonhomogeneous conduc-

tion of action potentials through the ischemic myocardial tissue, this is likely to

be a reentrant fatal VF. But the �–3 fish oil fatty acids by shifting the steady
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Fig. 2. Inhibition of INa of human cardiac Na� channel �-subunit expressed in human

embryonic kidney cells in the absence and presence of EPA (5 �M).
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state inactivation far to the left as they inhibit the Na� current will eliminate

from function these partially depolarized myocytes, thus preventing the

ischemia-induced fatal ventricular arrhythmias [6].

Not all fatal arrhythmias are due, however, to dysfunction of Na� currents.

To pursue further possible causes of fatal ventricular arrhythmias, we turned to

studies with cultured neonatal rat heart cells [7]. This proved to be a fine prepa-

ration of heart cells with which to observe the function of heart cells in vitro and

their responses to known cardiac toxins. It is easy to remove the hearts quickly

from 1-day-old rat pups and to separate the individual cardiac myocytes enzy-

matically suspending them in a culture medium. This suspension of heart cells

may then be plated directly on a microscope coverslip. By the second day in cul-

ture, the cells have become adherent to the microscope cover slip and under the

microscope they are a pretty sight. There will be several individual clumps of

cells in a field. Each clump is beating spontaneously, rhythmically and simulta-

neously, mimicking in vitro their behavior in the intact heart. We built an edge-

monitor so that we could observe and record the beating of a single cell in a

clump of cells. Figure 3 shows heart cells beating fairly regularly and the ampli-

tude of each contraction. We decided to test all the cardiac toxins we knew –

some 12 – which produce fatal arrhythmias in humans and observe their effects

on the function of these isolated heart cells and then the response of their func-

tion to the �–3 fatty acids. In figure 3, we show the results of our tests with

two such cardiac toxins: elevated serum Ca2� concentration and the cardiac

Ca2� (7 mM ) (EPA 10' prior)

(EPA 10' prior) Ouabain (0.1 mM ) 
EPA (7 �M )

(EPA (8 �M ) (BSA (2 mg/ml)

5min6min6min

1min

Ca2� (7 mM ) 
EPA (7 �M )

Ouabain (0.1 mM ) 

Ouabain (0.1 mM ) 
Ca2� (5 mM ) 

a

a

b

b

Fig. 3. Prevention of arrhythmias in cultured neonatal rat cardiomyocytes by �–3 fatty

acids.
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glycoside, ouabain. When we suddenly increased the concentration of Ca2� from

its normal serum concentration to the high concentration in the medium perfus-

ing the cells, you see the cells go into contracture and the beating rate was

greatly accelerated. The myocytes cannot relax in diastole because of the high

[Ca2�]i concentration and when we looked at cells we found that rather than

beating regularly, the cells were beating arrhythmically, actually fibrillating in

vitro. But if we first exposed the cells to the fatty acid, EPA or DHA, their beat-

ing rate slowed down and then when we increased the Ca2� concentration to

7 mM, no arrhythmias occurred. In the next lower line you see exactly the same

responses of the cells to the cardiac glycoside ouabain, which is known to cause

fatal ventricular fibrillation in animals and humans by elevating the cytosolic

free Ca2� excessively. In the last line, my colleague added both high Ca2� and

toxic ouabain to the superfusate bathing cells on a coverslip, on which cells were

beating regularly. This induced a violent fibrillation. When EPA was added to the

perfusate, in a short time the arrhythmias was terminated and cells returned to a

fairly regular beating pattern. Delipidated bovine serum albumin was then added

to the perfusate. Albumin contains 3 binding sites for fatty acids with such high

binding affinity that they can extract the fatty acids from the heart cells and you

see that still in the presence of the high Ca2� concentration and ouabain the

arrhythmia resumed. This simple experiment taught us two important facts.

First, the fact that we could withdraw the free �–3 fatty acids from the heart

cells and the arrhythmia returned indicated that the fatty acids had not bonded

covalently or by strong ionic binding to any constituent within the heart cell

membrane or we would not have been able to withdraw the fatty acid with the

delipidated albumin. Apparently all the fatty acid need do is to partition, or dis-

solve in the hospitable hydrophobic environment provided by the hydrophobic

acyl chains of the long fatty acids within the phospholipid bilayer of the heart

cells’ plasma membranes, to confer their antiarrhythmic action on the heart cells.

Second, only the free �–3 fatty acids with their negatively charged carboxyl

group at one end are antiarrhythmic. When we added the ethyl ester of the fatty

acid to our preparation it had no acute antiarrhythmic effect [7].

The reason that the �–3 fatty acids prevented these arrhythmias is that we

have found that they inhibit the L-type inward Ca2� currents [8]. This is shown

in figure 4. By inhibiting the entry of Ca2� through the L-type calcium channels

in the heart the �–3 fatty acids prevent the overload of free Ca2� in the cytosol

of the heart cell and thereby prevent these arrhythmias.

Although we have found that these fatty acids affect conductance of other

ion channels in the heart cell plasma membranes, at the present we think it is

their effects on the fast voltage-dependent Na� channels and the L-type Ca2�

channels, which are the channels primarily responsible for the antiarrhythmic

effects of these fish oil fatty acids.
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In order to convince ourselves that effect of these actions on heart cells

were stabilizing electrically the heart cells making them resistant to developing

arrhythmias, we did a simple experiment illustrated in figure 5 [9]. With a cov-

erslip on which clumps of neonatal cardiac myocytes are seen to be contracting
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quite regularly, two platinum electrodes connected to an external voltage source

were placed across the coverslip and dipped into the medium perfusing the cells

so that we could stimulate the cells with external electric currents at will. You

see in the top line that it was easy to increase the beating rate 2- to 3-fold with

stimuli from an external voltage source of 15 V. When the external field was

turned off the beating rate returned to the control rate. The second line, shows

the same coverslip and cells. When EPA was added to the perfusion fluid the

beating rate began to slow down and now the cells paid no attention to stimuli

delivered at 15 V or 20 V. At 25 V the heart cells began to respond to the exter-

nal stimuli, but only to every other stimulus. In the third line, still the same

cells, delipidated bovine serum albumin was added to the perfusion fluid and

extracted the EPA from the heart cells. The beating rate returned to the control

and now the cells responded as they had initially to stimuli delivered at 15 V.

When one considers that this is a direct effect of the �–3 fatty acids on every

individual myocyte in the heart in the absence of any neural or hormonal con-

trol of the beating rate of the cells, one can sense what a potent potential antiar-

rhythmic effect these �–3 fish oil polyunsaturated fatty acids can exert on the

heart. Saturated or unsaturated fatty acids lack these effects on the heart.

Evidence of Antiarrythmic Effects of �–3 Fish Oil 
Fatty Acids in Humans

While we were doing these experiments to try to determine the mechanism

of the antiarrhythmic effects demonstrated in animals, there were at least two

important clinical trials and many epidemiologic studies performed. The first

study was by Burr et al. [10] in the UK reported in 1989, who simply advised

1,015 men who had just had a MI to eat fish, oily fish at least twice weekly

compared with a matched cohort not given such advice. At the end of 2 years,

there was a 29% reduction in all causes of death due to reduced ischemic heart

disease deaths in those advised to eat fish. There was no reduction in nonfatal

MIs in those given fish advice compared with those not given such advice. This

study was done before the antiarrhythmic actions of the fish oils were generally

recognized. Today this study is interpreted as a reduction in mortality from fatal

arrhythmias, since there were fewer deaths among those advised to eat fish than

among those not so advised, despite the higher incidence of nonfatal MIs

among those advised to eat fish.

Another larger study was reported in 1999, the GSSI-Prevenzione [11]. In

this study 5,666 men who had just had an MI were randomized to one capsule

daily containing 850 mg fEPA plus DHA in addition to a healthy diet and cur-

rently recommended antiarrhythmic therapy compared with a matched control
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cohort of 2,828 men. At the end of 3.5 years those receiving the fish oil supple-

ment had a significant reduction in all causes of mortality due to a reduction in

cardiovascular deaths. These beneficial effects were found surprisingly to result

largely from an unexpected 45% reduction in sudden cardiac deaths, which was

not a stated primary end point of the study.

Because none of these better studies had been designed with the primary

stated endpoint to be prevention of sudden cardiac death, we undertook a fur-

ther clinical trial, which was started 4 years ago. The aim of this study was to

learn in a group of 402 patients with implanted cardioverter defibrillators

(ICDs) for a prior episode of cardiac arrest and, therefore, they were at very

high risk for fatal ventricular arrhythmias, would be protected from such

arrhythmias by a daily supplement of fish oil versus an olive oil placebo for a

study period of 12 months. Despite the unfortunate discontinuation of their pre-

scribed oil supplement before completion of 12 months in the study by 42% of

enrollees, the statistical analysis revealed a definite reduction in the time to the

first arrhythmic event in the subjects receiving the fish oil supplement com-

pared with those receiving the olive oil supplement.

This study supports the current advice of the American Heart Association

that every one, young and old, should be eating at least one meal weekly of oily

fish to maintain a healthy heart. For those who have experienced symptoms of

coronary heart disease, arrhythmias or those with a family history of coronary

heart disease a supplement of fish oil containing 1,000 mg of EPA plus DHA

should be ingested daily.

Finally, the potential public health benefit of what we have shown is very

considerable, because today there is 300,000–400,000 sudden cardiac deaths

annually in the United States alone and millions more world wide. Furthermore,

none of the antiarrhythmic drugs produced by the pharmaceutical industry,

despite expenditure of hundreds of millions of dollars, is both effective and safe.

Whereas the fish oil fatty acids have been part of the human diet for hundreds of

thousand of years and they are safe. As shown here they also are effective antiar-

rhythmic agents, as effective as any produced by the pharmaceutical industry.

Thus, at the present time fish oil is the best available treatment to prevent fatal

ventricular arrhythmias. If further studies confirm what we have shown, then

fish oil fatty acids should be recognized and advised by all cardiologists and

physicians as the optimal current prevention for the risk of sudden cardiac death.
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The relationship between fat consumption and health has been assessed in

several epidemiological and clinical studies carried out in the last decades. In par-

ticular, the intake of n–3 polyunsaturated fatty acids (PUFA) with the diet has

been positively associated with health promotion, e.g. optimal infant develop-

ment [1, 2], cardiovascular protection [3], prevention of neurodegenerative dis-

eases [4] and behavioral disorders [5], and improvement of immune defenses [6].

However, data on the fatty acid composition of circulating lipids [7, 8] in

large population studies, in confirmation of dietary fat intakes and habits, are

limited, due to operational difficulties associated with blood collection in a

large number of subjects, and in the complexity and costs of the conventional

analytical methods, involving health personnel and medical facilities, and the

application of time-consuming and relatively costly procedures (preparation of

samples, lipid extraction, etc.).

We have recently developed a method that is rapid, substantially less expen-

sive than the conventional one, applicable to large population groups, does not

require the intervention of specialized personnel in the collection of samples, in

order to analyze the fatty acid (FA) composition of lipids in a drop of blood [9].

