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The Metabolic Syndrome is a collection of health conditions, including 

fat around the waistline, high blood pressure, insulin resistance and 

low HDL cholesterol, which, taken together, significantly increase the 

risk of Type 2 Diabetes and heart disease.

The Metabolic Syndrome
The Diabetes Time-Bomb

science in action
Nestlé Research Center’s

Many people are unaware that their symptoms 
match the definition of Metabolic Syndrome, 
even though the American Heart Association 
estimates that 20–25% of the adult population 
of the U.S. suffer from this disorder - between 
58 and 73 million men and women.  

Today it is estimated that around 194 million 
people have diabetes, an alarming 40 percent 
increase over the 1995 global estimation of 

135 million published in a World Health  
Organization study in 1998. Of these, about 
85 percent have Type 2 Diabetes. 

The prevalence of diabetes is still increasing 
sharply and is expected to reach almost 333 
million by the year 2025. If left unchecked, it 
promises to exceed the ability of public health 
services to manage the costs alone.



Food and Nutrition Communication  April 20062

While the pathogenesis of the metabolic syn-
drome and each of its components is complex -
and not yet fully understood, central obesity and
insulin resistance are acknowledged as important
causative factors.

There has been much debate as to the definition
of this syndrome. Indeed the existence of multi-
ple definitions has caused confusion and made
comparisons between data from different studies
more difficult. Therefore in April 2005, the Inter-
national Diabetes Federation (IDF) proposed a
consensus definition for use worldwide in both
research and clinical practice. 

Insulin Resistance

Insulin Resistance is an underlying cause of
Metabolic Syndrome. There are many factors that
contribute to its presence in the body. In essence,
our environment and lifestyles have evolved too
rapidly for our bodies to keep pace. We are still

genetically “wired” to thrive on the habits of our
ancestors, who consumed different, nutrient-rich
foods and a diet low in carbohydrates. These
ancestors also sustained greater levels of physical
activity.

Some people may have a genetic predisposition
to Insulin Resistance, while others develop the
condition through high stress and unhealthy
lifestyles.

Insulin Resistance affects 
glucose and insulin levels 
Over time, the above factors damage the com-
plex ability of the body’s cells to use insulin cor-
rectly in converting glucose into energy. Insulin
action is initiated through the binding to and acti-
vation of its cell-surface receptor. The receptor
then undergoes a series of intra-molecular reac-
tions allowing glucose to enter the cells. Insulin
resistance, or reduced insulin sensitivity, involves
the disruption of these signalling events down-
stream of the receptor. With the cell ‘door’
almost closed to it, glucose remains in the blood
stream, causing elevated levels of blood sugar.
The body attempts to overcome this defect/resis-
tance by secreting more insulin from the pan-
creas. The high insulin levels resulting from
insulin resistance contribute to abnormalities in
blood lipids (cholesterol and triglycerides).

Lipotoxicity
A major contributor to the development of insulin
resistance is an overabundance of free fatty acids
circulating in the bloodstream. Various complex
biochemical reactions during metabolism are
responsible for this overabundance. 

Low-grade chronic inflammation 
Insulin resistance in the liver, muscle and adipose
tissue is associated with the abundance of pro-
inflammatory cytokines and the relative lack of
anti-inflammatory cytokines such as adiponectin.
Both adiponectin, the protective cytokine, and
the inflammatory types, including interleukin 6,
and  tumour necrosis factor alpha (TNF-α),  are
produced in the fat tissue.

The New International Diabetes Federation (IDF) Definition

For a person to be defined as having 
the metabolic syndrome they must have:  

Central obesity (defined as waist circumference ≥ 94 cm for Europid
men and 80 cm for Europid women, with ethnicity-specific values for
other groups plus any two of the following four factors:

• Raised TG level: ≥150mg/dL (1.7 mmol/L) or specific treatment
of this lipid abnormality

• Reduced HDL cholesterol: <40mg/dL (1.03 mmol/L) in men and 
<50 mg/dL (1.29 mmol/L) in women, or specific treatment for this 
lipid abnormality

• Raised blood pressure: systolic BP ≥130 or diastolic BP ≥85m Hg, 
or treatment for previously diagnosed hypertension

• Raised fasting plasma glucose (FPG) ≥100 mg/dL (5.6 mmol/L),
or previously diagnosed Type 2 diabetes

Metabol_04  27.3.2006  9:29  Page 2



Food and Nutrition Communication  April 2006

When the amount of body fat is excessive, an
added burden is put upon metabolism, upsetting
the delicate balance required for insulin to act
correctly.

