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ABSTRACT

The empirical evidence concerning the associations between diet, particularly fat intake, and

obesity 1s inconclusive.

The aim of the present study was to investigate cross-sectional associations between general
and central adiposity, and dietary and other socio-demographic and behavioural factors
influencing energy balance. Study subjects were 961 women and 596 men aged 30-75 years

who participated in the Greek segment of the European Prospective Investigation into Cancer

and Nutrition (EPIC) Study.

General obesity was evaluated by Body Mass Index (BMI) and central obesity by Waist to
Hip ratio (WHR) and Waist Circumference (WC). Dietary intake was estimated through a
validated semi-quantitative Food Frequency Questionnaire (FFQ) obtained at baseline. Time
weighted occupational and leisure activities, as well as socio-demographic and behavioural
data were assessed through a life-style questionnaire. The methodological issues related to

under-reporting and adjustment for energy intake have been considered in depth.

Obesity indices (BMI, WHR, WC) were initially regressed, separately for men and women,
on energy intake and energy expenditure, after adjusting for the confounding effects of age,
socio-economic status and smoking habits and controlling for dietary under-reporting.

Results indicated that increasing physical activity is less effective than decreasing energy

intake in reducing BMI. WHR and WC were not affected by energy intake, whilst energy
expenditure reduced WHR and WC independently of BMI.

Obesity indices (BMI, WHR, WC) were subsequently regressed on nutrient intake after
controlling for the confounding cffects of energy intake, energy expenditure, age, socio-
economic status and smoking habits, including and excluding under-reporters of energy
intake. Among women, but not men, the nutrient more strongly positively associated to BMI
was protein and to a lesser extent mono-unsaturated and total fat intake. WHR and WC do

not seem to be differentially affected by energy equivalent amounts of energy generating

nutrients.
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Section 1. Background and Literature Review

SECTION I. BACKGROUND AND LITERATURE REVIEW

1. SIZE AND PUBLIC HEALTH SIGNIFICANCE OF THE PROBLEM

Chapter 1.1 considers the true costs of obesity both in terms of physical and mental
ill health, as well as the human and financial resources being diverted to deal with it.
Chapter 1.2 examines the definition and classification of obesity. Chapter 1.3
presents up-to-date regional data on the prevalence of obesity and finally chapter 1.4

examines the etiological factors implicated in weight gain and obesity.

1.1 Health risks of obcsity

The life insurance industry has known, since the beginning of this century, that
people who are above a certain ‘desirable’ weight for height are liable to die young,
and hence are less profitable to insure. Although obesity has not yet achieved the full
disease status of other bodily malfunctions, it constitutes a major medical concern,

since it is a powerful risk factor for numerous life-threatening and debilitating

disorders.

This chapter examines the health risks associated with overweight and obesity in
adults; these are many ranging from an increased risk of premature death to several
non-fatal but debilitating conditions that impact immediate quality of life. Also, the
significance of weight loss is tackled along with the issue of weight stability and

weight cycling.
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1.1.1 Obesity related mortality

The relationship between obesity and mortality has been a controversial issue since

different studies have provided conflicting results (WHO Report on Obesity, 1997,
Garrow, 1999). There has been a number of studies demonstrating a U- or J- shaped

association between obesity and mortality with higher mortality rates accumulating
at both upper and lower parts of the weight range (Seidell et al, 1996, Seidell et al,
1999). Some others have shown a linear and gradual increase in mortality with

increasing weight (Lee et al, 1993, Manson et al, 1995). Finally, there have been
some others which have reported no association at all (WHO Report on Obesity,

1997, Lee & Manson, 1998, Garrow, 1999). Potential rcasons for the discrepancies
observed may be different type of biases that may have been involved in the design
of many of the studies relating obesity and mortality. These biases comprise the
failure to control for cigarette smoking, (which would lead to an artificially high
mortality in leaner subjects), the inappropriate control for conditions such as
hypertension or hyperglycemia which although taken into consideration as
confounding factors, to a large degree consist of secondary disorders of obesity
(which would distort the true association between obesity and mortality), the failure
to control for weight loss associated with illness (which would produce an
underestimation of the impact of obesity in mortality) and finally failure to
standardize for age. All these may have led to a systematic under-estimation of the
impact of obesity in premature mortality (WHO Report on Obesity, 1997, Seidell et
al, 1999, Garrow, 1999). In fact, the latter argument has been well documented in the
context of the Nurses’ Health Study. When such biases were removed from the
analysis the increased relative mortality risk at low weights disappeared and there

was almost a linear relationship between BMI and mortality with no particular lower

threshold (Manson et al, 1995).
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Nevertheless, whatever the shape of the curve, there seems to be a scientific
consensus that the lowest mortality appears to be associated with a BMI between 18

and 25 kg/m’, This was actually the conclusion reached by the American Institute of

Nutrition after analyzing numerous studies relating obesity to mortality risk (Garrow,

1993, James, 1996, WHO Report on Obesity, 1997, Garrow, 1999, Willett et al,
1999).

1.1.2  Obesity related morbidity

There has been strong scientific evidence suggesting that those who suffer from
excessive body weight and fat are at elevated risk for several chronic health
problems, including cardiovascular disease, hypertension, stroke, certain types of
cancer (particularly those which are hormone-dependent or gastrointestinal), diabetes
mellitus, and gallbladder disease. Furthermore, obesity has been associated with
several endocrine disturbances, such as insulin resistance, menstrual problems and
obstetric complications as well as metabolic disorders such as dyslipidaemia, and
several aspects of the metabolic syndrome; these involve insulin resistance, glucose
intolerance, hypertension, hypertriglyceridaemia, and low HDL-cholesterol, and
visceral adipose tissue accumulation (central adiposity). Furthermore, obesity has
been associated with several debilitating health problems such as osteoarthritis and
gout, and certain pulmonary impairments such as hypoxaemia and sleep apnea
(Garrow, 1988, National Research Council, 1989, Pi-Sunyer, 1993, Berger, 1995,

Bray, 1996, Sjostrom, 1997, WHO Report on Obesity, 1997, James, 1998, Garrow,
1999, Khan & Bowman, 1999).