Briefly, the drop of blood is obtained by punching the fingertip with an auto-

matic lancing device equipped with a lancet, and blood (20–40 �l) is absorbed

on a strip of chromatographic paper containing butylated hydroxytoluene

(BHT) (100 �l) as antioxidant. The sample, when dry, is then either immediately

processed, or stored at 4�C. The sample can be maintained up to 60 days at room
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temperature without any detectable modification of the FA profile. Gas chro-

matographic analysis of FA followed the direct methylation of the sample.

The above analytical approach greatly facilitates studies devoted to the

screening and follow-up of population groups of particular interest, e.g. infants,

pregnant women, elderly people, sick persons, not easy to analyze through con-

ventional approaches and, for this reason, not yet adequately investigated.

The data obtained with the new method are superimposable with those

obtained with the conventional one, and all requirements (reproducibility, com-

parison between FA data in whole blood samples processed with the new proce-

dure versus those obtained in samples processed according to the conventional

procedure, etc.) were appropriately checked. Analysis of FA of whole blood

lipids gives, predictably, somewhat different FA profiles in comparison with

that of plasma lipids, due to the presence of erythrocytes, providing a relatively

higher proportion of long chain PUFAs, esterified in membrane phospholipids

(PL). On the other hand, this type of measurement, more than providing infor-

mation on the impact of nutritional, metabolic and lifestyle parameters on the

FA profile of selected lipid pools, e.g. phospholipids, triglycerides and choles-

terol esters, describes the general FA status in the whole lipid pool in the circu-

lation, including major cellular compartments, the erythrocytes, in addition to

the typical plasma lipid classes.

Subjects

100 healthy subjects, aged between 22 and 72, 46 males and 54 females, all working at

the Department of Pharmacological Sciences in Milan, and including students, technicians,

researchers, administrative personnel, and professors, were recruited. They gave informed

consent and were asked to fill-in a questionnaire on dietary intakes and lifestyle habits.

Collection of all samples was carried out rapidly over a few days.

The detailed procedure from the collection of samples to the final analysis has been

previously described [9].

Results and Discussion

The average FA composition of the whole blood samples of the 100 subjects

subjected to analysis is presented in table 1. The data, in line with those reported

in a vast literature for FA in plasma lipids – except for predictably somewhat

higher PUFA levels due to the contribution of red blood cell phospholipids – are

rather homogeneous, especially for the FA that are not strictly dependent upon

the intakes, which is the case for PUFAs. We have then subdivided the subjects

into groups according to different criteria. Values of percentage levels of selected

FA that are statistically significant are reported in table 1.
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Table 1. Average FA composition of the whole blood samples of the 100 subjects subjected to analysis

Number Average � SD Meat consum- Fish consum- Salmon supple- Gender Pregnancy Cigarette

of subjects ption ption mentation smoke

100

Low High Low High T0 3 weeks M F No Yes No Yes

33 66 40 47 5 5 46 54 34 4 80 11

Fatty acids
16:0 25.31�4.23

18:0 13.92�4.75 24.82 29.27c

20:0 0.57�0.19

22:0 1.29�0.50

24:0 1.35�0.58

16:1 2.74�1.25

18:1 n–9 21.03�3.53

18:1 n–7 2.19�0.73 21.81 20.34b

20:1 0.29�0.11

24:1 1.60�0.72

18:2 n–6 16.74�5.86 18.90 17.87b 15.52 17.83b

20:3 n–6 1.15�0.40 1.51 1.31b 1.20 0.86b

20:4 n–6 6.65�2.47 6.37 8.30a 9.32 8.51a 7.29 4.01c 6.91 4.93c

22:4 n–6 1.03�0.49 0.99 0.40c

22:5 n–6 0.31�0.23 0.63 0.47a 0.33 0.15c

18:3 n–3 0.61�0.43

20:5 n–3 0.59�0.47 0.59 1.16a 0.63 0.28c

22:5 n–3 0.87�0.57

22:6 n–3 1.75�0.95 1.22 2.01c 2.01 1.29c 1.83 1.30

SFA 42.44�6.56

MUFA 27.86�4.10 28.94 26.89b

PUFA 29.70�8.13 32.15 23.58c

UI 116.71�22.13 122.22 96.28c

Low meat � 1 serving/week; high meat � 2–3 servings/week. Low fish: �1 serving/week; high fish: 2–3 servings/week. Salmon � 200 g/week � 3

weeks. SFA � Saturated fatty acids; MUFA � mono-unsaturated fatty acids; PUFA � polyunsaturated fatty acids; UI unsaturation index. Statistically

significant differences: ap � 0.05, bp � 0.002, cp � 0.001.
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Dietary Habits. Subjects were subdivided, on the basis of data provided by

dietary questionnaires, into low and heavy consumers of fish or meat. Docosa-

hexaenoic acid (DHA), mainly contained in fish, was the FA most influenced

by fish consumption, as shown by the significantly higher levels in subjects

who ate fish once or twice per week, versus those who had less than one portion

of fish per week. On the other hand, arachidonic acid (AA) levels were signifi-

cantly higher in blood lipids of subjects who consumed more meat (two or more

portion per week) versus low (1 portion per week) meat consumers. The signif-

icantly higher AA levels in those who consumed more meat may be attributed to

higher intakes of AA.

We have also checked the effects of the controlled consumption of fish on

whole blood FA. Five male subjects, aged 25–43 years consumed 200 g/week of

salmon providing 900 mg n–3 FA/day for three weeks. Analyses were carried

out at T0 and at 3 weeks and significant differences were observed in all PUFA

levels: reduction of all n–6 FA and increments in n–3 FA, especially in eicos-

apentaenoic acid (EPA) levels (almost doubling).

Anthropometric and Physiological Conditions
Gender. We have evaluated the differences in FA levels between men 

(46, aged 23–72 years) and women (56, aged 22–73 years): significantly lower

levels of oleic acid (OA) and total MUFA, and higher levels of linoleic acid

(LA) are present in women vs. men. At present these difference cannot be

attributed to specific factors.

Physiological Conditions. Comparisons of the FA status in non-pregnant

(34, aged 26–40 years) and pregnant (4, aged 30–40 years) women show signif-

icantly lower levels of all long chain PUFA (LCP), especially EPA, associated

with elevation of 16:0. These differences are in line with those reported in the

literature [10, 11] and indicate a greater demand/utilization of PUFA during

pregnancy.

Lifestyles. A final factor that we have considered concerns lifestyle habits,

namely cigarette smoking. By comparing subjects who smoked more than 5 ciga-

rettes/day (11 smokers) versus non-smokers (80 non-smokers), it was found that

levels of LCP of both series are significantly lower in smokers. This observation

is in line with previous reports of lower PUFAs in smokers [12] and with the

observation that PUFA levels are reduced in breast milk of smoking mothers [13].

Conclusions

The reported results led us to conclude that the newly described method

is valid, non-invasive, time- and cost-saving, and that it can be applied to the FA
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analysis of large numbers of samples. Applications of the method to evaluate

the impact of dietary habits, of the controlled FA intake, of physiological para-

meters and conditions, and of life style factors on the FA status in the circula-

tion, reveal its usefulness in epidemiological and prospective studies, and in

controlled trials, on the effects of dietary interventions.
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There is a large body of evidence to show that the marked international

differences in the occurrence of cancer are mainly due to environmental factors,

such as diet [1, 2]. Many dietary factors are associated with cancer prevention

or causation; these factors range from traditional nutrients such as antioxidant

vitamins, fat, and plant polysaccharides, to foods, such as vegetables, meat and

fruit, to phytochemicals such as glucosinolates, phytoestrogens and carotenoids,

and to contaminants such as heterocyclic amines and aflatoxins [1, 2]. However,

causal associations require evidence of individual risk from exposure to partic-

ular items of diet. This entails accurate measures of the habitual diet of very

large numbers of free-living individuals, one of the most difficult and challeng-

ing problems in nutrition. Furthermore, the complexity of the subject has

increased markedly in recent years with the need to assess risks from non nutri-

tional items, such as phytochemicals and contaminants, which vary markedly from

one food to another and for which databases of food levels may not be published.

Despite strong international associations between diet and cancer, and high

estimates of attributable risk from diet in westernized societies, within-population

estimates of relative risks between dietary factors and chronic disease such as

cancer are rarely greater than 1.5 for most foods or dietary items [1, 2]. It is dif-

ficult to ascribe causality to these low estimates, in comparison with relative

risks in the order of 15 for smoking and lung cancer, for example. Furthermore,

the inability to produce consistent estimates for even major nutrients or foods

and cancer risk prompted the suggestion that attempts to measure diet in epi-

demiology had reached its limits [3]. Since that time, it has been realized that

Cancer
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two main factors may contribute to these low and inconsistent within-population

estimates; genetic susceptibility and measurement error in dietary assessment.

Gene Environment Interactions in Nutritional 
Epidemiology

Between 50,000 and 250,000 of common variants of genes, or single

nucleotide polymorphisms (SNPs), are estimated to be involved with disease

risk [4]. There have been numerous association studies of these variants in can-

cer, and it has even been suggested that case control analyses of candidate genes

could obviate the need for complex prospective studies of gene environment

interactions, the so-called ‘Mendelian randomisation’ approach [5]. The absence

of altered risk from polymorphisms in the N acetyl gene required for the activa-

tion of heterocyclic amines, formed when meat is cooked at high temperatures,

has been taken as evidence that these compounds are not important in affecting

risk of large bowel cancer [6]. However, genetic associations will not be

revealed if the risk conferred by them is only apparent in populations exposed

to the relevant environmental exposure, as for example in the case of alcohol

dehydrogenase and oral cancer [7]. Furthermore, unexpected effects of such stud-

ies, such as the apparent protective effect in colorectal cancer of the MTHFR

variant, which is associated with low folate levels, has only emphasised the

need for careful measures of dietary exposure where this is possible [8].

Although it is assumed that there is an interaction between nutrition, genetic

polymorphisms and cancer risk, there has so far been inconsistency in the abil-

ity to replicate results with either single polymorphisms or haplotype analyses

[4]. This may be because the right gene may not have been chosen, and the need

for quality control in genotyping has only recently been appreciated.

Furthermore, studies have been carried out in comparatively small populations,

so that the reported elevated risks associated with an interaction may have been

based on very small numbers of subjects. Findings might thus have arisen by

chance or have been missed due to lack of statistical power.