Many factors are involved in the development of
insulin resistance and the metabolic syndrome as
a whole;  insulin and glucose, lipids and lipopro-
teins, blood pressure, expanded fatty tissue and
triglyceride stores, the action of enzymes, and
hormones such as leptin. 

Much still remains to be elucidated in all of
these areas.

The American Heart Association states that the
underlying causes of Metabolic Syndrome are
overweight, physical inactivity and genetic fac-
tors. Studies have shown, for example, an
increased link between Metabolic Syndrome and
atherosclerosis, which occurs when fatty
deposits cling to the interior walls of the arteries,
leading to blockages that can cause heart attacks
or stroke. People with Metabolic Syndrome are
also more prone to developing Type 2 Diabetes,
as well as PCOS (Polycystic Ovarian Syndrome) in
women and prostate cancer in men.

3

Insulin Resistance
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All these findings substantially show just how
serious this syndrome can be, making it even
more important that medical practitioners cor-
rectly diagnose the condition and inform patients
about one of its underlying causes – Insulin
Resistance.

Prevalence of Metabolic Syndrome

The International Diabetes Federation (IDF)
believes that metabolic syndrome is driving the
twin global epidemics of Type 2 Diabetes and
cardiovascular disease. The prevalence of meta-
bolic syndrome is estimated to be around
20–25% of the world population [1].

People with metabolic syndrome are three times
as likely to have a heart attack or stroke com-
pared to people without the syndrome, and twice
as likely to die from either condition [2].

To obtain better epidemiological data, ethnic 
and gender differences are nowadays measured
according to characteristic racial type to see
which populations are most affected. 

What is Diabetes?
Diabetes mellitus is a metabolic condition charac-
terized primarily by high blood sugar levels that
result from the body’s inability to make or use
insulin, a hormone produced by the pancreas that
plays a vital role in metabolism. Symptoms
include increased thirst and urination, hunger,
weight loss, fatigue, and blurred vision. Diabetes
can lead to debilitating and life-threatening com-
plications including blindness, memory problems,
kidney disease, heart disease, nerve damage, and
amputations.

Diabetes literally means “the passage of large
volumes of urine”. Some diabetics pass up to 10
litres of urine per day. This occurs because high
sugar in the blood leaches out into the urine,
attracting with it water and salt from the blood
and tissues through the process of osmosis.

The Different Types of Diabetes 
Type 1 Diabetes, formerly called juvenile dia-
betes, usually develops in childhood. It is caused
by the radical inability of the pancreas to produce
insulin. Genetic predisposition combined with
exposure to viruses are the main risk factors.
Treatment includes carefully monitored insulin
replacement, typically via needles or a special
pump. In Type 1 Diabetes, the immune system
destroys the islets of Langerhans in the pancreas.
Total insulin deficiency results. The body cells fail
to take up glucose. Plasma glucose rises, over-
flows into the urine taking with it water, and
increasing the urine volume. The liver then pro-
duces ketones, which eventually acidify the
blood. The brain cannot function in an acid
medium.

Type 2 Diabetes, previously called adult onset
diabetes, is the most common type. It usually
develops because the body fails to use insulin
properly or resists its action. It occurs in people
(including children) who are overweight. Other risk
factors include high cholesterol, high blood pres-
sure, ethnicity, and a family history of diabetes.
Many patients require daily insulin injections.

An estimated 15% of the European adult population
already have the following combination of obesity-related
conditions:

• Impaired glucose regulation or diabetes
• Insulin resistance 
• Raised arterial blood pressure: ≥140/90 mm Hg
• Raised plasma triglycerides: ≥1.7mmol/L; 150mg/dL 

and/or low HDL cholesterol: under 0.9 mmol /L, 35 mg/dL men; 
<1.0mmol/L, 39 mg/dL women

• Abdominal obesity: men, waist/hip ratio >0.90; women, >0.85 
and/or BMI >30

Criteria: World Health Organisation
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In Type 2 diabetes there is resistance to the
action of insulin, producing a secondary rise in
glucose. The pancreas increases its production 
of insulin in an attempt to compensate, but over
time the pancreas suffers strain and becomes
unable to produce enough insulin.