The independent and differential effect of obesity on the health of men and women is
still under debate. This has been complicated by findings from empirical studies

which suggest that it is the distribution of body fat, rather than gross adiposity per se,
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which is more important as a risk factor for ill-health. Thus, central adiposity -cxcess
fat in the intra-abdominal cavity- is of particular concern, since it is associated with
clevated risks to health in comparison to a more peripheral fat distribution (e.g.
subcutaneous fat on the limbs) (Lapidus et al, 1984, Rossner, 1984). A report from a
well-known study in Gothenburg, Sweden suggested that in both men and women a
high ratio of waist to hip circumference was more important than BMI as a risk
factor for cardiovascular disease and death during 12 years of follow-up (Lapidus,
1984, Larson et al, 1984). However, further analysis suggested that the health risks
associated with a high waist to hip ratio in the Gothenburg studies might have been
confounded by factors such as cigarette smoking and high alcohol intake which are
both associated with central adiposity. The latter factors may have contributed to
some of the excess observed mortality (Larson, 1987). In conclusion, although the
association between abdominal obesity and health risk has been clearly established in
many studies, it is not yet known to what extent the health risk consists of a primary

effect of visceral fat or if disease risk and the visceral fat are both secondary

indicators of other risk factors (Van Loan, 1996, Molarius & Seidell, 1998).

In addition to the elevated risk of morbidity and mortality, obesity is associated with
decreased quality of life although the latter may not be bound to any specific
diagnosis. In this context, social prejudice and discrimination, psychological effects,
body shape dissatisfaction and ecating disorders have been shown to be strongly
assoclated with obesity. All the above conditions are particularly evident in women

and children. Most of them are improved with modest weight loss (Stunkard &
Sobal, 1995, Seidell, 1998).

Finally, the economic costs of obesity have been assessed in several developed
countries. These can be broken down into: a) Direct costs referring to the diversion of
resources to the diagnosis and treatment of diseases related to obesity, as well as the

treatment of obesity itself. These costs have been estimated to range from 1-10% of
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total health care costs; b) Indirect costs related to the loss of productivity caused by
absenteeism, disability pensions and premature death. Data on aspects such as
societal costs and personal costs are rather too loose to allow calculation of the
expenses involved (Seidell, 1995, Colditz, 1999). However, an appropriate analysis
of all costs associated with obesity might help to persuade responsible bodies to

develop strategies towards the prevention and long-term management of obesity.

1.1.3  The health benefits of weight loss

While the effects of obesity on health and quality of life have been studied
extensively, the impact of weight loss on the same conditions is rather less well
documented. There have been some short-term studies which have demonstrated that
a modest weight loss results in clear benefits in most of the associated disorders of
obesity. However, there have been only a few studies designed to examine the
benefits of long-term (two years or longer) weight loss. The reasons for that involve

inherent difficulties implicated in such study design. These comprise the difficulty of

maintaining long-term weight loss as well as the need to separate intentional from

unintentional weight loss (Goldstein, 1992, Williamson & Ramuk, 1993, De Leiva,
1998, Gaesser, 1999).

However, there is sufficient scientific evidence to support the fact that intentional

weight loss results in marked improvements in NIDDM (glucose tolerance improves,
insulin secretion decreases, and insulin resistance is reduced), dyslipidaemia,
hypertension, cardiovascular risk factors, associated hormonal abnormalities and
menstrual function. It also improves measures of general health including
breathlessness, sleep quality, sleep apnea, back and joint pain and ostcoathritis. As
far as hazards of weight loss are concerned (when weight loss is rapid) these are

limited to an increased risk of gallstones (most probably due to the fact that during
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weight loss the cholesterol in adipose tissue is mobilized and the bile may become
cven more liable to form cholesterol stones) and possibly a reduction in bone density

(WHO Report on Obesity, 1997, Shetty & Tedstone, 1997, Garrow, 1999).

1.1.4 Weight cycling and stable weights

According to the Report of a WHO Consultation on Obesity (1997), weight cycling
refers to the repeated weight loss and regain which can occur as a result of recurrent
dieting. Although there is no implicit definition of weight cycling and comparison
between different studies is difficult, it has been suggested that weight cycling is
assoclated with inverse health outcomes, since it makes future weight loss more
difficult and results in a decrease in lean-to-fat tissue ratio. Although, supporting
evidence has been conflicting, it has not been sufficiently compelling so as to
override the potential benefits of moderate weight loss in obese patients (Lissner et

al, 1999, Blair et al, 1993, Report of National Task Force for the Prevention and
Treatment of Obesity, 1994, Jeffery, 1996).

1.2 Decfinition and measurement of obesity

It 1s neccessary to have a working definition of ‘overweight’ and ‘obesity’.

Overweight is an increase of body weight above a standard, defined in relation to
height. Obesity, on the other hand, is a condition of accumulation of excess body fat,
which may be generalized or localized, associated with elevated health risks. The
latter statement begs two questions: a) how does one know how much fat an

individual has stored and b) how much is excessive?
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In order to determine whether an individual is obesc or simply overweight becausc of
increcased muscle mass or large frame, one needs techniques and standards for
quantifying body weight, body fat, and distribution of body fat. Several approaches

to determine this are listed in Table 1 (adapted from Bray, 1996), which also includes

an estimate of the cost, ease of use, and accuracy of these methods.