Very large sample sizes are required for prospective studies of gene-

environment interactions in cancer, and they can only be studied in epidemio-

logical cohorts that have measured environmental exposures, collections of

biological material, and a sufficient number of disease endpoints. Such was the

approach behind the large prospective collaborative project carried out in ten

different European countries in the main EPIC, which currently includes 519,978

individuals. Diet has been measured by country-specific questionnaires designed

to capture local dietary habits and to provide high compliance. Over 20,000

cases of cancer have occurred since the study was started [9].
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Measurement Error in Nutritional Epidemiology

Misclassification error in dietary assessment will increase sample size

requirements markedly; with only a 20% loss in sensitivity in dietary assess-

ment, the required sample size for interactive investigations may more than

double [10]. These errors arise from the assessment of the frequency of food

consumption, portion size, daily variation, and failure to report usual diet, due

to either changes in habits whilst taking part in an investigation, or misreporting

of food choice or amount. When translated into food constituents, by using data

bases of food tables, further errors are incurred. In populations with a complex

food supply, databases may contain values for a few thousand food items only.

This compares with several hundreds of thousands of foods marketed. In less

complex societies, resources for extensive food analyses may not be available

and data bases will be less comprehensive.

The presence of measurement errors has generated much controversy and

discussion as to the most ‘accurate’ method of dietary investigation. Numerous

studies, comparing results of one dietary assessment method with another, pre-

sumed more accurate, method on the same individuals have been conducted.

However, unless food consumption can be independently observed, the ‘true’

value for assessing validity is unknown because all traditional methods, even

weighed records, rely on food consumption as reported by the individuals.

In large prospective epidemiologic studies, it is now common practice to

correct for measurement error in the assessment of relative risk by regression

calibration, when the correction factors are derived by comparison of the

method in use, such as a FFQ, with a ‘reference’ method, such as a record. This

practice relies on the assumptions that errors in the reference instrument are

uncorrelated with both ‘true’ intake and errors in the method in use. However,

errors associated with the method under investigation may be correlated with

those of the reference method, so that correction for regression dilution is sub-

stantially underestimated [11].

Types of Biological Markers

The ability to assess measurement error associated with dietary assess-

ment, and correct for it, has only become possible with the advent of biological

markers in biological specimens such as blood, urine or hair, that reflect intake

sufficiently closely to act as objective indices of true intake.

Several ‘concentration’ biomarkers (including serum vitamins) are avail-

able to compare with estimates of dietary intake [12]. However, there are few

‘recovery’ biomarkers that are sufficiently accurate to validate the accuracy of
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dietary assessment methods. Prior calibration studies under controlled condi-

tions, for example a metabolic suite, are necessary to ascertain that the predictabil-

ity of the biomarker in humans consuming varying diets is at least as good as

the dietary intake method which is being validated and that they are indepen-

dent of the errors associated with a dietary survey method being tested. Few

biomarkers of dietary intake have been studied in this way; they include doubly

labeled water used for example in the OPEN study [13, 14] and urine markers

of potassium and nitrogen [15, 16].

Biomarkers could also replace estimates of intake based on traditional

methods. The usefulness of these ‘replacement’ biomarkers is illustrated in a

follow up study of markers of aflatoxin exposure in relation to liver cancer. The

range of aflatoxin contamination of foods is very great, so that use of food

tables of average levels of contamination is unlikely to reflect individual expo-

sure. Relative risks of cancer from aflatoxin consumption were only 0.9 and

insignificant (confidence intervals 0.4–1.9) for individuals classified to have

had high dietary exposure, as assessed by an interview of the frequency of con-

sumption of 45 foods. However, aflatoxin exposure biomarkers in urine samples

obtained from individuals in the cohort were able to detect substantial and sig-

nificant relative risks for liver cancer in the order of 6–10. The estimated rela-

tive risk was 59.4 (16.6–212.0) in individuals positive for urine biomarkers of

both aflatoxin and hepatitis B [17].

24-Hour Urine Nitrogen and Potassium

In initial studies to assess the validity of several different methods of

dietary assessment in UK cohorts of the EPIC study, 160 women were asked to

complete 16 days of weighed food records over 1 year, as 4 repeated 4-day

records. The volunteers were also asked to provide eight 24-hour urine collec-

tions, as 4 repeated 2-day collections, and completeness of the urine collec-

tions was assessed using the p-aminobenzoic acid (PABA) check method [16].

During the year, different methods of dietary assessment were completed by the

volunteers and it was shown that correlations were greater between the bio-

marker 24-hour urine nitrogen and estimates of nitrogen intake from records,

than from estimates of intake from other methods including FFQ [18, 19]. A

similar pattern was evident with potassium [18, 19]. For this reason, three meth-

ods of dietary assessment, an FFQ, a food diary and a simple 24-hour recall were

used to assess diet in the UK arms of EPIC [20].

In a more recent study, repeat biomarker estimates were also obtained from

EPIC participants over a 9-month period. Urinary nitrogen, potassium and sodium

were estimated from 2–6 complete 24-hour urine collections in 134 subjects and
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plasma ascorbic acid from 2–3 fasting blood samples in 118 subjects. As

before, PABAcheck was used to verify the completeness of the 24-hour urine

collections [16]. Subjects completed two FFQ and two 7-day food diaries, and

the second diary and FFQ were sent at varying times over the course of the

study. 24-Hour urine samples were not collected during the time that subjects

were recording their dietary intake, making it more likely that any errors

between the dietary method and biomarker were completely independent of

each other. As before, in both men and women, results calculated from the

7-day food diary were much closer to estimates of output from urinary bio-

markers than those calculated from the FFQ [21].

The design of this study also allowed error variance analysis to be conducted

from the repeated dietary intake measures and the repeated urine collections.

Marked differences in error variances associated with the different dietary assess-

ments were shown. The most accurate method, the 7-day food diary, had substan-

tially less error variance than the FFQ. Using the urine biomarkers as indices

of ‘true’ intake, the correction factors for measurement error of relative risk esti-

mates from the dietary assessment methods could be estimated. Correction fac-

tors for regression dilution from the food diary were only 1.8–2.0, whereas those

for the FFQ were too large to use with confidence (4.8 for potassium and 9.0 for

nitrogen). Furthermore, the confidence limits around these estimates for the FFQ

became impossibly wide, 1.7–16.2 for nitrogen for example [11]. Similar conclu-

sions have been reached using the doubly labeled water technique in addition to

24-hour urine nitrogen [14].

Calibration

Another way to correct for measurement error is to increase the hetero-

geneity of the population and study different populations with diverse dietary

practices. Values for the regression correction factor seen for a dietary instru-

ment derive both from the error variances and the underlying between individ-

ual variation in the study population. If the latter is increased, the correction

factor will become smaller, which underlines the importance of variation across

study populations [11]. Such was the approach to attempt to reduce measurement

error in EPIC Europe [11]. Diet was measured by country-specific question-

naires designed to capture local dietary habits and to provide high compliance.

A second dietary measurement was taken from an 8% random sample (36,000

individuals) of the cohort using a computerized 24-hour diet recall method

(EPIC SOFT) in order to calibrate the questionnaires. 1,103 volunteers of both

genders from 12 centres also provided complete 24-hour urines for biomarker

analysis and the high (0.72) sex-partial Spearman correlation between mean
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urinary and dietary nitrogen suggests that confidence can be placed in the valid-

ity of the calibration method used [22].

Effects on End Points

In the first main finding from the main EPIC study, the effect of dietary

fibre on risk of colorectal cancer was investigated. 1,065 colorectal cancers for

analysis have developed in EPIC since recruitment in 1992–1998, and dietary

fibre in foods was significantly and inversely related to large bowel cancer inci-

dence (adjusted relative risk � 0.75 (C.I. 0.59–0.95)) for the highest versus the

lowest quintile of intake. The protective effect was greatest for the left side of

the colon, and least for the rectum. After calibration with the more detailed

dietary data from the EPIC SOFT, the adjusted relative risk for the highest

versus lowest quintile of fibre from food intake was 0.58 (0.41–0.85). These

findings are in accord with expectations according to possible mechanisms

behind a protective effect of fibre in the colon. They do however contrast with

recent FFQ-based cohort studies in homogeneous populations, which have not

found a relationship [23].

Within the homogeneous population of EPIC Norfolk 168 incident breast

cancer cases have arisen. The food diaries and FFQ from these cases and four

matched controls have been coded and the effects on cancer risk compared. The

hazard ratio for breast cancer for each quintile increase of energy adjusted fat

was strongly associated with saturated fat intake measured using the food diary,

1.219 (1.061–1.401; p � 0.005) but not with saturated fat measured using the

FFQ 1.100 (0.941–1.285) p � 0.229 [24]. These findings may explain the

enigma of apparent lack of effect shown in FFQ-based prospective studies of fat

intake in breast cancer, whereas all other data is generally consistent with a pos-

itive relationship between incidence of breast cancer and fat consumption [24].

Future Work

Some biomarkers for the validation of methods for assessing dietary intake

have been developed. There is a need for a greater variety of dietary biomarkers to

be developed to reflect wider aspects of diet, and two more, 24 h urine thiamine

and sucrose look promising [25]. At present, the doubly labeled water technique,

and 24-hour urine nitrogen and potassium are in routine use for validation stud-

ies. Using these biomarkers, it has been shown that there could be substantial

attenuation of diet effects and loss of statistical power in epidemiological studies

in homogeneous populations where relatively inaccurate methods of dietary
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assessment have been used. Attenuation and loss of power, together with genetic

variation in response, could account for the inability of existing studies to show

causal links between diet and chronic disease such as cancer. Some of this mea-

surement error can be overcome by studying populations whose dietary habits are

more heterogeneous than single populations, but biomarker studies suggest that

improved, more detailed, methods of dietary assessment will be necessary if

causal associations between diet, genotype, biomarkers, and disease are to be

established in future large scale epidemiological studies.
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Cancer is a painful and costly disease that is on the rise in practically every

country of the world [1]. In most medium-developed countries – those undergo-

ing socio-economic and epidemiological transition, as is the case of Mexico –

cancer has become one of the leading health threats [2]. It ranks second only to

cardiovascular diseases among the causes of death [3].

There are many factors involved in the increased rates of cancer in Mexico:

some are indirect, such as the increase in the percentage of older adults, more

susceptible to cancer, and more diagnostic facilities. Other factors are more

direct, such as changes in diet, increased exposure to radiation, viral contami-

nation, and perhaps other factors not well known [4].

Some recent studies show how lifestyle changes, especially in diet, are

contributing to the increase in cancer [5]. It is now widely accepted that the rise

in several chronic diseases, such as obesity, diabetes, hypertension, and throm-

boembolic disease are very sensitive to population lifestyle changes, as related,

in part, to the greater percentage of elderly persons, urbanization, diet change,

sedentarism, and other [6].

It is almost certain that many forms of cancer are related to an abundant diet,

rich in fat and animal foods [7], and inappropriate forms of food preparation [8],

and this type of diet is typical of what is referred to as ‘dietary modernization,’

which has expanded throughout the world, including formerly marginal popula-

tions, until very recently consumed a self-produced ‘limited diet,’ consisting of

few foods, usually grains [9].
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The population that is the poorest and most marginal in development and

modernization in Mexico is essentially genetically and culturally indigenous [10].

They are people mostly isolated in spite of 500 years of contact with Western

culture. They still speak their own languages; live in the mountains, forests, or

deserts, eating basically corn tortillas, poorly complemented with beans and vari-

ous local plants. They go to local markets to buy small amounts of sugar, salt, and

sometimes meat.