Type 3 Diabetes A small percentage of pregnant
women (around 2%) develop gestational dia-
betes, sometimes labelled Type 3 Diabetes, as a
result of changing hormonal levels. Blood sugars
often return to normal after the birth, but almost
half of the women who experience gestational
diabetes develop Type 2 Diabetes later in life. 

Complications of Diabetes
One of the potential consequences of inappropri-
ate glycaemic control in diabetics is the develop-
ment of micro- and macro- lesions of blood ves-
sels and nerves. In tandem these degenerative
changes can have very serious consequences on
an individual’s health. They can ultimately lead to
the amputation of a foot or limb, reduced vision
or blindness.

The real world – Diabetes in New York City

As always, the beds at Montefiore Medical Center in the Bronx
are filled with people suffering from a host of afflictions related
to one single illness: diabetes.  Room after room, floor after
floor: diabetes. On any given day, hospital officials say, nearly
half the patients are there for some trouble precipitated by the
disease.  An estimated 800,000 adult New Yorkers - more than
one in every eight - now have diabetes, and city health officials
describe the problem as a true epidemic.  Diabetes is the only
major disease in the city that is growing; both in the number of
new cases and the number of people it kills. And it is growing
quickly: faster than heart disease.

Source: Diabetes Atlas, International Diabetes Federation

Prevalence estimates of diabetes, 2003
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Why and How Diabetes Affects the Feet
Poor glycaemic control and chronic hypergly-
caemia provide conditions where glucose, and
other reducing sugars, spontaneously attach to
proteins in a process called “nonenzymatic glyco-
sylation”, which alters the structure and function
of tissue proteins and the tissues themselves.
When this occurs in nervous tissue, it is referred
to as neuropathy. Several types of neuropathy
can occur in diabetes: sensory, motor and auto-
nomic, and all may play a role in the development
and severity of foot lesions experienced by dia-
betics. Of the three neuropathies sensory neu-
ropathy predominates, and results in the loss of
“the gift of pain” in the extremities. With the
inability to feel pain, temperature or touch, the
foot is particularly vulnerable to many accidental
lesions caused by stones, nails, burns or wrong
shoe size, which will go unnoticed. Untreated
lesions rapidly develop into ulcers, which heal
slowly or not at all, due to an altered blood sup-
ply. Tissue death (gangrene) may follow. 

Leg and foot ulcers develop when several risk factors 
occur together:

• Poor diabetes management

• Nerve damage

• Impaired blood supply

• Inadequate footwear

• Foot injury

• Lack of or low quality foot care

Prevention:

• Follow a healthy eating plan (see guidelines page 11)

• Be active – at least 30 minutes a day

• Take diabetic medicines at the same times each day

• Check and record blood glucose every day

• Check feet every day for cuts, blisters, sores, swelling, 
redness or sore toenails

• When choosing shoes, feet should be measured. Do not rely
on touch and pressure sensations to obtain a “good fit”.

• Do not smoke

6
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Motor neuropathy causes wasting or loss of muscle
tissue and deformities in the feet such as “claw
toes” or “hammer toes”, which results in a redistri-
bution of the areas of the foot that take the most
pressure when standing or walking. The autonomic
nervous system supplies nerves to all organs of the
body including the skin and sweat glands. In auto-
nomic neuropathy sweat gland secretion is reduced
or nonexistent, the skin becomes dry and prone to
cracks and fissures, which in turn present sites for
infection. Additionally autonomic neuropathy influ-
ences blood flow to the limbs and skin by dilating
arteries and arterioles. Although this increases
blood flow, the condition is associated with arterio-
venous shunting, which means that blood passes
from the arteries to the veins without passing
through the capillary circulation that provides nutri-
ents and oxygen to the tissues. Neuropathy on its
own does not cause ulceration but allows injuries
to go unnoticed.

Diabetic patients are also more susceptible to
peripheral vascular disease than non-diabetics, due
to a build-up of atherosclerotic plaque in the blood
vessels supplying the feet and legs. This commonly
involves the tibial and peroneal arteries but not
those in the foot. Atherosclerotic narrowing of the
arteries reduces blood supply to the tissues and in
consequence nutrients, oxygen and protective
immune cells. Reduction of both arterial and capil-
lary blood flow increases tissue susceptibility to
injury, reduces resistance to infection and delays or
prevents tissue healing during treatment [3].