Some of the methods, although useful for measuring body fat in certain clinical
situations, are too complex for use in epidemiological studies, so less dircct

anthropometric assessment methods are used. These are described below:

Table 1. Mcthods of estimating body fat and its distribution (adapted from Bray, 1996)

Method Cost  Ease of use Accuracy Regional fat
Height and weight £ Easy High No
Skinfold thicknesses £ Easy Low Yes
Circumferences £ Easy Moderate Yes
Ultrasound £L Moderate Moderate Yes
Density

Immersion £ Moderate High No

Plethysmograph £££ Difficult High No
Heavy water

Tritiated £L Moderate High No

Deuterium oxide or heavy oxygen ££5 Moderate High No
Potassium isotope (“K) ££££  Difficult High No
Total body electrical conductivity £L£L Moderate High No
Bioelectric impedance ££ Easy High No
Fat-soluble gas ££ Difficult High No
Absorptiometry (dual energy x-ray) L££8 Easy High No

Absorptiometry (dual photon absorptiometry)
Computer tomography (CT) £LLL  Difficult High Yes
Magnetic resonance imaging (MRI) ££££  Difficult High Yes
Neutron activation L£LEL  DifTicult High No

£: low cost, ££: moderate cost, £££ : high cost, ££££: very high cost

General adiposity can be expressed as relative weight or ratios of weight to height.
Relative weight is the ratio of actual to standard weight as determined from a table of
reference body weights for men and women expressed relative to height (100 * body

weight/standard weight). Weight to height ratios can be expressed in several ways.
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The most widely used index for the classification of overweight and obesity (gencral

adiposity) in adults is the Body Mass Index (BMI) or Quetelet index (QI) which is
body weight (in kilograms) divided by the squarc of the height (in meters),

weight/height’. Table 2 presents a comprehensive classification for determining
obesity according to BMI. This has been proposed by Garrow and is based on
epidemiological evidence for the association between obesity and excess morbidity

and mortality. A BMI of 20-24.9 kg/m? is a desirable range, a BMI of 25-29.9 kg/m’

is overweight, a BMI over 30 kg/m? is obese, and a BMI over 40 kg/m? very obese
(Garrow, 1988). This classification is in agreement with that recommended by WHO

except from the fact that desirable weight has been defined within a broader range,

starting from a BMI of 18.5 kg/m* (WHO Report on Physical Status, 1995).

Table 2. Classification of obesity according to BMI*

Grade BMI (kg/m?) Classification
Grade 0 20-24.9 ‘desirable weight’
Grade | 25-29.9 ‘overweight’
Grade Il 30-40 ‘obese’

Grade 111 >40 ‘very obese’

* adapted from WHO Report on Obesity, 1997

Additionally, a recent Report of a WHO Consultation on Obesity Committee (1997)

has slightly modified the classification presented above by including an additional
subdivision at BMI 35-39.9 kg/m* in recognition of the fact that management options

for dealing with obesity differ above a BMI of 35 kg/m’, and by reducing the lower
limit of ‘normal’ to 18.5 kg/m* (Table 3).
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Table 3. Classification of obesity according to BMI (associated with health risk)

Classification BMI Risk of co-morbidities
Underweight <18.5 Low (risk of other clinical problems increased)
Normal range 18.5-24.9 Average
Overweight >25

Pre-obese 25§.29 9 Increased
Obese class | 30-34.9 Moderate
Obese class 11 35-39.9 Severe
Obese class 111 >40 Very severe

IFrom all evidence reviewed above, it scems that there has been an ‘international
consensus’ that a BMI of 30 kg/m?® or more is widely accepted as denoting ‘obesity’.
Some studies, however, have used alternative BMI cut-off points, both above and
below 30 kg/m®. For instance in the USA, obesity has been routinely classified on the
basis of the distribution of BMI in the National Health and Examination Survey
(NHANES), a representative study of the US population: 27.8 kg/m? in men and 27.3
kg/m’ in women are taken as the 85th percentile (Kuczmarski et al, ,1994)' Such
differences in cut-off points used have a great impact on estimates of the prevalence
of obesity, in given populations and may complicate comparisons between different

studies.

Concerning the validity of BMI as an indicator of the accumulation of excess energy
as fat, it has been reported that BMI can efficiently be used as such in adult white
men and women living in Europe and North America; the correlation of BMI with
body fat as measured from body density is between 0.7 and 0.8 (Bray, 1996). It 1s
probably less appropriate in other populations who differ in body build and body
proportions. Using BMI to classify individuals, according to fatness, may result in
some misclassification because of the varying contribution of bone mass, muscle
mass, and fluid to body weight. Furthermore, since there is no allowance for age, sex,

and frame size in this classification, differences in the percentage of body fat through
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different ages or sexes may not be revealed (Garrow, 1988, Ross ct al, 1994, Garrow,
1993, Bray, 1992, Rolland-Cachera, 1991). Decurenberg reported that equations
including BMI, sex and age for Dutch adults were shown to predict body fat

percentage relatively accurately (rf about 0.8, SE about 4%) (Deurenberg et al, 1991).
This prediction error is similar to values obtained with other more elaborated

methods such as measurement of skinfold thickness or bioelectrical impedance

(WHO Report on Physical Status, 1995).

Since it has been well documented that obese individuals with excess fat in the intra-
abdominal depots are of particular risk of the negative health consequences of
obesity, and abdominal fat mass may vary widely within a narrow range of total body
fat as well as BMI (Lemieux et al, 1993), a variety of indicators for abdominal
adiposity has been proposed in the literature (Molérious & Seidell, 1998). The most
popular are WHR and WC.

The ratio of waist or abdominal circumference to the hip or gluteal circumference
(WHR) provides an index of the regional fat distribution and has proven valuable as
a guide to health risks in epidemiologic studies (WHO Report on Obesity, 1997,
Bray, 1996, WHO Report on Physical Status, 1995). The waist circumference
measures predominantly visceral organs and abdominal (both subcutaneous and
intra-abdominal) fat. The hip circumference standardizes waist circumference for
body build and may reflect different aspects of body composition that is muscle
mass, and skeletal frame. Concerning the validity of this measure for classifying
abdominal obesity, problems of misclassification may occur as different
contributions of muscle mass and bone structure as well as stature and abdominal
muscle tone may lead to different associations between WHR and visceral fat
accumulation. This issue combined with the observations that a high WHR may
reflect either small hips or a large waist and often implies different health risks for

different racial groups and at different ages has complicated the development of
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universal cut-off points for WHR (Dowling & Pi Sunyer, 1993, WHO Report on
Physical Status, 1995, Bray, 1996, WHO Report on Obesity, 1997).