During the past 40 years, most of the indigenous population has begun to

change, slowly at first, and then more rapidly in the last 20 years. This has been

due to their receiving information and products by road, radio, and recently by

television. They now try to use fat to cook their food, especially beans, and

instead they often try pastas, since they are easier to prepare and taste better

[11]. These people are purchasing beer, soft drinks, packaged breads, pastries,

and crackers, as well as fried corn, wheat, or potato products. Recently, they

have been sold small amounts of imported lard, pork rinds, packaged plump

hens, and entrails, which have been very well received although consumed in

keeping with their scarce resources. The situation now represents a dietary tran-

sition, which is now making way for what could be considered an incipient

change in lifestyle and the base for an epidemiological transition – both a

decrease in infant mortality due to infection and malnutrition, and an increase

in obesity, diabetes, and hypertension [12].

This study was carried out in three rural research centers, located near

and up to 100 miles from Mexico City, and maintained for various purposes

by the National Nutrition Institute. At 6 communities of these centers, cancer

detection through semi-longitudinal observations were performed. The short-

est time being three years and the longest, six years. The objective was to

learn the prevalence and incidence of cancer among adults in order to find out

if some registered changes in blood cholesterol and arterial pressure, the same

as in morbidity due to obesity and diabetes and in mortality due to these

chronic diseases are followed by the presentation of the types of cancer linked

to diet.

Material and Methods

The personnel of three rural research centers located in indigenous areas performed a

survey on the prevalence of cancer in six communities. They asked about family histories

about cancer. People in these communities still consumed more than 60% of the energy from

tortillas plus very limited amounts of other kinds of products, but including some industrial-

ized cakes and fried cereal, sugar and fat foods, Therefore they consumed a limited and defi-

cient diet. The families were periodically interviewed for as long as the research centers

remained in existence, an average of 4.5 years. The total number of families directly observed
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were 1,165, comprised 2,635 adults older than 25 years of age. A subsample of the families

was asked about their dietary habits and food consumption during the 24 h prior to the inter-

view. Physical activity was also studied in a sub-sample.

In every community a medical service from the research center existed, where consul-

tations were provided at the request of the regional population, all them were routinely asked

about the presence of cancer. Physicians and other local health service personnel were also

frequently interviewed. The total population under indirect control, all inhabitants of a region

with 2,810 families, were questioned on the presence of cancer, and morbidity and mortality

registrations were surveyed over a period of 10 years.

The Dietary Transition of the Communities

The surveys on food consumption during the 24 h prior to the interview

showed few changes in relation to the known indigenous diet. In all communi-

ties, corn provided between a minimum of 60% and a maximum of 76% of

daily calories. As in every study previously known, caloric consumption was

low, between 1,810 and 1,960 calories per person, per day. However, several cir-

cumstances, besides poverty and frugality, explain the very low figures.

Indigenous populations continue to have many children; half the population is

less than 16 years old, which means that the recommended caloric intake is low

(between 2,000 and 2,150). These populations are short in stature and, above

all, have many habits for saving physical energy.

The survey on physical activity showed that they do not work as much as

one would expect for an agricultural population; they only work half a year, and

at this season they lose weight and suffer frequent food shortages, they have to

ration and gather food such as plants and insects, which rarely ever appear on

the surveys taken at home. Outside the planting time, half the adults do not

work, and the other half migrates to irrigated agricultural areas or neighboring

cities where they work more intensely, though only for few weeks. The women

do more work, because they constantly carry water and take care of the house

and children.

Beans continue to be the second food most commonly eaten, although

nearly half the time they are replaced by pasta, soup and, at other times, by nopal

(opuntia cladodes) or other gathered greens (quelites). Pulque is consumed in

every community – on average, close to half a liter per person per day (420 ml).

This drink provides quite a few calories.

Egg consumption has increased to perhaps one or two per person per

week; however, the average situation does not reflect the situation as a whole,

since, even in poverty, there are inequalities. The truth is nearly half the fami-

lies very rarely eat eggs. Similarly, the use of cooking fat has increased,
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although perhaps only for half of the population. They especially like lard and

pork rinds, which are usually imported, although two of the six communities

slaughter a pig every Saturday. Also now, unlike in the past, milk consumption

has begun to appear on surveys, due to the fact that there are now industrial

forms for easier conservation. Nevertheless, it was more common (12%) to

find its consumption among adults, for breakfast, than among children, at the

age of weaning (8%).

There has been a significant increase in the consumption of soft drinks,

beer, and grain products in the form of breads, cakes, and cookies, and in the

form of fried foods (including potato chips). Stores are filled with these prod-

ucts, yet the surveys reflect a low consumption of them (8% of the energy in

school age). Perhaps they do not appear in the surveys, in part, due to these

products being consumed outside the home, or that people are not stating them

as part of their diet.

The percentage of the family diet corresponding to ‘non-indigenous’ foods

barely surpasses 20%, which allows one to conclude that the dietary transition

has just begun in these communities. This situation is not due so much to

cultural preferences as it is to poverty, since families with more resources

quickly replace beans with pasta, cook with more fat, and eat more meat and

industrial ‘junk foods’, everybody but especially young people are quite

addicted to soft drinks, sugar breads, sweets and many fried ‘junk’ products.

There is clearly an eagerness for already cooked, high-energy foods with a high

concentration of sugar, fat, and salt.

Results on Cancer Prevalence
Among the 1,165 families comprising 2,635 adults, covering 4.5 years of

control, only three cases of cervico-uterine cancer were found among post-

menopausal women and two cases of stomach cancer in men. In the indirect

information of the 2,810 families with medical control in the region through the

10-year surveillance provided by the population itself and the local doctors,

only 2 additional cases (cervical-uterine and stomach cancers) were confirmed,

giving a total of 7 cancer cases detected.

From the epidemiological point of view, in the direct survey, 1.9 of every

1,000 adults was found to have cancer, during the 4.5 years of observation. The

actual incidence of cancer was at a rate of 0.42 per year, per 1,000 adults

observed.

In the extended sample in the area, and considering 10 years of interview-

ing and seeking information from public health records, and local doctors and

medical services, the incidence of cancer was four times lower, of 0.10 cases

per year, per 1,000 adults.
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Comments
The prevalence of cancer found through the direct survey is not actually

low; however, it is important to note that the five cases diagnosed had forms of

cancer frequently linked to infections, the papilloma virus, and campylobacter

bacteria. Moreover these types of cancer prevalence is high, if it is considered

that the studied population is very young – only 119 of the 2,635 adults

observed were confirmed to have more than 65 years old.

Considering the incidence in the population observed, that is, the occur-

rence of new cancer cases per year, then the rates are low. In 4.5 years of obser-

vation, only the same 5 cases were found, the reason for which the rate is

0.42/thousand persons/year.

In the 2,810 families of the 6 communities comprising 10 years of surveil-

lance, only 7 cases were found, a rate of 0.1 per 1,000 adults, per year. This figure

is low; however, to judge their importance, it must be considered the low per-

centage of older adults and the lack of precise diagnoses among this type of

population. Apart from the persons diagnosed with cancer, it is important to

mention that there are some other causes of death among older adults that are

registered giving names of indigenous traditional causes. Those persons which

died ‘of old age’, ‘sadness’, ‘bad liver,’ or other terms that generally mean that

the elderly person stopped eating could have been cancer cases.

Conclusions

It cannot be said that forms of cancer having the possibility of being

related to changes in lifestyle and diet do not exist in the indigenous population,

as it is still very recent and hard to make proper diagnoses. Nevertheless, no

case was found in such an extensive survey, and through a surveillance program

and search among the medical registration which included a significant number

of families, many of the people observed and studied by the authors were physi-

cians or research personnel.

It is quite possible that the incipient changes in diet and lifestyle found

among this population, which has also begun to spread to most of the rest of

the indigenous groups, are already contributing to the occurrence of obesity,

diabetes, and hypertension, but probably not yet to forms of cancer not linked

to infections. Nevertheless, it is important to continue observing the commu-

nities, with the support of greater diagnostic facilities, in order to evaluate

the evolution of the relationship between the progressive lifestyle changes,

especially in diet, and the possibility of a significant increase in the incidence

of cancer.
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There is epidemiological support that the long-chain �–3 polyunsaturated

fatty acids (PUFA), including eicosapentaenoic acid (20:5 �–3) and docosa-

hexaenoic acid (22:6 �–3), which originate from animal marine sources, exert

protective effects against breast cancer. Animal studies have generally con-

cluded that �–6 PUFA, provided by corn and other common seed oils, have

tumor-promoting effects at several sites whereas �–3 PUFA, provided by fish

oils, are protective [1]. This oversimplified pattern has been questioned by sev-

eral experimental data [2, 3], and several reports support the hypothesis that

fatty acids interact with other components of lipids [4] and that, among fatty

acids, the balance between �–6 and �–3 PUFA may influence the outcome of

breast cancer more than the individual amount of each class of PUFA.

The evolutionary aspects of diet with emphasis on the ratio of �–6 to �–3

fatty acids has been reviewed by Simopoulos [5]. In the diet of our ancestors,

the ratio of �–6 to �–3 essential fatty acids was 1 to 2/1 with higher levels of

EPA, DHA and arachidonic acid than today’s diet. Today, this ratio is about 4 to

1 in Japan, and varies from 15 to 1 in current United Kingdom and northern

Europe to 16.74 to 1 in current United States, indicating that Western diets are

depleted in �–3 fatty acids [6]. The depletion of �–3 PUFA in Western diets is

the consequence of agribusiness, modern agriculture and aquaculture [7]. The

high ratio of �–6 to �–3 PUFA is the consequence of excessive production of

vegetables oils and of the substitution of saturated fat and butter with oils high

in �–6 PUFA to lower serum cholesterol levels, without taking into consider-

ation their adverse effect on overall human metabolism. Only the diet of Crete

or the traditional diet of Greece resembles the Paleolithic diets in terms of

fiber, antioxidants, saturated fat, monounsaturated fat, and the ratio of �–6 to

�–3 PUFA is close to 1 to 1 [6]. There is evidence that diet, and specifically a
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balanced �–6 to �–3 PUFA ratio, may have a protective effect on cancer incidence

in humans.

There are two families of essential fatty acids, the �–6 and �–3 families.