Why and How Diabetes Affects the Eyes
Glycosylation of proteins, due to chronic hypergly-
caemia, can damage the blood vessels of the eyes
and lead to the development of diabetic
retinopathy. Everyone who has diabetes, particu-
larly those who have had diabetes longer, may be
at risk of developing diabetic retinopathy, but not all
diabetics do. Thickening of the capillary basement
membrane may cause transcapillary leakage of
large protein molecules and fluid, or even bleeding.
In early-stage diabetic retinopathy, called non-prolif-
erative or background retinopathy, the retina swells
and small dot-like haemorrhages form, accompa-
nied by decreased vision.

With time, areas of the retina become ischemic
or deprived of oxygen and new vessels develop
in an attempt to supply the retina with oxygen.
These fragile vessels haemorrhage easily and
blood may leak into the retina and vitreous
humor - the clear gel that occupies the posterior
chamber of the eye between the crystalline lens
and the retina - causing spots or floaters that
accompany the diminished vision. As the disease
progresses abnormal vessel growth and scar tis-
sue may cause retinal detachment and glaucoma.

Other eye problems
Cataracts and glaucoma also develop in non-dia-
betics with age; however, diabetics develop them
more often and at a younger age.
With age structural changes in the lens cause it
to become opaque (cataract) and vision becomes
“cloudy”. In this condition the lens is removed
and replaced by an artificial plastic lens.
Glaucoma is the result of increased pressure
within the eye, which over time can damage the
optic nerve and initially cause loss of peripheral
vision. It can usually be treated with eye drops
that lower the pressure in the eye.

Hemorrhages

“Cotton-wool” spots

Background Diabetic Retinopathy Proliferatve Diabetic Retinopathy

Neovascularization

Photo source: www.theretinasource.com/conditions/diabetic_retinopathy.htm
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Obesity

Currently, at least 300 million of the world’s one
billion overweight adults are clinically obese and
obesity rates have risen three-fold or more since
1980 in many areas of the globe. Humans vary in
their genetic predisposition to become over-
weight in response to particular environmental
surroundings in the same way as the tendency to
become diabetic. Hence, each individual requires
a specific dietary strategy tailored to his or her
metabolism to prevent and reduce the impact of
obesity and diabetes.

The obesity epidemic has been described as a
chronic, relapsing, neurochemical disease produced
by the interaction of environment and host [4].
However it can also be argued more simply that
most modern obesity is a highly predictable bio-
logical response to our new environmental condi-
tions and is not an abnormal pathology.

Direct Metabolic Regulation in Skeletal
Muscle and Fat Tissue by Leptin
In recent years, adipose tissue has emerged as
an important endocrine organ. It is now recog-
nized that besides storing energy, the adipocytes
(fat cells) also secrete several bioactive peptides,
collectively called adipocytokines. Among these,
leptin, the product of the ob gene, has been
extensively investigated over the last decade.
Skeletal muscle and adipose tissue, two major
tissues involved in the regulation of glucose and
fatty acid metabolism, are directly affected by
leptin. By binding to its receptors located in
skeletal muscle and fat cells, leptin promotes
energy dissipation and prevents fatty acid accu-
mulation and ‘lipotoxicity’ in these tissues. On
the other hand under conditions of peripheral 
leptin resistance such as observed in obese
humans, the activation of pathways involved in
fatty acid oxidation may be impaired. This leads
to intracellular accumulation of lipid intermediates
and causes insulin resistance [5]. 

Energy Expenditure
The average yearly weight gain of adults in the
US is equivalent to an excess energy storage of

3,400–7,400 kcal or only around 15 kcal every
day. This is a very small amount of energy, equiv-
alent to eating two bites of food too much or
walking 0.5 km too little per day! In order to rec-
ommend a public health goal to all those gaining
weight and make some allowance for the effi-
ciency with which energy is being stored as adi-
pose tissue, a more prudent proposal estimates
that a negative energy balance of 100 kcal per
day could prevent weight gain in most of the US
population. This could be achieved by a combina-
tion of reductions in energy intake (a few fewer
bites at each meal) and increases in physical
activity (15 minutes more walking per day) [6]).