Several attempts have been made to derive appropriate WHR cut-off points.
Bjorntorp first reccommended that ‘the risk of complicating disorders to obesity
incrcases sharply at a WHR exceeding 1.00 in middle aged men and 0.80 in middle
aged women (Bjorntorp, 1985). These cut-off points were derived from the analysis
of a relatively small number (792) of middle aged men all born in the same year and

a larger sample (1,462) of middle aged women, in the context of the prospective

Gothenburg studies of men and women. Bray subsequently recommended the cut-off

points 1.00 for men and 0.90 for women (Bray, 1987). Other cut-off points for WHR
have also been suggested from the US Department of Agriculture, 0.95 for men and
0.80 for women (US Dept of Agriculture, 1990). Recently, Lemieux proposed
possible cut-off points for the WHR, 0.94 in men and 0.88 in women (Lemieux et al,
1996). These corresponded to the critical amount of 130 cm?® of visceral fat, as this
had been measured using computed tomography. Their study population was

relatively small (213 men, 190 women).

Recent evidence suggests that waist circumference (WC) alone - measured at the
midpoint between the lower border of the rib cage and the iliac crest - may have
certain advantages as an indicator of adiposity in predicting risk of obesity-rclated
discases, particularly to the extent that visceral fat is the predominant risk factor for
abdominal obesity related diseases (WHO Report on Physical Status, 1995, James,
1996, Bray, 1996, WHO Report on Obesity, 1997, Molarious & Seidell, 1998, Van
Itallie, 1998). WC is a practical research tool, which has been found through
computed tomography to be closely correlated with visceral fat accumulation
(Despres et al, 1991, Pouliot et al, 1994). Evidence has emerged that men and women
in the top quintile for waist circumference, i.e. the top 20%, have been found to be in

a substantially increased risk of heart disease, diabetes and other forms of chronic

11
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discase, even though the risks scem to vary in different populations (WHO Report on
Obesity, 1997, Bray, 1996, Han et al, 1995, Pouliot et al, 1994). This is one of the

reasons why globally applicable cut-off points cannot and have not becen developed.

Several attempts however, have been undertaken. Lean has suggested two ‘action

levels® for waist circumference. According to the ‘action level 1’ men with waist
circumference = 94cm and women with WC 2 80cm should not gain any further

weight. According to “action level 2’ men with WC 2 102cm and women with WC

>88 cm should reduce their weight (Lean et al, 1995). These cut-off points are
presented in Table 4 and are actually based on cut-off points from BMI 25kg/m* at
‘action level 1’ and 30 kg/m? at ‘action level 2’ and WHR 0.95 for men and 0.80 for

women at both action levels (Lean et al, 1995). These cut-off points derived from the
analysis of a relatively large sample (990 men, 1,216 women) representative of the
population aged 25-74 years in Glasgow. Later, the same team verified the cut-off

points in a random sample of 2,183 and 2,698 women aged 20-59 years from the
Netherlands (Han et al, 1995).

Table 4. Scx specific waist circumference that denote ‘increased risk’ and ‘substantially

increased risk’ of metabolic complications associated with obesity in Caucasians

Sex Risk of obesity-associated metabolic complications
Increased Substantlally increased

Men 294 cm 2102 cm

Women 280cm 288 cm

Lemieux used another approach for calculating cut-off points. They used regression

models to find the cut-off points for WC that best predicted the absolute amount of

130cm® visceral fat which has been measured using computed tomography scan

(Lemicux et al, 1996). They concluded that a WC cut-off point of 100 cm should be

12
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uscd for subjects <40 years and 90 cm for subjccts 2 40 years of age, for both men

and women. Their study population was relatively small (213 men, 190 women).

1.3  Epidemiology of obesity

Studies investigating obesity have generally reported an increasing prevalence of
obesity worldwide; both developed and developing countries are affected. Thus, in
many developing countries, where undernutrition is the predominant public health
nutrition problem, obesity has been rare, although it is rising, particularly in countries
experiencing the epidemiological transition from poverty or agrarian lifestyles to
more affluence (Popkin, 1994, Popkin & Doak, 1998). In these countries, obesity
often co-exists with under-nutrition (BMI<18.5 kg/m?); it is more prevalent in urban
than in rural populations, whilst in economically advanced regions, prevalence may
be as high as in industrialized countries (WHO Report on Obesity, 1997). In contrast,
obesity is considered one of the major public health problems with a rapidly

increasing prevalence in industrialized countries. Northern America and several

European countries -especially Southern and Eastern European countries- are
characterized by high prevalence rates of obesity (Garrow, 1993). Available data

from European countries participating in the WHO-MONICA study between 1983

and 1986 as well as some monitoring projects and repeated surveys suggest that since

1980 the prevalence of obesity has risen (Seidell, 1995, Seidell & Flegal, 1997). It
has actually been estimated that more than half of adults aged 35-65 years living in
Europe are cither overweight or obese. The average prevalence of obesity is about
15% for men and 22% for women. The prevalence varies considerably between
countries and between regions within countries (Seidell, 1995, James, 1996, Seidell
& Flegal, 1997). A recent review of the prevalence of obesity (BMI>30 kg/m?),

among men and women aged 40-60 years, in different regions of Europe, shows that

13
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in every geographical region, in the age group 40-60 years, the prevalence of obesity
is higher among women than among men, although Grade I (BMI 25-29.9 kg/m’)
tends to be more common among men than among women of the same age (Seidell,
1995, James, 1996, Seidell & Flegal, 1997). This indicates that obesity is more
common among women and the percentage of women relative to men, increases with
severity of obesity. Men tend to reach the maximum prevalence of obesity at about

age of 45 years, but in women the prevalence increases to age of 65 years and then

starts to decline (Seidell, 1995, James, 1996, Seidell & Flegal, 1997).

In developed countries the prevalence of obesity is usually inversely related to social

class with the highest prevalence being in the lowest social class groups, particularly
among women (Seidell, 1995, James, 1996, Seidell & Flegal, 1997). A study in
Finland examining determinants of weight gain and overweight in adult Finns
showed that the risk of rapid weight gain (>5 kg/5 years) in adulthood was related to
a low educational level, morbidity, low physical activity during leisure hours, high

alcohol consumption, cessation of cigarette smoking and high parity in women

(Rissanen et al, 1991).