Linoleic acid (18:2 �–6), the essential fatty acid of the �–6 family, is the major

�–6 fatty acid in diet. Alpha-linolenic acid (18:3 �–3) is the essential fatty acid

of the �–3 family. In the body, linoleic acid is metabolized to arachidonic acid

(20:4 �–6), and alpha-linolenic acid is metabolized to eicosapentaenoic acid

(20:5 �–3, EPA) and docosahexaenoic acid (22:6 �–3, DHA). The �–3 and �–6

fatty acids cannot be converted in the human body, and are important compo-

nents of cell membranes. One of the main functions of PUFA in the body is as a

precursor for eicosanoids; which are mediators of inflammation and cellular

growth. PUFA are converted to prostaglandins (PG) by cyclo-oxygenases and to

leukotrienes (LT) by lipoxygenases. Arachidonic acid (20:4 �–6) and EPA com-

pete for cyclooxygenases and lipoxygenases, resulting in the production of

eicosanoids with opposing effects. In general, 20:4 �–6-derived eicosanoids 

(2-series PG and 4-series LT) have proinflammatory effects, whereas EPA-

derived eicosanoids (3-series PG and 5-series LT) have anti-inflammatory

effects. Since there is competition and opposition of PUFA in the body, research

has been conducted to determine the importance of the dietary �–6/�–3 fatty

acids ratio, rather than the absolute level of individual PUFA, in cancer preven-

tion [8]. A balanced �–6/�–3 ratio in the diet is essential for normal growth and

development and should lead to decreases in cardiovascular disease and cancers.

Breast cancer incidence rates vary greatly across countries. Despite associ-

ations of hormonal, reproductive and genetic factors with breast cancer risk, most

of the variation in occurrence across populations does not appear to be attributable

to established risk factors. Among preventable causes of cancer, dietary factors

estimates have been accounting for between 20 and 60% according to the sites [9,

10]. Among dietary factors, fat consumption has received extensive attention.

Cohort studies, however, provide little evidence that total fat consumption inde-

pendent of its energy contribution strongly influences breast cancer risk [11, 12].

Most of the epidemiological studies investigating potential protective

effects of �–3 PUFA on breast cancer risk addressed fish consumption. The

preponderance of ecological studies supported an inverse association of fish

consumption with breast cancer [13–15]. While case-control studies and cohort

studies were less consistent [16–19], several studies reported a significant nega-

tive association between estimated consumption of fish or other seafood and

postmenopausal disease [20–23]. One study reported no association of overall

fish intake with breast cancer risk, but an inverse association of poached fish

with breast cancer [24].

In spite of the interest in whether a high intake in �–3 PUFA and/or a high

ratio of �–3 PUFA to �–6 PUFA is associated with a decreased risk of breast
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cancer, most of the studies examined the association between estimated dietary

intakes of total saturated, monounsaturated and polyunsaturated fat and breast

cancer risk, without data on the type of PUFA [25]. In one case-control study

conducted in Finland in a population of 73 breast cancer patients and 55

patients with benign breast disease, the dietary intake of long-chain �–3 PUFA

(eicosapentaenoic acid, docosahexaenoic acid) was significantly lower in breast

cancer patients than in controls, particularly in postmenopausal women [26]. In

the Netherlands Cohort Study on Diet and Cancer, a significant inverse associ-

ation was found between dietary alpha-linolenic acid intake and breast cancer

risk, whereas no association was found for long-chain �–3 fatty acids, eicos-

apentaenoic acid and docosahexaenoic acid [27].

Several population-based studies were undertaken to investigate the

relation between �–3 and �–6 PUFA composition and breast cancer risk, using

biomarkers of past dietary intake of PUFA.

A prospective cohort study, aimed at evaluating whether �–3 PUFA

protect against breast cancer, was conducted in Sweden [28]. The �–3 PUFA

levels of phospholipids in prediagnostic sera of 196 women who developed

breast cancer were compared to those of 388 referents. No significant associ-

ation between �–3 PUFA levels and breast cancer risk was found. The same

lack of association between �–3 PUFA levels or the ratio of �–3 to �–6 PUFA

in serum phospholipids and breast cancer risk were already reported in a case-

control study conducted in Oslo, Norway, in 87 women who developed breast

cancer and 235 women who were free of any diagnosed cancer [29]. Within a

cohort of women in the New York University Women’s Health Study, the fatty

acid composition of serum phospholipids was determined among 197 breast

cancer patients and 197 matched controls [30]. No significant association was

found between �–3 or �–6 PUFA levels and breast cancer risk, total PUFA

(�–6 and �–3 PUFA) showed a weak protective effect. No data on the effect of

�–6 to �–3 PUFA ratio on breast cancer risk was provided.

The relationship between erythrocyte membrane fatty acids and post-

menopausal breast cancer risk was investigated in a prospective study of hor-

mones, diet and breast cancer risk (the ORDET study) conducted in northern

Italy. In a cohort of 4,052 postmenopausal women, 71 cases of invasive breast

cancer were identified, and two matched control women were randomly

selected from among cohort women. A non-significant inverse association was

found between long-chain �–3 PUFA levels in erythrocyte membranes and

breast cancer risk [31]. In this study, no data on the relationship between the

ratio of �–6 to �–3 PUFA and breast cancer risk was provided (fig. 1).

Since adipose tissue has been shown to best reflect dietary exposures for

the essential fatty acids (with the linoleic acid, alpha-linolenic acid, and long-

chain �–3 PUFA) [32, 33], several studies used the fatty acid composition of
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adipose tissue samples as a biomarker to investigate the relation between expo-

sure to �–3 and �–6 PUFA and breast cancer. The determination of fatty acid

profiles in the adipose tissue offers the advantages over questionnaire methods

of dietary assessment in case-control studies of being free from recall bias and,

unlike serum levels of fatty acids, not being potentially altered by recent

changes in diet that may occur due to the disease.

In one case-control study conducted in Boston, the association between fatty

acid composition of subcutaneous adipose tissue and risk of breast cancer has

been investigated in 380 postmenopausal women with newly diagnosed stage I or

II breast cancer and 176 postmenopausal women with proliferative breast disease

[34]. No consistent associations were found between any of the series of fatty

acids or the individual fatty acids (including long-chain �–3 PUFA) in adipose

tissue and breast cancer risk. The same lack of association between �–3 PUFA in

subcutaneous abdomen and breast adipose tissues was observed in another case-

control study conducted in New York on 154 women with invasive breast carci-

noma and 125 control women with benign breast disease [35]. In one case-control

study conducted in Finland in 73 women with breast cancer and 55 control

women with benign breast disease, the level of docosahexaenoic acid (22:6 �–3)

of phospholipids in breast adipose tissue was significantly lower in cases than in

controls among postmenopausal women [26]. A positive correlation was also

found between dietary intake of docosahexaenoic acid and its level in phospho-

lipids of breast adipose tissue. No difference was found in the level of linoleic
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acid or long-chain �–6 PUFA in breast adipose tissue between cases and controls.

However, none of these three studies addressed the association of the balance

between �–3 and �–6 PUFA with breast cancer risk.

In the European Community Multicenter Study on Antioxidants, Myocardial

Infarction and Cancer of the breast (EURAMIC), the fatty acid content of

adipose tissue from the subcutaneous buttock in postmenopausal breast cancer

cases and controls from five European countries (Germany, Switzerland, the

Netherlands, Northern Ireland, Spain) was used to explore the hypothesis that

�–3 PUFA levels were inversely associated to breast cancer risk and that the

inverse association depended on background levels of �–6 PUFA [36]. Inverse

associations between breast cancer risk and total adipose tissue �–3 PUFA

levels (EPA, DHA and alpha-linolenic acid) appeared in three centers (Zeist,

Corelaine, Zurich), with the second and third tertiles having odds ratios below

1.0. However, only one inverse association reached statistical significance

(Zurich). In contrast, a positive association was observed in two other centers

(Malaga, Berlin), reaching statistical significance in one center (Malaga). The

same patters of associations were observed when restricting the analyses to

long-chain �–3 PUFA. Alpha-linolenic alone showed a non-significant inverse

association with breast cancer risk in two centers (Corelaine, Zurich) and a non-

significant positive association in the three others centers. Pooling all centers

gave little evidence of an inverse association with breast cancer for total �–3

PUFA, long-chain �–3 PUFA and alpha-linolenic acid. Total �–6 PUFA

(linoleic acid, dihomo-gamma-linolenic acid, arachidonic acid) showed a strong

positive association with breast cancer in one center (Malaga). No associations

or weak inverse associations were observed in the other centers. Pooling all

centers yielded weak evidence of a positive association between �–6 PUFA and

breast cancer risk. The ratio of total �–3 PUFA to �–6 PUFA or the ratio of

long-chain �–3 PUFA to �–6 PUFA was inversely associated with breast

cancer risk in four of five centers. In Spain, the ratio of long-chain �–3 PUFA

to �–6 PUFA showed a significant inverse association with disease, despite

both �–3 and �–6 PUFA exhibiting significant positive associations with breast

cancer. In pooled analyses, the effect estimates for total �–3 PUFA, long-chain

�–3 PUFA and alpha-linolenic acid were higher when considering the relation

to �–6 PUFA rather than absolute levels. The strongest inverse association with

breast cancer was reported for the ratio of long-chain �–3 PUFA to �–6 PUFA,

with evidence of a dose-response pattern. In our case-control study conducted

in central France, we investigated the association between �–3 and �–6 PUFA,

the ratio �–3 PUFA to �–6 PUFA and the risk of breast cancer [37]. We exam-

ined the fatty acid composition in breast adipose tissue from 241 patients with

invasive breast carcinoma and from 88 control patients with benign breast

disease. We found significant inverse associations between individual levels of
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�–3 PUFA (alpha-linolenic acid, docosahexaenoic acid) and the relative risk of

breast cancer (table 1). However, the strongest inverse association with breast

cancer was found for the ratio of long-chain �–6 PUFA to �–3 PUFA.

This set of data supports the idea that the protective effect of �–3 PUFA

depends on background levels of �–6 PUFA. Thus, it may be the balance

between �–3 and �–6 PUFA rather than the individual amount of each class of

PUFA which influence the outcome of breast cancer.
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Ecological studies have suggested inverse relations between fish and �–3

polyunsaturated fatty acid (PUFA) intake and the risk of cancer at several sites

[1–3], but the issue is still discussed [4–6].

Fish and �–3 PUFA intake has been inversely related with risk of cancer of

the oral cavity and pharynx [7], in most [6, 8–10], but not all studies [11, 12],

and with risk of cancer of the esophagus [6, 13–15]. Data are inconclusive for

colorectal cancer, with at least a cohort [16] and a case-control study [17] show-

ing an inverse association with fish intake, and at least three case-control stud-

ies finding no relation [18–20]. At least two prospective studies, one in women

[21] and one in men [22], and two case-control studies [6, 23] found an inverse

relation between colon cancer risk and fish intake, while two prospective stud-

ies showed no relation [24, 25]. A case-control study on rectal cancer reported

an inverse association with fish consumption [6].

With reference to breast cancer, a prospective study on Norwegian women

reported no relation with overall fish intake, but an inverse association with

poached fish [26]; the Nurses’ Health Study cohort found no relation between

�–3 fats from fish and breast cancer risk [27], and a study on Swedish women

found no association with fish intake [28]. Of three case-control studies, one

from Spain found an inverse association of breast cancer risk with fish intake

[29], one from the USA reported an inverse association only in postmenopausal

women [30], and one from Italy found no relation [6]. A nested case-control

study of the New York University Women’s Health Study found that while total

PUFAs (�–3 and �–6) were suggestive of a small protection, neither individual

�–3 PUFAs nor �–6 ones were related to breast cancer risk [31]. Another study

found no association of �–3 fatty acid intake with a mammographic pattern
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showing extensive fibrosis, which may be associated with a proliferative

process [32]. The information on ovarian cancer is scanty and controversial,

with two case-control studies reporting elevated risk with fish consumption [33,

34] and one showing an inverse trend [6].

