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Obesity

A weighty problem

Obesity is increasing rapidly in the UK and other developed countries. In this
article Keith Frayn examines the genetic and environmental contributions to
obesity and considers the health consequences.

bese people were once regarded

as jolly, healthy people, and in

some cultures even regarded as

beautiful. Identification of health
risks associated with obesity has changed
our perception. Now the obese person also
has the psychological problems of dealing
with the social stigma of an unacceptable
body image.

WHAT IS OBESITY?

Obesity is defined by means:of the body
mass index (BMI) — the body mass (kg)
divided by the square of the height (m?).
For a typical person of body mass 70 kg
and height 1.7 m the BMI is 24.2kgm~2. An
obese person would have a BMI ranging
from 30 upwards (see Box 1).

The proportion of adults who are over-
weight or obese is rising sharply in most
developed countries (see Table 1). Currently,
about 30% of adults in Britain are over-
weight while one in six is obese. Predictions

Country Age range
England (obesity) 16-64
(BMI > 30)

England (overweight) 16-64
(BMI 25-30)

Germany 25-69
(BMI > 30)

USA (obesity — 20-74
White people)

USA (obesity — 20-74
Black people)

suggest that by 2005 about 20% of men and
23% of women in the UK will be obese. In
the USA it has been predicted that, if current
trends continue, 100% of the population
will be obese by the year 2230!

CAUSES OF OBESITY

Humans obtain energy from food and use it
to carry out the processes essential for life,
and also to do other useful work. Energy
intake and output are related by the energy
balance equation:

energy _
intake

energy
expenditure

energy
stored

If the energy taken in is greater than the
energy expended, there will be an increase
in the body’s energy stores. Conversely, if
energy expenditure exceeds intake then there
will be a loss of energy stores.

There are a number of ways in which the
body stores energy. These include heat
energy (reflected in body temperature — we

Year Prevalence (%)
Men Women
1980 6 8
1994 13 16
1980 35 24
1991 40 26
1985 15 17
1990 il 19
1978 24 24
1988-91 32 34
1978 26 45
1988-91 32 49

For the USA data the definition of obesity was BMI > 27.8 for men, > 27.3 for women.

In the White Paper The Health of the Nation (1992) the UK Government stated its aim ‘to reduce the
percentage of people aged 16-64 who are obese from 8% of men and 12% of women (in 1986-87) to
no more than 6% and 8%, respectively, by the year 2005". However, the proportion of obese people

continues to increase.

Sources: Obesity Resource Information Centre, 40-42 Osnaburgh Street, London NW1 3ND; and
Department of Health Report 46 (1994) Nutritional Aspects of Cardiovascular Disease, HMSO.

Table 1 The increasing prevalence of overweight and obesity

BOX 1 THE BODY MASS INDEX (BMI)

Obesity could be defined in terms of body
mass, but this would not differentiate
between a tall, thin person and a short,
stout one. We need to correct for height.
In 1869 the Belgian astronomer, Quetelet,
observed that people’s body mass varied
not in proportion to their height, but in
proportion to the square of their height
(.. mass/height? is similar amongst indi-
viduals of similar build). He proposed
using the body mass divided by the square
of the height as a measure of fatness or
thinness. This index, called the body mass
index (BMI), is now universally used for
defining underweight, overweight and
obese, as follows:

BMI (kgm=2)  Description
<20 Underweight
20-24.9 Normal
25-29.9 Overweight
30-40 Obese

>40 Severely obese

are warm-blooded) and chemical energy in
the form of carbohydrate (glycogen) and fat
(triacylglycerol in adipose tissue). The
glycogen stores are relatively small and
limited, and body temperature remains
within narrow limits. Therefore, long-term
changes in the body’s energy stores reflect
changes in the amount of triacylglycerol
stored in adipose tissue (see Figure 1). This
is why we refer to someone who is obese as
‘fat’ (see Figure 2).