1.3.1 Prevalence of obesity in Greece

There are indications of a high prevalence of obesity in the Mediterranean region

(WHO MONICA Project, 1988, Crepaldi, 1991). Greece once characterized by low
mortality rates due to cardiovascular disease (WHO Statistics, 1963), now has one of
the most rapidly growing death rates due to cardiovascular discase (Trichopoulou et
al, 1989, Trichopoulou et al, 1994). In addition, there has been well documented

evidence of a decrease in physical activity and a deterioration in dietary patterns (a

rapid increase of meat consumption and gradual decrease in pulses intake) and serum

lipid profiles in Greece (Trichopoulou et al, 1993a, Trichopoulou et al, 1993b,

14



Section 1. Background and Literature Review

Trichopoulou et al, 1995, Petridou et al, 1995). These observations suggest that the

prevalence of obesity may be rising in Greece. However, national data arc not
available to assess either the prevalence of obesity or trends over time. Several small-
scale studies have been undertaken but interpretation of trends from these is

complicated by the small number of studies, the heterogeneity of design, difficulties

of extrapolation of findings due to lack of representativencss of the national

population, as well as small sample sizes.

In 1988, a study of an urban Cretan areca was conducted by the Preventive Medicine
and Nutrition Clinic of the Department of Social Medicine, University of Crete and

the Faculty of Medicine of the University of Stellenbosch in South Africa (Kafatos et
al, 1991). The subjects were 387 adult bank employees (256 males, 131 females),
aged 20-60 years. Most of the sample (86%) was overweight (BMI>25 kg/m?). With
the exception of the 20-30 year age group, all other age groups were overweight
(mean BMI>25 kg/m?). Similar observations were made with respect to the mean
WHR with the senior age groups obtaining the highest mean scores. Finally, the male
age groups had a high abdominal fat distribution (mean WHR>0.90), while the

female groups were characterized by an intermediate distribution of fat

(0.80<WHR<0.90).

In 1988-1989, fieldwork for the EURONUT, SENECA study was conducted in 19
areas from 12 European countries. The study involved samples of men and women,
all aged 70-75 years. There were two Greek rural samples. One was from mainland
Greece, while the other was from Crete. Greek males were characterized by central
obesity (mean WHR>0.90), while Greek women showed an intermediate body fat
distribution (0.80<WHR<0.90). The percentage overweight and mean BMI (kg/m*)
of both males and females of the Cretan group were among the lowest in Europe,

while the reverse held true for the mainland group (de Groot et al, 1991). Data from

the mainland group, 33 men and 27 women, aged 74-75 years, randomly selected
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from the electoral registries of two traditional Greck towns ncar Athens was
subsequently used by the Department of Nutrition, National School of Public Health,

in an effort to assess relationships between BMI, energy intake and walking. The

subjects were found to be overweight, especially the women (48% of the women had
BMI>30). The mean value for BMI was 28.6 kg/m?, 27.5 kg/m? for men and 29.7
kg/m? for women (Vassilakou & Lagiou, 1991).

In 1990, a study of all the junior students of Medicine of the University of Crete was
conducted. The sample consisted of 43 males and females, aged 21-22 years. Half the
females had total body fat over 30%. Only a minority of students (25%) exercised
regularly (Vassilakis et al, 1991).

In 1990, 837 male conscripts were examined and anthropometric measurements were
taken. Although the mean BMI of the sample is within the optimal range, 22.8% of

the sample was overweight (25<BMI<29.9 kg/m*) and 4.4% was found to be obese
(BMI>30kg/m?) (Georgiadis et al, 1993).

Follow-up of the rural Cretan samples that had participated in the Seven-Countries
study in 1960, indicate an increase in obesity over the years studied (Kafatos &
Mamalakis, 1993). Examination of the mean BMI of the different age groups of the
surviving men of the Seven Countries study in 1991, indicated that the 54-69 and 70-
79 years age groups were overweight (BMI>25 kg/m?). In addition, central obesity

(WHR>0.90) was evident among all age groups examined (Mamalakis & Kafatos,
1996).

In conclusion, lack of national data precludes an accurate description of the
prevalence of obesity and trends over time within Greece. Available data indicate
that obesity is present. There is some indication that it is rising as in other southern

European countries. In contrast to females, Greek males appear to be characterized
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by central obesity. The lack of national data highlights the need for national

surveillance data to assess the size of the problem and trends over time.

The Greek segment of the EPIC Study is expected to provide valuable data on the
prevalence of overweight and obesity in the Greek population. It should be noted that
although ethical reasons limited the study sample to volunteers and one could not
claim that study subjects consist of an ‘exemplary’ representative sample of the
Greek population, there has been a conscious effort to cover all regions of Greece

and all social classes in the study design. The most recent data published in 1996,
have derived from a preliminary descriptive analysis of a subsample of 3,733 men

and 5,757 women participating in the Greek EPIC cohort. In Figure 1, the
percentage of subjects with a BMI above 28 kg/m’ is presented according to age and
sex (Greek EPIC Newsletter, 1996). Findings are valid for the specific study
population and they are considered important since these are derived from a big, non-
hospitalized sample, including subjects who reflect a wide range of social-
demographic parameters. The presented values can not be considered as reference

values but values that give a picture of the specific sample.

Figure 1. Prevalence of obesity in 9,480 Greek EPIC volunteers
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1.4  Etiology of obcsity

Obesity is commonly recognized as a complex multi-factorial discase; it is a

condition resulting from a lifestyle which promotes a chronic, positive balance
between energy intake and expenditure, but also one that becomes manifest more
readily in people who have an inherited susceptibility to be in positive energy
balance. Susceptibility may be mediated through a wide range of metabolic and
behavioral traits (Brownell, 1984, Danforth, 1985, Bray, 1992, Garrow, 1993, Bray,
1996, WHO Report on Obesity, 1997, Rosenbaum et al, 1997, Bjorntorp, 1997,
Ravussin & Tatarrani, 1997, Jequier, 1997, Prentice, 1999a).

This chapter attempts to summarize the current knowledge on the causes of obesity.
Figure 2 (adapted from WHO Report on Obesity, 1997) clearly demonstrates the role
of multiple physiological, biological, societal as well as genetic factors which may

act and promote positive energy balance and subsequently weight gain.