Inverse associations with risk have also been reported from cohort and

case-control studies for cancer of the larynx [7], stomach [35], pancreas [36],

gallbladder [37], bladder [38], kidney [39] and thyroid [40], and a panel report,

published in 1997, concluded that fish consumption may protect against can-

cers of the colon, rectum and ovary [41].

In the present paper, we review the data on fish and �–3 PUFA intake and

cancer risk from a network of case-control studies conducted in Italy and

Switzerland.

Methods

Data were obtained from two series of hospital-based case-control studies. Each series

had the same design, inclusion criteria and similar questionnaire [6, 42]. The first series was

conducted between 1983 and 1996 in northern Italy and included patients below age 80 with

incident, histologically confirmed cancers of oral cavity/pharynx (n � 181), esophagus

(n � 316), stomach (n � 745), colon (n � 828), rectum (n � 498), liver (n � 428), gallbladder

(n � 60), pancreas (n � 362), larynx (n � 242), breast (n � 3,412), endometrium (n � 750),

ovary (n � 971), prostate (n � 127), bladder (n � 431), kidney (n � 190), thyroid (n � 208),

lymphomas (n � 280) and multiple myeloma (n � 120) [6]. The comparison group involved

overall 7,990 patients. For the second series, information was collected between 1991 and 2001

in several areas of northern, central and southern Italy; studies on oral cavity/pharynx, esopha-

gus, colon, rectum and breast were conducted also in the Swiss Canton of Vaud [42]. Cases

were patients below age 80 with incident, histologically confirmed cancers of oral cavity/phar-

ynx (n � 736), esophagus (n � 395), colon (n � 1,394), rectum (n � 886), breast (n � 2,900),

ovary (n � 1,031) and prostate (n � 1,294). Controls were over 5,000 patients admitted to hos-

pital for a wide spectrum of acute non-neoplastic conditions.

Interviewers used a structured questionnaire including information on socio-demo-

graphic factors, anthropometric variables, smoking, alcohol and other lifestyle habits, a

problem-oriented medical history, physical activity and history of cancer in relatives.

For the first series of studies information was based on a food frequency questionnaire

including a single question on average weekly consumption of fish [40]. For the second

series of studies, the questionnaire included questions on 78 foods or food groups [42] and

information on fish derived from weekly frequency of consumption and portion size of three

items: mixed Mediterranean fish and seafood, including clams, mussels (0.94 g of �–3

PUFAs per portion); other fish, including cuttlefish, octopus, squid (0.49 g of �–3 PUFAs

per portion); and canned tuna, mackerel and sardines (0.34 g of �–3 PUFAs per portion).

Content in �–3 PUFAs (including eicosapentaenoic and docosahexaenoic acids) and total

energy intake were computed using tables of food composition [43, 44] taking into account

the differences in food habits between Italy and Switzerland. In the Italian studies, the mean

national composition of fish dishes (including shrimp, cuttlefish, squid, mussels, clams and

other seafood) was based on the mean national consumption figures and was used to obtain
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the coefficient for computing �–3 PUFA [45]. In the Swiss studies, the coefficients were cal-

culated on the basis of local consumption.  The correlation coefficient for reproducibility of

questions on fish was 0.59 [46] and that for validity of �–3 PUFAs was 0.64 [47].

Data Analysis
Odds ratios (OR) and the corresponding 95% confidence intervals (CI) for fish or for

subsequent quintiles of �–3 PUFA intake were derived using unconditional multiple logistic

regression [48] (in the first series of studies and in unmatched studies, i.e. breast, ovarian,

prostate and colorectal cancers of the second series) or conditional one (in studies matched

on age, sex and study center, i.e. upper aero-digestive tract cancers of the second series).

Frequency of fish and �–3 PUFA intake was also introduced as a continuous variable; this

model gave an estimate of the OR relative to an increase of 1 portion of fish per week or 1 g

of �–3 PUFAs per week. All regression models included terms for age, sex, area of resi-

dence/study center, education, body mass index, smoking and alcohol, plus other variables as

indicated in tables 1 and 2.

Table 1. Odds ratios (OR) and their 95% CI for selected cancers according to fish intake: Italy,

1991–2001

Cancer site Number of cases Fish intake

1 portion/week �1 portion/week p, trend

Oral cavity/pharynx 181 0.8 (0.6–1.2) 0.5 (0.3–0.9) 0.009

Esophagus 316 0.7 (0.5–0.9) 0.6 (0.4–0.9) 0.001

Stomach 745 0.8 (0.7–1.0) 0.7 (0.5–0.8) 0.0003

Colon 828 0.7 (0.6–0.8) 0.6 (0.5–0.7) �0.00001

Rectum 498 0.8 (0.7–1.0) 0.5 (0.3–0.6) �0.00001

Liver 428 0.9 (0.7–1.2) 1.0 (0.7–1.3) 0.75

Gallbladder 60 1.2 (0.7–2.2) 0.6 (0.3–1.4) 0.44

Pancreas 362 0.7 (0.5–0.9) 0.7 (0.5–1.0) 0.018

Larynx 242 0.7 (0.5–1.0) 0.7 (0.4–1.0) 0.019

Breast 3412 1.1 (0.9–1.2) 1.0 (0.8–1.1) 0.75

Endometrium 750 0.6 (0.5–0.8) 0.8 (0.6–0.9) 0.002

Ovary 971 0.9 (0.7–1.0) 0.7 (0.6–0.9) 0.002

Prostate 127 1.0 (0.6–1.4) 0.7 (0.4–1.1) 0.16

Bladder 431 1.1 (0.9–1.4) 1.4 (1.0–1.8) 0.024

Kidney 190 0.9 (0.6–1.2) 0.9 (0.6–1.3) 0.527

Thyroid 208 1.2 (0.8–1.6) 1.1 (0.7–1.6) 0.655

Hodgkin disease 80 0.8 (0.5–1.3) 0.7 (0.4–1.4) 0.294

Non-Hodgkin lymphoma 200 1.0 (0.8–1.4) 0.7 (0.5–1.1) 0.294

Multiple myeloma 120 0.9 (0.6–1.3) 0.5 (0.3–0.9) 0.040

Controls 7,990 – – –

Reference category was �1 portion of fish per week. OR adjusted for age, sex, area of residence, educa-

tion, body mass index, alcohol and smoking. Modified from Fernandez et al. [42].
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Results

Fish and Cancer Risk
The distribution of cases of selected cancers and controls, with the corre-

sponding OR and 95% CI, according to fish consumption is shown in table 1.

There was a consistent pattern of protection towards several digestive tract can-

cers, such as those of the oral cancer/pharynx, esophagus, stomach, colon and

rectum, for which the OR for an increment of one serving per week of fish was

0.5–0.7 and the trends in risk were statistically significant. The OR were 1.0

and 0.6 for liver and gallbladder cancer, with no trend in risk, and the OR was

0.7 for cancers of the pancreas and larynx with an inverse trend in risk. Among

female cancer, the OR was 1.0 for breast cancer and 0.8 and 0.7 for those of the

endometrium and ovary, with an inverse trend in risk. No association and no

trend in risk was found for cancers of the prostate (OR 0.7), bladder (OR 1.4),

kidney (OR 0.9), thyroid (OR 1.1), and for Hodgkin disease (OR 0.7) and non-

Hodgkin lymphoma (OR 0.7). The OR for multiple myeloma was 0.5, with a

significant trend in risk.

Table 2. Odds ratios (OR)a and their 95% confidence intervals for selected cancers according to �–3

polyunsaturated fatty acids (PUFA): Italy and Switzerland, 1991–2001

Cancer site Number of cases: Quintiles of intake

controls

2nd 3rd 4th 5th (highest) p, trend

Oral cavity/ 736:1,772 0.9 (0.7–1.2) 0.7 (0.5–0.9) 0.6 (0.4–0.8) 0.5 (0.3–0.7) �0.0001

pharynxb

Esophagusb 395:1,066 0.8 (0.5–1.2) 0.7 (0.5–1.1) 0.6 (0.4–0.9) 0.5 (0.3–0.7) 0.0005

Large bowelc 2,280:4,765 1.0 (0.8–1.1) 1.0 (0.9–1.2) 0.8 (0.7–0.9) 0.7 (0.6–0.9) �0.0001

Colonc 1,394:4,765 0.9 (0.8–1.1) 0.9 (0.8–1.1) 0.8 (0.6–0.9) 0.7 (0.5–0.8) �0.0001

Rectumc 886:4,765 1.1 (0.9–1.4) 1.1 (0.9–1.4) 0.8 (0.6–1.0) 0.8 (0.6–1.0) 0.009

Breastd 2,900:3,122 1.0 (0.8–1.1) 1.0 (0.8–1.1) 0.8 (0.7–0.9) 0.8 (0.7–1.0) 0.003

Ovaryd 1,031:2,411 0.9 (0.7–1.2) 0.8 (0.6–1.0) 0.8 (0.7–1.1) 0.6 (0.4–0.7) �0.0001

Prostateb 1,294:1,451 1.2 (0.9–1.5) 1.1 (0.8–1.4) 1.4 (1.1–1.8) 1.5 (1.2–1.9) 0.001

aReference category: 1st quintile of PUFA intake (lowest). The upper cut-off points for the quintiles of intake

(g/week) ranged between: 0.47–0.55 for the 1st quintile, 0.83–0.89 for the 2nd, 1.06–1.28 for the 3rd and 1.46–1.89

for the 4th. Modified from Tavani et al. [43].
bOR adjusted for age, sex, study center, education, body mass index, energy intake, alcohol and smoking.
cOR adjusted for age, sex, study center, education, body mass index, energy intake, alcohol, smoking and physical

activity.
dOR adjusted for age, study center, education, body mass index, energy intake and parity.
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The continuous OR for an increase of 1 portion/week of fish are reported

in figure 1. The OR were consistently below unity for digestive tract cancers

(OR 0.7–0.8) and were 0.8 for gallbladder, laryngeal and prostate cancer; 0.9

for hepatic, pancreatic, endometrial, ovarian, thyroid cancer, and for Hodgkin

disease and multiple myeloma; 1.0 for breast, bladder and kidney cancer and for

non-Hodgkin lymphoma. The risk of cancer at selected sites according to fish

consumption was consistent across strata of age, sex, education, smoking, alco-

hol and body mass index.