Obesity results when energy intake has
been consistently greater than energy expen-
diture. Unfortunately, this does not help us
to understand the causes of obesity. Does an
obese person expend less energy than a lean
person, or take in more energy (eat more)?
This is a simple question to ask, but a very
difficult one to answer for the reasons given
in Box 2. A very tiny difference between
energy intake and energy expenditure will,
over a long period, cause a large change in
body mass.

However, one answer has become clear
in recent years due to the development of the
doubly labelled water technique for measur-
ing energy expenditure in people going about
their normal daily lives (see BIOLOGICAL
SCIENCES REVIEW, Vol. 9, No. 2, pp. 33-36).
(Previously, it was only possible to study
people in a laboratory, and of course that
might affect what they eat and what they
do.) The findings are shown in Figure 3,
from which it can be seen that the energy
expenditure of obese people is greater than
that of lean people. Therefore it is clear that
(on average) obese people remain obese
because they eat more than lean people.

This statement needs careful interpreta-
tion. We do not know what the first trigger
is for obesity to develop. It could be that a
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Figure 1 The relation between body mass
and body fat content. The larger someone is,
the more fat they carry.

true metabolic defect in energy expenditure
is the first step in becoming obese. There is
some evidence from obese animals that
appetite and food intake increase simply
as a result of increased body fat.

People who have a problem controlling
their weight would love to.believe that it is
all fixed by their genes and that there is
nothing they can do about it. However,
obesity has increased so rapidly that it
cannot be explained by genes alone — there
must be some interaction between the
genetic background of the individual and
the environment. The evidence from several
studies of identical and non-identical twins

(who share 100% and 50% of the same o
T o
2 o
= °
é 1 -~
Consider this example. A 17-year-old student weighs 65 kg and takes in and expends 10 M]J T S — Mean
of energy each day (see Box 3). This student likes potato crisps and adds a bag of crisps Q2 5 -
(550Kk] of energy) to his/her lunch each day: nothing else in terms of diet or exercise 3 °
changes. Let us see what happens to the student’s body mass over the next 10 years. § g % e
The student is now in ‘positive energy balance’ (see the energy balance equation in the E -§-Mean
text) to the tune of 550 kJ per day. Over 10 years this amounts to 550 x 365 x 10 = g
2007 500k], or 2008 MJ. Therefore he/she will gain adipose tissue equivalent to this 7 %
in energy terms. One kg of adipose tissue stores about 30 MJ of energy, therefore °
2008/30 = 67 kg will be added to body mass — the student will more than double in
size! 5
This emphasises that a very small difference between energy intake and energy expen- Lean Obese
diture over a long period of time will result in a big change in body mass.
Try a similar calculation. Suppose the student only increased in mass to 70 kg over 10 years Figure 3 Total daily energy expenditure in

lean and obese women, measured by the
doubly labelled water technique during their
normal daily lives. The women drank water
labelled with the non-radioactive isotopes ?H
and 80. Measurement of the isotopes lost in
urine, sweat and expired breath enabled the
CO;, loss, and hence metabolic rate and
energy expenditure, to be calculated.

(this is not unre c). What is the precision with which energy intake and energy expen-
diture were matched over this time? (In other words, what is the difference between
them, expressed as a percentage of intake or expenditure?)
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genes respectively) suggests that about 30~
40% of the variability in BMI is inherited,
the remainder being due to environmental
influences.

Environmental influences will include
social pressures to eat or not eat, and to
exercise or not exercise. But it is important
to understand this conclusion. You could
argue that all obesity represents an inter-
action between genes and the environment.
However predisposed to obesity someone
might be by their genes, they can only
become obese by eating too much in rela-
tion to their energy expenditure. Similarly,
even someone with genes that predispose
them to leanness will put on weight if
overfed in relation to energy requirements.
The genes can only control the tendency to
become obese or remain lean.