Figure 2. Influences on energy balance and weight gain
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However the fundamental principle of energy balance, upon which any theories must

and have been based is:

Changes in body energy stores = Energy intake - Energy expenditure

That is to say that all potential mechanisms implicated in the etiology of obesity must
act either through increasing energy intake (EI), decreasing energy expenditure (EE)

or both (Prentice, 1999b).

Energy balance fluctuates between meals, days and weeks, but in most circumstances

and assuming weight stability, overall energy intake (EI) equals energy expenditure
(EE). In broad terms, however, the spectrum of energy regulation ranges from
positive energy balance (ultimately leading to obesity) to negative energy balance
(ultimately leading to wasting). Between these two extremes and across the lifespan,
critical periods such as growth and development, pregnancy, lactation, aging,
physiological and psychological factors, social and environmental conditions as well
as genetic background, may all act and affect energy balance. The way that energy
balance is (re)achieved may have short or longer term consequences for the health of

individuals and populations (Flynn et al, 1999).

Energy intake, the first component of the energy balance equation, refers to all
metabolizable energy provided by food and beverages. Table 5 presents the energy
provided per unit weight of each macronutrient; fat is the most energy dense
macronutrient in the diet, providing approximately 9 kcal per g as opposed to 4 keal

per g for carbohydrate or protein (WHO Report on Fats and Oils in Human Nutrition,
1993).
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Table 5. Mctabolisable energy content of macronutrient

Macronutrient Energy contribution

kcal/g kJ/g
Fat 9 37
Alcohol 7 29
Protein 4 17
Carbohydrate 4 16

In recent years there has been an interest in examining whether the source of energy

in the diet has any influence on weight control. There has been strong scientific

evidence suggesting that high fat diets have a strong influence on the energy balance

equation. Various potential mechanisms have been proposed to explain why fat

intake should lead to increased relative weight (Lissner, 1997, Prentice, 1999c).
These include mechanisms implicating ‘passive overconsumption’ because of the
greater density of a high-fat diet and/or the weaker effect of fat on satiation and
satiety, ‘active overconsumption’ due to greater flavor and palatability of high-fat
foods. Finally there has been evidence for more efficient metabolism of this nutrient
relative to other macronutrients; fat, is more likely to be stored rather than oxidized
whilst storage costs are lower for fat than for carbohydrate. Evidence relating to the

association between dietary fat and obesity is extensively reviewed in Chapter 2.

Energy expenditure, the second component of the energy balance equation, has three

main components: basal metabolic rate (BMR), thermogenesis, and activity (Willett

& Stampfer, 1998, Prentice, 1999b).

Basal metabolic rate (BMR) represents the fundamental requirements of a living
organism and it comprises functions such as breathing, heart rate, body temperature,
and involuntary organ activities. Basal metabolic requirements are quantitatively the
most important, representing approximately 60-75 % of total energy expenditure in

sedentary individuals. BMR is generally higher in overweight or obese people
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because weight gain increases lean tissue mass as well as fat (Prentice, 1999b,

Willett & Stampfer, 1998).

Thermogenesis consists of a) the thermo-regulatory thermogenesis (the production of
heat for body temperature maintenance) b) the diet induced thermogenesis (the
metabolic cost of absorbing and processing macronutrients) and c¢) the adaptive
thermogenesis (the capacity of an individual to conserve or expend energy in
response to variable intake of food). Thermo-regulatory thermogenesis is considered

to be of minor importance in humans. Diet induced thermogenesis consists of only

about 10% of the total energy expenditure. The role of adaptive thermogenesis,
which is defined differently by various investigators, has been controversial for its

importance in the regulation of human energy balance (Willett & Stampfer, 1998,
Prentice, 1999b).

Finally, physical activity consists of the basic modifiable factor of energy
expenditure level. In a moderately active individual, physical activity accounts for
approximately 25-30 % of energy expenditure. It is important to note that the energy
expended in fixed activities, especially in weight-dependent ones, is always higher in
people carrying extra weight. However, the energy expended on physical activity,
although it is somehow related to factors such as fitness, it is mostly affected by

behavioral choices which relate to lifestyle patterns (Willett & Stampfer, 1998,
Prentice, 1999b).

The second component of the energy balance equation, that is energy expenditure,
first attracted attention, in the attempt to explain possible mechanisms for the
etiology of obesity, during the 1970s. At that time, and many years after, several
studies were consistently showing that the diet of overweight and obese people
provided the same or even less energy than those of their lean counterparts. Although

these findings were difficult to reconcile completely with observations that BMR was
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usually higher, in obese subjects, they provided the stimulus for research to identify
defects and differences in energy expenditure so as to be able to give an explanation
to the apparent paradox. Many years were spent seeking the existence of energy
sparing defects which would explain why reported energy intake in obesc subjects
were similar to, or even lower than, those measured in lean controls. Possible
explanations for differences in the ability to regulate body weight have suggested

specific mechanisms to spend excess energy which were gifted in fortunate people at

one extreme, to enhanced efficiency and energy-sparing defects (low BMR,
thermogenesis, reduced energy expenditure) possessed by the less fortunate at the

other extreme (Prentice, 1999b).

A great amount of published work has demonstrated that there is no really
convincing evidence to support a role for defects in energy expenditure in obese
(Prentice et al, 1986) or formerly obese subjects (Black et al, 1991). Together with
energy intake data, it was shown that the apparently low intakes of obese people that
had influenced decades of research, were clearly demonstrated to be a feature of
under-reporting (Prentice et al, 1986, Black et al, 1991). Some researchers however,
provide relevant evidence and claim that a low resting metabolic rate (RMR) 1s more

frequent among obese or formerly obese subjects than among normal weight subjects
(Astrup, 1999).