0.4 0.6 0.8 1 1.2 1.4

Oral cavity/pharynx

Esophagus

Stomach

Colon

Rectum

Liver

Gallbladder

Pancreas

Larynx

Breast

Endometrium

Ovary

Prostate

Bladder

Kidney

Thyroid

Hodgkin disease

Non-Hodgkin's lymphoma

Multiple myeloma

Fig. 1. Continuous odds ratios and 95% confidence interval for an increment of 1 por-

tion/week of fish.
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v–3 PUFAs and Cancer Risk
Table 2 shows the OR of cancer at selected sites for subsequent quintiles of

�–3 PUFA intake. Compared to patients with the lowest quintile of intake, the

multivariate OR for those with the highest �–3 PUFA intake was 0.5 for

oral/pharyngeal and for esophageal cancer, 0.7 for colon cancer, 0.8 for rectal

and breast cancer, and 0.6 for ovarian cancer; all the estimates were signifi-

cant, except for cancer of the rectum and breast, which were of borderline

0.4 0.6 0.8 1 1.2 1.4

Oral cavity/pharynx

Esophagus

Large bowel

Colon

Rectum

Breast

Ovary

Prostate

Fig. 2. Continuous odds ratios and 95% confidence interval for an increment of

1 g/week of �–3 polyunsaturated fatty acids.
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significance, and the inverse trends in risk were significant for all cancer sites.

Prostate cancer risk was slightly associated to �–3 PUFA intake (OR 1.5), with

a borderline significant trend in risk.

The continuous OR for an increase of 1 g/week of �–3 PUFAs are reported

in figure 2. The OR were consistently below unity for all cancers, except

prostate cancer: 0.7 for oral/pharyngeal and esophageal cancer; 0.9 for colon,

rectal breast and ovarian cancer; 1.2 for prostate cancer. The risk of cancer at

selected sites according to an increase of 1 g/week of �–3 PUFA intake was

consistent across strata of age, sex, smoking and alcohol.

Discussion

The data from this integrated network of studies confirm that fish and �–3

PUFA consumption is a favourable indicator of the risk of several common

cancers, mainly those of the digestive tract. The results are less clear for breast

cancer, as fish consumption was not related to the risk in the first study, while

�–3 PUFA intake was inversely related in the second study, and for prostate

cancer, which was not related to fish intake in the first study and showed a

slight positive association with �–3 PUFAs in the second study. The inverse

relation between fish/�–3 PUFAs and cancers of the digestive tract was not

explained by sociodemographic factors, total energy intake and selected other

covariates, as it was consistently found in different strata. We cannot exclude

that allowance for other variables specific for each cancer site might modify

some of the risk estimates, but further allowance for physical activity or exoge-

nous hormones did not materially modify the risk estimates for colorectal,

breast or ovarian cancer. Residual confounding remains, however, plausible,

because fish and �–3 PUFAs could be markers for a more favourable dietary

pattern or healthier lifestyle and of a lower consumption of meat, which is a

potential risk factor for digestive tract cancers [49].

As dietary PUFAs of the �–3 series are rapidly incorporated into cell

membranes and profoundly influence several biological responses [50], multiple

mechanisms may be involved in their preventive activity. These include suppres-

sion of neoplastic transformation, cell growth inhibition, influence on the immune

system and inflammation [51, 52], enhanced apoptosis and antiangiogenicity [53].

Animal studies have shown that diets rich in �–3 PUFAs have diminished tumori-

genesis [54], and that they decrease the number and size of tumors and increase

the time elapsed before appearance of tumors [55]. In the colon �–3 PUFAs may

act through the prostaglandin pathway [56, 57], and influence the activity of

enzymes and proteins related to intracellular signalling and cell proliferation [58],

and in the breast they suppress cell growth and metastases in mouse models [59].
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In conclusion, this investigation points to fish and �–3 PUFA intakes as

important potential factors in the nutritional etiology of several common can-

cers. Together with the favorable effect of fish and �–3 PUFA intake on the car-

diovascular system [60, 61], this indicates that fish can be a better substitute for

meat intake [49] in the western diet. The finding that an increase of 1 portion

per week of fish or 1 g per week of �–3 PUFAs significantly lowers the risk of

cancer at several sites suggests that the protection on carcinogenesis is exerted

at relatively low doses, as observed also for myocardial infarction [62].
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The worldwide burden of cancer is increasing; thus, in the year 2000, more

than 10 million people developed cancer, and 6.2 million people died of cancer

[1]. Therefore, efficient cancer prevention offers a promising benefit for public

health and minimizes economic damage which results from costly treatment

and early death.

The currently available data suggest that more than 50% of all cancers in

developed countries can be prevented by changing the individual’s behavior:

reduction of tobacco use, increase of physical activity, controling weight,

improving diet, limiting alcohol, getting routine cancer screening tests, avoid-

ing excessive sun exposure and practicing safer sex [2]. The majority of indi-

viduals in developed countries is remarkable inactive [3]; furthermore, it is

believed that increased physical activity positively influences other health risk

factors such as tobacco use, body weight and diet; therefore, and since it also

results in prevention of cardiovascular diseases, increased physical activity

seems to have the largest impact on improvement of public health [4].

Epidemiologic studies have accumulated considerable evidence linking

increased physical activity to reduced occurrence of cancers chiefly of breast

and colon [5–7]. This review focuses on the impact of physical activity for

reduction of the individual cancer risk (table 1).

Influence of Physical Activity on Different Cancers

Breast Cancer
Obesity, which is a BMI �30, endogenous hormones and physical inactiv-

ity have been identified as risk factors for breast cancer [8, 9]. However, the
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Table 1. Selected studies and reviews providing evidence for a decreased cancer risk due to increased

physical activity

Cancer type Evidence level

2 3

Breast, ovarian, Kramer 1996, r [10]

endometrial cancer

Breast cancer Adams, 2001, cs, n � 704 [70] Bernstein, 1994, cc, n � 545 [71]

Friedenreich, 1998, r, 21 studies [16] Friedenreich, 2001, cc, n � 1,233 [72]

Gammon, 1998, r, 16 studies [15] McTiernan, 1998, r [5]

Rockhill, 1999, cs, n � 3,137 [60] Mezzetti, 1998, cc, n � 2,569 [20]

Thune, 1997, cs, n � 351 [17] Moradi, 2000, cc, n � 3,347 [73]

Thune, 2001, r, 41 studies [74] Verloop, 2000, cc, n � 918 [18]

Patel, 2003, cs, n � 1,520 [75]

Thompson, 1997, animal trial [76]

Ovarian cancer Cottreau, 2000, cc, n � 767 [27]

Zhang, 2004, cc, n � 254 [26]

Endometrial cancer Moradi, 1998, cs, n � 12,332 [22] Goodman, 1997, cc, n � 332 [24]

Terry, 1999, cs, n � 133 [23] Hirose, 1996, cc, n � 145 [77]

Colbert, 2003, cs, n � 253 [67] Kalandidi, 1996, cc, n � 145 [78]

Levi, 1993, cc, n � 274 [79]

Olson, 1997, cc, n � 232 [25]

Shu, 1993, cc, n � 268 [80]

Sturgeon, 1993, cc, n � 405 [81]

Colon cancer Colditz, 1997, r [45] Evans, 2002, cc, n � 512 [82]

Macfarlane,1994, r [83] Slattery, 1997, cc, n � 2,073 [46]

Martinez, 1997, cs, n � 2,249 [44] Slattery, 2003, cc, n � 952 [66]

McTiernan, 1998, r [5]

Rissanen, 1999, r, 18 studies [84]

Sternfeld, 1992, r, 18 studies [85]

Thune, 1996, cs, n � 335 [42]

Thune, 2001, r, 48 studies [74]

Lung cancer Thune, 1997, cs, n � 464 [55] Kubik, 2002, cc, n � 269 [86]

Mao, 2003, cc, n � 1,128 [56]

Prostate cancer Hartman, 1998, cs, n � 317 [49]

Wannamethee, 2001, cs, n � 969 [48]

Renal cell cancer Mahabir, 2004, cs, n � 210 [54] Menezes, 2003, cc, n � 305 [53]

Hemopoietic malignancies Davey, 2000, cs, n � 2,859 deaths [57]

The evidence level classification and recommendations are based on guides of the ‘Evidence-Based

Medicine Working Group’ [87, 88] and the ‘Oxford Centre for Evidence-Based Medicine’ (http://

minerva.minervation.com/cebm/). cs � Cohort study; cc � case control study; r � review.
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underlying mechanisms by which these factors support carcinogenesis have not

yet been completely understood. It is likely that endogenous hormones such as

estrogen [10] and probably also growth factors such as insulin-like growth

factor (IGF) play a crucial role in the development of breast cancer but also

other estrogen dependent cancers (ovarian, endometrial) [10, 11]. Physical

activity has been proposed to reduce circulating estrogen levels thus resulting in

a reduced occurrence of these cancers [10].

The effect of physical activity on reduction of breast cancer risk can be

explained by several mechanisms which decrease hormone and/or growth fac-

tor levels and which may act in concert. Obesity decreases estrogen binding and

supports the synthesis of estrogens [11]. Therefore, body weight reduction, e.g.

by physical exercise, decreases estrogen levels either directly [10] or indirectly

via a decrease of IGF-1 [12]. Since high levels of IGF-1 have been found in

women with breast cancer [13], IFG may also have direct influence on breast

cancer development. In premenopausal women, physical activity probably

modifies menstrual function by reducing the number of ovulatory menstrual

cycles via a hormone-related mechanism and thus decreases the cumulative life

time exposure to progesterone and estrogen [9, 10]. Experimental studies sup-

port this hypothesis [14].

The majority of studies report an association of increased physical activity

and reduced risk for breast cancer. The risk reduction is 12–60% among pre-

and postmenopausal women [15]. Specific subgroups with high levels of phys-

ical exercise may experience a particularly great risk reduction; these women

are lean (BMI below 22.8), parous and premenopausal [16]. In contrast, the

BMI was found to be inversely correlated to the breast cancer risk [17–20]. This

suggests that avoiding or modifying these risk factors can significantly con-

tribute to breast cancer prevention (table 1).

However, the results of some studies that analyzed the association of phys-

ical activity and breast cancer risk were inconsistent which may be due to

methodological limitations and confounding factors [9]. Major problems of

epidemiologic studies include the assessment of physical activity in different

ways and for restricted periods as well as the inability to measure physical

activity with enough precision to detect a protective correlation [18, 21].

Therefore, the design for future studies should incorporate standardized meth-

ods to measure physical activity; also, the studies should respect subgroups of

women with differences in breast cancer risk factors such as hormone replace-

ment status [21].

The National Cancer Institute (NCI) informs that ‘studies suggest that

exercise may be associated with reduced breast cancer risk’ (level of evidence 3)

(date last modified 03/2004). Based on level 3 evidence, a level ‘B’ recommen-

dation can be given to increase physical activity for breast cancer prevention.
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Endometrial Cancer
Since endometrial cancer belongs to the ‘estrogen-dependent’ cancers,

diminished estrogen life time exposure, e.g. by physical exercise can be

expected to result in a reduced cancer risk. The mechanisms that are responsible

for reduced estrogen exposure are described in the breast cancer section above.