If the environment is responsible for
the present increase in obesity, what aspect
of the environment is involved? There are
probably two factors. One is the present
ready availability of food, and particularly
food rich in fat. Fat-rich foods are very
energy-dense — a small amount provides a
lot of energy. Unfortunately, they also taste
nice! (Would you rather eat ‘low-fat’ ice
cream or rich dairy ice cream?) The other
factor is a general decrease in physical
activity. Nowadays many journeys are made
by car which, earlier this century, would
have been walked or bicycled. Children
spend long hours in front of a television or
computer when previously they might have
been out playing football. There is a relation-
ship between the present increase in obesity
in the UK, and measures of inactivity,
including car and television ownership.

ANIMAL MODELS OF OBESITY

Some animals become naturally obese, and
this has provided important information
about the causes of obesity. The best-studied
example is the 0b/0b mouse (see Figure 4)

which has a single-gene mutation that makes
it become obese. Normally 0b/ob mice eat
much more than their lean brothers and
sisters, but even if their food intake is delib-
erately restricted to be the same as that of
their lean litter mates, they still become
obese. Therefore their normally high food
intake may result from increased body fat.
The gene causing obesity in the 0b/0b
mouse was discovered in 1994. It produces
a small protein called leptin (Gk. leptos =
thin, slender). This hormone is produced
in adipose tissue, and released into the
bloodstream. The more adipose tissue the
animal has, the more leptin it produces.
Leptin signals the brain to reduce food
intake (i.e. to reduce appetite) and to in-
crease energy expenditure. The 0b/0b mouse
has a mutation that makes its leptin in-
effective. If 0b/ob mice are treated with
injections of artificially produced leptin,
they lose weight rapidly and become lean.
Pharmaceutical companies have been very
excited by this finding and are trying to
produce substances like leptin that can be
given to obese humans. However, we should
be careful in assuming that findings from
mice can be applied to humans. Mice cannot
20 to the supermarket and load their trollies
with goodies, and they are not subjected to
the same pressures to join in meals or
drinking bouts with their friends!

HEALTH CONSEQUENCES
OF OBESITY

Why worry about obesity? It is a cosmetic

problem but also carries a serious risk of
several diseases (Table 2, p. 20). It has been
estimated that obesity-related diseases
account for about 5% of the total health-care
budget in most European countries.
However, not all obese people are equally
at risk from these diseases. The risk depends
upon the way in which the excess fat is
distributed around the body. Fat around the

4 An ob/ob (genetically obese) mouse compared with lean litter mates. Th

Jilon ob/ob ns the possession of an obesity gene inherited from gdi:h pi

Figure 5 Apple and pear types of fat distribu-
tion. Upper-body fat distribution (apple) is a
much greater health risk than lower-body fat
distribution (pear).

abdomen appears to be much more harmful
than fat on the buttocks and legs. The terms
‘apples’ and ‘pears’ summarise these two
types of fat distribution: the apples are the
ones with a much greater health risk (see
Figure 5). A simple way to assess this is
to measure the circumference around the
waist and the hips. A low waist/hip ratio is
good (low-risk pear), a high ratio is bad
(high-risk apple). The reason is probably
that fat around the abdomen is always
accompanied by fat within the abdomen.
The fat within the abdomen has special
metabolic effects. The veins draining it lead
into the hepatic portal vein. Therefore the
fatty acids it releases reach the liver directly
and may affect its normal pattern of meta-
bolism. Other fat in the body is mostly in
subcutaneous depots (under the skin). The
fatty acids released by subcutaneous fat enter
the circulation via the vena cava, without
passing through the liver.

The pear distribution is characteristic of
women, the apple shape of men — fat
distribution being determined partly by the
sex hormones. When women reach the
menopause they may change to an apple
distribution and this is accompanied by a
greater risk of the problems listed in Table
2. Fat distribution, like BMI, is determined
in part by genes.

TREATMENT OF OBESITY

The treatment of obesity is simple in prin-
ciple but incredibly difficult in practice. In
principle all that is needed is for the affected
person to reduce energy intake, or increase
energy expenditure (or both) so that the
energy stored part of the energy balance
equation becomes consistently negative.
However, as almost everyone who has tried
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to lose weight knows, this is easier said than
done. There may be changes in regulation of
appetite in the brain which make it difficult
to cut down on intake. Obese people may
find it difficult to exercise, making the
‘increase expenditure’ option a problem.
Therefore, there has been great interest in
drugs and other methods to treat obesity.