Traditionally, most of the energy expended by
man was used in an effort to provide food, sur-
vive and reproduce, and there was a direct rela-
tionship between the amount of food consumed
and the amount of work needed to obtain that
food. In the days of the hunter-gatherer, the rela-
tionship between energy in and energy out con-
cerned a relatively short interval of days or
weeks, since little food could be stored, whereas
in pre-industrial society, the in-out relationship
extended over entire agricultural cycles. As
described by Prentice and Jebb [7] in these situa-
tions adipose tissue is periodically utilized and re-
deposited, as nature intended, as a buffer to
allow for temporary imbalances between energy
needs and energy intake. On average, appetite
control mechanisms could detect errors in bal-
ance with precision. Today, energy turnover has
decreased below a sensitivity threshold where
homeostasis can no longer operate properly.
Food shortage is an exception in many countries
and food can be ‘harvested’ with as little effort as
is required to drive to the supermarket or to open
the fridge door. Even the work of chewing is
reduced to a minimum. 

How can we increase energy expenditure and
restore the control of energy balance?
Stimulating thermogenesis is an avenue currently
investigated in the food industry. Caffeine, alone
or in combination with other food grade herb
extracts has been found to increase energy expen-
diture by up to 100 kcal per day [8]. However these
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components can only be present in a limited
number of foods which themselves contribute
calories. They are not without possible side
effects and the regular consumption of large
amounts of them can hardly be justified merely
for the sake of body weight maintenance. Once
again voluntary physical activity is the only com-
ponent of energy expenditure over which we
have some direct command, and is the most
promising way to regain control of weight and
prevent the development of obesity. This might
take only 15–30 minutes of moderate-intensity
physical activity per day for many individuals.
Most data suggest that there would not be any
significant increase in energy intake to compen-
sate for this amount of physical activity.

There are clear health advantages of including 
regular exercise in the daily routine:

1 Exercise will improve cardio-respiratory fitness; 

2 Well-designed exercises, including strength components 
increase muscle mass. Even though weight loss 
may not be greater than with dietary restriction alone, 
energy balance is improved because some of the fat is 
replaced by lean tissue;

3 The increase in lean body mass and periodic 
stimulation of the sympathetic nervous system favour
an elevation of the basal metabolic rate;

4 Brisk exercise curbs appetite in the short term and is
not necessarily accompanied by compensatory
increases in energy intake;

5 The resulting enhanced energy turnover through
regular exercise will restore the metabolic sensitivity
necessary to enable energy homeostasis.

9
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Appetite and Satiety
Appetite and satiety are not isolated processes
within the body. These sensations result from the
complex interactions of signals, including sensory
perceptions, stomach distension, hormonal and
neural messages sent from the gastro-intestinal
tract to the brain, and messages sent from the
brain to the rest of the body. This complex net-
work of signals is responsible for the regulation
of food intake. Learned behaviours, eating pat-
terns and external signals, namely the cues to
which people are exposed, (sometimes unknow-
ingly), such as the sight of food, work or home
environment and personal relationships, are also
very significant.

The interplay of neuronal and hormonal signals
may translate into feeling full, deprived, pleased
or rewarded when eating certain foods and this 
is what tunes appetite control.

If we focus on the sensorial properties of foods,
those that smell and taste delicious are powerful
enough to override our innate satiety signals [9].
As anyone who has eaten a whole bar of choco-
late will confirm, these signals seem to disrupt
appetite regulation.

Recent research suggests that fat and sugar-rich
foods enhance the expression of hunger signals,
blunt the response to satiety signals and activate
the reward system (one of the factors that leads
to the pleasure of eating). Thus the powerful
palatability of high fat and high sugar foods could
lead to “passive over-consumption” i.e. unrelated
to hunger. 

Returning to intuitive eating habits, that is to say:
listening to body signals for hunger and satiety, 
is being proposed as one possible therapy for
obesity to avoid the detrimental side effects of
diet cycling. 

10
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Inflammation
It is now clear that obesity is not just a matter of
excess weight, because fat cells do not merely
store fat. They send out bioactive molecules with
powerful effects throughout the body. Some of
these are low-molecular-weight proteins that
induce inflammation, now considered a major
cause of cardiovascular disease.