Large cohort and case control studies have shown a moderate inverse rela-

tionship between increased physical exercise and cancer occurrence. The risk

reduction in women who exercise regularly is about 40% (table 1) [22–25].

The NCI concludes from the published studies that there is evidence (level

3) that physical activity – among other factors – is associated with a decreased

risk of endometrial cancer (date last modified 02/2004). Based on level 3 evi-

dence, the level of recommendation to practice physical activity for prevention

of endometrial cancer is ‘B’.

Ovarian Cancer
Until recently, it was not clear if modification of estrogen exposure results

in a reduction of the risk for ovarian cancer, as has been shown for breast and

endometrial cancer. However, a study published in 2004 revealed an association

of sedentary behavior and increased ovarian cancer risk, suggesting that physi-

cal activity is likely to reduce the cancer risk [26]. Another study reported a

27% risk reduction for cancer in the group of women with the highest level of

physical activity when compared to the group with the lowest activity [27].

Nevertheless, it is not clear if the women in the high activity group had a low-

fat diet which by itself seems to be associated with a lower risk for ovarian can-

cer development (table 1) [28].

The NCI gives no information, if ovarian cancer can be prevented by

increased physical activity (date last modified 03/2004). Based on the studies

published so far, the level of evidence that increased physical exercise can pre-

vent ovarian cancer is 3, resulting in a recommendation level ‘C’ for increased

physical activity to reduce the cancer risk.

Colorectal Cancer
There is good evidence that modifiable factors such as inadequate physical

activity, obesity, high fat diet, alcohol and smoking increase the risk for col-

orectal carcinomas [29]. The simultaneous presence of several risk factors fur-

ther increases the cancer risk. Among these factors, physical inactivity and

obesity have been strongly and consistently reported to be associated with an

increased risk for colon cancer [8]. Also, chemokines such as IGF and possibly

prostaglandins are likely to contribute to carcinogenesis. However, the underly-

ing mechanisms have not yet been completely identified.
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Obese (BMI �30) premenopausal women and obese men have a two-fold

increased risk for cancer when compared to slimmer individuals [30, 31]. There

are several mechanisms which can explain the association of obesity and colon

cancer risk and which can be modulated [32]. Insulin levels are positively cor-

related to obesity [33]. High insulin levels decrease IGF-1 binding protein and

thus increase the levels of free IGF-1 [34]. IGF-1 has been positively associated

with the colorectal cancer risk in women and men [35–37], probably because

IGF-1 promotes tumor development [38, 39]. Prolonged aerobic exercise and a

diet low in calories increase IGF-1-binding protein and thus decrease IGF lev-

els [12]. Furthermore, prostaglandin levels, which are elevated in obesity [40]

and which are associated with colon cancer in animals [41], can be decreased

by physical exercise [40] and non-steroidal anti-inflammatory drugs [39].

Additionally, a faster gastrointestinal transit time has been hypothesized to have

a protective effect on cancer occurrence [42, 43]. Thus, weight reduction in

obese individuals, optimization of diet and/or increased physical activity are

expected to decrease the colon cancer risk.

Despite of different methods for assessing the amount of physical activity,

and despite of different types of physical activity, there is remarkably consistent

evidence that individuals who are highly physically active have a reduced risk

for colon cancer. The risk reduction is reportedly 40–50% and up to 63% in

individuals practicing vigorous lifetime leisure activity (table 1) [42, 44–46].

However, some studies such as one on physicians showed no inverse correlation

of physical activity and colon cancer risk. The reasons for this null finding may

be misclassification of the physical activity or an increased surveillance effect

for colon cancer in the study population [47].

The NCI informs that physical activity is one of the factors for which there

is evidence of benefit for colorectal cancer prevention (date last modified

03/2004). The level of evidence that colorectal cancer can be prevented by

increased physical activity is 3, resulting in a recommendation level ‘B’.

Therefore, it is recommended to increase physical activity and maintain lean

body weight to prevent colon cancer.

Prostate Cancer
Obesity and sedentary life style have been implicated as risk factors for

prostate cancer [8]. Studies investigating the influence of increased physical

activity on cancer risk showed inconsistent results. About half of the studies

report an average risk reduction of 20% [39, 48, 49], whereas other did not find

a risk reduction [50, 51] or even an increase of cancer risk [51]. However,

methodological limitations can be identified in most of the studies [51].

Interestingly, one recent study showed that physical exercise results in low
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insulin and IGF-1 levels and high IGF-1-binding protein levels which induce

apoptosis in prostate cancer cells in vitro [52].

Since the literature provides no clear evidence for a beneficial effect of

physical activity on prostate cancer risk reduction, the NCI gives no informa-

tion about a possible cancer prevention by physical activity (date last modified

02/2004). Thus, due to the controversial study results, there is no evidence that

increased physical activity can prevent prostate cancer.

Bladder Cancer
Vigorous physical activity resulted in a significant increase of bladder can-

cer [48].

Renal Cell Carcinoma
Physical activity may be associated with a decreased risk up to 50% of

developing renal cell carcinoma [53, 54].

Lung Cancer
Physical exercise can reduce lung cancer risk by 18–41% dependent

chiefly on the dose level of physical activity and less on the histopathologic

subtype [55, 56]. However, it is not clear why, in one study, there was no risk

reduction for squamous cell carcinoma or for women (table 1) [55]. Since the

study results are not consistent, the NCI does not provide any information for

prevention of lung cancer by physical activity (date last modified 02/2004).

Leukemia and Malignant Lymphoma
A significant inverse relationship between increased physical activity and

cancer-related mortality including hemopoietic malignancies has been

observed (table 1) [57].

Other Cancers
Due to a lack of study results on oral, esophageal and gastric cancer, the

NCI does not provide any recommendations for prevention of these cancers by

increased physical exercise (date last modified 02/2004).

Nonspecific Effects of Physical Activity on Cancer Prevention

The natural nonspecific immune function may be enhanced by physical

activity through the cumulative effects of repeated exercise bouts [43]. Thus,

the NK cell activity increases with training [58]. In contrast, an association of

other healthy life style habits with beneficial effects of physical activity on
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cancer risk seems unlikely; however, endurance athletes usually are non-smok-

ers, and regular leisure time activity is associated with a high economic status

which tends to reduce exposure to airborne carcinogens both at work and at

home [11].

Adverse Effects of Physical Activity

An impairment of the immune system may result from exercise-mediated

increases in cortisol, and prostaglandin levels may depress the cellular immune

system; however, acute and chronic alterations induced by moderate exercise

intensity are rather small, and their practical relevance remains debatable [11].

Level of Physical Exercise Required for Cancer Risk Reduction

The optimum of exercise intensity required for achieving cancer risk

reduction has been identified for a fraction of cancers [59]. An inverse dose-

response gradient of physical activity or fitness and morbidity such as cancer is

described by most prospective observational studies [10, 17, 44, 60, 61]: a lin-

ear gradient with a steep slope at low levels of fitness and an asymptote in the

upper part of the fitness distribution. Although the evidence level is only 3 due

to the study design, the levels of correlation are strikingly consistent. It is nev-

ertheless impossible to distinguish if activity or fitness is more relevant for

health [61].

A dose-dependent negative correlation between cancer risk and physical

activity has been found in breast cancer [10, 17, 60], colon cancer [44, 61] and

lung cancer [56]. At least 4 h of (moderate to) vigorous physical activity per

week are consistently reported to yield in a maximum of cancer risk reduction

for colon [42, 44, 61], breast [10, 17, 60] and lung cancer [56]. Aerobic physi-

cal activity such as biking or walking is recommended which engages large

muscle groups [62]. A ‘moderate’ intensity of physical activity is for example

biking 4 miles within 15 min, a more ‘vigorous’ intensity is practiced in less

time, according to the Centers of Disease Control, USA.

Critical Life Time Period for Practicing Increased 
Physical Activity in order to Reduce Cancer Risk

Only a few studies investigated in which life time period increased physi-

cal activity must be practiced in order to yield the greatest effect on cancer risk
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reduction. The development of human cancers from initiation to a clinically

manifest disease usually takes several years, if not decades [63–65]. Also, phys-

ical exercise is believed to exert its beneficial influence rather at the time of

cancer initiation than in developing cancer [9]. Therefore, the maximum bene-

fit of physical exercise can be expected when it is practiced years before the

peak of cancer incidence is observed in the sedentary controls. Indeed, this

hypothesis seems to be supported by several studies on estrogen-dependent can-

cer such as breast cancer and colon cancer. In the case of estrogen-dependent

cancer, diminished estrogen exposure by physical exercise may be responsible

for cancer prevention; this means that for postmenopausal women the time

period for increased physical activity which is critical for breast cancer risk

reduction seems to be at an age of less than 45 years [16, 17]. In the case of

colon cancer, a recent study demonstrated that the most pronounced effect of

physical exercise on cancer risk reduction was observed in the group of individ-

uals practicing vigorous activity over the last 20 years [66]. In contrast, physical

activity in the recent past is not associated with a reduced risk for breast [60] or

endometrial cancer [67], respectively. In another study carried out in 1997,

however, a similar age- or time period-dependent beneficial effect of physical

activity had not been found; increased physical activity at different life time

periods were associated with an approximately equal risk reduction [46].

Recommendations and Future Aspects

In general, physical activity is associated with cancer risk reduction. In

more detail, the evidence for a causal relationship between increased physical

activity and a reduced risk for developing colon, breast and endometrium can-

cer is found to be convincing, for ovarian and lung cancer to be probable, for

prostate cancer to be possible, for renal cell cancer and hematopoietic cancers

to be currently insufficient to make any definitive conclusions [7, 68, 69].

Increased physical activity results in a decrease of the number of breast,

endometrium and colon cancers for about 40% through different biological

mechanisms that need to be further investigated. Additionally, the benefit of

physical exercise applies not only to risk groups, but to the whole population

and, importantly, decreases not only the individual risk of developing cancer,

but also the risk of developing cardiovascular diseases [57]. Thus, the American

Cancer Society has published guidelines on nutrition and physical activity for

cancer prevention; these guidelines are consistent with those from the American

Heart Association for the prevention of coronary heart disease as well as for

general health promotion [4].
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However, the evaluation of studies on physical activity and cancer risk

reduction is hampered by different physical activity histories and other con-

founding factors; it is for example not clear to which extent a general ‘healthy

life style’, which includes avoiding modifiable risk factors such as physical

inactivity, obesity and smoking, contributes to the cancer risk reduction.

Therefore, future studies on physical activity should use standardized methods

for measuring physical activity and to identify the appropriate activity; they

should further focus on elucidation of underlying biologic mechanisms and

confounding factors. Thus, for reducing the individual risk for the most com-

mon human cancers, specific large-scale community interventions do not seem

to be justified at the moment; instead, the currently available data allow the rec-

ommendation of modification of the individual’s behavior towards a ‘healthy

life style’ including 4 h of physical exercise weekly which should be moderate

or, preferentially, vigorous.
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