As far as the role of physical activity in the regulation of body weight and adiposity
is concerned, cross-sectional data reveal an inverse relationship between BMI and

physical activity indicating that obese and overweight subjects are less active than
their lean counterparts (Schultz & Schoeller, 1994, Prentice & Jebb, 1995, Ferro-
Luzzi & Martino, 1996, Williamson, 1996, Haapanen et al, 1997, Westerterp &
Goran, 1997). In particular, there has been evidence that energy requircments, and
consequently total energy expenditure, increase immediately after the initiation of

physical activity, and the increase persists for the duration of the activity. These
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relationships have been extensively reviewed in the literature and tables providing
approximations of the cnergy costs of various physical activities are widely available
(Hill et al, 1995). There has been some evidence suggesting that further to the
intrinsic effect of physical activity patterns on total energy expenditure, the latter also

affects fat balance and food intake. One of the most important adaptations to regular

cxercise seems to be the increased capacity to utilize fat (at equivalent levels of
energy expenditure), relative to carbohydrate during moderate levels of physical
activity. These differences become considerable when the exercise is maintained over

a longer period of time (WHO Report on Obesity, 1997).

Beyond all lifestyle factors discussed above, genetic factors are also involved in the
ctiology of obesity (Bouchard, 1990, Lancet editorial, 1992, Kopelman, 1999).
Epidemiological, genetic and molecular studies suggest that there are people who are
more susceptible than others to becoming overweight and obese. While it is possible
that single or multiple gene effect may cause overweight and obesity directly, and do
so 1n some individuals with certain genetic disorders, this does not appear to be the
case 1n the majority of people. Instead, it is currently considered that the genes
involved in weight gain increase the susceptibility or risk of an individual to the
development of obesity when exposed to an adverse environment. Evidence to

suggest that genetic factors are partially responsible for such differences in the
sensitivity of individuals to gain fat when chronically exposed to a positive energy
balance comes from studies in both animals and humans (Heitmann et al, 1995).
Possible mechanisms through which a genetic susceptibility may be operating
include: low RMR, low level of lipid oxidation rate, low fat-free mass as well as a
poor appetite control. Concerning heritability, there has been well documented
evidence indicating that obesity tends to run in families, with obese children
frequently having obese parents. Further to that a large number of twin studies have

provided additional support on the heritability of obesity (Bouchard, 1996).
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As shown is Figure 2, the energy balance equation may be further influenced by
several other biological or societal forces which act to promote weight gain. A
number of biological factors have been shown to influence an individual’s
susceptibility to weight gain and the development of obesity. The most important are

sex and age. There are a number of physiological processes that are believed to

contribute to an increased fat storage in females; such fat deposition is considered
essential in ensuring female reproductive capacity (Lovejoy, 1998). Further to that,
females have a tendency to divert extra energy into fat storage while males utilize

more of this energy for protein synthesis (WHO Report on Obesity, 1997). The
effects of aging on energy balance have been studied by several research groups. As

far as energy requirements are concerned there is well documented evidence that
advancing age is associated with a remarkable number of changes in body
composition, including reduction in lean body mass and increase in body fat;
decreased lean body mass occurs primarily as a result of losses in skeletal muscle
mass (‘sarcopenia’). Loss in muscle mass (about 15% loss between the third and
eighth decade of life), accounts for the age-associated decreases in basal metabolic
rate, muscle strength, and activity levels, which, in tumn are theﬁcause of the
decreased energy requirements of the elderly. Weight gain is promoted, when

declining energy needs are not matched by an appropriate decline in energy intake
(Evans & CyrCampbell, 1997, Kotz et al, 1999).

Other biological factors for which there is concern that may act and turn a subject
more vulnerable in weight gain are parity and menopausal status. Concerning parity,
it has been claimed that a woman’s BMI increases with successive pregnancies
(Bray, 1997, Pettigrew & Hamilton-Fairley, 1997). However, recent evidence
suggests that this contribution is rather minor (1 kg per pregnancy), although the
range may be wide depending on total weight gain during pregnancy (Ohlin &
Rossner, 1990, WHO Report on Obesity, 1997). Also, there is doubt to whether

menopausal status makes women more vulnerable to weight gain (Poehlmean &
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Tchernof, 1998, Astrup, 1999). There has been evidence indicating that menstrual
cycle loss does affect food intake and reduces metabolic rate slightly, although most
of the weight gain has been attributed to reduced activity (Wing et al, 1991).
However, evidence of the menopause transition on body fat distribution is rather

more conclusive. Both cross-sectional and prospective studies have suggested that

menopause is related to increased intra-abdominal adipose tissue accumulation that

exceeds changes normally attributed to the aging process (Tchernof & Poehlman,

1998).

Concemning societal influcnces, studies have repeatedly shown that high sosio-
economic status (SES), a composite index commonly combining income, education
and occupation, is negatively correlated with obesity in developed countries (Seidell
& Flegal, 1997). Even in less developed countries which currently attain higher
levels of affluence, the positive relationship between SES and obesity is slowly being
replaced by the negative correlation seen in developed countries (Popkin, 1998).
Further to SES, level of education appears to be inversely associated with body
weight in industrialized countries. The observed inverse relationship between
education and body weight may be partly attributed to the fact that individuals with

higher educational level are more likely to be aware and follow dietary

reccommendations as well as to adopt other risk-avoidance behaviors (Sorensen,

1995, Stunkard, 1996, James et al, 1997).

Finally, there are also some factors related to treatment with drugs promoting weight

gain as a side effect, or ‘personal’ choices, such as smoking habits and alcohol
consumption, which interact to determine an individual’s susceptibility to weight

gain. The most important are briefly considered below.

Despite popular belief, there is little evidence that classical endocrine or hormonal

disorders ‘cause’ obesity. In general, endocrine alterations in obesity are secondary
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as they can be induced be overfeeding and reversed by weight loss. Even when an
endocrine disorder is causally associated with obesity, the clinical presentation is
usually related to specific consequences of the hormonal state rather than weight
gain. There are several clear endocrine abnormalities that cause obesity, However,
they are very rare and although they should be considered as part of the diagnostic
process they are unlikely to be the cause of obesity in any one individual (Finer &

Prentice, 1999).

Smoking causes an acute rise in metabolic rate and tends to reduce food intake
relative to non smokers (Dalosso & James, 1984). It may also cause a longer-term
increase in RMR although evidence for this is conflicting (Hofstetter et al, 1986,
Warwick et al, 1995). Smoking and body weight are inversely related (Grunberg,
1986), and smokers frequently gain weight when giving up the habut.