For example, tumour necrosis factor-α (TNF-α)
activates inflammatory changes in vascular tissue
that promote the adhesion of monocytes, which
are a type of white blood cell, to the thin lining 
of the blood vessels. When a monocyte stuck to
the blood vessel penetrates the lining, it becomes
a macrophage that feeds on low-density lipopro-
teins in the plasma. The accumulation of
macrophages begins an atherosclerotic plaque.
TNF-α also interferes with insulin signalling and
causes insulin resistance.

Research
A current focus of Nestlé research is on finding
ways of increasing satiety while reducing energy
consumption. A recent study comparing the 
relative effects of meals high in protein, fat or
carbohydrate found that these diets influenced
the rate at which calories were burned, but they
had no direct impact on how much was eaten or
how satiated the person felt. On the other hand,
added fibre and the amount of water in food
seem to play more decisive roles. 

The energy-density approach to weight control 
is one of the approaches to weight loss with the
most scientific support. It aims at increasing
short-term fullness (satiation) and between meal
fullness (satiety) by increasing the proportion of
water- and fibre-rich foods in the diet, i.e. reduc-
ing the energy density of the diet. When applied
under dietetic supervision, this approach is suc-
cessful. The only problem with this type of diet is
...commitment! People used to highly palatable
foods may not stick to the vegetable soup, water
and low-fat dairy approach with sufficient regular-
ity, or they may reward themselves too often 
for good nutritional behaviour with high-fat high-
sugar items from their past eating habits. 

A Nestlé Branded Active Benefits BG-3 can
help people feel satisfied longer. Added to
products like cereal bars, dietary fibres such
as those used to develop BG-3 bring the ben-
efit of slow intestinal absorption, especially of
glucose. This is very useful for diabetics and
those interested in reducing the glycaemic
index of the foods they eat.

Effect of Protein on Satiety
Food science research also concentrates on find-
ing solutions in which palatability is preserved
while satiation and satiety are still enhanced.
Increasing the amount of protein in the diet with-
out eliminating carbohydrates, has been shown
to be effective for weight loss when carried out
under medical supervision. Surprisingly, the effect
of protein on satiety seems independent of the
hunger hormone, ghrelin, and the satiety hor-
mone, leptin. However, many other satiety hor-
mones and gut peptides, such as cholecystokinin
(CKK) and the glucagon-like peptide 1 (GLP-1) are

Dietary Guidelines
In general terms, dieticians recommend that food choices
should centre on complex carbohydrates, increasing consump-
tion of fibre from pulses, whole grains and plenty of fruit and
vegetables. Five portions of fruit and vegetables per day is a
good rule. Low fat does not mean no fat at all. Fats from
sources of polyunsaturated and monounsaturated fatty acids,
such as fish, nuts, and vegetable oils should be present in the
diet. Regular protein intake should be neither excessive nor
insufficient. (As a rough visual guide, an adult portion of meat
or fish should not be larger than a pack of playing cards) Intake
of trans-fatty acids, dietary cholesterol, added refined sugars,
salt and alcohol should be kept as low as possible without
depriving the individual of a little pleasure from time to time. 
In this respect the recommended daily upper limit on alcohol is
at present a moderate 2dl wine per day for women and 3dl for
men (or equivalent in other alcoholic drinks).
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This graph shows the comparative evolution of diabetes (orange
lines) and adult obesity (green line) in the USA suggesting that obe-
sity has about a 10-15 year time lead, with diabetes now on a paral-
lel upsurge.

Prevalence of Diabetes in the United States

also secreted in response to nutrients present in
the intestinal tract. It will be extremely interesting
to discover how these signals are regulated and
how they potentiate each other’s effects under a
high protein diet.

In order to lose weight, a reduction in daily
intake of approximately 500 Kcal is required
over an extended period. To keep the weight
from returning, an increase in daily physical
exercise is also required. This dual approach
is essential.

Whatever dietary strategy is adopted to avoid
weight gain, it should always be in line with 
current dietary recommendations and contain
reasonable amounts of all nutrients, i.e. carbohy-
drates, fats, and proteins. Weight gain is not
inevitable. It depends largely on lifestyle and
moderation.