Drugs There are drugs available which,
like the naturally produced leptin, act on the
brain to reduce appetite. Their effect is
useful but not long-lasting, and when treat-
ment is stopped body mass often returns to
its original level. There have been attempts
to develop drugs that stimulate heat produc-
tion, but at present no good agents are avail-
able for humans. There is great interest in
new developments, such as a human version
of leptin, but these may be a long way off.

Surgery The most effective treatment is
surgical reduction of the size of the stomach,

Problem
Coronary heart disease

so that the individual cannot eat as much.
This is dramatically effective in some people,
although others find ways around it, like
swallowing concentrated energy-rich drinks.
But the surgery itself carries some risk, so
will never be a cure for all.

Diets Apart from advising the subject to eat
less (usually remarkably ineffective) the best
option is to advise a change to foods that
contain less fat. It is difficult to become
obese by eating only carbohydrate-rich foods
such as bread, potatoes, fruit and vegetables
because they are so filling for the energy they
provide. But the individual needs to adapt to
the new diet — no butter on the bread or the
potatoes, boiled or baked potatoes instead of
chips, etc.. Recently, a non-digestible fat
substitute called Olestra has been developed.
It has all the cooking properties of fat, but
cannot be absorbed by the intestine. Sensible
use — for example, to replace fat in high-fat
snacks such as potato crisps and chips —

Link with obesity
Obesity causes changes in concentrations of

triacylglcyerol and cholesterol in the blood

Non-insulin-dependent diabetes

Obesity makes the hormone insulin less effective

than usual (‘insulin resistance’)

High blood pressure
Gallstones
Reduced fertility

Probably related to the insulin resistance
Changes in cholesterol in the bile
Changes in sex hormone concentrations resulting

from their metabolism in the excess adipose tissue

Respiratory diseases

Cancers (breast, ovarian in
women; intestinal in men)

Osteoarthritis (problems with
hip and knee joints)

Depression and suicides
Accidents

Mechanical difficulty in breathing

In women, linked to sex hormone changes;
in men, not understood

Excess weight-bearing

Psychological responses to ‘poor body image’
Inability to move fast

The more severe the obesity the worse all of these become. There is one clear health benefit of obesity:
the changes in sex hormones protect women against osteoporosis (bone thinning) which usually occurs

after the menopause.

'lhl;ls 2 Health risks of obesity
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Calories (cal) and joules (]) are both
units in which energy is measured. A
calorie is the energy needed to raise the
temperature of 1g of water at 15°C
by 1°C. A Joule is the work done when
the point of application of a force of
1 Newton is displaced 1 metre in the
direction of the force. In nutrition the
larger units — kilocalories (103cal)
and megajoules (10°]) — are used.
(The ‘calories’ that concern slimmers
are kilocalories.) Scientists now use
joules (and related units) rather than
calories, but the units are interconvert-
ible: 1cal = 4.18J; 1.0] = 0.24 cal.

may be an aid to weight loss. Of course, if
too much is eaten it leaks from the anus,
and this could be unpleasant! W

THINGS T0 DO

(1) Rank the following foods in order of
energy density (k] g1): (a) baked potatoes,
(b) potato crisps, (¢) sugar lumps, (d) Mars
bars, (e) digestive biscuits (or any other
sorts of biscuits), (f) baked beans. You will
need to look at the nutrition labelling on
the container, and for the potato you will
need to consult a calorie counter’s guide.
From the nutritional information, what are
the main determinants of energy density?

(2) Measure your waist/hip ratio (use a
tape measure; take waist as the narrowest
measurement near to the umbilicus; take
hips as the broadest measurement over the
hips). If you can persuade your friends and
family to divulge theirs, create a database
and calculate the average for males and
females. Do they appear to be systematically
different?
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