Notwithstanding the risk of gaining weight, it is important to understand that
smoking cessation should be a higher priority than weight loss in smoking obese
patients; a large number of prospective studies have shown that smoking has a larger
impact on morbidity and mortality than any small rise in BMI (Willett et al, 1987).
The beneficial effects of giving up smoking are unlikely to be cancelled by the

weight gain that may follow.

Concerning alcohol consumption, it is important to note that since the body is unable
to store alcohol, oxidation of ingested alcohol is given priority over oxidation of
other macronutrients. Alcohol consumption therefore meets some of the body’s
energy needs, and allows a greater proportion of energy from other foods eaten to be
stored. Alcohol intake is associated with an increased risk of abdominal fat, although
In epidemiological studies, those with the greatest alcohol intakes tend to be thinner
(Gruchow et al, 1991, Colditz et al, 1991). This latter paradox may be the result of
these people eating less and having much of their energy requirements met by
alcohol (Prentice, 1995).
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2. DIETARY FAT AND OBESITY - LITERATURE REVIEW

Research relating dietary fat intake and obesity comes from a varicty of sources:

observational studies (including population, prospective, cross-sectional and case-

control studics), intervention trials, clinical studies and animal experiments. Chapter
2.1 describes some of the main features of dietary fat intake. Chapter 2.2 provides a
review of the observational evidence relating dietary fat intake and
overweight/obesity in humans and discusses some of the methodological difficulties
involved in interpreting the results from such studies. Chapter 2.3 summarises the

main evidence from the human clinical and experimental literature.

2.1  Dictary fat intake - general concepts

Dietary fat is mainly a mixture of triglycerides, each triglyceride being a
combination of a unit of glycerol with three fatty acids. Depending on the number of
double bonds they contain, fatty acids are classified as saturated (no double bonds),
monounsaturated (one double bond), and polyunsaturated (two or more double
bonds). Unsaturated fatty acids can be changed into saturated fatty acids and into a

mixture of cis and trans monounsaturated fatty acids by controlled treatment with
hydrogen (hydrogenation); trans fatty acids behave in some respects like saturated
fatty acids. All fats contain all types of fatty acids but in widely varying proportions

depending on the source. Types of fats and oils are defined on the basis of the type of

fatty acids that is prevailing in their composition.

Dietary fat includes not only ‘visible fat’, such as butter and margarine, cooking fats
and oils, and the visible fat from meat, but also ‘invisible fat* which can be found in
milk, nuts, lean meat and other animal and vegetable foods. Fat is the most

concentrated source of energy (9 kcal/g) compared to carbohydrate, protein (4
kcal/g) and alcohol (7 kcal/g).
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2.2 Evidence from observational studics

This chapter reviews evidence from population, prospective, cross-sectional and
case-control studies relating dietary fat intake and overweight/obesity in humans and

discusses some of the methodological difficulties underlying such studies.

Published reports of observational studies relating dietary fat intake or fat-rich foods
to overweight/obesity were identified through a MEDLINE search (back to 1980)

conducted for any combination of obesity and dietary fat related keywords (obesity,
energy balance, nutrient balance, dietary fat), through previous reviews, and by

personal contact and discussion with investigators in the field. Studies reviewed were
in the English language and based on humans; animal data and studies which only
explored mechanisms were excluded. An abstract of each reference was checked and
if the study met the inclusion criteria, a copy of the paper was obtained. In addition,
for each paper the associated reference list was checked for further relevant papers.
Information on the following issues was abstracted from each paper and tabulated:
year, study-design, sample size, study population (including age and sex),
measurement and analysis of obesity, measurement and analysis of fat intake,
adjustment for confounders, results, methodological problems concerning validity of
the dietary assessment method, multi-collinearity, under-reporting, and method used

to adjust for energy in design or analysis. This approach resulted in a thorough

review of classical and more recent studies and abstraction of important relevant data

to be discussed and further considered.

It should be noted that only cross-sectional (case-control) and cohort studies were

included in the detailed review presented in this report, since methodological issues

involved in these studies are more relevant to the present study. However, all

approaches investigating the association between dietary fat intake and obesity were

reviewed and included in the bibliography.
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2.2.1 Population studies

The most basic level of epidemiological evidence describing dictary fat intake and

obesity at the population level comes from ecological studies.

2.2.2.1 Correlation (multi-country) studies

Primarily, 1n multi-country studies, a higher prevalence of overweight and obesity
was observed in more affluent countries, where the consumption of dietary fat intake
tended to be higher, rather than in poorer regions of the world with lower fat
consumption (Lissner & Heitmann, 1995). This led to the suggestion that dietary fat
intake may be involved in the development of obesity. However, Willett (Willett,
1998a, Willett, 1998 b) claimed that, since such multi-country observations may be
exceedingly confounded by extreme variations in affluence, and subsequently food
availability, as well as physical activity level, more essential are comparisons within
regions of the world with similar degree of economic development. In this regard,
percent of energy available from fat, derived from national food balance data, from

18 European countries, was not found to be positively associated with the median

BMI of adults in the same countries, as measured by the WHO-MONICA surveys.
No associations or trends were seen in men, while in women higher fat diets were

associated with lower rather than higher BMI (Figure 3 adapted from Lissner &
Heitmann, 1995).

Also, dietary survey intake data from the classic Seven Countries Study (Keys,
1980), produced no clear associations between dietary fat and relative weight among
populations, whose food intake were directly surveyed (Figure 4 adapted from
Lissner & Heitmann, 1995). Furthermore, in a within-country comparison study,

conducted in 1983, among 65 counties in China, no correlation was found between

dictary fat intake and body weight (Chen et al, 1990).
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Figure 3. Median BMI of women in MONICA surveys (1982-19806) versus % of energy available
from fat (FAO/ICS, 1986) (adapted from Lissner & Heitmann, 1995)
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Figure 4. Association between percent dictary fat and median relative weight in the Scven
Countrics Study (adapted from Lissner & Heitmann, 1995)
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