12
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Recommendations for Treatment 
of the Metabolic Syndrome

Once diagnosed with metabolic syndrome, the patient must
realize that uncompromising efforts have to be made to
reduce the risk of cardiovascular diseases and Type 2 Dia-
betes. Patients should have a complete cardiovascular risk
assessment (including smoking status), try to avoid stress,
and consider the following course of action:

Healthy Lifestyle

• Moderate calorie restriction (to achieve a 5–10% reduction 
in body weight in the first year)

• Moderate increase in physical activity 
• Change in composition of regular diet 

For people at high risk who need more than the lifestyle
changes above, drug therapy may be required. There is no
pharmaceutical magic bullet to treat the whole syndrome, 
but individual components of it can be treated with a view to
lowering non-HDL cholesterol, raising HDL-c , and reducing
LDL-c. Options include the use of Statins and Fibrates.

Lowering cholesterol levels

Various medications can lower blood cholesterol levels. These
are prescribed only when dietary intervention fails or other
health factors coexist alongside high cholesterol. Statins,
which block cholesterol synthesis by the liver, are the most
potent cholesterol lowering drugs. They can lower the “bad”
(LDL) cholesterol by 30–50%. Although less effective in lower-
ing LDL, fibrates improve HDL and triglyceride levels, and
seem to improve insulin resistance when the dyslipedemia is
associated with other features of the metabolic syndrome
(hypertension and Type 2 Diabetes). Phytosterols, also known
as plant sterols, are natural, and essential components of
plant cell membranes. They are found in in vegetable material,
but are relatively higher in the oils especially corn, sunflower,
safflower, soybean and olive oils.

Plant sterols help to protect against coronary heart disease 
by lowering serum low-density lipoprotein cholesterol (LDL
cholesterol), but they have no effect either on high density
lipoprotein cholesterol (HDL cholesterol) or triglyceride levels.

The mechanism by which plant sterols lower LDL-cholesterol
is through inhibiting the absorption of cholesterol from the
gastro-intestinal tract. 

The reduction in LDL cholesterol is dose-dependent, with a
dose of 2g/day being effective in most people. 

Nestlé’s Branded Active Benefit ActiCol
now enhances products such as soya milk
with the effects of plant sterols.

Lowering blood pressure

Losing weight and increasing physical activity can lower blood
pressure. When more intervention is needed, anti-hypertensive
drugs are prescribed. There are many classes of anti-hyperten-
sives, which lower blood pressure in a variety of ways. A major
class of these drugs are the inhibitors of the ACE (angiotension-
I-converting enzyme) enzyme in blood vessels. Interestingly nat-
ural inhibitors of ACE have been identified in a variety of food
proteins. In particular, milk proteins contain ACE inhibitory pep-
tides that can be released by enzymatic hydrolysis either during
digestion within the gastrointestinal tract, or during food pro-
cessing. Nevertheless futher research is needed to demonstrate
the hypotensive effects of consuming specific milk protein
based ingredients and products.

Omega 3 
Omega-3 fatty acids are essential fatty acids, which means
that they must come from the diet because the body cannot
manufacture them. Although some vegetable oils provide
omega-3 fatty acids, the best dietary source is from fish and
fish oils. 

The precise mechanisms of action by which omega-3 fatty
acids can help to protect against coronary heart disease is not
clear. However, scientific evidence points to a number of dif-
ferent cardioprotective effects, namely antiarrhythmic,
antithrombotic, antiatherosclerotic, anti-inflammatory action,
improvement in endothelial function, reduction in blood pres-
sure and reduction in triglycerides.

Nestlé ‘s Branded Active Benefit Omega
3:6, available in certain milk products pro-
vides a balanced ratio of omega-6 to
omega-3 fatty acids, combining enhanced nutritional
value with excellent organoleptic properties.
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Insulin Resistance and Hyperglycaemia
People with Type 2 diabetes often have lifestyles that contribute
to their problem. The modification of nutritional and physical
habits has been shown to be an effective way of controlling
glycaemia in patients with diabetes. Indeed, several trials have
shown that exercise or low calorie diets can improve gly-
caemic levels in diabetic patients and can also reduce the 
incidence of diabetes in overweight subjects with impaired
glucose tolerance [10]. Increasing protein consumption while
decreasing carbohydrate intake can also reduce hypergly-
caemia in diabetic patients by increasing insulin sensitivity [11].
Physical activity plus lower calorie intake can bring about the
beneficial effects both of lower body weight and greater
insulin sensitivity. Interestingly, these straightforward lifestyle
modifications have in some cases proved more effective for
preventing Type 2 diabetes than treatments with a glucose-
lowering drug such as Metformin. 

Chromium 
Earlier in vitro studies have shown that chromium picolinate
supplements could enhance insulin sensitivity by improving
receptor signalling. A new study [12] is the first to use in vivo
animal models to demonstrate the mechanism. This animal
study is significant because it suggests a more detailed mech-
anism of action for chromium in improving insulin sensitivity
in muscle, a major insulin-sensitive tissue, according to its
author Dr Willian Cefalu from the Pennington Biomedical
Research Center, Louisiana.

Medications
Although lifestyle change is very effective for preventing dia-
betes in population at risk, it demands a high level of disci-
pline for the patients. Once a patient has developed diabetes,
lifestyle modifications alone can only control blood glucose 
in a minority of cases. At this stage, supplementary pharma-
ceutical measures are generally needed. Suitable medications
can be proposed according to the degree of the disease: 

• In “pre-diabetic“ subjects, who are insulin resistant but have
normal glycaemia, drugs recently developed for reducing
body weight can prevent Type 2 diabetes. Orlistat and
Rimonabant [13 and 14], two anti-obesity agents mentioned 
in our previous edition, were demonstrated to reduce the
incidence of Type 2 diabetes in obese subjects. Thiazolidine-
diones, which improve insulin sensitivity, could also reduce
diabetes development in population at risk.

• At the early stage of diabetes development agents reducing
liver glucose production or glucose absorption such as Met-
formin or Arcabose, respectively, are usually used for con-
trolling glycaemia. The sulfonylurea class of drugs, which
increase pancreatic insulin secretion could be associated to
the previous medications to enhance insulin effectiveness.
Thiazolidinediones could be also added to this treatment to
improve glucose utilization by tissues. A new class of drugs
stimulating insulin secretion through a process used by the
gut peptide GLP-1 is currently being developed and appears
very promising.

• In diabetic subjects with severe impairment of insulin secre-
tion, insulin injections represent the only way to control gly-
caemia. New, patient-friendly ways of administering insulin,
notably through nasal sprays, are being developed.

Bariatric surgeries, which reduce the absorption capacity of
the stomach and intestines, are usually performed in severely
obese patients for reducing body weight. This radical surgery
can be a rapid and durable treatment for Type 2 diabetes in
seriously overweight patients.

Nestlé Nutrition has developed several nutritional health-
care products for diabetes patients. Among these are 
Nutren Diabetes: a powdered product, suitable for sip
feeding and tube-feeding, for Asian and Latin American
countries.

Clinutren G: Sip feed developed for Europe. Sondalis 
Diabetes: Tube-feeding also for Europe, and Glytrol: a
ready-to-feed product for sip feeding and tube-feeding,
available in the United States and Canada.
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In Conclusion

In the January 2006 edition of Food and
Nutrition Communication we looked into the
challenge of treating and limiting the obesity
pandemic. Obesity can and does bring with it
morbidity and mortality from diabetes. Exist-
ing diabetes drugs are only partially effective
and some cause weight gain. Patients’ expec-
tations of novel drugs are very high, but regu-
latory hurdles are challenging. The market
opportunities for truly ground breaking new
products in this therapeutic area are excep-
tionally good.

Prevention of the Metabolic Syndrome and its
development into diagnosed Type 2 Diabetes
and/or heart disease depends to a large
extent on the adoption of a healthy lifestyle.
The dietary advice is relatively simple in the-
ory, but it needs a lot of willpower to put it
into practice. For contemporary society, the
great challenge is to re-introduce physical
activity simply and effectively into the daily
life of the population. While waiting for a
panacea to appear on the pharmaceutical
horizon to deal with all the components of the
Metabolic Syndrome, the healthy diet and
lifestyle approach is the best option we have.
Nestlé research and development will be at
the forefront of the challenge, putting nutri-
tion, health and wellness into action.
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Forthcoming congress

The 19th World Diabetes Congress of the IDF will be held
from 3–7 December 2006, in Cape Town, South Africa. 
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